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Foreword 
 
 
 

 Welcome to the XV International Sol-Gel Conference - 
SOLGEL2009. 
 We are greatly pleased to share with you the activities of this 
edition of the International Sol-Gel Conference series that have begun 28 
years ago in Padova (Italy). It is nowadays well recognized as the premier 
conference in the so-called Sol-Gel materials that encompass many 
exciting fields as organic-inorganic hybrids, biomaterials, panascopic 
materials, self-assembly and complexity, to name a few. 
 Held every two years, the conference brings together industrial 
and academic scientists from all over the world to discuss the latest 
advances in this extraordinary multidisciplinary area of research. 
 The Porto de Galinhas edition is the second one to be organized 
in Brazil and follows the successful series held at Padova (Italy, 1981), 
Würzburg (Germany, 1983), Montpellier (France, 1985), Kyoto (Japan, 
1987), Rio de Janeiro (Brazil, 1989), Sevilla (Spain, 1991), Paris (France, 
1993), Faro (Portugal, 1995), Sheffield (UK, 1997), Yokohama (Japan, 
1999), Padova (Italy 2001), Sydney (Australia, 2003), Los Angeles (USA, 
2005) and Montpellier (France, 2007). 
 The XV International Sol-Gel Conference will run from Sunday 
(August 23) night until Thursday (August 27). An exciting scientific 
program will be covered by more than 360 contributions from more than 
1050 authors of 24 different countries. The scientific program includes 1 
key note opening lecture, 3 plenary lectures, 24 invited lectures, 72 oral 
presentations and more than 265 poster presentations organized in two 
poster sessions that will be held on Monday (August 24) and Tuesday 
(August 25), designed to encourage interaction among participants. 
 Special thanks are offered to the São Paulo State University- 
UNESP, the International Sol-Gel Society, the Local Organizing 
Committee, the International Advisory Board and the many on-site 
assistants for their tireless efforts in preparing this world-class event. 
 We hope you will enjoy Porto de Galinhas and you experience a 
valuable and memorable meeting. 
 
 
 

On behalf of the Organizing Committee 
 

Sidney J.L. Ribeiro 
Institute of Chemistry- São Paulo State University- UNESP, Araraquara-SP, Brazil 

Luis D. Carlos 
Departamento de Física- Universidade de Aveiro, Aveiro, Portugal 
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Prefácio 
  
 

Bem-vindos a XV International Sol-Gel Conference - 
SOLGEL2009. 
 É com grande satisfação e alegria que compartilhamos com 
voces esta edição da International Sol-Gel Conference iniciada 28 anos 
atrás em Pádua (Itália). O evento é hoje reconhecido como o mais 
importante na área dos chamados materiais SOL-GEL, que englobam 
sub-áreas diferentes como os híbridos orgânicos-inorgânicos, 
biomateriais, materiais panascópicos, auto-organização e complexidade, 
para mencionar apenas algumas. 
 Organizada a cada 2 anos a conferência reune acadêmicos e 
industriais de todo o mundo para a discussão dos mais recentes avanços 
desta extraordinária e multidisciplinar área do conhecimento. 
 A edição de Porto de Galinhas é a segunda organizada no Brasil 
e dá continuidade a série de Pádua (Itália, 1981), Würzburg (Alemanha, 
1983), Montpellier (França, 1985), Kyoto (Japão, 1987), Rio de Janeiro 
(Brasil, 1989), Sevilha (Espanha, 1991), Paris (França, 1993), Faro 
(Portugal, 1995), Sheffield (Inglaterra, 1997), Yokohama (Japão, 1999), 
Pádua (Italy 2001), Sydney (Australia, 2003), Los Angeles (Estados 
Unidos, 2005) e Montpellier (França, 2007). 
 A XV International Sol-Gel Conference será organizada de 
domingo (23 de Agosto) a quinta-feira (27 de Agôsto). O riquíssimo 
programa científico será cumprido por mais de 360 contribuições de mais 
de 1050 autores de 24 países diferentes. Uma conferência de abertura, 3 
conferências plenárias, 24 palestras convidadas, 72 apresentações orais 
e mais de 265 apresentações na forma de poster, organizadas em 2 
sessões de posters que acontecerão nos dias 24 e 25, constituirão o 
formato do evento organizado de forma a encorajar a interação entre os 
participantes. 
 Agradecimentos especiais são dirigidos a Universidade Estadual 
Paulista - UNESP, a International Sol-Gel Society, ao Comitê 
Organizador Local, ao Comitê Internacional e a todas pessoas que nos 
auxiliaram a preparar este evento de classe internacional. 
 Esperamos que voces aproveitem a estadia em Porto de 
Galinhas e possam desfrutar de um encontro valioso e memorável. 
 
 

Pelo Comitê Organizador 
 

Sidney J.L. Ribeiro 
Instituto de Química- Universidade Estadual Paulista- UNESP, Araraquara-SP, Brasil 

Luis D. Carlos 
Departamento de Física- Universidade de Aveiro, Aveiro, Portugal
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ROLE OF SOL-GEL SCIENCE AND TECHNOLOGY IN THE 
NANO/BIO/INFO REVOLUTION: NEW INTERFACES TO MEET THE 

CHALLENGES OF THE 21ST CENTURY 
 

Paras N Prasad 
 

Institute for Lasers, Photonics and Biophotonics 
Departments of Chemistry, Physics, Electrical Engineering and Medicine 

State University of New York at Buffalo, Buffalo New York 14260 
 

Sol-gel processed materials and composites can play a pivotal role in advancing 
Nano/Bio/ Info Technology by creating new interfaces with them.  These interfaces will 
hold promise to meet many global technical challenges of 21st century.  Nanostructured 
sol-gel materials designed to contain multiple functionalities will play a vital role to meet 
the needs of a widely diverse range of applications, from information technology, to 
alternate energy, to healthcare, to environmental monitoring, to world security.  The 
coordinated manipulation of electronic, photonic, magnetic, thermal and structural 
properties in nanostructure and nanocomposite formulations can provide limitless 
applications for these materials.  This talk will provide illustrations of multifunctionalties 
achieved in sol-gel processed materials and their impact on the fields of health care, 
information technology, and security. 
 

In the area of healthcare, we are developing multifunctional sol-gel processed oxide and 
organically modified silica(ORMOSIL) nanoparticles, containing multiple imaging and 
sensing probes, for in-vitro rapid detection of diseases and infections (such as bird flu, 
HIV, HPV, etc), as well as for in-vivo multimodal imaging (optical, MRI, PET, SPECT).  
Furthermore, these silica/ORMOSIL platforms can serve as theranostic nanoparticles 
with combined functionalities of diagnosis and multimodal targeted therapy (gene 
therapy, photodynamic therapy, magnetic therapy, radiation therapy).  These efforts will 
provide novel biotechnologies for health care, particularly in the new field of 
nanomedicine1,2.  We are also applying nanoparticle based, non-viral gene/Si-RNA 
delivery to other major health care issues such as aging, genetic disorder, addiction and 
obesity.  ORMOSIL nanoparticles have shown tremendous promise in targeted drug 
delivery and photodynamic therapy, using various drug/nanoparticle formulations 
(encapsulated, post-loaded, and covalently conjugated).  The entrapped photodynamic 
therapy drugs (photosensitizers) do not require release from the nanoparticles for a 
photodynamic action to take place.  At the same time, a controllable porosity of the 
nanoparticles allows controlled release of the drug molecules in the targeted site. 
Theranostics with ORMOSIL, i.e. combination of drug delivery and medical imaging 
modalities allows use the of the “see and treat” approach. 
 

Sol-gel processed nanomaterials provide major advances in information technology, 
surveillance, security encoding, and chem/bio detection  For information technology, our 
program focuses on efficient high bandwidth and high density integration of optical 
communication using photonic crystal circuitry, and high capacity data storage using 
two-photon 3-D writing.  A novel class of future nanomaterials for information 
technology and surveillance is metamaterials.  For chem/bio detection, new 
nanoprobes, nanoplasmonic nanocomposites and periodic nanostructures are being 
developed and applied in a high throughput system for rapid detection. 
 

This talk will conclude with a discussion of new opportunities for sol-gel Science and 
Technology. 
 

1. P.N. Prasad “Introduction to Biophotonics”, John Wiley & Sons, New York (2003). 
2. P. N. Prasad “Nanophotonics”, John Wiley & Sons, New York (2004) 
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LIFE AS AN EMERGENT PROPERTY 
 
 

Pier Luigi Luisi 
 

Univ. Roma3, Italy 
 
 
What is life? Or more specifically: how can science define life? There are 
different approaches to this question, depending on the school you belong to. 
I will base my arguments on the theory of autopoiesis, developed by Maturana 
and Varela in the early seventies. Considering first for simplicity life at the 
level of unicellular organisms, the main characteristic of life is seen as a 
compartmentalized system which contain a high degree of organization, and 
which is  is capable of self-sustaining, i.e., to maintain its own identity despite 
the very many chemical transformations taking place inside. This is possible 
because the cell is capable of regenerate all components which are being 
transformed away- so that cellular life can be seen as an organized system of 
processes which produce components which in turn produce the very 
organized system of processes-autopoiesis.  
Life is then seen as as a global property, distributed over all the cellular 
structure. There is no localization of life in one determined reaction, or place, 
but all components with all their interactions contribute to the arising of this 
global property that we call life. Life is then a typical emergent property, 
arising then from the specific interaction of parts which per se, each of them, 
are not living. Life as an emergent property has however quite specific 
characteristics, as it brings about biological autonomy and operational closure. 
Also, there is another degree of emergence at the level of the intraction with 
the environment-a mind of co-emergence. All these aspects and their 
biological and epistemic aspects will be discussed in the lecture. 
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SYNTHESIS STRATEGIES FOR THE CONTROLLED DESIGN 
ADVANCED NANOSTRUCTURED AND HIERARCHICALLY 

STRUCTURED INORGANIC AND HYBRID MATERIALS 
 

 
Clément Sanchez 

 
Laboratoire de Chimie de la Matière Condensée de Paris, CNRS, Université Pierre et 

Marie Curie. Collège de France, 11 Place Marcelin Berthelot, Bâtiment D. 75231, 
Paris, France. 

clement.sanchez@upmc.fr 
 
 

Hybrid inorganic-organic materials can be broadly defined as synthetic materials with 
organic and inorganic components which are intimately mixed. They can be either 
homogeneous systems derived from monomers and miscible organic and inorganic 
components, or heterogeneous and phase-separated systems where at least one of the 
components’ domains has a dimension ranging from a few Å to several nanometers. 
Research on hybrid molecular or nanocomposites has experienced an explosive growth 
since the 1980s, with the expansion of soft inorganic chemistry processes. The mild 
synthetic conditions provided by the sol-gel process such as metallo-organic precursors, 
low processing temperatures and the versatility of the colloidal state allow for the mixing 
of the organic and inorganic components at the nanometer scale in virtually any ratio. 
These features, and the advancement of organometallic chemistry and polymer and sol-
gel processing, make possible a high degree of control over both composition and 
structure (including nanostructure) of these materials, which present tunable structure-
property relationships. This, in turn, makes it possible to tailor and fine-tune properties 
(mechanical, optical, electronic, thermal, chemical…) in very broad ranges, and to 
design specific systems for applications. Hybrid materials can be processed as gels, 
monoliths, thin films, fibers, particles or powders. The seemingly unlimited variety, 
unique structure-property control, and the compositional and shaping flexibility give 
these materials a high potential. Indeed, hybrid materials are already commercial. A 
distinct characteristic of hybrid materials is that their properties are related not only to 
the chemical nature of the inorganic and organic components but they rely heavily on 
their synergy. Therefore, the interface between inorganic and organic domains is of 
paramount importance. Indeed, one key point is the control of this interface, the hybrid 
interface. The figure illustrates the general chemical pathways used to obtain hybrid 
materials: from mutual dispersions of polymer domains attainable by the relatively 
simple combination of sol-gel techniques and polymerization (Route A), to the assembly 
of well defined nanobuilding blocks (NBB), by using separators, or polymerisation of 
functional NBB (Route B), to organised pore systems, obtained by the combination of 
sol-gel and self-assembly techniques (Route C). Materials with hierarchical structures 
and complex forms can be also obtained by “integrative pathways”, i.e. by combining 
controlled phase segregation, selective interactions and morphosynthesis to the sol-
gel/self-assembly tandem (Route D). Novel phases, composites or dispersions bearing 
original properties (chemical storage, sensors, controlled delivery,…) can be created, 
which will have a deep impact in the technology of the 21st Century. The integrative 
chemical construction and patterning of materials with long-range order architectures 
(beyond nanometer size) remains an important challenge in the new field of “organised 
matter chemistry”. This conference will present some examples of nanostructured 
(obtained via self-assembly) and hierarchically structured materials inorganic and hybrid 
organic-inorganic materials. 
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Some review  articles of the field from the « Hybrid Materials Group » of the LCMCP: 
 

*Design, Synthesis, and Properties of Inorganic and Hybrid Thin Films Having Periodically 
Organized Nanoporosity. C. Sanchez, C. Boissiere, D. Grosso, C. Laberty and L. Nicole. Chem. 
Mater., 2008, 20, 682–737 
*Applications of hybrid organic–inorganic nanocomposites, C. Sanchez, M.Popall, B.Julian, P. 
Belleville. J. Mater. Chem., 2005, 15, 3559 
*Inorganic and Hybrid Nanofibrous Materials Templated with Organogelators, M. Llusar and C. 
Sanchez. Chem. Mater. 2008, 20, 782 
*Bio-Inspired Synthetic Pathways and Beyond: Integrative Chemistry 
E. Prouzet, et al.  New Journal of Chemistry, 2008, 32, 1284  
*Photonic and nanobiophotonic properties of luminescent lanthanide-doped hybrid organic–inorganic 
materials.P. Escribano et al. J. Mater. Chem., 2008, 18, 23  
*Biomimetism and bioinspiration as tools for the design of innovativematerials and systems  
C. Sanchez, M.M. Giraud Guille, H. Arribart. Nature Materials, 2005, 4, 277 
*Mesostructured Hybrid Organic-Inorganic Thin Films 
L. Nicole, C. Boissiere, D. Grosso, A. Quach and C. Sanchez. J. Mater. Chem., 2005, 15, 3598 
*Mechanical properties of hybrid organic-inorganic materials, F. Mammeri et al.  J. Mater. Chem., 
2005, 18, 23 
*Titanium-oxo clusters, versatile nanobuilding blocks for the design of advanced hybrid materials, L. 
Rozes, et al. Monatshefte für Chemie, 2006, 137, 501-528 
*Chemical Strategies to Design Textured Materials: From Microporous and Mesoporous Oxides to 
Nanonetworks and Hierarchical Structures 
G. J. A. A. Soler-Illia, C. Sanchez, B. Lebeau and J. Patarin. Chemical Reviews, 2002, 102, 4093  
*Designed Hybrid Organic-Inorganic Nanocomposites from Functional Nanobuilding Blocks 
C. Sanchez, G. J. A. A. Soler-Illia, F. Ribot, T. Lalot, C. R. Mayer and V. Cabuil. Chem. Mater., 2001, 
13, 3061  
*Optical Properties of Functional Hybrid Organic-Inorganic Nanocomposites 
C. Sanchez, B. Lebeau, F. Chaput and J. P. Boilot. Advanced Materials, 2003, 15, 1969  
*Design of Hybrid Organic-Inorganic Materials Synthesized Via Sol-Gel Chemistry 
C. Sanchez and F. Ribot. New Journal of Chemistry, 1994, 18, 1007  
*Chimie Douce: a land of opportunities for the controlled designed construction of functional 
inorganic and hybrid inorganic-organic nanostructured materials. C. Sanchez, C. Boissiere, D. 
Grosso, C. Laberty and L. Nicole. Comptes  Rendues Acad. Sciences Chimie, 2009. Accepted (in  
the web) 
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NONLINEAR DYNAMICS, NONEXTENSIVE STATISTICAL 
MECHANICS, AND COMPLEXITY 

 
 

Constantino Tsallis 
 

Centro Brasileiro de Pesquisas Físicas and National Institute of Science and 
Technology for Complex Systems Rio de Janeiro-Brazil and 

Santa Fe Institute, New Mexico, USA 
 
 

Boltzmann-Gibbs (BG) entropy and the associated statistical mechanics 
provide outstanding qualitative and quantitative knowledge for an impressive 
variety of systems. However, their use is justified typically within the frame of 
ergodicity, positive Lyapunov exponents, short-range memory and 
interactions, central limit theorem, and similar linear-like hypothesis. Outside 
these simplifying hypothesis, a marvelous world exists of natural, artificial and 
social systems. Many of those systems are characterized by nonergodic 
dynamics, vanishing Lyapunov exponents (typically at the edge of chaos), 
long-range memory and interactions, generalized central limit theorem, and 
similar nonlinear-like aspects. To handle such systems, or at least part of 
them, a proposal has been done in 1988 which generalizes the BG theory. 
This generalization is based on the nonadditive entropy Sq, which recovers 
the BG theory as the particular instance q=1. The corresponding central 
concepts, and some of its recent applications will be briefly presented.                                                     
 
Bibliography: (i) M. Gell-Mann and C. Tsallis, Nonextensive Entropy - 
Interdisciplinary Applications (Oxford University Press, New York, 2004); (ii) 
C. Tsallis, Entropy, Springer Encyclopedia of Complexity and Systems 
Science (2009); (iii) C. Tsallis, Introduction to Nonextensive Statistical 
Mechanics - Approaching a Complex World (Springer, New York, 2009); (iv) 
http://tsallis.cat.cbpf.br/biblio.htm  
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A MAGNETO-OPTICAL EARTH NANOSENSOR ON BOARD THE 
NANOSAT SPACE MISSION 

 
 

David Levy 
 

Instituto de Ciencia de Materiales de Madrid, C.S.I.C.. 28049 Cantoblanco. Madrid. 
SPAIN 

D.Levy@icmm.csic.es 

 

A Sol-Gel based magnetooptical sensor was designed to measure the 
gravitational parameters of the Earth and determine the orientation of the 
NANOSAT with respect to the planet. The sensor consists of a dispersion of γ-
Fe2O3 magnetic nanoparticles in a transparent silica matrix. This 
nanocomposite, exhibiting the magneto-optical Faraday effect, was 
implemented as the heart of the magnetic-nanosensor. NANOSAT is the first 
Spanish nanosatellite launched by the Spanish Space Agency INTA, whose 
main objective is to probe the operation and performance of micro and 
nanotechnologies in space (Figure). The satellite is a hexagonal device of less 
than 15 kg of weight and a diameter of about 50 cm, now describing an almost 
polar orbit at 650 km of altitude. The NANOSAT venture is the result of a 
cooperation and experience of multidisciplinary scientific research groups 
working on nanotechnology and different technological developments required 
for the implementation of the sensor on the satellite. 
The general design of the earth magnetic sensor will be presented, as well as 
its integration on the NANOSAT where it must withstand extreme space 
conditions. With this development we intend to open new possible 
applications of Micro/Nanotechnologies in Space for miniaturization of the 
satellites, in order to reduce payloads and space mission high costs.  
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SOL-GEL PROCESSING AT INCREASED TEMPERATURES: THE 
FORMATION OF POLYESTER NANOCOMPOSITES 

 
 

G. Kickelbick1, J. Svehla1, Dieter Holzinger2, Thomas Schmidt2 
 

1Vienna University of Technology, Institute of Materials Chemistry, Getreidemarkt 9-165, 
1060 Vienna, Austria 

2TIGER Coatings GmbH & Co. KG, Negrellistr. 36, A-4600 Wels, Austria 
e-mail:guido.kickelbick@tuwien.ac.at 

 
 
The amazing success of the sol-gel process in materials chemistry is mainly 
based on two aspects: (i) the use of rather mild reaction conditions and  
(ii) the solvent chemistry approach. Based on these facts sol-gel chemistry 
can be easily applied in combination with commonly used polymerization 
techniques, such as radical polymerization, for the formation of 
nanocomposites. However, there are many polymers that are synthesized at 
much higher temperatures which also find widespread technological 
applications. Polyesters, for example, used as fibers or in many coating resins 
are produced at temperatures between 150-250°C. Therefore, the formation 
of hybrid materials and nanocomposites by the combination of the sol-gel 
process and high temperature polymerizations leads to changes in the 
kinetics of the sol-gel process as well as the composition of the final material. 
In this presentation we will discuss the various influences of high 
temperatures on the in situ formation of silica-polyester nanocomposites. 
Three different methods were used to incorporate the silica material into the 
composite: (1) the introduction of alkoxysilanes as one of the precursors in the 
polyester formulation, (2) the use of prehydrolyzed silica components, and (3) 
application of surface-functionalized silica species. All three processing 
pathways produce different kinds of materials dependent on the type of silica 
incorporation in the polyester networks but also with regard to the nanoscale 
structure of the materials. Both composition and structure have a major 
influence on the final polyester nanocomposite properties. 
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MULTIFORM OXIDE OPTICAL MATERIALS VIA THE VERSATILE 
PECHINI-TYPE SOL-GEL PROCESS: SYNTHESIS AND 

CHARACTERISTICS 
 
 

Jun Lin*, Min Yu, Cuikun Lin, Xiaoming Liu 
 

Key Laboratory of Rare Earth Chemistry and Physics, Changchun Institute of Applied 
Chemistry, Chinese Academy of Sciences, Changchun 130022, People’s Republic of 

China 
* Correspondant author: jlin@ciac.jl.cn 

  
 
This presentation highlights work from the authors’ laboratories on the various 
kinds of oxide optical materials, mainly luminescence and pigment materials 
with different forms (powder, core-shell structures, thin film and patterning) 
prepared by the Pechini-type sol-gel ( PSG) process. The PSG process which 
uses the common metal salts (nitrates, acetates, chlorides etc) as precursors 
and citric acid (CA) as chelating ligands of metal ions and polyhydroxy alcohol 
(such as ethylene glycol or poly ethylene glycol) as cross-linking agent to form 
a polymeric resin on molecular level, reduces segregation of particular metals 
and ensures compositional homogeneity. This process can overcome most of 
the difficulties and disadvantages frequently occurred in the alkoxides based 
sol-gel process. Using the PSG process, we are able to prepare luminescent 
powder materials that cannot be well synthesized by the solid state reaction 
method, environmentally friendly and highly efficient phosphors that lack metal 
activator ions, core-shell structured monodisperse and spherical optical 
materials with tunable physical chemical properties, and thin film phosphors 
and their patterning combined with soft lithography techniques. The extensive 
applicability of this process and potential material applications are 
demonstrated.  
 
 
References 
 
[1] C. K.  Lin, Y. Y.  Li, M. Yu, P. P. Yang, J. Lin, Adv. Funct. Mater. 2007, 

17(9), 1459-1465. 
[2] J. Lin, M. Yu, C. K. Lin, X. M. Liu, J. Phys. Chem. C, 2007, 111(16), 5835-
5845..
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COLLOIDAL METALLODIELECTRIC NANOCOMPOSITES FOR 
ULTRASENSITIVE DETECTION 

 
 
R.A. Álvarez-Puebla, I. Pastoriza-Santos, J. Pérez-Juste, M. Spuch-Calvar, L. 

Rodríguez-Lorenzo, L.M. Liz-Marzán 
 

Departmento de Química Física, and Unidad Asociada CSIC-Universidade de Vigo, 
36310 Vigo, Spain 

e-mail: Lmarzan@uvigo.es 
 
 
Metal nanoparticles display very interesting optical properties, related to 
localized surface plasmon resonances (LSPR), which give rise to well-defined 
absorption and scattering peaks in the visible and near-IR spectral range. 
Such resonances can be tuned through the size and shape of the 
nanoparticles, but are also extremely sensitive towards dielectric changes in 
the near proximity of the particles surface. Therefore, metal nanoparticles 
have been proposed as ideal candidates for biosensing applications. 
Additionally, surface plasmon resonances are characterized by large electric 
fields at the surface, which are responsible for the so-called surface enhanced 
Raman scattering (SERS) effect, which has rendered Raman spectroscopy a 
powerful analytical technique that allows ultrasensitive chemical or 
biochemical analysis, since the Raman scattering cross sections can be 
enhanced up to 10 orders of magnitude, so that very small amounts of analyte 
can be detected. In this communication, we present several examples of novel 
strategies to employ colloidal nanostructures comprising gold or silver and 
silica in various morphologies, as substrates for ultrasensitive detection of a 
wide variety of analytes [1,2]. 
  
 
[1] R. A. Álvarez-Puebla; R. Contreras-Cáceres; I. Pastoriza-Santos; J. Pérez-
Juste; L. M. Liz-Marzán Angew. Chem., Int. Ed. 2009, 48, 138.  
[2] M. Spuch-Calvar, L. Rodríguez-Lorenzo, M. P. Morales, R. A. Álvarez-
Puebla, L. M. Liz-Marzán J. Phys. Chem. C 2009, 113, 3373.
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STRUCTURAL TRANSFORMATIONS IN GELS AND OTHER 
PRECURSORS OF NANOSTRUCTURED MATERIALS 

 
 

A.F. Craievich 
 

Institute of Physics, University of São Paulo, São Paulo – SP, Brazil 
e-mail: craievich@if.usp.br 

 
 

Different processes such as those involved in the sol-gel route, transform  
homogeneous precursors into nanostructured materials with new and useful 
properties. A necessary step for an adequate understanding of the physico-
chemical properties of nanomaterials is the detailed characterization of their 
final structure. For this reason, experimental investigations of their structure 
are often performed by using many experimental techniques, such as TEM, 
XRD, XAFS, SAXS, and others. Less common published investigations aim at 
understanding kinetical aspects and structure variations along the process of 
nanomaterials formation. Examples of these processes are glass-glass 
nanoseparation; nucleation, growth and coarsening of liquid metallic 
nanodroplets and semiconductor nanocrystals embedded  in glasses [1,2]; 
aggregation of colloidal species in liquid solutions [3]; sol gelation  and gel 
drying; sintering and calcination of dry gels [4]. In order to illustrate how these 
structure transformations are experimentally characterized, a few examples of 
published studies, by using in situ synchrotron SAXS, will be reviewed. 
Precise characterizations of the transformation mechanisms and intermediate 
structures is expected to help for an adequate control of the processes thus 
allowing for the development of new nanomaterials with tailored properties.  
 
[1] AF Craievich, G Kellermann, LC Barbosa, OL Alves.  Phys Rev Lett, 89, 
235503 (2002).  
[2] G Kellermann, AF Craievich. Phys Rev B 70, 099902 (2004).  
[3] P Riello, A Minesso, AF Craievich, A Benedetti. Journal of Physical 
Chemistry B. 107,  3390-9 (2003).  
[4] CV Santilli, AP Rizzato, SH Pulcinelli, AF Craievich. Phys Rev B, 75, 
205335 (2007).  
 
Supported by FAPESP and CNPq. 
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DESIGN OF OLIGOMERIC PRECURSORS FOR 
NANOSTRUCTURED SILOXANE-BASED MATERIALS 

 
 

Atsushi Shimojima 
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Mesostructured silica-based materials have attracted increasing attention 
because of their wide range of potential applications. Various synthetic 
approaches have been reported previously.  In this paper, our recent efforts 
on the design of novel siloxane-based precursors that are capable of forming 
self-assembled mesostructured materials [1] are presented.  
 
The control over the structure, morphology, and property of the products has 
been achieved by varying the molecular structure of the precursors and the 
reaction conditions. For example, lamellar films can be prepared from co-
condensed mixtures of hydrolyzed organoalkoxysilanes and tetraalkoxysilane 
by evaporation-induced self-assembly. Well-defined oligomeric precursors 
consisting of an alkyl chain and branched tetrasiloxane (-Si(OSi(OMe)3)3) and 
cubic octasiloxane  (-Si8O12(OEt)7) units [2] led to the formation of 
mesophases consisting of cylindrical assemblies (e.g., 2D hexagonal phase). 
Furthermore, the precursor with branching di-siloxane units (-
Si(OSi(OMe)2OSi(OMe3)3) have recently been designed to produce cage-type 
mesophases (3D cubic and tetragonal).  So far, we have shown that the 
alkylsiloxane mesophase is governed not only by the number of Si atoms and 
alkyl chain length, but also by the configuration of the siloxane head. 
 
These hybrid mesostructures can be converted into ordered nanoporous silica 
by calcination to remove organic moieties.  The pore size was controllable 
either by changing the alkyl chain length or by adding other hydrophobic 
organic molecules as swelling agents. It is noteworthy that incorporation of 
organic groups via hydrolysable bonds enabled us to generate porosities 
under mild conditions [3]. These findings open a new self-assembly route to 
the design of mesostructured silica-based materials without the use of any 
structure-directing surfactants. 
 
[1] A. Shimojima; K. Kuroda Chem. Rec. 2006, 6, 53. 
[2] A. Shimojima; R. Goto; N. Atsumi; K. Kuroda Chem. Eur. J. 2008, 14, 
8500. 
[3] R. Goto; A. Shimojima; H. Kuge; K. Kuroda Chem. Commun. 2008, 6152.
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Capacitive energy storage is distinguished from other types of electrochemical 
energy storage by short charging times and the ability to deliver significantly 
more power than batteries.  A key limitation to this technology is its low energy 
density and for this reason there is considerable interest in exploring 
pseudocapacitive charge storage mechanisms  which offer the tantalizing 
possibility of bridging the performance gap between batteries and double layer 
capacitors. In this paper we review our recent work on using sol-gel synthesis 
methods to prepare nanostructured transition metal oxides which exhibit 
increased levels of pseudocapacitance and enhanced energy storage 
properties. 
 
The starting point for our research is the sol-gel synthesis of nanocrystalline 
TiO2. At particle sizes below 10 nm, pseudocapacitive contributions become 
increasingly important, leading to greater amounts of total stored charge and 
faster charge/discharge kinetics. We have now extended these studies to 
consider the pseudocapacitor properties of mesoporous transition metal 
oxides prepared by using structure-directing agents in combination with sol-
gel synthesis routes.  The advantage of the interconnected mesoporous 
network is that it enables greater electrolyte access to the oxide framework 
than occurs with dense films.   In the case of TiO2, we find that films prepared 
by co-assembly of TiO2 nanoparticles with block co-polymers maintain the 
high capacitive charge storage properties of the isolated nanoparticles.  A 
more dramatic effect is obtained with mesoporous films of iso-oriented  α-
MoO3 whose domain structure enables lithium ions to be inserted into the Van 
der Waals gap of the α-MoO3.  This additional contribution, an intercalation 
pseudocapacitance, produces a three-fold increase in charge storage at short 
charging times.  The pseudocapacitive behavior exhibited by these 
mesoporous materials leads to enhanced levels of charge storage and offers 
the prospect of designing electrochemical capacitors that can achieve both 
high energy and high power densities. 
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Liquid-phase routes to metal oxide nanoparticles in organic solvents under 
exclusion of water have become a versatile alternative to aqueous methods. 
In comparison to the complex aqueous chemistry, nonaqueous processes 
offer the possibility of better understanding and controlling the reaction 
pathways on a molecular level, enabling the synthesis of metal oxide 
nanoparticles with high crystallinity and well-defined and uniform particle 
morphologies [1-3]. 
In nonaqueous sol-gel routes organic reaction pathways play a crucial role [3, 
4]. Parallel to the formation of the inorganic nanoparticles, the initial organic 
species (i.e., solvent and organic constituent of the precursor) undergo 
chemical reactions that are responsible for supplying the oxygen for the metal 
oxide, but also strongly influence particle size, shape, surface/assembly 
properties and, in selected cases, even composition and crystal structure. The 
high sensitivity of organic reactions towards microwave irradiation makes it 
obvious to combine nonaqueous sol-gel with microwave chemistry, thus 
potentially providing a way to control the formation of inorganic nanoparticles 
through influencing the organic reaction pathways [5, 6]. 
The talk will give a brief introduction to nonaqueous sol-gel routes for metal 
oxide nanoparticles, highlighting advantages as well as challenges of this 
synthesis strategy. We will present first studies on the influence of microwave 
irradiation on the reaction rates and the new opportunities that arise from 
these effects. Furthermore, we will address nanopowder processing into thin 
films and nanocomposites, as well as selected potential applications in 
resistive gas sensing devices. 
 
[1] M. Niederberger Acc. Chem. Res. 2007, 40, 793. 
[2] N. Pinna; M. Niederberger Angew. Chem. Int. Ed. 2008, 47, 5292. 
[3] P. H. Mutin; A. Vioux Chem. Mater. 2009, 21, 582. 
[4] M. Niederberger; G. Garnweitner Chem. Eur. J. 2006, 12, 7282. 
[5] I. Bilecka; I. Djerdj; M. Niederberger Chem. Commun. 2008, 886. 
[6] I. Bilecka; P. Elser; M. Niederberger ACS Nano 2009, 3, 467.
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Gold nanorods exhibit interesting optical properties due to the surface 
plasmons – collective oscillation of the electron cloud within a particle. They 
exhibit two principle absorption bands which correspond to surface plasmon 
resonances (SPR) along the longitudinal and transverse directions of the 
nanorod. Most importantly, the longitudinal band can be tuned with the aspect 
ratio of the rod, making it a spectrally tuneable optical material that can be 
applied to variety of devices from bioimaging to high-density optical storage. 
Here, we demonstrate spectrum encoding for high-density optical storage 
application on multiple sizes of gold nanorods doped in a silica sol-gel an/or 
polyvinyl alcohol film by femtosecond pulsed laser irradiation. It is widely 
known that high-power pulsed laser irradiation causes metal nanorods to 
undergo shape transformations via the process of melting or fragmentation. 
The process is enhanced if the laser wavelength is tuned at the longitudinal 
surface plasmon resonance peak of nanorods, which results in a significant 
reduction or shift in surface plasmon resonance peak. Since such a shape 
change occurs only on the sub-population of rods that have longitudinal 
plasmon band matching the laser wavelength, a size– or spectrum- selective 
shape transition is possible in a rod mixture with varying aspect ratios. The 
current spectral encoding technology can be incorporated into existing optical 
disc technology such as three-dimensional bit-by-bit and holographic, 
increasing the capacity limit by utilizing the spectral domain. 
  
[1] James W.M. Chon, Craig Bullen, Peter Zijlstra, and Min Gu, Spectral 
Encoding on Gold Nanorods Doped in a Silica Sol-Gel Matrix and Its 
Application to High-Density Optical Data Storage, Adv. Funct. Mater. 17, 875-
880 (2007)   
[2] Peter Zijlstra, James W.M. Chon, and Min Gu, Effect of heat accumulation 
on the dynamic range of a gold nanorod doped polymer nanocomposite for 
optical laser writing and patterning 
Opt. Expr. 15, 12151-12160 (2007) 
[2] Kyongsik Choi, Peter Zijlstra, James W. M. Chon, Min Gu Fabrication of 
Low-Threshold 3D Void Structures inside a Polymer Matrix Doped with Gold 
Nanorods, Adv. Funct. Mater. 18, 2237-2245 (2008) 
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Mesoporous oxide thin films (MOTF) derived from the combination of sol-gel 
and self-assembly techniques present a wealth of potential applications in 
advanced coatings, sensors, optoelectronic devices or catalysts. Transparent, 
robust films with high surface area, a great variety of inorganic frameworks, 
and pore systems with precisely controlled pore size and symmetry are now 
routinely produced by the Evaporation Induced Self Assembly (EISA) 
pathway. 
 
MOTF constitute indeed a “nanofacility”, where the high control exerted on all 
the features cited above permits to create chemical systems with confined 
functions, either within the walls or the pores. The possibility of adding organic 
groups to the surface, either as short dangling groups or brush polymers 
permits to regulate molecule flux within the pore systems. Control of chemical 
reactivity within pore systems permits to include nanoparticles, imparting new 
optical and catalytic properties to the ensemble. In addition, the formation of 
multilayer films made up of stacked MOTF permit to build complex 
nanosystems presenting different chemical reactivity in one dimension, and 
thus the possibility of precisely locating chemical functions or nanospecies 
with a given property. 
 
In this presentation, we will discuss relevant examples in which organic 
functions (molecules, brush polymers) or metallic nanoparticles are included 
within MOTF, leading to novel and tailorable optical or molecule/ion filtering 
properties. This is possible thanks to a precise control of the formation and 
surface modification of a mesoporous framework by using a wide palette of 
sol-gel techniques. 
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Nonaqueous sol-gel routes are elegant approaches for the synthesis of 
nanomaterials[1]. Indeed, high quality pure inorganic nanocrystals [1], ordered 
hybrid organic-inorganic materials [2] or thin films by atomic layer deposition (ALD) 
[3] can be obtained. 
In this communication, after an introduction to nonaqueous sol-gel routes to 
inorganic nanocrystals and ordered hybrid organic-inorganic materials synthesized 
in surfactant-free system, we will concentrate on the ALD using nonaqueous 
conditions. The similarities and differences of the chemical processes taken place 
in solution and in ALD will be discussed.  
ALD of metal oxides involves the reaction of a metal precursor with an oxygen 
source. Water is the most commonly used oxygen source and it is generally 
admitted that water hydrolyzes the surface molecular species forming hydroxyl 
groups. The resulting OH groups will further react with the metal precursors 
supplied by a new pulse forming the M-O-M bond. 
Here, we will describe recent advances on metal oxide thin films deposition using 
nonaqueous sol-gel chemistry [3] and we will present a novel approach, based on 
the reaction of metal alkoxides with carboxylic acids, leading to the formation of 
high quality metal oxide thin films [4]. This process enables the growth of metal 
oxides at temperatures as low as 50 °C on various supports including 
monocrystalline substrates, carbon nanotubes, organic fibers, etc. Especially, this 
new approach permits the homogeneously coating of the inner and outer surface 
of carbon nanotubes with a highly conformal film of controllable thickness and 
hence, the production of high surface area multifunctional materials at a so far 
unprecedented quality [5]. The characteristics of these films will be presented 
together with their formation mechanism. Finally, the dielectric properties of thin 
films deposited on silicon wafers and the gas sensing characteristics of devices 
made of carbon nanotubes homogeneously coated with thin layers of metal oxides 
will be introduced. 
  
[1] N. Pinna, M. Niederberger, Angew. Chem. Intl. Ed. 2008, 47, 5292. 
[2] N. Pinna, J. Mater. Chem. 2007, 17, 2769. 
[3] G. Clavel, E. Rauwel, M.-G. Willinger, N. Pinna, J. Mater. Chem. 2009, 19, 454. 
[4] E. Rauwel, G. Clavel, M.-G. Willinger, P. Rauwel, N. Pinna, Angew. Chem. Intl. 
Ed. 2008, 47, 3592. 
[5] M.-G. Willinger, G. Neri, E. Rauwel, A. Bonavita, G. Micali, N. Pinna, Nano Lett. 
2008, 8, 4201. 
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Polymerization-induced phase separation in chemically cross-linking systems 
has been utilized to obtain hierarchically porous monolithic materials in a 
broad range of compositions from metal oxides, metalloxane-based hybrids 
and even to fully organic polymers.[1] 
In conventional silica as well as bridged silsesquioxane compositions, highly-
tenuous macroporous gels composed of fully templated cylindrical mesopores 
have been synthesized.  In alkoxy-derived or colloid-based pure titania and 
zirconia systems, polymeric additives are used to modify the dynamics of 
phase domains in the course of sol-gel transition. Slower kinetics of 
coarsening gel domains prevents undesired deformation and fragmentation of 
co-continuous skeletons, which resulted in sharpened pore size distribution.  
In addition, in fully organic polymer systems, an incorporation of counter 
polymer to the cross-linking vinyl or acrylate monomers dramatically improved 
the macropore structure of the resultant monolithic porous body.  As a result 
of highly interconnected micron-scale skeletons, the mechanical strength has 
been significantly increased.  Sulfonation and subsequent reductive heat-
treatment successfully converted macroporous monolith of 
poly(divinylbenzene) into partially and highly graphitized carbon. 
These novel porous materials have been evaluated as HPLC columns, 
devices for solid phase extraction (SPE), DNA purification, tryptic digestion of 
proteins, etc.[2]  Pure silica with amorphous mesopores has already been 
commercialized as ChromolithTM columns.  Gels with larger macropores which 
allow efficient liquid flow are favorably used for devices that enhance solid-
liquid contact for adsorption and/or bio-catalytic reactions.  When the 
mesopores in silica are further regulated in shape and size by a surfactant, 
pore surface property is modified to retain more silanols at higher 
temperature.  Monolithic gels prepared from alkylene-bridged silicon alkoxide 
can also be applied to HPLC separations with higher alkaline resistance than 
pure silica counterparts.  Phosphorylated compounds are efficiently separated 
by a monolithic column prepared with pure titania (anatase) composition.  
Fully polymeric monoliths are used as HPLC separation media in reversed-
phase as they are, or carbonized to separate odorous components. 
 
[1]  K. Nakanishi, J. Porous Mater., 1997, 4, 67-112. 
[2]  K. Nakanishi and N. Tanaka, Acc. Chem. Res., 2007, 40, 863-873. 



Invited Talk  

SOLGEL2009 

28

 

SELF-ASSEMBLED THREE-DIMENSIONAL PHOTONIC 
CRYSTALS 

 
 

A. Blanco, P.D. García, R. Sapienza, D. Golmayo, and C. López 
 
Instituto de Ciencia de Materiales de Madrid (CSIC) and Unidad Asociada CSIC-UVigo, 

C/ Sor Juana Inés de la Cruz 3, 28049 Madrid, Spain. 
 
 
In this talk I shall present our latest results regarding the fabrication and 
characterization of three dimensional photonic structures starting from 
polymeric templates. Polymeric photonic matrices (polystyrene or PMMA) 
have some advantages versus their inorganic counterparts (i.e. silica) when 
used as templates. Submicron polymeric spheres can be arranged in 3D and 
used to fabricate photonic nanostructures in different materials such as ZnO1 
or silicon2, assembling quantum dots3, or even controlling random packed 
scatterers,4 enhancing or tailoring their properties to achieve resonant random 
lasing.5 
 

 
 

Scanning electron microscopy 
image of a Silicon inverted opal 
fabricated from 1100 nm 
Polystyrene spheres. 
 

References 
1 B. H. Juarez, P. D. Garcia, D. Golmayo, A. Blanco, C. Lopez, Adv Mater 
2005, 17, 2761. 
2 A. Blanco, C. Lopez, Adv Mater 2006, 18, 1593. 
3 P. D. Garcia, A. Blanco, A. Shavel, N. Gaponik, A. Eychmuller, B. 
Rodriguez-Gonzalez, L. M. Liz-Marzan, C. Lopez, Adv Mater 2006, 18, 2768. 
4 P. D. Garcia, R. Sapienza, A. Blanco, C. Lopez, Adv Mater (In press 2007) 
5 Gottardo, S., et al. “Resonance-driven random lasing”. Nature Photonics 
2008, 2, (7), 429-432 
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PBG structures, also called photonic crystals (PCs), are periodic dielectric 
structures which exhibit a range of frequencies for which electromagnetic 
wave propagation is forbidden, although the individual component materials 
are transparent. Since the optical mode density within this stop band is zero, 
the related spontaneous emission within the PCs is inhibited. However, 
dielectric defects can be introduced into the periodic structure, leading to the 
formation of defect modes within the band gap region, corresponding to pass 
bands within the stop band [1,2]. As a result, spontaneous emission in 
resonance with a defect mode becomes permitted and it may even be 
enhanced compared to free space [3,4]. 
 

In this work it is proposed that the 1.5 µm Er3+ photoluminescence (PL) peak 
may be significantly broadened by a microcavity PC structure. Two coupled 
microcavities have been designed and prepared by spin-coating sol-gel 
processing based on alternating silicate glass and titania layers. The 1.5 µm 
PL spectra of the Er3+ ions embedded in such microcavity structures have 
been simulated and subsequently measured. It has been found that the 
spontaneous emission spectra are effectively broadened to a point where they 
become approximately square in shape. The full width at half maximum 
reached a value as large as 183 nm, which is the best result reported so far. 
The measured PL profiles agreed well with the simulated curves and intensity 
enhancements by the microcavities have also been observed as well. In 
addition to their fundamental relevance, these results may also be of 
significance for applications requiring broadened or otherwise modified 
spontaneous emission spectra, such as application specific LEDs and other 
light sources. The present technique can easily be extended to other active 
materials as well. 
 
[1] R.M. Almeida; A.S. Rodrigues  J.  Non-Crystalline  Solids  2003,  326&  
327,  405. 
[2] R.M. Almeida; S. Portal Current Opinion in Sol. State and Mater. Sci.  
2003, 7, 151.  
[3] R.M. Almeida; A.C. Marques J. Non-Crystalline Solids 2006, 352, 475. 
[4] R.M. Almeida; A.C. Marques J. Mater. Sci. – Mater. Electron. 2009, 20, 
S307. 
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The current strong interest in ionic liquids (ILs) is motivated by their unique 
properties, as negligible vapour pressure, thermal stability and non-
flammability, combined with high ionic conductivity and wide electrochemical 
stability window. Their physicochemical properties can be adjusted by the 
choice of the anion-cation combination. ILs may be regarded both as 
structured and structuring media, their nanostructural organization acting as 
“entropic driver” for spontaneous extended ordering of nanoscale structures. 
Their use in sol-gel is just emerging. They have been shown to be able to act 
as drying control chemical additives, catalysts, solvents and templates. 
Particularly, their use easily leads to crack-free transparent silica monoliths, 
with high specific surface areas and mesopores the size of which can be 
modulated by the choice of the IL and the ratio IL:Si. 
Gels in which the ionic liquid in kept confined (ionogels) can be pictured as 
two interpenetrating continuous 3D networks of oxide and ionic liquid 
intermingled at the nanometer scale [1]. Studies by DSC and 1H NMR 
highlighted the effects of nanoconfinement of imidazolium salts, while 
evidencing liquid-like dynamics [1, 2]. Ionogels open considerable fields of 
applications, by combining the versatility of sol-gel process, which gives 
access to a wide range of supports [1, 3], from pure metal oxides to organic-
inorganic hybrids, and the unique advantage of ILs whose properties can be 
adjusted to specific tasks. Thus, ionogels form a new family of temperature-
resistant solid electrolytes, which could be of interest for applications as fuel 
cells, dye-sensitized solar cells and lithium batteries [1]. 
Moreover functionalization of ionogels can be achieved both by incorporation 
of organic functions in the solid matrix, and by encapsulation of functional 
molecules (sensing molecules, metal complexes) or nanoparticles in the 
immobilized IL phase, which opens new routes for designing materials, 
especially in the fields of sensors, display devices, catalysts and separation. 
 
[1] M.-A Neouze., J. Le Bideau, P. Gaveau, S. Bellayer, A.Vioux Chem. Mater. 
2006, 18, 3931 
[2] J. Le Bideau, P. Gaveau, S. Bellayer, M.-A Neouze, A. Vioux J. Phys. 
Chem. Chem. Phys 2007, 9, 5419 
[3] S. Bellayer, L. Viau, Z. Tebby, T. Toupance, J. Le Bideau, A. Vioux Dalton 
Trans. 2009, 1307 
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Hydrophilic coatings have been widely realized by controlling the surface 
texture and chemistry. Most approaches have been made by organic based 
surfactants, ionic polyelectrolytes and polymeric hydrogels.   
At here, we present inorganic SiO2-TiO2 based hydrophilic systems with 
ordered mesoporous structure was simply synthesized by a binary sol-gel 
reaction of TEOS-TiCl4 and the subsequent sulfonation by adopting a simple 
chelating chemistry between the catecholic group and surface Ti ion. 
Moreover, the hybrid inorganic-organic resins consisting of PEG and a silane 
coupling agent exhibited the controlled wettability, excellent processibility, 
then extended to unique performances [1]. Firstly, nanoscale patterns with the 
feature size down to 80 nm were replicated with high fidelity through both UV- 
and thermal-nanoimprint lithography using the resin in a repeated manner. 
The hydrophilic SiO2-TiO2 resins were used as benign catalysts with dual 
functionality of acidity and hydrophilicity for replacement of extremely 
hazardous esterification process. Moreover, the mesoporous hydrophilic resin 
added composite membranes revealed excellent proton conductivity even at 
low humidity and elevated temperature, comparable to that of commercial 
Nafion fuel cell membrane. Finally, the SiO2-TiO2 based resin films showed a 
specific binding behavior to biomolecules such as protein, bacterial and cell. 
They exhibited the low adhesion of fibrinogens and bacteria, excellent 
adhesion to human HEp-2 cells.   
In addition, we have worked on preceramic polysilazane and polycarbosilane 
as SiC-based ceramic precursors. The polymers are used to fabricate various 
functional micro- and nano-structures, mainly for microfluidic device 
application [2,3]. In particular, a newly synthesized inorganic-organic diblock 
copolymers and photosensitive preceramic polymer are suitable for fabricating 
3D stereostructures via a sterolithography process and self-assembling, 
followed by pyrolysis to form a ceramic phase. 
 
[1] T. Yoon; L. Hong; C. Lee; D. Kim, J. Phys. Chem. Solid. 2008, 69, 1325 
[2] D. Ngheim; D. Kim, Adv. Mater. 2007, 19, 2351.  
[3] P. Tuan; T. Lim; D. Yang; K. Lee; D. Kim, Adv. Funct. Mater. 2006, 16, 
1235. 
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Sol-gel Processes have revolutionized conventional ceramic technology by 
providing extremely fine and uniform powders for the fabrication of ceramics. 
The use of this technology for nuclear fuel fabrication has also been explored 
in many countries. Unlike the conventional sol-gel process, sol-gel process for 
nuclear fuels tries to eliminate the preparation of powders in view of the toxic 
nature of the powders particularly those of plutonium and U-233. The 
elimination of powder handling thus makes this process more readily 
amenable for use in glove boxes or for remote handling. In this process, the 
first step is the preparation of microspheres of the fuel material from a solution 
which is then followed by vibro-compaction of these microspheres of different 
sizes to obtain the required smear density of fuel inside a pin. The maximum 
achievable packing density of 92% makes it suitable for fast reactors only. 
With a view to extend the applicability of sol-gel process for thermal reactor 
fuel fabrication the concept of converting the gel microspheres derived from 
sol-gel process, to the pellets, has been under investigation for several years.  
The unique feature of this process is that it combines the advantages of sol-
gel process for the preparation of fuel oxide gel microspheres of reproducible 
quality with proven irradiation behavior of the pellet fuel. One of the important 
pre-requisite for the success of this process is the preparation of soft oxide gel 
microspheres suitable for conversion to dense pellets free from berry 
structure. Studies on the internal gelation process, one of the many variants of 
sol-gel process, for obtaining soft oxide gel microspheres suitable for gel 
pelletisation is now under investigation at BARC. Some of the recent findings 
related to Sol-Gel Microsphere Pelletisation (SGMP) in urania-plutonia and 
thoria-urania systems will be presented. 
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The process of iron oxide precipitation in aqueous medium is complex [1]. 
Iron( III) ions in solution are initially in the form of [Fe(H2O)6]

3+ octahedral units 
[2]. These units link to each other by hydrolysis reactions, which generate 
protons, forming dimers, and then polymers [1-3]. As hydrolysis proceeds 
these polymers become branched and finally precipitate in the form of gels. 
Crystalline particles are finally formed by densification or by dissolution-
recrystallization. Obviously, this is a process difficult to control when we want 
to obtain monodisperse non-aggregated nanoparticles. A possible route to 
control particle formation is to perform “in situ” precipitation in a N-base 
polymer matrix, such as polyvinylpyridine (PVP) [4]. The precursor is an 
Fe(III)2Fe(II)Br7-PVP compound prepared by evaporation of a water:acetone 
solution. The precipitation is carried out by addition of a NaOH solution. The 
dynamics of particle formation were studied on several sets of samples with 
different polymer size and pH of preparation. The process was followed in 
three different ways: I) time-resolved SAXS measurements (Fig. 1) and WAXS 
measurements of the precursor and final products for three different detector 
positions; II) time-resolved WAXS measurements at a fixed detector position 
and SAXS measurements of the precursor and final products; and III) 
simultaneous time-resolved measurements by SAXS and WAXS. SAXS 
curves of precursors show a strong variation depending on the pH of the 
evaporated solution. For a pH = 1.6 and bellow, SAXS curves of the iron 
precursor are similar to that of the pure polymer indicating that, apparently, 
the iron is uniformly distributed at atomic scale. However, the curves of 
precursors prepared at pH = 2.0 show bumps in the region around 1-3 nm, 
and those of precursors prepared at pH = 2.25 show regions of linear intensity 
variation. This is indicating that iron ions are enclosed in nanoregions of 
variable shape for the higher pHs. This organization is changing progressively 
after the addition of the base. These changes occur quite fast during the first 
minutes, slow down during 30 minutes, and are almost negligible in the 
following hours. WAXS patterns show that crystallization start in a time frame 
between aprox. 17-30 minutes. Thus, early changes correspond to a 
reorganization of iron within the matrix, and iron is already segregated in 
nanoregions before crystallization. Titration of PVP with NaOH indicates that 
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Fig 1. SAXS patterns of a precursor sample at different 

intervals after the additon of a base 
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pH = 2.0

pyridine groups in the polymer are totally protonated at pH<1.84, at which it 
starts to deprotonate forming hydrophobic regions that will increase as the pH 
increases. Titration of iron bromide solutions with a indicate that at pH ~ 1.7 
all the Fe(III) is already in the form of dimers. Above this pH polymerization 
starts but very slowly. Thus, both iron polymeration and pyridine deprotonation 
are active in determining the structure of precursors evaporated from solutions 
at pH=2.0 or above. TEM observations show that precursors from low pH 
solutions (0.67 and 1.6) are completely uniform and do not show local 
accumulations of iron. In precursors from pH = 2.0 iron is enclosed in 
nanoregions with a size of 2-3 nm, and in precursors from pH = 2.25 similar 
regions tend to arrange in linear formations, in accordance with SAXS 
observations. Nevertheless, electron diffraction did not reveal any crystalline 
structure in these iron containing nanoregions. Magnetic measurements show 
a typical paramagnetic behaviour in precursors from low pH solutions 
confirming that iron ions are mostly isolated in this compounds, and a net 
magnetic moment in precursors with a pH = 2 or higher indicating the 
presence of iron oxide entities in this compounds. The result of precipitation is 

also greatly influenced by 
the precursor structure. 
For precursor from pH = 
2.25, the only phase 
observed was 
maghemite, the particles 
are spheres with typical 
size of 8 nm. For 
precursor from pH = 2.0, 
and important amount of 
rod-like particles has 
been found together with 
spherical particles. Below 
this pH, the size of 
spherical particles is 
substantially reduced and 
the presence of goethite 
is evident.  
 

 
  
[1] R.M  Cornell; U. Schwertmann The Iron Oxides Wiley-VCH, Weinheim, 
2003. 
[2] C.M.Jr. Flynn Chem. Rev. 1984, 84, 31.  
[3] J. Rose; A. Manceau; A. Masion; J.Y. Bottero Langmuir 1997, 13, 3240 
[4] A. Millan; F. Palacio; A. Falqui; E. Snoeck; V. Serin; A. Bhattacharjee;  V. 
Ksenofontov;  P. Gütlich;  I. Gilbert Langmuir 2007, 55, 2201. 
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People of every age like to carry their private and business interconnection as 
well as data base and multimedia with them where ever they are. But they do 
not like to carry equipment as large as an attaché-case. Therefore, during the 
last decade electronic devices have been getting smaller and smaller causing 
a need for a higher integration level; i.e. µm-resolved packaging. The driving 
forces are mobile applications like cell-phones and toys or limited space in 
multi-media, sensing, automotive or safety devices. In addition, structures in 
micro-electronic as well as photonic components have to move more and 
more towards the nano-scale to fulfil the required specifications in cited 
handhelds as well as in servers and IT-interconnects to manage the 
exponential increase of data-streams. 
Using hybrid materials, this implies controlling the inorganic-organic nano-
structural units, while keeping in mind that most microelectronic applications 
cannot tolerate a highly prized material, respectively need low cost processing 
[1, 2]. On the one hand, e. g. low-k or high-k dielectric materials are searched 
for, but on the other hand being in dimensions less than 100 nm, the classical 
way of nano-particles in polymer matrices cannot be the choice. Reflecting the 
needs of nano-patterning technologies like two-photon-absorption based on 
femto-laser-writing [3] or printing [4] and nano-imprint-technology, the 
inorganic and organic units have to be chemically connected on a molecular 
scale. In addition, a better defined and reproducible build-up of nano-
structured matrices based on nano building-blocks or clusters [5] with reactive 
functions is being searched for. 
The combination of standard characterization methods with computational 
visualisation [1] leads to a focused optimization of in-situ silsesquioxane-
mixtures produced at much lower costs. In addition to the general chemistry, 
examples for low cost production of ORMOCER® based devices in the field of 
microelectronic [5], polymer-electronic [2, 4] and photonic [3] will be given. 
 

[1] F. Kahlenberg and M. Popall, Mater. Res. Soc. Symp., 2005, 847, EE14.4.1. 
[2] S. Amberg-Schwab, U. Weber, Inorganic-organic polymers in combination with vapor 
deposited inorganic thin layers, Proceedings LOPE-C, Frankfurt, 2009 
[3] R. Houbertz, V. Satzinger, V. Schmid, W. Leeb, G. Langer, Optoelectronic printed 
circuit board: 3D structures written by TPA, SPIE, 2008, 7053, 30B  
[4] G. Domann, U. Helbig, M. Zirkl, B. Stadlober, Combination of polymer sensors with 
organic electronics:ideas and developments, Proceedings Sensor+Test 2009.  
[5] S. Cochet, L. Rozes, M. Popall, C. Sanchez, Titanium oxo-clusters as nano building 
blocks for microsystems technology, Mater. Sci. Eng. C., 2007, 27, 1401. 
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Modern plastic eyeglass lenses are fundamentally relying on sol-gel coatings 
to provide clear vision and high comfort to the wearer. The ongoing trend 
towards lighter and more impact-resistant polymer lenses to replace traditional 
silicate glasses is intimately connected with the development of adequate 
protective coatings to improve the scratch-resistance and durability of the 
inherently soft optical polymers. Such scratch-resistant or ‘hard’ coatings are 
generally based on siloxane chemistry with organo-functionalities and, 
accordingly, can be described as organic-inorganic hybrid materials. In order 
to further increase the mechanical resistance and to adjust the refractive 
index, the coatings mostly also contain oxide nanoparticles such as silica and 
titania. One of the major advantages of hybrid materials is that they can be 
deposited by cost-efficient dip or spin coating processes followed by a low-
temperature thermal or UV curing. 
 

In addition to such a scratch-resistant coating, most eyeglass lenses today are 
provided with a vacuum-deposited antireflective (AR) layer stack to reduce 
glare and an optional thin hydrophobic layer to facilitate lens cleaning. In this 
lens design, the organic-inorganic hybrid coating with a thickness of typically 
2-3 µm is taking the role of a mediator between the soft polymer substrate and 
the brittle inorganic antireflective coating stack to mitigate mechanical and 
thermal strain. For the manufacturing of eyeglass lenses on industrial scale, 
however, this variety of different materials and coating processes and 
especially the individuality of each lens are posing special challenges. 
Nevertheless, ophthalmic lenses today are manufactured in several ten 
thousand individual pieces per day, still providing premium optical quality at 
minimum delivery times. 
 

But sol-gel materials yet can offer a much wider spectrum of functionalities on 
ophthalmic lenses. Such functionalities include, for example, passive 
hydrophobic or hydrophilic surfaces but also more sophisticated active 
systems such as photochromic coatings which are adapting their spectral 
transmission according to the light conditions. There is also a significant 
potential in the wet-deposition of AR coatings which can be either realised by 
interference layer systems or by single layers with a low or gradient refractive 
index. Hence, a fully wet-coated eyeglass lens is possible and even new 
functionalities can be imagined. In the end, however, the coatings have to 
meet the needs of the spectacle wearer and provide clear vision and comfort 
over the useful life of the product. 



Invited Talk – Ulrich Award 

SOLGEL2009 

37 

 

X-RAYS AND SOL-GEL: AN EXTERNAL SOURCE TO TUNE 
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X-Rays have been widely used to study crystalline and porous materials [1]. In 
particular, X-rays have been intensively applied to characterize ordered 
mesoporous films. 
The diffraction analysis revealed the mechanism of self assembly induced by 
solvent evaporation [2,3]. The most common space groups and the symmetry 
changes induced by shrinkage effects have been identified [4,5]. 
Even if X-rays have been employed to characterize mesoporous lattices, the same 
wavelength range can be used as external source to induce controlled properties’ 
change. 
Depending on the chemical system employed and on the X-ray facility involved, 
interactions with mesophase or inorganic matrices have been detected. Using 
synchrotron Small Angle X-ray Scattering (SAXS) an interaction with the 
mesophase on HfO2 matrix has been observed [6]. Furthermore, using synchrotron 
Deep X-Ray Lithography facility, mesoporous and hierarchical silica films have 
been patterned [7,8]. 
Recently X-ray patterning has been applied to sol-gel coatings, and hydrophobic to 
hydrophilic changes have been induced. Surface functionalized and dye-doped 
silica films have been efficiently patterned. 
The ability to use an external source to design new architectures on sol-gel 
materials opens a simple and fast route to develop multifunctional integrate 
platforms for microfluidics, optics and more complex smart platforms including lab-
on-a-chip. 
 

[1] A. Sellinger; P.M.Weiss; A. Nguyen; Y. Lu; R. A. Assink; W. Gong; C. J. Brinker Nature 1998, 61, 
4439.  
[2] C. J. Brinker; Y. Lu; A. Sellinger; H. Fan Adv. Mater. 1999, 11, 579. 
[3] D. Grosso; A.R. Balkenende; P.A. Albouy; A. Ayral; H. Amenitsch; 
 F. Babonneau Chem. Mater. 2001, 13, 1848. 
[4] M.P. Tate, H.W. Hillhouse J. Phys. Chem. C. 2007, 111, 7645. 
[5] T.C.Wei; H.W. Hillhouse Langmuir 2007, 23, 5689. 
[6] L. Malfatti; T. Kidchob; S. Costacurta; P. Falcaro; P. Schiavuta; H. Amenitsch; P. Innocenzi 
Chem. Mater. 2006, 18(19), 4553. 
[7] P. Falcaro; S. Costacurta; L. Malfatti; M. Takahashi; T. Kidchob; M. F. Casula; M. Piccinini; A. 
Marcelli; B. Marmiroli; H. Amenitsch; P. Schiavuta; P. Innocenzi Adv. Mater. 2008, 20, 1864. 
[8] L. Malfatti; T. Kidchob; C. Figus; H. Amenitsch; P. Falcaro; M. Casula; G. Giannini; A. Falqui; P. 
Innocenzi Chem. Mater. in press. 
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Many conventional separation processes consume vast amounts of primary 
energy. Ceramic microporous membranes are promising candidates for 
energy-efficient molecular separation processes. Compared to polymer 
membranes, ceramic membranes potentially have a higher thermal and 
chemical stability. Early examples of sol-gel silica-based materials have found 
application in gas separation and pervaporation. 
 

It is well known that silica membranes lack long-term stability under 
hydrothermal conditions.[1] Still, the straightforward preparation and tunability 
of silica sols make them good candidates for membrane preparation. 
Therefore, several groups have investigated options to improve the 
hydrothermal stability of silica and silica-based membranes.  We have 
focused on organic modification of silica membranes to reduce water 
adsorption. As most successful example of this strategy we will present 
organic-inorganic hybrid silica membranes (HybSi®).[2] These sol-gel 
membranes are based on bridged silanes and can be prepared from a large 
variety of precursors. We have demonstrated that microporous hybrid silica 
membranes have unprecedented life times of up to 3 years in high-
temperature pervaporation of alcohol/water mixtures. In addition, the 
selectivity of the membranes can be tuned by varying the precursor type and 
reaction conditions.[3] 
 

The hydrothermal stability of silica-based membranes will be reviewed from a 
historical perspective. The preparation of HybSi® membranes along with their 
application in pervaporation will be highlighted and new directions of research 
into this class of membranes will be outlined. 
 

[1] J. Campaniello, C.W.R. Engelen, W.G. Haije, P.P.A.C. Pex and J.F. Vente, 
Chem.Commun. 2004, 834-835. 
[2] H.L. Castricum, A. Sah, R. Kreiter, D.H.A. Blank, J.F. Vente and J.E. ten 
Elshof, Chem.Commun. 2008, 1103-1105  
[3] R. Kreiter, M.D.A. Rietkerk, H.L. Castricum, H.M. van Veen, J.E. ten 
Elshof, J.F. Vente, ChemSusChem 2009, 2, 158-160. 
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The one-pot synthesis and evaluation of multifunctional hybrid mesoporous 
organosilica fibers having helical shapes are described. These hybrid 
mesoporous fibers are prepared without chiral elements and functionalized 
with a large variety of organic R functions (R= alkylthiols, phenylsulfonates, 
alkylphosphonates, dansyl, aminopropyl, fluoroalkyl ….). The resulting 
nanomaterials have been thoroughly characterized by 29Si MAS and CP MAS 
NMR, TEM, FEG-SEM, XRD, FTIR spectroscopy and nitrogen gas sorption. 
The use of a synergetic combination of achiral molecules as co-directing 
structure agents, a surfactant and an organofunctional silica precursor R-
Si(OR)3 allows via a carefully tuning of the main synthesis parameters and 
processing conditions to control the shape, the anisotropic factor of the hybrid 
nanofibers. The potentional of the hybrid materials for sensor and catalytic 
applications has been tested by  functionalizing the materials with a 
fluorophore probe molecule (dansyl) and gold nanoparticles; and their optical 
response was evaluated by UV-visible spectrophotometry and 
photoluminescence measurements. Moreover these hybrid nanofibers can be 
easily transferred in a green solvent as water to make stable colloidal 
dispersions. The tuneable functionnality of the hybrid nanofibers allows their 
transferability into different solvents, and organic polymers. Stable 
luminescent colloidal dispersions of theses hybrid fibers are obtained. 
Moreover their successful transfer into a variety of polymer hosts (PVDF, 
PVBu, PVP) is demonstrated allowing the formation of nanocomposite hybrid 
membranes where the anisotropic functional fibres (dansyl@silica fibers, 
Au@silica fibers ) can be homogeneously dispersed. 
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Bulk porous materials synthesized from phenylene polysilsesquioxanes have 
been demonstrated to adsorb phenolic compounds [1]. In this work, thin films 
of these materials are analised by ellipsometry, DTA, FT-IR and TEM 
measurements, to investigate structural and compositional characteristics, 
pore size and spatial distribution, and sensitivity against phenol vapors. The 
films showed to allow a fine control in porosity but the adsorption of phenols 
was undetectable by FTIR and common ellipsometry measurements. 
Therefore, they were deposited on plasmonic crystals in order to exploit the 
effective refractive index of the plasmonic system and hence enhancing the 
sensitivity to phenols vapors. In this case, the adsorption of phenols is clearly 
detected. In fact, in the measurement with plasmonic crystal and hybrid film, 
long range surface plasmons are excited demonstrating that these waves are 
more sensitive to variation of the refractive index. 
The gratings, suitable for plasmon coupling, are fabricated with the desired 
periodicity and amplitudes using interference lithography techniques. The 
structure is holographically formed in a photoresist film and finally covered by 
a thin Au film. Azimuthal angle rotation of the plasmonic crystal provides 
dramatic changes in the SPP [2,3]. This experiment has demonstrated high 
reproducibility and sensitivity of the plasmonic structures coupled with hybrid 
porous films, hence showing a reliable architecture for plasmonic based 
sensor application.  
 
1. M.C. Burleigh, M.A. Markowitz, M.S. Spector, and B.P. Gaber, Environ. Sci. 

Technol., 2002. 36(11): p. 2515-8. 
2. H.K. Kang, C.C. Wong, F. Romanato, A. Pistore, G. Brusatin, and M. 

Guglielmi, Int. J. of Nanosci., 2009. accepted. 
3. F. Romanato, L. K. Hong, H. K. Kang, C. C. Wong, Z. Yun, and W. Knoll, 
Phys. Rev. B., 2008. 77: p. 245435. 
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A lot of effort has been devoted to fabricate porous 
alumina with well-defined and controlled pore 
characteristics.  Various synthesis routes have been 
reported for porous alumina films and powders, 
however, the integration of porous structures into 
large-dimension monoliths involves considerable 
difficulty because of crucial problems like high 
reactivity and viscosity of alkoxide precursors.   
 

In order to fabricate hierarchically porous monolithic 
alumina, we focused on the epoxide-mediated sol-gel 
reaction using ionic precursors, such as metal 
nitrates and chloride.[1]  By developing the sol-gel 
reaction incorporated with a water-soluble polymer, 
hierarchically porous alumina xerogels and aerogels 
can be successfully synthesized in a monolithic form 
(Fig. 1).[2]   
 

Samples were prepared from aluminum chloride 
hexahydrate (AlCl3·6H2O) and poly(ethylene oxide) 
(PEO) dissolved in an aqueous solvent by the 
addition of propylene oxide (PO).  Starting from a 
homogeneous solution, the moderate and uniform increase in the solution pH, 
which is triggered by the addition of PO, allows the formation of a monolithic 
gel.  On the other hand, PEO induces spinodal decomposition parallel to the 
sol-gel transition, which results in co-continuous macropores and the 
mesotextured alumina skeletons.  Sharply distributed macropores can be 
controlled simply by the starting composition (Fig. 2).  Independently of the 
macropores, the size of mesopores can be controlled by additional synthesis 
parameters (e.g. starting composition, heat treatment temperature).  
Extensions to various aluminate compositions will also be discussed. 
 

[1] A. E. Gash; T. M. Tillotson; J. H. Satcher, Jr.; J. F. Poco; L. W. Hrubesh; R. L. 
Simpson Chem. Mater. 2001, 13, 999. 
[2] Y. Tokudome; K. Fujita; K. Nakanishi; K. Miura; K. Hirao Chem. Mater. 2005, 17, 
3345.

 
Fig. 1 Typical SEM image of 
alumina xerogel.  Inset shows 
appearance of the bulk gel. 
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Fig. 2 Pore size distributions of 
calcined alumina  gels 
prepared from 4.32 g of 
AlCl3·6H2O, 3.11 g of PO, 4.35
g of EtOH, 4.0 g of H2O, and 
wPEO g of PEO. 
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Fabrication of hierarchical porous thin films with controlled pore dimension 
and shape is a current challenge in materials science.  
 
Hierarchical porous thin films with well defined pore dimensions and 
topologies have been obtained through an evaporation induced self-assembly 
process. The importance of materials with different ranges of porosities is 
based on the expectation of a new generation of “smart” materials based on 
hierarchical systems, where the material is able to play a different function in 
every different pore scale. For this purpose an important issue is controlling 
the order and topology of the porosity; an ordered porosity is, in fact, a great 
advantage for applications where diffusion processes are involved. We have 
obtained different hierarchical porous films by different strategies: using 
organic nanospheres as templates or through a controlled evaporation 
process. In the first case bi-modal hierarchical hybrid organic-inorganic thin 
films with pores in the meso and macro range have been fabricated. The first 
order of porosity is obtained through a self-assembly process using organic 
block-copolymers as templates for mesopores; the mesophase in the films is 
well ordered and has a tetragonal symmetry. We have introduced fluorinated 
organic nanoparticles of around 70 nm in the precursor solution to act as 
template of the second order of porosity. The introduction of the nanoparticles 
has not affected the organization of the mesophase and after the film 
deposition they result randomly dispersed within the mesostructured matrix. 
The organization of the mesophase has been studied in-situ by small angle X-
ray scattering using synchrotron light; conventional and high resolution 
transmission electron microscopy have been used for direct observation of the 
porosity morphology. The results indicate that hierarchical porous thin films 
with a bi-modal distribution of the pores are obtained upon post-synthesis 
calcination at 350°C.  
In the second case we have obtained hierarchical porous films that show a 
surprising and very attractive formation of different pore shapes, cubes, 
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spheres and stars. These well defined pores can be obtained by a controlled 
evaporation in presence of highly concentrated salts. It is also possible to 
combine evaporation induced self-assembly to obtain a cubic ordered array of 
mesopores together with the presence of well defined other pores with well 
defined dimensions and shapes such as nano-boxes and nanospheres. These 
pores appear homogeneously dispersed in the material, and  can be 
selectively emptied by thermal treatment and water washing allowing the 
formation of a new generation of hierarchical porous materials. 
 
 

 
 

TEM images (a-d) at different magnifications of the films showing the 
presence of mesopores and nanoboxes. 
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OS1-05- ORDERED HETEROGENEOUS INORGANIC 
NANOPATTERNS (INP) AS MULTIFUNCTIONAL NANOPOROUS 

SURFACES 
 

D. Grosso,1* M. Kuemmel,1 M. Faustini,1 D. Lantiat,1 C. Laberty1 

 
1 Laboratoire Chimie de la Matière Condensée de Paris, Université Pierre et Marie Curie  

-  Collège de France, 11 place Marcelin Berthelot, Paris Cedex 05, France. 
david.grosso@upmc.fr 

 
Nanoporous ceramic (e.g. semiconducting TiO2, or insulating ZrO2, Al2O3) 
membranes on various substrates (e.g. Si, Au, SiO2, ITO) have been 
prepared through chemical solution deposition.[1] We show that perforation 
(craters), ring, channel, and dots nanopore motifs can be selectively created 
on the substrate. The typical thickness of the patterned membrane can be 
controlled between 5 and 20 nm, while a proper selection of chemical and 
processing conditions allows to perfectly adjust the motif dimension between 
10 and 60 nm, together with their morphology, lateral ordering and density. [2] 
They constitute novel highly ordered heterogeneous Inorganic/inorganic Nano 
Patterned (INP) substrates, which present a unique combination of thermal, 
mechanical, and chemical stability with the very interesting characteristics of 
the ordered nano-heterogeneity associated to the accessibility of the substrate 
surface through the motifs. The method to prepare such materials has the 
additional advantages of being fast, low cost, reproducible, and easy to scale 
up. It moreover does not require specific equipments. In this work we will 
describe the preparation method of such systems that involves sol-gel 
chemistry and block copolymer micelle structuring agent. We will demonstrate 
that they can be modified to create multifunctional surfaces [3,4], they can be 
used as nanoelectrode arrays for nanocomposite surface elaboration [5] or 
novel substrate for immobilization of magnetic nanoparticles (see Figure 
below). [6,7] 

[1] D. Grosso et al. Nature Materials 2004,  3, 787. 
[2] M. Kuemmel et al.  Chem. Mater. 2007, 19, 3717. 
[3] A. Fisher et al. Small 2006,  4, 569.  
[4] M. Järn, et al. Chem Mater. 2007, 20, 1476. 
[5] C. Laberty-Robert, et al. J. Mater. Chem. 2008 18, 1216.  
[6] P. Kron et al. Proceeding of the Intermag 2009 conference (submitted) 
[7] J. Allouche et al. Chem Com. 2009 (submitted).
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OS1-06-  LARGE-PORE MESOPOROUS M1-XSiXO2 THIN FILMS 
(M=Ti, Zr; 0.1 ≤ X ≤ 0.9) WITH HOMOGENEOUS FRAMEWORK 
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2
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Plata, Argentina 
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Mesoporous oxide thin films (MOTF) derived from the combination of sol-gel 
and self-assembly techniques are potentially useful for advanced coatings, 
sensors, optoelectronic devices or catalysts. Synthesis of these materials by 
Evaporation Induced Self Assembly (EISA) pathway has been demonstrated 
for many different systems, including Si and transition metal oxides. However, 
very few reports of mixed oxide-based MOTF exist to date. Mixed oxide 
transparent matrices are interesting in order to obtain tuned refractive index, 
tunable acidity or surface charge (catalysts), retention of amorphous phases, 
diminished reactivity or selective functionalization. These effects have been 
extensively studied for applications such as catalysis, ultra low expansive 
glasses (ULE®), optical fibers, waveguides, graded refractive index optics, etc 
. If the interesting properties of mixed oxides are combined with a high specific 
area as in mesoporous thin films, the range of possible applications is even 
wider.  
One of the challenges of mixed oxide phases is to obtain homogeneous 
compositions without phase separation or zones enriched in one component. 
Control of the reaction rates is essential in order to achieve this goal.  
In this work, we report the synthesis and thorough characterization of highly 
homogeneous M-Si mesoporous mixed oxide thin films in a wide 
compositional range (from 10% to 90% of M=Ti or Zr), using block copolymers 
as pore templates. A detailed structural characterization of the obtained films 
was performed by means of TEM, 2D-SAXS, FTIR, UV and XANES 
spectroscopy. The composition effect on the mesoporous film final 
characteristics was studied in detail at meso and microscopic level, and 
correlated with solution variables. Environmental Porosimetry Analysis (EPA) 
permits to determine pore volume and size. The adequate choice of the 
inorganic precursor (TEOS and transition metal chlorides or alkoxides) leads 
to obtaining MOTF with excellent interdispersion of the cations, as assessed 
by FTIR, UV-Visible and XANES spectroscopy. These mixed oxide phases 
remain amorphous and mesoporous after thermal treatment up to 1000ºC. 
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OS2-01- THE SOL-GEL METHOD FOR PREPARATION OF MONO- 
AND BIFUNCTIONAL POLYSILOXANE XEROGELS CONTAINING 

COMPLEXING FUNCTIONALITY 
 

 

Yu.L. Zub 
 

Chuiko Institute of Surface Chemistry, NAS of Ukraine, 17, General Naumov Str., 03164  
Kyiv, Ukraine 

e-mail:zub_yuriy@isc.gov.ua 
 
 
The presence of complexing groups in the surface layer of polysiloxane 
xerogels gives to such xerogels special properties, which allow the wide use 
of these materials in sorption technologies, analytical chemistry, 
chromatography, chemo- and biosensor technique, catalysis and other 
spheres. Usually, a hydrolytic variant of sol-gel method is used for the 
synthesis of functionalized polysiloxane xerogels (FPX). The application of 
this method gives the scientist a wide rage of opportunities in design of both 
the xerogels themselves and their surface layer. The fairness of this statement 
was already shown by obtaining monofunctional xerogels with hydrophobic 
and hydrophylic surface layer, which are well-studied in present time [1]. 
However, an amount of data conserning xerogels with bifunctional surface 
layer is suficiently small and limited. There is no doubt that a creation of 
multifunctional surface layer is an instrument of more delicate influence on  
xerogels properties, namely, sorption properties (as the nature and the ratio of 
funcional groups can be varied). Such variation can be easily done by 
changing of reacting alkoxysilanes ratio during a hydrolytic polycondensation 
reaction. It should be mentioned that these variations can be done in lage 
spectrum. Nevertheless, a simultaneous introduction of diferent by their 
character and structure functional groups (for example, those, which have 
acidic and basic qualities, or have a substancial difference in their geometrical 
sizes) in the surface layer may cause some peculiarities in structure, and as a 
result in a behavior of this surface layer. A method of distribution of functional 
groups in the surface layer also causes a considerable influence on state and 
behavior of this layer in FPX. It becomes obvious, that a distribution of 
complexing groups (static uniform or in form of clusters) will influence on 
composition and stability of  forming complexes. The situation will become 
even more complicated if there are different by nature complexing groups in 
the surface layer of FPX. That is why the definition of composition, structure 
and topography of surface layer in FPX, especially bifuncional ones, is the first 
and the most important step towards determination of dependencies like 
“composition-structure-properties”. However, FPX is an amorphus material, 
which makes the task not an ordinary one. In this report we view the 
peculiarities of bifunctional polysiloxane xerogels synthesis (and for 
comparation the ones for xerogels with monofunctional surface layer), their 
structure and properties.  
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Thus, as a rule, for a synthesis of monofunctional polysiloxane xerogels the 
twocomponent systems are used (tetraalkoxysilane plays a role of a structure-
forming agent, аnd trifunctional silane, (RO)SiR' are used as a functionalizing 
agent). An additional trifunctional agent is brought in these systems during the 
synthesis of bifunctional polysiloxane xerogels. It is worth mentioning, that not 
only tetraalkoxysilanes, but more complicated by structure alkoxysilanes (for 
example, bis(trialkoxy)silanes) may be used as structure-forming agents. The 
xerogels, which containe nitrogen-, oxygen-, phosphor- and sulfurcontaining 
complexing groups in surface layers, were synthesied by application of 
developed method. In this report we discuss in detail the factors, which 
influence on the composition, structure and parameters of porous structure of 
formed FPX and the availability of complexing groups (namely: a nature of 
structure-forming and functionalizing agents, a ratio of reacting components, a 
nature of catalyst and solvent, a regime of gel formation and of xerogels 
treatment and others). The hierarchical building of FPX (globules – 
aglomerates of globules – conglomerates) was determined by SEM, АFМ and 
TEM, and the influence of some factors on their morphology was also shown. 
The composition and structure of FPX on molecular level was determined by 
application of a number of physical methods, such as IR and Raman 
spectroscopy, solid-state NMR spectroscopy (on 1H, 13C, 29Si and 31P 
nucleas), thermogravimetry). The better understanding of surface layer’s 
structure in both mono- and bifunctional polysiloxane xerogels was developed 
by application of MALDI, probe method, IR spectroscopy with thermovacuum 
treatment of samples, and also quantum-chemical calculations of modeling 
clusters (DFT). On example of amino- and thiolcontaining polysiloxane 
xerogels it was shown that the state of 3-aminopropyl groups, which are 
located in a surface layer, depends on quantity of water molecules which are 
contained in it. The amino group, which is contained in the composition of 
xerogels, is not protoned and forms - through a molecule of water - hydrogen 
bound with silanol group. Protoning of amino group becomes energetically 
favorable only in the case of more than one molecule of water occurrence in 
the surface layer. 
We have also analyzed the structural-adsorption characteristics (Ssp, Vs, d), 
which were determined for all the FPX by treatment of nitrogen ithoterms, and 
we determined the factors that influence on them. Finaly, we examined the 
sorption properties of synthesied FPX as towards some volatile organic 
substancies, also to a number of metal ions (Cs(I), Ag(I), Cd(II), Hg(II), Au(III), 
Ln(III) and UO2

+2). We draw the general conclusion that the functional group 
content, composition and structure of the surface layer as well as parameters 
of sorbents porous structure influence sufficiently on the sorption properties of 
FPX (composition and stability of formed complexes and their static sorption 
capacity). 
 
This work was financed partly by Ministry of Education and Science of Ukraine 
and for that the author expresses it the sincere gratitude. 
 

[1] Yu.L.Zub in Sol-Gel Methods for Materials Processing, P.Innocenzi, 
Yu.L.Zub and V.G.Kessler, Eds; Springer, Dordrecht, 2008; 1 – 29.
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HOMOGENEOUS MIXED OXIDES FROM SINGLE PRECURSORS 
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With the decline in reserves of certain raw materials, coupled with the ever 
growing needs of the population, there is increased pressure on industries to 
devise novel synthetic processes. The main way to improve the efficiency of 
those chemicals processes is the design of a new generation of inorganic 
chemistry based catalysts. The Sol-gel process is one of the most promising 
technologies permitting the development of an amazing new generation of 
mixed oxide materials featuring porous organisations at the nanometric scale, 
a controlled stoichiometry and an excellent homogeneity of the active sites. 
The Sol-gel method is for instance, able to lead to aluminosilicate-based 
catalysts exhibiting hierarchical macro-meso porosity, as well as 
zirconosilicate mesosotructured materials with very low Si/Metal ratios and an 
excellent homogeneity.  
 

Recently, our laboratory has developed a new alkoxide-based synthesis 
pathway that targets oxides with a hierarchical macro-mesoporosity without 
the need of any physical agents. This hierarchical porosity is auto-generated 
by the release of a porogen occurring during the fast hydrolysis and 
polycondensation reactions of the metal alkoxides. The combination of 
multiple hierarchical porosities into one body could lead to the design of a 
single catalyst capable of undertaking a cascade of catalytical reactions with 
complete selectivity and a performance rivalling a set of specific catalysts. 
This is the principle of a “one-pot reactor” and will allow us in the near future 
to save both time and money in terms of separation processes. Currently, our 
laboratory is able to synthesise an important series of macro-mesoporous 
oxides such as ZrO2, TiO2, Al2O3,…and a family of macro-mesoporous binary 
oxides such as titania-zirconia, titania-alumina,…and aluminosilicate too. 
Those aluminosilicates exhibit an amazing macrostructure constituted of 
tubular macrochannels quite parallel to each other and separated by 
mesoporous walls, but with poor homogeneity. Aluminosilicate materials are 
prepared from a mixture of two independent alkoxyde precursors ; an 
aluminium alkoxide and an alkoxysilane. However, the aluminium precursor 
polymerises much faster than the silica precursor, forming a binary oxide 
mainly constituted of alumina (Al2O3) and an aluminosilicate part (Al-O-Si), 
which is impoverished in tetrahedral aluminium. The low amount of tetrahedral 
aluminium (low number of Al-O-Si linkages) implies a poor catalytical activity 
and the alumina part affects the selectivity of the materials. 
An elegant and original alternative, to the use of independent inorganic 
alkoxyde precursors, would be to exploit a single molecular source that 
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possesses an intrinsic Si-O-M link (M = Al, Zr, Ti,…). The polymerization of 
this single precursor, in controlled conditions, should result in a material with 
unequalled homogeneity giving excellent selectivities and activities. This idea 
was put in practice with the conception of a class of macro-mesoporous 
aluminosilicate materials almost only constituted of Al-O-Si linkages, by the 
use of di-sec-butoxyaluminoxytriethoxysilane (sBuO)2-Al-O-Si-(OEt)3, an 
unique molecular precursor of aluminium and silica which features the Si-O-Al 
link. Functionalities attached to the aluminium and the silicon are unhindered 
alkoxydes, allowing the achievement of a macroporous array, whitout any 
templating agent. Fine tuning of the aluminium polymerisation of this single 
precursor is required to preserve the Al-O-Si linkages from rupture and to 
prevent the too fast polymerization of the aluminium part of this single 
precursor. This was achieved by the control of  key parameters such as pH, 
use of chelating ligands or the addition of an inorganic silicon co-precursor. 
These adapted conditions permit the design of macro-mesoporous 
aluminosilicates with a Si/Al ratio close to unity, and exhibiting a high number 
of active sites. 
 

On the basis of these knowledges, other single precursors, containing Si-O-M 
linkages, have been prepared such as Zr[OSi(OtBu)3]4 and Ti[OSi(OtBu)3]4 [1]. 
By adjusting the main parameters which are governing the aqueous 
polymerization of this kind of precursors (pH and temperatures), it has been 
possible to avoid an inhomogeneous repartition of zirconium atoms into the 
silica matrix due to the difference of polymerisation rates. This permit the 
obtention of a material with a Si/Zr ratio ~ 4 and with an excellent 
incorporation of zirconium into the silicated matrix. Adding the adequate 
proportion of surfactant allows to design of a homogeneous mesostructured 
zirconosilicated materials. 
  

The concept of the single precursor is giving a new advance in the field of 
inorganic chemistry. The preparation of single precursors already containing 
M-O-Si linkages successfully leads to the formation of very homogeneous 
materials with required properties such as hierarchical properties or highly 
ordered mesoporosity. 
 
[1]  (a) Karl W. Terry, Claus G. Lugmair, T. Don Tilley, J. Am. Chem. Soc., 
1997, 119, 9745, (b) Marty P. Coles, Claus G. Lugmair, Karl W. Terry, T. Don 
Tilley, Chem. Mater., 2000, 12, 122. 
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MATERIALS 
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Exchange of alcoxy ligands on titanium (IV) oxo-clusters is a usual feat. 
However, due to the reactivity of the titanium, carboxy ligand exchange has so 
far not been possible. We present here a system of titanium oxo-carboxy 
clusters in which carboxy ligands exchanges enable us to leap from one 
cluster conformation to another. We have thus developed a wide range of 
clusters which present Ti oxo-cores and different functional organic outer 
layer. These functional clusters are used as nano-building blocks for the 
elaboration of hybrid organic-inorganic materials.  
The carboxylate ligands can be replaced by polyacids, for example 
terephthalic acid, which bind to several oxo-titanate cores. The first example 
of highly porous titanium (IV) dicarboxylate titanium based MOF (named MIL-
125) has been obtained by this process. This material presents a high thermal 
stability and photochromic properties. 
Ti8O8(O2CR)16 + HO2C-C6H4-CO2H -> Ti8O8(OH)4(O2C-C6H4-CO2)6  
 
 
 
 
 
 
 
 
The oxo-clusters can also be used as a macro initiator of ATRP if 
functionalized with appropriate ligand, for example trichloroacetic acid. The 
polymers chains may then grow directly on the cluster surface to form an 
organic-inorganic core-shell. 
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OS2-04- SOL-GEL CHEMISTRY OF AMINO-RESINS: A 
VERSATILE TOOL TOWARDS NEW POROUS MATERIALS 
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Recently, organic aerogels have been prepared from phenol-type or amino-
type resins. Some of them can be successfully pyrolised leading to carbon 
aerogels with large surface areas1. These resins are very versatile since (i) 
similar but not identical monomers can be used within the same synthesis pot 
(ii) the number of cross-linkers can be varied experimentally from one to six 
cross-linking groups per molecule, enabling the construction of a plethora of 
different porous networks. For instance, melamine-formaldehyde networks 
have been prepared through numerous synthesis strategies with various 
porosities and pore size distributions. 13C MAS NMR studies of the resulting 
gels have shown that the functionality can be adjusted by varying the amount 
of cross-linker2. Plus, the local variation of functionality seems to modify the 
overall hydrophilicity of these gels as based on T2 relaxation measurements. 
The challenge now maybe in synthesising new resins with a safer impact on 
human health or on the environment for the standards set in the new 21st 
century. For instance, a soy-flour based resin with no formaldehyde has 
recently been reported and melamine-based dendrimers have been grown on 
the walls of mesoporous silica incorporating into the network numerous amino 
functions3.  From such novel resins, new materials will result that will impact 
on the design of well-defined porous networks with desired properties as 
illustrated with recent publications on triazine herbicide, barbituric acid and 
creatinine sensors based on molecularly imprinted melamine-type polymers .  
 
Based on our own studies and other works reported in the literature, we aim to 
present the advantages in using amino resins for the construction of porous 
materials, the underlying remaining questions regarding their solution 
chemistry, the challenges associated with the structural and chemical 
characterisation of the resulting networks and also the future developments 
that we would like to conduct. 
  
[1] (a) Pekala R. W., J. Mater. Sci., 1989, 24, 3221 (b) C.C. Egger, C. du 
Fresne, D. Schmidt, J. Yang, V. Schädler, J. Sol-Gel Sci. Tech., 2008, 48, 86 
(c) C.C. Egger, P. Mueller-Buschbaum, V. Raman, S. Roth, C. du Fresne, V. 
Schädler, T. Frechen, Langmuir, 2008, 24, 5877.  [2] C. C. Egger, V. 
Schädler, J. Hirschinger, J. Raya, B. Bechinger, Macromol. Chem. Phys., 
2007, 20(21), 2204. [3] Acosta E. J., Carr C. S., Simanek E. E., Shantz D. F., 
Adv. Mater., 2004, 16(12), 985. 
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Organic–inorganic hybrid coatings combine the excellent properties of 
inorganic components such as hardness and mechanical resistance with 
those of organic ones, such as flexibility and impact resistance. These final 
properties can be achieved through the sol-gel process at mild temperatures. 

The use of vegetable oils as organic precursors for ceramer coatings offers 
the use of renewable and inexpensive materials for the preparation of 
environmental friendly films. Hybrid films have been prepared using different 
sol-gel precursors and some vegetable oils such as linseed and sunflower 
oils, typically drying oils, soybean oil, or their derivatives blown soybean oil, 
and epoxidized soybean oil - semi-drying vegetable oils as well as castor oil.[1-

3] Their main surface properties such as adhesion, flexibility, hardness and 
impact resistance, flexibility and rupture tension varied with the amount of sol-
gel precursor. 
 

Castor oil has been considered a special commodity for the chemical industry 
since its unusual composition contains almost 90% of ricinoleic acid. This 
highly hydroxy moiety containing oil (12-hydroxy-9-octadecenoic acid) 
presents the only commercially available source of natural hydroxylated 
triglycerides. Its singular composition makes it interesting for the coating 
industry despite its non drying properties.[4] The hydroxyl functionality is 
considered to allow castor oil to be used in coatings. Also, this functional 
group infers a high viscosity, stability and miscibility in polar solvents such as 
alcohols. The presence of one carbon-carbon double bond on the fatty acids 
allows other modifications that can further enhance versatility of castor oil to 
other applications. Among these processes, dehydration followed by 
conjugation, epoxidation and hydroxylation are the most important ones for 
polymerization and thus for the use as organic precursor of hybrid films. 
 

The main inorganic precursors containing silicon or titanium are the simple 
alcoxides tetramethoxysilane (TMOS), tretraethoxysilanes (TEOS) and 
titaniumisopropoxyde (TIP) and the organic functionalized 3-
aminepropiltriethoxysilane (APTES) and γ-glicidoxypropiltrimetoxysilane 
(GPTMS) among others.  Hydrolysis and condensation generates inorganic 
networks though the sol gel processes. Their typical inorganic properties as 
well as the mild synthesis conditions are particularly favorable for the 
combination with organic moieties to produce organic-inorganic hybrid 
materials.  
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Hybrid films prepared from castor oil, epoxidized castor oil (ECO) and 
hydroxilated castor oil (HCO) (poliols) and inorganic precursor containing 
silicon and/or titanium have been prepared in our laboratory[3, 5-7] by sol-gel 
methodology, showing that the functionalized oils are very good organic 
precursors. The films present excellent flexibility, transparency and yellow to 
dark brown colors depending on the inorganic precursor. On coating 
aluminum surface all of them have maximum adhesion (5B, in the ASTM tape 
adhesion test) and enhanced hardness on increasing its inorganic content. 
Thermal stability studied by TGA technique indicates a small improvement on 
the temperature of decomposition as a consequence of the addition of 
inorganic precursors wit residual masses proportional to the amount of 
inorganic precursor added. Glass transition temperatures (Tg), from DSC 
traces of the hybrid films appear at different temperatures compared to the 
films containing the organic precursor only, indicating the presence of new 
materials. MEV images show that the films are homogeneous for an extensive 
proportion of inorganic precursor added however there is a breakthrough for 
higher inorganic contends. When this occurs it is observable that inorganic 
rich phase is homogeneously distributed throughout the surface. This 
observation is consistent to EDS data in which silicon and titanium are well 
distributed thought the films. These coatings swelling in toluene usually 
decrease with the inorganic precursor contends, indicating the formation of 
more closed networks. 
 

Corrosion resistance standard salt spray (ASTM) tests on ECO+GPTMS, 
ECO+APTES+TIP and HCO+TIP coating series show very good 
performances for the films. The good coating properties presented by the films 
contributed to protect the surface for further corrosion migration underneath a 
film surface cut with a sharp blade. 
 
The hybrid films made from castor oil derivatives and inorganic precursors 
show fine coating properties due to a very closed network resulted from a 
strong and continued interaction between the organic and inorganic precursor. 
 
[1] G. Teng; J.R. Wegner, G.J. Hurtt; M.D. Soucek. Prog. Org. Coat. 2001, 42, 
29. 
[2] M.C. Brasil; A.E. Gerbase; M.A. de Luca; J.R. Gregório. J. Am. Oil Chem. 
Soc. 2007, 84, 289. 
[3] M.A. de Luca; M. Martinelli; M.M. Jacobi; P.L. Becker; M.F. Ferrão. J. Am. 
Oil Chem. Soc. 2006, 83, 147. 
[4] J.T.P. Derksen; F. P.Cuperus; P. Kolster. Prog. Org. Coat. 1996, 27, 45. 
[5] M.A. de Luca, M. Martinelli; C.C.T. Barbieri. Progr. Org. Coat. 2009, 
acepted. 
[6] D.M. Bechi; M.A. de Luca; M. Martinelli; S.M. Silveira. J. Sol-Gel Sci. 
Technol. 2009, submited. 
[7] D.M. Bechi. Qualification exam for Master Degree, UFRGS, 2008. 
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It is well known that the modification of transition metal alkoxides by chemical 
reactions with functional ligands yields complexes or molecular clusters with 
physicochemical properties and associated reactivities that are substantially 
different to those of the parent alkoxides. Although a significant number of 
studies have addressed the structural evolution, crystal structure and solution 
chemistry of such modified species, much less attention has been focused on 
their use as tailored building blocks for modulating the nanostructural 
evolution of powders and thin films. 
 

In this study, we investigate the structural evolution of powders and thin films 
prepared from two titanium oxo-alkoxyacylate clusters with different oxo-core 
structures ([Ti6(µ3-O)2(µ2-O)2](CH3COO)8(µ2-O

iPr)2(O
iPr)6 and 

[Ti6(µ3-O)6](µ-RCOO)6(O
iPr)6; [6,4] and [6,6], respectively) as a function of 

annealing temperature. The structural evolution of powders and thin films 
prepared from the corresponding parent alkoxide (Ti(OiPr)4, TiP) were also 
investigated for comparison. The molecular clusters, powders and thin films 
(prepared by spin coating onto silicon wafers) were characterised by 
complementary techniques including vibrational spectroscopy (FT-IR and 
FT-Raman), X-ray diffraction, spectroscopic ellipsometry, atomic force 
microscopy, and X-ray absorption spectroscopy.  
 

In all powders, the amorphous-to-anatase transformation occurred upon 
heating to 400 ºC. In contrast, the anatase-to-rutile transformation of the 
powders prepared from the clusters was significantly inhibited compared to 
the conventionally derived powder, with no rutile being detected in the [6,6] 
derived powder even after annealing at 800 oC for one hour. This was 
attributed to the small crystallite size in the [6,6] derived powder, which is 
lower than the critical size for the anatase-to-rutile transformation typically 
observed in sol-gel-derived materials. The molecular basis of this effect will be 
discussed and extended to other metal oxide systems. 
  

In thin films, the amorphous to anatase phase transition also occurred at 
temperatures as low as 400 ºC for coatings deposited from conventional TiP 
precursor and [6,4] cluster solutions. However, in contrast to the 
corresponding powders, no rutile nucleation occurred even at 800 oC in either 
film, due to stress effects. 
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POLYMETHYLSILSESQUIOXANE AEROGELS 
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Aerogels are known to possess low thermal conductivity, low dielectric 
constant, high transparency, and low refractive index, which are resulted from 
the high porosity and the fine pore structure with the nanometer length scale.  
However, such highly porous structure makes the mechanical strength of 
aerogels poor.  To improve the mechanical strength while maintaining the 
excellent properties, we have reported the synthesis of transparent organic-
inorganic hybrid aerogels and xerogels from methyltrimethoxysilane (MTMS) 
used as a single precursor.[1,2]  The resultant network therefore consists of 
methylsilsesquioxane (MSQ, CH3SiO1.5).  The starting solution of the sol-gel 
process contains surfactant and urea in order to suppress phase separation 
and to promote gelation, respectively: The strong hydrophobicity of MTMS-
derived condensates is moderated by an appropriate surfactant such as n-
hexadecyltrimethylammonium bromide (CTAB) and poly(ethylene oxide)-
block-poly(propylene oxide)-block-poly(ethylene oxide) (F127), and in situ 
hydrolysis of urea into ammonia raises solution pH to accelerate the 
condensation and promote the homogeneous gelation.  The obtained 
aerogels and xerogels show highly improved mechanical strength.  They can 
be compressed without cracking and recover its original size after removing 
the stress, which is so-called the “spring-back” behavior. 
In this report, we show the control of pore structures and properties by altering 
the starting composition and the synthetic conditions.  Especially, effects of 
changing concentrations of surfactant, urea and water, and of aging 
conditions are investigated.  Also, compressive mechanical properties are 
discussed on the basis of the molecular-level and meso-scale structures.  In 
the case where nonionic F127 is employed, the resultant pore structure 
consists of highly continuous fibrous skeletons, which leads to the higher 
mechanical strength.  However, hydrogen bonding between ether oxygen and 
silanol groups leaves considerable silanol groups after removing the 
surfactant, which prevents spring-back upon compression.  On the other 
hand, when cationic CTAB is employed, the resultant pore structure consists 
of weakly aggregated primary particles with the less concentration of silanol 
groups.  Besides, aging conditions influence the silanol concentration, which 
also affects the spring-back behavior. 
 

[1] K. Kanamori; M. Aizawa; K. Nakanishi; T. Hanada Adv. Mater. 2007, 19, 
1589.  
[2] K. Kanamori; M. Aizawa; K. Nakanishi; T. Hanada J. Sol-Gel Sci. Technol. 
2008, 48, 172. 
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OS3-02- PHOTOLUMINESCENT HYBRID MATERIALS 
CONTAINING Ln3+ AND CHITOSAN AND THEIR MODIFICATION 
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Three different types of photoluminescent hybrid materials containing 
lanthanide (Ln3+ = Eu3+, Tb3+) ions and chitosan have been prepared with 
different structure features which can be tuned by the modification with silica. 
The different silica source leads to different microstructure of the hybrid 
materials. The three kind of hybrid materials are designated as LnCh, LnChS-
H, LnChS-CS (Ln: Lanthanide; Ch: Chitosan; S: Silica; H or CS: two different 
silica source, H: TEOS give Homogenous structure; CS: silica colloidal Ludox 
give Core-Shell structure). The aerogel hybrid materials were prepared by 
supercritical CO2 drying method [1].  
 

The aerogel hybrid materials were then characterized by FT-IR, TGA, 
scanning electron micrographs (SEM), N2 absorption/desorption. SEM results 
show that all the aerogel hybrid materials show the fibrous structure attributed 
to chitosan (Fig. 1A-B). The modification with silica demonstrates a facile 
approach to tune the structure of the hybrid materials (Fig. 1C) [2].  
 

All the aerogel materials gave a relatively high surface area due to the porous 
structure of the chitosan. The Eu3+- (Fig. 1D) and Tb3+-based materials have 
been investigated by photoluminescence spectroscopy at room temperature 
and/or lower temperature. 
 

    
 

Figure 1: SEM of EuChS-CS1. A) the surface morphology; B) the interior 
morphology; C) elemental mapping showing the Si elemental in the shell and 

D) Eu elemental inside the core. 
 

[1] R. Valentin, K. Molvinger, C. Viton, A. Domard, F. Quignard, Biomacromolecules 
2005, 6, 2785. 
[2] A. Tourrette, L. Vachoud, C. Tourné-Péteilh, S. Bégu, J.M. Devoisselle, F. Quignard, 
Advances in Chitin Science 2006, 9, 284. 
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Titania (TiO2) has been studied extensively because of its wide applications in 
many fields such as white pigments for paints, photocatalysts, and gate 
oxides in metal-oxide-semiconductor field emission transistor. TiO2 has 
several crystalline phases, e.g., rutile, anatase, and, brookite. For example, 
the rutile phase has a relatively high refractive index, so it is useful for optical 
devices, such as diffraction gratings and waveguides. On the other hand, the 
anatase phase can be applicable to the destruction of toxic organic 
compounds since it has high photocatalytic activity. On the other hand, 
structural control of TiO2 is also important for these application. Therefore, 
development of preparation technique of TiO2 with control of both crystalline 
phase and structure is one of the critical issues in the field of materials 
chemistry. In this study, we have demonstrated preparation of hollow TiO2 by 
the layer-by-layer (LbL) method and hydrothermal (HT) treatment. Water 
soluble Ti complex compounds were adopted for precursor of TiO2 shell since 
they are applicable for LbL assembly and easy to crystallize as oxides under 
hydrothermal conditions. In addition, crystalline phase of obtained TiO2 is 
controllable by molecular structure of Ti complexes and conditions of HT 
treatment [1]. To prepare hollow spheres, SiO2 gel particles were employed as 
templates. Monodispersed SiO2 particles were easily prepared by Stöber 
process and their size can be controlled by the quantity of sodium dodecyl 
sulfate (SDS) [2]. SiO2 gel particles were expected to dissolve under 
hydrothermal conditions due to their undeveloped siloxane network. 
Polystyrene particles are also used as   templates. Anodic porous alumina 
membrane filter is adopted as a template for preparation of TiO2 hollow tubes.  
Zeta potential measurements revealed that successive deposition of 
polycation and Ti complex on templates. Hollow structure with well-defined 
size was observed by TEM observation of LbL coated particles after HT 
treatments. Crystalline phases of TiO2 can be confirmed by XRD 
measurements. Anatase phase was obtained when Ti complex with lactic 
ligands was used as precursor. On the other hand, hollow brookite TiO2 was 
obtained when Ti complex with glycolic ligands was employed. These results 
indicate this method may also provide a novel approach to produce other 
hollow metal oxide materials with controlled crystalline phase. 
  
[1] K. Tomita; V. Petrykin; M. Kobayashi; M. Shiro; M. Yoshimura; M. 
Kakihana,  Angew. Chem. Int. Ed. 2006, 45, 2378. 
[2] H. Nishimori; M. Tatsumisago; T. Minami, J. Sol–Gel Sci. Technol. 1997, 9, 
25.
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Polymer optical fiber (POF) is a promising transmission medium to provide 
broad-band for short-haul telecommunication services within the customer’s 
premises. POF offers several attractive features for data transmission such as 
broad bandwidth andj. low cost for in-house, access, and local-area-network 
(LAN) applications 1. However, for long distante polymers interfere with an 
optical signal by absorbing part of its energy. To enlarge the transmission 
distance of optical signals in POFs, it is necessary compensate for the loss of 
energy by coupling the fibers to an optical amplifying device (OAD). Many 
polymer materials are transparent across the low-loss visible wavelength 
windows of POFs 2 and can be used for OAD. Neverthless, for processing, 
most of these polymers need temperatures over 100oC. That limitates the 
nature of the light emiter compounds that could be used as dopands. 
Moreover, some polymers can not be processed as thin films or shapes 
besides fibers. To overcome such limitations, there are materials that can be 
process at low temperature by sol-gel technique. Among them, as the aim of 
this work, we present the organic-inorganic hybrids called di-ureasils. Di-
ureasil hybrids have already been used as integrated optics substrates, 
namely in the production of patternable gratings, channels and monomode 
planar waveguides with low propagation losses (<0.3 dB/cm), presenting good 
thermal stability 3. The diureasil here is based on α,ω-
diaminepoly(oxyethylene-co-oxy-propylene) with M=600g.mol-1, and 3-
isocyanatepropyltriethoxysilane. It is covalently connected to the inorganic 
network through Si-O-Si bonds and called d-U(600). As polymers lifetime is 
sensitive to UV radiation, one solution is to use light emitters that can be 
pumped by visible or by infrared wavelengths. For OAD proposal, the best 
option is infrared excitation. In this work we introduce 50SiO2-
50Ta2O5:1.5Yb3+/0.3Er3+ doped nanocomposites into the d-U(600) host to 
explore red and green upconversion emissions from Er3+. The doped hybrid is 
named d-TaU(600). Tantalum oxide can hold high concentrations of rare earth 
ions, besides be transparent over a wide spectral window including visible and 
near-infrared regions. It presents also a relatively low cut-off phonon energy 
(<700 cm-1). The up-conversion emission experiments for d-TaU(600) at 
300K, using 980nm diode laser pump, shown green (2H11/2�

4I15/2 and 
4S3/2�

4I15/2) and red (4F9/2�
4I15/2) emissions. The emission spectra of 50SiO2-
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50Ta2O5:1.5Yb3+/0.3Er3+ and d-TaU(600) (Figure 1), present Stark 
components, an increasing on the 
4S3/2�

4I15/2 transition intensity and a 
decreasing on the 2H11/2�

4I15/2 for d-
TaU(600). Despite these variations, the 
area ratio between red and green 
transition is the same, 1.2, for both 
samples. It suggests an interaction 
between Er3+ and d-U(600) network, 
that probably causes a change in the 
excitated state population distribution. 
As reported for similar hafnium oxide 
system 4, diffusion of rare-earth ions to 
the surface of tantalum phase induced 
by the heat treatment of the 
nanocomposites could explain that. 

However, the interaction only happens for upconversion process, once for 
350nm direct excitation, no Er3+ or Yb3+ emissions are observed, but the 
typical blue centered broad emission from d-U(600) host 5, as shown in the 
thick line spectrum of Figure 01. The intensity of the up-conversion emission 
data was fitted to a power law (IαPn) giving an n value equal to 2 for the group 
(2H11/2�

4I15/2 and 4S3/2�
4I15/2) and 1.5 for 4F9/2�

4I15/2 transition, suggesting 
two different upconversion processes for Er3+. Infrared emission centered at 
1530nm (4I13/2�

4I15/2) is detected for UV or near infrared excitations. 
Nevertheless, it is more intense for UV direct pump. A particular feature of d-
TaU(600) is the possibility to obtain blue, green and red emissions through 
two different excitation wavelength (UV and Infrared). Figure 01 presents the 
double excitation spectrum (350 and 980nm) for d-TaU(600) (thick line), 
showing the blue emission from d-U(600) hybrid and the upconversion 
emissions from d-TaU(600) at the same time.  
 
    

1 - H.P.A. van den Boom, W. Li, P.K. van Bennekom, I. Tafur Monroy, and 
Giok-Djan Khoe - IEEE J. on Selected Topics in Quantum Electronics, 7(3), 
(2001). 
 
2 -  J. Zubia and J. Arrue - Opt. Fiber Technol., 7, pp.101 (2001). 
 
3 – C.M.S. Vicente, E. Pecoraro, R.A.S. Ferreira, P.S. André,  R. Nogueira, Y. 
Messaddeq, S.J.L. Ribeiro - J Sol-Gel Sci Technol 48, pp.80, (2008). 
 
4 – F.A. Sigoli, R.R. Gonçalves, A.S.S. de Camargo, L.A.O. Nunes, Y. 
Messaddeq, S.J.L. Ribeiro - Optical Materials 30, pp. 600, (2007).  
 
5 - L.S. Fu, R.A. Sa´ Ferreira, N.J.O. Silva, L.D. Carlos, V. de Zea Bermudez, 
J. Rocha, Chem. Mater. 16, pp.1507, (2004). 
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ITS POTENTIAL AS INORGANIC FILTER IN SUNSCREENS 
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Solar filters do not always block incoming UVA and UVB radiations 
responsibly for skin damage. The concern with the increase of these 
radiations in the earth`s surface require new solutions in sunscreen 
formulation, leading to the development of different raw materials and high 
efficiency products[1]. Inorganic oxides have been used as solar filters due to 
its high reflectivity with solar radiation. Among this oxides, TiO2 with a 
bandgap of 3.2 eV in the rutile form and 3.0 eV in the anastase form[2] , and 
ZnO with a bandgap of 3.4 eV are extensively used blocking UVA and UVB. 
Despite of the higher photoreactivity of TiO2 in relation to ZnO, it has a high 
reflectivity, which endows it a high Solar Protection Factor (SPF). In this way, 
our goal is the incorporation of TiO2 into ZnO with 1, 5, 10, 20, 40 and 50 mol-
% of TiO2 following a modified procedure proposed for ZnO by Spanhel[3]. 
Zinc acetate was refluxed with anhydrous ethanol. After the reflux, it was 
added a solution of titanium tetraisopropoxide in isopropyl alcohol. The 
obtained solution was kept at 0oC and then NaOH was added to start 
hydrolysis reaction and left in an ultrasonic bath for 30 min. The NaOH/(Ti,Zn) 
ratio was fixed as equal to 0.1. The obtained powders were fired at 600oC in 
order to reach the desired products and avoid the formation of the zinc 
titanate phase. X-ray diffratometry (XRD) and diffuse reflectance spectra 
(DRS) were used to characterize the products. By XRD it was only observed 
reflections associated with the ZnO single phase. The incorporation of TiO2 
decreases the ZnO crystallinity with a diminution of the microcrystallite size. 
The DRS data have shown a increase of ZnO reflectivity and  a red shift of the 
bandgap absorption band with TiO2 content. However higher TiO2 content 
leads to lower red shift.  The red dislocation is associated with the formation of 
defects with the incorporation of TiO2 into ZnO. A simple incorporation 
equation can be proposed, resulting in the formation of interstitial oxygens, 
with the creation of deep levels, near the top of the valence band. Other 
defects may be created, however the general effect is the decrease of the 
bandgap. The resulting spectroscopy properties, red shift and reflectivity 
improvement, of the TiO2/ZnO system can be ascribed as a promising 
inorganic solar filter. 
 
[1] J. Flor, et al. Química Nova 2007, 30, 1, 153-158. 
[2] N. Serpone, D. Dondi, A. Albini. Inorganica Chimica Acta, 2007, 360, 794-
802. 
[3] L. Spanhel. J.Sol-Gel Sci Techn, 2006, 39, 7-24. 
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A hybrid organic/inorganic matrix based on polyethylene glycole (PEG) and 
isocyanatopropyltrimethoxy-silane (ICPTMS) has been doped with TiO2 
nanoparticles (NPs) and CdSe@ZnS semiconductor quantum dots (QDs) with 
the aim to synthesize a multifunctional optical material. 
The TiO2 NPs have been synthesized in ethylene glycol using titanium 
tetraisopropoxide as precursor and aminohexanol as catalyser and capping 
ligand. The obtained TiO2 nanocrystals can be homogeneously dispersed into 
the precursor mixture of PEG-ICPTMS, resulting in a uniform composite film 
when deposited by spin coating. High refractive index (1.9) thick films (up to 
several microns) were obtained with high TiO2 nanocrystals loading and good 
visible transparency. 
The CdSe@ZnS QDs have been synthesised through colloidal chemistry in a 
hot non-coordinating solvent. Highly luminescent particles (up to 50% 
quantum yield) have been obtained. The emission region for the synthesized 
QDs is 620-630 nm, but it can be changed by controlling the CdSe core size. 
The QDs have been homogeneously dispersed in the high refractive index 
nanocomposite using suitable capping agents, while preserving their optical 
properties. 
Nanocrystals were characterized with TEM, UV-Vis and XRD measurements, 
while nanocomposite films were analysed through spectroscopic ellipsometry 
and m-line spectroscopy. 
The obtained multifunctional coating has been utilized for light down-
conversion of blue emitting LED. 
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Sol-gel protective coatings on metals and alloys are known to prevent 
oxidation or chemical attack [1]. Unlike metals, for non-oxide and especially 
nitride ceramics plasma-sprayed environmental barrier coatings are still the 
most promising approach against hot corrosion and any form of oxidation [2]. 
However, nowadays some applications e.g. in power electronics require a 
customized oxidation of the nitride ceramic substrates to form only thin and 
chemical optimized oxide scales with good interfacial adherence [3, 4]. As is 
generally known, sol-gel coatings might meet these demands due to their 
possibility of controlling size and quantity of pores as well as thickness and 
composition of the applied thin films. Hence the purpose of this work was to 
investigate the effect of surface modification by different sizes and 
arrangements of nanopores of TEOS and Zr-prop derived sols. Thereto AlN 
and Si3N4 substrates were dip-coated and heat treated at temperatures from 
1050°C to 1300°C in air. The effectiveness of the sol-gel coatings to reduce or 
enhance the amount of oxidation of the substrates was measured by 
comparing the weight gain of coated and uncoated samples. The different 
oxide layers and their surface roughness were analyzed by laser scanning 
microscopy (LSM). After heat treatment, oxygen concentration vs. depth from 
surface was analyzed by radio frequency glow discharge optical emission 
spectrometry (RF-GD-OES). The microstructure was characterized by GI-
XRD as a function of oxidation and film annealing. The stability of the 
compounds and the reversibility of chemical reactions appear to be dependent 
on the amount of oxygen present in the system as well as on layer 
composition and initial pore structure of the sol-gel derived thin films. 
Moreover, a huge challenge of this investigation of sol-gel coatings was the 
typically high surface roughness of the as-fired nitride ceramic substrates.  
 
[1] A. Durán; Y. Castro, A. Conde, J. J. Jose de Damborenea in Handbook of 
Sol-Gel Science and Technology – Processing, Characterization and 
Applications, S. Sakka, Ed.; Kluwer Academic publishers, 
Boston/Dordrecht/London, 2005; Vol. 3, 399-443. 
[2] K. N. Lee Surf Coating Tech. 2000, 133-134, 1-7.  
[3] W. Xu; X. Ning; H. Zhou, Y. Lin Mater. Sci. & Eng. 2003, B99, 475-78. 
[4] M. Oliveira; S. Agathopoulos; J. M. F. Ferreira J. Eur. Ceram. Soc. 2005, 
25, 19-28.  
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OS4-03- NOVEL HYBRID COATINGS BY ONE-STEP ELECTRO-
OXIDATION AND SOL-GEL PROCESSING OF ALUMINIUM 
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In this paper a patented single step process combining electro-oxidation of 
aluminium with silane-based sol-gel dip coating is presented. Aluminium is 
anodised in an acidified water/alcohol mixture containing prehydrolysed silane 
based sol-gel precursors. The process yields a 1-50 m porous aluminium oxide 
anodic film completely covered by a 100-300 nm hybrid silicon oxide sol-gel 
coating (Figure 1). Incorporation of dissolved aluminium in the sol-gel film results in 
a protective in-situ sealing of the porous anodic film without high temperature 
curing. 
 

 
Figure 1: Electronmicroscope image of focussed ion beam etched cross-

section of the hybrid coating. 
 
The in-situ sealed hybrid coating combines the good adhesion and corrosion 
resistance of an anodic oxide with the multifunctionality of sol-gel films. The 
corrosion protection of the coating was assessed by electrochemical 
measurements showing that the hybrid offers a better corrosion protection to 
aluminium than a standard hot-water sealed anodic coating or a sol-gel film. Also it 
was found that corrosion inhibitors for active corrosion protection can be 
incorporated in the coating. 
 

The in-situ sealing strongly reduces contamination and water absorption by the 
high area and chemically active internal pore surface of the anodic film. Using 
various sol-gel precursors, the surface energy of the hybrid coating can be 
decreased to 30 mN m-1 compared to 70 mN m-1 for a standard hot water sealed 
anodic coating. This results in a hydrophobic coating with an easy-to-clean 
functionality as evidenced by low affinity for bacteria adhesion. This makes the 
coating suitable for applications in clean room and vacuum conditions.  
 
Keywords: Anodising, Sol-gel, Hybrid coating, Multifunctionality 
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Sol-gel TiO2-SiO2 composite films have been deposited from solutions 
obtained by mixing a suspension of TiO2 anatase nanocristallites and 
polymeric silica sols. We have previously shown that a suitable adjustment of 
sol-gel formulations and their TiO2 and SiO2 compositions yields nano-
composite films showing a natural super-hydrophilicity and an optimal 
persistence of this property in absence of any UV light [1,2]. New studies have 
been performed to assess functionalities arising from this super-hydrophilicity 
in order to develop enhanced cleanability surfaces. It has first been observed 
that an optimal persistence of the super-hydrophilicity is correlated to an 
easier photo-regeneration, through a short UV exposition, when super-
hydrophilicity disappears over prolonged aging. Additionally, specific 
adaptations of the experimental procedures show that it is possible to 
extrapolate these wettability performances to different supports such as 
stainless steels or substrates with a weak thermal resistance (for instance 
polymers or textiles can be envisaged). Physico-chemical and morphological 
studies indicate that, though porosity and roughness effects cannot be 
excluded, wettability performances of composite films probably essentially 
result from TiO2-SiO2 granular interface effects. This hypothesis seems 
partially confirmed by first AFM measurements of superficial forces in 
aqueous medium and wettability measurements at various pH. This work also 
evidences a parallel between the lipophilicity and the hydrophilicity of various 
sol-gel films. Though this parallel is not expected to favour an enhanced 
cleanability of the coated surface, static and dynamic cleaning tests finally 
show that, owing to their high polar component of the surface energy, super-
hydrophilic composite films yield an easier degreasing of surfaces polluted by 
mineral or vegetal oil, which definitively demonstrates the concept of 
enhanced cleanability surfaces. Theoretical approaches allow explaining in 
great part the water and oil wettability behaviours observed for films studied in 
this work. 
  
[1] M. Houmard; D. Riassetto; F. Roussel; A. Bourgeois; G. Berthomé;   J.C. 
Joud; M. Langlet Applied Surface Science 2007, 254, 1405. 
[2] M. Houmard; D. Riassetto; F. Roussel; A. Bourgeois; G. Berthomé;   J.C. 
Joud; M. Langlet Surface Science 2008, 602, 3364. 
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A novel hybrid coating based on a combination of nanoparticles, sol-gel and 
organic chemistry has been developed. It can be applied to a large variety of 
surfaces even at low processing temperatures, and it cures below 150°C.  
Low temperatures allow fabrication of the hybrid films on polymers [1].  
Furthermore, a novel 100% aqueous sol-gel synthesis technique using 
organic chemistry has been developed and successfully applied for hybrid 
coatings. These sols allow dispersion of nanoplatelets. Casting films yield 
nanocomposite hybrid organic/inorganic coatings. No vacuum techniques are 
required.  The coating process involves the dispersion of boehmite 
nanoparticles that are suspended without significant agglomeration. 3-
glycidoxy propyl trimethoxy silane (GPTMS) was adopted as dispersant for 
the nanoplatelets and functions also as a network former. This induces 
flexibility in the hybrid film due to the organic functional groups. Transparent 
cured coatings from flexible to brittle were obtained from a single coating step 
with thicknesses in excess of 5 µm depending on the ratio of the 
inorganic/organic reagents and their concentrations. Barrier coatings with 
more than 70wt% ceramic nanoplatelets were achieved, yet they still display 
transparency of more than 95% to visible light with no cracks or other 
discernable defects. Several substrates have been successfully tested 
including poly (ethylene terephthalate) (PET). Moreover these films have 
excellent gas barrier properties for water vapor and excellent mechanical 
properties such as flexibility, which are important considerations in opto-
electronic devices. The talk will present latest results on the new aqueous 
synthesis technique for the production of nanoplatelets composite hybrid 
organic/inorganic coating materials and the characterization of the hybrid 
barrier coatings. Transmission electron microscopy, Nanoindentation, and 
Fourier transform infrared and Raman spectroscopy will be used to explain 
the development of the structure and its properties. Furthermore, the 
improvements in barrier coatings towards water vapor permeation on plastic 
substrates will be discussed. 
 
[1] M. Asuka, W. M. Sigmund, Mater. Res. Soc. Fall Meeting 2008 Proc. 
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Inorganic and organic components can be mixed at the nanometer scale, in 
virtually any ratio, leading to the so-called hybrid organic-inorganic 
nanocomposites. The hybrids are prepared mainly by surface modification of 
the inorganic matrix with organic molecules like polymers, biomolecules, 
alkoxides, and macromolecules, these modifications depending on the 
inorganic matrix and organic component. Natural and synthetic clay materials 
have been extensively employed as inorganic matrices for modification by 
intercalation or functionalization with organosilanes, leading to the production 
of new hybrid organic-inorganic materials, which may find numerous 
applications. Silanization of the inorganic matrix usually employs 
alkoxysilanes, whose alkoxy groups react with the OH groups present on the 
surface or inter layer of the clays [1, 2], to produce the hybrid materials after 
hydrolysis and condensation. 
In this work, we report on the functionalization of the natural clays kaolinite 
and saponite by the sol gel methodology, through hydrolysis and 
condensation of the alkoxysilane 3-aminopropyltriethoxysilane (APTS). The 
structure of the hybrids was investigated by means of infrared spectroscopy 
(FTIR), thermal analysis (TG/DTA), and X-ray diffraction (XRD).  
XRD showed that the silanization process does not significantly affect the 
crystallographic structure of the clays; only changes in the basal spacing were 
observed after functionalization. The other evidence of silanization in the clays 
is the absorption bands due to vibrations of the C-H bonds introduced by the 
organic modifier, as confirmed by infrared absorption spectroscopy. Thermal 
analysis demonstrated the thermal stability of the hybrids, which depends on 
the clay used for preparation of the materials. 
 
[1] A. Di Gianini; E. Amerio; O. Monticelli; R. Bongiovanni, Applied Clays 
Science, 2008, 42, 116.  
[2] E. H. de Faria; O. J. Lima; K. J. Ciuffi; E. J. Nassar; M. A. Vicente; R. 
Trujillano; P. S. Calefi, acept Chemistry of Materials, 2008. 
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Solution processing offer versatile and cost efficient routes to complex 
functional nano-materials for magnetic semi-conductors and photo-catalysts 
with optimised functions, but the complexity and diversity of the reactions 
taking the precursor molecules in solution to gels or nano-particles and their 
further processing into ceramic purpose designed structures require much 
understanding. Therefore detailed studies on the entire processing chain are 
necessary to achieve well controlled high quality materials and to make 
choices of suitable techniques.  
Here the preparation of transition metal-ion doped, duplex phase and core-
shell nano-structured oxide semi-conductors based on TiO2, ZnO and WO3 
will be described with a focus on the processing and the strong influence of 
the precursors on the materials structures and contents. Elucidation of the 
phase development on heating to yield the target materials was made with a 
combination of techniques such as; TGA, DSC/DTA, SEM, TEM, XRD, XAS, 
XMCD, XPS, IR-, Raman and UV-Vis-NIR spectroscopy.  
Detailed in-situ photo-catalytic reactions were made during decomposition of 
acetone under different, highly controlled conditions. Different TiO2 phases 
and particle sizes were compared and from these studies a TiO2 photo-
catalyst ca 15 times more active than P25 was obtained. The reason for the 
high activity of certain catalysts compared to others has also been elucidated 
and will be described. In addition, doped titania catalysts showed a high and 
sustained photo-catalytic activity which is not the case for pure titania. Some 
results on the decomposition of water into hydrogen and oxygen will also be 
given.  
Cobalt doped ZnO films were prepared with three routes; one conventional 
acetate route and two different all-alkoxide routes. It was found that the 
maximum Co doping was 7% with two of the routes, while with one of the all-
alkoxide based routes the doping level could be extended to ca 20% and the 
preparation temperature could be down to less than 100oC. Magnetic and 
synchrotron based studies connected with theoretic studies showed that the 
material consisted of Co2+ doped into ZnO. The magnetism observed is 
ascribed to uncompensated spins at borders of CoO rich areas in the ZnO 
lattice rather than the ferromagnetism reported in the literature. 
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A device based on the unique properties of nanoparticles (NPs), such as their 
size dependent optical response usually requires a substrate. On the other 
hand, most of semiconductor Q-dots proven to have absorption and 
luminescence tuned by their size are extremely toxic. A proposed solution to 
these problems is the encapsulation of NPs in an inert matrix. However, the 
resulting composite material, Q-dot@SiO2, must be stable and robust, 
maintaining the desired properties for long terms, and when needed the 
surface of Q-dots must be exposed to the surrounding medium. In addition, 
the synthesis pathway requires good reproducibility for building reliable 
devices, such as chromatic sensors.  
Here, we present the optical response of CdX (X = S, Se) and Bi2S3 
embedded in SiO2 mesoporous (MP) films with regular structure, which is 
defined by the amphiphilic employed for their synthesis. The encapsulated Q-
dots are synthesized inside pores by reaction between the metallic precursor 
and the chalcogenide. For sulphides the best route was precipitation by 
repetitive immersions in aqueous solutions of the respective ions. On the 
other hand, CdSe was synthesized by reaction between CdO and Se in 
octadecene1, and growth of CdSe inside pores occurs at the same time than 
Q-dots in the liquid medium. However, the size of embedded NPs determined 
by HRTEM is restricted by the size of pores, whereas for those in solution the 
size is controlled by the reaction time and the temperature. We find that the 
optical response of embedded Q-dots is comparable to that of Q-dot colloids 
with the same size; even the emission band is wider when NPs are 
encapsulated. Moreover, luminescence is stable several months, longer than 
the stability found for their respective colloids. 
The procedure presented in this work for embedding Q-dots in SiO2 is highly 
reproducible due to the control of pore sizes and surface area of the ordered 
mesoporous array. 

 
 
 

                                                
1
 Murray, C. B.; Norris, D. J.; Bawendi, M. G. J. Am. Chem. Soc. 1993, 115, 8706-8715. 
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This presentation focuses on the development of new luminescent 
nanoprobes by chemical functionalization of nanosized silica using silylated 
transition metal complexes. Ruthenium(II) and europium(III) complexes 
containing a dipyridylsilylated ligand have been synthesized. This ligand 
allows covalent bonds between the luminophore and the silica material. 2 
types of particles can be obtained according the different following routes: 
i) incorporation of the silylated complexes in silica nanoparticles using a 

water-in-oil reverse microemulsion procedure (Route A); 
ii) grafting reaction of the luminescent complexes on the silica surface to 

obtain a monolayered grafted silica nanoparticles. These nanohybrids can 
be obtained by a two-steps (Route B) or a one-step reaction (Route C). 

 
Route A: Metal incorporated silica nanoparticles 

 
 

 
Route B: Two-steps reaction for metal complexes grafted silica nanoparticles 

 
Route C: One-step reaction for metal complexes grafted silica nanoparticles 

 
Syntheses according the A and C approaches will be justified and the 
characterization of luminescent silica based nanoprobes obtained will be 
discussed. 
[1] S. Cousinié, M. Gressier, C. Reber, J. Dexpert-Ghys, M.-J. Menu Langmuir, 2008, 
24, 6208. 
[2] S. Cousinié, M. Gressier, P. Alphonse, M.J. Menu Chem. Mater. 2007, 19, 6492. 
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Sol-gel derived hybrid coatings on polymer substrates for improving their 
mechanical properties are becoming popular. The present study involved 
investigations on sol-gel based nano-composite coatings for improving the 
abrasion resistance of polycarbonate (PC) and polymethylmethacrylate 
(PMMA). Defect-free coatings were fabricated using a coating material 
synthesized by hydrolysis and condensation of an organically-modified silane 
precursor 3-methacryloxypropyltrimethoxysilane (MPTS) in conjunction with 
an appropriate amount of zirconium-n-propoxide. Coatings of varying 
thickness were deposited by a dip coating technique and primary densification 
was carried out using UV radiation, which was followed by thermal curing. The 
coated substrates were subsequently characterized with respect to their 
thickness, abrasion resistance, haze, transmittance and hardness using nano 
indentation. The coating thicknesses achieved by varying the withdrawal 
speeds were in the range of 2 µm to 10 µm. It was observed that upon 
systematically increasing the thickness of the coating, the pencil scratch 
hardness of the coating could be enhanced to 3H when compared to a low 
hardness of bare substrate corresponding to 7B. The abrasion resistance was 
evaluated by following up the change in the haze and transmittance of the 
coatings after abrading the coating using a hard scotch brite under a constant 
applied load of 9N up to 500 cycles of testing. It could be seen that the haze 
of the coated polycarbonate increased only by 3% when compared to the soft 
bare substrate where the increase was 25% for 500 testing cycles. The 
intrinsic hardness and Young’s modulus of the coatings were measured using 
a nano-indenter with a Berkovich tip up to 800 nm depth which showed 
hardness of the coatings to be in the range of 500 MPa and Young’s modulus 
of coating to be 4.3 GPa whereas the uncoated polycarbonate (PC) exhibited 
hardness in the range of 200 MPa and Young’s modulus 2.5 GPa at a depth 
of 800 nm. Investigations on addition of boehmite and silica nano particles to 
further increase the coating hardness were carried out and the results 
obtained will be discussed. 
  

[1] C. J. Brinker; G. W. Scherer in The Physics and Chemistry of Sol-Gel 
Processing,  Academic Press, USA, 1990. 
[2] Hybrid Materials - Synthesis, Characterization and Applications, Guido 
Kickelbick, Ed.; Wiley-VCH Verlag GmbH , 2007. 
[3] T. Sasaki; K. Kamitani J. of Sol-Gel Sci. and Tech. 2008, 46, 180. 
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Alkoxides are attractive precursors for sol-gel processing of ceramic materials, 
as they offer high purity, flexability and good control over the process. 
However, for manganese containing ceramics, the number of available 
alkoxide precursors is limited.  Most divalent manganese alkoxides are 
insoluble polymers, e.g. [{Mn(OMe)2}n], [{Mn(OEt)2}n] and [{Mn(OiPr)2}n], or 
they are soluble only with the aid of bulky alkoxo groups and adducts 
containing strong donors. For alkoxo-goups that solely contain hydrocarbon 
radicals, only very large R groups result in soluble compounds, for example, 
R=OCH(iPr)2,

[1] resulting in low reactivity. We have previously reported on the 
synthesis and characterization of the soluble and reactive metoxy-ethoxide 
[M19O12(moe)14(moeH)10]·moeH (Mn19),[2]  and its use as precursor in 
perovskite manganates[3,4]. It was shown that the high reactivity of Mn19, 
makes it possible to prepare low-temperature perovskite phases of unusually 
high oxidations states.  
 

In the present work Mn19 is used as precursor for preparation of manganese 
oxides. By tailoring the processing parameters MnO, Mn2O3, and MnO2 could 
be prepared at relatively low temperature.  
Mn19 alkoxide was synthesised by metathesis and auto-decomposition, from 
MnCl2 and potassium methoxyethoxide in toluene/moeH. Oxide nanophase 
powders was prepared by air-hydrolysis or by chock-hydrolysis, and analyzed 
using X-ray diffraction, scanning and transmission electron microscopy, and 
infrared spectroscopy. The phase-development process during heating was 
further studied using thermo-gravimetric analysis and differential scanning 
calorimetry. Films were prepared by spin coating, and analyzed using grazing 
incidence X-ray diffraction and electron microscopy.  
 
 
[1] B. D. Murray, H. Hope, P. P. Power, J. Am. Chem. Soc. 1985, 107, 169. 
[2] I.A.M. Pohl, L.G. Westin and M. Kritikos, Chem. Eur. J. 2001, 7(16), 3439.  
[3] A. Pohl and G. Westin, J. Mat. Res. 2007, 22(6), 1737.   
[4] R. Fors, S. Khartsev, A. Grishin, A. Pohl, and G. Westin, Thin Solid Films, 
2004, 467(1-2), 112. 
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Synthesis of ceramic powders of homogeneous single composition is always a big 
challenge. The phase purity and chemical purity of the product is extremely important 
for obtaining the desired properties. A large number of solution based routes are being 
used for the purpose meeting this goal. This paper intends to give an overview of Gel 
Entrapment Technique (GET), a simple process to prepare the ceramics powders and 
shapes in of the desired phase purity. The GET process also can be upgraded to 
industrial scale synthesis of high purity ceramic powders.   The GET process is being 
used for many applications in electro ceramics, laser ceramics, nuclear fuels, and also 
in dental ceramic products.  The common advantages of the sol-gel techniques like low 
temperature synthesis, high phase purity, ease of doping additional components and 
high chemical purity are the hallmarks of GET process also. GET has been used to 
make monoliths, multicomponent microspheres, laser materials etc. The chemistry of 
the gel entrapment is very simple and the very limited quantity of gelation chemical is 
required. The process is amenable for direct use of microwave processing of dried gel 
product. 
Investigations GET process for YAG[1], YIG, PZT[2] and many similar material 
synthesis have revealed the formation of single phase compounds at very moderate 
temperatures yielding high surface area powders amenable for further processing. 
Figure 1 and 2 show the nano YAG powders made by GET process heat treated at two 
different temperatures. These powders sinter at much lower temperatures and offer 
isotropic behavior during the processing. In some GET process variations the desired 
shape form can directly be obtained. Alumina monoliths, alumina chromia monoliths 
have been made using GET process. GET process has successfully used for the 
synthesis alumina and zirconia based dental ceramics. The paper intends to describe 
the details of such processes. 
 
[1] R.V.Kamat, K.T.Pillai, V.N.Vaidya, D.D.Sood; Material Chemistry & Physics 
46(1996) 67-71 
[2] R.V.Kamat, T.V.Vittal Rao, V.N.Vaidya; Transactions Indian Ceramic Society, 60 
(2001) 10-11 
 
 

 
 
 
 
 
 
 
 
 

Fig 1 SEM micrograph YAG powder at 500oC Fig 2 SEM micrograph YAG powder at 1200oC 



Oral Session 6 - Functional materials II 

SOLGEL2009 

75 

 

OS6-01-  PORPHYRINS-, P- AND SiO2-DOPED TiO2 XEROGELS: 
SYNTHESIS AND PHOTOACTIVITY. 

 
 

C.A. Páez1, C. Bodson1, L. Tasseroul1, S. Lambert1, J.P. Pirard1, 
B. Heinrichs1  

 
1 Laboratoire de Génie chimique, B6a, Université de Liège, 

B-4000 Liège, Belgium  
e-mail:cpaez@ulg.ac.be 

 
 
Titanium dioxide is currently considered as the most promising photocatalyst 
with successful results in the degradation of organic pollutants and in the 
disinfection of wastewater under UV/visible irradiation [1,2].  In order to 
enhance its activity to visible light, several studies include the sensitization of 
TiO2 by surface complexation with dyes, such as polypyridil complexes, 
metallo-phtalocyanines and natural dyes.[3]  Additionally, an improved titania 
photoefficiency when TiO2 is combined with other oxides such as Al2O3, SiO2 
or CeO2 has been reported.  Nevertheless, most of those works use TiO2 
precalcined at around 400°C to induce crystallization of the anatase form. The 
mixture of amorphous form with small amount of crystalline anatase form 
showed also photocatalytic properties.  Recently, we have developed a new 
process for preparing titania xerogels by adding 3-(2-aminoethylamino)propyl-
trimethoxysilane (EDAS) [4], diethyl-(2-N-(aminoehtyl))phosphonate (EDAP) 
and/or metallic-5,10,15,20-tetra(4-carboxyphenyl) porphyrins (MTTpP) to a 
titanium (IV) isopropoxide (TIPT) sol prior to gelation. It has been shown that 
these TiO2/EDAS (EDAP or MTTpP) xerogels have a large specific surface 
area, significantly higher than that of commercially available P25, and a band-
gap energy which makes them potentially active to visible light even when not 
calcined.  Simplified synthesis with elimination of the calcination step would 
mean lower cost due to less energy consumption.  In this work, the 
preparation by the sol-gel method of the EDAS-(EDAP-, MTTpP-) doped 
xerogels is reported.  The work is aimed at studying the effect of doping agent 
(EDAS, EDAP, MTTpP) on the photochemical properties.  The catalysts were 
characterized by ICP-AES, XDR, FT-IR, Raman, UV/vis(DR) spectroscopies 
and BET-BJH, 31Si-NMR(CPMAS).  The correlation between the textural, 
structural and photochemical properties and the oxidative photodegradation of 
methylene blue, crystal violet, p-nitrophenol and bacteria (E.Coli) in water is 
reported.  
 
[1]  M. Hoffman, S. Matin, W. Choi, D. Bahnemann Chem. Rev. 1995, 95 , 69.  
[2] A.G. Rincón, C. Pulgarin, Appl. Catal. B Environ. 2006, 63,222.   [3] G. 
Granados, C.A. Páez, F. Martínez, E.A. Páez-Mozo, Catal. Today  
2005,107,589. [4] B. Braconnier, C.A. Páez, S. Lambert, C. Alié, C. Henrist, 
D. Poelman, J-P. Pirard, R. Cloots, B. Heinrichs, Micro. and Meso. Mat., in 
press. 
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In recent works, organic-inorganic composites membranes have been 
prepared for use in direct alcohols fuel cells (DAFCs), aiming to improve water 
retention and to increase the proton conductivity compared to pure polymer 
based ones. Since inorganic oxides are impermeable to ethanol, their 
incorporation in a polymeric matrix usually increases the barrier property of 
the resulting membrane [1]. Phosphotungstic acid (HPW) has been described 
in the literature as a good proton conductor, but the main disadvantage of its 
use in membranes is its high solubility in water. To overcome this problem, the 
in situ generation of an inorganic oxide network from  hydrolysis and 
condensation of a metallic alkoxide is proposed. In this work new hybrid 
organic-inorganic membranes have been developed from poly(ether 
etherketone) (PEEK) sulfonated with  concentrated sulfuric acid, the resulting 
polymer being called SPEEK. In order to improve water retention and barrier 
properties, zirconia (ZrO2) has been incorporated in the polymer by in situ 
hydrolysis of zirconium alcoxide, whereas protonic conductivity was expected 
to be improved by incorporating phosphotungstic acid (HPW). The 
membranes were submitted to adsorption tests in water and ethanol solution 
and pervaporation in water and ethanol solution at 55°C. Adsorption tests 
show that incorporation of ZrO2 alone did not increase significantly the level of 
water or ethanol solution adsorbed. However, when HPW was used this levels 
increased, due to high HPW hygroscopicity. Pervaporation tests showed a 
reduction of ethanol permeability of the membrane by incorporating  ZrO2, 
resulting on an increase of the barriers properties. Membranes performance is 
related to nanostructural features investigated by SAXS. 
 
[1] S.P. Nunes; B. Ruffmann; E. Rikowski; S. Vetter; K. Richau Journal of 
Membrane Science, 2002, 203, 215. 
 
 

 
 
 
 
 



Oral Session 6 - Functional materials II 

SOLGEL2009 

77 

 

OS6-03- MULTIFUNCTIONAL SIO2 NANOTUBES OBTAINED BY 
SOL-GEL METHOD 

 
 

M. Zaharescu1, C. Anastasescu1, M. Gartner1, I. Balint1, M. Anastasescu1, 
V.S. Teodorescu2  

 

1Institute of Physical Chemistry “I. Murgulescu”, Spl. Independentei 202, Sect.6, 
060021, Bucharest, Romania 

2National Institute of Material Physics, 105 bis Atomistilor Street,  
077125 Bucharest-Măgurele, Romania 

e-mail:mzaharescu@icf.ro 
 
 
Oxidic nanomaterials with well-defined structure, such as silica nanotubes, 
have many potential applications in biochemistry (bioseparation, 
biointeraction), catalysis, nanotechnology (optical sensors). In the present 
work the synthesis of SiO2 nanotubes, from tetraethyl orthosilicate (TEOS) in 
a solution of tartaric acid (TTA), pure water, absolute ethanol and addition of 
ammonium hydroxide is reported. The sol-gel method represents an optimized 
approach for obtaining such valuable one-dimensional structures at room 
temperature. The morphology of the obtained materials was largely 
dependent on the synthetic conditions. The influence of various parameters as 
the TEOS/water ratio, concentration, the temperature, the pH of the reaction, 
the ageing time, were invetigated. The post-synthesis thermal treatment is 
also important for the behaviour of the nanotubes in different applications. 
Depending on the experimental conditions used, exclusively hollow SiO2 
nanotubes (having tunable dimensions in diameter and length) can be 
obtained or nanotubes in addition to different other type of structures 
(spherical). In order to characterize the obtained material, transmission 
electron microscopy (TEM), FT-IR spectroscopy, DTA/TGA, XRD, BET 
methods and catalytic tests were used. We have obtained amorphous SiO2 
tubes with an outer diameter of 0.1-0.2 µm, and length in the micrometer 
range. The porosity measurements show a wide range of micro, meso and 
macropores, including highly porous walls. Because of a large surface area 
which can further be increased by thermal post-synthesis treatment and 
distinctive inner and outer surfaces, the as prepared silica nanotubes have a 
great advantage over conventional nanoparticles, being suitable for doping 
and differential functionalization. Based on the specific morphology of the 
SiO2 nanotubes, catalytic materials were prepared, by doping nanotubular and 
nanospherical SiO2 with Pt, and used the as prepared samples for the 
oxidation of formic acid to CO2 in liquid phase.  
The immobilization and stabilization of biologically active compounds on SiO2 
nanotubes is also under evaluation. 
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Recent advances in mobile telecommunications and satellite broadcasting 
have created the need for new frequency channels. This fact is stimulating the 
progress in microwave integrated-circuit technology. The miniaturization and 
optimization of such circuits create demands for new components, which have 
to be compact, reliable and of low cost. Microwave dielectric ceramics 
represent such a group of components. Because of their potentially interesting 
microwave dielectric properties we have focued our research on the sillenites, 
in particular on B12SiO20 (BSO). The existing applications of BSO are mainly 
in the fields of electrooptics, acoustics and piezoelectics. Recently, BSO has 
been considered for use as a dielectric in electronics technology. The 
miniaturization trend has led us to the preparation of BSO thin films using the 
sol-gel method. This presentation deals with the preparation of BSO thin films, 
in which different solvents were used. The sol was prepared from 
Bi(NO3)3.5H2O and Si(OC2H5)4 as the precursors, 2-ethoxyethanol (EtoEtOH) 
or acetic acid (AcOH) as the solvent and formamid as the drying additive. Two 
synthesis procedures using different solvents – 2-ethoxyethanol and acetic 
acid – were compared. The thin films were deposited on a Pt/TiO2/SiO2/Si 
substrate by spin-coating and then heat treated at 700°C, 1 h. The chemical 
interactions that occur during the sol synthesis and the deposition of the thin 
films were studied by means of infrared spectroscopy (IR). The phase 
compositions of the films were characterized by means of X-ray diffraction 
(XRD), whereas the morphology and thickness of the thin films were studied 
with scanning electron microscopy (SEM) and atomic force microscopy 
(AFM). We found that for the sols prepared with AcOH the formation of a new 
type of precursor occurred, and as a consequence the gelation time 
decreased (c = 0.74 M, tG = 70 h) in comparison to the sols prepared with 
EtoEtOH (c = 0.74 M, tG = 500 h). The microstructure development of the 
Bi12SiO20 thin films, prepared from sols using EtoEtOH, showed 
homogeneous and dense thin films. A porous microstructure was observed for 
Bi12SiO20 thin films deposited from a sol using AcOH as a co-solvent. Details 
of the synthesis will be discussed with respect to the microstructural 
development and the properties of the BSO thin films. 
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The expression rapid prototyping - RP [1] refers to a class of technologies, 
named additive fabrication technologies with which can be automatically 
constructed physical models directly from Computer-Aided Design (CAD) 
data. The RP machines read in data from a CAD drawing and lays down 
successive layers of liquid, powder or sheet material and in this way builds up 
the physical model. These layers, which correspond to the virtual cross 
section from the CAD model, are joined together or fused automatically to 
create the final shape of the physical model. The standard data interface 
between CAD software and the machines is the STL file format. A STL file 
approximates the shape of a part or assembly using triangular facets. Smaller 
facets produce a higher quality surface.  
 

The primary advantage to RP is its ability to create almost any shape or 
geometric feature. The purpose of this work is presenting the capability of RP 
to build new materials as a second major advantage which raises three 
challenges to material researchers. The first challenge consists of 3D 
structuring of new materials utilizing commercial RP machines. The second 
one consists of developing machines and processes to suit the properties of 
any other materials rather than commercial ones. Adjustment of hardware, 
software and materials properties must be pursued towards a successfully 
materials tridimensionalization. Finally the third one is related to coat the 3D 
prototypes with functional deposits with, as instance, sol gel process, 
rendering special properties to them. 
  

The biomaterials community in particular is aware of the importance of joining 
biomaterials related technologies and RP [2]. The sum of these two 
technologies will make possible to fabricate both scaffolds for tissue 
engineering and customized implants having excellent anatomical and 
biomechanical characteristics and, importantly, in a rapid manner and at low 
costs. The materials research community as a whole will find exciting 
applications to the materials facing the RP challenges here presented. 
 
[1] Silva, J. V. L. in Prototipagem Rápida Tecnologias e Aplicações, N. 
Volpato, Ed.; Editora Blücher,  São Paulo, 2007; 1-239.  

[2] M. Truscott; D. de Beer; G. Vicatos; K. Hosking; L. Barnard; G. Booysen; 
R. I. Campbell; Rapid Prototyping Journal 13, 107 (2007) 
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Ionogels are porous solids providing nanometer scale confinement of an ionic 
liquid within an oxide network.[1,2] Various dynamical parameters and detailed 
nature of phase transitions were investigated on 1-butyl-3-methylimidazolium 
(BMIM) bis(trifluromethylsulfonyl)imide (TFSI) confined in mesoporous silica. 

Ionic liquids feature interesting properties, but applications are hampered by 
the liquid state. Nevertheless, their use as solid state electrolyte for lithium 
batteries has now been evidenced.[3] In order to understand more in depth the 
molecular dynamics of the ionic liquids within the disordered solid matrix is 
investigated here at different time and space scales by means of quasi elastic 
neutron scattering (QENS) and nuclear magnetic relaxation dispersion 
(NMRD).  
 

QENS’ peaks-width dependence vs. Q2 allows concluding to a very small 
decrease at short time scale of the dynamic of ionic liquid upon confinement. 
The diffusion coefficients obtained for IL, non methylated ionogel and 
methylated ionogel are 2.1 (±0.2)x10-5 , 1.7 (±0.2)x10-5 and 1.4 (±0.2)x10-5 
cm2.sec-1 respectively. NMRD of the confined proton-bearing cation BMIM 
was investigated within a large range of temperature. A translational 
correlation time m for the surface diffusion and a time of residence esc over 
which the ionic liquid stays correlated with the solid surface were measured. 
Besides the interest for diffusion coefficients, these parameters allowed 
investigating phase transitions; these transitions were also observed by QENS 
through mean square displacements as a function of temperature. These 
results correlate well. 19F NMRD of the proton-free anion TFSI presents a 
behavior almost similar to that of 1H. From their temperature dependence, all 
these results could be related to an ion pairs to single ions transition. 
  
[1] M.-A. Neouze, J. Le Bideau, P. Gaveau, S. Bellayer, A. Vioux, Chem. 
Mater., 18 (2006) 3931-3936. 
[2] J. Le Bideau, P. Gaveau, S. Bellayer, M.-A. Néouze, A. Vioux, Phys. 
Chem. Chem. Phys., 9 (2007) 5419-5422. 
[3] J. Le Bideau, D. Guyomard, J.-B. Ducros, P. Soudan, Patent FR 09/50936 
(2009) CNRS. 
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For several years, photocatalytic decomposition of pollutants in water and in 
air represents an increasing environmental interest. The photocatalyst used is 
most often TiO2 and many attempts on made to improve its performances 
through doping. In the present study, a sol-gel method is developed wich 
allows to produce P- and SiO2-doped TiO2 xerogels with the aim of both 
extending the activation window to visible light and stabilizing the anatase 
structure. The P- and SiO2-doped TiO2 xerogels are synthesized by a 
cogelation method based on the hydrolysis and the condensation of titanium 
tetraisopropoxide (TIPT, Ti(OC3H7)4) with a functionalized Si or P alkoxide: 
EDAS, (NH2-(CH2)2-NH-(CH2)3-Si-(OCH3)3,or EDAP, NH2-(CH2)2-NH-(CH2)2-
P(O)-(OC2H5)2, or POC, (C2H5O)2-P(O)-(CH2)7-CH3, in various alcohols. The 
present study aims at relating the structure of these new hybrid materials with 
the formation mechanism. The formation of the gels is followed in-situ and is 
connected to the properties of the final material. First, the nature of all 
reagents, intermediates and products are determined by liquid and solid state 
NMR (29Si, 1H, 13C, 31P), and by Raman spectroscopy. Furthermore, Ti, Si, 
and P contents in P- and SiO2-doped TiO2 xerogels are measured. The 
xerogels are also characterized by nitrogen adsorption-desorption isotherms 
(BET), mercury porosimetry measurements, Transmission electron 
microscopy (TEM)… The first conclusion concerns the choice of the solvent. 
All samples synthesized in 2-methoxyethanol lead to the formation of a gel, 
while when isopropanol is used as a solvent, each samples form a precipitate, 
except for P-doped samples with a ratio P/Ti ≥ 0.1. This difference of behavior 
results from the exchanges reaction taking place between the isopropoxy- 
groups of TIPT and the methoxyethoxy groups of 2-methoxyethanol. These 
exchanges produce species of the type “Ti(OCH2CH2OCH3)n(OCH(CH3)2)4-n)” 
less reactive for hydrolysis and condensation reactions, leading to the 
formation of a tridimensional network. The second conclusion concerns the 
difference of reactivity between the various P-based ligands used, EDAP and 
POC. In the case of EDAP, part of the ligand complexes Ti with the amine 
group of the functionalized chain, contributing to the stabilization of the system 
and leading to a gel. 
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Solid state Nuclear Magnetic Resonance (NMR) is one of the most powerful 
and versatile tools available today to probe local structure in complex 
materials. However, its intrinsically low sensitivity generally precludes NMR 
analysis  of very small samples. For example, it makes the technique very 
poorly suitable for the study of thin films, since collecting 100 mg of powder 
requires ≈1000 cm2 of silica films with 500 nm thickness. 
Recently, a new method was introduced by Sakellariou et al. called «magic 
angle coil spinning» (MACS) based on the wireless inductive coupling 
between the static coil of a commercial Magic Angle Spinning (MAS) probe 
and a tuned micro-coil that is co-rotating with the rotor [1]. This new approach 
leads to a gain in sensivity of a factor of 10, which corresponds to a reduction 
in experiment time on the order of 100. It is thus possible to acquire a 1H MAS 
NMR spectrum on 0.15 mg of L-alanine in a few minutes [1]. This clearly 
creates huge possibilities for the structural characterization of very small 
samples, especially in the field of sol-gel derived thin films.  
This presentation will illustrate the first NMR spectra recorded with the MACS 
technique on sol-gel samples. A 1H MACS NMR spectrum recorded with 0.2 
mg of a phenyl-functionalized silica sample (templated with 
cetyltrimethylammonium bromide), and spinning at a rate of 10 kHz, yields 
identical results to that obtained from 65 mg of the same sample in a 
commercial 4 mm rotor. A MACS 1H double quantum experiment was 
recorded with the BABA sequence, and shows a correlation peak between the 
1H signal due to the phenyl groups and the polar head group. This is in 
agreement with a result previously obtained, but with almost 100 mg of 
sample. In view of these promising first results, perspectives on further 
applications opened by this new technique will be discussed.  
 
 
[1] D. Sakellariou, G. Le Goff & J.-F. Jacquinot, Nature 447 (2007) 694. 
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This presentation will address key questions concerning the factors governing 
the mechanical properties of porous sol-gel spin-on materials for applications 
in the microelectronics industry. The introduction of porosity in organosilicates, 
while necessary to achieve dielectric constants k < 2.4, negatively impacts the 
mechanical properties of the insulating materials[1], resulting in currently 
unresolved processing issues since many of the integration processes require 
good mechanical properties.  
Recently, we have shown that bridged oxycarbosilane materials[2-4] present 
superior mechanical properties over traditional methyl containing 
organosilicates used as low-k insulators. Here we demonstrate that both the 
inorganic network structure and the porosity, “intrinsic or additional“ can 
impact the thin-film mechanical properties. The influence of the network 
connectivity was studied by selectively modifying the sol-gel precursors and 
the degree of condensation of the network was evaluated by solid-state NMR. 
Concerning the porosity, we used different techniques: nitrogen adsorption, 
Ellipsometric Porosimetry (EP) and Positron Annihilation Lifetime 
Spectroscopy (PALS) to fully characterize these materials. The relationship 
between network connectivity, porosity and fracture resistance will be 
discussed. 
 
[1] G. Dubois; W. Volksen; R.D. Miller in Dielectric Films for Advanced 
Microelectronics, M. Baklanov, K. Maex, M. Green, Eds.; Wiley-Interscience, 
New York, 2007; Chap 2, 33-73. 
[2] G. Dubois; W. Volksen; T. Magbitang; R.D. Miller; D.M. Gage; R.H. 
Dauskardt  Adv. Mater. 2007, 19, 3898.  
[3] G. Dubois; W. Volksen; T. Magbitang; M. Sherwood; R.D. Miller; D.M. 
Gage; R.H. Dauskardt  Journal of Sol-gel Science and Technology. 2008, 48, 
187.  
[4] J.S. Rathore; L.V. Interrante; G. Dubois Adv. Funct. Mater. 2008, 18, 4022.  
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The present work deals with the influence of chemical modification in the sol-
gel transition process of Tb3+-doped yttrium aluminum garnet (Y3Al5O12 or 
YAG) samples, suitable as phosphors in a new generation of lamps. The 
emergence of such devices is driven by the presence of a toxic chemical 
element, mercury, in most of lighting sources. Hg-free devices are mainly 
based on two different excitation sources: a Xe-Ne plasma providing a 
vacuum-ultraviolet photons excitation as well as blue or UV LEDs. Tb3+- or 
Ce3+-activated YAG can be combined efficiently with these two kinds of 
excitation sources and other phosphors to produce white light[1-2]. 
Among the synthesis methods known to prepare YAG (solid-state, spray 
pyrolysis, coprecipitation, sol-gel…), the sol-gel process appears as the most 
convenient route since it leads to versatile shapes like powders of controlled 
grain size, coatings or monoliths. In order to achieve tailor-made materials 
with suitable properties, a real mastery of each stage of the sol-gel synthesis 
is required. Hence, chemical modifications are widely used in sol-gel method 
in order to control the mechanisms involved during hydrolysis-condensation 
and polymerization processes[3]. In the present case, the influence of 
acetylacetone (acacH), used as a chelating agent, on the structural 
organization and optical properties of Tb3+-doped YAG sols has been 
investigated. Different characterization techniques have been employed so as 
to better apprehend the impact of acacH addition on the hydrolysis and 
condensation reactions between metal alkoxides precursors: X-ray diffraction 
(XRD), UV-Visible absorbance, X-ray Absorption Spectroscopy (XAS) and 
Small Angle X-ray Scattering (SAXS). XAS study has also evidenced that sols 
exhibit more or less organized Tb or Y local environment according to their 
age. Furthermore, the influence of this aging on the optical properties of 
YAG:Tb3+ samples have been studied.  
 

[1] A. Potdevin; G. Chadeyron; D. Boyer; R. Mahiou J. Appl. Phys. 2007, 102, 
073536. 
[2] S. Nakamura; S. Pearton; G. Fasol in The blue Laser Diode – The 
complete Story; Springer: Berlin, 2000. 
[3] C.J. Brinker; G.W. Scherer in Sol-Gel Science; Academic Press, New 
York, 1990. 
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Porous materials are omnipresent in nature and find various industrial 
applications. Numerous biological processes also involve such porous 
materials making them the object of abundant studies. The characterization of 
porosity is therefore a crucial issue.  
Gas sorption and mercury intrusion porosimetry are probably the most popular 
techniques. Thermoporosimetry (TPM) has also been proposed as an 
alternative. TPM relies on the Gibbs-Thomson equation which relates the shift 
of the transition temperature of a confined liquid T to the radius of the pore 
in which it is confined. 
 
This technique is particularly attractive because it offers the possibility to 
characterize porosity from the mesopore range up to the macroporous domain 
within a single experiment. In this work we propose the first calibration for the 
macroporous domain thanks to the use of sol-gel derived hybrid materials 
exhibiting hierarchical porosity. These materials have been prepared by 
hydrolysis condensation of ethylene glycol modified silicon alkoxide. The 
materials have been fully characterized using nitrogen gas sorption, mercury 
porosimetry, Small Angle X-ray Scattering and electronic microscopy. Ortho-
xylene has then been used as a probe solvent for thermoporosimetry 
measurements. 
TPM is also very unique for the study of hybrid materials associating a porous 
network and an organic polymer which can swell. TPM has thus been 
successfully used for the study of hybrid PE@silica particles. Two 
interpenetrating systems, uncrosslinked and chemically crosslinked have 
been considered. The technique allows to simultaneously measuring both the 
mesoporosity and the swelling of the polyethylene network in o-xylene. As 
expected, upon crosslinking, we observe a shift of the mesh size distribution 
of the polymer network towards lower values. 
This work provides the very first examples of the use of TPM on two length 
scales and on two distinct materials at the same time and opens a wide range 
of applications in the field of sol-gel science and technology. 
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Tungsten oxide is a representative electrochromic material of which color 
could be changed from blue to transpaprent by proton or lithium ion 
intercalation and deintercalation. We have done research for the synthesis of 
tungsten oxide thin film by sol gel coating method. In this research, we 
prepared WO3 or lithium ion doped tungsten oxide thin film by sol gel coating 
method.  
We synthesized peroxotungstic acid (PTA) from W metal dissolution into 
hydrogen peroxide.  We coated WO3 thin film by sol-gel dip coating method, 
spray pyrolysis on ITO glass or slide glass. To synthesize LixWO3 thin film, 
we simply added LiClO4 to peroxotungstic acid solution. Then, we synthesize 
the thin film by sol gel dip coating method at the withdrawal speed of 100-
200mm/min. After that, we heat-treated the film at 100-500oC. XRD analysis 
was done to investigate the crystallization behavior, and Raman scattering 
spectra was obtained for the thin film. We also formed NaxWO3 nano-rod 
formations on soda lime slide glass substrate.  
As results of electrochromic analyses, lithium ion doping improved response 
time, and charge density. As is seen in fig. 1, the increase of lithium insertion 
increased the charge density of LixWO3 thin film. Figure 2 shows the 
crystallization behavior of LixWO3 thin film. At 400oC, WO3 crystalline phase is 
the primary phase for x=0.3, but Li2W4O13 crystalline phase appeared for more 
than x=0.4.  
In conclusion, we could synthesize WO3, or LixWO3 thin film by sol-gel dip 
coating method or sray coating method. Lithium insertion into WO3 thin film 
increased the quantity of charge density. We also successfully synthesized 
nano-rod shaped MxWO3 thin film by metal ion insertion into WO3 thin film.  
  
[1] Chang-Yeoul Kim, Seong-Geun Cho1,2, Seok Park1,2, Tae-Young Lim2 and 
Duck-Kyun Choi, J of Ceramic Processing Research, 2009 In press 
[2] Chang-Yeoul Kim, Jin-Wook Choi, Tae-Young Lim, Duck-Kyun Choi2d,  
Synthesis of WO3 Electrochromic Sensor by Sol-gel Method and 
Characterization of Its Electrochemical and Optical Properties, Key 
Engineering Materials Vols. 317-318 (2006) pp. 807-81 
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Nowadays, the internet traffic has been increasing at a rate higher than the 
predicted by the Moore law. This requires the development of optical 
technology to support the bandwidth increased, such as the observed 
explosion of the FTTH (fiber to the home) technology. However as result of 
the market stagnation the paradigm is not anymore “bandwidth to all at any 
price” but “bandwidth for all at low cost” [1]. Therefore for an extensive 
dissemination the focus must be placed on the development and production of 
low cost optical components for applications in long haul/metro (long distance) 
and access/indoor (short distance) network, which allows the introduction of a 
suitable and generalized FTTH structure. Examples of this technology are the 
optical power splitters and optical filters in passive optical networks 
subscribers [1]. In the present days, the high-speed data transfer makes use 
of glass optical fibers, being the waveguide devices based in quaternary 
semiconductors, mainly due to their integration potential [2]. Silicabased 
planar lightwave circuits and polymers are also used in the production of 
highly density IO switches and multiplexing filters [3]. Nevertheless, some 
drawbacks can be pointed out to these solutions such as the high-cost and 
complex processing of semiconductors and the high switching power needed 
in silica-based planar lightwave circuits, opening up a window of opportunity 
for new multifunctional materials and consequently a lot of research has been 
driven to the development of new synthesis strategies [4]. The combination in 
a single material of the organic and inorganic counterparts allows the 
overcome of the well known problems associated with each individual phase, 
namely the low mechanical flexibility and high brittleness of inorganic glasses, 
their high-temperature processing requirements (incompatible with 
optoelectronic integration) and, on the other hand, polymers can exhibit 
relatively low heat and water resistance. Furthermore, as additional 
advantages, OIHs can be processed either as transparent monoliths (tailored 
with the desired shape) or thin, transparent, and uniform films; the control over 
the refractive index is easily achieved through, for instance, Zr or Ti alkoxides 
addition; the hybrid host may displays photosensitivity allowing patterning; and 
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they meet the thermal standards used to qualify the reliability of IO 
components, with maximum thermal stability up to +70 ºC [6]. 
In recent years the potential applications of OIH materials in integrated optics 
(IO) (essentially long haul components) for optical telecommunications have 
been explored [4-7]. In particular, we have demonstrated the use of di-ureasil-
based hybrids as cost effective IO substrates, namely in the production of 
patternable gratings, channels and monomode planar waveguides with low 
propagation losses (<0.3 dB/cm) [5], and Fabry-Perot cavities Fabry-Perot 
cavities with a reflection coefficient of 0.042 and free spectral range value of 
35.6 GHz were obtained [6,7]. Their local structure was characterized by X-
ray diffraction, small-angle X-ray scattering, Fourier transform infrared and 
Raman spectroscopies, 29Si and 13C nuclear magnetic resonance and 
atomic force microscopy in terms of Zr content [6]. For low Zr-OMc content the 
Si- and Zrbased networks are inter-constrained, since the Zr-based clusters 
are embedded in the polymeric phase between the siliceous domains, 
whereas segregation of the individual components at the 0.1 lm scale occurs 
for high contents. The presence of increasing size Zr-rich aggregates (200–
450 nm) as the Zr-OMc relative content in the hybrids increases was detected. 
In this work, the potential of these optical structures based on di-ureasil 
hybrids to be used as optical filters operating in the C+L telecommunication 
windows will be evaluated through the patterning of Y-splitters structures in 
the surface of di-ureasil based hybrids processed either as tailored monoliths 
and thin films deposited by spin coating in glass substrates. The Y-splitters 
structures will be designed and optimized for a coupling ratio of 0.5, using the 
beam propagation method (BPM) from software OptiBPM®. The refractive 
index, guided modes and the propagation losses will be estimated. 
 
References: 
1 Hirosaki B, Emura K, Hayano, S-I, Tsutsumi H, IEEE Communications Magazine 65 
(2003). 
2 Fujii K, Opt Commun 171 (1999) 81. 
3 Maxwell G, Conference on Optical Fiber communication/National Fiber Optic 
Engineers 
Conference (OFC/NFOEC 2008), 24-28 Feb. 2008, San Diego, USA, 2008. 
doi:10.1109/OFC.2008.4528710 
4 Sanchez C, Lebeau B, Chaput F, Boilot JP, Adv Mater 15(2003) 1969. 
5 Molina C, Moreira P J, Gonçalves R R, Ferreira RAS, Messaddeq Y, Ribeiro S J L, 
Soppera O, 
Leite A P, Marques P V S, Bermudez V Z, Carlos L D, J. Mater. Chem. 15 (2005) 3937. 
6 Oliveira DC, Macedo AG, Silva NJO, Molina C, Ferreira RAS, André PS, Dahmouche 
K, 
Bermudez VZ, Messaddeq Y, Ribeiro SJL, Carlos LD, Chem Mater 20 (2008) 3696. 
7 Vicente CMS, Pecoraro E, Ferreira RAS, André PS, Nogueira R, Messaddeq Y, 
Ribeiro SJ L, 
Carlos LD, J Sol-Gel Sci Technol 48 (2008) 80. 
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OS8-02- LUMINESCENT SOL-GEL MATERIALS BASED ON 
TRANSITION METAL CLUSTERS 
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e-mail: sandrine.perruchas@polytechnique.edu 

 
During these last years, the sol-gel approach was directed towards the 
synthesis of functional materials and particularly materials with optical 
properties [1]. In order to synthesize transparent and luminescent materials, 
the study of luminescent nano-objects and their incorporation in sol-gel 
matrices has been developed. Two types of luminophores were essentially 
studied, organic molecules and inorganic nanoparticles. Here we present our 
investigation concerning a different class of luminophores which are transition 
metal clusters. Among them, a particularly interesting family of compounds is 
the highly luminescent copper halide clusters formulated [Cu4X4L4] (X = Cl, Br, 
I; L = organic ligand) [2].  
 

In this context, incorporation of copper iodide clusters in sol-gel silica has 
been investigated to prepare materials with original luminescent properties [3]. 
The synthesis, structural characterizations and optical properties of sol-gel 
films containing [Cu4I4L4] clusters, L = phosphine-based ligands, have been 
studied. Pure and surfactant templated sol-gel silica matrices were both 
synthesized. The clusters have been functionalized with alcoxysilane groups 
in order to copolymerize with the silica matrix leading to homogenous 
distribution of clusters in the sol-gel films. The luminescent films exhibit the 
optical properties of the clusters in accordance with XPS and NMR studies 
demonstrating their integrity in the gel matrix. The temperature dependence of 
light emission properties of clusters and films shows, for the first time for 
phosphine-based [Cu4X4L4] clusters, thermochromic luminescence with bright 
yellow emission at room temperature and purple luminescence at 77 K. 
 

[1] C. Sanchez, B. Lebeau, F. Chaput, J-P. Boilot, Adv. Mater., 2003, 15, 23, 
1969. 
[2] P. C. Ford, E. Cariati, J. Bourassa, Chem. Rev., 1999, 99, 3625. 
[3] C. Tard, S. Perruchas, S. Maron, X. F. Le Goff, F. Guillen, A. Garcia, J. 
Vigneron, A. Etcheberry, T. Gacoin, J.-P. Boilot, Chem. Mater., 2008, 20, 
7010-7016. 



Oral Session 8 - Optical Properties I 

SOLGEL2009 

90

 

OS8-04- PHOTOLUMINESCENCE PROPERTIES AND 
PREPARATION OF RARE-EARTH IONS DOPED AL2O3 FILM BY 

SOL-GEL METHOD 
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China 

e-mail:fanxp@zju.edu.cn 
 
 
Alumina is an important matrix materials with high transparency, excellent 
physical and chemical stability and relatively high brightness light-emitting 
properties. Rare-earth element doped alumina with luminescent properties 
has a wide range of potential applications, such as light-emitting materials, 
optical fiber amplifiers, high-density optical storage and electroluminescent 
display devices and other fields.  
 
In this paper, rare-earth ions (Tb3+, Eu3+) doped Al2O3 films on silicon 
substrates were prepared by sol-gels method. The doped Al2O3 films were 
characterized by differential thermal analysis/thermogravimetric analysis, X-
ray diffraction, scanning electron microscope, atomic force microscope and 
photoluminescence spectra as well. The photoluminescence mechanism of 
doped Al2O3 films was analyzed. The effects of heat-treating temperature and 
ion concentration on the luminescence property of Al2O3 films were discussed. 
The optimum excitation wavelength was 265 nm (240nm for Tb3+), the 
optimum concentration of Eu3+dopant was 10 mol% (5 mol% for Tb3+) and the 
main emission was at 617 nm under excitation at 265 nm (544nm under 
excitation at 240nm for Tb3+). The rare-earth ions doped Al2O3 film had a 
dense, smooth and crack-free surface texture. 
 
[1] Busta H H. Field Emission Flat Displays Vacuum Microelectronics, New 
York: Wiley-Interscience, 2001:289. 
[2] Reisfeld R, Jorgensen C K. Optical Properties of Colorants or Luminescent 
Species in Sol-gel Glasses Structure and Bonding, Berlin: Springer, 1992: 
207. 
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OS8-05- CORRELATION BETWEEN THE ORGANIC CONTENT OF 
FAST SOL-GEL MATERIALS AND THEIR OPTO-MECHANICAL 

PROPERTIES 
 
 

R. Gvishi, M. Pokrass, G. Sturm  
 

Electro-optics Division, Soreq NRC, Yavne 81800, Israel,  
e-mail:rgvishi@soreq.gov.il 

 
 
Fast sol-gel is a method for fabricating hybrid (organic/inorganic) glassy 
materials [1]. Visco-elastic properties of the final hybrid, ranging from silicone 
rubber-like to silica glass-like materials, can be custom designed by 
controlling the organic content by precursors' ratio. These hybrid materials 
can be used in many electro-optical applications, such as optical adhesives, 
antireflection coatings, waveguides, surface patterning, lenses, etc.   
We have studied the correlation between the organic content of the final 
product and its mechanical and optical properties such as density, thermal 
expansion coefficient, Young's modulus, refractive index, and its dependence 
on temperature (dn/dT), adhesive strength and acoustic transparency. A 
variety of spectroscopic (NIR, FTIR & THz) and analytical (GPC, TGA, TMA & 
DMA) techniques have been used to characterize both the preparation 
process and the final products.  
It was found that as the organic residuals (non cross-linking group) increases 
the final product is more elastic material (high thermal expansion coefficient, 
and low hardness), silicone rubber-like, and when the organic residual 
decrease a more rigid (denser and harder)  silica-like, final product obtained. 
For example, thermal expansion coefficients were obtained from 70 ppm/ºC 
up to 300 ppm/ºC with increasing organic content and Young's modulus 
values decreasing concurrently from 10,000 MPa down to 5 MPa.  
This correlation between material organic content and its opto-mechanical 
properties allow us to engineer materials with specific properties by controlling 
the fabrication process. In this way tailored fast sol-gel materials with 
appropriate properties were fabricated and used in a variety of applications, 
such as waveguides, 3-D structures, micro-structured replicas, optical 
bonding, macro-scale devices and encapsulation. This class of materials can 
be an alternative option for organic polymers in applications which require 
high optical quality, high thermal stability and flexibility for use. 
 
[1] R. Gvishi, "Fast sol-gel from fabrication to applications" Journal of Sol-Gel 
Science and Technology Special Issue for the 60th Anniversary of Prof. David 
Avnir, in press (2008).  
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OS8-06- WHITE LIGHT AND RGB COLOR GENERATION BY 
UPCONVERSION IN SOL-GEL RARE EARTH DOPED Ta2O5 

NANOCRYSTALS DISPERSED IN SiO2 GLASS MATRIX 
 

 

L.A. Bueno1*, A.S. Gouveia-Neto1, E.B. da Costa1, J.L. Ferrari2, K.O. Lima2 

and R.R. Gonçalves2 
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2 Chemistry Department, FFCLRP, São Paulo University,, Ribeirão Preto, Brazil 
luciano.bueno@df.ufrpe.br 

 
 
Solid-state multicolor three-dimensional devices requires the generation and 
intensity control of the three fundamental red, green and blue (RGB) light 
colors in bulk materials. The upconversion effect to generate the three 
fundamental colors has been investigated. Many papers have been reported 
the use of different host matrix for rare-earths ions that shows the 
upconversion effect [1-2]. In this work, we focus on the spectroscopic 
properties of the RE3+ doped SiO2:Ta2O5 system prepared by the sol-gel 
process as a function of the tantalum content and temperature of annealing. 
Tetraethylorthosilicate and tantalum pentaethoxide were used as precursors 
for sample preparation and the RE3+ ions were added as rare earth chloride 
ethanolic solution. The Si:Ta molar ratio was 70:30.  The samples were kept 
at 80 ºC, to obtain the xerogels, and subsequently annealed at 900, 1000, and 
1100 ºC. The samples were doped with 0.2 mol % of Ho3+, 1 mol% of Yb3+ 

and x mol% of Tm3+ ( x= 0.1, 0.2, 0.3, 0.4, 0.5). The rare earths concentration 
in the glass ceramic were adjusted yielding the emission of a wide color 
gamut in the visible spectrum and the procuction of white light due the 
upconverssion process using a single infrared source of excitation at 975 nm. 
The crystallization process were monitored by vibrational and 
photoluminescence spectroscopy, X-ray diffraction, and HRTEM. The 
annealing temperature led to changes on the structural and spectroscopic 
properties. Glass-ceramics with orthorhombic Ta2O5 nanocrystals dispersed 
into amorphous silica-based matrix were observed. Photoluminescence (PL) 
measurements in the visible indicate the presence of the rare earth ions in a 
rich tantalum oxide environment. Structural and spectroscopic properties will 
be discussed as a function of the Tm3+  ions concentration and heat treatment. 
 
[1] A.S. Gouveia-Neto, et al., Applied Physics Letters, 2007, 91, 1-9. 
[2] A.S. Gouveia-Neto, et al., J. Non-Cryst. Solids 2009, 355, 488. 
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OS8-07- DESIGN OF SENSITIVE AND SELECTIVE 
NANOSENSORS FOR THE DETECTION OF MERCURIC IONS 

 
 

J. Desmet1, N. Nivarlet2 and B.-L. Su1,* 

 
1Facultés Universitaires Notre-Dame de la Paix, 61 rue de Bruxelles, Namur, Belgium 

2Unisensor, 3 rue du Dossay, Wandre, Belgium 
e-mail:jonathan.desmet@fundp.ac.be 

 
 

During the last decades, the interest of the scientists, including chemists as 
well as biologists, has been focused on the quantification within the 
environment and in waste industry of toxic heavy metals which cause serious 
problems for human health. Their attendance in the atmosphere is 
unavoidable due to their widespread necessary use in the cardboard industry. 
Thereby, in recent years their concentration has considerably increased in the 
ecosystem. Among them, mercury is considered as one of the most harmful. 
Mercury pollution arises from, on the one hand, anthropogenic emissions such 
as gold mining, electricity production by coal plants, combustion of fossil fuels, 
waste incineration and, on the other hand, natural sources as oceanic and 
volcanic emissions, erosion of mercury rocks and forest fires. Thus, all of that 
has contributed to strengthen its presence on earth. In the ecosystem, this 
toxic metal can be found in various forms: elemental, inorganic and organic 
mercury. Indeed, mercuric ions existing in water, is converted into 
methylmercury, aspect under which it is highly toxic, by the action of some 
bacteria. Most of the time, the different mercury forms provoke serious 
damages at brain, kidneys and nervous system level. These impacts can lead 
to the death and depend on chemical species. To avoid the repercussions on 
the human organism, it becomes fundamental and urgent to develop a 
method of detection able to detect heavy metal ions as mercuric ions with high 
sensitivity, selectivity and short response time. Furthermore, it seems 
important to monitor its concentration continuously in the environment in order 
to minimize the effects of this highly harmful metal.  
 

The present work aims at designing a new fluorescent method for the 
detection of mercuric ions. This will be based on the measurement of the 
photophysical changes of the fluoroionophore induced by these ions. To 
improve the efficiency of the device, we have planned to encapsulate the 
fluorescent sensor in a highly ordered mesoporous material in order to obtain 
a nanosensor more easy to handle, easily portable and having the potentiality 
to be reuse due to the heterogeneity of the system. These nanosensors 
should be able to detect quickly Hg2+ ions with high sensitivity and selectivity. 
In a first time, four fluorescent probes (1, 2, 3 and 4) were synthesized, 
characterized and tested in the presence of an aqueous solution of mercuric 
ions. As observed on the calibration curves, all fluorescent sensors respond 
with an increase of fluorescence intensity proportional to the amount of Hg2+ 
ions. By modification of the fluorescent as well as the chelating moieties i.e. 



Oral Session 8 - Optical Properties I 

SOLGEL2009 

94 

 

1,2 and 3, we observed an enhancement of the sensitivity and selectivity of 
the sensor. Indeed, due to the presence of an electron-withdrawing atom as 
bromine on the fluorescent part, the ability of the probe to act as Hg2+ sensor 
was increased. Regarding the chelating part, we focused on two kind of soft 
atoms such as sulfur and selenium to complex with high sensitivity and 
selectivity mercuric ions. It appeared that selenium atoms possess a stronger 
affinity towards Hg2+ ions than sulfur. Besides, the detection limit was 
increased for 2 and 3 compared to 1. For the sensor 4, two different 
complexation processes can take place with two binding modes, the 1:2 and 
1:3 stoichiometry (molecule:Hg2+) as illustrated on the curve. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The most appropriate fluorescent probe molecule will be immobilized into 
beforehand synthesized mesoporous matrices such as CMI-1 and SBA-15. 
This process will be realized in two different ways such as direct impregnation 
and by grafting the probe to the previously functionalized surface. After 
immobilization, the structure of the hybrid material is well preserved and the 
presence of the molecule within the material can be proved by some 
techniques as nitrogen adsorption-desorption or fluorescence spectroscopy. 
In this way, we will obtain sensitive and selective nanosensors to Hg2+ ions.
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OS9-01-  STRUCTURAL MODELLING OF PROTEIN 
ENCAPSULATION IN SOL-GEL MATRICES 

 
 

Y. Gao1, A. Heinemann1, R.B. Knott1, and J.R Bartlett2 
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2School of Natural Sciences, University of Western Sydney, Sydney, Australia 
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The immobilisation of biological species such as proteins and enzymes in 
sol-gel hosts is currently an area of intense research activity. However, the 
majority of these studies have been directed toward investigating the 
biological activity or physicochemical properties of the encapsulated species, 
with much less attention having been directed towards the effect of proteins 
on the structural evolution of the sol-gel matrix. 
This study investigates the structural evolution of sol-gel matrices in the 
presence of a model protein, bovine serum albumin (BSA). The sol-gel 
matrices were produced via the NaF-catalysed hydrolysis of a mixture of 
TEOS and MTMS, yielding nanohybrid matrices with controlled pore sizes, 
pore volumes and surface chemistry. The structural evolution of the matrix 
was investigated using a complementary suite of techniques, including solid 
state 29Si-NMR, FTIR, SANS contrast variation, and N2 sorption. A novel 
approach was developed to model the SANS data, to extract key structural 
parameters. 
The results indicated that the structural evolution of the matrix was modulated 
by a series of complex interactions between the enzyme and the evolving sol-
gel nanohybrid: 
• On the molecular scale, increasing BSA content led to an associated 

increase in both the abundance of linear Si-O-Si species (FT-IR) and the 
Qn network connectivity (29Si-NMR). However, only minor changes in the 
connectivity of the evolving Tn network were evident with varying BSA 
content. The selective role of the protein in these systems, where the 
approach of the methylated monomer to the vicinity of the protein’s surface 
is presumably impeded by the hydrophobicity of the monomer, will be 
discussed; 

• On the nanoscale, N2 sorption data were consistent with an initial increase 
in the mesopore volume and surface area at low BSA loadings, followed by 
a subsequent monotonic decrease with increasing BSA content. In 
contrast, no such trends were evident in the in-situ SANS data obtained 
from these samples.  

This latter comparison reflects the important role of in-situ techniques such as 
small-angle scattering (which can be used to study both open and closed 
porosity and probe nanostructure on length scales from ~1 nm to  >100 nm) in 
investigating such complex, multicomponent systems, and techniques for 
modelling such data will be discussed.  
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OS9-02- FLUORESCENT ORGANIC NANOCRYSTAL CONFINED 
IN SOL-GEL MATRIX FOR BIO-IMAGING 
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We have recently developed through a spray-drying process new luminescent 
tracers for biological applications constituted by organic nanocrystals grown in 
silicate spheres [1]. These hybrid nanoparticles of silicate are obtained from sol-gel 
solutions, which are atomized.  The droplets are dried under air laminar flux in a 
furnace and collected by an electrostatic filter. We have first involved small organic 
molecules such as CMONS (a-[(4’-methoxyphenyl)methylene]-4-nitro-benzene-
acetonitrile molecule) which exhibits a strong fluorescence in the crystal state. The 
CMONS nanocrystals grow into the core of sol-gel droplets during their drying 
while the amorphous silicate network is formed all around through a self-
assembled process. These core-shell hybrid nanoparticles combine several 
decisive advantages for the development of “ultra bright” tracers: 

- Generic, single step and low cost process leading to the preparation of high 
quantities of particles (several tenth of grams), 
- High fluorescence intensity due to high cross section absorption of 
nanocrystals constituted by around 105-107 molecules, 
- High chemical and photochemical stabilities as the nanocrystals are 
surrounded by inert shells, 
- High biocompatibility, easy shaping and dispersion in aqueous biological 
solutions through the hydrophilic silicate shell, 
- Easy to adjust the particle size through the solvent amount, between 50 and 
1000 nm in diameter, while the fluorescence wavelength can be modulated 
by using different dyes. 

On the other hand, after the silica shell dissolution, we observed by electron 
microscopy faceted organic crystals. Thus, we have demonstrated that the organic 
cores of silicate particles are constituted by single crystals.  This will allows, for the 
smaller nanocrystals of a few tenth of nm to obtain fluorescent single emitter 
behaviours. In the next weeks, the highly fluorescent nanoemitters will be injected 
in the blood circulation of small laboratory animals (mice) for deep two-photon 
fluorescence imaging of normal cerebral and brain tumor vasculature 
(angiography).  
But this in vivo imaging requires the functionalization of the fluorescent 
nanoparticles by grafting biomolecules for targeting properties. This grafting is 
based on the Si-OH functions of the silicate shell surface by coupling reactions 
with chemical functions present in biomolecules, such as amino or thiol functions. 
Thus, we are testing functionalizations with RGD peptide, which is a good 
candidate for specific targeting of receptors in glioma cells or glioma vascular 
endothelial cells. 
 
[1] Patent PCT/FR2009/000294 ; C. Philippot, N. Marcellin, E. Djurado, A. Ibanez 
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OS9-04- HYBRID BASED ON THERMORESPONSIVE POLYMERS-
MESOPOROUS SILICA: INFLUENCE OF TEMPERATURE ON 

DRUG CONTROLLED DELIVERY  
 

 

B. F. W. Marinho1,2,  A. A. Sousa1,2, E. M. B. Sousa1, R. G. Sousa1,2 
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2Departamento de Engenharia Química da Universidade Federal de Minas Gerais, Belo 
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e-mail: bermarinho@gmail.com 

 
Mesoporous silica and polymeric sensitive hydrogels are indicated by recent 
studies as suitable to perform as drug delivery systems, due to specific 
characteristics of these materials. Ordered mesoporous silica like MCM-41 have a 
particular structure, with well-defined pore sizes, narrow pore size distribution and 
high surface area, that the drug transport through the ceramic matrix is controlled 
by these textural parameters. Polymeric hydrogels such as Poly-(N-
isopropylacrylamide) show a volumetric expansion/contraction behavior at the 
temperature of 33oC that can be used to develop a thermosensitive drug delivery 
system. The properties of MCM-41 e P-(N-iPAAm) suggest that these materials 
should be associated in order to improve the release control. The resultant 
material, [MCM-41/P-(N-iPAAm)], would be composed by an inorganic 
mesoporous matrix, coated by interpenetrating polymeric and the drug diffusion 
through the mesopores would be strengthened by the thermosensitive behavior of 
the hydrogel. In this work, the hybrid was prepared in two steps. In the first one, 
the ceramic matrix was obtained by a sol-gel process. In this process, micelles 
formed from the dissolution of surfactant (CTAB) in water act as template for the 
precursor inorganic (TEOS). Once the silica matrix covers the surface micelles, the 
surfactant is then removed by calcination. The second step involves the 
polymerization of N-iPAAm inside the ceramic pores. The mesoporous materials 
pure and hybrid were then submitted to FTIR, TGA, DSC, TEM, BET, SAXS 
analysis. The amount of polymer in the hybrid was estimated in 6.0% with the TGA 
analysis. The hexagonal ordered arrange of mesopores in both materials were 
confirmed by TEM images and SAXS patterns. The adsorption/desorption 
isotherms obtained were classified as type IV, typical of mesoporous materials. A 
release assay with atenolol monitored by UV-Vis spectroscopy was performed for 
MCM-41 and the hybrid in two different temperatures in order to evaluate the 
influence of polymer thermosensitive behavior on the release kinetics. The release 
in both materials was considered fickian and the Higuchi equation was used to 
estimate the kinetic parameters. The release profiles obtained for both materials at 
25oC were basically the same. However, at 37oC, the drug rate release for the 
hybrid material during the first hours was 26% higher than the release in MCM-41. 
Our results showed that [MCM-41/P-(N-iPAAm)] hybrid was successfully obtained 
and it was evidenced that the thermosensitive behavior of the polymer has a great 
influence in the drug release process. 
 
Acknowledgment: Work supported by the Brazilian agencies CNPq and  FAPEMIG 
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Investigation of the solvent and alkoxide precursor effect on the non-hydrolytic 
sol-gel synthesis of oxide nanoparticles via ether elimination (Bradley) 
reaction indicates that the best crystallinity of the resulting oxide particles is 
achieved on application of aprotic ketone solvents such as, for example, 
acetophenone and of smallest possible alkoxide groups. The size of the 
produced primary particles is always about 5nm caused by intrinsic 
mechanisms of their formation. The produced particles possessing the 
composition of natural highly insoluble minerals are biocompatible. Optical 
characteristics of the perovskite complex oxide nanoparticles can easily be 
controlled through doping with rare earth cations, e.g. by Eu3+. They can be 
targeted through surface modification by anchoring the directing biomolecules 
through a phosphate or phosphonate moiety. Testing of the distribution of Eu-
doped BaTiO3 particles, modified with ethylphosphonic acid, demonstrates 
their facile uptake by the plants with active fluid transport, resulting finally in 
their enhanced concentration within the cell membranes (fig.1). 

 
Fig. 1. Bio-imaging of the tulip membranes with the surface modified BaTiO3 

nanoparticles 
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Large-scale, porous ceramic scaffolds for repairing bone defects involve a few 
disadvantages, such as necessity of invasive surgery for implantation, 
difficulty to well-fit in the defects, and poor vascularization[1].  With gels 
(thermogels) being fluid under ambient temperature and set around the body 
temperature, those difficulties are cleared instantly as far as (1) they are 
biocompatible and bioresorbable; (2) they can involve physiologically active 
agents or cells with adequately controlled pH, and, (3) they favorably 
accommodate particles to stimulate bone-regeneration.  Among a few 
possible polymer candidate systems of thermogels, with polymers such as 
collagen, fibrin, and gelatin, alginate, chitosan, and PEG gels, the present 
study picked up chitosan gelling systems due not only to their antibacterial, 
biocompatible, biodegradable, and mucoadhesive properties[2] but also to their 
reactive amino and hydroxyl groups with which one can modify the properties 
the systems. 
Shirosaki et al.[3] reported that a preliminary study on hybrids among chitosan 
and 3-glycidoxypropyltrimethoxyslane (GPTMS) via a sol-gel method.  
Moreover, they confirmed that the chitosan-GPTMS sol can form hydrogels at 
37°C under pH 7[4].  However, gelation time was a little longer than required 
by clinicians.  In this study, therefore, the chitosan-GPTMS hydrogel were 
prepared under varied conditions to optimize the preparation conditions, such 
as the mixing ration, reaction time and temperature, and concentrations of the 
reactants.  The hybrids were characterized in terms of their microstructure, 
cytocompatibility due to cell proliferation of human bone marrow osteoblast 
cells, formation of extracellular matrix, and the morphology of the matrix.  
Moreover, examined was their in vitro degradability into phosphate buffer 
solution.  The results indicated that the present chitosan-silicate hydrogels 
were employable as injectable bone-defect repairing fluid agents. 
 
[1] Tissue Engineering: Fundamentals and Applications, Y. Ikada, Ed.; 
Elsevier Ltd., London, 2006. 
[2] T. Candy; C.P. Sharma Biomater. Artif. Cells Artif. Organs, 1990, 18, 1-24. 
[3] Y. Shirosaki; K. Tsuru; S. Hayakawa; A. Osaka; M.A. Lopes; J.D. Santos; 
M.A. Costa; M.H. Fernandes Acta Biomaterialia, 2009, 5, 346-355. 
[4] Y. Shirosaki; C.M. Botelho; M.A. Lopes; J.D. Santos J. Nanosci. 
Nanotechnol, 2008, 8, 1-6. 
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The stability of silica hydrogels and the possibility of tuning the synthesis 
within the range of biocompatibility provide optimal conditions for designing 
Biologically Active Materials (BAMs). Mechanical stability is an important 
requirement especially when BAMs are conceived for long term operation, as 
in the case of encapsulated vegetal cells1. Transport of nutrients and 
metabolites are of vital importance for survival of encapsulated biological 
entities, as well as for extraction of valuable products from metabolic 
processes. 
For measurement of transport properties on hydrogels it is necessary to know, 
at least, the texture and adsorption of diffusing species at the pore’s walls. 
These parameters are not easily measured, and experimental methods give 
empirical diffusion parameters expressed in terms of tortuosity.   
In this communication we present values for effective diffusion coefficient (Deff) 
of small anionic or cationic dyes in hydrogels prepared from silicate and 
preformed SiO2 nanoparticles (LUDOX® HS40) at different pH. 
Measurements were performed by simple experimental methods especially 
designed for this purpose. The diffusion profile of dyes was determined from 
processed images taken with a scanner. In all cases the isoelectric point of 
silica is below the working pH, thus for cationic dyes it was necessary to 
consider adsorption. The corresponding isotherms were obtained by 
absorptivity of the solution in equilibrium with the gel. 
Our results show that for pH =4.5, Deff of dyes is lower than at pH > 7, as 
expected for the smaller average pore diameter of more polymeric gels 
resulting when the synthesis is made at lower pHs. 
 
 
 
 
 
 
 
 
 
1 M. Perullini, M. M. Rivero, M. Jobbágy, A Mentaberry,and S. A. Bilmes ; J. 
Biotechnol 2007,127, 542-548 
 



Oral Session 10 - Catalysis and membranes 

SOLGEL2009 

101

 

OS10-01- SOL GEL IMMOBILISATION OF ECO-COMPATIBLE 
CATALYSTS 

 
 

C. Bied1, M. Wong Chi Man1, X. Elias2, M. Trilla2, G. Borja2, R. Pleixats2,  
S. Benyahya1, F. Monnier1, M. Taillefer1, J.J.E. Moreau1  

 
1 Architectures Moléculaires et Matériaux Nanostructurés (AM2N), Institut Charles 

Gerhardt Montpellier (UMR5253 CNRS-ENSCM-UMII-UMI), ENSCM 34296 Montpellier 
Cédex 5, France  

2 Chemistry Department, Universitat Autonoma de Barcelona, Cerdanyola del Vallès, 
08193 Barcelona, Spain  

e-mail:catherine.bied@enscm.fr 
 
 
The development of eco-compatible procedures in Chemistry aiming at 
limited-step syntheses and at increasing of the efficiency of reactions via 
catalysis is a main goal of the Chemist community. Much effort is devoted to 
produce efficient, easily recoverable and reusable catalysts to improve the 
catalytic performances and to minimise the global cost of the reaction. The 
sol-gel process is a convenient method for synthesizing hybrids with targeted 
properties. Previously we immobilised catalysts for several types of reaction 
illustrating the versality of these materials obtained according to this 
process.[1] These could easily be recovered simply by filtering and re-used 
several times with preserved efficiencies. In this work, we present a new 
series of hybrid silica which were designed for the following catalytic 
applications: 
1 - Suzuki-Miyaura cross couplings with silylated imidazolium derivatives 
complexed with palladium.[2]  
2 - formation of diarylethers with bis-silylated urea-based bipyridyl Cu 
complexes. This catalyst proves to be versatile for subsequent reactions with 
several substrates yielding products with the same efficiency even after ten 
re-uses and with a very low amount of metal leaching[3]. 
3 - arylation of phenols leading to various diarylethers ωιτη αβ-diamide ligand 
combined with CuI under smooth conditions with a high recyclability and 
minimal metal leaching. [4] These points constitute major improvements 
compared to the homogeneous catalytic systems and are in agreement with 
the growing demand to develop a “green and sustainable” chemistry.  
 

[1] A Brethon, J.J.E. Moreau, M. Wong Chi Man, Tetrahedron: Asymmetry 
2004, 15, 495; X. Elias, R. Pleixats, M. Wong Chi Man, J.J.E. Moreau, 
Adv.Synth.Catal. 2006, 348, 751; M. Trilla, R. Pleixats, M. Wong Chi Man, C. 
Bied, J.J.E. Moreau, Tetrahedron Letters 2006, 47, 2399. 
[2] M. Trilla, G. Borja, R. Pleixats, M. Wong Chi Man, C. Bied, J.J.E. Moreau, 
Adv.Synth.Catal. 2008, 350, 2566. 
[3] S. Benyahya, F. Monnier, M. Taillefer, M. Wong Chi Man, C. Bied, F. 
Ouazzani, Adv. Synth. Catal. 2008, 350, 2205. 
[4] S. Benyahya, F. Monnier, M. Taillefer, M. Wong Chi Man, C. Bied, F. 
Ouazzani, Green Chem.. 2009, submitted. 
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Surfaces of windows, walls, tables, carpets etc. in buildings are repositories of 
bacterial and fungal spores, which cause nosocomial infections, and allergy 
and respiratory problems such as asthma1-3. An estimated $16 billion is spent 
in the U.S. alone annually due to asthma. Common alcohol or hypochlorite 
disinfectants are ineffective against spores. Photocatalytic technology is an 
attractive approach for controlling environmental pollutants because of the 
advantages such as complete mineralization of microorganism, no toxic by-
products and ease of application. Our preliminary work has shown that 
addition of polyhydroxy fullerenes (PHF) can significantly enhance the 
photocatalytic activity of TiO2 for microbial inactivation as well as pollutant 
degradation. The nanocomposite is easily formed because of affinity between 
PHF and TiO2, thus avoiding the need for chemical bonding between PHF and 
TiO2. Formulations have been tested in aqueous environments under solar 
UV irradiation, giving dye degradation rates up to 3 times those achieved with 
TiO2 alone 4.  
A prototype tile-grout system was chosen to demonstrate the efficacy of our 
photocatalytic nanocomposite for destroying organic pollutants and microbes. 
Microbes grow fastest in moist areas of buildings, such as bathroom tiles and 
grout. Preliminary experiments were conducted with grout coated on glass 
slide as the substrate. Procion red MX5B served as the model organic 
pollutant. Experiments were carried out with 10 W/m2 UVA intensity (as per 
ACGIH guidelines). The humidity of the experimental chamber was 
maintained at greater than 80% to mimic the bathroom environment. 
Photocatalytic nanocomposite was applied to the grout surface or mixed with 
grout. Coating of TiO2 on grout substrate at various concentrations indicated 
that 0.1 wt% of TiO2 does not significantly alter the appearance of the 
substrate. Mixtures of the optimized photocatalytic nanocomposite with grout 
were tested to determine their dye degradation rates. This is the first 
demonstration that a nanocomposite of PHF and TiO2 can lower the TiO2 
requirement of a grout-TiO2 mixture by 10–50 times. 
 

1. Paterson DL. Am J Infect Control. 2006;34:S20-28; discussion S64-73. 
2. Schwab CJ, Straus DC. Adv Appl Microbiol. 2004;55:215-238. 
3. Utrup LJ, Werner K, Frey AH. J Environ Health. 2003;66:19-26, 29. 
4. Krishna V, Yanes D, Imaram W, Angerhofer A, Koopman B, Moudgil B. 

Applied Catalysis B-Environmental. 2008;79:376-381.
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Titanium dioxide is a semiconductor material which has been employed in 
many industrial applications due to their physical, chemical and optical 
properties. Several researchers have reported that TiO2 crystallised as 
anatase phase is the most effective and suitable catalyst for photocatalytic 
reaction of organic pollutants. Recently, decontamination of organic 
compounds in air has received much attention as a technology of purification 
of enclosed atmospheres, such as office buildings, factories etc. 
Different methods have been proposed to synthesize TiO2 anatase, including 
precipitation, chemical vapour deposition and sol-gel methods.  
The use of TiO2 coatings allows eliminating catalyst post-treatments as 
thecase of TiO2 powders. Although, the important limitation related to the 
surface contact between pollutant and catalyst should be considered. 
Homogeneous porous films obtained by incorporating pore generating agents 
allow increasing the contact and favour to the degradation of the pollutants.  
In this work titania sols were synthesized by alkoxide routes using titanium 
isopropoxide (TISP) in presence of pore-generating agents as: Pluronic F-127 
(F127), cetyl trimethyl ammonium bromide (CTAB), sodium dodecyl sulfate 
(SDS), P5759 (Brij 56) and P5884 (Brij 58). The synthesis conditions have 
been optimised as a function of surfactant, complexant (AcAc and AcH ), 
water/alkoxide ratio, pH, etc.. Coatings were deposited by dipping onto glass 
slides and silicon wafers, controlling the relative humidity and sintered at 
450ºC for 1 h. 
The films were characterized by: FTIR, GXRD, TEM and Spectral 
Ellipsometry. Photocatalytic activity was studied through methyl orange 
decomposition and also in gas medium using TCE. The results of both types 
of tests are related with the porosity and structure of the film. Preliminary 
results show that photocatalytic activity depends on pore volume, specific 
surface area and porous size.  
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Titanium oxide (TiO2) is one of the most attractive semiconductors because it 
is widely applicable to dye-sensitized solar cells, photocatalysts, and so on. 
Crystallization of titania frameworks is essential for such uses to electrodes 
and photocatalysts. Here, ordered mesoporous titania films were prepared 
using Pluronic F127, followed by calcination at 400 °C to convert frameworks 
to photoactive anatase phase of titania. Also, rapid fabrication of the triblock 
copolymer templated titania film in the presence of polystyrene (PS) beads 
was possible by spin-coating, and macroporosity of the mesoporous anatase 
films was controlled. The insights on the synthesis of hierarchical porous 
titania films by a dual templating using triblock copolymer and spherical PS 
beads are very useful for a facile design of porous materials in multi-length 
scale, affording high-performance devices. We have already reported that 
macroporosity and crystallinity of mesoporous titania film are important for 
adsorption of biomolecules such as cytochrome.[1,2] Accordingly, another 
importance of the macroporosity of hierarchical porous anatase films was 
investigated in this study by photodegradation of methylene blue (MB) over 
the mesoporous-macroporous anatase films. The photocatalytic activity was 
accelerated by effective diffusion of MB molecules through the PS-derived 
macropores.  
 
[1] X. Meng; T. Kimura, T. Ohji, K. Kato, J. Mater. Chem., 2009, 19, 1894.  
[2] X. Meng, T. Kimura, T. Ohji, K. Kato, Key Eng. Mater., 2009, 388, 145.  
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Recently, layers of TiO2  applied on fiber-optic substrates have been tested in 
photocatalyric reactors[1]. The layers can be prepared by the sol-gel method 
either from titanium alkoxide sols or dispersions of anatase particles.  This 
paper reports results of using both these approaches for the preparation of 
TiO2 layers on walls of silica optical fibers or silica capillaries. Data on 
photocatalytic activity of the prepared fibers are also published.  
Input sols for the application of TiO2 layers on fibers were prepared from 
titanium isopropoxide or from commercially available anatase nanoparticles. 
The nanoparticles were dispersed either in water or in a titanium isopropoxide 
sol. The input sols were applied onto silica optical fibers with a diameter of 
about 0.6 mm either by using the dip-coating method or by passing the fiber 
through a sol in a coating dye during the fiber drawing[2] . The layers were also 
applied onto the inner wall of silica capillaries with an inner diameter of about 
0.4 mm by passing a sol column through the capillary hole[3]. The applied gel 
layers were thermally treated at temperatures up to 500 °C. Results of using 
different thermal treatment procedures of the layers are reported.    
Morphology and waveguiding properties of the coated substrates were 
characterised by optical or electron microscopy and by measuring angular 
distributions of the output power from the fibers[3] . Photocatalytic activity of 
the prepared layers was determined by bringing the prepared layers into 
contact with an aqueous solution of methylene blue (MB), exciting the fibers 
by a UV lamp and measuring optically an extent of the decomposition of MB. 
So far a highest extent of about 50% has been determined with a bundle of 
TiO2-coated silica optical fibers. 
This work was supported by Ministry of Education, Youths and Sport of CR 
(contract No. 0C08023). 
 
[1] A.Danion; J. Disdier; Ch. Guillard; F. Abdelmalek; N. Jaffrezic-Renault 
Appl. Catalysis B: Environmental 2004, 52, 213. 
[2] V. Matejec; M. Hayer; P. Pavlovic; M. Kubecková; G. Kuncová; M. Guglielmi 
J. Sol-Gel Sci. Technol. 1995, 5,  193. 
[3]V. Matejec; J. Mrazek; M. Hayer; I. Kasik; P. Peterka; J. Kanka; P. 
Honzatko; D. Berkova  Mater. Sci. Eng. C 2006, 26,  317. 
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Commercial membranes were templated to produce hierarchically porous 
mixed zirconium titanium oxides, as an extension of our earlier work[1]. Four 
membranes with very different morphologies were chosen as templates to 
compare the effect of porosity on post-synthetic functionalization with 
poly(ethylenimine) (PEI). The surface chemistry of the membrane had an 
effect on the templating process by the metal alkoxides, subsequently 
affecting the mesopore structure of the metal oxide. Therefore, differences in 
the interparticle mesoporosity and the crystallinity could be seen. After 
templating, the organic membrane was removed via calcination. The large 
scale structure of the membrane was reproduced in the metal oxide (see the 
morphological similarities in the SEM images below). The surfaces of the 
metal oxide membranes were functionalized with PEI. PEI was chosen 
because it comes in a variety of molecular weights between 1,300-600,000 Da 
and because it is capable of complexing many toxic metals and polyaromatic 
hydrocarbons. PEI incorporation was monitored as a function of pH, 
demonstrating maximum loading occurred at pH 10.5. The incorporation of the 
macromolecule was highly dependent on the pore size, and pore volume. In 
systems with small mesopores, there was no correlation 
with surface area and load capacity, indicating that much of the surface is 
inaccessible. For instance, the membrane with mesopore sizes of 2-5 nm had 
a maximum functionalization of 0.24 mg/m2, whereas the membrane with 
pores greater than 20 nm displayed a loading capacity of 1.2 mg/m2. A pore 
size effect was apparent even for the lowest molecular weight polymer. These 
results indicate that large molecules, such as polymers or enzymes, need a 
large mesopore in order to access the inner framework. 
 

 
 

[1] J. H. Schattka; E. H.-M. Wong; M. Antonietti; R. A. Caruso J. Mater. Chem. 
2006, 16, 1414. R. A. Caruso; J. H. Schattka Adv. Mater. 2000, 12, 1921.
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Hybrid materials obtained from organo-bridged triethoxysilanes are the 
subject of intensive studies in our laboratory: the covalent incorporation of 
organic fragments in the silica network enables the formation of almost 
crystalline hybrids by recognition of the organic parts, and of efficient 
functional materials for metal extraction, catalysis or molecular recognition. 
Incorporation of luminescent centres[1] is of particular interest for the synthesis 
of optically active materials. The potential of lanthanide-containing organic-
inorganic hybrids relies on the possibility of fully exploiting the synergy 
between the intrinsic characteristics of sol–gel derived hosts and the 
luminescence features of trivalent lanthanide ions.  

 
Recently, we introduced two new bipyridine isomers as precursors I and II and 
showed that their hydrolysis yielded materials that, once complexed with 
copper, are very efficient and easily recycled catalysts for the arylation of 
alcohols.[2] In this communication, we will first present the formation of the 
materials from I and II using the sol-gel method in different conditions and in 
particular the unexpected formation of a self-organized lamellar hybrid silica 
under nucleophilic catalysis. These materials have been characterized by 
PXRD, IR, NMR, SEM and photoluminescence. They are room temperature 
multiwavelength emitters, due to the convolution of different contributions from 
the bipyridine fragment, the urea groups and the siloxane networks, and 
exhibit a high quantum yield (up to 22%). The sol gel hydrolysis-condensation 
of some lanthanide (Eu, Tb) complexes of II has also been performed: in this 
case, an efficient energy transfer between the aromatic ligand and the 
lanthanide is characterized for both terbium and europium. The emission 
mechanism of the hybrids, as well as their use in an optical device, will be 
presented. 
 

 [1] (a) S. S. Nobre, C. D. S. Brites, R. A. S. Ferreira, V. de Zea Bermudez, C. 
Carcel, J. J. E. Moreau, J. Rocha, M. Wong Chi Man L. D. Carlos, J. Mater. 
Chem. 2008, 18, 4172. (b) L. D. Carlos, R. A. S. Ferreira, V. De Zea 
Bermudez, S. J. L. Ribeiro Adv. Mater. 2009, 21, 509. 
[2] S. Benyahya, F. Monnier, M. Taillefer, M. Wong Chi Man, C. Bied, F. 
Ouazzani, Adv. Synth. Cat. 2008, 350, 2205. 
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For optical detectors, a considerable part of the incident light will be reflected 
at the surface, thus it decreases the detector’s sensitivity considerably. One 
good solution for this problem is to produce an anti-reflective coating on the 
surface. However, for different detectors working in different wave band, the 
refractive index demanded for the AR coating is vary in a large range, the 
materials in the nature we can choose can not match all the demands. 
Meanwhile, many optic facilities in the detectors can not withstand the high 
temperature or other extreme conditions for the common PVD coating process 
such as e-beam, magnetic sputtering etc. In this paper, a SiO2-TiO2 or SiO2-
ZrO2/HfO2 mixed nanoporous coating was prepared successfully via sol-gel 
method. By the control of the different porosity and the different concentration 
of TiO2 or ZrO2/HfO2 in the mixture, the refractive index of the coating can be 
controlled from 1.15 up to 2.20 continuously. It can match most of the optic 
materials used in different detectors. The coating was prepared with dip 
coating or spin coating methods, the coating thickness can be easily 
controlled by different drawing speed or spin speed. A number of special 
techniques were applied to increase the scratch-resistance and hardness of 
the films. The coating process is mainly in the room temperature, therefore for 
most of the detectors, it is acceptable. Furthermore, sol-gel technique has a 
low processing cost, needs inexpensive equipment and easily converts to the 
industrial scale. As two typical examples, one coating with refractive index of 
1.88 was prepared for a GaAs based IR detectors. In the 2.5 - 6.0µm 
waveband, the maximum transmittance of GaAs substrate is increased from 
56% for uncoated sample to about 94% for coated sample. Another coating 
with refractive index of 1.23 was prepared for a novel optic detector working in 
visible light. The refractive index of the AR coating matched the glass 
substrate so well that the maximum transmittance reached 99.9%. They 
agreed with the theoretical results quite well. It was proved that the SiO2-TiO2 

or SiO2-ZrO2/HfO2 coatings could greatly improve the transmittance of the 
incident light on the optical detectors. Therefore this technique has a great 
potential application in the manufacture of optical detectors. 
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OS11-03- SILICA NANOPARTICLES ENCAPSULATING 
LUMINESCENT 3-HYDROXYPICOLINATE LANTHANIDE 

COMPLEXES 
 

P.C.R. Soares-Santos1, K.O. Iwu1, H.I.S. Nogueira1, T. Trindade1,  
L.D. Carlos2 

 
1Departamento de Química e CICECO, Universidade de Aveiro, Portugal 

2Departamento de Física e CICECO, Universidade de Aveiro, Portugal 
paula.santos@ua.pt 

 
The preparation of silica nanospheres containing light emitting compounds are 
of great interest since their surface area can easily be biofunctionalized 
allowing biological applications such as image clinical diagnosis [1]. 
Our research group has been interested in the synthesis of photoluminescent 
nanoparticles containing lanthanide complexes in amorphous silica 
nanospheres. Among the diverse methods available we have been particularly 
interested in the use of reverse micelles as nanoreactors for the hydrolysis of 
tetraethoxysilane in the presence of lanthanide complexes [2]. 
In this work, we report amorphous silica nanoparticles prepared by the sol-gel 
method that contain photoluminescent lanthanide complexes of Eu3+ and 
Tb3+; these complexes act as the photoactive units in these silica based 
materials. As will be presented in this communication, the Eu3+ complex with 
3-hydroxypicolinic acid exhibits very interesting luminescent properties, both 
as in the pure form and when encapsulated in silica (Scheme 1) [2,3]. 
 

 
 

Scheme 1 
 

Acknowledgements: This work was funded by Fundação para a Ciência e a 
Tecnologia (FCT) and FEDER (Project PTDC/QUI/67712/2006). P.C.R. S.-S. 
thanks FCT for the post-doctoral scholarship SFRH/BPD/14954/2004. 
 

[1] R. He; X. You; J. Shao; F. Gao; B. Pan; D. Cui Nanotechnology, 2007, 18, 
315601. 
[2] K.O. Iwu; P.C.R. Soares-Santos; H.I.S. Nogueira; L.D. Carlos; T. Trindade 
J. Phys. Chem. C, 2009, in press. 
[3] P.C.R. Soares-Santos; H.I.S. Nogueira; V. Félix; M.G.B. Drew; R.A.S. 
Ferreira; L.D. Carlos; T. Trindade Chem. Mater., 2003, 15, 100. 
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OS11-04- METTALIC NANOPARTICLES (Ag, Au) AND Eu3+ 
HIGHLY LUMINESCENT SPECIES IN MESOPOROUS SILICA AND 

BACTERIAL CELLULOSE SUBSTRATES 
 

 

Karina Nigoghossian, Lucas A. Rocha, Adriana P. Duarte, Hernane S. Barud, 
Marco A. Cebim, José M. A. Caiut, Younès Messaddeq, Sidney J. L. Ribeiro. 

 

Institute of Chemistry- São Paulo State University- UNESP 
14801-970, Araraquara-SP, Brazil. 

e-mail:sidney@iq.unesp.br 
 
 
Mesoporous silica (MS) and  bacterial cellulose membranes (BC) containing 
colloidal metal particles and/or luminescent species are multifunctional 
materials with potential utilization as active SERS substrates or new phosphor 
materials respectively. This work describes the preparation and the 
investigation of structural and optical properties of MS particles by spray 
pirolysis technique and BC from acetobacter xylinum cultures. Metallic 
nanoparticles (NP-Ag, Au) were prepared from metal solutions and pectin as 
reducing agents. NP and also the highly luminescent complex [Eu(tta)3(H2O)2] 
(tta- thenoyltrifluoroacetonate) were incorporated in both  MS and BC 
substrates. All materials were characterized by transmission electronic 
microscopy (TEM), infrared absorption (FTIR) and Micro 
Raman/Luminescence, spectroscopies.  A relatively large incorporation 
degree was observed for both substrates. Enhancement of luminescence was 
observed for both substrates suggesting anchoring of the Eu3+ complex with 
the substitution of host functional groups for the water ligands. Luminescence 
enhancement due to the NP presence could also be clearly 
observedsugesting these materials as highly luminescent compounds.  
 
 
Acknowledgments- Brazilian agencies FAPESP, CNPq and CAPES 
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OS11-05- SOL-GEL ZINC TIN OXIDE TRANSPARENT THIN FILM 
TRANSISTOR (TFT) FOR DISPLAY APPLICATION 

 
 

B.S. Bae*, Y.H. Hwang, J.H. Jeon, S.J. Seo 
 

Laboratory of Optical Materials and Coating (LOMC) Department of Materials Science 
and Engineering, KAIST, Daejeon 305-701, Korea 

       e-mail:bsbae@kaist.ac.kr 
 
 
For years, amorphous silicon have been widely used for semiconductor in thin 
film transistor (TFT) devices of LCD and OLED displays. The amorphous 
silicon has a good uniformity and requires a low processing temperature, 
however, it exhibits low mobility (< 1 cm2/Vs) and poor bias stability. In 
particular, the mobility of amorphous silicon is insufficient for AMOLED and 
large-size/high speed/high definition AMLCD. For low cost and flexible 
displays such as AMOLED, organic thin film transistors (OTFTs) have been 
studied. However, their low mobility (< 1cm2/Vs) and poor stability in air make 
them difficult to apply to practical devices. 
Recently, transparent oxide semiconductors (TOSs) have attracted a great 
deal of attention as the active layer in transparent thin film transistors (TTFTs) 
[1,2]. Compared to amorphous silicon, LTPS and organic semiconductor, 
TOSs have sufficient mobility (1-100cm2/V·s) to drive AMOLED as well as 
AMLCD, good environmental stability, low cost, and high transparency for 
backplanes with large aperture ratio. However, most TOSs have been 
prepared by vacuum processes, which require expensive equipments and 
result in high fabrication costs. Solution process is alternative thin film 
deposition method which is a simple and low-cost pathway and enables large 
area coating and high throughput. 
In this study, we synthesized the stable solution for the deposition of the zinc 
tin oxide (ZTO) by sol-gel process. The ZTO solution was prepared using zinc 
acetate and tin(II) chloride as the precursors. The ZTO thin films were 
fabricated using spin-coating and annealed at 500oC under ambient condition. 
The ZTO TFTs were operated in accumulation-mode with high field-effect 
mobilities (>5cm2/Vs), low subthreshold slopes (<0.5V/dec.), and high on-to-
off (>108) current ratios.[3] Additionally, we studied Al or Ga doping effect on 
ZTO TFTs. Al or Ga lower the off current and control the threshold voltage. 
Also, the sol-gel derived inorganic-organic hybrid material coatings were used 
as a passivation layer on the ZTO TFTs to obtain stable and reliable devices. 
 
[1] K. Nomura; H. Ohta; K. Ueda; T. Kamiya; M. Hirano; H. Hosono Science 
2003, 300, 1269. 
[2] R.L. Hoffman; B.J. Norris; J.F. Wager Appl. Phys. Lett. 2003, 82, 733. 
[3] S.J. Seo, C.G. Choi, Y.H. Hwang, B.S. Bae J. Phys. D. 2009, 42, 035106. 
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OS11-07- SYNTHESIS AND BIO-FUNCTIONALIZATION OF 
LUMINESCENT NANO-BEADS 

 
 

S. Lechevallier1, J. Dexper-Ghys1, R. Mauricot1, J.M.A. Caiut2, Y. Coppel3 

 
1 Centre d’Elaboration de Matériaux et d’Etudes Structurales/CNRS, B.P. 4347, 31055 

Toulouse cedex 4, France 
2Institute of Chemistry, São Paulo State University, UNESP, CP 355, Araraquara, SP 

14801-970, Brazil 
3Laboratoire de Chimie de Coordination, 31077 Toulouse cedex 4, France 

e-mail:severine.lechevallier@cemes.fr 
 
 
Monodispersed colloidal particles of 
Ln(OH)n(CO3)m(H2O)p have been 
synthesized following the route described 
by Matijevic and Hsu[1]. After calcination at 
850°C, monodispersed spherical particles 
of the cubic Ln sesquioxide have been 
isolated with formula (Ln0.95Eu0.05)2O3 
(Ln=Gd or Y). These nano-beads have a 
diameter of 150±7nm measured by TEM 
imaging (fig. 1) 
 

 
Fig.1: Gd2O3 nano-beads 

 

We have investigated organic functionalization of these particles, to render 
them suitable as biological probes. Surface modification by TEOS 
(tetraethoxysilane), APTES (aminopropyltriethoxysilane) and mixture of both 
have been studied. Two different routes have been tested: one in non 
aqueous solvent [2], the other in ethanol [3]. Besides we have studied the same 
grafting steps on similar Eu-doped silica beads, obtained by spray pyrolysis [4]. 
 

We present here the characteristics of the composite nano-beads determined 
by thermogravimetric analysis (TGA), elementary analysis (EA), infrared 
analysis (IR), X-ray diffraction (XRD), transmission electronic microscopy 
(TEM), nuclear magnetic resonance (NMR) and photoluminescence 
spectroscopy (PL). We discuss also the effect of the amount of APTES on the 
structure and the luminescence properties of the functionalized nano-beads. 
 

First, APTES grafting on SiO2 nano-beads can be seen by IR and NMR 
analysis. Indeed, on IR spectra , the intensity of bands corresponding to the 
organic part increases with the amount of APTES, indicating an increase of 
loading. This phenomenon is confirmed by NMR analysis, showing that peaks 
corresponding to Si-O of APTES (named T2 and T3), appear and increase in 
intensity with the amount of APTES. Moreover, TEM images of functionalized 
SiO2 nano-beads reveal that silica particles are covered by a 
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layer of small “grains”, this layer becoming thicker when the APTES amount 
increases. 
 

However, for the functionalized Y2O3 nano-beads, effects of APTES are 
visible neither on NMR spectra, nor on TEM imaging. Nevertheless, Si-O 
bonding is observable by FT-IR, proving the grafing of the alkoxysilane on the 
oxide. 
 

The functionalization rates expressed as mmol APTES/mmol oxide in the 
nanocomposite calculated from DTG curves and from EA are in good 
agreement. In fig. 2, the functionalization rates are displayed versus the initial 
ratios : they are higher for SiO2 
than for Y2O3 in the whole range 
investigated.  
The maximum loadings are 
0.073 mmol/mmol SiO2 and 
0.043 mmol/mmol Y2O3. From 
this results we conclude that 
there are not  less reactive OH 
groups on the Y2O3 than on the 
SiO2 surface. Moreover, this 
explains why APTES was not 
detected by NMR and TEM on 
Y2O3 nano-beads. 

Fig. 2: functionalization rates versus the 
initial APTES/oxide ratios 

 
The luminescence properties of Eu3+ in SiO2 and Y2O3 nano-beads are not 
affected by APTES. Indeed, emission spectra exhibit characteristic peaks of 
europium respectively in SiO2 and cubic Y2O3 matrix. Moreover, it is observed 
that grafted APTES do not affect siginificantly luminescence intensity. This 
last point is a very important parameter in the objective of using the nano-
beads as biolabels. 
 
[1] Egon Matijevic and Wand Peter Hsu, J. of colloid and interface science. 
1987, Vol 118, No 2.  
[2] Sri Sivakumar, Peter R. Diamente, and Frank C. J. M. van Veggel, Chem. 
Eur. J. 2006, 12, 5878 – 5884. 
[3] Marco Luechinger, Roel Prins, Gerhard D.Pirngruber, Microporous and 
Mesop
orous Materials, 2005, 85, 111–118. 
[4] Jose Maurício A. Caiut, Laurent Bazin, Robert Mauricot, Hervé Dexpert, 
Sidney J.L. Ribeiro, Jeannette Dexpert-Ghys, Journal of Non-Crystalline 
Solids 2008 354 4860–4864. 
 
Aknowledgments: Programme de coopération CAPES-COFEC
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OS12-01- SELF-ORGANISATION OF ORGANOSILICAS: NEW 
APPROACH FOR NANOSTRUCTURATION AND 

MICROPATERNING OF THIN FILMS 
 

O. J. Dautel1, J-P. Lère-Porte1, X. Sallenave1, M. Wong Chi Man1,  
J.J.E. Moreau1 

 
1Institut Charles Gerhardt, UMR CNRS 5253, Architectures moléculaires et matériaux 

nanostructurés. Ecole Nationale Supérieure de Chimie, Montpellier, France 
e-mail:joel.moreau@enscm.fr 

 
 

Organosilicas which are prepared upon sol-gel hydrolysis condensation of 
organo-alkoxysilanes can be simply described as three-dimensional silica 
network with bridging or cross-linking organic units. The material properties 
result from the design of molecular precursor with appropriate structure and 
properties. This approach was used for designing materials with catalytic, 
optical, electro-optical, photochromic properties… The tuning of the properties 
also required a control of the interaction between the organic substructures 
within the solid material and therefore a control of the arrangement and 
organization of the organic units in the hybrid network. 
We showed that the design 
of informed hydrolysable 
organosilicon precursors with 
self-assembly properties 
(hydrogen bonding, 
hydrophobic or π−π 
interactions) led to the 
formation of controlled 
supramolecular assemblies 
which organization can be 
transcribed into a 
nanostructured solid 
material.  

 

 

We recently used this approach to generate nanostructured materials 
containing organic units with extended π-conjugation. The optical and electro-
optical properties of the self-organised organosilica material have been tuned 
by controlling the stacking of the π-conjugated units into J or H aggregates. 
Beyond the generation of self organised nanostructured materials, we 
explored the possibility to fabricate thin films incorporating fluorescent organic 
π-conjugated structures. Our objective was not only to design and synthesize 
a new silsesquioxane precursor and to control its supramolecular aggregation 
properties but also to explore a new approach for its deposition and cross-
linking process. We showed for the first time that chemical amplification 
allowed the photolithography of a conjugated silsesquioxane precursor in the 
presence of a photoacid generator.  
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By use of a photoacid generator to catalyse the hydrolysis condensation, it 
allows a one step preparation of nanostructured and micropatterned thin films 
from a single informed molecular precursor.  

 

New fluorescent silsequioxane precursors with tuned optical properties and 
controlled aggregation properties have been designed. The bulky subunits 
introduced in the molecular structure allowed the formation of very good 
quality films. The J-aggregated structure was transcribed into the solid by 
photo-acid catalyzed hydrolysis-polycondensation. 
Aggregation of the chromophores was reduced and highly fluorescent 
materials were obtained. The photoacid generator lies on the surface of the 
homogeneous layer of the sol-gel precursor. This phase separation presented 
several advantages including an anti-UV protection of the chromophore and 
an easy removal of the photoacid generator. 
 
Selected References: 
J.J.E. Moreau; B. Pichon; M. Wong Chi Man; C. Bied; H. Priskow; P. 
Dieudonné; J-l. Bantignies; J-L. Sauvajol Angew. Chem. Int. Ed. 2004, 43, 
203 and references herein. J.J.E. Moreau; L. Vellutini; M. Wong Chi Man; C. 
Bied; P. Dieudonné; J-l. Bantignies; J-L. Sauvajol Chem. Eur. J. 2005, 11, 
1527. O.J. Dautel; J.P. Lère-Porte; J.J.E Moreau; M.Wong Chi Man J. Chem. 
Soc., Chem. Commun.  2003, 2662. O. J. Dautel; G. Wantz; R. Almairac; D. 
Flot; L. Hirch; J-P. Lère-Porte; J-P. Parnaix; F. Serein-Spirau; L. Vignaud; 
J.J.E. Moreau J. Am. Chem. Soc. 2006, 128, 4892. X. Sallenave; O. J. Dautel; 
G. Wantz; P. Valvin; J-P. Lère-Porte; J. J. E. Moreau, Adv. Funct. Mater. 
2009, 19, 404. 
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OS12-02- MOLECULAR RECOGNITION 
 

 

C. Carcel1, G. Arrachart1, P. Trens2, J.J.E. Moreau1, M. Wong Chi Man1 
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Organic-inorganic silicas can be obtained by the sol-gel process. With suitably 
designed organosilanes, targeted properties can be tuned to these materials 
for many applications. We have developed a series of hybrid silicas bearing 
organic units with molecular recognition properties.[1] 
In the present work[2], we report the use of melamine and cyanuric acid 
derivatives for synthesising a novel molecular imprinted hybrid material. 
Silylated cyanuric acid was complexed with non-silylated melamine (used as 
template). The co-hydrolysis of this complex with TEOS led to the hybrid. 
Treatment with HCl gave the molecular impinted solid. 
 

 
The melamine was sucessfully re-introduced after base treatment prior to 
mixing the latter in suspension with a melamine solution. FTIR, 13C solid state 
NMR and adsorption-desorption analyses, which clearly demonstrate the 
removal and re-introduction of the melamine, will be presented. 
  
[1] (a) G. Arrachart; C. Carcel; J. J. E. Moreau; G. Hartmeyer; B. Alonso; D. 
Massiot; G. Creff; J-L. Bantignies; P. Dieudonné; M.Wong Chi Man; G. Althoff; 
F. Babonneau; C. Bonhomme, J. Mater. Chem. 2008, 18, 392. (b) G. 
Arrachart; G. Creff; H. Wadepohl; C. Blanc; C. Bonhomme; F.  Babonneau; B. 
Alonso; J-L. Bantignies; C. Carcel; J. J. E.  Moreau; P. Dieudonné; J-
l. Sauvajol; D. Massiot; M. Wong Chi Man, Chem. Eur. J. 2009 (in press – DOI 
10.1002/chem.200802748) 
[2] G. Arrachart; C. Carcel; P. Trens; J. J. E.  Moreau; M. Wong Chi Man, 
Chem. Eur. J. 2009, in press 
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OS12-03- CHIRALITY CONTROL ON THE NANO AND 
MOLECULAR SCALES 

 
 

B. Li1, Y, Li1, Y. Yang1,*, K. Hanabusa2 
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University, Suzhou 215123, P. R. China 
2 Department of Functional Polymer Science, Faculty of Textile Science and 

Technology, Shinshu University, Ueda 386-8567, Japan 
e-mail:ygyang@suda.edu.cn 

 
 
The self-assemblies of chiral low-molecular-weight gelators exhibit a variety of 
chiral morphologies. Single-handed helical and coiled silica nanotubes1 and 
mesoporous silica nanofibers2 have been prepared using the organic self-
assemblies as templates (see Figure below). However, since these silicas are 
amorphous, they should not be chiral on the molecular scale and therefore, 
may be not suitable for application in chiral catalysis. On the other hand, 
organic-inorganic hybrid silicas have been widely studied and several series 
of chiral silsesquioxanes were synthesized and are known to self-assemble 
into helical morphologies.3 After polycondensation, helical hybrid silica 
bundles were obtained. Namely, the chirality of organic groups was 
transcribed to hybrid silica bundles through hydrogen and covalent bondings. 
In this case, the hybrid silicas are chiral on the molecular level, and are hence 
suitable to be applied in chiral catalysis. A further challenge consists in 
synthesizing chiral mesoporous hybrid silicas. Recently, we successfully 
transferred the chirality of organic self-assemblies to the packing of aromatic 
rings within the wall of porous 1,4-phenylene-silica through non-local 
interactions under both acidic and basic conditions.4 The mechanistic 
formation of this chiral silsesquioxanes will be discussed. 
 

 
 

[1] K. J. C. van Bommel; A. Friggeri; S. Shinkai Angew. Chem., Int. Ed. 2003, 
42, 980. 
[2] Y. Yang; M. Suzuki; S. Owa; H. Shirai; K. Hanabusa J. Am. Chem. Soc. 
2007, 129, 581. 
[3] J. J. E. Moreau; L. Vellutini; M. Wong Chi Man; C. Bied J. Am. Chem. Soc. 
2001, 123, 1509. 
[4] X. Wu; S. Ji; Y. Li; B. Li; X. Zhu; K. Hanabusa; Y. Yang J. Am. Chem. Soc. 
2009, DOI: 10.1021/ja9001376. 
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OS12-04- SOL-GEL SYNTHESIS OF TITANIUM DIOXIDE BASED 
FILMS POSSESSING HIGHLY ORDERED CHANNEL STRUCTURE 

 

 

A.V.Vinogradov1, A.V.Agafonov2 

 
1 Ivanovo State University of Chemistry and Technology, Ivanovo, Russian Federation 

2 Solution Chemistry Institute of Russian Academy of Sciences, Ivanovo, Russian 
Federation 

 
Ordered mesostructure titanium dioxide based films have gained a widespread use 
as a highly active photocatalysts applied to the glass surface and materials 
participating in optoelectronic processes [1]. This is due to their semiconductor 
nature, large surface area and low production cost. However, at present such 
photocatalytic films with high degree of crystallinity are difficult to obtain because 
of the high stress inducing by the titanium dioxide based material crystallization, 
that is why achievement of high crystallinity and structuredness simultaneously is 
an important problem of modern science. Various mesoporous titanium dioxide 
structures, mainly in the anatase modification, are promising materials for carrying 
out photocatalytic reactions of high molecular organic substance decomposition. 
Titanium dioxide thin films (about 0,8 µm) ordered in lattice frameworks were 
obtained by sol-gel method from alcohol sols of hybrid organic-inorganic material, 
titanium dioxide – polyethylene glycol mono-oleate, on glass surface. The hybrid 
organic-inorganic material films obtained by dipping turn into titanium dioxide 
crystalline structure and gain periodic lattice structure after calcination. 

 
Fig.1. 

A) The surface of amorphous TiO2 film; B) The surface of calcinated TiO2 film. 
 
The as-synthesized and calcined materials were characterized using X-ray powder 
diffraction, electron microscopy, FTIR spectroscopy and thermal analysis. The film 
surface analysis was performed using a scanning probe microscope SPM Solver 
P47H – PRO with different resolutions. The results obtained are shown in fig.1. 
The authors suggest the film self-assembly process to result from the temperature 
effect on the film comprising alcohol molecules, titanium hydroxoforms and 
polyethylene glycol mono-oleate due to the appearing of convection currents that 
lead to the formation of ordered periodic structures by mechanism similar to the 
formation of Rayleigh-Benard cells. 
 
[1] A. Vinogradov; A. Agafonov; J Sol-Gel Science and Technology,49, 2 (2009), 
180. 
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OS12-05- FUNCTIONALIZED SOL-GEL PLANAR WAVEGUIDES 
FOR INNOVATIVE FLUORESCENCE MICROARRAYS 

APPLICATIONS 
 

 

M. Bedu1,3, G. Sagarzazu1,3, L. Martinelli1, T. Gacoin2, C. Weisbuch2 and 
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e-mail:melanie.bedu@genewave.com 

 
 
Fluorescence microarrays are extensively used in molecular biology and gain 
importance for diagnostic applications as thousands of hybridization events can be 
observed in parallel. Usually, only the 'end-point' hybridization signals are 
considered. However, real-time hybridization measurements can represent a real 
breakthrough giving access to additionnal precious quantities (e.g. kinetics 
constants)[1], but can not be easily assesed due to the large fluorescence of the 
hybridization mix. This background can be significantly reduced by using the 
evanescent tail of guided waves to selectively excite the hybridized fluorescent 
species bonded to the surface in respect to supernatant species.[2] 
The major issue of concerns in implementing evanescent wave excitation is the 
complexity of the setup required for generating the guided wave. A simpler, 
effective alternative is to generate the guided wave by doping the waveguide itself 
with a fluorophore  (internal light source). 
In this context, we develop a process to prepare active sol-gel planar waveguides 
with the following properties: high refractive index (n>1,80), low optical losses 
(2dB.cm-1) and a low process temperature (<200°C). The influence of the sols 
composition (choice of precursors, chelating agents) and the processing 
parameters (temperature, time) on the materials microstructure and then on 
waveguide optical properties were 
carefully investigated. These 
waveguides has been further 
functionalized to be used in real-
time microarray experiments. The 
background proved to be reduced 
by a factor 750 compared to 
conventional geometries. 

 
[1] Y. Marcy, P.-Y. Cousin, M. Rattier, 
G. Cerovic, G. Escalier, G. Béna, 
M.Guéron, L. MacDonagh, F. Le 
Boulaire, H. Bénisty, C. Weisbuch, J.-C. Avarre, Biotechniques, 2008, 44,109.  
[2] G. Sagarzazu, M. Bedu, L. Martinelli, N. Pelletier, V.I. Safarov, C. Weisbuch, T. 
Gacoin, H. Benisty, Biosens. Bioelectron. 2009, 24, 2281. 
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OS12-06- HOMOGENEOUS CONJUGATED POLYELECTROLYTE-
SILICATE NANOCOMPOSITES FOR THE DETECTION OF 

EXPLOSIVES 
 

 
R.C. Evans1,2, H.D. Burrows2, L.D. Carlos1, U. Scherf3,Y. A. Shchipunov4 

 
1Department of Physics, CICECO, University of Aveiro, 3810-193 Aveiro, Portugal 

2Department of Chemistry, University of Coimbra, 3004-535 Coimbra, Portugal 
3Makromolekulare Chemie, Bergische Universität Wuppertal, D-42097, Germany 

4Institute of Chemistry, Russian Academy of Sciences, 690022 Vladivostok, Russia 
e-mail:revans@qui.uc.pt 

 
 
Luminescent conjugated polyelectrolytes (CPEs) have become important 
materials, with real or potential applications in photovoltaics, optoelectronic 
devices and sensors. Incorporation of the polymer into a suitable inorganic host 
matrix may be used to attain control over the polymer conformation and may also 
help to improve photo- and thermal stability. However, the hydrophobic polymer 
backbone provides a strong driving force for aggregation and low solubility of CPs 
in the polar solvents used in sol-gel chemistry.[1] This can be overcome by the 
addition of ionic side-chains to the polymer backbone, which not only improves 
solubility in polar media,[1,2] but may also induce self-assembly and hierarchical 
organization at the organic-inorganic interface.[3]  
We have prepared a series of organic-inorganic nanocomposites by incorporating 
either an anionic (PBS-PFP) or cationic (PFP-NR3) polyfluorene in a silicate matrix 
formed from sol-gel processing. The monoliths exhibit intense blue fluorescence, 
with emission quantum yields, Φem, of ca. 15%. They also show good thermal and 
photochemical stability. Using results from fluorescence spectroscopy, in 
combination with atomic force, fluorescence and transmission electron microscopy, 
we will show that charge-mediated interaction at the organic-inorganic interface is 
driven by the polymer side-chains. For the cationic PFP-NR3 this results in 
polymer aggregation and microscopic phase separation at even low polymer 
concentrations (0.025 wt%). In contrast, electrostatic interactions between the 
anionic PBS-PFP and the silicate network allow the formation of homogeneous 
organic-inorganic composites even at 5 wt% doping.   
Quenching of luminescent conjugated polymers by electron deficient nitroaromatic 
compounds may be monitored to detect explosives.[4] Detailed results for the 
sensor properties (quenching mechanism, response/recovery times, detection 
limits) of these hybrids with a selection of representative nitroaromatic compounds 
will be presented.  
 
[1] H.D. Burrows; S. M. Fonseca, C. L. Silva; A.A.C.C. Pais; M.J. Tapia; S. Pradhan; U. 
Scherf, Phys. Chem. Chem. Phys., 2008, 10, 4420. 
[2] M.R. Pinto; K.S. Schanze, Synthesis-Stuttgart, 2002, 9, 1293. 
[3] H.D. Burrows; S.M. Fonseca; F.B. Dias; J. Seixas de Melo; A.P. Monkman; U. 
Scherf; S. Pradhan, Adv.Mater., 2009, 21, 1155. 
[4] S. J. Toal; W. C. Troger, J. Mater. Chem., 2006, 16, 2871.
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PSG1- SiO2/SnO2 MIXED OXIDE PREPARED BY THE SOL-GEL 
METHOD USING HCL AND HF AS CATALYSTS: STUDY OF SnO2 

PARTICLES DISPERSION IN THE MATRICES 
 

T C. Canevaria, L T. Arenasa, Yoshitaka Gushikema and  
Edilson V. Benvenuttib 

 

aInstituto de Química, Universidade Estadual de Campinas, Cx. Postal 6154, 13084-971 
Campinas, SP, Brazil). bInstituto de Química, Universidade Federal do Rio Grande do 

Sul, CP 15003, 91501-970, Porto Alegre – RS, Brazil 
e-mail:tcanevari@iqm.unicamp.br 

 
Sol gel synthesis is a versatile technique to obtain solids where parameters such 
as specific surface areas, homogeneity of the material and pores size distribution 
must be controlled. This work reports the morphological changes of SiO2/SnO2 

mixed oxide prepared by sol-gel processing method using HCl and HF as 
catalysts. The materials prepared were analysed by XR fluorescence spectroscopy 
(EDX) using a standard SiO2/SnO2 sample. The amount of SnO2 determined for 
both samples obtained using HCl and HF as catalysts was 3.0 wt%. These 
samples were heat treated at 723 and 1173 K. Their specific surface areas were 
determined by the N2 adsorption–desorption isotherms and the pores size by the 
BJH method.  The results are summarized in Table below:   

Samples Temperature 
/ K 

SBET 

/ m2g-1 
Pore diameter       
          / nm 

Pore volume / 
ml g-1 

 
SiO2/SnO2 

HCl 

as prepared 1237          2.6 0.78 
        723   496 3.35 0.41 

1173   667          2.2 0.36 
 
SiO2/SnO2 

      HF 

as prepared   787 15.5 3.05 
         723   725 12.8 2.28 

1173   660 11.7 1.92 
 
The results above are indicating that SiO2/SnO2/HCl is microporous and 
SiO2/SnO2/HF is meseporous.  

10 20 30 40 50 60

1173 K

723 K
as prep.

2θ / degree
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10 20 30 40 50 60

(B)

1173 K

723 K
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       XRD spectra 
SiO2/SnO2 show that for 
sample prepared using 
HCl as catalyst (Fig A) 
the particles are 
thermally less mobile 
compared to that 
prepared using HF as 
catalyst (Fig B). 

Fig: XRD of: (A) SiO2/SnO2/HCl and (B) SiO2/SnO2/HF 
SnO2 particles remained amorphous (A) while they crystallized (B) when heat 
treated above 723 K. The crystalline form o SnO2 in (B) correspond to the 
cassiterite phase1.  
[1] W.S. Cardoso, M, S, P. Francisco, A, M, S. Lucho, Y. Gushikem, Solid State 
Ionics, 167, 2004, 165. 
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PSG2- SYNTHESIS AND CHARACTERIZATION OF CALCIUM 
COPPER TITANATE POROUS AND DENSE FILMS 

 
 

R. Parra1,2, R. Savu1, E. Joanni1, M.S. Castro 2, P.R. Bueno1, J.A. Varela1 
 

1Instituto de Química, UNESP, Araraquara, Brasil 
2Instituto de Investigaciones en Ciencia y Tecnología de Materiales (INTEMA), 

CONICET-UNMdP, Mar del Plata, Argentina 
e-mail: rparra@fi.mdp.edu.ar 

 
 
Calcium copper titanate (CaCu3Ti4O12 - CCTO) has gained much attention 
since its huge dielectric constant was discovered.[1] This material is usually 
prepared by the traditional ceramic processing method of mixing Ca, Cu and 
Ti oxides. However, chemical synthesis routes ensure the homogeneity and 
intimate contact of precursors and may increase the reproducibility of CCTO 
structural and electrical properties with respect to powder processing 
techniques. In this work, we propose the synthesis of a stable CCTO sol that 
can be used for the fabrication of films, powders and bulk material. 
 

Titanium tetraisopropoxide (97%) was added to a solution of acetic acid in 
ethanol. The sol was mixed under stirring with an ethanolic solution of 
Cu(NO3)2·2.5H2O and Ca(NO3)3·4H2O. Polyethyleneglycol was used as a 
porogen agent for selected samples. Before the deposition of films, water was 
added in order to promote the formation of a TiO2 network through hydrolysis 
and condensation reactions. The resulting blue sols were deposited by spin-
coating onto SiO2/Si and Pt/Ti/SiO2/Si substrates. The films were left overnight 
at 65ºC and finally annealed at 700 and 950ºC. 
 

CaCu3Ti4O12 was the main phase detected by means of X-ray diffraction. As 
determined by FE-SEM, both porous and dense nanostructures were 
developed according to the sol composition and thermal treatment. Porous 
films were tested as gas sensors in a chamber with control of temperature, 
pressure, gas composition and flow rate. Impedance and electrical resistance 
measurements were carried out between 200-290ºC, at atmospheric 
pressure, in O2 and N2, in the frequency range 40Hz-110MHz. Samples 
showed n-type conductivity, high sensitivity and short response times. Dense 
samples were characterized by means of current-voltage and capacitance 
spectroscopy measurements. The 370nm-thick films were highly resistive and 
nonlinear I-V responses were observed. 
 

The control of film structure by means of modifications in sol composition and 
thermal treatment leads to devices for diverse applications, from gas sensors 
to varistors and dielectrics for capacitors. 
 

[1] A.P. Ramirez; M.A. Subramanian; M. Gardel; G. Blumberg; D. Li; T. Vogt; 
S.M. Shapiro Solid State Commun. 2000, 115, 217; D.C. Sinclair; T.B. Adams; 
F.D. Morrison; A.R. West Appl. Phys. Lett. 2002, 80, 2153.
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PSG3- SYNTHESIS OF WATER FREE SOL-GEL SILICS GLASES 
BY SOL-GEL PROCESS  

 
 

Mohd Shakir and Haider Abbas*  
 

Department of physics, Jamia Millia Islamia, New Delhi, 110025, India. 
Department of Physics, Manav Rachna college of Engineering, 

Faridabad 121001, Haryana, India. 
e-mail: shkirphysics@gmail.com 

 
 

Porous material like silica aerogel is useful in preparation of biosensors, 
aerosol, chemical detectors, catalytic substrate, solid state dye lasers and 
filters. It is also very useful for drug- delivery system, novel optical, 
electrochromic, in studies of gas separation and as support matrix for nano-
cluster research. The xerogel is a rigid, transparent and porous matrix. It is 
well known that the water is a necessary ingredient and alcohol works for the 
homogenization in the initial mixture [1, 2]. In 1987 addition of alcohol was 
shown as an unnecessary ingredient [3]. In 
the present investigation the highly 
transparent, mechanical stable sol gel silica 
glasses were prepared first time without 
using water (using only TEOS, formamide 
and HCl) shown in figure. The structural and 
optical studies of the synthesized sample 
have been done by powder X-ray diffraction, 
FT-IR and UV-Vis. spectroscopy. The 
synthesized sol-gel silica sample shows 
same structural, optical and mechanical 
properties as reported by others, using 
conventional procedure with using water 
and alcohol.  
 
[1] L. Pei, K.-I.Kurumada, M.Tanigaki, M. Hiro, K. Susa (2004) 
      J Mater Sci 39:663 
[2] R. F. S. Lenza, W. L. Vasconcelos J Mater Sci. (2004)  39:1363. 
[3] David Avnir, V.R.Kaufman, J.Non-crystalline solids. (1987) 
      192:180 
 
 
 
 
 
 
 

Synthesized sol-gel 
sample 
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PSG4- SYNTHESIS AND CHARACTERISATION OF 
MESOPOROUS AND NANO-STRUCTURED INORGANIC AND 

HYBRID MEMBRANES FOR PROTON EXCHANGE MEMBRANE 
FUEL CELL (PEMFC) 

 
 

Y. Castro1,*, L. Peláez1, M. Aparicio1, A. Vílchez2, J. Esquena2, A. Duran1 

 

1Instituto de Cerámica y Vidrio (IQAC), CSIC, Campus de Cantoblanco, 28049 Madrid 
2Instituto de Química Avanzada de Catraluña (IQAC), CSIC, Jordi Girona 18, 08034 

Barcelona 
(*) e-mail: castro@icv.csic.es 

 
 

The development of proton exchange membranes fuel cell (PEMFC) has 
attracted much attention in the last decades because of their application in the 
clean energy field. However, the polymeric membranes currently used limit 
the operation temperature up to 80ºC. An increase in this temperature above 
150ºC would allow an important advance towards their applications in 
automotive industry.  
Previous investigations have reported that the pore structure (pore size and 
pore orientation) are very important properties for the proton conduction 
mechanism in order to increase the working temperature of polymeric 
membranes. The porous surfaces would act as a source of hydroxyl groups, 
allowing a way to the proton movement through the membrane at high 
temperature.  
Inorganic nanostructured mesoporous films are an alternative to produce 
materials with high specific surface area and thermal, chemical and 
mechanical stability. On the other hand, these materials can be synthesised 
as meso/macroporous particles to incorporate them in commercial polymeric 
membranes to produce hybrid nanocomposites.  
In this work, mesoporosus TiO2-P2O5 films were prepared via sol-gel using the 
evaporation-induced self-assemble (EISA) method. Therefore, hybrid organic-
inorganic membranes based in the combination of sol-gel particles (with 
meso/macroporosity) and polymer (Nafion) were also synthesised. 
The different parameters implicated in the synthesis of the sol and 
suspensions have been evaluated. Characterizations of films and membranes 
were performed using different techniques. SEM and TEM measurements 
have been used to study the porous structure to confirm the mesoporous 
organisation of the film and membrane.  
Finally, ellipsometric and conductivity measurements have been determined in 
order to evaluate the pore volume fraction, pore size distribution and 
conductivity. 
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PSG5- STUDY OF THE INFLUENCE OF THE COBALT 
CONCENTRATION ON THE STRUCTURAL AND OPTICAL 

PROPERTIES OF THE THIN LAYERS OF TiO2 
 
 

B. Toubal, H. Dahdouh, M. Attallah, H. Bensouyad, D. Adnan, H. Sedrati,   
R. Mechiakh, R. Bensaha 

 
Laboratoire de Céramiques, University Mentouri-Constantine, Algeria 

e-mail :bensaha@yahoo.fr 
 
 
We studied the influence of the cobalt concentration on the physico-chemical 
properties of the thin layers of TiO2 obtained by the sol-gel method. During 
this study we have prepared a series of samples at various annealing 
temperatures (400, 450, 500°C) for two different concentrations of cobalt. 
Samples were characterized by various techniques of investigations such as: 
DRX, MEB and UV-Vis spectroscopy. 
The X-ray diffraction specter results of TiO2 thin layers, doped according to 
two different concentration of Co show that they crystallize in the quadratique 
system (phase anatase) and the peak intensity of X-ray diffraction increases 
with the incorporated percentage of doping Co into TiO2 matrix [1]. We also 
noticed that the intensity and the number of X-ray diffraction peak increase 
with the growth of the layer thickness. 
By comparing the X-ray diffraction specter of the as doped state with the non 
doped one, we note that the later  crystallizes in two systems: quadratique 
(phase anatase) and orthorhombique (phase brookite) and on the other hand 
the phase brookite dispears completely in the case of the doped state [2].  
The optical characterizations of the thin layers of doped and non doped TiO2, 
on the basis of the transmission specter, reveal that these thin layers are 
transparent in the visible and opaque in UV [3]. The calculation of the 
thicknesses and the refractions index of transmission specters show that two 
parameters vary according to the annealing temperature, the number of 
soaking and the percentage of present drug in the network of TiO2. 
The study of the change of the current according to the temperature, I=f ( T ), 
in the thin layers of doped and non doped TiO2, for samples treated at the  
annealing temperature of 400°C, reveals that the conductivity presents a 
linearity at the high temperatures of measure. We also notice that the 
activation energy decreases with the increase of the thickness and the 
concentration of the Co introduced in the TiO2 matrix of.    
 
[1] Young Ran Park, Kwang Joo Kim* Thin Solid Films 484 (2005) 34– 38. 
[2] M. Subramanian a, S. Vijayalakshmi a, S. Venkataraj a, R. Jayavel a,b, 
Thin Solid Films 516 (2008) 3776–3782 
[3] R. Bensaha and al  Titanium dioxide (TiO2) thin films deposited by sol-gel 
technique: Influence of annealing treatment and correlation between structural 
and optical properties” Optical Materials 30 (2007) 645–651. 
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PSG6- LOW MOLECULAR WEIGHT ORGANOGELATORS BASED 
ON A NON-CHOLESTERYL STEROID WITH A BULKY SILYL 

MOIETY 
 

 

V.C. Edelsztein, G. Burton, P.H. Di Chenna 
 

Dto. Química Orgánica and UMYMFOR (CONICET-FCEN), Universidad de Buenos 
Aires, Pabellón 2, Ciudad Universitaria (CP 1428), Buenos Aires, Argentine. 

e-mail: dichenna@qo.fcen.uba.ar 
 
 
Molecular gels are constructed from the self-assembly of low molecular weight 
building blocks. These molecules self-assemble into supramolecular structures 
(often fibrilar in nature) as a consequence of non covalent interactions such as 
hydrogen bonds, π−π interactions, Van der Waals, etc.[1] Steroids are a class of 
naturally occurring molecules involved in several  biochemical processes; their 
structural characteristics are a rigid skeleton with a defined asymmetric 
architecture. Most organogelators of the steroid family are derived from cholesterol 
or other naturally occurring steroids (such as bile acids) where diversity has been 
achieved by attaching different molecules (aromatic groups, crown ethers, 
chelating agents, etc) with linkers at position C-3. Only a few organogelators 
without the cholesterol skeleton or substituents in other positions were reported in 
the literature.[1,2] 

In this communication we report the synthesis of a new steroidal organogelator 1 
and the properties and characterization of the gels. This molecule with a pregnane 
skeleton and a bulky silyl group at C-3 is capable to gelate non polar solvents like 
hydrocarbons and ketones to give stable, thermoreversible and transparent gels at 
low concentrations (0.5 % Wt/vol for n-hexane at 25oC). We also present the 
gelation abilities of a series of analogues with different substituents at positions C-
3 and C-20. The gels were studied and characterized by microscopy (AFM, TEM), 
DSC, I.R., X Ray, NMR and molecular modeling. The presence of a 
complementary hydrogen bond donor and acceptor pair on the α and β faces 
respectively has proved to be the driving force that leads to the 1D self-assembly. 
 

     Xerogel of 1 in n-hexane (TEM) 
 
 
[1] R. G. Weiss; P. Terech Molecular Gels: Materials with Self-Assembled Fibrillar 
Networks, Springer, The Netherlands, 2006 
[2] M. Zinic; F. Vogtle; F. Fages Top. Curr. Chem.: Cholesterol Based Gelators, 
Springer-Verlag Berlin Heidelberg 2005, 256: 39-76 
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PSG7- SPECTROSCOPIC PROPERTIES OF GADOLINIUM 
ALUMINATE DOPED WITH EUROPIUM III IONS 

 
 

E. J. Nassar1, M. G. Matos, P. S. Calefi, K. J. Ciuffi 
 

1Universidade de Franca, Franca, Brazil 
e-mail:ejnassar@unifran.br 

 
 
Gadolinium aluminate is currently under development as A candidate material 
for neutron absorption and control rod applications. It has many advantages: it 
has high absorption modulus, can add a large doping amount of activator, and 
is a good candidate luminescent material that emits in the red when doped 
with Eu III. The sol-gel method enables stoichiometric control, lower 
calcination temperatures, shorter heating time, and good homogeneity 
because the starting materials are in solution. Among the rare earth ions, Eu 
III has been recognized as an efficient red phosphor via the 5D0 → 7F2 

transition. In this work, we report on the preparation of Gd(Eu)-Al oxide 
powder using the non-hydrolytic sol-gel method. The influence of the heat 
treatment on the preparation of the Gd-Al oxide by a nonhydrolytic sol-gel 
method using gadolinium and aluminum chloride was also investigated. The 
powder was dried and treated at 100, 400, 600, 800, and 1000ºC for 4h. The 
samples were characterized by X-ray diffraction (XRD), photoluminescence 
(PL), thermal analysis (TG-DTA-DSC), luminescence lifetime, and infrared 
(IR) spectroscopy. The TG-DTG curves of the sample gave evidence of five 
endothermic transformations, which take place at 70, 120, 170, 270, and 
400ºC. They are attributed to the loss of water and solvent molecules weakly 
bound to the oxide and pyrolysis of organic matter remaining from the 
synthesis. The mass loss was 40%. The DTA-DCS curves showed exothermic 
peaks around 400 and 960ºC, which can be ascribed to a structural 
rearrangement of the material. The X-ray diffraction (XDR) patterns of the 
Gd(Eu)-Al system revealed the presence of an amorphous and crystalline 
phase (GdOCl, EuOCl, Gd2O3, Eu2O3,and GdAlO3). The sharp lines in the 
excitation spectrum are assigned to transitions from the 7F0 level to the 5L6, 
5L7, and 5D2-4 levels, corresponding to transitions from the ground state to 
excited states. The charge transfer band (CTB) appears in the high-energy 
region, that is, at short wavelengths (between 250 and 300nm). Upon UV 
excitation at 275, 394, and 467nm, the spectra are described by the well-
known 5D0 → 7Fj (J = 0, 1, 2, …) line emissions of the Eu III ions with the 
strong emission J = 2 at 610nm (i.e. 5D0 → 7F2). The material presented one 
luminescence lifetime, between 1.17 and 2.19). Some samples showed two 
lifetimes, indicating that there are two Eu III ion sites. The characterizations 
showed that the materials can be used as phosphors, since they display 
strong luminescence in the red region of the electromagnetic spectrum and 
their synthesis is relatively simple compared with other methods described in 
the literature. 
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PSG8- COATING ON NYLON MATERIALS BY SOL-GEL PROCESS 
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2CTI Renato Archer, Campinas, Brazil 
e-mail:ejnassar@unifran.br 

 
 
The sol-gel methodology is a process that can produce multifunctional 
materials because the precursors are present in solution, thereby leading to a 
homogeneous mixture. Xerogels, aerogels, bulk, and coatings can be 
obtained by this methodology. The chemical, physical and thermal properties 
of materials can be modified by sol-gel coating. Rapid Prototyping (RP) is 
used to define a set of technologies that have the building of 3D physics 
prototyping as a common characteristic. The material is processed in thin 
layers, and organic polymers are mainly used for their virtual prototyping. In 
this work, nylon  was used as a substrate, and it was recovered with different 
metal alkoxides at room temperature via the sol-gel process. The coatings 
were deposited by the dip-coating technique on nylon substrate obtained by 
RP. The samples were prepared by reacting tetraethylorthosilicate (TEOS), 
vanadium (isoV), titanium (isoTi), and aluminum (isoAl) alkoxide, using 
ethanol as solvent. The sols were prepared in a 1:1 molar ratio. SOL 1 
consisted in TEOS:isoTi, SOL 2 TEOS:isoAl, SOL 3 TEOS:isoV, and SOL 4 
TEOS:isoTi,Al,V. The materials were characterized by Scanning Electron 
Microscopy (SEM), Thermal Analysis (TA), Electronic Absorption 
Spectroscopy (UV-Vis) and Infrared Spectroscopy (IR). TA revealed the 
thermal properties of the materials and showed an increase in thermal stability 
with respect to material decomposition after coating. SEM clearly showed the 
coating on the surface of the substrate nylon, and the thicknesses were 
approximately 5 µm. The dip-coating procedure usually leads to thin films of 
0.1 – 1.0 µm, but in this case the high thickness is due to the duration of 
substrate immersion (20 min).  UV-Vis spectra displayed the characteristic 
absorption bands of the metal ion. IR spectra of the substrate showed the 
characteristic vibration modes of the organic polymer, mainly CH bands at 
2900 and 2800 cm-1. These bands were not observed after coating indicating 
that alkoxide recovered the substrate. The sol-gel process is efficient to coat 
different substrates; in this case, the materials were obtained by rapid 
prototyping, which promotes changes in their physical, chemical and thermal 
properties.  
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PSG9- SYNTHESIS AND CHARACTERIZATION OF 
HYDROPHOBIC ANTIREFLECTIVE SILICA COATINGS 

 
 

A. Beganskiene1, J. Pilipavicius1, A. Kareiva1, A. Melninkaitis2, V. Sirutkaitis2  
 

1Department of General and Inorganic Chemistry, Vilnius University,Vilnius, Lithuania 
2Laser Research Center, Vilnius University, Vilnius, Lithuania 

e-mail:aldona.beganskiene@chf.vu.lt 
 
 
The silica nanoparticles (20-40 nm) made by the Stober sol-gel process is 
convenient for use as antireflective (AR) coatings for optics in high power 
laser system. This type AR coatings are very attractive, due to low refractive 
indexes, low scaterr and high laser damage thresholds [1, 2]. However, such 
AR coatings have one weakness - the water condensation on the surface of 
hydrophilic silica coating, what very important for the moisture sensitive optic 
elements or crystals as potassium dihydrogen phosphate. Because of 
absorption of water vapour into the hydrophilic pores of normal porous silica. 
With the aim of finding the hydrophobicity and water absorption decreasing on 
colloidal silica coating, the methyl-modified silica coating were prepared. The 
surface of silica nanoparticles was modified by adding different ration of 
reagents hexamethyldisilazane (HMDS) or methytrimethoxysilane (MTMS) to 
colloidal silica sol. The colloidal silica particles are covered by hydroxyl 
groups, after HMDS or MTMS addition, some of the hydroxyl groups are 
replaced by methyl groups. The contact angle of water increased with 
increasing amount of HMDS or MTMS, but HMDS modified coating has higher 
contact angle than MTMS compound. Hence HMDS modified coating show 
the highest contact angle (158o) due to its better hydrophobic covering.  
The laser-induced damage threshold (LIDT) is very important parameter of 
antireflective coatings. To compare with the coating obtained from unmodified 
sol and HMDS modified sol were tested under the same conditions. The laser 
damage tests were carried out on a Nd:YAG lasers at 1064nm (1H) (single-
shot 3.4 ns, pulse repetition rate 10Hz). The laser damage threshold of AR 
unmodified silica coating exceeded 15.22 J/cm2 at 1064 nm [3], while modified 
HMDS - 35 J/cm2  at 1064 nm. 
 
[1] I. Thomas Appl. Optics. 1986, 25, 1481. 
[2] P.K. Biswas J. Mater. Sci. Lett. 1999, 22, 181. 
[3] A. Beganskiene; A. Melninkaitis; S. Sakirzanovas; I. Kazadojev; V. 
Sirutkaitis; A. Kareiva Mater. Sci. (Poland) 2007, 25, 817. 
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PSG10- A MODIFIED SOL-GEL-CRYSTALLITE CONVERSION 
METHOD TO THE PREPARATION OF STRONTIUM STANNATE 

AND MIXED STRONTIUM STANNATE-TITANATE  
 

 

A. Beganskiene, A. Stanulis, I. Grigoraviciute, A. Zalga, A. Kareiva  
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e-mail:aldona.beganskiene@chf.vu.lt 

 
 
Stannates and titanates of alkaline-earth metals (MSnO3, MTiO3, M = Ba, Sr, 
Ca) has been the most widely used perovskite materials during the last four 
decades with a wide variety of applications in electronic industry, materials 
processing, humidity sensors and research. Recently rare-earth doped 
perovskites were discussed as an optically active materials and found 
applications as phosphors in different luminescent systems. However, the 
most methods of fabrication of metal stannates and titanates are very 
expensive, time consuming, requires high sintering temperatures and 
intermediate grinding. For example, the traditional solid-state synthesis of 
stannate-titanate ceramics involves the physical mixing of metal salts or oxide 
powders, sintering at high temperatures, grinding and re-sintering. The high 
temperatures and long reaction times are necessary to overcome slow solid 
state diffusion since physical mixing can never be on the atomic scale. It is for 
this reason that chemical routes to perovskite ceramics have become more 
extensively investigated. Despite the advantages of these wet chemical 
syntheses, there are a number of significant difficulties, including: (i) strict 
control of reaction temperature; (ii) long synthesis procedures; (iii) metal 
alkoxides require inert atmosphere; (iv) in some cases an expensive 
technique are used. Besides, the desired homogeneity, phase purity, particle 
size and particle size distribution are not achieved. Therefore the new 
attempts are continued interest in the development of new synthetic methods.   
In this study, a novel modified sol-gel-crystallite conversion method for the 
preparation of strontium stannate SrSnO3, and mixed strontium stannate-
titanate SrSn1-xTixO3, x = 0,05–0,5 mol% has been developed. The formation 
of monophasic SrSnO3 occurs in the temperature range of 700 oC–900 oC. At 
lower and higher temperatures the formation an impurity phases such as 
SrCO3 and SnO2 takes place, respectively. The same synthetic approach has 
been applied for the preparation of mixed strontium stannates-titanates. It is 
clear, that the solid solution of SrSn1-xTixO3 has formed independent on the 
substitutional level. The optical properties of synthesized samples were also 
investigated. Scanning electron microscopy revealed the microrods (1-3 µm in 
width and 10-40 µm in length) of SrSnO3 has formed. 
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Mesoporous silica is an inorganic material having uniform pores of 2~50nm in 
diameter, and the microstructure is generated by the self-assembly of 
surfactant.  The ordered pores are suitable for templating, drag delivery 
system, and catalyst, expected to be used for asymmetric synthesis and 
fractionation of optical isomer.  However, the surface of silica is poorly 
functional.  Surface modification is necessary for specific applications.  In this 
study, mesoporous organic-inorganic hybrid silica microspheres were 
prepared.  In order to modify the silica-surface, organic silane was used as 
starting material.   
 

1,2-bis(triethoxysilyl)ethane (BTESE), cetyltrimethylammonium bromide 
(CTAB), water and ethanol, hydrochloric acid and ammonium were used as 
silica source, surfactant template, solvents, and catalysts, respectively.  The 
mesoporous hybrid silica was prepared by the one-step reaction with the 
basic catalyst or the two-step reaction with acid/base catalysts in water or 
water-ethanol mixed solvent through hydrolysis and condensation.  The 
obtained samples were filtered, washed, and the surfactant was removed by 
the extraction using an acidic ethanol solution.   
 

The TG/DTA results show about 99% of surfactant was removed by the 
extraction.  The IR absorption spectra show the absorption peaks of -CH2- 
group attributed to the organic silica.  The powder prepared in water under 
basic condition was a mixture of spherical- and plate-like particles.  This is 
due to the low solubility of BTESE in water.  In addition, no low-angle XRD 
peaks were found.  This result shows that the ordered pore-structure was not 
formed.  The samples obtained in the water-ethanol mixed solutions were 
randomly shaped powder.  Only a broad XRD peak was observed for these 
samples.  Ethanol is considered to disturb the micelle formation, resulting in 
poorly ordered pore-structure.  The powders prepared by the two-step 
reaction with acid/base catalysts in water formed spherical particles, between 
200 and 500nm in diameter.  The diffraction peaks assigned to (1 0 0), (1 1 0), 
and (2 0 0) were found for these samples, showing the hexagonally ordered 
pore-structure of these spherical particles.  In water, surfactant micelles were 
formed and played the role as templates for the formation of ordered pores.  
The size of mesoporous hybrid silica microspheres depended on the 
concentration of surfactant and the basicity.   
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The compounds with perovskite structure have been intensively studied due 
their interesting properties as for example, photoluminescence, 
piezoelectricity and ferroelectricity. More recently, SrTiO3 nano-sized powders 
had been applied successfully as an oxygen sensor in different areas [1,2]. 
Nanostructured SrTiO3 compound has been prepared by using the polymeric 
precursor method, also known as Pechini method [3]. This method allows a 
low temperature of crystallization (< 700oC) and a high degree of homogeneity 
in the sample composition. However, SrTiO3 samples prepared by this 
method also presents a relative high degree of coalescence and particle sizes 
higher than 20 nm. In order to obtain SrTiO3 powders with a high surface area 
and decrease the coalescence phenomena, we proposed a modification on 
the conventional method of heat-treatment of the powders. Initially, the 
precursor powder of SrTiO3 was heat-treated in nitrogen atmosphere and 
afterward heat-treated at a lower temperature (400oC) in an oxidizing 
atmosphere in order to remove the carbon species [4]. FEG-SEM and FEG-
STEM micrographs shows that the this heat-treatment procedure induces the 
formation of a more uniform nanoparticles with a particle size around 11 nm 
with a sharp particle size distribution without necks and the presence of the 
coalescence between the nanoparticles. Moreover it was verified that this 
modification of the conventional method allowed to increasing in up to 5 times 
the surface area of the samples. 
 
[1] Y. Hu, O. K. Tan, W. Cao, W. Zhu IEEE Sensors Journal. 2005, 5, 825. 
[2] J. W. Fergus Sens. Actuators B. 2007, 123, 1169. 
[3] M. Kakihana, T. Okubo, M. Arima. J. Sol Gel Sci. Tech. 1998, 12, 95. 
[4] L. M. Chen; X. M. Sun; Y. Liu. Appl. Catal. A: Gen. 2004, 265, 123. 
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Aluminium production is a continuously emerging technology and finds usage 
in the packing industry in many different ways.  Thin aluminium foils can be 
cladded by plastics, paper or can be coated, laquered, printed which widely 
increases the usage areas.   
Sol-gel technique has unique properties and many advantages over other 
coating techniques by which special and functional coatings can be 
synthesized [1]. In this work, a deep drawable, flexible coating resistant to 
solvents, humidity, hot-cold cycles was prepared in the laboratory by sol-gel, 
applied on 200µm Al foils by dip coating technique. The sol-gel derived hybrid 
films were approx. 5 µm.  The thin Al foils were coated with SiO2 nanoparticles 
using TEOS (tetraethylorthosilicate) as starting material modified with GLYEO 
(glycidoxypropyltriethoxysilane) and unmodified epoxy resin in different 
amounts. Aluminum tri-sec-butoxide was used as the cross linking agent. In 
order to optimize the desired characteristics of the films various ratios and 
temperatures were studied. Films with high resistance to solvents such as 
ethyl alcohol, acetic acid, ethyl acetate were obtained at curing temperature  
of 180°C for 3 minutes. These films were deep drawable without any cracking 
or peeling up to 3.5cm with Erichsen deep drawing instrument. Adhesion, 
humidity, percent elongation and hot-cold cycle tests were carried on the 
coated samples as well as characterizing the  morphology of the films by 
scanning electron microscope (SEM) and atomic force microscope (AFM). 
The coating thickness and surface roughness were determined by surface 
profiler. In addition Fourier transform infrared spectroscopy (FTIR) was used 
to characterize the final condensation  products formed. 
 
 
[1] M. Guglielmi, J. Sol-Gel Sci.Tech. 1997, 8, 443-449. 
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Various methods are used to provide functional properties to textiles and 
enhance their performance, such as applying inorganic oxides by vacuum 
technique, oligomers by electron beam coating, spraying or padding organic 
coatings on the surfaces [1-3].  In recent years studies have been done using 
the sol-gel method which has many advantages over other methods and is 
promising for the application of silanes on textiles [4].  
In this work, our interest is focused on the investigation of the changes in the 
water repellency and performance characteristics of commercially produced 
cotton, lyocell and polyester fabrics after coating with hybrid hydrophobic 
silane solutions. We have prepared water-repellent coating mixtures by the 
sol-gel process by using GLYMO (3-Glycidyloxypropyltrimethoxysilane) and 
HDTMS (hexadecyltrimethoxysilane) in various amounts together with the 
coupling agent DAMO (N-(2-Aminoethyl)-3-aminopropyltrimethoxysilane). 
Through the hydrolysis and condensation reactions thin films were formed on 
the textile surfaces that can be cured at temperatures as low as 110ºC. The 
tests were carried on uncoated, coated and coated-washed samples to 
differentiate between the performance characteristics of the fabrics. The water 
repelling properties were measured by the contact-angle meter Krüss DS100. 
Hydrostatic pressure (mm water column) and load (N) /extension (%) 
properties were determined according to the EN 20811 and ISO 13934-
1:1999 standards respectively. Tearing strengths were carried on the samples 
by Digital Elmendorf tearing instrument. The surface topography and 
morphology of the uncoated, coated and washed samples were investigated 
using scanning electron microscope (SEM).  
 
[1] V. Castelvetro, G. Francini, G. Ciardelli, M. Ceccato, Textile Res. J. 2001, 
71(5),  399-406.  
[2] B. Mahltig, H. Böttcher, Melliand Textilberichte, 2002, 4, 251-253. 
[3] M. Futamata, X. Gai, H. Itoh, Vacuum, 2004, 73, 519-525. 
[4] K.S. Huang,  K.L. Yang, S.P. Wang, Y.S.Chang, JOTI, 2007,  98, 2, 155-
162. 
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Shape and size are two important variables of nanoparticles, as they both 
affect the properties and the performance of the particles. Although 
nanoparticles have been obtained in almost any shape, very little is known 
about the formation mechanisms of the particles on a molecular level. For the 
development of rational synthesis strategies, which result in particles with 
predictable properties, knowledge of the crystallization processes is essential.  
For the investigation of nanoparticle building mechanisms, nonaqueous sol-
gel processes were found to be an adequate method. They open easy access 
to the organic reaction pathways[1] by the possibility of using standard 
analyzing techniques such as NMR, IR and GC-MS. In addition, the obtained 
products are mostly crystalline and therefore facilitate the use of X-Ray 
techniques providing information on the different crystallization states. 
We are currently investigating the crystallization of tungsten oxide 
nanoparticles within a nonaqueous sol-gel process. The obtained 
nanoparticles form in a highly cooperative crystallization mechanism. After 
nucleation, the spherical primary particles assemble epitaxially, resulting in 
quadratic platelets. Dependent on the solvent used, the platelets are stacked 
into a rod-like superstructure. This non-classical crystallization route[2] is 
suggested by HRTEM studies, where an internal structure of small spherical 
particles can be observed. The spherical primary particles are aligned to each 
other generating a single crystal diffraction pattern[3].  
Besides the structural investigation, the analysis of the organic phase can 
provide important information, as the organic solvent takes an active part 
within the reaction, delivering the oxygen for the oxide formation. Monitoring 
the organic species can provide reaction kinetics and information on the 
solvent influence on the particle morphology.  
 
[1] M. Niederberger; G. Garnweitner Chem. Eur.  J. 2006, 12, 7282.  
[2] M. Niederberger; H. Colfen Phys. Chem. Chem. Phys. 2006, 8, 3271. 
[3] J. Polleux, N. Pinna, M. Antonietti, M. Niederberger, J. Am. Chem. Soc. 
2005, 127, 15595. 
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The nonaqueous sol-gel process is unique in its ability to be controlled at a 
molecular level by reactions involving organic chemistry [1]. Adapted to 
microwave (MW) chemistry, it is a powerful tool for the preparation of highly 
crystalline metal oxide nanoparticles within minutes [2]. The high repro-
ducibility and flexibility of the synthesis in combination with the accurate 
control of the MW irradiation time, temperature and out-put power makes it a 
perfect model system for the investigation of formation and growth of 
nanoparticles in solution. In this context, the crystal growth of ZnO has been 
studied using isothermal kinetic analyses by combining IR spectroscopy as 
quantification method of organic side products and monomeric species in 
solution with X-ray diffraction for monitoring the size evolution of the 
nanoparticles.  
 
The results of the kinetic approach to metal oxides will be discussed in parallel 
of an attempt to reveal the mechanism of metal oxide formation in MW-
assisted nonaqueous sol-gel process. We show that the size control is 
dependent on both the organic reaction and the crystal growth mainly due to 
coarsening [3]. 
 
This time dependent analysis allows the precise control of particle size during 
heating as well as of the growth rate. It also offers the possibility of developing 
predictable size-control strategies based on the precursor reactivity, kinetic 
and thermodynamic parameters. We will show how this knowledge can be 
applied to the development of new synthesis strategies and especially to the 
control of final stoichiometry making the nonaqueous sol-gel reaction a 
promising route for the preparation of doped compounds and mixed oxides. 
  
[1] M. Niederberger, Acc. Chem. Res., 2007, 40, 793.  
[2] I. Bilecka, I.; Djerdj and M. Niederberger, Chem. Comm., 2008, 886. 
[3] Bilecka, I.; Elser, P.; Niederberger, M. Acs Nano 2009, 3, 467. 
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Among the various synthesis strategies to nanobuilding blocks solution-based 
techniques are well accepted to be much more versatile with respect to the 
particle morphology. One especially interesting route within these types of 
synthesis uses organic solvents under the exclusion of water for the 
generation of metal oxide nanoparticles. These surfactant-free nonaqueous 
sol-gel processes have already proven to be capable for the generation of 
various metal oxides.[1] Furthermore, the final particle morphology and 
assembly behavior, which are of course determined by the interplay of the 
organic and the inorganic moiety, can be tailored by a careful adjustment of 
the reaction parameters, such as solvent and precursor used,[2] reaction time 
and temperature. The use of organic solvents instead of water and thus the 
use of the completely different chemistry of the CO-bond which supplies the 
oxygen for oxide formation decreases the reaction rates which leads to a 
better control and yields in well defined, highly crystalline products. 
Furthermore, the reaction mechanisms involved in nanoparticle formation can 
be determined through a careful analysis of the organic reaction products. 
Together with the knowledge about the species possibly adsorbed on the 
particles surface and the evaluation of the crystal growth in dependence of 
time, it is possible to understand nanoparticle formation on a molecular level 
which is a prerequisite in terms of developing rational synthesis strategies for 
nanomaterials. 
 
We chose the synthesis of zinc oxide nanoparticles with respect to their 
widespread applicability for a study on the dependency of the final 
nanoparticle characteristics, such as morphology and arrangement behavior, 
on the reactions involved in particle formation. The results we obtained by 
varying basic reaction parameters will be shown in the current contribution. 
 
[1] N. Pinna; M. Niederberger Angew. Chem., Int. Ed. 2008, 47, 5292. 
[2] M. Niederberger; G. Garnweiter; J. Buha; J. Polleux; J. Ba,; N. Pinna 
J. Sol-Gel Sci. Technol. 2006, 40, 259. 
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Because of the high pore volume of gels and the associated low mechanical 
properties, the knowledge of the mechanical behaviour of gels, xerogels  and 
aerogels is clearly of interest for technological application but also for 
theoretical research. They are ideal material in the sense that the evolution of 
mechanical properties in relation to the structure can be experimentally 
studied over a very large range of porosity (0-99%). In the literature, gels are 
generally described as elastic and brittle materials. Consequently, the theory 
of linear elastic fracture mechanics could be applied on gels to measure the 
toughness and defect size [1]. In brittle materials, the strength is strongly 
dependant on the presence of flaws, which act as stress concentrators and 
the most relevant features of brittle materials is the Weibull modulus which 
characterize the strength distribution (because of  the flaw size effect), and the 
toughness which characterizes the ability of the material to resist to the 
propagation of flaws. The knowledge of the rupture strength and the 
toughness allows the calculation of the critical flaw size . The pores could be 
considered as flaws or as an integral part of flaw responsible for the failure of 
this brittle material. If such an assumption is valid the critical flaw size should 
depend on the porosity and pore size change. The mechanical strength and 
toughness of silica gels, aerogels and  composite aerogel has been measured 
by the bending techniques. The pore size distribution of composite gels and 
aerogels can be tailored by the addition of silica soot [2], in the gel solution. 
Based on the Weibull function, the statistical analysis has allowed 
determination of the Weibull modulus (m) of the different samples sets. In the 
case of composite gels, the results show that for the low concentration m is 
low (close to) 3 which corresponds to a large strength and flaw size 
distribution. When the particles concentration increases the m value is more 
than twice (~ 8). This result show the correlation between the pore size 
distribution and the flaw size distribution and comfort the idea that the failure 
would occur by progressive collapsing of a large number of pores. Pores can 
be considered as flaws in the terms of fracture mechanics and the flaw size is 
related to the pore size distribution.   
[1] G.W. Scherer: J. Non-Cryst. Solids 1992, 144, 210. 
[2] T. Woignier, J. Reynes, J. Phalippou, J.L. Dussossoy  J. Sol-Gel Sci. 
Tech .2000, 19, 833. 
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Luminescent materials and particularly phosphors based on rare-earth ions have 
several applications in the billsticking   and imagery sector. This makes an 
intensive research on the optical properties and the comprehension of different 
process of luminescence.  
For optical materials, the impurities and the flaws having bigger or the same size 
as the working wavelength degrade considerably the optical quality of the 
component. In order to avoid such problem, it is recommended to prepare a 
material with high purity [1].  
The main objective of this work is to study the effect, of the sol-gel method of 
elaboration and the thermal treatment, on the luminescence properties of the silica 
doped by the Europium (SiO2:Eu3+).   
The emission of the ion Eu3+ in the bosom of the matrix shows an emission 
spectral with smooth reflections, sensitive to the surrounding symmetry. This ion 
gives out in the red under UV excitation, an intense luminescence around 620 nm 
relatively to the 5D0→

7F2 transition [2]. 
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[1] J. P. Jolivet, M. Henry, J. Livage. De la solution à l’oxyde, Savoirs Actuels, 
InterEditions/CNRS: 1994. 
[2] S. Chaussedent, A. Monteil, M. Ferrari. J. Luminescence 1997, 72-74, 
567-569.
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In recent years, much attention has been devoted to nanostructured systems 
applied in electronic devices or to improve mechanical, chemical, structural, 
optical, electrical and magnetic properties of materials [1,2]. Dilead 
pentaoxochromate (Pb2CrO5) with a monoclinic C2/m structure has a large 
absorption coefficient and a high speed photoresponse in the visible region of 
the electromagnetic spectrum and therefore can be used as a potential 
candidate for applications in photoconductors, optoelectronic devices, and 
reversible thermochromism materials [3]. Due to its potential applications, the 
synthesis of Pb2CrO5 particles with well-controlled size and shape is of great 
significance. Pb2CrO5 nanoparticles were synthesized by a polymeric 
precursor method. Then the nanoparticles were dispersed in SiO2 using a sol-
gel method in order to make the material inert maintaining its optical and 
structural properties. Optical, structural and morphological properties were 
studied in this work, using as characterization diffuse reflectance and 
colorimetric coordinates, X-ray diffraction and transmission electronic 
microscopy, respectively. The samples presented alteration in color after 
dispersion in SiO2. X-ray diffraction patterns showed the formation of different 
crystalline phases. The SiO2 matrix has a significant contribution in the final 
color of the samples, which was confirmed by Kubelk-Munk theory. 
  
[1] E. P. Giannelis. J. Organomet. 1992, 44, 28. 
[2] T. L. Porter et al. J. Polym. Sci. B. Polym. Phys. 1998, 36, 673. 
[3] Wei-Wei Wang, Ying-Jie Zhu. Cryst.Growth and Design. 2005, 5, 505. 
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In the last decades hybrid materials had been the object of a considerable 
research. Hybrid materials are systems with both organic and inorganic 
components. Currently, they are mainly processed by conventional sol-gel 
chemistry routes [1]. The obtained materials can vary appreciably in their 
composition, processing and thermal, optical and mechanical properties. The 
properties are dependent, among other variables, upon the sol-gel processing 
conditions [2]. The crosslinking of polymer chains can also be radiation induced 
[3]. The preparation of hybrid materials of polydimethylsiloxane, PDMS, with Si and 
Zr alkoxides by gamma-irradiation has been the object of attention by the authors 
[4-7]. There is a main difference in the microstructure development in hybrids 
prepared by the sol-gel and the irradiation methods. Under irradiation the polymer 
cross-linking is independent of the formation of oxide particles [7]. In the sol-gel 
chemical route the crosslinking of polymer chains is mainly achieved by their 
linking to small inorganic oxide domains or particles. In the irradiation hybrids the 
polymer chains can crosslink among themselves as in the case of the pure 
polymer sample [3]. When both Si and Zr alkoxides are present the hybrids consist 
of inorganic oxide regions and a cross-linked PDMS network. The oxide regions 
show mass fractal structure [6], the fractal density decreasing with the content of 
Zr alkoxide. The size of the oxide regions is found to increase with the addition of a 
solvent in the preparation stage. As to the nature of the matrix of the hybrid it is 
observed to be dependent on the relative content of the polymer and the 
alkoxides. It was also found that the Si and Zr alkoxides play different roles in the 
formation of the inorganic network. The presence of Zr alkoxide is mandatory since 
in its absence the Si alkoxide evaporates almost completely during the drying 
stage and no hybrid material is obtained. Some selected results are presented and 
discussed. 
  

[1] C. Sanchez, B. Julien, P. Belleville and M. Popall, J. Mater. Chem., 15 (2005) 3559-3592 
[2] C. Sanchez et al, J. Sol-Gel Sci. Tech., 19 (1-3) 2000, 31-38 
[3] F. W. Billmeyer, in: Textbook of Polymer Science, John Wiley & Sons, Inc., New York, 
1984 
[4] S.R. Gomes, F.M.A. Margaça, I.M. Miranda Salvado, L.M. Ferreira, A.N. Falcão, Nucl. 
Inst.& Meth. in Phys. Res. B 248/2 (2006) 291-296.  
[5] S.R. Gomes, F.M.A. Margaça, I.M. Miranda Salvado, G.P. Leal, C. Marques, E. Alves, 
L.M. Ferreira, A.N. Falcão, Nucl. Inst.& Meth. in Phys. Res. B 266 (2008) 288-294.  
[6] S.R. Gomes, F.M.A. Margaça, I.M. Miranda Salvado, A.N. Falcão, L. Almásy, J. Teixeira, 
Nucl. Inst.& Meth. in Phys. Res. B 266 (2008) 5166-5170. 
[7] S.R. Gomes, F.M.A. Margaça, L.M. Ferreira, I.M. Miranda Salvado, A.N. Falcão, Nucl. 
Inst.& Meth. in Phys. Res. B 265 (2007) 114-117.  
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To reach the full potential of photovoltaic (PV) technology, the cost 
performance of PV devices must be improved . Thin-film PV techlology 
faclititates a  reduction of materials and processing costs. 
Among the critical components of thin-film PV cells are the Transparent 
Conducting Oxide (TCO) layers, which act as electrodes, located on the front  
and sometimes on the back side of the PV absorber as well.  . Idealy, the 
TCOs  should be highly transparent (>80%) with low resistivity (around 10-3 
Ω·cm). The most common TCO material is ITO, (Indium-Tin oxide), which 
demonstrates good electrical and optical properties. However, the high cost of 
Indium limits its wide industrial implications. Zinc Oxide, is a promising 
alternative TCO material due to its excellent transparency, good conductivity, 
high stability, non-toxicity and low-cost. 
Today most of TCOs are deposited by high cost methods such as CVD.  The 
use of the Sol-Gel coating method  enables an excellent control on TCO's 
properties, and can reduce manufacturing cost compared to other methods. In 
addition, the main advantage of Chemical Solution Deposition (CSD) 
methods, is that they can be applied easily to large areas, required for 
industrial applications of PV devices. 
We present here initial results on conductive Al-doped ZnO thin films, 
prepared using the Sol-Gel method. We examined the effect of two different 
organic stabilizing  agents, monoethanolamine (MEA) and diethanolamine 
(DEA), on the film's structural properties.  We also investigated the influence 
of different sol concentrations on structure and morphology as well as on 
optical and electrical properties. Different heat treatment temperatures and 
atmospheres were investigated as well. Of interest is to investigate the 
minimal temperature at which the TCO can be obtained, and the influence of 
oxidative, inert and reducing atmospheres on the final film's properties. The 
thickness of prepared layers ranged from 100 to 500 nm. The films 
demonstrated high transparency in the visible and NIR spectrum and low 
resistivity. 
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The usual approach to nuclear waste fixation is to incorporate radioactive 
elements in borosilicate glasses [1]. However, researches are in progress to 
incorporate nuclear waste in news matrix which should present high structural 
stability, good mechanical properties (thermal shock resistance) and high 
chemical durability. Interactions with water are important for materials used as 
a containment matrix for radio nuclides arising from spent-nuclear fuel 
treatment. Their lifetime must exceed several tens of thousands of years to 
guarantee the safety of a geological repository. It is thus indispensable to 
improve their chemical durability to limit a possible release of radioactive 
chemical species, if the glass structure is attacked by a corrosion process. 
Associating high structural stability, thermal shock resistance and high 
chemical durability, the silica glass optimizes the properties which 
characterize the suitable host matrix. According to an easy sintering stage, the 
sol-gel process is a new way to synthesize silica glass at low temperature 
(≈1000°C)[2]. Nuclear wastes exist as aqueous salt solutions and we propose 
to use the totally open pore structure of the gel to allow migration of that liquid 
throughout the silica gel. The following sintering will trap the radioactive 
chemical species.  
In this study we investigate the physical properties (mechanical strength, pore 
volume, permeability) of different gels porous structure. The pore features can 
be adjusted by different parameters such as: silica composition, sintering or 
drying parameters. Thanks to a high permeability and good mechanical 
properties, some porous network can be easily used as a host matrix for the 
nuclear wastes salts. After soaking and drying, the loaded material is then 
sintered. On a structural point of view the final structure of the sintered 
materials is that of a glass ceramic: actinides (surrogates) embedded in a 
vitreous silica matrix which presents also interesting mechanical properties. 
Moreover the results prove clearly the improvement of the chemical durability 
glass ceramic (2 orders of magnitude) compared to the conventional nuclear 
glass.  
.   
[1] N. Jacquet-Francillon, R. Bonniaud, and C. Sombret, Radiochimica Acta, 
1978, 25, 231. 
[2] J. Phalippou, T. Woignier and M. Prassas, J. Mater. Sci. 1990,25, 3118  
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The current quest for the adequate use of water has become one of the main 
challenges in sustainable development. Therefore, processes for water 
decontamination are an ever growing topic of research, aimed at the rational 
use of this essential resource[1]. Decontamination processes are necessary for 
the restoration of polluted water sources and the prevention of future 
contamination through suitable treatment of effluents before their disposal. 
The Fenton homogeneous process [2,3], one of the most active methods for 
generating highly oxidant species, is reportedly very efficient in the 
degradation of herbicides in water. However, despite the benefits of the 
process, the Fenton reaction is still not very attractive due to its drawbacks. 
The working system requires a pH of about 3, and the cost of the process and 
of the other reactants is high because the characteristics of the process 
render the reuse of the homogeneous catalyst (iron salts) unfeasible. An 
alternative is to use particulate materials, such as iron minerals, as 
heterogeneous catalysts in the Fenton reaction.  
 

Thus, in the present work, iron oxide nanoparticles were synthesized for use 
as catalysts in a Fenton process. Nanoparticles composed of iron oxides and 
iron salts were obtained from polymeric resins produced by polymerizing Fe2+-
citrate and Fe3+-citrate complexes with ethylene glycol. The citric acid:Fe 
molar ratio was varied to obtain different synthesis conditions. The materials 
were treated at 450oC for 2 h to obtain nanoparticles, which were 
characterized by XRD, Mossbauer Spectroscopy, FEG, CHNS, atomic 
absorption and surface area through N2 physisorption. Rhodamine B 
photodegradation in the presence of these nanoparticles and hydrogen 
peroxide was carried out to analysis the possible behavior of nanoparticles as 
heterogeneous Fenton reactants. UV-visible spectroscopy revealed that the 
catalytic activity in the presence of nanoparticles obtained with a citric acid:Fe 
molar ratio of 12:1 was the condition that provided the best results in this 
work. 
 
1. MMA/SRH (2006) Caderno setorial de recursos hídricos: agropecuária. Ministério do 

Meio Ambiente 
2. Haber F, Weiss J (1934) Mathematical and Physical Sciences 147(861):332 
3. Goldstein S, Meyerstein D, Czapski G (1993) 15(4):435 



Poster Session 

SOLGEL2009 

147

PSG26- NONLINEAR OPTICAL PROPERTIES AND STRUCTURAL 
CHARACTERIZATION OF Bi2S3 NANOCRYSTAL EMBEDDED IN 

SODIUM BOROSILICATE GLASS MATRIX 
 

 

X.Y. Yang, X.J. Liang, H.T. Liu, W.D. Xiang 
 

The college of chemistry and materials engineering, Wenzhou, P.R. China 
e-mail:yangxinyu13@126.com 

 
 
In recent years, much attention has been focused on sulfide semiconductor 
nanomaterials because they have exceptional third-order NLO properties[1]. 
Bi2S3, as an important direct band-gap binary sulfide with semiconductor 
character (member of V-VI groups), has good applications in thermoelectric 
devices, photoelectric devices and IR spectroscopy[2]. However, there is few 
literatures report the NLO properties of Bi2S3 nanomaterials[3], especially 
there is no literatures report the NLO properties of Bi2S3 nanocrystal 
embedded in glass matrix to date. 
In this paper, Bi2S3 nanocrystal embedded in sodium borosilicate glasses 
were successfully fabricated via a sol-gel route. The content of Bi2S3 
nanocrystals in glass matrix can be easily controlled via changing the Bi 
content in the starting materials. The purity and composition of as-obtained 
sample was determined by X-ray photoelectron spectroscopy (XPS), the Bi2S3 
nanocrystal size of as-obtained sample was determined by high-resolution 
transmission electron microscopy (HRTEM), furthermore, the phase structure 
of Bi2S3 nanocrystal was proven by fast fourier transformation (FFT). The 
third-order NLO property of as-obtained sample was measured by Z-scan 
technique, including a nonlinear refractive index and a nonlinear absorption 
coefficient. 
 

[1] (a) G. Tamulaitis; V. Gulbinas; G. Kodis; A. Dementjev; L. Valkunas. 
Optical nonlinearities of glass doped with PbS nanocrystals[J]. J. Appl. Phys., 
2000, 88, 178. (b) R. Reisfeld. Nanosized semiconductor particles in glasses 
prepared by the sol-gel method: their optical properties and potential uses[J]. 
J. Alloy.Compd., 2002, 341, 56. (d) D.J. Asunskis; I.L. Bolotin; L. Hanley. 
Nonlinear optical properties of PbS nanocrystals grown in polymer 
solutions[J]. J. Phys. Chem. C., 2008, 112, 9555. 
[2] (a) L. Tian; H.Y. Tan; J.J. Vittal. Morphology-controlled synthesis of Bi2S3 
nanomaterials via single- and multiple-source approaches[J]. Cryst. 
Growth.Des., 2008, 8, 734. (b) J. Tang; A.P. Alivisatos. Crystal splitting in the 
growth of Bi2S3[J]. Nano.Lett., 2006, 6, 2701. 
[3] C. Lia; G. Shi; Y.L Song; X.L. Zhang, S.Y. Guang, H.Y. Xu. Third-order 
nonlinear optical properties of Bi2S3 and Sb2S3 nanorods studied by the Z-
scan technique[J]. J.Phys.Chem.Solids., 2008, 69, 1829. 
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Silanes are known to enhance the adhesion between metal substrate and 
organic coatings [1-3]. Through the oxygen atom the silane bonds covalently 
to the metal (copper, aluminum, and stainless steel) while the organic part of 
the molecule interacts with the coating if the silane and the film forming 
material of the coating were suitable selected. Moreover, the application of 
silane pretreatments as adhesion promoters for organic coatings is increasing 
due they offer very good performance and high environmental compatibility. 
Hence, it is of major importance to test the effect of these compounds on 
metal corrosion behavior in order to avoid the use of  coupling agents that 
could stimulate corrosion [4-6].  
The aim of this work was to study an aqueous-epoxysilane sol-gel coating 
applied on copper for corrosion protection. Different curing temperatures (100 
and 200ºC) and times (0.08, 0.5, 1 and 2 hours) were studied.  
The action of glycidoxypropyltrimethoxysilane (glymo) sol-gel coating applied 
on copper was assessed by polarization tests after 1, 6, 25 hours and 4 days 
of immersion in a 0.5M NaCl. Corrosion potential of coated copper was also 
measured during two hours. Coated panels were placed in the salt spray 
chamber and rusting and blistering degrees were evaluated after 18 and 90 
hours. The surface of the salt spray exposed panels was observed by 
scanning electron microscopy (SEM) while corrosion products formed on it 
were characterized by energy dispersive X-ray analysis (EDXA).  
According to the results the variables under study (time and temperature of 
curing) are important in the protective behavior of the silane film. Moreover, 
glymo do not stimulate corrosion in any case. 
Electrochemical and salt spray tests showed that the best protection was 
afforded by samples with short curing time. The corrosion products formed on 
the panels were, mostly, oxides; little amounts of chloride compounds were 
observed. 
It is worthwhile testing glymo as adhesion promoter of modified epoxy coating 
on copper. 
 
[1] P. Walter; J. Oil Col. Chem. Assoc. 1982, 65, 415.  
[2] P. Walter; J. Oil Col. Chem. Assoc. 1982, 65, 436.  
[3] P. Walter; J. Oil Col. Chem. Assoc. 1983, 66, 188.  
[4] A. M. Beccaria, C. Bertolotto; Electrochim. Acta, 1997, 42, 1361. 
[5] F. Deflorian, S. Rossi, L. Fedrizzi; Electrochim Acta, 2006, 51, 6097. 
[6] Y Li, A. Ba, M. Mahmood; Electrochim. Acta, 2008, 53, 7859.  
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A kind of lead-free nanocrystalline powder, (Li0.06Na0.47K0.47)NbO3 (LNKN), 
has been prepared by a newly developed sol-gel method using Nb2O5 as the 
Nb source. Phase analysis, microstructure and morphology of the powder 
were determined by XRD, FTIR, Raman, TEM and HRTEM.  First, Nb2O5, 
which is cheap and widely available, was changed into a water-soluble 
species through the chemical chelation as the Nb source to produce LNKN 
nanocrystalline system. The experimental results showed that pure perovskite 
phase was formed at the temperature as low as 500 °C.  Besides, the 
obtained powder belonged to tetragonal symmetry, and the mean particle size 
was as small as 20 nm.  It is believed that the gel precursor and low 
processing temperature play a key role in the formation of the nanoparticles. 
The LNKN powders prepared at a temperature as low as 500 °C exhibited 
well developed crystallinity and good morphology. Moreover, the mean 
particle size was only about 20 nm, which showed the potential for low 
temperature sintering densified LNKN bulk material. The developed sol-gel 
method presented in this paper will ensure high purity in the products and 
greatly reduce the production cost, and thus can be extended to the synthesis 
of other niobates.  The process developed in this work was convenient to 
realize mass production of LNKN nano-powders with low cost.  
 
[1] Y. Saito, H. Takao, T. Tani, T. Nonoyama, K. Takatori, T. Homma, T. 

Nagaya, M. Nakamura, Nature 432 (2004) 84. 
[2] Y.P. Guo, K. Kakimoto, H. Ohsato, Appl. Phys. Lett. 85 (2004) 4121.  
[3] J.S. de Andrade, A.G. Pinheiro, I.F. Vasconcelos, M.A.B. de Araújo, M.A. 

Valente, A.S.B. Sombra, J. Phys. Chem. Solids 61 (2000) 899. 
[4] Y.J. Dai, X.W. Zhang, G.Y. Zhou, Appl. Phys. Lett. 90 (2007) 262903. 
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 Alloyed nanosized ZnxTiyOz sols and thin films were successfully prepared by 
using nanocolloidal sol-gel processing. Starting heterosols were 
precondensed in ethanolic medium employing zinc acetate dihydrate and 
titanium alkoxides, without any additional use of additives.  The produced 
transparent solutions were subsequently coated on glass slides or 
transformed into xerogels for consecutive HTXRD measurements. Optionally, 
Eu3+ doping was performed to see the effect of this lanthanide on the thermal 
nanocrystal growth. 
It was found that nanocrystallization is initiated at temperatures above 350°C 
yielding cubic inverse spinel like Zn2TiO4 and ZnTiO3 nanophases or 
hexagonal ilmenite ZnTiO3.  It was found that the appearance and size of 
nanocrystals could be tuned within a range between 5 nm and 80 nm by thee 
adjustment of Zn/Ti ratio, sol condensation conditions and sintering 
temperature.  
Measured optical and XRD data show that despite its larger ionic radius Eu3+ 
ion occupies the interior sites of the spinel nanophases causing the lattice 
expansion and blocking the cubic-to-hexagonal transformation of ZnTiO3. 
 Based on the optical absorption measurements, the band gap energies of 
the ternary ZnxTiyOz semiconductor nanostructures were found to be between 
3.6 eV and 3.8 eV. Refractive indexes of cubic spinel films range between 1.9 
- 2.1 RIU that has been determined by using interference fringes method and 
spectral ellipsometry. 
 
This research was supported by the Ministry of Education, Youth and Sports 
of the Czech Republic (contract n° OC08023) and by the University of 
Rennes. 
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Chitosan (poly-β-(1,4)-glucosamine) is the deacetylated form of chitin, the 
neutralization of acidic chitosan solutions forms entangled hydrogels by 
aggregation of the polymer chains into fibrillar secondary structures. The amine 
groups of the gel are effective anion exchangers and basic catalysts in aqueous 
solution [1]. Chitosan-zeolite composites are currently investigated as bifunctional 
anionic-cationic exchangers for water treatment and pervaporation.  
If the polysaccharide gel is dried by evaporation, a compact xerogel is formed with 
surface area lower than 5 m2 g-1. Supercritical drying allows to form aerogels in 
which the tridimensional network of the hydrogels is preserved [2], providing 
surface areas as high as 300 m2 g-1 and excellent accessibility to reacting 
molecules [3]. Composite materials (Fig. 1) were formed by several methods, viz. 
synthesis of the zeolite inside the chitosan hydrogel or gelling of chitosan around 
zeolite crystals.  
 

 
 

Fig. 1 : Scanning electron micrograph of chitosan-zeolite composites. 
 

The formation of the composite partially 
occludes the zeolite porosity and significantly 
increases the accessibility of chitosan fibrils 
(Fig. 2). 

 

Fig. 2 : Cu2+ adsorption equilibria at pH 6 for 
chitosan-zeolite A composites. 

 

[1] E. Guibal et al., in Ion Exchange and Solvent 
Extraction, A.K.S. Gupta, Ed.; CRC Press: Boca 
Raton, 2007, 151. 
[2] F. Quignard et al. New J. Chem. 2008, 32, 1300. 
[3] R. Valentin et al. Biomacromolecules 2007, 8, 3646. 
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Alumina ceramics prepared by sol-gel process are of great interest because of 
their application as high surface area sorbents, ultra filtration membranes, 
doped materials, coating for different purposes, bio-ceramics etc. With a view 
to study the gelation of alumina sol under various conditions and formation of 
monoliths, the following study was undertaken. Aluminium isopropoxide was 
prepared from aluminium turnings and isopropanol in presence of mercuric 
chloride [1]. Alumina sol was prepared from aluminium isopropoxide by 
hydrolyzing with hot water [2, 3]. 
The alumina sol ([Al] = 3.0 M) was taken into paraffin oil coated Teflon moulds 
having diameter 31 mm and depth 5 mm. For gelation, 3.5 ml of sol was taken 
in each mould and gelation was accomplished by following three different 
procedures.  
Physical Gelation: The sol in the moulds was gelled by dehydration 
(evaporation of water) at room temperature (25°C and relative humidity, 60%). 
In this method the colloidal particles are brought together due to dehydration 
to form a gel net work. The sol in the moulds took nearly 70 hours to transform 
into a wet gels (GEL-I). 
Uncontrolled Chemical Gelation: The sol was gelled by keeping the sol-
containing moulds inside a chamber having ammonia gas (1 atmosphere) for 
30 minutes. In this route, the gelation was achieved by increase of pH of the 
sol from 3.65 to 4.1. A wet gel was formed rapidly (GEL-II). 
Controlled Chemical Gelation: In this route, the pH of the sol was increased 
gradually by the addition of hexamethylene tetramine (HMTA).  It was noticed 
that when HMTA solution (1.0 M) was added to the sol with stirring, gelation 
occurred after 30-60 minutes when [HMTA] to [Al3+] mole ratio was 0.0167 
(GEL-III). 
The three types of gels (GEL-I, GEL-II and GEL-III) were dried at ambient 
atmospheres and heat treated up to 1000°C to get translucent alumina discs. 
GEL-II cracked during heat treatment while the other two types of gels were 
crack-free. The shrinkage and weight-loss of the gels were studied at different 
temperatures. For GEL-I, there was a vast difference (≈ 30%) between axial 
and radial shrinkages. While in the case of GEL-III, the axial and radial 
shrinkages were nearly equal (isotropic shrinkage). The volumetric shrinkage 
for GEL-III was 86% after room temperature drying whereas for the other two 
types, it was above 90%. At 1000°C, for GEL-III, the total weight loss was 
89% while for the other two types, it was 87%. 
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The TG-DTA curves of GEL-I and GEL-II were almost identical showing the 
weight-loss in two stages with corresponding endothermic peaks. The first 
stage of weight loss was due to the escape of physically bound water while 
the second was attributed to the chemically bound water. For GEL-III, the 
weight loss occurred in three stages and one of the stages (260°C) was 
accompanied by an exothermic peak due to the decomposition of HMTA used 
for the controlled gelation. 
The specific surface area of different gels heated at the same temperature 
and equal duration of time was nearly same. The gels (GEL-I, GEL-II and 
GEL-III) heated at 250°C for 5 hours had about 290 m2/g, 302 m2/g and 305 
m2/g respectively while 1000°C heated (2 hours) samples had 100 m2/g, 109 
m2/g and 98 m2/g respectively. It was observed from SEM photographs of the 
gels that the shape of the crystallites in GEL-III and GEL-I were spheroidal, 
whereas in GEL-I, elongated crystallites were noticed. The crystallite sizes of 
the gels decreased in the order GEL-III > GEL-I > GEL-II. 
In ammonia gelation (GEL-II), the disordered colloidal particles are brought to 
ordered form (gel) by sudden gelation (i.e., uncontrolled chemical gelation). In 
the case of GEL-I,  the gelation occurred after several days depending upon 
the quantity of sol by increasing the concentration of colloids in the sol by 
evaporation at ambient temperature and pressure and thereby bringing the 
particles together at a slow rate to form a gel network (i.e., physical gelation). 
In HMTA gelation (GEL-III), the sol was allowed to gel in 30 – 60 minutes by 
controlled action of HMTA (i.e., controlled chemical gelation). HMTA is a weak 
base which nuetralise the nitrate present in the sol by protonation and salt 
formation. The GEL-III had isotropic shrinkage during drying and sintering. 
The other two types of gels shrank anisotropically, the axial shrinkage being 
more than the radial shrinkage. In GEL-I, the anisotropicity was due to 
decrease in thickness before gelation (concentration by evaporation) while in 
the case of SEL-II, it was due to incomplete and inhomogeneous gelation. 
Due to this anisotropic shrinkage, these gels had warping during drying and 
sintering which was very severe in GEL-I. The GEL-III and GEL-I were crack-
free after heat treatment which might be due to the formation of large 
crystallites and pores in the gel structure. Crack-free monoliths of alumina 
could be prepared by using controlled chemical gelation. This technique can 
be used to prepare monoliths with shorter duration of drying and without 
warping. From the above studies it is well established that controlled chemical 
gelation using HMTA is a superior method for the preparation of alumina 
monoliths. 
 
References 

1. H. Okamura and H.K. Bowan, Ceram. Inter., 12 (1986) 163. 
2. B.E. Yoldas, Am. Ceram. Soc. Bull., 54 (1975) 289. 
3. B.E. Yoldas, Am. Ceram. Soc. Bull., 54 (1975) 286. 
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Superparamagnetic iron oxide nanoparticles (SPION), such as Fe3O4 and  
γ-Fe2O3, have unique properties that qualify them in various applications. Most of 
these applications require the nanoparticles to be chemically stable, uniform in 
size, and well dispersed in liquid media. The hydrolysis of organosilanes by sol-gel 
method onto SPION surface is one way to improve chemical stability and also it 
possibilities the functionalization for biomedical applications[1,2]. In this work 
electrochemical method was used to obtain the SPION, for this, iron nitrate ethanol 
solution was used as a precursor. It was added in an electrochemical cell consists 
of two carbon electrodes[3], which was investigate the variation of the precursor 
concentration and current density maintain the set voltage. Magnetite particles 
were collected on the cathode as black magnetic macroscopic platelets and 
washed with ethanol before to be dried under air at room temperature. The SPION 
functionalization was carry out with 3-aminopropiltriethoxisilano (APTS) in ethanol 
solution. In this step was varied the APTS concentration, which the range was 0,1 
to 1 (%v/v). The average size, morphology, the crystalline structure and the amine 
density of the SPIONS functionalized were characterized by the techniques of X-
ray diffraction (XRD), transmission electron microscopy (TEM), zero-field-cooling 
(ZFC) and field-cooling (FC) measurements, Fourie transformed infrared 
spectroscopy (FTIR) and UV absorption spectroscopy. The method used in this 
study allowed the synthesis of SPION with narrow distribution of uniform size and 
shape. The size control was obtained ranging the current density between 8 and  
15 mA/cm2, where it stays stables in water and ethanol. The APTS condensation 
onto SPION surface was verified by the Si-O-Si stretching, the C-N stretching and 
the N-H deformation in the FTIR spectra. However, in the amine density analysis 
was verified that it does not occurred one increase considerable of the amine 
group with the variation of APTS concentration, in which the range was 21 to 28 
nmol/mg. 
 
[1] A. K. Gupta , M. Gupta. Biomaterials 2005, 26, 3995. 
[2] Y. Lu, Y. Yin, B.T. Mayers, Y. Xia. Nano Letters, 2002, 2(3), 183. 
[3] R.F.C. Marques, C. Garcia, P. Lecante, S.J.L. Ribeiro, L. Noé, N.J.O. Silva, V.S. 

Amaral, A. Millán, M. Verelst. J. Magn. Magn. Mat., 2008, 320, 2311. 
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PSG33-  USE OF EDTA AND TRIETHANOLAMINE AS CHELATING 
AGENTS IN BI-SUPERCONDUCTORS’ SOL-GEL PREPARATION 
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High temperature superconductors are mostly prepared by solid-state reaction 
involving calcination of starting materials and multistep grinding and sintering 
process. For the Bi-2223 superconducting phase it means to ensure 
homogeneity of five metal cations (Bi, Pb, Sr, Ca, Cu). Combination of sol-gel 
method and solid-state reaction can provide homogeneity even in such a 
complicated system [1]. Moreover, we would like to find stable gel system for 
superconducting thin film preparation by spin coating. We have chosen 
chelating method of gel preparation that is appropriate for such a 
multicomponent system. We used EDTA (ethylendiaminetetraacetic acid), 
TEA (triethanolamine) and equimolar mixture of the two. Bi-based 
superconductors' preparation using EDTA is well described [2,3]. This method 
demands to keep pH at such a level that is a compromise between 
deprotonization of EDTA (and its solubility) and suppression of metal ions 
hydrolysis. Further we used TEA that is also a good chelating agent and its 
solutions did not require pH control. However, our main motivation for that 
choice is possibility to form polyester bonding between EDTA and TEA in the 
same manner as in the sol-gel methods based on the Pechini 
polyesterification [4]. Presence of polyester bonding was investigated by NMR 
measurement and IR spectroscopy. Moreover, we characterized behavior of 
separate cations in both EDTA and TEA solutions using IR spectroscopy.   
During superconductors' precursors’ preparation, solutions of bismuth had to 
be prepared separately and were mixed up with a solution of remaining 
cations only after stabilization of Bi in its solution. Prepared gels were 
decomposed by multistep heat treatment with two different regimes. Solid 
state reaction of the prepared precursors followed after the organic resin 
decomposition.  Composition of precursors and superconducting samples was 
characterized by XRF, their phase composition by XRD and Raman 
spectroscopy. Superconducting transport and magnetic properties were 
evaluated by Tc, jc and magnetic susceptibility measurement. 
 
[1] M. Kakihana J. Sol.Gel Sci. Technol. 1996, 6, 7 
[2] V. Rouessac; J. Wang; J. Provost; G. Desgardin J. Mater. Sci. 1996, 31, 
3387 
[3] A. Gholinia; F.R. Sale J. Therm. Anal. 1993, 40, 349 
[4] M. P. Pechini U.S. Patent 1967, No.3 330, 697 
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PSG34- ENHANCED LUMINESCENCE OF Er-Eu CO-DOPED 
SILICA GLASSES PRODUCED BY SOL-GEL 

 
 

H. Arizpe-Chávez(1,*), M. Yáñez-Limón(2), R. Ramírez-Bon(2), 
M. Flores-Acosta(1) 

 
(1) Departamento de Investigación en Física. University of Sonora, Mexico 
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The sol gel-gel method of producing pure monolith silica glasses from 
alkoxides has generated widespread interest due to the inherent advantages 
of the low temperature processing, and high control on the purity and 
homogeneity. Rare earth ions diluted in semiconductors and insulators emit 
light by intra-f shell transitions at wavelenghts which are fairly independent of 
the host lattice. The vast majority of rare earth doped amplifiers and lasers 
use lanthanides elements as gain medium. In particular, Er3+-doped glasses 
and compositionally-disordered crystals are potential materials for active 
elements of up-converted visible lasers with light emitting diodes (LEDs) 
pumping in the 800–980 nm spectral range [1]. On the other hand, use of Er 
ions embedded in silica glasses prepared by sol-gel, results in a quenching 
effect on the luminescence, produced by OH groups present in the hydrolysis 
processes, which largely reduces the efficiency of emission. An additional 
problem stems from crystallization of rare earth oxides at high concentrations 
due to the agglomeration of rare earth ions. This luminescence has to be 
improved by methods that could include a controlled addition of oxygen into 
the matrix [2], isolation of  the Er3+ ions from the local environment [3], or by 
some “enhancement” produced by another impurity ions [4]. In this paper, we 
present the results of luminescence for Erbium-doped Silica glasses prepared 
by Sol-Gel, and co-doped with Eu ions, which show a notorious enhancement 
effect for the emission in the visible range. Some different combination 
volumes of Er/Eu, ranging from 0 to 40 % atm were studied, and our results 
show a particular volume combination that enlarges luminescence in the blue 
and orange emission peaks. This effect is explained in terms of UV–VIS–IR 
absorption and Raman spectra measurements. 
  
[1] S. Taccheo, P. Laporta, S. Longhi, O. Svelto, C. Svelto, Appl. Phys. B 63 
(1996) 425. 
[2]  A. Reitinger, J. Stimmer, G. Abstreiter Appl. Phys. Lett. 710, 2431-2433 
(1997) 
[3]  Y. H. Xie, E. A. Fitzgerald, Y. J. Mii, J. Appl. Phys. 70, 3223-3228 (1991) 
[4]  C. Strohhfer, A. Polman. Appl. Phys. Lett. 81 (8) Agosto 2002 
(*) Corresponding author:  harizpe@cajeme.cifus.uson.mx 
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PSG35- LOW DENSITY MONOLITHIC CHROMIA AEROGELS VIA 
DISPERSED INORGANIC SOL-GEL METHOD 
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We have developed a general sol-gel route called dispersed inorganic sol-gel 
(DIS) method to prepare multi-period and multi-group monolithic aerogels.  
The general methods on aerogels preparation reported previously mainly 
include traditional sol-gel (TS) method and epoxide (EP) method[1]. The TS 
method derived from the rare metal alkoxide has a mature synthetic process 
but an insufficient applications which only cover several kinds of aerogel bulk 
such as SiO2, Al2O3 and TiO2; the EP method use the inorganic salt as metal 
precursor to prepare various aerogels but not compeletely suitable for the low-
valent (<2) aerogels. We have reported the preparations of Cu-based, CuO 
and Li-based DIS aerogels[2], and found it is a general method which is also 
applicable to other aerogels. It may provide a wide potential applications for 
the field of  high-efficiency catalysts and X-ray laser research. 
 

The low-valent aerogels were not  prepared via EP method in our laboratory, 
while some high-valent aerogels could be obtained via DIS or EP method. 
Specifically, we report the preparation processes of DIS chromia aerogels 
only using chromic chloride, propylene oxide and polyacrylic acid (PAA). And 
the contrast on the samples via two methods mentioned above were made in 
order to study the gelation mechanism and the functions of PAA.  
 

The micro-morphology, chemical composition, specific surface area and pore 
structure of the samples and reference samples were characterized by 
scanning electron microscope, powder X-ray diffraction, Fourier transform 
infrared, X-ray photoelectron spectroscopy and BET surface area and pore 
size analyzer. The shrinkages were calculated by subtracting the 
multiplications of three dimensional lengths of samples. And the densites were 
measured simply by the weighting method. 
 

The results indicate that the DIS chromia aerogel shows less shrinkage, lower 
density, larger pore size, slightly lower specific area and stronger structure 
than EP sample. The DIS chromia aerogel, with the density about 100 mg/cm3 
and surface area of 307 m2/g, consists of Cr(III) composition, PAA and other 
organic product. And it is demonstrated that PAA guides the sol formation 
including providing a steric effect, besides enlarge the pore size, based on 
studies of the gelation mechanism. 
 

[1] A. E. Gash; T. M. Tillotson; J H Satcher; et al. J. Non-Cryst. Solids 2001, 
285, 22 
[2] A. Du; B. Zhou; J. Shen; et al. J. Non-Cryst. Solids 2009, 355, 175 
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PSG36- SILICA ANTIREFLECTIVE COATINGS WITH HIGH WATER 
REPELLENCE BY SOL-GEL DERIVED HYBRID MATERIALS 
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Chengdu Fine Optical Engineering Research Center, Chengdu, China 
e-mail:zhangqh502@sina.com 

 
 
The transmission of porous silica antireflective (AR) coating is correlative with 
environmental relative humidity because there are many Si-OH hydrophilic 
groups on the coating surface [1, 2]. A sol-gel process was developed, through 
which a series of silica coatings possessing both high antireflection and water 
repellence were obtained. In this process, silica coatings were modified with 
(dodecafluoroheptyl) propyl siloxane (DFHPS). The surface properties of the 
coatings were investigated by the Fourier transform infrared (FTIR) and water 
contact angle measurements [3]. The FTIR spectra show the distinct change of 
the silanol peaks before and after fluorine-containing organosilicon 
modification. The DFHPS-modified silica coatings exhibit a water contact 
angle of higher than 100°, which is much higher than that of nontreated 
coatings. In this paper, fluorine-containing hydrophobic groups appear on the 
coating surface, raising its hydrophobic performance, and thus the stability 
and life of AR coating are improved greatly [4]. At certain molar content of 
fluorine-containing groups, the antireflectivity of the modified coatings is high, 
while the performance of high laser damage threshold is not largly affected.  
 
[1] Y. Xu; D.Wu; Y.H. Sun; et al. Journal of Non-Crystalline Solids, 2005, 351 
,258. 
[2] I.M. Thomas; A.K. Burnham; J.R. Ertel et al. SPIE, 1999, 3492, 220. 
[3] T. Hamada; T. Nagase; T. Kobayashi et al. Thin Solid Films, 2008, 517, 
1335. 
[4] H.Y. Li; Y.X. Tang Chinese Journal of Laser, 2006, 33, 116. 
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PSG37- FACILE PREPARATION OF MESOPOROUS SILICA 
COLLOIDS WITH CONTROLLED PARTICLE SIZE FROM VARIOUS 

TETRAALKOXYSILANES 
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Introduction: There has been a great deal of interests in the utilization of 
mesoporous silica nanoparticles in various fields, such as catalytic, optical, 
and biomedical applications. Up to date, several methods have been reported 
to prepare nanoparticles with controlled size which is smaller than 50 nm.[1] 
However, the conventional methods need several steps for controlling the 
particle size, and also the strict preparative conditions are required. 
Furthermore, resulting sedimented samples obtained from nanoparticles tend 
to take a non-dispersible aggregated state, which seriously reduces the 
advantage of nano-sized mesoporous nanoparticles. We report here a simple 
method to prepare mesoporous silica colloids with well controlled particle size, 
ranging from 16 to 100 nm, depending on the kind of tetraalkoxysilanes. 
Methods: Mesoporous silica colloids were prepared on the basis of our 
previous study.[2] Tetraalkoxysilane (Si(OR)4, R= methyl (M), ethyl (E), propyl 
(P), or butyl (B)) was added to a basic solution containing 
cetyltrimethylammonium bromide (CTAB) as a template at 80 °C with vigorous 
stirring. After several hours, colloidal solutions were obtained. The template 
was removed by dialysis. Finally, mesoporous silica colloids were obtained.  
Results and Discussion: Highly dispersed transparent or translucent colloids 
were obtained after removing the template by dialysis and the colloids were 
stable for longer than 2 months. The formation of mesoporous structure of the 
colloids was confirmed by XRD, TEM, and N2 sorption measurements. The 
particle size was controlled stepwise, depending on the hydrolysis rate of the 
silica source. When TMOS was used as a silica source, the particle diameter 
was ca. 16 nm. When TEOS, TPOS, and TBOS were used as silica sources, 
the particle diameter was ca. 30, 50, 100 nm respectively. The difference in 
the particle size was explained by the different hydrolysis rates of the silica 
sources and the corresponding different nucleation and grain growth 
reactions. This simple method is quite attractive for practical applications 
including a biomedical one. 
 
[1] for example; C. E. Fowler et al., Adv. Mater., 2001, 13, 649. K. Suzuki, et 
al., J. Am. Chem. Soc., 2004, 126, 462. 
[2] C. Urata et al., J. Nanosci. Nanotechnol., 2008, 8, 3101. 
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PSG38- SYNTHESIS OF II-VI AND DOPED Q-DOTS USING 
AMPHIPHILIC BLOCK COPOLYMER TEMPLATED REVERSE 

MICELLE  
 

 

Qi Qiu1, Jun Wang2, Tracy Heckler2, Zhongkuan Luo1, T. J. Mountziaris2  
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Compound semiconductor nanoparticles of manganese doped zinc selenide 
(ZnMnSe) were prepared at room temperature. Mn2+-doped ZnSe was formed 
in a reverse micelle template consisting of poly(ethylene)-poly(propylene)-
poly(ethylene) (PEO-PPO-PEO) block copolymer, p-xylene, and water. Mn2+-
doped ZnSe nanoparticles showed a distinct emission peak of Mn2+

 at the 
wavelength of ~585 nm in the fluorescence spectrum. Mn2+ ion diffused slowly 
into ZnSe lattice and an increase of the emission intensity from Mn relative to 
ZnSe was observed. Complete doping of Mn into ZnSe quantum dots (QDs) is 
much faster for QDs of smaller particle size. Furthermore, the overall 
fluorescence emission intensity of the ZnMnSe nanoparticles also increased 
significantly due to the surface stabilized by the surrounding PEO-PPO-PEO 
block copolymer. The regular ZnMnSe emits strong orange fluorescence color 
with a quantum yield of ~ 4%. The fluorescence emission of manganese 
doped ZnSe is independent of the valence of the manganese ion. The 
fluorescence emission of at ~585 nm was also observed for Mn-doped ZnSe 
prepared with different Mn valence state. An interesting observation of a 
strong white emission was also observed for ZnMnSe sample of very short 
reaction time. Moreover, the Mn-doped ZnSe QDs can be successfully 
recovered and dispersed in water while keeping its strong fluorescence 
emission. This water-dispersible ZnMnSe makes it a potential candidate as 
luminescence tag for biomolecules. 
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PSG39- HYBRID MEMBRANE BASED ON SULFONED PEEK AND 
MODIFIED SILICA FOR DIRECT ALCOHOL FUEL CELL 
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The aim of this study is to develop membranes for direct alcohol fuel cell 
(DEFC), which should have much lower cost than commercial perfluorinated 
membranes and some requirements as good stability, low alcohol crossover 
and high proton conductivity. To overcome drawbacks such as instability to 
ethanol and high alcohol permeability, due to the affinity of alcohol to the 
sulfonic groups, composite membranes compounded by sulfonated polymers 
and modified silica have been proposed for direct methanol fuel cell [1,2]. 
Membranes based on sulfonated poly(1,4phenyleneoxy-
1,4phenylenecarbonyl-1,4phenylene) (SPEEK) (SD= 43%) were mixed with 2 
up to 6%(mass weight) modified silica. The influence of phosphotungstic acid 
(HPW) immobilized in the silica matrix (8.3% and 16.0% of HPW, determined 
by X-ray fluorescence analysis) and the influence of sulfonic group attached in 
silica matrix through reaction of (3-mercaptopropyl)trimethoxysilane and 
tetraethoxysilane by sol-gel method (4.2% and 9.0% total sulfur by elemental 
analysis) were evaluated on proton conductivity, water and alcohol uptake of 
membranes. The water and ethanol solution (20% mass weight) uptake going 
through 40 up to 90ºC during 24h for each temperature decreased with 
loading of modified silica in the composites. The conductivity of composite 
membranes was half of the plain membrane (SPEEK). However, the 
membranes with modified silica had conductivity higher than the membranes 
with unmodified silica. SAXS measurement showed composite membranes 
are constituted by nanometric morphology. 
 
[1] Y. Izumi; K. Hisano; T. Hida Appl. Catal. A 1999, 181, 277. 
[2] H.-J. Kim; Y.-G. Shul; H. Han Appl. Catal. A 2006, 46, 299. 
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NANOCOMPOSITE MATERIALS BY SOL-GEL TECHNIQUE 
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Magnetic carrier technology has become an increasingly popular tool for dryg 
targeting, bioseparations and molecular diagnostics, especially 
immunoassays[1-2]. Mesoporous silica-magnetic materials were first reported 
with the magnetic mesoporous core-shell nanomaterial of spherical 
morphology[3]. Ordered emsoporous materias have a more uniform pore 
structure, which could support magnetic materials. In this paper, a new 
nanocomposite magnetic material based on SBA-15 mesoporous molecular 
sieves was designed and prepared by the sol-gel and immersion method, in 
which the Fe2O3 nanoparticles were presented in the frame and the CoFe2O4 
ferrites nanoparticles were confined in the mesopores of SBA-15. And then 
the microstructure and magnetic properties of CoFe2O4/Fe2O3-SBA-15 
magnetic nanomaterials were characterized and discussed by x-ray diffraction 
(XRD) and vibrating sample magnetometer (VSM). The results indicated that 
magnetic properties (coercive force and saturation magnetization) could be 
improved by the content of CoFe2O4 and Fe2O3 in the magnetic 
nanomaterials. The saturation magnetization of the CoFe2O4 implantation 
sample was ten times of that the undoped one, and the coercive force also 
enhanced greatly. The couple exchange interaction was confirmed with Kelly-
Hankel(δM) between CoFe2O4 and Fe2O3 nanoparticles, which enhanced 
ferromagnetism of as-prepared samples. Furthermore, the magnetic 
nanoparticles could be replaced by others magnetic materials, and the 
magnetic properties could be tailored in this way. 
 
[1] R. Srivastava; D. Srinivas; P. Ratnasamy Micropor. Mesopor. Mater. 2008, 

90, 314. 
[2] S.X. Li; J.C. Zhang; Y.S. Shen; et al. J. Mater. Sci. Tech. 2006, 22, 659. 
[3] W. Zhao; J. Gu; L. Zhang; et al. J. Am. Chem. Soc. 2005, 127, 8916. 
 
Project: National Natural Science Foundation of China (20801050) 
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Hybrid and mixed sol-gel materials have aroused great interest due to their 
versatility, ease of preparation and wide range of applications [1]. They can be 
obtained from combinations of organic and inorganic compounds using 
various methods [1]. Among these components are clays, which, combined 
with oxides, oxyhydroxides, and humic substances, are responsible for many 
important natural processes [2]. One of these processes is the stabilization of 
the reactivity and structure of iron oxyhydroxides [2]. The synthesis of 
akaganeite by hydrolysis gives only approximately 30% yield, but is the most 
common method found in the literature [3]. In this work, emphasis is given to 
the synthesis of the iron oxyhydroxide known as akaganeite (β-FeOOH) 
through hydrolysis of FeCl3.6H2O. The iron salt (5.41 g) was mixed in the 
aqueous clay suspension (2.0 %) and stirred for 4 hours. The resulting 
suspension was heated to 70 oC for 48 hours. The resulting orange colored 
material, apparently homogeneous, was washed by decantation and 
maintained in aqueous medium for purposes of manipulation. For structural 
and spectroscopic characterization, the material was dried at room 
temperature, in a vacuum, for 24 hours. XRD analyses showed that the major 
phase is akaganeite (2Θ= 26.73) and that the crystallinity of the resulting 
material was controlled by the clays. Intercalation of the material between the 
layers occurred, evidenced by a variation in d(001) [2]. FTIR spectra showed 
peaks typical of the formation of the akaganeite phase (1630cm-1, 630cm-1 
and 490cm-1). Both techniques showed that the chemical environment 
provided by the clays determined the phase formed, even showing another, 
highly-reactive phase called Green Rust I (XRD 2Θ= 57.8o and FTIR 800cm-1) 

[2]. Electronic spectra show how the clays promote a reorganization of the 
material, permitting and intensifying electron-transfer processes. These data 
also show the synergism between the clay and the iron oxyhydroxide. These 
materials were tested and show promise in the breakdown of dyes by a 
Fenton-like process, and as glucose sensors [2]. 
 
[1] M.A. Rocha; F.J. Anaissi; H.E. Toma; K. Araki; H. Winnischofer. Materials Research 
Bulletin 44, 2009, 970-976. 
[2] J.C. Villalba. Óxido-Hidróxido de Ferro Nanoestruturado em Argilas Montmorilonitas, 
Dissertação de Mestrado, UNICENTRO, Guarapuava, Paraná, 2009, 1-80. 
[3] U. Schwertmann; R.M. Cornell. Iron Oxides in the Laboratory: Preparation and 
Characterization, 2nd edition; Wiley-VCH, Weinheim, Germany, 2000; 113-118. 
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POWDER BY SOL SPRAY DRYING 
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Nanocomposite ceramics changes the brittleness of traditional ceramics and 
enhances the intensity, toughness and super plasticity, and has become one 
of research highlights in ceramics and nanomaterials fields [1-3]. Uniform and 
dispersed nanocomposite powder is one of three key factors for preparing 
nanocomposite ceramics, and also is an important prerequisite to the other 
two key factors (high-density green body and inhibiting grain growth). 
 

In this present work, using nano-SiC (average 40nm) as starting materials, 
nano-TiN (average 20nm) as second phase, YAG (Y3Al5O12) sol as liquid 
medium, the sol dispersing nano-particles system was fabricated by sol-gel 
method and spray-dried to synthize spherical granulation nanocomposite 
powder. The granulation powder was calcined at 600~900 oC for 2 h, and the 
phases and microstructures of pre-calcined and post-calcined powders were 
investigated by X-ray diffraction, scanning electron microscope and 
transmission electron microscopy. With increasing of the calcining 
temperature, the phases and particle size of the powders change. After 
calcining at 900 ºC, the YAG phase, not  YAP (YAlO3) or YAM (Y2Al4O9), is 
the only phase with complete crystalline and nano-particle size detected in 
calcined powder, and the nano-SiC and nano-TiN particles with good 
dispersion do not obviously grow up and agglomerate. The nanocomposite 
powder has superior sintering properties with low sintering temperature and 
high sintering density. 

 

[1] Asthana R, Ashok K, Narendra B D. Nanomaterials and 
Nanomanufacturing. Materials Processing and Manufacturing Science, 2006: 
551. 
[2] Choi SM, Awaji H. Nanocomposites - a new material design concept. 
Science and Technology of Advanced Materials, 2005, 6 (1): 2. 
[3] Niihara K, Kusunose T, Kohsaka S, Sekino T, Choa YH. Multi-functional 
ceramic composites through nanocomposite technology. Science of 
Engineering Ceramics II Key Engineering Materials, 1999, (2): 527. 
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Recently, in order to extend the application of TiO2 film on heat-intolerant 
organic substrates, the research on its low-temperature preparation method 
has been drawn more and more attention of researchers [1-3]. One promising 
method to prepare crystalline TiO2 film at low temperature is to use TiO2 
nanocrystalline sol as a coating agent [3,4]. However, the fast recombination 
rate of photogenerated electron/hole pairs still hinders the application of this 
technology. Coupling of SnO2 and TiO2 as one of the effective method to 
lower electron/hole pairs recombination, has been extensively studied [5].  
In this paper, a novel preparation method to obtain crystalline TiO2/SnO2 
composite film at room temperature from TiO2/SnO2 nanocrystalline sol was 
presented. Ti(OC4H9)4 used as a precursor was hydrolyzed in the rutile SnO2 
nanocrystalline sol, and in-situ formed TiO2/SnO2 nanocrystalline sol. XRD 
analysis indicated that TiO2 grains grown in SnO2 sol was rutile phase rather 
than anatase phase for single TiO2 grains (Fig.1), and SnO2 nanocrystalline 
sol exhibited inducing effect on TiO2 grain growth. TiO2/SnO2 composite 
structure induced a better charge separation, and thus the photocatalytic 
activity of TiO2/SnO2 composite film was increased significantly compared with 
TiO2 film (Fig.2). 
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Fig.1 XRD pattern of the dried powder of                Fig.2 Changes of decomposition of       
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[1] D. S. Zhang, T. Yoshida, H. Minoura Adv. Mater. 2003, 15, 814. 
[2] R. S. Mane, Y. H. Hwang, C. D. Lokhande, S. D. Sartale, S-H. Han Appl. Surf. Sci. 
2005, 246, 271. 
[3] J. W. Gao, Q. H. Shen, M. Fang, P. Wang, H. Yang Key Engin. Mater. 2007, 336-
338, 2350. 
[4] Q. H. Shen, H. Yang, J. W. Gao, J. G. Yang Mater. Lett. 2007, 61, 4160. 
[5] Z. Y. Liu, D. D. Sun, P. Guo, J. O. Leckie Nano Lett. 2007, 7, 1081. 



Poster Session 

SOLGEL2009 

166
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Silica-magnesia mixed oxides find many applications, such as in the synthesis 
of magnesium silicates, in the manufacture of glasses and of cements, in the 
development of catalyst supports, among others. These materials can be 
prepared by the sol-gel method by simultaneous hydrolysis and condensation 
of tetraethoxysilane (TEOS) and magnesium ethoxide.[1] Alternatively, it is 
possible to use a magnesium salt such as magnesium nitrate (Mg(NO3)2), 
magnesium carbonate (MgCO3) or magnesium chloride (MgCl2), as magnesia 
source in the sol-gel synthesis. Few studies have been carried out using 
magnesium salt in the synthesis of silica-magnesia mixed oxides.[2] However, 
the effect of TEOS/magnesium salt molar ratio on structural and textural 
properties of mixed oxides was not investigated. In the present work, the 
influence of molar ratio TEOS/MgCl2 used in the sol-gel synthesis on 
structure, texture and morphology of the resulting silica-magnesia xerogels 
was investigated. Therefore, silica-magnesia xerogels were prepared from 
tetraethoxysilane (TEOS) and magnesium chloride (MgCl2) under acid 
conditions. The TEOS/MgCl2 molar ratio was varied from 1:0 to 0:1. The 
xerogels were characterized by a set of complementary techniques, namely 
Fourier transform infrared spectroscopy (FT-IR), X-ray photoelectron 
spectroscopy (XPS), X-ray diffraction (XRD), nitrogen adsorption, scanning 
electron microscopy-energy dispersive x-ray spectroscopy (SEM-EDX) and 
atomic force microscopy (AFM). Magnesium contents of silica-magnesia 
xerogels were between 1.3 and 16.0 wt.%. The increase of TEOS/MgCl2 
molar ratio leads to a increase of homogeneity and crystallinity. The presence 
of low Mg content (<5 %) increases the specific surface areas in relation to 
the bare silica. A cubic grain morphology is observed for xerogels with higher 
Mg content.  The silica-magnesia xerogels have been evaluated as support 
for metallocene catalysts in ehtylene polymerization.   
 
[1] T. Lopez, M.E. Manríquez, R. Gomez, A. Campero, M.E. Llanos, Mater. 
Letter. 2000, 46, 21.   
[2] S. Mitra and S. Sampath, J. Mater. Chem. 2002, 12 2531.  
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PSG45- ELECTRORHEOLOGICAL PROPERTIES OF NI-DOPING 
TITANATE NANOTUBE @ACETAMIDE SUSPENSION WITH 

VARIOUS PREPARED PROCESSES  
 

 

Y.C. Cheng, J.J. Guo, X.H. Liu, G.J. Xu, P. Cui 
 

Ningbo Institute of Material Technology and Engineering, Chinese Academy of 
Sciences, Ningbo 315201, P. R. China 

e-mail:yccheng@nimte.ac.cn 
 
 
Electrorheological (ER) fluids are smart materials whose rheological 
properties can be easily controlled through a changing external electric field. 
There is very wide range of potential application for ER fluids in various areas, 
including the automotive industry, robotics, hydrature, damping and military [1, 
2]. Since the phenomenon of electrorheology was discovered by W. M. 
Winslow in 1947 [3], many researches about ER fluids have been performed 
[4, 5]. 
A hydrothermal method was proposed to prepare titanate nanotubes (TNs) 
with the diameters of about 10 nm. The Na+ ion of the nanotubes were 
substituted by Ni2+ ion, which enlarged the BET surface area of the titante 
nanotubes. Then these nanotubes were modified by acetamide via different 
self-assembled processes. The X-ray diffraction analyses, TEM, TG-DTA and 
FT-IR spectroscopy were used to determine the structure of the nanotubes. 
The results indicated that the acetamide molecules exist on the surface and 
inside of nanotubes. The different synthesis processes do not change the 
morphology of TN@acetamide nanoparticle, nevertheless they affect the 
interaction between amide and acetamide. The ER activity was studied by 
yield stress under and DC electric field. This one-dimensional noaoparticles 
ER fluid showed notable ER activity, which outclassed that of the spherical 
nanoparticles ER fluid. Furthermore, it was found that the Ni-doping could 
effectively enhance the ER performance of titante nanotubes with suitable 
degree of doping. 
 
[1] S.P. Couter; K.D. Weiss; J.D. Carlson J. Intell. Mater. Syst. Struct. 1993, 4, 
248. 
[2]  T. Hao Adv. Mater. 2001, 13, 1847. 
[3]  W. M. Winslow J Appl Phys. 1949, 20, 1137. 
[4]  J.J. Fan; X.P. Zhao; X.M. Gao; C.N. Cao J. Phys. D 2002, 35, 88. 
[5] Y.C. Cheng; J.J. Guo; X.H. Liu; et. al. Colloid Polymer Sci. 2008, 286, 
1493. 
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PSG46- DIRECT SYNTHESIS OF A BRANCHED 
ALKOXYSILOXANE OLIGOMER FROM ALKOXYSILANE 

WITHOUT HYDROLYSIS 
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It is quite important to precisely synthesize branched (organo)alkoxysiloxane 
oligomers for the formation of silica-based materials having demanded micro- 
and meso-structures with various functionalities [1]. For this purpose, selective 
hetero-condensation (reaction between different precursors) to synthesize 
branched (organo)alkoxysiloxane oligomers are neccesary. However, self-
condensation often compete with hetero-condensation. This problem is 
caused by the use of silanol groups or silicates as precursors, because the 
presence of H2O as a by-product or an impurity is inevitable in these 
processes. Additionaly, alkoxy groups are easily hydrolyzed. To overcome 
these problems, the use of alkoxysilanes with Lewis acid is interesting. In this 
process, self-condensation of the precursors does not occur. Moreover, HCl, 
H2O, and silanols are not required. On the other hand, well designed siloxane 
frameworks retaining reactive groups (≡SiOR, ≡SiH groups) for sol-gel 
process are quite difficult to be prepared when alkoxysilanes and Lewis acid 
are used [2]. In this study, the synthetic methodology for well designed 
siloxane frameworks retaining reactive groups has been developed. We first 
examined the synthesis of a branched siloxane pentamer Si(OSiH(OMe)2)4 (1) 
by direct alkoxysilylation of all four alkoxy groups in the 
tetrakis(diphenylmethoxy)silane ((Ph2HCO)4Si) [3] with chlorodimethoxysilane 
(ClSiH(OMe)2) by using BiCl3 as a catalyst [4]. Liquid-state NMR and HRMS 
data proved the formation of 1. The 29Si NMR spectrum of the product shows 
two signals due to Q4 and -SiOSiH(OMe)2 at −109.9 and −65.2 ppm, 
respectively, and their intensity ratio was 1.0 : 4.1. The high resolution EI-MS 
spectrum shows a peak at m/z = 425.0244, corresponding to [M−MeO−]+, 
which proves the formation of 1 (calculated m/z for C7H25O11Si5

+ [M−MeO−]+ = 
425.0243). These data indicate the synthesis of 1 without hydrolysis. Further 
versatility of direct alkoxysilylation is also investigated. 
 
[1] A. Shimojima and K. Kuorda, Chem. Rec., 2006, 6, 53. 
[2] D. B. Thompson and M. A. Brook, J. Am. Chem. Soc., 2008, 130, 32 
[3] W.Gerrard and K. D. Kilburn, Research, 1956, 11, S57. 
[4] M. Labrouillere, C. Le Roux, H. Gaspard-Iloughmane and J. Dubac, 
Synlett., 1994, 723. 
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PSG47- AMBIENT PRESSURE PREPARATION OF HIGH-
SURFACE AREA V2O5 AEROGEL 

 
 

C.J. Cui1, G.M. Wu1*, J. Shen1, B. Zhou1, H.Y. Yang1, S.F. She1 

 
Shanghai Key Laboratory of Special Artificial Microstructure Materials and Technology, 

Tongji University, Shanghai 200092, China 
 
 
Aerogels with high surface area and low density have attracted significant 
attention due to their potential application as thermal insulation, sensors and 
catalyst supports, gas filters, and electrode materials. In recent years, 
vanadium pentoxide aerogels, one of the important inorganic materials,  have 
been synthesized via a combined sol-gel method and supercritical drying 
technique. But large-scale industrial utilization of  this process is limited by two 
facts. One is the expensive raw materials such as vanadium alkoxide, 
vanadates or vanadic acid, which are generally used in vanadium pentoxide 
aerogels preparation; the other is the supercritical drying technique which can 
be used to prevent the collapse of  the nanostructure, but is limited for the 
economy and other potential hazards. 
 

In this paper, a new synthetic route has been carried out to synthesize a novel 
V2O5 aerogels material. High-surface area V2O5 aerogels were prepared by 
the sol-gel method with V2O5 powder, hydrogen peroxide and ethanol as the 
raw materials. In order to prevent the network structure collapse of the 
resulting materials in the drying process, low surface tension solvents were 
used to replace the pore fluid liquid. Finally, V2O5 aerogels with high porosity 
and high surface area were obtained at ambient-pressure. BET, XRD, FT-IR, 
TEM and SEM were employed to characterize the microstructure and 
morphology of the resulting products. The results showed that V2O5 aerogels 
have a fiber-like and tridimensional network structure with high-surface area, 
as much as 400 m2/g. The resulting solids porosity is more than 90% and the 
average pore diameter is approximately 18nm. The rich host arised from the 
special surface morphology of V2O5 aerogel is adaptable to insert a wide 
variety of protons and ions. All in all, this method provides a simple, safe and 
economical technique. And the resulting materials, with these properties 
mentioned above, may be a promising material for application in electrode 
devices and catalysts as well as sensors.  
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PSG48- NOVEL SPHERICAL SILOXANE DENDRIMERS AS 
BUILDING BLOCKS OF SILICA-BASED NANO MATERIALS 
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The fine control of siloxane networks is crucial for tuning the properties of 
silica-based material. The integration of Si-containing building blocks is one of 
the best methods for the fine control of siloxane networks. Siloxane 
dendrimers are well designed spherical molecules, being useful as spherical 
building blocks. The size of the dendrimers can be varied by generation and 
the environment of molecular surfaces can be changed by exposed functional 
groups. Recently, we have reported the synthesis of a novel spherical 
siloxane dendrimer by trimethylsilylation of triethoxysilylated-derivative of 
double-four-ring (D4R) silicate unit. [1] The dendrimer consists of only siloxane 
linkage in the networks and the surface is covered with chemically stable Me 
groups. Additionally, the size of this dendrimer is larger than 1.5 nm in 
diameter.  
 

In this work, we synthesized a novel spherical siloxane dendrimer (I) 
possessing 24 reaction sites (Si-H groups) on the surface by dimethylsilylation 
of the triethoxysilylated-derivative of D4R with chlorodimethylsilane and 
studied the use of the dendrimer as a building block for constructing silica-
based nanomaterials. 1) The surface Si-H groups of (I) were almost 
hydrosilylated with 1-hexadecene, allyl-terminated tetra-ethyleneglycol-
monomethylether and vinyltriethoxysilane. The solubility of the products is 
different each other due to the surface functional groups. 2) The Si-H 
terminated dendrimers (I) were used to synthesize porous materials. The 
dendrimers were heat-treated in an air atmosphere. The product had a 
structural regularity, although porosity was not observed. Therefore, the cross-
linking between the dendrimers was conducted with 1, 4-
bis(triethoxysilyl)benzene using B (C6F5)3 as a Lewis acid catalyst. In this 
case, the mixture gelated and the xerogel had a structural regularity in the 
framework with disordered micropores. The pore surface of the xerogel had 
many Si-H groups. 
 
[1] K. Kawahara; Y. Hagiwara; A. Shimojima; K. Kuroda, J. Mater. Chem., 
2008, 18, 3193.  
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Fig. 1. Schematic representation of Meso-SO4
2-/ZrO2 synthesis by one-step 

method. 
 

Mesoporous solid superacid materials (Meso-SO4
2-/zirconia) were synthesized 

by one-step sol-gel method and characterized via TG, SAXRD, Nitrogen 
adsorption, HRTEM, XRD and NH3-TPD. TG indicated all organic temples 
could be removed completely upon calcinations in air at 400 oC. SAXRD 
spectrum present two well-resolved peaks at (100) and (110), corresponding 
to a 2D hexagonal mesostructure with a p6mm space group. N2 adsorption-
desorption isotherms and BJH pore-size distribution indicated mean pore 
sizes of 3.8 nm with surface area of 150.2 m2/g. The thermal stability of the 
prepared mesoporous solid superacid materials were checked from 400 oC to 
800 oC. The comparison of transmission electron microscopy (TEM) images 
obtained for calcined samples provides evidence that ordering pore is 
preserved under 600 oC: the extended regions showing marked alignment of 
the pores in all the samples can be clearly seen, but damaged at higher 
temperature. And selected-area electron diffraction showed zirconia 
nanocrystallites were embedded in the mesoscopically ordered 
semicrystalline mesostructure wall. XRD showed that SO4

2- ion will delay 
creation of monocline phase when calcine. NH3-TPD found that catalyst 
calcined at 500 oC has the highest acid amount and this catalyst will showed 
the highest activity in acid reaction. 
 
Project: National Natural Science Foundation of China (20801050, 20433030 
and 906100002)
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PSG50- SURFACE ROUGHNESS CONTROL OF SOL-GEL 
ANTIREFLECTIVE FILMS BY CHEMICAL MODIFICATION 

 
 

W. Yang, Q.H. Zhang 
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Spin coating method is widely used for depositing sol-gel, nanocomposite, or 
polymer coatings onto flat substrates[1] (silicon wafers, glass plates for 
displays, sensor substrates, etc.). However undesired radiative striations were 
often detected on the surface of the spin coating films[2], which lead to bad 
surface property. In this work, the author prepared kinds of chemically 
modified sol using the well-known Stöber method in order to improve the 
surface property, especially the surface roughness. Recent research has been 
focused on understanding a wide variety of stripe formation reasons and 
looking for ways to prevent these defects. Some kinds of fluoro alcohol like 
Fluorinated tetraethylene glycol were used as chemical modifier in the sol-gel 
process that involves hydrolizing distilled tetraethylorthosilicate (TEOS) in 
pure ethanol by the base catalyzed pathway. The mean particle size and the 
viscosity of the sol were measured. Striations were observed with an optical 
microscope, and quantitatively evaluated by surface roughness measurement. 
The results show that the surface roughness of the coatings was improved 
obviously while the spin speed was no more than 3000rpm, and the 
antireflective property was not influenced apparently. 
 
[1] D.P. Birnie ⅢJ. Sol-Gel Sci. Techn. 2004, 31, 225. 
[2] H. Kozuka; Y. Ishikawa; N. Ashibe J. Sol-Gel Sci. Techn. 2004, 31, 245.  
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FROM RICE HUSK WITH AMBIENT PRESSURE DRYING 
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Tongji University, Shanghai 200092 , China 

 
 
SiO2 aerogels, prepared via sol-gel process with silica alkoxide as precursor, 
have various excellent properties and gradually receive significant attention 
for their potential applications [1]. However, their high cost of preparation has 
limited their wide application. In contrast, rice husk is an agricultural byproduct 
whose major constituents are organic materials and hydrated silicon. Because 
the silicon atoms in the rice husk have been naturally and uniformly dispersed 
by molecular units, very fine particle size, with very high purity and surface 
area silica powder can be prepared under controlled conditions [2]. Recently, 
ambient pressure drying including surface modification and solvent 
substitution has already been proposed to prepare aerogels. 
 

Surface modification is a process in which Si-CH3 groups of 
trimethylchlorosilane (TMCS) replace -OH groups on the inner surface of SiO2 
aerogels. Surface modification has an advantaged impact on the prepared 
aerogels that the activity of groups on the inner surface of aerogels is 
completely changed. The SiO2 aerogels from rice husk with Ambient Pressure 
Drying are the lightest state material and its super specific surface area is 
determined by three-dimensional nano porous structure due to the high 
permeability of multi-ramiform cylindrical capillary and nano skeletons [3]. As a 
result of porous structure, aerogels have high porosity (99%), super specific 
surface area (1120cm2/g), low density (0.003g/cm3) and average pore size is 
about 20nm. 
  

[1] L.W. Hrubesh J. Non-Cryst. Solids 1998, 225: 335-342 
[2] Tzong-Horng Liou Mater. Sci. Eng. A 2004, 364: 313-323 
[3] M. Schmidt; F. Schwertfeger J. Non-Cryst. Solids 1998, 225: 364-368 
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E-mail: Plinio@uniss.it 

 
Organic-inorganic hybrid films containing  organosilica nano-crystals have been 
obtained by a solventless sol-gel process from a mono-functionalized organically 
modified alkoxide. Kinetically controlled self-organization has been used to design 
the hybrid nanocomposite films; nanocrystals of around 100 nm in diameter and 4 
nm in thickness have been formed in transparent hybrid films. The layered 
nanocrystals have shown to be oriented within the films and exhibited optical 
anisotropy (∆n>10-3); the hybrid nanocomposite material has shown to be suitable 
for micro/nanofabrication by soft lithography and different patterned structured 
containing the hybrid nanocrystals have been obtained. Layered organosilicate 
nano-crystalline have been produced, for the first time to our knowledge, in hybrid 
organic inorganic films through a self-organization process. The simple and facile 
preparation method that we report allows obtaining organosilicate layered nano-
structures in curable epoxy-silica hybrid films. The hybrid films after deposition 
show a good combination of properties to allow  patterning by micromolding as 
microfabrication technique. This approach is opening the route to new applications 
in electronics, photonics, and bio-chemistry in combination with 
micro/nanolithography techniques. 
 

 
 
 
 
 
 
 
 
 
 
 
 

(a) TEM image of the nano-crystals in the hybrid film. (b) Picture of the optically 
transparent nanocomposite hybrid film.

(a) (b)(a) (b)
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Optical microscope image of a patterned hybrid film containing the layered 
organosilica nanocrystals that has been micro-fabricated  by soft-lithography. 

100 µµµµm
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Adsorptive materials have extensive application in such fields as air 
purification, sewage disposal, chemical industry sublimation, medicine 
filtering, seawater desalting, etc. Silica aerogels are nano-porous materials 
with high porosity (＞99%), large surface area (600~1200 cm2·g-1) and low 
bulk density (down to 3kg·m-3), and possess excellent adsorbing and catalytic 
properties. Thus they are potentially important to be used as adsorbents being 
quite efficient to adsorb pollutant in waste water such as dye, petroleum, 
organic matter, etc.  
Silica aerogel were prepared via a sol-gel process dried at ambient pressure. 
The morphology and pore structure of the aerogels were characterized by 
Scanning Electron Microscopy (SEM) and N2 adsorption analyzer. The dye 
adsorption capacities of the silica aerogels were also determined. 
The results show that the adsorption capacities of silica aerogels to dye 
adsorbate are close, the remival rates are all beyond 98%, but vary with the 
different adsorbate. The remival rate of silica aerogels to methylene blue 
increases with the increase of the concentration and is higher than phenol. It 
is found that Freundlich and de Boer-Zwikker adsorption isothermal equation 
are fit well to the test data. The remival rates of Silica aerogels after 
regeneration to dye adsorbate are all beyond 98%. 
 
 
[1] M.Schmidt, F.Schwertfeger, J Non-Cryst Solids, vol.225, 364-368, 1998. 
[2] Zhang Zhihua, Ni Xingyuan, Chen Shiwen, et al. The Proceedings of Fifth 
Annual Conference for Young Scientists of China Association for Science and 
Technology, Shanghai, China, November 2-5, vol. 1, pp. 176-180, 2004. 
[3] M.O. Adebajo, R.L. Frost, J.T. Kloprogge, et al. Journal of Porous 
Materials, vol.10, 159-170, 2003. 
[4] Zhang Zhihua, Shen Jun, Ni Xingyuan, et al. Journal of Macromolecular 
Science, Part A: Pure and Applied Chemistry, vol.43, 1663-1670, 2006. 
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In this work, we report on the elaboration of hybrid materials: fluorescent organic 
nanocrystals grown in sol-gel thin films for biosensors applications. The process is 
based on the nucleation and growth control of organic fluorophores confined in the 
pores of sol-gel matrices. Depending on the nanocrystallization conditions, we can 
obtain nanocrystal diameters ranging between 20 and 800 nm with size distributions of 
around 10% [1]. Our molecular nanocrystals are constituted by a high number of 
molecules (105-107 depending on size) leading to high cross section absorptions and 
thus to high fluorescence intensities. Moreover, these nanocomposite thin films combine 
the good stability and easy shaping of amorphous inorganic materials with the specific 
optical properties of organic nanocrystals: photostability and single spectroscopic 
signatures (monoexponential fluorescence decays). We have demonstrated the 
feasibility of using fluorescent molecular nanocrystals as signalization functions of 
chemical sensors involving typical colored indicators as molecular probe [2]. Indeed, the 
adsorption of a probe molecule at the nanocrystal surface induces their fluorescence 
quenching. These quenching are very efficient due to the crystal structure of these 
organic particles that favors the delocalization of the excitation in the nanocrystals 
exhibiting thus nanoemitters behaviors. To develop high sensitive biological sensors, we 
made directly available to biological aqueous solutions organic nanocrystals that were 
previously prepared embedded in sol-gel thin films. The selected route is the controlled 
dissolution, through a layer-by-layer mechanism, of the sol-gel surface by using basic 
aqueous solutions [3]. After this soft dissolution, with a rate of about 2nm/h, the silicate 
thin films keep very low roughnesses of 0.2-0.3nm with nanocrystals emerging only by a 
few nanometers from the sol-gel surface. Thus, the nanocrystals remain strongly 
anchored to the sol-gel coating leading to good mechanical stability of the final sensing 
devices. We demonstrated that in presence of DNA-probe solutions, the nanocrystal 
fluorescence is strongly quenched by Förster Resonance Energy Transfer. Then, we 
successfully grafted these DNA-probe fragments, functionalized with a molecular probe 
onto the surface of the nanocrystals, and we observed an important quenching of the 
nanocrystals fluorescence. After the hybridization of the grafted DNA-probe with their 
complementary fragments, we obtained a strong fluorescence recovering. These first 
results open thus the way towards very sensitive fluorescent biosensors based on high 
fluorescence contrasts. 
 
Publications: 
[1] Confined nucleation and growth of organic nanocrystals in sol-gel matrices, V. Monnier, N. Sanz, 
E. Botzung-Appert, M.Bacia, A. Ibanez, J. Mater. Chem., 16, 1401-1409 (2006) 
[2] Polyaromatic luminescent nanocrystals for chemical and biological sensors, E. Botzung-Appert, 
V. Monnier, T. Ha Duong, R. Pansu and A. Ibanez, Chem. Mat, 16, 1609-1611 (2004). 
[3] V. Monnier, N. Sanz, R. Pansu and A. Ibanez. Patent PCT/FR2008/050490, deposited March 
21th 2008. 
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Inorganic photochromes offer only a limited colour range and are not suitable 
to coat on organic polymeric substrate. Nevertheless, photochromic polymeric 
film have been obtained with organic photochromic dyes by thermal transfer 
technique [1]. Homogeneous materials of organic compounds are often 
unable to resist the reduction of function under natural condition. Composite, 
low-dimensional, and intelligent materials are designated trend of the 
development in this area [2]. There are less researches on the preparation of 
heteropolyacid-polymer photochromic thin films[3]. In this paper, two kinds of 
heteropolyacid-polymer hybrid photochromic thin films were prepared with 
polyvinylpyrrolidone and polyoxometalates, including silicotungstic acid-K30 
and phosphotungstic acid -K30, respectively. Effects of different 
polyoxometalate content and treatment temperature on photochromism 
properties of films were studies by UV-visible spectrophotometer (UV-vis). 
The morphology of films was investigated by Scanning Electron 
Microscopy(SEM) and Transmission Electron Microscopy(TEM). The chemical 
sturcture and phase sturcture were characterized by X-ray diffraction(XRD). 
The results showed that, the light absorbsion of films become stronger with 
increasing polyoxometalate content, and the fading time become shorter with 
higher curing temperature. And the hybrid films show good photochromism. 
The photochromic performance of silicotungstic acid-K30 hybrid thin film is 
superior to phosphotungstic acid -K30 at 630nm. The fading performance of 
silicotungstic acid-K30 hybrid thin film is superior to phosphotungstic acid -
K30. Phosphotungstic acid particles with diameters of 37nm was investigated 
from TEM images, but there are no particles on films from SEM images. It 
indicates that the films are smooth, crack-free and uniformity.   
 
 
[1] J.-P. Crano, S. Weber, P. Tardieu, N. Lelard. WO 96/27488 (1996). 
[2] BY.Wu. Apply of organic-inorganic hybrid materials. Publish by chemistry 
industry. 2005. 
[3] LM. Ai. Study on the preparation and photochromic properties of inorganic-
polymeric hybrid films. Thesis of masters. 2007. 
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The sol-gel method using chelating agent (polyethylene glycol, citric acid or 
polyacrilic acid) is a useful technique because it presents advantages of good 
stoichiometric control, good particle size distribution, low temperature and 
short period for calcination [1]. 
The gelifiation process in the aqueous La-Co-citric acid system was 
investigated using UV-VIS and IR spectroscopic methods, as well as 
viscometric measurements, in order to establish the gelation mechanism of 
transitional metals (La and Co) in the presence of chelating agent. 
Lanthanum and Cobalt nitrates and acetates, respectively, were used as 
starting reagents. As a chelating agent citric acid was employed. The gelation 
was investigated at room temperature and at 800C. The gels were obtained 
after 30 hours at elevated temperature or after a 1 month at room 
temperature. For both studied systems, complex gels were formed. The Co2+ 
ion presents mainly an octahedral symmetry during the whole gelation  
process, while the citric acid acted as a monodentate ligand. 
The obtained gels were analyzed by FT-IR, UV-VIS, XRD and TG/DTA and 
TG/EGA (analysis of evolved gases). Based on these results a mechanism of 
formation of these gel complexes was proposed.  
 
[1] J.D.G. Fernandes,D.M.A. Melo, L.B. Ziner, C.M. Salustiano, Z.R. Silva, 
A.E. Martinelli, M. Cerqueira, C. Alves Junior, E. Longo, M.I.B. Bernardi, 
Mater. Lett. 2002, 53, 122. 
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Syntheses and processes to create materials with enormous potentialities 
need to be scaled up to get effective impact for the community. In this sense, 
the Sol-Gel approach offers tremendous flexibility and degrees of freedom. 
Specifically, the possibility to alter the chemical nature of a large variety of 
substrates creates suitable conditions to perform chemical synthesis on a 
multi-dimensional scale [1]. Depositing Self Assembled Monolayers (SAMs) of 
chosen precursors and tailoring them to the intended chemical synthesis is 
the aim of this work. Different kind of substrates' surfaces have been modified 
with various functional species to promote the controlled growth of ultra-
porous metal-organic frameworks, a class of materials that is raising great 
interest thanks to their applicability in a broad variety of applications, including 
smart membranes, catalytic coatings and chemical sensors [2, 3]. The 
proposed approach intends to overcome one of the major drawbacks of their 
synthesis, low reaction yields [4], to date. This limitation makes the typical 
synthesis of these materials not suitable for mass production. Inducing the 
porous frameworks’ growth on Sol-Gel functionalised surfaces offers both new 
insight on their formation mechanism and the highly desirable possibility to 
induce their growth on supports directly implementable into a working device. 
 
 
[1] S. Hermes; D. Zacher; A. Baunemann; C. Wll; R.A. Fisher Chem. Mater. 
2007, 19(9), 2168. 
[2] D. Zacher; O. Shekhah; C. Woll; R.A. Fischer Chem. Soc. Rev. 2009, 
published online. 
[3] M. Eddaoudi; J. Kim; N. Rosi; D. Vodak; J. Watcher; M. O’Keeffe; O.M. 
Yaghi Science 2002, 295, 469. 
[4] K.S. Kunstman; P. Cyganik; M. Goryl; D. Zacher; Z. Puterova; R.A. Fisher; 
M. Szymonski J. A. Chem. Soc. 2008, 130(44), 14446. 
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Zirconium oxides are an interesting materials. High melting point, low thermal 
conductivity, high corrosion resistance and amphoteric behaviour are among 
its properties. 
The aim of this work is to describe the studies carried out in order to use sol-
gel method in the reverse micellar middle which may be used for the synthesis 
of smaller nanoparticles. In fact, several procedures were investigated in order 
to put in evidence the influence of parameters conditions such as micellar 
compositions, temperature and salts as additives... 
The samples have been characterized using thermoanalysis (TG-DTA), 
Brunauer, Emmett and Teller (BET), FTIR, scanning electron microscope 
(SEM), powder X-ray diffraction and 13C-CP/MAS NMR. 
This characterization showed that the material is mesoporous. The zirconium 
oxides obtained have different sizes and morphologies with an important 
surface area of about 220 m2/g. 
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The aim of this work is to design and develop strategies for the creation of 
nanoporous materials based on the sol-gel chemistry of novel resin 
precursors.  Indeed, previous work has shown that gels based on such resins 
could be prepared both in organic and aqueous solvents1,2, which upon drying 
lead to porous networks for which porosity can be tuned both in terms of pore 
volume and pore size3.  Here, we show the incorporation of novel judiciously 
designed monomer motifs into gels based on melamine chemistry and its 
influence on the resulting materials both in terms of structure and functionality, 
based on nitrogen sorption, scanning electron micrographs, thermal 
gravimetric analysis and infra-red studies. It is anticipated that such networks 
would exhibit new properties and new architectures of great interest for 
molecular recognition applications4. 
 
[1] W-C. Li, A-H Lu, F. Schüth, Chem. Mater., 2005, 17, 3620-3626. 
[2] C.C. Egger, C. du Fresne, D. Schmidt, J. Yang, V. Schädler, J. Sol-Gel 
Sci. Tech., 2008, DOI 10.1007/s1097-008-1745-9. 
[3] C.C. Egger, P. Mueller-Buschbaum, V. Raman, S. Roth, C. du Fresne, V. 
Schädler, T. Frechen, Langmuir, 2008, 24, 5877-5887. 
[4] Chen Z., Luo J., Sun Y., Biomaterials, 2007, 28, 1597-1609. 
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The influence of the sol-gel precursor, pre-treatment processing, and 
particularly, the post-hydrothermal treatment were investigated for titanate-
based nanotubes synthesis. Two different precursors were used: a sol-gel 
amorphous TiO2 powder obtained by sol-gel method and TiO2 P25 Aeroxide 
powders. Titanate-based nanotubes were synthesized by hydrothermal 
treatment of TiO2 nanopowders in 10M NaOH solution at 140°C for different 
periods, from 24 to 96 hours. The as obtained precipitate was separated by 
centrifugation at 3000 rpm to remove the NaOH excess, and then 
filtered/washed several times, alternatively with water and acid solution (0.1N 
HCl) to neutralize the remaining sodium ions, until pH was neutral. The 
precipitate was dried overnight at 110°C, and then thermally treated at 400°C. 
By transmission electron microscopy, coupled with SAED, the morphology 
and crystallinity of the samples was investigated. By thermal analysis, the 
thermal stability of the nanotubes was investigated. Chemical composition 
was identified by EDAX spectrometry. The catalytic activity of the as-
prepared, dried and thermally treated TiO2 nanotubes, as well as the Pt-doped 
samples was investigated exhibiting in all cases better catalytic properties as 
compared with N2 and Pt doped TiO2 powders. The nanotube formation and 
morphology was noticed to be improved for amorphous sol-gel powders as 
precursor, at shorter reaction time. 
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Titanium dioxide (TiO2) coatings are used in a widespread range of applications, 
e.g. in pigments, food additives, paints, cosmetics. One of the most advanced uses 
of TiO2 is as a photocatalyst: devices for air and water purification, self-cleaning 
and anti-bacterial surfaces based on TiO2 films and powders are now commercially 
available. Photocatalytic activity is based on the formation of a photogenerated 
electron-hole pair upon absorption of a UV photon, the most likely pathway being 
holes oxidizing the adsorbed organic species, and electrons reducing hydroxyls 
adsorbed on the surface to OH radicals, which in turn oxidise the organic 
species. Thus, organic reactants (i.e. “dirt”) can be removed by a combined use of 
UV light and water, producing simple chemical species such as CO2 and H2O. 
 
There are no studies regarding the variation of the photocatalytic properties of TiO2 
coatings with temperature. This is surprising because this might be a central 
aspect in applications where the substrate temperature can be varied in order to 
attain better performances (e.g. in purification and sterilisation). In this work we 
report on the preliminary results of the evaluation of the photocatalytic efficiency of 
TiO2 films obtained by a sol-gel route varying the film structure and the substrate 
temperature. The efficiency was evaluated by FTIR measurements of an organic 
coating spinned on the TiO2 coatings, monitoring the vibrational modes originating 
from IR absorption by organic groups as a function of the UV irradiation time and 
substrate temperature. Whereas in experiments at ambient temperature stearic 
acid is normally used as a sacrificial organic coating, in experiments carried out at 
higher temperatures (50<T<200°C) another organic substance must be employed, 
because stearic acid decomposes significantly for temperatures higher than 
50°C. Therefore, a central part of our work was focused on establishing a 
chemical species which (1) does not suffer from thermal degradation at the 
temperatures used for experiments, (2) is stable under UV irradiation, (3) can be 
monitored by FTIR. 
 
Our results show that the photocatalytic efficiency of TiO2 coatings obtained via 
sol-gel can be enhanced by the use of certain film structures and working 
temperatures, so that a combination of UV irradiation and heat is effective in 
removing organic contaminants from the TiO2 surface which cannot be removed by 
UV irradiation at ambient temperature. 
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The sol-gel process is a versatile method to generate cellulose-inorganic 
hybrid materials [1,2]. These hybrid materials are biocompatible, 
biodegradable and possess low toxicity in biomedical field [3]. 
The aim of this study was to develop synthesis of a new silica hybrid materials 
containing tetraethylortosilicate (TEOS) and methyltrietoxysilane (MTES) as 
inorganic precursors and a water soluble cellulose ether- methyl cellulose 
(MC) as an organic compound. The hybrid materials have been synthesized 
as the quantity of organic substance has varied from 5 to 50 wt. % to SiO2. 
The structural changes of these materials have been studied by XRD, FTIR 
and SEM. In FTIR spectra of hybrids containing MC shows characteristic 
peaks for SiO2 network (1080 cm-1, 790 cm-1, 880 cm-1 and 460 cm-1), as well 
as of methyl cellulose (1640 and 1130 cm-1). SEM and AFM data for the 
synthesized hybrids structure are in very good agreement. In the case of 
MTES with 5% MC, the SEM study indicates the presence of heterogeneous 
regions – microaggregates dispersed in relatively flat and homogeneous 
matrix. This type of microstructural variation is confirmed by the AFM images. 
The observed nanoscaled formations in sample with 50% MC could be 
assigned to the surface structure of the particles building the aggregates 
registered by SEM. There is a good match between the sizes of 
nanoaggregates as determined by SEM and AFM. The synthesized hybrid 
materials have been applied as matrices for immobilization of the filamentous 
yeast Trichosporon cutaneum R57. This strain shows considerable ability to 
remove cadmium and copper ions from aqueous solutions. The biofilm 
formation has been visualized by SEM studies. It was find out that the 
maximal efficiency of copper and cadmium removal were observed at hybrid 
materials containing TEOS 50wt. %MC - 83% and 37%, respectively. 
However, by matrices containing MTES the high value of copper removal was 
56% and for cadmium - 45% removal also by hybrids with 50wt. %MC. 
  

[1] G. Telysheva; T. Dizhbite; D. Evtuguin; N. Mironova-Ulmane; G. Lebedeva; A. 
Andersone; O. Bikovens; J. Chirkova; L. Belkova Scripta Materialia, 2009, 60, 687. 
[2] S. Yano Polymer 1994, 35, 5565.  
[3] H. Barud; R. Assunção; M. Martines; J. Dexpert-Ghys; R. Marques; Y. 
Messaddeq; S. Ribeiro J. Sol-Gel Sci. Technol.  2008, 46, 363. 
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Thin films of ceramic materials have been used as coatings in order to protect 
metallic structures. The great advantages of these materials are the high 
resistance to oxidation, corrosion, and erosion, in addition to good thermal 
and mechanical properties. Ceramic coatings may be obtained by the sol-gel 
process, which results in a high microstructural and chemical control, a low 
processing temperature and good adhesion to both metallic substrate and top 
organic coatings [1,2].  
In this work, the corrosion protection of SiO2-ZrO2 thin films obtained from the 
sol-gel process was evaluated. The sol was prepared from tetraethyl 
orthosilicate (TEOS), isopropanol, water, HNO3 and zirconium acetate (ZrAC) 
in the molar ratio 1:1-x:1:0,3:x, under sonication. To allow better adhesion of 
the coating to the substrate, a non-ionic surfactant Renex 100 was added to 
the solution, in a weight ratio 1:0.2 of sol:Renex 100. The sol was deposited in 
aluminum alloy 2024 substrates using a dip coating technique. The immersion 
process was repeated 6 times in the same substrate and another one was 
immersed just one time, these coated substrates were further kept in oven at 
30° C for 96h. 
Potentiodynamic polarization measurements of the coated substrates showed 
the efficiency of the sol-gel film in protect the aluminum substrate against 
corrosion, indicating that the 6-layered deposition was the best one. The 
xerogel was sintered at 1000 °C and XRD and FT-IR analysis were 
conducted, indicating the presence isolated of SiO2 and ZrO2 phases in the 
samples.  
  
[1] V.S. Saji and J. Thomas. Current Science. 2007; Vol 92, 51-55. 
[2] A. Balamurugan, S. Kannan, S. Rajeswari. Materials Letter. 2003. Vol 57, 
4202-4205. 
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The control of siloxane networks in nanoscale is very important for the 
synthesis of nanomaterials with various structures and/or properties. The 
siloxane oligomers with a double-four-membered ring (D4R) structure are 
widely used as a building block for synthesizing silica-based nanomaterials. 
Among various functionalized D4R units (R8Si8O12), those having Si–OR or 
Si–O– groups are important because of their ability to form Si–O–Si linkages 
[1]. More recently, we reported xerogels and mesostructured films derived 
from mono-, di-, and tri-alkoxysilylated derivatives [2]. In this study, we 
synthesized a bifunctional siloxane oligomer consisting of double-four-
membered ring capped with vinylalkoxysilyl groups as a building block for the 
synthesis of silica-based nanomaterials. Either sol-gel process of alkoxy 
groups or hydrosilylation 
of vinyl groups can be 
chosen, and a 3D 
network was formed and 
characterized. The 
precursor possessing 
vinyl groups was completely silylated for all the corners of the D4R unit. The 
solid-state 29Si MAS NMR spectrum of the xerogel from a hydrolyzed 
precursor showed the formation of siloxane networks. The D4R units are 
mostly retained in the xerogel because only a very small Q3 signal, indicative 
of the cleavage of Si–O–Si bonds, was observed. Vinyl groups were also 
retained during the sol-gel process, confirmed by the solid-state 13C CP/MAS 
NMR. A hybrid gel was also derived from a mixture of the precursor and 
H8Si8O20 by hydrosilylation. The solid-state 13C CP/MAS NMR spectrum 
confirmed the presence of ethylene and i-PrO groups after hydrosilylation. 
Thus, the bifunctional molecular design based on alkoxysilylation of D4R 
silicates is quite useful for the formation of different types of networks which 
possess desirable functional groups in nanomaterials.  
 

[1] V. W. Day; W. G. Klemperer; V. V. Mainz; D. M. Millar J. Am. Chem. Soc. 
1985, 107, 8262, C. A. Fyfe; G. Fu J. Am. Chem. Soc. 1995, 117, 9709. 
[2] Y. Hagiwara; A. Shimojima; K. Kuroda Chem. Meter. 2008, 20, 1147. 
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The organic-inorganic hybrid films have been studied as coatings materials for 
avoiding the corrosion processes on metallic surfaces. The hybrid films have 
been developed as potential substitutes for traditional chromium-based 
coatings, which generate toxic and not environment friendly hexavalent 
chromium 1. These films have flexibility and impact resistance from organic 
precursor and hardness from inorganic precursor 2. In this work, the hybrid 
films containing the same silicon concentration were synthesized from 
epoxidized castor oil (ECO), tetraethoxysilane (TEOS) and γ-
glycidoxypropyltrimetoxysilane (GPTMS) in the following contents: 
ECO+GPTMS:25+TEOS:20, ECO+GPTMS:50+TEOS:10, ECO+GPTMS:70. 
GPTMS was added fisrt to react with the indicated content of epoxy rings. The 
resulting inorganic-modified ECO was submitted to curing process on Teflon 
and aluminum plates. The hybrid films were characterized by differential 
scanning calorimetry (DSC), mechanical analysis (MA), surface adhesion, 
hardness and swelling in toluene. The ECO and hybrid films have shown very 
good surface adhesion (5B) on the aluminium plates, according to standard 
ASTM D-3359-95a. The hybrid films have more resistance to risk according to 
standard pencil test than the ECO film. The ECO and hybrid films have 
hardness 4H and 5H, respectively (standard ASTM D-3363-92a). The DSC 
traces have shown that the glass transition temperature (Tg) increases from 
ECO film (-47,40oC) to hybrid films containing 25% (-32,16oC), 50% (-
27,92oC) and 70% (-27,63oC) of epoxy groups reacted with GPTMS. This 
shows that the hybrid films are more rigid than the pure ECO film. By swelling 
measurements in toluene, it was observed that the hybrid films swell less than 
the ECO film. The swellig values decrease as the GPTMS content increases, 
indicating the formation of a closer organic-inorganic network. These results 
are in agreement with the rupture tension measured by MA. As the GPTMS 
content related to the epoxy groups increases, it is more difficult to rupture the 
films: ECO film (0,0040 MPa), 25% GPTMS (0,013 MPa) and 50% GPTMS 
(0,023 MPa). The nature of the inorganic precursor, TEOS or GPTMS, is an 
important parameter to be evaluated in the synthesis of hybrid films, since 
different materials can be obtained with the same total silicon content. 
 

[1] R. L. Twite;  B. G. Bierwagen Prog. Org. Coat. 1998, 33, 91.  
[2] M. A. de Luca; M. Martinelli; M. M. Jacobi; P. L. Becker; M. F. Ferrão J. Amer. 
Oil Chem. Soc. 2006, 83, 1. 
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In recent years, considerable attention has been focused on the development 
of novel composite systems in the biomaterials area  for specific applications 
[1]. Among the several known calcium phosphates, hydroxyapatite (HA, 
Ca10(PO4)6(OH)2) is one of the most investigated, due to its excellent 
biocompatibility and bioactivity. The chemisorption of organic compounds on 
HA surface allows modifying its surface features, which is very useful to 
chemically bond this inorganic material to other matrices of different nature 
[2]. In this work, we have functionalized HA microcrystals with an organically 
modified silane (3-gycidoxypropyl(trimethoxysilane), GPMS) by employing a 
novel functionalization method based on the application of ultrasonic 
irradiation (UI). This allowed the chemisorption of GPMS on HA surface after 
1 h of applying UI, which led to the formation of a stable suspension of HA 
microcrystals in liquid GPMS. Ultracentrifugation of the coarse fraction of 
suspended HA was employed to narrow down the size distribution of the 
suspended HA. In this way, employing this functionalization method, it would 
be possible to suspend and select any desired fractions of solid to be finally 
incorporated in the resulting hybrid matrix after the hydrolytic condensation of 
the silane during the sol-gel processing. In order to demonstrate this, the 
suspension was ultracentrifugated (10000 rpm, 5 min) three times, and the 
resulting suspension (containing 5-10 µm HA crystals) was used as a 
precursor system to be hydrolized. The hydrolytic condensation was 
accomplished by blending the suspension with a THF/n-hexane mixture (1:2 
volumetric ratio) and adding (dropwise) formic acid as catalyst and water, with 
continuous application of UI. The process was ended (after 10 min of 
irradiation) when a white suspension appeared in the reaction medium. 
Finally, the obtained product was poured in a Petri dish, and solvents and 
volatile products were evaporated at 80° C. A trasparent, glassy and very 
homogeneous film of an organic-inorganic hybrid material containing well-
dispersed HA microcrystals was obtained as the end product. FTIR, SEM, 29Si 
NMR and X-ray fluorescence analyses were employed as characterization 
methods.                   
  

[1]  A.M.P. Dupraz; J.R. de Wijn; S.A.T. van der Meer; K. De Groot J. Biomed. 
Mater. Res. 1996, 30, 231.  
[2] A.N. Vasiliev; E. Zlotnikov; J.G. Khinast; R.E. Riman Scripta Materialia 2008, 
58, 1039. 
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Alumina is a very important catalyst support, especially the γ-phase, which is 
used in some important industrial process, such as catalytic hydrogenation 
and oxygenation reactions [1]. This work describes a route for the preparation 
of γ-Al2O3 spheres using a combination of template synthesis and sol-gel 
chemistry: (i) an aluminum solution is precipitated with NH4OH; (ii) peptization 
with nitric acid and mixing to a chitosan or chitosan-Au/Ag nanoparticles 
solutions; (iii) dropping into a NH4OH(aq)/isoctane biphasic mixture; the 
aluminum hydroxide/chitosan and hydroxide/chitosan-Au(Ag) nanoparticles 
(NPs) droplets are cross-linked in the alkaline solution, keeping their original 
size and form. The spheres were sintered at 600ºC for 2h. The samples were 
characterized by thermogravimetric analysis (TGA), X-ray diffraction (XRD), 
UV-vis spectroscopy, infrared spectroscopy (FT-IR), scanning electron 
microscopy (SEM) and surface area measurements (BET). The X-ray 
difratograms confirmed that γ-Al2O3 was formed. The UV-vis spectra confirm 
the Ag and Au NPs formation by the surface plasmon bands of 438 and 528 
nm, respectively. After sintering at 600 °C, these bands are shifted to 420 and 
525 nm showing that NPs keep their integrity within the γ-Al2O3 spheres. SEM 
images of the samples before and after sintering show an irregular pore 
distribution in the surface as well as inside the spheres.  
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Figure. (left) absorption spectra from chitosan soution with Ag and Au 
nanoparticles; chitosan/gold(silver) solutions are showed in the upper right 
side; (right) scanning electron microscopy of a γ-Al2O3 sphere cross-section. 
 
[1] Hao, Z. et al. Acta Phys-Chim. Sin., 2007, 23(3), 289. 
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Advancement in nanotechnology has led to the production of nano-size silica 
through sol–gel process which has been widely used in the scientific research 
and engineering development. The sol–gel technique is the most common 
method of synthesising silica nano-particles, it involves the simultaneous 
hydrolysis and condensation reaction of the alkoxide to synthesize silica 
nanoparticles with several characteristics. The importance and advantages of 
mono-dispersed nanometre-sized particles were shown not only scientifically, 
but also in industrial applications, e.g. as catalysts, pigments or 
pharmaceuticals. The route sol-gel is known by its easy and quickly 
preparation, there are two routes, hydrolytic and non-hydrolytic. In this work 
was used the hydrolytic sol-gel process to prepare the silica doped with 
titianium to be used in photocatalysis. The photocatalytic activity on 
degradation of dye rhodamine was accompanied by phtololuminescence (PL) 
and absorption spectra in ultraviolet-visible (UV-Vis). The particles SiO2TiO2 
were characterized by Thermal Analysis (TG/DTA/DSC), Infrared (FTIR) and 
Raman spectroscopy. The nanoparticles of silica were obtained by a mixture 
of isopropylic alcohol, as solvent, water and ammonium hydroxide in basic 
catalysis. The alkoxide precursor TEOS was added after  3 minutes of 
magnetic stirring at 40°C. Titanium (IV) isopropoxide was put into after ten 
minutes with continuous magnetic stirring. The samples were centrifuged, 
washed with ethanol and dried under temperature of 120°C. The silica matrix 
were doped with 10 and 1% of the titanium. The resulting xerogels were 
calcined at 400 and 800°C. By the Differential Thermal Analysis (DTA) was 
possible to observe an exothermic peak at 500°C, wich is the beginning of 
the phase transition of TiO2 to form anatase phase that is the best phase to 
degradation. The rhodamine degradation was realized with all sampels. The 
absorption spectra in ultraviolet-visible showed that when was used the molar 
ratio between TiO2 and TEOS of 10:100, the degradation of dye rhodamine in 
90 minutes was 86%, and when the rate was 1:100 the results showed 40 % 
of degradation. So, the amount of Ti in the synthesis affects the reaction of 
rhodamine degradation, but is not directly proportional. When used 1% of 
TiO2 the percentage of the degradation is approximately the half when used 
10% of TiO2. This work conifrmed that anatase phase is essential to 
photodegradation organic compounds and the porcentage of TiO2 can be 
affect the yeild of the reaction. 
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Magnetic particles, as ferrites, are of great interest in the biomedicine area 
because of their applications as constrast agent, hyperthemia, drug delivery, 
chemotherapy and radiotherapy enhancement agents[1, 2]. However, the 
magnetic properties must be enhanced by promoting higher permeability and 
lowering the magnetic losses that depend on the processing conditions. The 
present work aims to synthesize the manganese and zinc ferrite by the 
polymeric sol-gel method in order to obtain materials with higher homogeneity 
and improved magnetic properties.  
The ferrite with the composition of Zn0.23Mn0.77Fe2O4 was prepared from 
nitrate salts and by quelating the cations with citric acid. After polymerizing 
them with etileneglycol to form a resin, it was calcined in air at 400°C and 
1100°C for 2 hours. The X-ray diffraction (XRD) pattern showed that both 
samples crystallize as a pure ferrite phase, but the powder calcined at 400°C 
presents an inverted spinel structure (iron occupying manganese tetrahedral 
site and manganese occupying the iron octahedral site). The sample calcined 
at 1100°C shows to be pure ferrite with normal spinel structure. The results of 
SQUID magnetometry at 310K showed that both samples present low 
coercivity. The sample calcined at 1100°C presents the magnetic saturation at 
a lower field (~1500 Oe) while the powder calcined at 400°C shows a higher 
magnetic saturation. It can conclude that the pure manganese and zinc ferrite 
can be obtained by the polymeric precursor method at low calcination 
temperatures and short time of treatment. Magnetic analysis shows that the 
inversion in spinel structure does not increase the coercivity but increases the 
magnetic susceptibility of the sample under high magnetic field (> 24500 Oe). 
 

[1] P. Pradhan; J. Giri; R. Banerje; J. Bellare; D. Bahadur,  Preparation and 
characterization of manganese ferrite-based magnetic liposomes for 
hyperthermia treatment of cancer. Journal of Magnetism and Magnetic 
Materials,  v.311, p. 208–215, 2007. 
[2] Q. A. Pankhurst; J. Connolly; S. K. Jones; J. Dobson,  Applications of 
magnetic nanoparticles in biomedicine. J. Phys. D: Appl. Phys. v.36 p.167–
181, 2003. 
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Due to the exceptional advantages of sol-gel process, hybrid coatings has 
been applied to study the corrosion protection of carbon steel. In this work 
hybrid precursors based on amine-cured organically modified silicate were 
synthesized  through a sol-gel technique. GPTMS/TEOS sol-gel was prepared 
by hydrolysis and condensation of 3-glycidoxypropyltrimethoxyslane (GPTMS) 
and tetraethoxysilane (TEOS) in aqueous solution of 0.05 M  acetic acid in 
molar ratios 3:1. Different hydrolysis times of GPTMS/TEOS, such as 24, 48 
and 72 hours, were evaluated in order to get nanoparticles with epoxy-
functionality. To prepare the hybrid coating solution, a crosslinking agent 3-
aminopropyltrimethoxysilane (γ-APS) was combined with the sol-gel solution. 
Their anticorrosion behavior was studied by electrochemical techniques like 
electrochemical impedance spectroscopy (EIS) and polarization curves at 
room temperature in 0.1M NaCl. The ageing of sol-gel solution and the 
protective properties of obtained coatings was avaluated by FTIR-RAS 
(reflection absorption spectroscopy). Electrochemical results confirm that 
these hybrid coatings act as an efficient barrier to corrosive eletrolytes such 
as chlorides. However, highest corrosion resistance was found to hydrolysis 
solution of GPTMS/TEOS system aged for 48h. The FTIR showed to be a 
powerful technique to evaluate hybrid solution changes during aging. Further, 
the sol-gels were stable up to 1 month.Therefore, these coatings can be used 
as protective as well as multifunctional coatings. Even after 1 month aged, the 
hydrolysis solution allowed to obtain coating of high impedance as 7.105 
Ω.cm2. 
 
[1] A.N. Khramov; V.N. Balbyshev; N.N.Voevodim; M.S. Donley. Prog. Org. 
Coat. 2003, 47, 207. 
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Hybrid coatings based on amine-cured organically modified silicate were 
synthesized  through a sol-gel technique. In the present work, GPTMS/TEOS 
sol-gel was prepared by hydrolysis and condensation of 3-
glycidoxypropyltrimethoxyslane (GPTMS) and tetraethoxysilane (TEOS) in 
aqueous solution of 0.05 M  acetic acid in molar ratios 3:1. Different hydrolysis 
times of GPTMS/TEOS, such as 24, 48 and 72 hours, were evaluated in order 
to get nanoparticles with epoxy-functionality. To prepare the hybrid coating 
solution, a crosslinking agent 3-aminopropyltrimethoxysilane (γ-APS) was 
combined with the sol-gel solution. GPTMS/TEOS/γ-APS hybrids were 
deposited on ultrasonically cleaned and degreased galvanized steel plates by 
using dip coating technique at room temperature. All the coatings were cured 
at 150 oC for 1h in a furnace, and their anticorrosion behavior was studied by 
electrochemical techniques like electrochemical impedance spectroscopy 
(EIS) and polarization curves at room temperature in 0.1M NaCl. The stability 
with time of sol-gel solution was assessed by FTIR-RAS (reflection absorption 
spectroscopy). Electrochemical results confirm that these hybrid coatings act 
as an efficient barrier to chlorides ions. However, highest corrosion resistance 
was found for coating obtained after 72h of hydrolysis of GPTMS/TEOS. FTIR 
showed to be a powerful technique to assess hybrid solution changes during 
aging. Further, the sol-gels was stable up to 1 month. The application and 
curing conditions to obtain coatings are simple and fast wich makes them 
ideal as pre-treatment for high performance coatings, that showed increasing 
protection characterists even after 1 month of ageing. 
 
 
[1] A.N. Khramov; V.N. Balbyshev; N.N.Voevodim; M.S. Donley. Prog. Org. 
Coat. 2003, 47, 207. 
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The volatile organic compounds (VOCs) are an important class of air 
pollutants usually found in the atmosphere of all urban and industrial areas. A 
really promising solution for air cleaning is the use of heterogeneous 
photocatalysis which involves pollutant adsorption on the photocatalyst 
surface and the oxidative degradation of these adsorbed pollutants, ideally in 
CO2, H2O and other products of complete oxidation. The most suitable 
photocatalyst is titanium oxide, TiO2, which is a semiconductor sensitive to UV 
light [1].  In the case of photocatalytic air cleaning, the catalyst must be in the 
shape of a transparent thin film on a solid support (alkaline-free glass 
supports in this study) [2].  The energy required for the activation of TiO2 is 
high and, if natural light is used, only the most energetic fraction situated in 
UV light region is used, which means that only 4% of the solar spectrum 
allows the activation [1]. The improvement of the activity of photocatalysts 
based on TiO2 requires their photosensitization to visible light. A promising 
strategy is the introduction of organometallic complexes sensitive to visible 
light, such as M-porphyrin (M = metallic cation), in the TiO2 structure in one 
step which is possible by using a cogelation method. Different compositions 
leading to gels were used to prepare some rough thin films by dip-coating in 
order to evaluate the photocatalytic activity of the different samples by 
comparaison with the photocatalytic activity of pure TiO2 thin film. The 
photocatalytic tests were performed in a reactor in which the active thin film 
was brought into contact with an air flow charged in organic pollutant and the 
entire system was illuminated by different light sources (UV light, simulated 
solar spectrum light…). The tests demonstrated that the thin films produced 
from doped gels present a better photocatalytic activity under visible light than 
pure TiO2 thin films. In the future, different kind of M-porphyrin will be used in 
order to determine the influence of the metallic cation on the photocatalytic 
activity of the doped TiO2 and to allow the optimization of the catalysts as a 
function of the desired thin films properties.  
 
[1] A. Fujishima; T.N. Rao; D.A. Tryk; Journal of Photochemistry and 
Photobiology C: Photochemistry review. 2000, 1, 1-21 
[2] A. Mills; S. Le Hunte; Journal of Photochemistry and Photobiology A: 
Chemistry. 1997, 108, 1-35 
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Owing to their technological impact in the domain of solid state 
electrochemistry, polymer electrolytes [1] have attracted significant interest in 
the last two decades, in particular for the fabrication of advanced batteries, 
sensors, electrochromic and photoelectrochemical devices [2]. Numerous 
ormolyte systems obtained through the sol-gel method have been investigated 
in the last few years [3]. Optical devices and particularly electrochromic smart 
windows and labels are promising fields for the application of ormolytes. Solid-
state electrochromic devices present important advantages relative to 
conventional devices, including enhanced reliability and safety.  
In this presentation the results of solid – state electrochromic devices 
incorporating materials based on poly(oxyethylene)/siloxane hybrids doped 
with europium picrate are reported. Samples were studied and characterized 
by complex impedance measurements, thermal analysis and 
photoluminescence spectroscopies. The effect of different electrolyte 
compositions on the open circuit memory of the prototype electrochromic 
devices is also investigated. 
 
[1] Gray FM Polymer Electrolytes, RSC Materials Monographs. The Royal 
Society of Chemistry, (1997) London. 
[2] Brinker CJ, Scherer GW Sol-gel Science: The Physics and Chemistry of 
Sol-Gel Processing. Academic Press, (1990) San Diego CA 
[3] (a) Judeinstein P, Titman J, Stamm M, Schmidt H, Chem Mater, 6 
(1994)127; (b) Dahmouche K, Atik M. Mello NC, Bonagamba TJ, Panepucci 
H, Aegerter MA, Judeinstein P J Sol-Gel Sci Technol, 8 (1997)711; (c) de Zea 
Bermudez V, Alcácer L, Acosta JL, Morales E Solid State Ionics, 
116(1999)197. 
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In recent years, the sol-gel method has been successfully used for the 
production of a significant number of novel organic-inorganic frameworks with 
tunable designs and suitable properties [1] 
Poly(ε-caprolactone) (PCL) is a biocompatible, biodegradable and permeable 
biopolymer with widespread use in a wide range of potential applications 
including textile, medical and packaging industries [2, 3] due to its low 
environmental impact. Hybrid materials are widely studied, since their 
preparation by sol-gel route, which is a low temperature process, and their 
performance is suitable for a wide range of practical applications [4]. 
This work reports, the development of organic-inorganic hybrids, based on 
PCL polymer as bioorganic and titanium butoxide (Ti(OBu)4 - TBT) as 
inorganic precursor. Studies of chemical structure, mechanical properties, 
photodegradability and thermal stability were carried out, to gather information 
about modifications introduced by the TBT in the hybrid organic-inorganic 
material. 
 
 
[1] S. C. Nunes, V. de Zea Bermudez, M. M. Silva, M. J. Smith, L.D. Carlos, 
R. A. Sá Ferreira and J. Rocha, Journal of Solid State Electrochemistry, ISSN: 
1432-8488 (Paper / 1433 –0768 (on line fist)) (2005). 
[2] I. Moura, A. V. Machado, F. M. Duarte, G. Botelho, R. Nogueira, Materials 
Science Forum, 587-588 (2008) 520-524.  
[3] N. Nakayama, T. Hayashi, Polym Degrad Stab, 92 (2007) 1255-1264.  
[4] C. J. Brinker and G. Scherer, Sol-Gel Science: The Physics and Chemistry 
of Sol-Gel Processing, Academic Press, San Diego, CA, (1990). 
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Porous materials have attracted the interest of the scientific community due to 
its various applications, such as controlled drug delivery systems. An 
important prerequisite for designing an efficient delivery system is the ability to 
transport the desired guest molecules to the targeted site and release the 
cargo in a controlled manner. Funcionalized ordered nanoporous silica have 
been previously demonstrated to be a potential support material for 
incorporating biological agents followed by controlled release of this agents 
from the matrix. The important characteristic of the porous silica with highly 
ordered structure is the great number of possible modifications that can be 
used to ajust the  surface and change these materials structural properties. In 
this work, mesoporous silica material SBA-16 was chemically modified with 
diferent alkoxysilanes and solvents with different solubility parameters, to 
evaluate its effectiveness as a matrix for the controlled delivery of model drug. 
The materials were characterized by Fourier Transform Infrared 
Spectroscopy, Scanning Electron Microscopy, N2 Adsorption and Thermal 
Analysis. After a careful evaluation of the different synthesized materials it 
was possible to notice differences in the structural properties after  the 
funcionalization. Significant differences were observed among the release 
patterns of the different materials, and the rate is influenced by the chain size 
of the functional groups. 
 
 
Acknowledgment: Work supported by the Brazilian agencies CNPq and 
FAPEMIG 
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Phosphosilicates were prepared with P2O5 concentrations up to about 50 w% 
using sol-gel process employing tetraethylortosilicate, phosphoric acid as 
phosphor precursor and two drying control chemical additives (DCCA’s): 
propylene carbonate and ethylene glicol. The obtained xerogels were heat 
treated at temperatures of 9000C utilizing two different cooling rates. The 
structure of phosphosilicate were investigated through nitrogen adsorption-
desorption measurements, X-ray powder diffraction, Fourier transform infrared 
spectroscopy and scanning electron microscopy. The homogeneity of 
phosphorus content within the matrix was investigated through energy 
dispersive X-ray spectroscopy technique. It was observed that the 
phosphosilicate obtained with rapid cooling rate showed major concentration 
of phosphorus within the matrix and the microstructures were clustered in 
phosphorus-rich regions when the DCCA’s were absent. 
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Lanthanide-containing organic-inorganic hybrids combine the intrinsic 
characteristics of sol-gel derived hosts (e.g., versatile shaping, excellent 
optical quality, encapsulation of large amounts of isolated emitting centers 
protected by the host) and the luminescence features of trivalent lanthanide 
ions (high luminescence quantum yield, narrow bandwidth, long-lived 
emission, large Stokes shifts, ligand-dependent luminescence 
sensitization)[1]. 
The organic/inorganic precursor silsesquioxane molecule – 
(EtO)3Si(CH2)3NH(C=O)NH-(CH2)12-NH(C=O)NH(CH2)3Si(OEt)3 – combining 
urea functionalities and a 12-carbon alkyl chain [2] underwent sol-gel 
reactions in ethanol in the presence of the fluoride ion and variable amounts 
of EuCl3, giving rise to the formation of hybrids the morphology of which 
depends on the Eu3+ concentration. Two photoluminescent Eu3+-doped 
silsesquioxane hybrids incorporating 0.74, and 1.31 of Eu3+ were prepared 
and fully characterized. The hybrids, which display fiber and cauliflower-type 
structures, respectively, are room temperature multi-wavelength emitters due 
to the convolution of the hybrid' emitting centers and the Eu3+ intra-4f6 
transitions. Their emission colour can be easily tuned along the Commission 
Internationale d’Eclairage chromaticity diagram from the bluish-purple region 
to the pink area, either by changing the excitation wavelength or the Eu3+ 
content. The Eu3+ first coordination shell is very similar for the two 
photoluminescent Eu3+-doped polysilsesquioxane hybrids incorporating 
carbonyl oxygen atoms of the urea group and oxygen atoms of water 
molecules, despite the minor variations found in the 5D0 quantum efficiency 
(0.37-0.26), number of water molecules (0.7-1.2) and experimental intensity 
Ω2 parameter (15.4-13.3 × 10-20 cm2) with the increase of Eu3+ content. 
 
[1] L. D. Carlos; R. A. S. Ferreira; V. De Zea Bermudez; S. J. L. Ribeiro Adv. 
Mater. 2009, 21, 509. 
[2] J.J.E. Moreau; L. Vellutini; M. Wong Chi Man; C. Bied; J.-L. Bantignies; P. 
Dieudonné; J.-L. Sauvajol J. Am. Chem. Soc. 2001,123, 7957. 
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Sol-gel derived multilayer coatings have various applications varying from 
anti-reflective coatings for semiconductor laser to protective films for metal-
mirrors [1]. In order to investigate the structure of multilayer coatings different 
types of surface analytic techniques as SIMS, XPS or AES et al. are still in 
use [2]. However, up to now the fast and high-resolution GD-OES is 
exclusively common for the characterization of conductive materials and 
coatings on metals [3]. Thus the aim of this work is to show the possibilities of 
RF-GD-OES analysis on the basis of sol-gel derived multilayered non-
conductive coatings applied on glass. The coatings of dissimilar composition 
(Ti, Si, Zr, Al) and thickness were prepared by multiple dip-coating steps. After 
each deposited layer a moderate thermal treatment was performed to prevent 
intermixing of the underlying layer. The distribution of the chemical elements 
in the multilayer of the coated samples was then detected by RF-GD-OES. 
These measurements were discussed and compared with the transmittance 
spectra of UV-VIS spectroscopy. Besides the thickness and appearance of 
the sol-gel derived multilayer coatings as well as flatness of the sputtered 
crater were analyzed by laser scanning microscopy (LSM) and scanning 
electron microscopy (SEM). The qualitative in-depth profile RF-GD-OES 
analyses of the coated specimens showed discrete multilayer formations. With 
a calibrated set of parameters the different thickness and configuration of 
every single layer could be measured by means of RF-GD-OES. Thus for a 
standardized set of parameters, the RF-GD-OES seems to be a promising 
surface analytic technique for ensuring the quality of sol-gel derived multilayer 
coatings on glass substrates. 
 
[1] C. J. Brinker, G. W. Scherer in The Physics and Chemistry of Sol-Gel 
Processing, C. J. Brinker, G. W. Scherer, Ed.; Academic Press, New York et 
al., 1990; 839-53. 
[2] R. Escobar Galindo; E. Fornies; J. M. Albella Surf Coating Tech. 2006, 
200, 6185-6189. 
[3] J. A. Garcia; R. J. Rodriguez; R. Martinez; C. Fernandez; A. Fernandez; R. 
Payling Appl. Surf. Sc. 2004, 235, 97-102. 
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Microbial lipases have been increasingly employed in biocatalysis for the 
production of the fine chemicals[1]. Lipases immobilization have been showed 
a alternative to enhanced stability of lipases, improving the performance of 
lipases in organic solvents. The immobilization of lipase in sol-gel by 
encapsulation technique propiciate a increase on the stability of the enzyme 
because preserve the tertiary structure preventing the effects of the 
aggregation and denaturation[2]. Propane compressed like solvent offers 
advantages of low separation costs, solvent-free products when compared to 
higher homologue hydrocarbon, liquid solvents at ambient conditions. Also 
high diffusivity reduce internal mass-transfer limitations for biochemical 
catalysis[3]. In this context, the main objective of this work is to evaluate the 
influence of the propane compressed on the esterification activity of lauric acid 
and isopropanol catalyzed by lipase Candida Rugosa (LCR) free and 
immobilized in solgel. LCR was immobilized in chemically inert support 
prepared by polycondensation of tetraethoxysilane as according to procedure 
described by Soares et al[4]. LCR free and sol-gel immobilized were submitted 
at propane treatment during 1h at 200bar/45°C. The activities were measured 
before and after the treatment with propane utilizing lauric acid and 
isopropanol as substrates (molar ratio 3:1) without the presence of solvent 
and LCR free and immobilized in the concentrations of 0,5% and 5% 
respectively, with reaction time of 10 minutes at 52,5°C. Residual lauric acid 
was titrated with NaOH 0,1M. LCR free and LCR sol-gel immobilized, initial 
activities 4.940 and 665 U/g, showed increase on the esterification activity in 
the order of 164% and 97% respectively, due propane treatment (final 
activities 13.043 and 1.309 U/g). The work permits to conclude that LCR free 
and immobilized presented good stability in compressed propane, making this 
solvent a promising reactional media for biocatalysis. 
 

[1] Z. Knez, M. Habulin, J. Supercrit. Fluids, 2002, 23,  29.  
[2] C. Kauffamnn; T. R. Mandelbaum. Journal of Biotechnology, 1998, 62, 169. 
[3] Ž. Knez; M. Habulin; M. Primožič. Biochemical Engineering Journal, 2005, 27, 120. 
[4] C. M. F. Soares; O.A. Santos; H. F. Castro; F. F. Moraes; G. M. ZANIN, Applied 
Biochemistry and Biotechnology, 2004, 113, 307. 
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Since microarray platforms introduction, a new tool which can provide 
expression profiling of thousands of genes simultaneously is available [1]. 
Gene expression analysis using microarrays has already shown great 
potential to generate new insights into human disease pathogenesis [2,3]. 
However, this technology exhibits a lack of reproducibility due to biological 
variation, technical issues in target preparation as well as array fabrication [4,5]. 
Nowadays improvements on substrate performance are required: increasing 
the spot quality and the signal-to-noise ratio are imperative. 
To improve the quality of array fabrication, material science can intervene on 
the surface optimization [6]. Minimizing the background signal and enhancing 
the spot quality, in terms of immobilized biomolecules density, spot 
homogeneity, shape and size, more efficient devices are expected. 
In the present work, aminosilane functionalized thin films have been studied. 
A customized evolutionary algorithm has been applied to maximize the signal-
to-noise ratio, homogeneity and shape of spots (responses). The whole 
operability region [7] has been studied. A statistical model has been used to 
identify the relationship between explanatory variables (reagents molar ratio) 
and responses. The model improves along with the evolution of the algorithm. 
A new approach combining design of the experiments and statistical modeling 
has been used to study a sol-gel system: variables affecting responses have 
been identified and a maximization of the signal intensity, spots homogeneity 
and shape has been achieved. 
 

[1] B. Lemieux; A. Aharoni; M. Schena Molecular Breeding 1998, 4, 277.  
[2] L. Kricka Nature Biotechnology, 1998, 16, 513. 
[3] G. Ramsay Nature Biotechnology, 1998, 16(1), 40. 
[4] M. J. Hessner; L. Meyer; J. Tackes; S. Muheisen; X. Wang BMC Genomics, 2004, 5, 
53. 
[5] D. J. Lockhart; E. A. Winzeler Nature 2000, 405(6788), 827.  
[6] A. H. Nashat; M. Moronne; M. Ferrari Biotechnology and Bioengineering 1998, 60(2), 
137. 
[7] R. H. Myers; D. C. Montgomery in Response Surface Methodology, Wiley-
Interscience, New York, 1995.
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Materials enriched with noble metal ions, such as of silver, cobalt or copper, 
are of great interest in the field of hygienic and healthiness products through 
its action against fungus and bacteria. Although a large number of commercial 
products are chemically active against microorganisms, they are usually 
limited to fabrics for medical bandages and sportswear in order to avoid, 
respectively, infections and odor. Although many of those products are based 
on the biocide properties of silver nanoparticles, it is well known Ag+ has an 
effective action against bacteria life inhibiting their DNA replication process, 
increasing the permeability of the cytoplasmic membrane and inhibiting the 
respiratory enzymes causing asphyxia of the bacteria. Taking this feature in 
account, reduction of silver ions must be strongly avoided in order to 
maximize the biocide character of the functional coating.  
In this work, the development of silver doped hybrid organic-inorganic sol-gel 
coatings is focused. A hybrid organic-inorganic matrix was obtained through 
the hydrolytic condensation of tetraethoxysilane (TEOS) and methyl-
triethoxysilane (MTES). Silver nitrate (AgNO3) was added as supplier of Ag+ 
and, which was complexed with pyridine (C5H5N). Silica nanoparticles were 
added in different proportions in order to increase the coating density and 
control the silver diffusion through the hybrid matrix.  
UV-visible spectroscopy of precursor sols evidenced the chemical stability of 
silver upon more than two weeks in storing at 4 ºC. Colorless dip-coated films 
were obtained on glass slides at a withdrawal speed of 25 cm/min and thermal 
treated at 450 ºC during 30 min in air atmosphere. Lixiviation tests were 
performed along 30 days at 30 ºC in immersion in deionized water at a ratio of 
1 cm2/ml. The ratio of silver releasing from coatings was analyzed by Atomic-
Absorption Spectroscopy (AAS) and X-Ray Fluorescence (XRF).  
Contact angle of inoculated PBS on the sample surface and adhesion of 
bacteria were analyzed. Samples inoculated 2 h at 25 ºC in PBS solution were 
observed by fluorescence microscopy. The biocide potential was determined 
by the agar diffusion test on obtained coatings. After incubation period of 24 h 
the inhibition halo developed around samples in Petri dishes was measured. 
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Nowadays, Thermo-Stimulated luminescence (TSL) and the Optically 
Stimulated Luminescence (OSL) are the most used phenomena, to evaluate 
the absorbed dose of ionizing radiation. Commercially, efficient dosimeters 
based in these phenomena are made of LiF or Al2O3:C crystals, both 
materials being produced by the Czochraski growing method of single crystal. 
Although this method produces efficient materials for this application, it is a 
very expensive production technique. Therefore, many efforts have been done 
in the making of such materials or other ones, which also have high 
luminescent response, however, by cheaper chemical synthesis techniques 
and that ensure high purity in the obtained material. Previous studies such as 
those showed by Bittencourt et al. (2008) obtained good results of TSL 
response in polycrystalline Al2O3:Mg synthesized by Pechini method variation. 
In the present work luminescent response and morphological characteristics 
of a KAlSi3O8 glass, obtained by Sol-gel technique, were analyzed. For the 
sol-gel process Aluminum sec-Butoxide and Tetraethyl orthosilicate (TEOS) 
precursors were used. TSL and OSL measurements made in the above cited 
sample showed low intensity of luminescence. However, sample doped with 
metals such as Pb and Cu, supplied a considerable increase in both TL and 
OSL signal, suggesting that this material has great potential for dosimetry 
application. Results of Transmission Electronic Microscopy (TEM) analysis will 
be presented. (CNPq, FAPESP) 
[1] J. F. BITENCOURT; P. J. B. MARCOS; S. H. TATUMI. Syntesis and 
thermoluminescence properties of Mg2+doped nanostructured aluminium 
oxide. Accepted to be published in Physics Procedia. 
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Organic-(bio)-inorganic hybrid materials are attracting much interest because 
they combine at the nanoscale the characteristics of organic (or bio) and 
inorganic components. In the future, hybrid materials will have to meet certain 
environmental requirements, such as being recyclable and safe. Hence, the 
use of abundant, low cost, and environmentally friendly biopolymers, such as 
polysaccharides, to synthesize hybrid materials is gaining much attention. 
Alginates, abundant natural polysaccharides produced by brown algae, show 
gluronic and mannuronic acid repeat units in the backbone. Alginates are 
used as immobilizing agents in various applications because they form heat-
stable gels with divalent or trivalent cations. The hybrid materials containing 
trivalent lanthanide ions (Ln3+) have been widely used as photoluminescent 
materials since they combine the properties of sol-gel derived hosts and the 
well-known emission features of Ln3+ ions (e.g., sharp 4f transitions, long 
lifetimes, and high emission quantum yields). In the previous paper, the hybrid 
materials from Ln3+ (Eu3+ and/or Tb3+) and alginate were prepared and their 
photoluminescence properties were investigated.  The results showed that the 
Eu3+-alginate aerogel and alcogel exhibit  high 5D0 quantum efficiencies (9.9 
and 8.2%, respectively), while the hydrogel and xerogel have lower values 
(5.2 and 5.6%, respectively) [1]. In order to shed more light on these hybrid 
materials and further improve their 5D0 quantum efficiencies, in this work, the 
Eu3+- or Tb3+-alginate alcogels were modified by propyl isocyanate or further 
reacted with 1,10-phenanthroline. The new alcogel hybrid materials exhibit 
higher 5D0 quantum efficiencies than the unmodified ones due to the removal 
of the water from the first coordination sphere of Ln3+ ions and/or more 
efficient energy transfer from organic ligand to Ln3+ ions. 
 
[1] F.Y. Liu; L.D. Carlos; R.A.S. Ferreira; J. Rocha; M.C. Gaudino; M. 
Robitzer; F. Quignard Biomacromol. 2008, 9, 1945. 
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Er3+ activated planar waveguide are promissing candidates for optical amplifiers 
operating in metropolitan area networks. Since the Er3+ absorption cross-section at 
this wavelength is not very high, the pumping at 980 nm is not very efficient. This 
problem can be alleviated by the addition of Yb3+ as a sensitizing ion, because the 
absorption cross section of the Yb3+ 2F5/2 → 2F7/2 transition is roughly tenfold higher 
that that of Er3+ 4F11/2 → 4F15/2. Many Er3+/Yb3+-doped planar waveguides based on 
SiO2-HfO2

1, SiO2-TiO2
2, systems have been showed to be excellent candidates for 

this function. In this work we present the preparation and caracterization of planar 
and channel waveguides based on the Er3+/Yb3+-doped SiO2-ZrO2 nanocomposite. 
The combination of the optical properties and geometry of the planar and channel 
waveguides is important for confinement of light in the device. Therefore, a novel 
technique based on the use of femtosecond laser pulses for the writing of photonic 
structure on sol-gel derived materials has been demonstrated. The sol was 
prepared from a mixture of TEOS, deionized water, HCl as catalyst and ethanol. 
The TEOS/HCl/EtOH/H2O molar ratio was 1:0.01:37.9:2, respectively. The mixture 
was kept for 1h at 65°C under stirring. Separately, an alcoholic colloidal 
suspension was prepared from ZrOCl2.8H2O as precursor, and was then added to 
the TEOS solution of a Si:Zr ratio of 90:10, 85:15, 80:20, and 75:25. The solutions 
were then doped with Er3+ and Yb3+ ions, leading to molar concentration of Er3+ 
and Yb3+ equal to 0.3 and 1.2 mol % respectively, in relation to the total mols 
number of Si+Zr. The films were deposited by the dip-coating technique on the 
Si(100) and SiO2/Si substrates and submitted to thermal treatments. After each 
layer deposited, the films were annealed at 900ºC for 60 s, until 35 layers were 
obtained. The planar waveguide surface was investigated by AFM and prism 
coupling technique. The densification process was monitored as a function of the 
refractive index analysis. The channels were written by femtosecond laser etching 
technique and characterized by perfilometry. Films with low surface roughness 
were acquired. Low values of attenuation coefficient make them excellent 
candidate for photonic materials. 
 
[1] F. Sigoli, et. al., J. Non-Cryst. Solids. 2003, 352, 3463. 
[2] L. Zampedri, et. al., J. Sol-Gel Sci. Technol. 2003, 26, 1033. 
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The remarkably growth of the internet and telecommunications has inspired 
considerable research interest in materials for photonic applications. In particular 
Er3+ activated planar waveguides fabricated on silicon wafers can provide significat 
reductions in both device size and cost, having in mind the single chip realization 
of integrated optic amplifiers. Many Er3+-doped planar waveguides based on SiO2-
HfO2

1, SiO2-TiO2
2, and SiO2-ZrO2

3 systems have been demonstrated to be 
excellent candidates for this purpose. These materials need to be transparent over 
a wide range of wavelengths, and appropriate refractive index for good 
performance. The aim of our work is to report on the preparation of a channel and 
planar waveguide based on the Er3+-doped SiO2-Ta2O5 prepared by the sol-gel 
process. The starting solution was prepared with Si:Ta ratio of 90:10, 80:20, 70:30, 
60:40 and 50:50 from a mixture of TEOS, anhydrous ethanol, HCl, Ta(OC2H5)5, 
and 2-ethoxyetanol. 0.3 mol% of Er3+ ions were added from an ethanolic ErCl3 
solution. The planar waveguide was then obtained by the dip-coating technique in 
which, before further coating, the film was annealed at 900ºC for 60s. After 50 
layers the films were used to prepare channel waveguide. A novel technique 
based on the use of femtosecond laser pulses for the writing of photonic structure 
on sol-gel derived materials has been demonstrated. The surface profile was 
characterized by perfilometry and channels with different dimensions were 
obtained. The densification process and structural and spectroscopic changes of 
the planar waveguides were monitored by refractive index analysis, X ray 
diffraction, HRTEM and spectroscopic measurement (vibrational spectroscopy 
analysis: Raman and FTIR and photoluminescence spectroscopy). The presence 
of Ta2O5 nanoparticles dispersed in the amorphous SiO2 was observed. The 
annealing temperature and composititon directly affects the size distribution of the 
Ta2O5 nanoparticles, and consequently the spectroscopic properties. The optical 
properties of the planar waveguide were obtained by prism coupling technique. An 
average loss of 0.9 dB/cm (± 0.3) at 532 and 632.8 nm was acquired. The 
propagation losses of the films are low enough to consider these materials suitable 
for optical planar waveguides application.  
 
[1] R. R. Gonçalves, et. al., J. Non-Cryst. Solids. 2003, 322, 306. 
[2] G.C. Righini, et. al., Opt. Quantum Electron. 2002, 34, 1151. 
[3] R.R. Gonçalves, et. al., J. Non-Cryst. Solids 2008, 354, 4846. 
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Oxide based materials have been demonstrated to be useful hosts for rare 
earth ions for many applications such as solid state lasers, optical amplifiers, 
and active planar waveguides. Due to the high demand in the 
telecommuncation field, the development of new materials with good optical 
properties is very important1. Our interest is concentrated on the development 
of transparent Er3+ doped oxide glass ceramic materials for photonic 
applications, with emission band at 1530-1565 nm. Among different 
techniques of optical materials preparation, the traditional sol-gel route has 
presented some advantages due the homogeneous multi-component systems 
can be easily obtained by mixing the molecular precursor solution, synthesis 
in low temperature and the rheological properties of sols allow the formation of 
fibers, films or composites. In this way, sol-gel process has been widely used 
in the development of optical materials and one of the important reasons for 
that relies on the particle size control of the precursor and final material. 
Moreover solid state properties of the nanoparticulate phase could lead to 
special properties allowing the tailoring of refractive index, increasing scratch 
resistance or enhancing optical properties2. This work reports on the 
synthesis, and optical and structural study of a glass ceramic based on Er3+ 

and Eu3+ doped (100-x) SiO2 – (x) ZrO2 (with x = 10, 15, 20 and 25) obtained 
by the sol gel process. The densification, phase separation and crystallization 
processes were monitored  by X-ray diffraction, vibrational spectroscopy 
(FTIR), Raman spectroscopy. Zirconium oxide nanoparticles were grown in 
the silica-zirconia systems with controlled size, measured by High Resolution 
Transmission Electron Microscopy, and crystalline phase, analyzed by Raman 
spectroscopy and X-ray diffraction. Structural and spectroscopic properties 
will be discussed as a function of the zirconium oxide content and heat 
treatment. Photoluminescence (PL) measurements in the visible and near 
infrared region, as well as, lifetime of the excited state of the Er3+ ions, indicate 
the presence of the lanthanide ions in a rich zirconium oxide environment3. 
The Eu3+ ions were used as a structural probe. Structural and spectroscopic 
properties will be discussed as a function of zirconium oxide content and heat 
treatment. 
[1] A. Polman, Appl. Phys. Review, 1997, 82, 1. 
[2] R. R. Gonçalves et al., Appl.Phys. Lett., 2002, 81,  28. 
[3] R.R. Gonçalves, et al. Thin Solid Films, 2008, 516, 3094. 
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In the last years, many researchers have been reported about Er3+ doped 
oxide based materials for optical applications [1]. Due to the high demand in 
the telecommuncation field, the development of new materials with good 
optical properties is very important [2]. Many works have been reported in the 
use of different types of materials based on the Er3+-doped binary oxides 
systems that may be a usefull candidate for these applications because of 
their excellent optical properties. Er3+ ions exhibit a emission around 1550 nm 
that is in the same region of C telecommunication band (1530-1565 nm), is 
well-known, coinciding with the low-loss window of the standard silica host. In 
this work, we focus on the structural and spectroscopic properties of the Er3+ 
doped SiO2:Ta2O5 system prepared by the sol-gel process as a function of the 
tantalum content and temperature of annealing. Tetraethylorthosilicate and 
tantalum pentaethoxide were used as precursors for sample preparation. The 
Si:Ta molar ratios was 90:10, 80:20, 70:30, 60:40, and 50:50. The Er3+ ions 
were added as erbium chloride ethanolic solution, at a concentration of 0.3 
mol %. The samples were kept at 80 ºC, to obtain the xerogels, and 
subsequently annealed at 900, 1000, and 1100 ºC. The densification, phase 
separation and crystallization process were monitored by vibrational and 
photoluminescence spectroscopy, X-ray diffraction, and HRTEM. The 
temperature  and time of annealing and tantalum oxide content led to 
modifications on the structural and spectroscopic properties. Upon increasing 
the tantalum oxide content, phase separation and initial crystallization process 
were observed, depending on the annealing time and temperature. 
Consequently, glass-ceramics with orthorhombic Ta2O5 nanocrystals, 
dispersed into amorphous silica-based matrix were observed. Luminescence 
from the excited 4I13/2 state is observed for all nanocomposites with a main 
emission peak at around 1535 nm with a broad band width. The shape and 
spectral bandwidth was observed depending on the tantalum oxide content 
and the temperature of annealing. 
 
[1] R.R. Gonçalves, J.J. Guimarães, J.L. Ferrari, L.J.Q. Maia, S.J.L. Ribeiro, J. 
Non-Cryst. Solids 2008, 354, 4846. 
[2] R.R. Gonçalves, G. Carturan, L. Zampedri, M. Ferrari, M. Montagna, A. 
Chiasera, G.C. Righini, S. Pelli, S.J.L. Ribeiro, Y. Messaddeq. Appl. Phys. 
Letters. 2002, 81, 28. 
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The sol-gel process can be used as a tool to prepare or modify several 
compounds with different applications. The rapid prototyping (RP) is a 
technology that builds 3D models and can employ organic polymers such as 
nylon or ABS as materials, to obtain various complex forms as structures 
similar to original bone tissues with macropores that provide and allow cell 
migration. But in this cases the polymers don´t are biocompatible, therefore in 
this work the sol-gel process was used to transform the organic polymer into a 
biocompatible materials by coating. The coating was deposited by the dip-
coating technique on nylon and ABS substrate obtained by RP. The sols were 
prepared by reacting silicon with calcium alkoxide and phosphate ions. The 
materials were tested for bioactivity in vitro with simulated body fluid (SBF), 
followed by characterization by Scanning Electron Microscopy (SEM), 
Thermal Analysis (TA), X ray diffraction (XRD), and Infrared Spectroscopy 
(IR). TA revealed the thermal properties of the materials and showed an 
increase in thermal stability after coating with respect to material 
decomposition. SEM clearly showed the coating on the surface of the 
substrate nylon and ABS with a thickness of about 5 µm. IR spectra of the 
substrate displayed the characteristic vibration modes of the organic polymer, 
C=O and NH2 for nylon and N≡C vibrations for ABS. After coating, the 
vibration modes undergo changes, indicating substrate interaction with the 
coating. After the bioactivity test, new bands appeared at 603 and 560 cm-1, 
which were ascribed to P-O crystalline vibrations. The XRD before contact 
with SBF was characteristic of the substrate only; however, after contact, 
peaks appeared at 2θ = 31.7 and 45o, assigned to calcium phosphate. The 
material obtained by RP can be used as bone implant, but the scaffolds need 
to be transformed into biocompatible materials. Therefore, the sol-gel process 
is an important methology to promote this characteristic in the material. 
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The sol-gel processes have received considerable attention by scienticic 
community during the last decade. In the sol-gel process, a metal oxide is 
prepared by hydrolysis of a metal alkoxide, usually in presence of a solvent 
and catalyst[1]. Different of others syntetic route, this method offers the 
possibility to introduce organic molecule into an inorganic gel network. Quite 
recently, our research group reported a new strategy to prepare hybrid 
material with conducting polymer and glass by the sol-gel process, in that 
case the formic acid was used as catalytic agent and as comum solvent for 
precursors mixture of polyaniline and tetraethoxysilane (TEOS)[2]. In this 
communication, we present an original method to obtain hybrid material of 
polyaniline and glass by the sol-gel process using gamma radiation to induce 
the monomer polymerization. In this method, aniline monomer is previously 
added to aqueous solution of transition metal and TEOS. After gelation, the 
doped glass was irradiated with gamma rays at dose of 10 kGy. After 
irradiation the material turns green as a indicative of the monomer 
polymerization(Fig 1a). The hybrid material was caractherized by Uv-Vis (Fig 
1b) and NRM spectroscopy and thermogravimetric analysis. From the results  
we strong believe that this hybrid material can be used as sensor of ionizing 
radiation.  
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Fig1. a) Doped glass after irradiation.(b) UV-vis spectra of glass 
 
[1] A. Kumar, Gaurave; A.K. Malik; D.K. Tewary; B. Singh; Anal. Chim. Acta 
2008, 610, 1. 
[2 ] W.M. Azevedo; D.J. Brondani, J. Non-Cryst. Solids 2001, 296, 224.  
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Nanocrystalline iron oxides are superparamagnetic when the particle sizes are 
sufficiently small and they behave as ferrimagnetic when the grain size is in 
micrometer range. As the abrupt change in properties take place when 
particles are in nanometer range, it becomes important to study the structural 
and properties of this particles [1]. Indeed, nanocomposites of mesoporous 
materials combined with magnetic phases in the form of nanoparticles can be 
very interesting when the magnetic nanoparticles are coated with an open 
pore structure and isolated from each other, to prevent aggregation and 
degradation. In this work, we have explored the synthesis of SBA-15/Fe3O4 by 
varying the Fe3O4 synthesis temperature. Solutions of iron (II) sulfate, 
potassium nitrate and potassium hydroxide were prepared. Two different 
temperatures were used: 90 ◦C and 50ºC.  The mixture was kept under 
nitrogen, and maintained at this temperature for 2 h. The obtained 
nanoparticles were dried in vacuum for 48 h. The SBA-15/Fe3O4 
nanocomposite (40 wt% Fe3O4) was obtained by coating the magnetic 
nanoparticles with mesoporous silica (SBA-15) by using nonionic block 
copolymer surfactants as structure-directing agents. The surfactant was 
removed by calcination, which was carried out by increasing the temperature 
to 550 ◦C under nitrogen flow. The mesoporous SiO2-coated Fe3O4 samples 
were characterized by x-ray diffraction, Fourier-transform infrared 
spectroscopy, N2 adsorption–desorption isotherms, transmission electron 
microscopy, and  57Fe Mossbauer spectroscopy. Our results revealed that 
both magnetite nanoparticles are completely coated by well-ordered 
mesoporous silica with free pores and stable pore walls, and that the 
structural and magnetic properties of the Fe3O nanoparticles are preserved in 
the applied synthesis route. Finally we investigate the effect of coated 
nanoparticles size in the rate of magnetic induction heating at the frequency of 
187 kHz. 
 
[1] Chatterjee, J.; Haik, Y.; Chen, C. J. Size dependent magnetic properties of 
iron oxide nanoparticles Journal of Magnetism and Magnetic Materials, 
2003,113. 
 
Acknowledgment: Work supported by the Brazilian agencies CNPq and 
FAPEMIG
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At present, the use of lead-free ceramic is favoured over the lead based 
ceramics due to ecological aspects that those poses by the high levels of 
toxicity. 
This work explores the effect of the use of lead-free compositions for the 
generation of piezoelectric ceramic with properties comparable to traditional 
compositions studied and employed in the present for the production of high 
performance piezoelectric devices such as: sensors, actuators, etc. 
In this work the production of ceramic films of (KXNa1-X)NbO3 (NKN) is studied 
at room temperatures using the technique of deposition of liquid precursors 
from metalorganics compounds in a multilayer process by spin-coating on 
various substrates. We studied the parameters synthesis over the final results: 
heat treatments, substrates, K/Na ratios, doping, etc. Several techniques were 
employed over the samples: DRX, AFM, UV-Vis, FTIR, ferroelectric 
characterization, etc. 
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Magnetic nanoparticles have been recognized for potential use in magnetic 
hyperthermia, referring to the introduction of ferromagnetic or 
superparamagnetic particles into the tumor tissue [1]. Ordered mesoporous 
material like SBA-15 and MCM-41 posses a network of channels and pores of 
well-defined size in the nanoscale range. This particular pore architecture 
makes them suitable for hosting a broad variety of compounds into the silica 
matrix, resulting in very promising composites for a broad range of 
applications, including magnetic carriers for drug delivery and hyperthermia. In 
this work we study the synthesis and structural properties of SBA-15/Fe3O4 
and MCM-41/Fe3O4 nanocomposites. Samples of mesoporous silica were 
used as support matrices for the growth of magnetite nanoparticles. The 
mesoporous matrices were impregnated with a solution of Fe2(SO4)3 and 
ethanol. The mixtures were vigorously stirred and evaporated at 80 ºC to 
remove ethanol and enhance the amount of Fe2O3 formed within the channels 
of the mesoporous materials. The samples were heated at 550 ºC in N2 

atmosphere to obtain Fe3O4. Our results showed that the ordered mesopores 
structure was preserved during the nanoparticles impregnation process. The 
capability of heat generation of 90 mg silica-dispersed Fe3O4 nanoparticles 
was measured by a custom designed magnetic-induction hyperthermia 
chamber. One coil was used for the experiments with a three loop coil 
corresponding to a resonant frequency of 197 kHz. Measurements were made 
for 120 and 240 seconds. The digital thermometer was positioned above the 
sample in the coil, and the temperature measurements were focused on the 
center of the sample with ∆T of 3.5 and 7.5ºC for SBA-15 and 8.5 and 14.5ºC 
for MCM-41, respectively.  
 
[1] K.L. Ang, S. Venkatraman, and R.V. Ramanujan. Magnetic PNIPA 
hydrogels for hyperthermia applications in cancer therapy Journal of 
MaterialsScience and Engineering C 27 (2007) 347. 
 
 
Acknowledgment: Work supported by the Brazilian agencies CNPq and 
FAPEMIG
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The anatase-TiO2 is one of the most studied photocatalyst to be applied in the 
degradation of chemical and biological contaminant in water. Because of its 
high stability and hability to eliminate microorganisms from the enviroment it is 
also indicated as autocleaning and autosterilizing materials in the place that 
requires rigorous controls of contamination (hospitals, surgery rooms, and 
instruments). Meanwhile it is important to be active even in the dark (without 
irradiation). An interesting alternative is associate the photocatalytic effect of 
the semiconductor (TiO2) to the oligodynamic action of metal[1-3] like silver 
constituting the catalytic system as M/TiO2. The bactericidal hability of Ag by 
its own is well known. 
In this work we synthesized the inorganic bactericide, 1wt%Ag/TiO2, which 
was prepared as powder and thin film by sol-gel method and the efficiency for 
E. coli inactivation was examined. The preparation consisted of the hydrolysis 
of the alcoholic solution containing titanium isopropoxide and silver nitrate. 
The films were prepared on the glass by dip coating. After hydrolysis, both 
were treated at 450oC in air. The X-ray diffraction pattern revealed the powder 
and film are constituted by anatase-TiO2. The bactericidal test (with 
suspension of 2x102 cfu/mL) was carried out with and without the irradiation 
(produced by four lamps with irradiation intensity of 15W, 365 nm rich UV). As 
powder, the disinfection activity of Ag predominated being the effect of light 
poor. The complete inactivation was observed after 40 min or 30 min under 
irradiation. On the other hand the effect of irradiation was dominant in the film. 
Ag exhibited low effect and the inactivation was completed after 3h just under 
irradiation. 
 
[1] A. G. Rincón; C. Pulgarin  Applied Catalysis B: Enviromental 2003, 44, 263.  
[2] M. Kawashita; S. Tsuneyama; F. Miyaji; H. Kuzuka; K. Yamamoto 
Biomaterials 2000,  21,  393. 
[3] A. K. Benabbou; Z. Derriche; C. Felix; P. Lejeune; C. Guillard Applied 
Catalysis B: Enviromental 2007, 76, 257.  
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The search for new compositions of films produced with high optical 
transparent throughout the visible spectrum from 0.5 µm to the near infrared is 
important for wave guiding materials. On the other hand, Er3+-doped 
waveguides are fabricated for integrated optic amplifiers, but the increase of 
Er3+ concentration has a cut-off due to the strengthening of the ion-ion 
interaction. The co-doping of planar wave-guides (sol-gel films) with Er3+ and 
Ag0 nanoparticles is a way to avoid this inconvenient. The aim is to reinforce 
the fluorescence intensity by a resonant phenomenon between Er3+ and Ag0 
nanoparticles, and the dielectric effect of the matrix.  
In this work we present the preparation of SiO2-K2O-MgO sol-gel films to 
produce planar wave guides. The silver quantum dots were synthesized in 
continuous media by chemical reduction and isolation from media by 
anchoring chemical solution-compatible modifiers on their surfaces. We 
present the study of the preparation process and characterization of sol-gel 
matrices doped with Ag0 nanoparticles and Er3+ analyzing the role of the 
synthesis parameters and the optical properties, and comparing with other 
waveguide compositions such as PLZT and SiO2-B2O3. 
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The sol-gel method is an attractive synthetic procedure for the development of 
advanced multifunctional hybrid materials [1,2].  
In the early 2000s the sol-gel process was combined for the first time with 
self-assembly routes in the absence of a structure directing agent (self-
directed assembly) to yield a di-urea cross-linked alkylene/siloxane material 
exhibiting long-range lamellar structure [3]. The precursor used was the 
silsesquioxane (EtO)3-Si-R’-X-R-X-R’-Si(OEt)3 (where Et stands for ethyl, X 
denotes the urea group, R=(CH2)n (n=12) and R’=(CH2)n’ (n’ = 3)). This 
investigation was later extended to materials incorporating a central spacer R 
with variable length (n = 6, 8-12) [4]. 
In the present work we have employed analogous precursors to determine the 
influence of the length of the R’ spacers on the structuring of the hybrid silicas. 
Fourier Transform Infrared Spectroscopy (FT-IR) and Raman Spectroscopy, 
as well as Two Dimensional Correlation FT-IR/FT-Raman Spectroscopy [5] 
have been used to examine the degree and extent of hydrogen bonding, the 
degree of conformational disorder, interchain interactions and chain packing 
arrangement in samples with n = 6-12 and n’=10. 
 
[1] C. J. Brinker, G. W. Scherer Sol-gel Science: The Physics and Chemistry 
of Sol-Gel Processing, Academic Press: San Diego, CA, 1990 
[2] P. Gomez-Romero, C. Sanchez, Functional Hybrid Materials, Wiley 
Interscience: New York, 2003 
[3] J. J. E. Moreau, L. Vellutini, M. Wong Chi Man, C. Bied, J.-L. Bantignies, P. 
Dieudonné, J.-L. Sauvajol J. Am. Chem. Soc. 2001, 123, 7957.  
[4] J.- L. Bantignies, L. Vellutini, D. Maurin, P. Hermet, P. Dieudonné, M. 
Wong Chi Man, J. R. Bartlett, C. Bied, J.-L. Sauvajol, J. J. E. Moreau J. Phys. 
Chem. B 2006, 110, 15797. 
[5] I. Noda, Y. Ozaki, Two Dimensional Correlation Spectroscopy, Wiley: 
Chichester, 2004 
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The importance of the sol-gel process in the preparation of oganic-inorganic 
hybrids [1], as well the diversity of the potential applications of the resulting 
materials [2] particularly in the field of optics [3], are well known. 
In the present work the sol-gel process was employed to prepare a di-
urethane cross-linked siloxane-based hybrid incorporating poly(ε-
caprolactone) biopolymer chains with average molecular weight of 530 gmol-1 
(abbreviated as PCL(530)). β-diketonate complexes with europium and 
terbium ions were incorporated into this biohybrid. When excited with near-
UV radiation, europium and terbium ions are strongly luminescent giving 
origin to a highly efficient energy transfer process.  
The use of the PCL(530)/siloxane in this context is attractive. We 
demonstrated that upon incorporation of the Eu(tta)3(H2O)2 (where tta- is 2-
thenoyltrifluoracetonate) complex into this organic-inorganic host, 1(2) 
carbonyl oxygen atoms of the host matrix enter the Eu3+ coordination shell, 
thus replacing the labile water molecule(s) [4]. As a consequence, the 
quantum efficiency q of the doped hybrid with respect to that of the 
aquocomplex increases. This increase is not observed, however, in the case 
of the Eu(tta)3phen (where phen is 1,10-phenantroline) complex in which the 
water ligand has been replaced by a bulky and strongly chelating ligand. 
To further examine the effect of the nature/bulkiness of the ligands on the 
optical properties of these biohybrid systems, we have investigated in this 
work other europium β-diketonate complexes and have extended the study to 
terbium complexes. 
 
[1] C. J. Brinker, G. W. Scherer Sol-gel Science: The Physics and Chemistry 
of Sol-Gel Processing, Academic Press: San Diego, CA, 1990. 
[2] C. Sanchez, B. Julián, P. Belleville, M. Popall J. Mater. Chem. 2005, 15, 
3559. 
[3] L. D. Carlos, R. A. Sá Ferreira, V. de Zea Bermudez, S. J. L. Ribeiro Adv. 
Mater. 2009, 21, 509. 
[4] M. Fernandes, V. de Zea Bermudes, R. A. Sá Ferreira, L. D. Carlos, A. 
Charas, J. Morgado, M. M. Silva, M. Smith Chem. Mater. 2007, 19, 3892. 
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The more recent technologies require materials that combine properties not 
usually found in conventional ones. The peculiar properties characteristic of 
organic-inorganic hybrid materials are not due to the single addition of each 
component property but takes also account for an emerging synergism that 
improve properties at the molecular scale. It gives rise to multifunctional 
materials presenting wide applications [1]. As the chemical route for these 
hybrid materials preparation has to prevent high temperature steps, the sol-
gel process became the most useful. In this work hybrids were prepared by 
reacting stoichiometrical amounts of 3-(isocyanatopropyl)triethoxysilane 
(IsoTrEOS) and O,O’-bis-(2-aminopropyl)-polyoxyethylene (NH2-POE-NH2) in 
presence of tetrahydrofuran (THF) under reflux for 24h at 80ºC. After THF 
evaporation the (OEt)3Si-POE-Si(OEt)3 hybrid precursor was obtained for 
different polymer molecular weight (from 500 to 1900 g.mol-1). Gelation was 
promoted simultaneously to the addition of ethanolic solutions of different drug 
molecules (sodium diclofenac, piroxican, ibuprophen, sodium naproxen), by 
improving the hydrolysis and condensation reactions with acidified water. The 
drug delivery kinetics study, performed in vitro from sodium diclofenac delivery 
pattern, allowed us to determine the mechanisms (dissolution, diffusion and 
erosion [2]) involved. Results show that diffusion and swollen phenomena 
occur simultaneously during delivery. This behavior was also followed by in 
situ small angle X-Ray scattering (SAXS). In fact, irrespective from the 
presence of drugs in hybrids, swollen is followed by the polymer matrix 
relaxation that gives rise to a wide separation of the siloxane groups 
constituting the hybrid molecule. The structural feature was also analyzed by 
infrared spectroscopy (IRFT) and differential scanning calorimetry (DSC), 
indicating that Na+ may interact with the ether-type regions while the 
dichlofenac ion may interact with the amide region of the hybrid matrix. These 
structural information associated to the kinetics study allowed us to attribute 
delivering profiles to delivering processes specific of each therapeutic 
objectives. 
 
[1] M.L Di Vona; M. Trombetta; S. Dire J. Sol-Gel Sci. & Technol. 2005, 35, 
151.  
[2] P. Costa; J.M. Sousa Lobo Eur. J. Pharm. Sci. 2001, 13, 123. 
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Biomaterials are expected to perform without any adverse effects, such as 
toxic, carcinogenic immunogenic and inflammatory responses. Studies 
evolving silica nanomaterials as a possible pharmaceutical carrier requires 
knowledge about its releasing and absorption rates, targeting specificity, 
inertness, solubility, and cytotoxic. In this work we show the results of silica 
nanomaterial biocompability tests and hemolytic activity for a possible 
biomedical application, in different types of highly ordered silicate materials, 
SBA-15, SBA-16 and MCM-41.  Using pharmacological and toxicological 
parameters we show that silica nanomaterials have a promising use as 
chemical carrier. Biodegradability of the sample was tested using simulated 
body fluid medium. Hemolytic activity of silica suspensions was tested using 
human whole blood with different mesoporous structure. The results revealed 
that both biocompatibility and hemolytic activity of silica particles are 
correlated with the surface silanol population in the different sample used.  
 
 
Acknowledgment: Work supported by the Brazilian agencies CNPq and 
FAPEMIG 
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Ceramic foams show a unique set of properties like as low density, thermal 
conductivity and dielectric constant combined to high surface area, 
permeability (open cells), dimensional stability, resistance to thermal shock, to 
fight and to chemical corrosion [1,2]. These materials present high porosity 
being candidates to applications as thermal and acoustical isolating materials, 
absorbents, membranes and catalysts. The use of the sol-gel process 
involving an emulsion route from an aqueous zirconia sol to prepare ceramic 
foams has shown promising results to create monolithic macroporous zirconia 
network with tunable porosity and pores size [3]. This so-called sol-emulsion-
gel method consists in promoting the gelation of an aqueous sol containing a 
concentrated dispersion of oil droplets. The emulsion is prepared under 
stirring, by adding the non-ionic surfactant nonylphenol ethoxy, commercially 
known as IGEPAL850®, the 1-pentanol as co-surfactant, and the oil 
(decahydronaftalen) into a transparent aqueous sol of sulfated zirconia (3,5 
molL-1). Gelation occurs after few minutes at room temperature, and after 
drying (50ºC, 24 h) and firing (500ºC, 2h) ceramic foams are obtained. The 
effect of the starting oil and surfactant proportions in the emulsion 
microstructure was analyzed by light scattering and rheology measurements 
while foams characterization was performed by Hg porosimetry, picnometry 
and electron microscopy. The results show that emulsions containing oil mass 
proportion in between 30 and 70% present a continuous increase in both the 
viscosity and yield stress of the pseudoplastic flow as the amount of oil 
increases, giving rise to more stable systems face to oil coagulation. This 
behavior allows to higher pore volume and smaller apparent density ceramic 
foams that show porosity of the order of 92%. For these compositions a 
decrease of the modal pore diameter (from 60 to 6.8 µm) and an increase of 
the pore volume occupied by the micrometric pores family (from 1.0 to 1.9 
cm3.g-1) were observed as the oil percentage increased. It indicates that the 
increase of the system plasticity hinders the drops growth, stabilizes the 
emulsion and favors the preparation of high porosity foams.  
 

[1] R. Backov, Soft Matter, 2006, 2, 452-464. 
[2] S.Costacurta; L. Biasetto; E. Pippel; J. Woltersdorf; P. Colombo J. Am. 
Ceram. Soc., 2007, 90, 7, 2172–2177.  
[3] M.A. Alves-Rosa; E.P. Santos; C.V. Santilli; S.H. Pulcinelli J. Non-Cryst. 
Solids, 2008, 354, 4786-4789. 
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Porous ceramic materials showing multimodal pores size distribution formed 
by the hierarchical structural organization of pores, which scales ranges from 
nano to macro size, have attracted great interest. It is due to the possibility of 
assumpt different functions specific to each structural level [1]. The integration 
of the sol-gel process, inorganic chemistry, lyotropic mesophases, 
supramolecular architectures, air–liquid foams, biliquid foams, organic 
polymers, nanofunctionalization and nanotexturation, is emerging as a broad 
area of research and offers the possibility of achieving new architectures at 
various length scales and with enhanced properties [2]. Zirconia ceramic 
foams prduced by integrating the sol-gel process to airation and emulsification 
are exemples of hierarchical porous structure. The texturization of pores walls 
may certify these materials as heterogeneous catalysts. To foams preparation 
a transparent aqueous sol of sulphated zirconia (3,5 molL-1) was aireted under 
vigorous and constant stirring (2000rpm) in presence of different surfactants 
(10%w/w): anionic sodium dodecylsulfate (SDS); cationic 
octadecyltrimethylamonium bromide (OTAB); non-ionic Pluronic-127 and 
nonylphenol ethoxy, commercially known as IGEPAL850®. Gelation occurred 
after few minutes at room temperature by adding sulfuric acid. After drying 
(50ºC, 24 h) and heating (500ºC, 2h) ceramic foams were obtained. The effect 
of the surfactant (anionic, cationic or non-ionic) in the foams microstructures 
was analyzed by Hg porosimetry, picnometry, nitrogen adsorption-desorption 
and electron microscopy. The results show the presence of high pore volume 
for samples prepared with  SDS and IGEPAL850, i.e., 2.25 and 1.74cm3g-1, 
giving rise to 90 and 87% of porosity, respectively. For these foam the high 
volume is due to the large quantity of macropores (almost 12 and 60m, 
respectively) coming from micells completed by air. Mesopores families were 
observed for foams prepared with the Pluronic-127 (between 7 and 5nm) and, 
in small quantity, IGEPAL850, OTAB e SDS surfactants. Spherical 
macropores showing evident pore wall texturization were observed by 
electron microscopy for all the foams. So that, the airation process of zirconia 
sols can be proposed as a promissing route to prepare ceramic foams 
showing high porosity and hierarchical structure of pores size. 
 

[1] S.Costacurta; L. Biasetto; E. Pippel; J. Woltersdorf; P. Colombo J. Am. 
Ceram. Soc., 2007, 90, 7, 2172–2177.  
[2] R. Backov, Soft Matter, 2006, 2, 452-464. 
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The emerging and promising area of inorganic-organic hybrid materials has 
demonstrated its potential in many fields of material science such as in 
sensors, catalysis, analyte adsorption and pre-concentration [1]. The growing 
significance of these materials calls for methods that can be used to achieve 
desired properties. In this context, sol-gel is a suitable method for the 
synthesis of new hybrid materials [2,3]. This versatile reaction allows the 
production of particles entrapping a wide range of molecules like dyes, 
proteins and polymers [4].  In this work, anthocyanin has been entrapped by 
micelles produced from the aggregation of n-alkyltrimethoxisilanes. Therefore, 
different molar ratios of methyltrimethoxisilane (C1), n-octyltrimethoxisilane 
(C8) and n-octadecyltrimethoxisilane (C18) are hydrolyzed and condensed in 
the presence of anthocyanin in a base catalyzed sol-gel process. Dependent 
upon these ratios in the reaction mixture, different aggregates are obtained. 
The aggregation structures are investigated by means of small angle X-ray 
scattering (SAXS), dynamic light scattering analysis (DLS) and transmission 
electron microscopy (TEM).  
 
 
[1] G. Kicklebick; Hybrid materials: synthesis, characterization and 
applications, Wiley-VHC, Weinheim, 2007. 
[2] E. Ruiz-Hitzky; K. Ariga; Y. Lvov; Bio-inorganic Hybrid Nanomaterials: 
strategies, synthesis, characterization and application. Wiley-VHC, Weinheim, 
2008. 
[3] G. Schottner Chem. Mater. 2001, 13, 3422. 
[4] J. D. Mackenzie; E. P. Bescher Acc. Chem. Res. 2007, 40, 810.  
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The present work is a study of mesoporous boron nitride synthesis using the 
SBA-15 silica as hard template. SBA-15 silica presents hexagonal 
architectural pores, which serves as a base for the growing boron nitride, 
obtained in its mesoporous form after the removal of the SBA-15 silica. The 
precursor was performed with the calcination of a mixture of boron powder 
and ammonium nitrate at 1300°C. It was dispersed in ethanol and hexane and 
then SBA-15 silica was slowly added. The sample was dried to remove the 
solvent and the powder was thermally treated to allow the formation of 
mesoporous boron nitride. Hydrofluoric acid was used to remove SBA-15 
silica template from the nitrided composite. The samples were characterized 
by X-ray diffraction (XRD), Fourier transformation infrared spectroscopy 
(FTIR), scanning electron microscopy (SEM), transmission electron 
microscopy (TEM), and N2 adsorption (BET). We explored the advantages of 
mesoporous materials regarding high chemical stability and oxidation 
resistivity of the hexagonal boron nitride. These properties suggest a good 
biological inertia, which might support the use of this new material to carry 
active principles like α-tocopherol, an important antioxidant cosmetic. 
 
 
Acknowledgment: Work supported by the Brazilian agencies CNPq and 
FAPEMIG 
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The skin is a very important route for the dermal or transdermal delivery of 
pharmaceutically active substances. Film forming polymers are a novel 
approach in this area that might present an alternative to the conventional 
dosage forms used on the skin, such as ointments, creams, gels or patches. 
New film former systems should be characterized taking account for their 
mechanical properties and water vapor permeability. By the other side, 
siloxane-polyether hybrid materials are known to be ease to prepare and to be 
transparent, flexible and to present mechanical properties better than the 
polyether itself. In a recent work, we have demonstrated the applicability of 
hybrid matrixes as drug delivery system[1].. During the drug delivering the 
matrixes swollen in contact with water enabling the drug to be carried out from 
matrixes. In this work we have evaluated the possibility to prepare film formers 
with polymeric siloxane-polyoxyetylene (POE) and siloxane-polyoxypropylene 
(PPO) organic-inorganic hybrid matrixes by controlling the parameters 
involved during hydrolyses and condensation steps of their well known sol-gel 
synthesis[2]. The aim was to develop a polymeric film former material 
containing pramoxine (a local anesthesic drug used for topical pain) able to 
absorb the biological fluids and to deliver the drug simultaneously. The non-
supported films were prepared by modifying the ratio ethanol/acid catalyst 
used to promote hydrolyses and condensation reactions in order to obtain the 
ideal viscosity conditions to material’s processing to get transparent and thin 
films. The mechanical and rheological properties of siloxane-polyoxyetylene 
(POE) and siloxane-polyoxypropylene (PPO) hybrid matrix prepared with 
different polymer molecular weight[2] were evaluated in order to characterize 
the film former. The mechanical characterizations have been performed 
regarding a future industrial application once this is very important for 
processing the materials when they are submitted to a very complex geometry 
of equipments. We have evaluated the thin and transparent films in the 
attributes: adhesion, water vapor permeability, tensile break strength, stretch 
and recovery measurements. Some qualitative properties of the film former 
were also analyzed according to the method developed by I. Z. Schroeder et 
all [3], studying the visual viscosity, drying time, stickiness of the outer surface 
and cosmetical attractiveness of the film. A desired film form characteristic is a 
rapid drying or polymerization time. The results have shown that for smaller 
ethanol/ acid catalyst ratio the visual time of film formation was reduced. The 
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ethanol/ acid catalyst ratio also influences the rheological properties during 
the film formation. During the polymerization the time of gel formation could 
be determined by the intersection between the shear storage moduli (G’) and 
shear storage loss (G”) values. We have observed that for the higher ethanol/ 
acid catalyst ratio studied in this work the time of gel formation decreased 
significantly until about 2 min, the optimal condition for film formers systems. 
The mechanical measurements of adhesion performed according to in vitro 
test designed to mimic the skin conditions revealed a good adhesion of the 
hybrid as a film former. The hybrid film containing the pramoxine present 
good water vapor permeability and high mechanical resistance to the break 
strength. We have concluded that this film former system is eligible to be 
used as a drug delivery film forming device. 
 
[1] Dahmouche,K.;Santilli,C.V.;Pulcinelli,S.H.;Craievich,A.F. J. Phys.Chem.B  
1999, 103, 4937.  
[2] Santilli,C.V., Chiavacci, L.A., Lopes,L., Pulcinelli,S.H., Oliveira, A.G. 
Chem. Mater. 2009, 21,463. 
[3] I.Z. Schroeder; P. Franke; U.F. Schaefer; C. Lehr. Eur. J. of Pharm. and 
Biopharm. 2007, 65. 111. 
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Bioactive glass is currently regarded as the most biocompatible material in the 
bone regeneration field because of its bioactivity, osteoconductivity  and even 
osteoinductivity [1]. Recently, research has focused on incorporating Carbon 
Nanotubes (CNT’s) into the scaffold structure, due to the functionalities CNT’s 
can provide, which include improved tracking of cells, electrical conduction 
and sensing of microenvironments, delivering agents, and mechanical 
reinforcing of the scaffold [2-4]. The incorporation of CNT’s is also useful to 
tailor the (nano) roughness of scaffold pore surfaces which have a profound 
effect on early cell attachment behavior as well as possibly on subsequent cell 
adhesion, and gene expression [5]. Bioactive glasses can be associated with 
CNT’s for applications in tissue engineering by the sol-gel method. The sol 
phase was prepared with composition of 60%SiO2-36%CaO-4%P2O5 by 
TEOS and TEP hydrolysis, and dissolution of Ca(NO3)2. In this sol, were 
dispersed –COOH functionalized CNTs, in the ratio of 0.5 and 2% wt. The 
cellular viability, proliferation and morphology were study in rat primary 
osteoblast culture by  MTT and BrdU analysis [6, 7]. The cellular viability in 
the presence of ionic products from bioactive glass with 2,0% (CTNs) show 
higher values when compared to bioactive glass with 0.5%  (CTNs). The 
proliferation analysis also showed higher values for samples with 2% of CNTs. 
The BrdU study is an important step to determinate how CNTs affect the 
bioactive glass in tissue engineering response.  
 
[1] Hench LL (1998) J Am Ceram Soc 81: 1705. 
[2] Misra SK., Watts PCP et al. (2007) Nanotechnol 18:750. 
[3] Harrison BS, Atala A (2007) Biomater 28: 344. 
[4] Shi X, Hudson JL, Spicer PS, Tour JM (2006) Biomacromol, 7: 2237. 
[5] Berry CC, Dalby MJ et al (2006) J Biomed Mater Res 79A: 431. 
[6] Kato H (1998) Sci 106:197. 
[7] Coelho MB, Soares IR  et al (2002) Key Eng Mater 240-242:257. 
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Solid electrolytes have been attracted much attention due to their diverse 
applications in electrochemical devices such as high energy density batteries, fuel 
cells, sensors, and electrochemical capacitors.1 Aluminum polyphosphate (AlPP) 
gels, particularly, present high ionic conductivities arising from proton mobility as 
determined by relaxation time measurements using NMR spectroscopy.2 In this 
work, we report on the influence of the polyphosphate average chain length and 
water amount entrapped within the gel network in APP gels electrical properties. 
Sodium polyphosphate (NaPP) precursors with 86, 112, and 14 average 
phosphorus atoms per chain (APC) were prepared by heating NaH2PO4 at 650ºC, 
800ºC, and 950ºC, respectively. A commercial NaPP (8 APC) was also used. 
Gelation occur when Al(NO3)3 and NaPP solutions are added at room temperature. 
The resulting gels were aged in a moisture-controlled vessel (gels) or dried under 
vaccum (xerogels) to give samples with water amounts of 50% and 23% weight 
percent, respectively. The electrical properties were investigated by dielectric 
spectroscopy and Figure 1 shows conductivity versus frequency plots where the 
high frequency platforms arise from ionic conductivities, which are plotted in Table 
1; a strong electrode polarization appears as depicted by the descending curves at 
low frequencies. There is a correlation between the polyphosphate average chain 
lengths and the conductivities, most evident in the gels dried under vacuum. The 
result can be understood considering that proton transport by hopping would be 
easier in larger PP chains as is accepted for phosphate-based solid-state ionic 
conductors3. 
 
 

 
 
 
 
 
 
 
 
 
 

1D. Kalpana; N.G. Renganathan; S. Pitchumani. J. Power Sources. 2006, 157, 621. 
2L.G. Mendes; A. Galembeck; M. Engelsberg; F.B. Diniz. Colloids and Surfaces A: 
Physicochem. Eng. Aspects. 2006, 281, 99. 

3J.C. Dyre. Physics Letters A. 1985, 108, 457.

Table 1. Conductivities of xerogels and gels. 
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Figure 1. Conductivity as a function of the 
frequency of xerogels (■) and gels (▼) NaPPs. 
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Carbonaceous materials have been widely used as electrodes in 
electrochemical devices due to their good conductivity, high surface area, and 
the possibility to tailor their surface properties1. They are also well polarizable, 
are environmentally friendly, have low cost, good processability, and can be 
synthesized in many different morphologies. Polyphosphates (PP) are 
environmentally friendly polyelectrolytes which can be processed into 
moldable gels with good ionic conductivities2. In this work, we assembled 
electrochemical capacitors (ECs) combining carbonaceous materials, 
polyphosphate-based solid electrolytes and conducting polymers. 
Polyphosphate gelation was carried out starting from aluminum, iron, and 
polyphosphate aqueous solutions to which carbonaceous materials were 
already added, envisaging to fill the carbon pores with the gel in order to 
maximize the polarizable interface area. In some cases, aniline was also 
added and polymerized to give polyaniline (PAni) due to the presence of Fe3+ 
ions. Hollow carbon microspheres, vitreous carbon3 and commercial graphite 
were used. The resulting composites were characterized by FT-IR, TGA, XRD 
and their electrical properties were investigated by impedance spectroscopy. 
The composites were deposited in current collectors and the devices were 
assembled, symmetrically, with a filter paper soaked with a 5.0 mol·L-1 
NaH2PO4 solution placed between two electrodes. The ECs were 
characterized by impedance spectroscopy, cyclic voltammetry and 
chronopotentiometry. Capacitances as high as 120 F·g-1, with specific energy 
and power of 16 Wh·kg-1 and 85 W·kg-1, respectively, were obtained, which 
can be compared to some similar commercial devices4. The PP gel acts as an 
electroactive binder which provides good strength and flexibility to very thin 
electrodes. In conclusion, electrochemical capacitors could be assembled 
combining environmentally friendly materials. 
  
1 Frąnckowiak, E.; Béguin, F. Carbon, 39 (2001) 937. 
2 Mendes, Galembeck, A.; Engelsberg, M.; Diniz, F.B. Colloids and Surfaces 
A 281 (2006) 99. 
3 Filho, C.A.; Zarbin, A.J.G. Carbon, 44 (2006) 2869. 
4 A. Burke. Electrochimica Acta, 53 (2007) 1083. 
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In recent years, organic-inorganic composites membranes have been 
investigated for use in direct alcohols fuel cells (DAFCs), whose main 
objective is to improve the water retention and to increase the proton 
conductivity of polymeric materials. These oxides are impermeable to ethanol. 
Thus, its incorporation in the polymeric matrix increases the barrier property of 
the membrane1. Phosphotungstic acid (HPW) has been described in literature 
as being good proton conducting, but the main disadvantage of its use in 
membranes is its high solubility in water. To overcome this problem, the 
generation in situ of an oxide net by the sol-gel process from metallic alkoxide 
one is proposed. In this work membranes had been developed from poly(ether 
ether ketone) (PEEK) sulfonated with  concentrated sulfuric acid (SPEEK). To 
increase the proton conducting, the membranes had been prepared by 
hydrolysis in situ by sol-gel process of zirconia (ZrO2) or tin oxide (SnO2) with 
and without the incorporation of HPW. The characterization of the membranes 
was made using the tests of adsorption in water and ethanol solution, 
pervaporation in water and ethanol solution at 55°C and thermal analysis. The 
adsorption tests show that the incorporation of ZrO2 or SnO2 did not increase 
significantly the level of water or solution of ethanol adsorbed. However, when 
the HPW was used this level increased, due its high hygroscopicity. The 
pervaporation test showed a reduction of the ethanol permeability of the 
membrane when ZrO2 or SnO2 were incorporated, as resulted of the increase 
of the barrier property. The thermal stability of the membranes was not 
modified due to presence of oxide. 
 
[1] S.P. Nunes; B. Ruffmann; E. Rikowski; S. Vetter; K. Richau Journal of 
Membrane Science, 2002, 203, 215. 
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Silica xerogels are widely used as hosts for immobilization of photoactive 
organic species, such as fluorescent dyes, to develop optical devices. 
However the silanol groups (Si-OH) in the silica matrix surfaces can affect the 
optical characteristics of the dye, as observed to ESIPT-exhibiting dyes [1]. To 
circumvent the interactions between the surface silanol groups and dye 
molecules, in this work, it was prepared silica based hybrid xerogels with 
different surface hydrophobicity. It was used, in the synthesis, 
tetraethylorthosilicate and dimethyldimethoxysilane, as inorganic and organic 
precursors, respectively, using as organic molar fraction, 0, 0.1, 0.3 and 0.5. 
The samples were assigned as S0, S01, S03 and S05, respectively. The 
carbon elemental analysis showed that the organic amount was related to the 
quantity of the organic precursor added. The influence of the organic groups 
in the textural properties of the xerogels was also studied. From the N2 
adsorption isotherms it was observed that S0 sample was mesoporous while 
the S01 was microporous showing higher surface area value. The samples 
containing high organic amount showed lower porosity and surface area 
values. By using a known hydrophobicity probe in the xerogel samples, the 
fluorescent pyrene dye, it was observed that the hydophobicity increases from 
S0 to S05 sample. The fluorescence emission spectra indicate a minor 
influence of the surface silanol groups in the photophysical behaviour of the 
benzothiazole dye, for S05 xerogel sample. 
 
 
 
[1] T.M.H. Costa, V. Stefani, M.R. Gallas, N.M. Balzaretti, J.A.H. da Jornada, 
J. Mater. Chem, 2001, 11, 3377.  
[2] T. Keeling-Tucker, J.D. Brennan, Chem. Mater. 2001, 13, 3331. 
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Copper is one of the most important non-ferrous metals due to its valuable 
physical and mechanical properties, as long life and good resistance to 
corrosion in neutral water. However, copper in sulfate medium, undergoes the 
attack of SO4

-2  ions causing the formation of localized corrosion. Several 
surface treatments based on hybrid materials obtained by sol-gel method 
have been proposed in order to delay and/or prevent the formation of 
corrosion by pits in copper and its alloys [1,2]. In this work it was synthesized 
the silica based hybrid material containing the 1,4-
diazoniabicyclo[2.2.2]octane charged group.  It was prepared by sol-gel 
method of synthesis in presence of the surfactant CTAB. This hybrid material 
was used as a protective coating against corrosion for copper. 
Electrochemical measurements were carried out in solution containing sulfate 
ions at various immersion times.  The obtained results evidenced that the 
corrosion resistance depends on the pre-treatment of the cooper substrate 
and on the CTAB amount added in the synthesis of the hybrid coating. 
Electrochemical impedance measurements revealed an improved polarization 
resistance as compared to the bare metal, due to the barrier effect of the 
hybrid material. Potentiodynamic polarization curves revealed a decrease of 
the anodic and catodic currents of the coated sample even after immersion of 
24 h. These features can be related to a low porosity of the coated, which 
hinders the electrolyte attack.  
 
 
  
[1] C. Blanc, A. Freulon, M.F. Lafont, Y. Kihn, G. Makowski, Corros. Sci. 2006, 
48, 3838. 
[2] F.Zucchi, V. Grassi, A. Frignani, G. Trabanelli, C. Monticelli, Corros. Sci. 
2004, 46, 2853. 
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Silica based hybrid materials have been widely studied in the recent years [1]. 
These materials present the organic and inorganic components dispersed in a 
molecular or nanometric way. This high degree of dispersion can be attained 
using the sol-gel method, since the precursors are molecularly dispersed in 
initial liquid solutions. Hybrid materials can show the original characteristics of 
organic and inorganic precursors as well as new interesting properties. 
Among the silica based hybrid materials the silsesquioxane are very 
promising. This class of hybrid is obtained starting from only organosilane 
precursors that contain at least one unhydrolysable R-Si bond. For pendant 
silsesquioxanes the minimum molecular formula is RSiO1,5+nH2n [2]. In the 
present work, it was obtained by sol-gel method, a pendant protonated 
aminopropyl silsequioxane presenting a layered nanostructure, confirmed by 
X-ray diffraction. Subsequently, it was prepared a sample series of hybrid 
material by the addition of tetraethylorthosilicate (TEOS). It was observed an 
increasing of values of basal distance with the increasing of amount of TEOS. 
From the CP MAS 29Si NMR, it was observed that both organic and inorganic 
components were very crosslinked in distinct moieties. Considering all results 
it was proposed a structural model for the obtained hybrid materials. They are 
formed by two components. The first one is the layered protonated 
aminopropyl silsesquioxane. The second component is silica formed during 
the gelation process, and it is located in the interlayer space. 
 
 
 
[1] C. Sanchez, C. Boissière, D. Grosso, C. Laberty, L. Nicole, Chem. Mater. 
2008, 20, 682. 
[2] E.V. Benvenutti, C.C. Moro, M.R. Gallas, T.M.H. Costa, Quim. Nova 2009, 
accepted for publication. 
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Amorphous and crystalline materials belonging to the aluminosilicate system 
containing rare earth ions present some physical properties of fundamental 
interest and potential application in integrated optics, lasers, optical amplifiers, 
active planar waveguides, and opto-electronic devices. In particular, erbium 
doped YAlO3 (YAP) crystals possess interesting optical properties, such as 
photoluminescence in the near-infrared range.[1,2] Er-doped silicate 
compounds has been a research topic of utmost interest since the observation 
of 1540 nm emission, which is the wavelength of minimum absorption of silica 
based optical fiber cables. However, the low solubility of Er ions in silica limits 
the miniaturization of the integrated optical systems.[3] On the other hand, Y 
ions of YAP crystals can be replaced by Er ions. In this work was studied the 
crystallization of Er doped YAP nanocrystals in silica synthesized by the sol-
gel process. It was studied the compositions: (1-x)SiO2-xYAP (x = 0, 0.1, 0.2, 
0.3, 0.4, and 0.5 in mol) powders doped with 0.5 mol% of Er3+. The structural 
properties of the SiO2-YAP nanopowders were studied by X-ray diffraction, 
and FTIR spectroscopy. The thermal properties were investigated by 
thermogravimetric and differential thermal analysis, and the optical properties 
by photoluminescence measurements in the near-infrared region. YAP 
nanopowders embedded in silica were obtained at 1100 oC. The YAP 
crystallization temperature depends on the silica content. On the other hand, 
the Er-doped SiO2-Al2O3-Y2O3 compounds are amorphous until 900 oC 
without hydroxyl groups. This system is promising to be used in integrated 
optical systems. The authors acknowledge FUNAPE, CAPES and CNPq for 
their financial support.  
  
[1] Y. Lu, Y. Dai, Y. Yang, J. Wang, A. Dong, B. Sun, J. Alloys Comp. 2008, 
453, 482. 
[2] N. Zu, H. Yang, Z. Dai, Physica B 2008, 403, 174. 
[3] L.J.Q. Maia, A. Ibanez, J. Fick, N. Sanz, A.C. Hernandes, V.R. Mastelaro, 
J. Nanosci. Nanotechnol. 2007, 7, 3629. 
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Rare-earth luminescence has been widely exploited in optoelectronics 
covering such applications as, chip-to-chip and on-chip interconnects, optical 
memories, and the direct integration of display technology. Er-doped silicon 
has been a research topic of utmost interest since the observation of 1540 nm 
emission, which is the wavelength of minimum absorption of silica based 
optical fiber cables. Ge-doped SiO2 glasses are key materials for photonic 
applications in optical communications, such as core materials for optical 
fibers. Thus permanent Bragg gratings can be written in waveguides by 
printing periodic refractive index modulation through use of a phase mask.  In 
this work the morphological, structural and optical properties of 80SiO2-
20GeO2, doped with 1 mol%, thin films prepared by the sol-gel process are 
presented. Channel waveguides were prepared by using femtosecond laser 
radiation operating at 800 nm focused with a 20X microscope objective. Films 
and waveguides were characterized UV-VIS-NIR transmission, 
photoluminescence, and m-line spectroscopy. Physical properties as 
refractive index, propagation modes and losses, photoluminescent emission, 
and radiative lifetime from 4I13/2 level of Er3+ ions were analyzed. The results 
lead us to conclude that the Er-doped GeO2-SiO2 compounds are promising to 
be used as waveguide optical amplifiers in integrated optical systems.  
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The ability of assembling inorganic, organic and even bioactive components in 
a single material represents an exciting direction for developing novel 
multifunctional hybrids materials. In such hybrids, the association at a 
nanometric scale of both organic and inorganic phases leads to new materials 
presenting unique properties such as high mechanical resistance, 
transparency and flexibility, being suitable for applications in many 
technological areas, including the human health ones. The versatility of Sol-
Gel process used for hybrids synthesis allows to obtain transparent monolithic 
films and bodies that can be explored for the fabrication of several types of 
controlled drug delivery devices, like as implants, adhesives, masks, 
microspheres etc…The aim of this work was to incorporate different amounts 
of propanolol (drug used for heart diseases) in Siloxane-Polyoxypropylene 
(PPO) hybrids matrixes prepared by Sol-Gel process in order to reach a 
control of drug release by changing drug concentration and preparation 
conditions. First results obtained from XRD show that, despite the pure hybrid 
matrix being totally amorphous, samples exhibit crystalline structures close 
but different from pure propanolol powder. The crystalline character of the 
nanocomposites increases with drug concentration and hybrids prepared with 
HCl (used as catalyst of hydrolysis and condensation of hybrid precursor) 
exhibit a larger degree of crystallinity, suggesting a lower drug dispersion and 
a lower chemical drug affinity with the hybrid matrix. The poor affinity of drug 
with the hybrid network in samples prepared with HCl was confirmed by 
preliminary results on delivery process. The release of propranolol in such 
samples is completed in few minutes and the release mechanism follows a 
first order kinetics. The study of concentration effect of the drug in the matrix 
on the partition coefficient is still in course but preliminary studies reveals, as 
expected, low affinity to the matrix.To better the dispersion and the affinity 
from matrix with the drug, we mixed the samples with Ultrasound which 
becames the samples more homogeneous getting the release more 
efficient.Future investigations envolving samples prepared without HCl and 
mixed with Ultrasound will be realized.   
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Due to its polycrystalline form, ZnO ceramic material has been applied in 
various areas, including transducers, varistors, thin film transparent 
conductors, etc [1]. The ZnO is crystallized in a wurtzite type hexagonal 
structure in which each zinc atom is in the center of a distorted tetrahedron 
coordinating the four other neighboring oxygen atoms [2]. Nanometric ZnO 
and ZnO:xCoO (x = 0.020, 0.025 and 0.030 in mol %) powders were obtained 
from low temperature calcination of a resin prepared using the polymeric 
precursor method. Firing the ZnO

 
resin at 400ºC/2h a powder with hexagonal 

structure was obtained as measured by X-ray diffraction (XRD). The powder 
presented average particle size of 40 nm observed by High Resolution 
Scanning Electronic Microscopy (HR-SEM) micrographs and average 
crystallite size of 10 nm calculated from the XRD patterns. Nanocrystalline 
ZnO: xCoO films with good homogeneity and optical quality were obtained 
with 275 nm till 980 nm in thickness by Electron Beam Physical Vapour 
Deposition (EB-PVD) under vacuum on amorphous quartz maintained at 25oC 
during the evaporation. The HR-SEM shown a microstructure composed by 
spherical grains and some nanotubes out of plane with 600 nm till 1200 nm-
length and diameter around 40 nm. In these deposition conditions the films 
presented only hexagonal phase observed by XRD technique. Diffuse 
reflectance spectra and colorimetric coordinates L*, a*, b* using the CIE-
L*a*b* method are also measured for the nanometric powders, in the 400-700 
nm range. The UV-VIS spectra of the ZnO pure and doped

 
films were 

collected in transmittance mode in a Cary-17 spectrophotometer, in the 190 -
1100 nm range. 
 
[1] Zhi-Min Liao, Yi Lu, Jun Xu, Jing-Min Zhang, Da-Peng Yu, Applied Physics 
A, 2009, 95, 363. 
[2] X.Q. Zhao, C.R. Kim, J.Y. Lee, C.M. Shin, J.H. Heo, J.Y. Leem, H. Ryu, 
J.H. Chang, H.C. Lee, C.S. Son, B.C. Shin, W.J. Lee, W.G. Jung, S.T. Tan, 
J.L. Zhao, X.W. Sun, Applied Surface Science, 2009, 255, 5861. 
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Sol–gel-based materials with covalently linked luminescent lanthanide 
complexes are receiving increasing attention because of the higher solubility 
and homogeneous distribution of the complex in the matrix [1,2]. These 
effects can be explored in order to enhance the practical performance of 
lanthanide complexes. In this work we incorporated the Eu(fod)3.2H2O 
(fod=6,6,7,7,8,8,8-heptafluoro-2,2-dimethyl-3,5-octadionate) complex into two 
poly(oxyethylene) (POE)/siloxane hybrid matrices belonging to the class of di-
ureasils and termed d-U(600) and d-U(900) a family of essentially amorphous 
sol-gel derived materials in which POE chains of variable length are covalently 
bonded to a siliceous network through urea groups [3]. The doped ureasils 
have been identified by the designation d-U(600)nEu(fod)3.2H2O and d-
U(900)nEu(fod)3.2H2O, where U originates from the word “urea”, 600 and 900 
indicate the average molecular of the diamine used, and n=O/Eu represents 
the ratio of (OCH2CH2) monomer units per Eu+3 ion. The sample was 
characterized by Fourier transform mid-infrared (FT-IR), luminescence 
spectroscopies, luminescence dacay, thermal analysis and x-ray diffraction. 
The thermal stability of the complex is improved when it is incorporated in the 
hybrid matrix. In the emission spectra the intensity ratio I(5Do→

7F2/ I(
5Do→

7F1) 
is 12 to the Eu(fod)3.2H2O-doped di-ureasils, which is higher than that the 
Eu(fod)3.2H2O complex (7,96). These data indicate that the intensity of the 
5Do→

7F2 is markedly enhanced by incorporation into the matrix. 
 
[1] L. D. Carlos, R. A. S. Ferreira, V. De Zea Bermudez, S. J. L. Ribeiro Adv. 
Mater. 2009, 21, 509 
[2] M. E. Mesquita, S. S. Nobre, M. Fernandes, R. A. S. Ferreira, S. C. G. 
Santos, M. O. Rodrigues, L. D. Carlos, V. de Zea Bermudez, J. Photochem. 
Photobiol. A, accepted 
[3] V. de Zea Bermudez, L. D. Carlos, L. Alcácer, Chem. Mater., 11(3) (1999) 
569 



Poster Session 

SOLGEL2009 

240 

PSG116- POLYPHOSPHATE AND TEOS: A NEW COMPOSITE TO 
INCORPORATING OF NANOPARTICULES 

 
 

A. C. C. Castelo Branco1 e F. A. Dias Filho1 

 

1 Department of Organic and Inorganic Chemistry. University Federal of Ceara. 
Fortaleza, Brazil 

e-mail:audisio@ufc.br 
 
 
The interaction between aqueous solution of sodium polyphosphate and metal 
divalent salts had been reported as a interesting manner to obtain a vitreous 
precursors, called coacervate[1]. Recently, the possibility to using of the 
coacervate as material to incorporate nanoparticles has been studied and the 
results there are promising. However, gels of coacervates present low 
mechanical stability and the sol-gel tecnhique can be used to increase to the 
mechanical stability. In this abstract, we present a new route of preparation of 
a composite from mixture of Graham's salt(sodium polyphosphate) and 
TEOS(tetra ethyl orthosilicate) to incorporating of nanoparticles. Initially, the 
composites were prepared in diferents ratio molar of Si:P (1:1, 1:5 and 5:1). 
Solutions of hydrochloric acid and ammonium hydroxide were used in 
synthesis as acid and basic catalyst, respectively. The ratio molar Si:P and 
the catalyst used showed be important to obtaining of transparent gels. Gels 
obtained by basic catalyse not showed be transparent and the ratio molar 
Si:P(1:1) is not apropriate to obtaining of transparent gels. The gels were 
characterized by infrared spectroscopy, differential scanning calorimetry, 
thermogravimetry and x-ray spectroscopy. The network of silicon were 
characterized by absortion of υs(O-Si-O) and υas(O-Si-O) around 798cm-1 and 
1110cm-1, respectively. The thermogravimetry showed a unique event of loss 
of weight to samples with and polyphosphate Only one endothermic event 
was observed on DSC curves to samples. In presence of polyphosphate the 
endothermic event was observed around 80-100ºC and without 
polyphosphate around 140ºC. The results of thermal analysis suggest a lower 
reticulation grade of composites compared with gels without polyphosphate. 
All samples showed amorphous character in accordance with x-ray 
spectroscopy. 
 
[1] F. A. Dias Filho, L. D. Carlos, Y. Messadeq, and S. J. L. Ribeiro. Langmuir, 
2005, 21 (5), pp 1776–1783. 
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The coacervation has been described as a phase separation phenomenon 
and has been employed in pharmaceutics and food industry, biochemistry, 
biology and chemistry. Severals chemicals are used to preparation to 
coacervates, mainly organic reagents. However, the coacervation using 
Graham's salt(sodium polyphosphate) as phosphate precursor showed results 
interesting to incorporating of quantum dots of CdS. To explore this behavior 
we present in this abstract preliminarly results about synthesis and 
characterization of coacervates with silver nanoparticles. The silver 
nanoparticles were obtaining by chemical reduction from aqueous solution of 
AgNO3. Initially, it was evaluated the formation of nanoparticles of silver in 
aqueous solution of sodium polyphosphate. The results showed a influence 
between ratio molar (Ag:reductor agent) in preparation of nanoparticles. Ratio 
molar (Ag:reductor agent) ranging from 7,5 to 0,0015 were tested and the 
nanoparticles were obtained to systems with ratio molar 0,0015. The 
concentration of sodium polyphosphate influenced in the nanoparticles 
formed. Systems with higher concentration of polyphosphate not been 
showed suitable. The formation of silver nanoparticles were observed by 
eletronic uv-vis spectroscopy throught the appearence of band attributed to 
surface resonance plasmon of silver around 400nm. This band has been 
shifted to blue region, suggesting a size control of nanoparticles by sodium 
polyphosphate. Differents routes of preparation of silver nanoparticles in the 
coacervates were tested and the sequence to addition of reagents showed be 
determining to sucessful. 
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Due to their high photosensitivity, chemical stability and non-toxicity, TiO2 
have been especially investigated in the degradation of several environmental 
pollutants [1]. The preparation method is a relevant factor in controlling the 
performance of a material. TiO2 powders were recently prepared by sol-gel for 
photocatalytic applications. Powders prepared via conventional sol-gel 
technique showed greater photocatalytic activity compared to those prepared 
via polymer modified sol-gel [2].  
However, TiO2 utilizes only a very small fraction of the solar spectrum due to 
its band-gap energy. In order to improve its photocatalytic activity, selective 
metal ion doping is one of the effective means. Transition metal ions are 
frequently used as doping elements [3]. 
In this work powders of titania and titania doped with iron and zinc were 
prepared by the alkoxide route using titanium isoproxide and iron and zinc 
nitrates. For the stabilization of titanium isoproxide ethylacetoacetate was 
employed. The crystallization behaviour of the obtained gels was related to 
heat treatment procedure and dopant concentration.  
Specific surface area and average particle size were measured on all the as-
prepared and heat treated samples. The microstructural characterization was 
done by scanning electronic microscopy. 
Their photocatalytic activity was evaluated for the degradation Orange II in 
aqueous solutions in a batch photoreactor under visible light and correlations 
have been established between properties, samples characteristics and 
preparation protocols.   
 
[1] A. Sharma, P. Rao, R.P. Mathur, S.C. Ametha, J. Photochem. Photobiol. 
A: Chem. 1995, 86, 197. 
[2] K.V. Baiju, S. Shukla, K.S. Sandhya, J. James, K. G. K. Warrier, J. Sol-Gel 
Sc. and Tech. 2008, 45, 165.  
[3] J.C.S.Wu, C.H. Chen, J. Photochem. Photobiol. A: Chem. 2004, 163, 509. 
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The preparation, characterization, and in vitro release of Rifampicine from 
polymethylmethacrylate (PMMA)/silica composites prepared via a sol–gel 
route are reported. The in vitro drug release test revealed that the release rate 
of Rifampicine increased with the silica content in the composites; on the 
contrary, the increase of the content of 3-(trimethoxysilyl) propyl methacrylate 
(MPTS), a coupling agent, decreased the drug release rate. The drug release 
rate/composite structure relationship was studied using Fourier transform 
infrared spectroscopy (FTIR), X-Ray diffraction (XRD), scanning electron 
microscopy (SEM) and swelling ratio (SR) measurement. The results 
indicated that the nature of the interface between polymer matrix and 
inorganic fillers and the drug concentration have significant influence on the 
drug release behavior of the composite materials. This outstanding feature 
conjugated with the biomedically-safe formulation of the silica-PMMA 
composites widens their scope of application to include the domain of soft and 
implantable drug delivery devices. 
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In this work, the protein-enzyme catalytic conjugate (streptavidin-peroxidase 
conjugate, STA-HRP). was immobilized into siloxane-polypropyleneoxide 
hybrids prepared by sol-gel process and deposited on the pencil graphite 
electrode surface by dip-coating. Having in mind that the response of 
enzymatic electrode depends on the mass transport of the electroactive 
substance formed on the system some parameters as: chain size of the hybrid 
matrix (300 and 4000 g mol-1), number of layers (1, 2 and 3 layers), 
withdrawal speed (300, 600 and 900 mm min-1) and the precursor hydrolysis 
in the presence of NH4F or HCl as catalyst were evaluated. The hybrid organic-
inorganics films deposited on the surface of graphite electrodes were 
characterized by scanning electron microscopy (SEM) and the films deposited on 
glass were characterized by UV-Vis and Infrared Spectroscopies. Monolithic 
silica glasses STA-HRP modified or not modified were submitted to thermal 
analysis. The enzymatic response has been studied based on voltammetry 
and amperometric measurement at –0.45 V versus Ag/AgCl in the presence 
of hydrogen peroxide (co-substrate) and iodide (mediator) to transfer 
electrons on the electrode surface. The STA-HRP immobilized ormosil 
electrode retained about 90 or 60% of its activity for 35 days when storage in 
dry condition and phosphate buffer at 40C, respectively. 
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Highly porous hydrophilic and hydrophobic silica xerogels were synthesized 
by surface modification of silica hydrogels followed by the drying of the 
surface modified silica hydrogels at an ambient pressure. The silica hydrogels 
were prepared by sol-gel polymerization of cheap sodium silicate (water-
glass) precursor under the atmospheric conditions. In order to reduce the 
drying shrinkage, the surface of the hydrogels was modified using 
trimethylchlorosilane (TMCS) in the presence of ethanol in n-hexane solution 
before the ambient pressure drying (APD). The silica xerogels modified with 
TMCS and dried at ambient pressure has extremely high specific surface area 
(783 m2/g) and large pore cumulative pore volume (2.73 cm3/g). The high 
porous hydrophilic xerogels was obtained by the heat treating the modified 
xerogel at 450 oC. It has been observed that the temperature at above 450 oC, 
the surface alkyl groups (-CH3) oxidized, resulted in hydrophilic xerogel with 
slightly increase in surface area as well as pore volume and pore size. 
Characters of porous structure of silica xerogels were characterized by 
transmission electron microscope (TEM), Brunauer-Emmett-Teller (BET). The 
surface chemical modification was confirmed by the FTIR spectroscopy.  
 
[1] G. T. Burns, Q. Deng, R. Field, J. M. Hahn, C. W. Lengtz, Chem. Mater., 
1999, 11, 1275. 
[2] F. Shi, L. Wang, J. Liu, M. Zeng, J. Materials Sci. Technol., 2007, 23, 402. 
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In the last decade, vanadium oxides 1D nanostructures have attracted much 
interest due to their chemical and physical properties and their great potential 
for applications in catalysis [1], as sensors [2], in electrochromic devices [3] 
and in electrochemistry [4]. These wide varieties of technological applications 
are strongly related to its crystalline structure, nanocrystal size and 
morphology. In this sense, crystal growth in hydrothermal conditions has been 
extensively studied and has even greater importance due to the interest in 
controlling particle size and morphology in nanostructured materials. In this 
work, the crystal growth kinetics of V2O5nH2O nanoribbon in hydrothermal 
conditions was studied. The V2O5nH2O nanoribbon were prepared through the 
treatment of 0.06M peroxovanadate solution prepared by the dissolution of 
V2O5 powder in distilled water followed by the addition of 30% of H2O2. A 
specific amount of the V2O5nH2O nanoribbon was diluted to prepare the 
suspension, to obtain a solution with 0.006M. To investigate the growth 
kinetics, the as-prepared suspensions were submitted again to hydrothermal 
treatments at 800C for several periods of time. X-ray diffraction, Scanning 
transmission electron microscopy (STEM) and high-resolution transmission 
electron microscopy (HRTEM) were used to characterize the samples. The 
anisotropic growth of vanadium oxides nanostructures is usually associated 
with the Ostwald ripening (OR) process [5]. Here, we report experimental 
evidence indicating another growth mechanism in hydrothermal conditions. 
The results indicate that a second growth mechanism occurs in the [100] 
direction. This growth kinetics could be described very well by model of 
oriented attachment (OA) mechanism. HRTEM images show the existence of 
defects in interface region of particle-to-particle contact, where coalescence 
process takes a place, in good agreement with statistics results described by 
OA model. 

 
[1] J. Livage, Chem. Mater. 1991, 3, 578. 
[2] J. Liu, X. Wang, Q. Peng, Y. Li, Adv. Mater. 2005, 17, 764. 
[3] A. R. Raju, C. N. Rao, J. Chem. Soc. 1991, 18, 1260. 
[4] X. Li, W. Li, H. Ma, J. Chen, J. Electrochem. Soc. 2007, 154, A39. 
[5] F. Zhou, X. Zhao, C. Yuan, L. Li, Crystal Growth & Design 2008, 8, 723. 
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Quantum dots have showed to be versatile materials for application in 
biological labels [1,2]. One of the important  focus on this research area is the 
development of methodologies for quantum dots synthesis. Specifically, 
aqueous medium synthesis has received attentions due the applications with 
biological systems [1-3]. In this work, we report a new and simple methodology 
for synthesis of luminescent CdTe quantum dots by using low frequency 
ultrasound during the precursor obtaining, which is Te-2. 
 

The precursor Te-2, was obtained by reduction of Te0. NaBH4 was used as 
reductor agent. In this step, low frequency ultrasound was used to reduce the 
time for complete reduction of Te0 to Na2Te2. HCl 0,01M was slowly added 
during the reduction. The system pH was raised by using 0,2 mL of NaOH 1M 
solution. Then, Na2Te2 was added in Cd+2/thyoglicolic acid solution, with initial 
pH = 11,0. The process was completed under sonication until a brown 
suspension of luminescent  CdTe quantum dots was obtained. The obtained 
suspension was characterized by TEM; absorption, excitation and 
photoluminescence spectroscopy. The gaussian shape of luminescence 
spectrum is in accordance with the analogous systems known and  it is 
correlated with a homogeneous size distributions of nanoparticles, wich can 
also be observed in microscopies. The results indicated that the low frequency 
ultrasound facilitates the tellurium reduction by acoustic cavitation effect. This 
effect makes a reduction of tellurium size grain  and  consequently an 
increase of its surface reactivity. In addition to this the diluted acid solution 
added during the process reduces the medium pH, increasing the reductor 
potential of NaBH4. 
 

This simple aqueous methodology is a promising route for synthesis of 
quantum dots to biological applications due the biocompatibility of synthesis 
medium where the nanoparticles was obtained. 
 

[1] Bruchez, M., Moronne, M., Gin, P., Weiss, S., Alivisatos, A. P. Science. 
1998, 281, 2013. 
[2] Chan, W. C. W., Nie, S. Science. 1998, 281, 2016. 
[3] Farias, P. M. A., Santos, B. S., et al. J. Phys. Chem. B. 2008, 112,  2734. 
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The addition of substances as N,N-dimethylformamide (DMF), pyridine (py) 
and methanol make possible the successful control of phenomena like the 
aggregation of metallic 2,9,16,23-tetrasulphophthalocianines, MTSPc (M = Fe, 
Co, Ni, Cu and Al) or the demetallation or protonation of metallic complexes of 
tetraphenylporphyrins, MTPPP. The utilization of DMF gives materials less 
prone to fracture and better optical properties than those obtained by the use 
of pyridine. In the case of CuTSPc, CoTSPc and NiTSPc species wiyh DMF 
84% v/v) some color fading in the gels was observed [1, 2]. The comparative 
study of gels prepared with the M(II)TSPc (NM = Cu, Ni and Co) species and 
(OH)M(III))TSPc (M= Fe and Al) species has shown that loss of color in 
alkaline solution and in the silica monoliths depends of the oxidation number 
of the cation.  
As we proved [3], the last phenomenon is an oxidative process which occurs 
independently if the macrocyclic species are in their dimmeric or monomeric 
form. Recently we found that the bleaching is favored when the species 
(OH)AlTSPc, used as a probe, is trapped in of xerogels prepared from 
organo-sunstituted silicon alkoxides as the ethyltriethoxisilane, 
viniltriethoxisilane, amiltriethoxisilane, etc. Last situation can be attributed to 
the low population of silanol, Si-OH, groups in the interior of the pores of the 
xerogel obtained in this way. 
 
 
[1] M. A. García-Sánchez, A. Campero, J. Of Sol-Gel Sci. and Technol, 1998, 
13, 651-655. 
[2]  M. A García-Sánchez, A. Campero, Polyhedron, 2000, 19,  2383-2386. 
[3]  M. A García-Sánchez, A. Campero, Ma. De L. Avilés C,  J. Non-Cryst. 
Solid, 2005,  351, 962-969. 
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The luminescent properties of the  porphyrins (H2P) and phthalocyanines 
(H2Pc) are used in different technology areas as optics, catalyses, sensors, 
detection and destruction of cancerous cells in photodynamic therapy (PDT) 
or in storage information systems. For some applications the macrocyclic 
species should be trapped or fixed under the appropriated solids as metallic 
oxides. Whit the sol-gel method is possible to trap or the covalent fixing of 
diverse molecules. The setting of substituent groups, such as sulpho, carboxy, 
amino, hydroxyl, etc., in the periphery of the macrocycles, renders them more 
soluble in water or alcohols, facilitating their insertion in inorganic matrix. Until, 
undesired problems as the aggregation [1,2] and decomposition [3] of the 
phthalocyanines or the dematalation and protonation of porphyrins [4-6] have 
been successful solved using solvents, such as dimethylformamyde (DMF), 
pyridine (py) or methanol (MetOH). Using the Aluminum-
trasulphophthalocyanine, (OH)AlTSPc, as a probe of in the sol-gel process we 
have developed methods to obtain monolithic samples where the latter 
species are trapped in their stable form. In these systems the lost of the 
fluorescence of the macrocyclic species is caused by their interactions with 
matrix of solid. We have develop two ways to conserve the fluorescence and 
other physicochemical properties of macrocycles, or other chemical species, 
trapped in silica matrix; by the covalent union of the macrocycles with the 
silica matrix using functionalized alkoxides [5,6] or modified the polarity in the 
interior walls of the pores using organo-substituted alkoxides. Here we 
present the first results about this second methodology. 
 
[1] M. A. García-Sánchez, A. Campero, J. Of Sol-Gel Sci. and Technol, 1998, 13, 
651-655. 
[2]  M. A García Sánchez, A. Campero, Polyhedron, 2000, 19,  2383-2386. 
[3]  M. A García Sánchez, A. Campero, Ma. De L. Avilés C,  J. Non-Cryst. Solids, 
2005,  351, 962-969. 
[4]  M. A García Sánchez, A. Campero,  J. Non-Cryst. Solids, 2001,  296, 962-969. 
[5]  M. A García Sánchez, S. R. Tello S. R. Sosa F, A. Campero, J. Sol-Gel Sci. 
and Technol. 2006,  37,  93-97 
[6]  M. A García Sánchez, V. de la Luz,  M.L. Estrada-Rico, M. M. Murillo-Martínez, 
M.I. Coahuila-Hernández. Rojas, S.R. Tello S, R. Sosa F, and A. Campero, J. of 
non-Cryst. Solids. 2009, 355, 120-125.
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TiO2 is an important material used in sterilization, hydrophobic/hydrophilic 
surfaces and photocatalysis [1]. Nanocomposites formed by TiO2 matrix and 
silver nanoparticles have potentials applications since silver particles can act 
as electron traps aiding electron – hole separation. The enhancement of 
photodegradation efficiency by the addition of metallic silver may be attributed 
to the rapid transfer of the photogenerated electrons from the semiconductors 
to the metal particles, resulting in the effective separation of the electrons and 
holes. Ag/TiO2 coatings were prepared by sol-gel process [2] from alcoholic 
starting solution containing tetraisopropyl orthotitanate and silver nitrate 
dissolved in a mixture of isopropyl alcohol. The atomic ratio Ag:Ti in the 
nanocomposites was 1:6. The starting solution was sonificated at room 
temperature during 1 hour and was submitted to UV irradiation treatment in air 
for 8 hours to produce Ag0 by reduction of Ag+. To obtain films free of defects, 
the solution pH was kept between 2 and 4 and the viscosity between 2 and 5 
cP. Transmission electron microscopy (TEM), high-resolution transmission 
electron microscopy (HRTEM) images and electron diffraction were obtained 
using a FEI TECNAI G2-20 at acceleration tension of 200 kV. These 
techniques were used to determine the morphology and structure of the 
nanocomposite thin films. 
 
[1] T. L. Hsiunga; H. P. Wanga; H. Ping, J. Phys. Chem. Sol. 2008, 69, 383.  
[2] M. M. Viana; N. D. S. Mohallem; T. D. S. Mohallem; Braz. J. Phy. 2006, 36, 
1081. 
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Around the word, the main strategy against pathology microorganism is the 
use of antibiotic, however the major disadvantage of this are due to the ability 
of them to get immunology in different ways[1]. In order this the silver colloids 
interesting grow up again, with focus to development an advanced materials 
which incorporate anti-bactericidal effect[2]. Therefore, the aim of this work is 
the study the chitosan / silver nanocomposite and the chitosan efect when 
used as silver nanoparticle (AgNP) agent stabiling. In an effort carried out this 
study different proportions of silver and chitosan were used with the ratio of 
silver to chitosan concentrations varying from 1:4 up to 1:12. The AgNP were 
obtained in aqueous solution by Sodium Boro Hydride reduction agent. 
AgNPs were characterized by electronic scanning microscopy - FEG (Field 
Emission Gun), Dynamic Light Scattering (DLS), UV – vis, Fourier 
Transformed Infra Red (FT IR), to investigate the chitosan effect on size, 
dispersion and rate dagradation. The bactericidal properties of the 
nanocomposites were evaluated via Minimum Inhibitory Concentration (MIC) 
and Optical Density bactericidal tests, both using bacteria E. coli as target.  
Acknowledge: Capes and Embrapa Instrumentação Agropecuária. 
 
References 
[1] R. GIBBS; ‘Silver Colloids Do they work’ Edição do Autor, 1999 
[2] C. Man, Fung & Debra, L. Bowen; Clinical Toxicology, 34( l), 119- 126, 
1996. 
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Recent years, much attention has been paid for the utilization of hydrogen as 
a clean and inexhaustible energy source for atmosphere pollution and global 
warming problems. So hydrogen gasochromic films are receiving considerable 
attention, especially the sol-gel gasochromic films for the high sensitive and 
economical properties. However, the stability of these sol-gel films is not so 
good, and is improved further. 
In this paper, a novel kind of stable sol-gel gasochromic films was prepared by 
alkoxide-sol-gel method. The solution for the film was synthesized in two 
processes, the preparation of SiO2 sol and the dispersion of WO3 into the SiO2 
sol. The proper mixing molar proportion and the thermal treatment 
temperature were investigated to be 1/2 and 520K, respectively. The 
microstructure and stoichemistry of the WO3/SiO2 films were characterized by 
IR, TEM, XRD, XPS, TG-DTG and AFM. The results showed that there was 
no obvious incorporation of WO3 to SiO2. Instead, the WO3 was well dispersed 
into the SiO2 support. And this new form strengthened the WO3 film which 
even did not crystallize after annealed at 720K. The AFM analysis also 
showed that the films structure was of mesoporous and the average 
roughness increased by 2 times larger than the pure WO3 films, which is 
easier for H2 diffusion. This novel WO3/SiO2 films showed a good stability 
without any decrease after 500 coloring and bleaching circles. 
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Different phases of the Y2O3-Al2O3 system are well-known as an important 
class of materials for advanced optical technologies. As well as Yttrium 
aluminum garnet (YAG, Y3Al5O12), yttrium aluminum perovskite (YAP, YAlO3) 
is one of the optical materials that can be used for solid-state laser and when 
doped with rare-earth are promising functional photonic devices such as 
amplifiers, waveguides and display materials. Among all the trivalent rare-
earth ions, erbium (Er+) is an attractive optical activator due to its richest 
spectra emission in the UV – IR range. Er+: yttrium-aluminosilicate 
compositions have attracted large attention of several researchers, since the 
use of silica as a sintering aid is often reported to increase the densification 
kinetics, to limit the grain growth and to depress the temperature of YAP 
formation. On the other hand, the incorporation of YAP nanoparticles in silica 
increases the Er solubility allowing reduce the integrated optical systems. In 
this study, (100-x) YAlO3 – (x) SiO2 powders (x = 0, 5, 10, 20, 30, 40, 50 mol 
%) doped with 1 mol % Er+ were synthesized. Aluminum, yttrium and erbium 
nitrates were used as starting materials and dissolved in ethyl alcohol, and 
tetraethyl orthosilicate pre-hydrolyzed was added to form a glass network and 
disperse Er doped YAP nanoparticles. Some contents of citric acid and 
ethylene glycol were used as complexing and polymerizing agents to obtain 
long time stable sols. The advantages of this method include small particle 
size, second phase suppression and low heat treatment temperature. The 
dried amorphous gel was heat treated in the range of 700-1100 oC. The 
effects of the chemical composition, silica additions and the calcinations 
temperature on crystallization and phase transformation of the powders were 
investigated using X-ray diffraction, Fourier transform infrared spectroscopy, 
thermogravimetric and differential thermal analysis, and high resolution 
scanning electron microscopy. A study on the photoluminescence properties 
of the synthesized powders was also considered. Waveguides based on thin 
films are promising for the development of optoelectronic integrated circuits, 
the powders were used to prepare thin films using the technique known as 
Electron Beam Physical Vapor Deposition. Due to the potential applications of 
YAP-SiO2 compounds in the visible and near-IR ranges, the understanding of 
the optical properties is of great importance.  
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Barium titanate powders are very important dielectric materials, and can be 
used in many types of electronic components. For this work, the powders 
were synthesized using metallic alkoxides by two different methods: sol-gel 
and sol-precipitation. In both methods, a stoichiometric amount of 
tetraisopropilortotitanate, in alcoholic solution, and barium acetate in aqueous 
solution were used. The synthesis technique was modified by changing some 
parameters, as for example: the sequence of reagent mixture, calcinations 
temperature and time. The variations of these parameters resulted different 
powders with regards to physical-chemistry properties, which were confirmed 
by characterization techniques during the process. The characterization 
techniques utilized were: X-ray diffraction (XRD), X-ray fluorescence (XRF), 
infra-red spectroscopy (IR), thermal analysis (TG/DTA), gas adsorption and 
dielectric measures [1]. The powders obtained from sol-gel method were 
compacted at three pressures and sintered at two temperatures for 
comparison. 
 
[1] H.R.C.S. Andrade. Dissertação de Mestrado, Departamento de Química, 
UFMG, 1998. 
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Sol–gel chemistry has been widely developed during the past decade for the 
preparation of mixed oxides for glasses, adsorbents and catalytic applications. 
Transition metal complexes have attracted attention from researchers as 
catalysts in selective oxidation reaction of hydrocarbons in mild conditions. 
The aim of the present work was the synthesis, by the sol-gel process, and 
characterization of titanosilicate materials functionalized with ethylenediamine 
groups. These materials were used in the adsorption of chromium ions. One 
of the major problems to be faced by industries, especially tanneries, is to find 
suitable disposal for the chromium remaining in their wastewaters. Chromium 
ion removal would be useless if a suitable application for both this element 
and the adsorbent were not found. The first destination of chromium after its 
removal via adsorption is its reuse in leather tanning. Another possible 
application for chromium-containing adsorbents would be to use them as 
catalysts in various reactions of industrial importance. We evaluated the 
catalytic efficiency and stability of titanosilicates materials with Cr3+ adsorbed 
in the oxidation of Z-cyclooctene and cyclohexane by hydrogen peroxide at 
room temperature. The hydrolysis of the alkoxides precursor was realized in 
presence of water and ethanol using acid or base catalysis. The xerogels 
were denominated as TiSiNH2/H

+ and TiSiNH2/OH-, respectively, and were 
characterized by thermal analysis (TGA/DTA), transmission electron 
microscopy (TEM), surface area (BET method), and infrared spectroscopy 
(FTIR). The TEM showed that samples presented characteristics of 
amorphous materials, independent of catalyst employed in the synthesis. The 
surface areas were 0.1370 and 0,0058 m2.g-1 for TiSiNH2/H

+ and TiSiNH2/OH-. 

In FTIR, the band at 1080 cm-1 is the asymmetrical vibration of the silica, at 
935 cm-1 is attributed the vibration involving tetrahedral SiO4 bond with atom 
of titanium, at 1610 cm-1 is due to connection N-H which confirms the 
coordination of the molecule ethylenediamine in the surface of the matrices. 
The catalytic results revealed that matrices with higher concentrations of 
chromium adsorbed provided higher catalytic efficiency and the yields of 
cyclooctenoxide the order of 100% were achieved. The epoxide yields 
obtained using as TiSiNH2/H

+ were similar to those and TiSiNH2/OH-. The 
oxidation reactions of cyclohexane provided high selectivity for the formation 
of ciclohexanol. The catalysis, as well as the cyclooctene provide strong 
evidence that the active chromium-oxo species is responsible for transferring 
the oxygen atom of the oxidant (H2O2) to the substrate. 
 

Acknowledgements: CAPES, FAPESP and CNPq. 
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The rapid development of society has been creating severe environmental 
problems, particularly in the contamination of water by organic compounds. 
Nanostructured semiconductors, especially titanium dioxide (TiO2) in the 
anatase phase, are well-established photocatalysts which have proved to be 
useful in the fotodegradation of dyes, pesticides and other contaminants. This 
paper presents an kinetic evaluation of the photodegradation of the 
Rhodamine B dye using the synthesized TiO2 in nanometric sizes by the 
polymeric precursor method [1,2]. The Ti solution was prepared from the 
complete dissolution of the precursor titanium isopropoxide (Aldrich) in citric 
acid (JT Baker) in a Ti: citric acid molar ratio of 1:3 and therefore, this solution 
was polymerized by adding ethylene glycol (Synth) in the citric acid: ethylene 
glycol molar ratio of 1:2. These proportions were chosen in order to obtain a 
better control of the final particle size after calcination, as shown in previous 
studies [3]. The resulting resin was treated at 450oC for 2 hours in 
conventional furnace in order to obtain the TiO2 phase. To evaluate the 
photocatalytic potential of the synthesized TiO2 nanoparticles, the aqueous 
colloidal suspensions of the TiO2 at 100 mg.L−1 were prepared in rhodamine-B 
(Aldrich) solutions at 2.5 mg.L−1. The photodegradation experiments were 
performed under UV light and the rhodamine B concentration was monitored 
spectroscopically. The TiO2 phase was identified by X-ray diffraction (XRD) 
and high-resolution transmission electron microscopy (HRTEM). The kinetic 
evaluation of the Rhodamine B photodegradation using the synthesized TiO2 
showed a pseudozero order reaction with respect to Rhodamine B. 
 
[1] M. Kakihana, M. Yoshimura Bull. Chem. Soc. Jpn. 1999, 72, 1427. 
[2] Malagutti, A. R.; Mourão, H. A. J. L.; Garbin, J. R.; Ribeiro, C.; Appl.            
Catal. B: Environ. DOI: 10.1016/j.apcatb.2009.03.014. 
[3] C. M. Ronconi, C. Ribeiro, L. O. Bulhoes, E. C. Pereira J. Alloys Compd. 
2008, 466, 435. 
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The cerium oxide is known for possessing different interesting properties due 
its electronic configuration, support to deviations in stoichiometry (CeO2- δ com 
0 < δ < 0,5) maintaining a fluorite-type structure. This enables a great variety 
of applications, mainly for catalysis, storage of oxygen [1], ultraviolet 
absorbing and high precision glass polishing [2]. Recent works suggest the 
use in spintronic devices when doped with magnetic ions, due to its electronic 
configuration and structural properties that are similar to silicon. In this work, 
we studied the preparation of cerium oxide doped with transition metal, CeO2-

δ:M (M = Ni, Fe, Co), through proteic sol-gel process. This process has been 
successfully used in the production of magnetic oxides [3] and nanoparticles 
[4]. The process uses coconut water as an organic precursor for formation of 
the sol, where the metal ions are anchored to chains of molecules present in 
organic solvent. The materials used as precursors in the preparation of our 
samples were the ceric ammonium nitrate, the nitrate of the dopant salt, and 
filtered coconut water (cocos nucifera). These materials were used in suitable 
amounts for formation of the sol (about 3 g of salt in 5 ml of organic solvent), 
which was then dried in furnace for 24h at 100 °C. The obtained xerogel was 
submitted to calcination at 400 °C for 1 hour in air for salts and organic 
material decomposition and to complete formation of cerium oxide. 
Thermogravimetric analysis show a strong endotermic reaction with 
temperature   varying with the concentration of dopant.  All samples showed 
only the cerianite cubic structure (with space group Fm-3m) in the XRD and 
the peaks of CeO2 were identified using JCPDF #34-0394. The crystallite size 
(calculated using the Scherrer equation) vary from 10 to 50 nm, according to 
the variation of concentration and temperature of calcination. The spectra of 
all samples showed two strong absorption bands at 274 and 346 nm in the 
ultraviolet range and the energy gap was around 3.2 eV and depend of dopant 
concentration. Such results indicates the presence of a single phase of CeO2-

δ:M produced by the proteic sol-gel process. 
  
[1] A. Karpenko; R. Leppelt; et al. J. Catalys. 2007, 252, 231-242. 
[2] V.D. Kosynkin; et. al. J. Alloys Compoun. 2000, 303, 421-425. 
[3] P.C.A. Brito; et. al. Physica B 2005, 384, 91-93. 
[4] P.J.R. Montes; et. al. Nucl. Instrum. Methods Phys. Res. B 2008, 266, 
2923. 
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Materials that exhibit both ferromagnetism and properties  
semiconductor, are called magnetic semiconductors. The construction of 
devices with these materials will allow a new control driving. The traditional 
electronic semiconductors is established in the control of carriers of loads, 
type n or p. Moreover, in the near future, it is believed that through magnetic 
semiconductors, may have an additional control: state of the quantum spin (up 
or down), property important in applications in spintronics, such as will allow 
the construction of transistors of spin [1]. The mechanism of doping in ZnO 
and CeO2 is done by replacing the atoms of Ce and Zn by transition metals. 
Due to the difference in ionic radii of doping on the matrix, they produce 
oxygen vacancies and it is through them that there is guidance in the 
transition metals, giving the sample a magnetic moment different from zero. 
Samples were obtained through the sol-gel process protein which is 
characterized by the formation of a sun that is a mixture of salts, chlorides and 
nitrates in coconut water (cocos nucifera), resulting in a colloidal suspension 
of particles. The materials used as precursors in the preparation of the 
samples were of cerium ammonium nitrate ((NH4)2Ce(NO3)6), zinc nitrate 
hexahydrate (Zn(NO3)26H2O) and coconut water filtered. Then each sample 
was divided into three portions for performing the heat treatment of 400, 600 
and 800 º C for 1h. Measures of XRD showed a typical pattern of cerium 
oxide and for temperatures above 800C showed a mixture of phases, 
indicating a segregation of Zn from the matrix of cerium oxide. Measures of 
magnetic and Raman have been performed and the results will be presented 
at the conference. 
 
 
[1] MacDonald et al, Nature Materials 2005, 4, 195-198. 
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The ZnO and its compositions have been widely studied in last decade. The 
scientific interest in ZnO is due to its high potential to several practice 
applications, as well as the too easy obtainment [1]. Recently, the 
nanotechnology has used the ZnO in fabrication of many devices, for 
instance, transducers piezoelectric, transparent conductive oxide (TCO), 
optoelectronics dispositive which emit light in ultraviolet stripe, wave guides, 
chemistry sensor, functional spintronic dispositive etc [2]. We produce ZnO 
nanopowder using the proteic sol-gel process. It consist in dilution of 
ZnSO4.7H2O composite in filtered coconut water and then the solute was 
submitted for drying et 100oC during 24 h. From this process is obtained the 
xerogel. The xerogel was crushed and submit the calcination in diverse 
temperature ranges between 600 and 1400oC in interval of 60 min. We 
analyze those samples through X-Ray Diffraction (XRD). The XRD measured 
results exhibits ZnO characteristic peak in all samples, but the XRD 
characteristic standard for the ZnO unique phase appear to  temperature 
ranges above of 650 Celsius degree  after  of the sulphur vaporization. In the 
future we pretend to submit those samples at others analysis methods to 
estimate its structure morphology with very precision, as well as to study 
others physical properties from its. 
  
[1] Ü. Özgür, Y. I. Alivov, C. Liu; A. Teke, M. A. Reshchikov; S. Doğan; V. 
Avrutin; S. J. Cho; H. Morkoç J. Appl. Phys. 041301, 98, 2005. 
[2] T. M. Shang; J. H. Sun; Q. F. Zhou; M. Y. Guan Cryst. Res. Technol. 1002, 
42, 2007. 



Poster Session 

SOLGEL2009 

260

PSG136- MODIFICATION OF EPOXY NETWORK BY 
SILSESQUIOXANE-PMMA HYBRID MATERIALS 

 
 

S. Zaioncz1, K. Dahmouche2 and B. G. Soares1 

 

1 Instituto de Macromoléculas, Universidade Federal do Rio de Janeiro 
Centro de Tecnologia, Bloco J, Ilha do Fundão, 21945-970, Rio de Janeiro, RJ, Brasil 

P.O.Box 68525; 2 Universidade Estadual da Zona Oeste, Rio de Janeiro, RJ, Brazil 
e-mail:soraiazaioncz@gmail.com 

 
 
Nanocomposites was obtained by blending PMMA-modified silsesquioxane hybrid 
materials with epoxy matrix followed by curing with methyl tetrahydrophthalic 
anhydride. The present work aims for the first time to study the effect of 
Silsesquioxane-PMMA hybrid materials (SSO-PMMA) on the nanostructural 
features of the epoxy networks. The hybrid materials were synthesized by the 
hydrolysis/condensation of the (3-methacryloxypropyl) trimethoxy silane (MPTS) 
precursor simultaneously to its free radical copolymerization with methyl 
methacrylate. This process gives rise to a crosslinked hybrid compound with the 
PMMA chains surrounding the inorganic siloxane particles [1,2]. This structural 
feature contributes for a better filler-epoxy matrix interaction since the PMMA 
chains chemically linked to the silsesquioxane moiety can physically interact with 
the epoxy matrix, providing a good anchorage between the components. The 
nanostructure of these materials was investigated by small angle X-ray scattering 
(SAXS) and correlated to their dynamic mechanical properties. The SAXS results 
revealed a hierarchical nanostructure consisting on two structural levels [3]. The 
first level is related to the siloxane nanoparticles spatially correlated in the epoxy 
matrix, forming larger hybrid secondary nanoaggregates uniformly dispersed inside 
the epoxy matrix. The spatial correlation between the siloxane nanoparticles inside 
the aggregates were lost as the amount of PMMA in the hybrid material increased, 
indicating an increased ability of epoxy chains in diffusing through the hybrid 
aggregates as a consequence of the good affinity between the hybrid material and 
the epoxy matrix. All nanocomposites presented lower Tg values than the neat 
epoxy resin. This behavior should also be due to the possible chemical reaction 
between silanol groups of the SSO-PMMA and anhydride which was employed as 
the hardener. The lower amount of anhydride available for the curing process of 
epoxy resin induce a decrease of Tg. The presence of the SSO-PMMA resulted in 
a significant increase of the storage modulus taken at temperature lower than the 
glass transition temperature, indicating a reinforcing action of the hybrid material 
on the epoxy matrix. 
 
[1] Wei Y., Yang D., Bakthavatchalam R. Materials Letters, 13, 261-266 
(1992). 
[2] Amir, N., Levina, A., Silverstein, M. S. Journal of Polymer Science Part A – 
Polymer Chemistry 45, 4264-4275 (2007). 
[3] Beaucage G. Journal of Applied Crystallography, 28, 717-728 (1995). 
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Epoxy resins are widely used thermosets in several industrial applications 
because of their high mechanical and adhesion characteristics associated to 
the good chemical resistance. However, their brittleness limits some important 
applications mainly as high performance adhesives and composites. The 
incorporation of liquid rubber components constitutes an usual approach for 
improving toughness of these materials, but with frequent detriment of 
stiffness and modulus [1,2]. The increased demand for higher performance 
materials which combine improved strength, hardness, toughness and heat 
resistance has motivated several investigations on the field of 
organic/inorganic nano-hybrid materials. Among several inorganic 
nanoparticles that can be incorporated into the epoxy resin, those constituted 
by silsesquioxane have been emerging as a new and versatile technology 
because of the simplicity of their synthesis and processing [3]. Depending on 
the reaction parameters it is possible to obtain molecules with different 
structures and consequently new properties [4]. In this work hybrid materials 
were synthesized by the hydrolysis and condensation of the (3-
methacryloxypropyl)trimethoxysilane (MPTS) precursor simultaneously to its 
free radical copolymerization with methyl methacrylate (MMA) and 2-
ethylhexyl acrylate (50:50 mol %) containing a small amount of acrylic acid 
(AA) to improve the PMMA-epoxy interaction through the reaction between 
the carboxyl and the epoxy groups. The desired amounts of acrylic monomer 
were determined in order to prepare hybrid samples containing weight fraction 
of siloxane phase corresponding to 14%. The hybrids (1 and 3 wt.-%) were 
blended with epoxy resin and its thermomechanical properties was invetigated 
by DMTA. All composites presented higher Tg and storage modulus values 
than the neat epoxy resin. This effect is more pronunced for composites 
containing lower percentage of the hybrid (1 wt%). 
 
[1] Kar S., Banthia A.K. Journal of Applied Polymer Science, 92, 3814-3821 (2004). 
[2] Thomas R., Abraham J., Thomas S. Journal of Polymer Science Part B: Polymer 
Physics, 42, 2531-2544 (2004). 
[3] Pielichowski K., Njuguna J., Janowski B., Pielichowski J. Advances in Polymer 
Science, 201, 225-296 (2006). 
[4] Mascia L., Prezzi L., Lavorgna M. Polymer Engineering and Science, 45, 1039-1048 
(2005).



Poster Session 

SOLGEL2009 

262

PSG138- ROOM TEMPERATURE FERROMAGNETISM OF FE:ZNO 
PREPAPRED BY SOL-GEL METHOD 

 
 

A. Franco Junior1, T.E.P. Alves1 A. Jitianu2, L.C. Klein3 

 
1Instituto de Física – Universidade Federal de Goiás, C.P. 131, CEP 74001-970 – 

Goiânia/GO – Brazil 
2Department of Chemistry, Lehman College, City University of New York, New York 

10468,USA 
3Department of Materials Science and Engineering, Rutgers, The State University of 

New Jersey, Piscataway, NJ 08854-8065, USA 
e-mail: franco@if.ufg.br 

 
 
Zinc oxide (ZnO) based diluted magnetic semiconductor devices (DMSs) have 
recently attracted much attention because they could be applied to magnetic 
semiconductor devices such as spin-field-effect transistors and spin-light-
emitting diodes [1]. ZnO is a direct band gap semiconductor, Eg = 3.40 eV with 
large exciting binding energy, 60 meV, relative to group III-V materials, 25 
meV. In this work we reported the room temperature ferromagnetism of 
nanoparticles of Z1-xFexO (0.0 ≤ x ≤ 0.9) synthesized by sol-gel method [2]. 
The structural characteristics of these nanoparticles such as the crystal 
structure, particle size and particle size distribution, degree agglomeration 
were determined by x ray diffraction (XRD), transmission electron microscopy 
(TEM) and Brunauer-Emmet-Teller (BET), respectively. The hysteresis loop 
obtained by using a Vibrating Sample Magnetometer (VSM) in applied 
magnetic field up to 2 T at room temperature indicated the ferromagnetic 
behavior with the Curie temperature higher than room temperature. The 
results show that the magnetic behavior of the samples changes by any 
significant amount with Fe doping. The room temperature ferromagnetism is 
an intrinsic property of the Fe-doped ZnO, the origin of the ferromagnetism 
may be due to Zn vacancies in samples.  
 
 
 
[1] A.Tiwari, C. Jin, A. Kvit, D. Kumar, J.F. Muth, J. Narayan, Solid State 
Commun.  2002, 121, 371. 
[2] J.H.Yang,S.Y. Wu, R.K. Singh, Y.X. Wang, H.L.Liu, M.B. Welf, Solid State 
Commun. 2007, 143, 566. 
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In recent years, lanthanide-doped ultrafine and nanocrystalline barium titanate 
materials have been widely investigated due to their interesting optical 
properties, which make them promising candidates in different advanced 
fields, such as phosphors for TV screens optical amplifiers and electroceramic 
applications. Several authors have shown that synthesis procedures to obtain 
pure BaTiO3 influence greatly the stability range of the different 
crystallographic phases. Recently there is an interest to produce rare earth 
ions doped perovskite base materials as barium titanate powders due to its 
promising luminescent properties produced by sol-gel process.  The final 
shape of the material as films or powders can also affect the crystal structure 
which is strongly related with the particle grain size. Therefore, the 
luminescent properties exhibited by films could improve these properties and 
for that reason is quite significant; nevertheless the film thickness is difficult to 
achieve by the sol-gel process to satisfy practical applications. So, the 
improvement of film thickness is a crucial issue for preparing BaTiO3:Eu3+ 
thick films. The sol-gel process was the route selected to synthesize Eu3+ 
doped BaTiO3 system due to its numerous advantages as lower sintering 
temperatures than those required for direct fusion or solid state reactions, high 
homogeneity and purity, versatility to shaping materials as the elaboration of 
optical quality. Additionally it is possible to modify the viscosity of the solutions 
in order to increase the thickness by adding PVP as additive. 
Transparent BaTiO3:Eu3+ films were prepared via sol-gel method and dip-
coating technique using barium acetate and titanium butoxide and PVP as 
additive. BaTiO3:Eu3+ thin films exhibited high optical quality. The as-
deposited layers and the powders were analysed by X-ray Diffraction (XRD), 
Infrared (FTIR) and Raman Spectroscopies. Microstructure of derived 
materials was investigated by scanning electron microscopy (SEM). 
Profilometry was used to determine the thickness of the layers. Finally, 
preliminary luminescent test proving the properties of the Eu3+ doped BaTiO3 
coatings under UV excitation is presented. 
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New processing routes have greatly attracted the synthesis of phosphors with 
enhanced luminescent properties. It is well known the extensive used of rare-
earth doped oxide systems for high efficiency and high resolution displays, as 
field emission displays (FEDs), plasma display panels (PDPs) or cathode-ray 
tubes (CRT). A promising phosphor for its outstanding red-emission properties 
used in display and lamp applications is europium actived Gd2O3. Among the 
different routes for synthesizing these oxide nano-sized particles, sol-gel 
method appears a suitable method to this purpose due to its many associated 
advantages in comparison with other synthesis techniques, i.e. low-
temperature synthesis, ability to produce powders with uniform grain 
morphology, achievement of homogeneous multicomponents coatings and the 
feasibility of obtaining thick layer increased by incorporating 
polyvinylpirrolidone (PVP).  
In this work, the sol–gel method and dip-coating technique method has been 
used to prepare Gd2O3:Eu3+ thick films on silica quartz substrates employing 
organic macromolecular polyvinylpyrrolidone as viscosity modifier. A 
transparent and stable Gd2O3:Eu3+ sol was synthesized by hydrolysis of three 
different gadolinium precursors: gadolinium acetate GdO(Ac)⋅xH2O, 
gadolinium  pentanedionate [Gd(acac)3] and gadolinium isopropoxide 
[Gd(OPri)3]. Thick and crack-free Gd2O3:Eu3+ films were obtained after 
addition of two PVP (MW 630000 and 1300000g mol-1) and an annealing 
treatment at 700 °C for 10 min. Purity and microstructure of derived materials 
were investigated by X-ray diffraction (XRD) and scanning electron 
microscopy (SEM). Atomic force microscopy (AFM) was also used to 
characterize both the roughness and the homogeneity of films. The thickness 
of the as-prepared films was study by means of m-lines spectroscopy. Finally, 
this work was completed by photoluminescent results using 234 nm excitation. 
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Semiconductor-mediated photocatalytic oxidation is regarded as a promising 
method for environmental decontamination. Among the semiconductors 
employed, TiO2 in the anatase crystalline form is considered a good 
photocatalyst because of its high photosensitivity and remarkable 
photocatalytic activity [1,2]. In the literature, several reports have appeared on 
TiO2 thin films produced by different techniques, and there are large variations 
in the properties of TiO2 thin films produced by each technique. 
However, one of the main challenges to optimizing TiO2 nanostructures is the 
high rate of recombination of the electron-hole pairs, which reduces 
significantly the photocatalytic efficiency. A reduction in the recombination rate 
and consequent increase in the efficiency can be achieved by the 
incorporation of noble metal into the structure of the semiconductor[3,4]. Hence, 
this work describes the synthesis of Ag:TiO2 nanostructured thin films with 
different number of layers by the polymeric precursor method. The 
photocatalytic activity of the thin films was assessed by degradation of 
rhodamine B in aqueous solution under UV illumination. The films were 
characterized by Raman spectroscopy, X-ray diffraction (XRD), atomic force 
microscopy, diffuse reflectance UV-Vis spectroscopy (DRS), photoelectron 
spectroscopy (XPS) and by square wave voltammetry (SWV). The results 
show that the synthesis of nanostructured TiO2 films by the polymeric 
precursor method was effective for the formation of anatase phase. Moreover, 
the Ag doping of the TiO2 films increased their photocatalytic efficiency. This 
was attributed to two effects of the Ag particles: capture of the photogenerated 
negative charges and stabilization of the anatase with respect to the rutile 
phase. The study of different thicknesses of film deposited on an insulating 
support showed that for the Ag-dopedTiO2 film, the reduced rate of 
recombination, with consequent increase in catalytic efficiency, is related to 
two effects: electron transfer from TiO2 to Ag and the increase in the TiO2 
layer thickness. 
 
[1] M. A. Fox, M. T. Dulay, Chem. Rev. 1993, 93, 341. 
[2] N. Venkatachalam, M. Palanichamy, V. Murugesan, Materials Chemistry and 
Physics. 2007, 104, 454.  
[3]A.R.Malagutti, H.A.J.L.Mourão, J.R.Garbin, C. Ribeiro. Appl. Catal. B: Environ. 
doi:10.1016/j.apcatb.2009.03.014. 
[4] V. Subramanian, E. Wolf, P. V. Kamat, J. Phys. Chem. B. 2001, 10, 11439. 
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The sintering process is a critical point produce a dense ceramics. With the 
aim to know the densification kinetics of ZrO2-based ceramics a master 
sintering curve for ZrO2 containing 3% mole Y2O3 was constructed. Zirconia 
(3% mole Y2O3) powders were prepared by a chemical method [1]. The 
compacts as obtained were uniaxially pressed at 200 MPa. The characteristic 
dimensions of compacts were 3.4 mm in length and 5.1 mm in diameter. A 
green density 40% of theoretical density was obtained after pressing. The 
shrinkage-temperature curves were obtained by dilatometric runs at different 
constant heating rates: 1ºC/min - 10ºC/min. To calculate the activation energy 
of sintering, several models [2] were applied to dilatometric data. These 
results were used to construct the master sintering curve (MSC) [3]. From this 
curve it was possible to characterize the sinterability of powders from the 
initial to final stages of sintering. Besides, MSC permitted to quantify the 
densification behaviour of these powder compacts. The results of this study 
can be used to predict the shrinkage/densification level of ZrO2 powders, and 
by this way to design a heat treatment to obtain a bulk ceramic with a 
predetermined density. 
 
[1] R. Caruso, E. Benavıdez, O. de Sanctis, M. C. Caracoche, P. C. Rivas, M. 
Cervera, A. Caneiro, A. Serquis, J. Mater. Res., Vol. 12, Nº 10 (1997), 2594. 
[2] E. Benavidez, C.J.R. González Oliver, J. Mat. Sci. 40 (2005), 3749. 
[3] H. Su, D.L. Johnson, J. Am. Ceram. Soc. 79 (1996), 3211. 
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Ceramers prepared via the sol-gel method; a convenient and successful 
approach have attracted a lot of interest in the last two decades [1].  As the 
inorganic oxides are thermally very stable, polymers with high thermal stability 
like polyimides and aromatic polyamides or ‘aramids’ are best suited for such 
modification [2-3].  Though aramids have premium thermal and mechanical 
properties but some of these may further be improved by the introduction of 
ceramic phases in these matrices via a sol-gel process.  
A series of novel polyaramid/polysiloxane (PA/PS) composite films with 
different contents of silica have been prepared by the sol-gel process.  
The PA chain with pendant alkoxy groups was synthesized by 
introducing first hydroxy functional groups using 2,5-diaminohydroquinoneas 
as monomer in the chain and then reacting the pendant hydroxyl groups 
with isocyanato-propyltriethoxysilane (ICTOS).  The sol-gel process 
was carried out in this matrix after mixing an appropriate amount of 
tetraethoxysilane (TEOS) to produce silica network structure chemically 
bonded to the matrix.  The effect of Inter-phase bonding on 
morphology, thermal and mechanical properties of the composites has 
been studied and these properties were compared with the hybrid 
system where similar matrix was used but the silica network was 
developed using TEOS.  The hybrid materials in which ICTOS was 
added prior to TEOS in the matrix showed better mechanical and 
thermal properties as compared to the system in which only TEOS was 
used in the aramid matrix.  The glass transition temperature was found 
to increase and the coefficient of thermal expansion was considerably 
reduced in chemically bonded reamers as compared to those having 
no interfacial bonding. 
 
References: 
[1]  Z. Ahmad, The Encyclopedia of Materials; Science and Technology 
,K.H.J. Buschow (Ed.) Section 5, Chapter 10, 1086-1090, 2001, Elsevier 
Science, Amsterdam, New York, 
[2]  Z. Ahmad  and J.E. Mark, Chem. Mater. 2001, 13, 3320-3330. 
[3]  Z.Ahmad, F. Al-Sagheer, A.A.M. Ali and S. Muslim, J. Macromol Sci, 
Part A, Pure and Appl. Chem., 45(1), 2007, 79-90.
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A Yttrium aluminium borate (YAl3(BO3)4, YAB) is a non-linear optical material 
with excellent chemical and physical properties, such as wide optical 
transparency, low threshold and high gain when doped at elevated rare-earths 
concentrations. Rare-earth doped planar waveguides are an active field of 
work due to the great interest on optical amplifiers and new laser sources for 
integrated optic devices. The Er3+-doped planar waveguides has attracted 
much attention following the success of the Er3+-doped fiber amplifier due to 
its intra-4f transition around 1530 nm, suitable for optical communications.[1] 
For this purpose of research, chemical routes, such as sol-gel process and 
polymeric precursor method represent promising low cost processes to obtain 
good planar waveguides. In this present work was studied mechanical 
properties of Y1-xErxAl3(BO3)4 (x = 0, 0.02, 0.05, 0.1, 0.3, 0.5, 1) amorphous 
thin films deposited on fused silica substrates by spin-coating from both 
methods. The film elaboration starts from solutions prepared by the sol-gel 
process using ethanol and propionic acid as solvents, and by the polymeric 
precursor method using citric acid and d-sorbitol as complexation and 
polymerization agents. Aluminum, yttrium and erbium nitrates were used in 
both synthesis, but triethylborate was used for sol-gel and boron acid for 
polymeric precursor method. We measured the elastic modulus and hardness 
of these films at different depths using nanoindentation [2]. The results show 
that the mechanical behavior of the films does not change by any significant 
amount with Er doping and synthesis method. 
 
 
 
[1] L.J.Q. Maia, A. Ibanez, J. Fick, N. Sanz, A.C. Hernandes, V.R. Mastelaro, 
J. Nanosci. Nanotechnol. 2007, 7, 3629. 
[2] G.M. Pharr and A. Bolshakov, J. Mater. Res. 2002, 17, 10. 
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Monodisperse silica spheres are the most studied inorganic colloidal system 
due to its several applications[1], like as template to nanosphere lithography 
of nanostructured materials. Spherical silica particles from 0.05 to 2.0µm can 
be synthesized by the Stöber method[2], in which the silicon alkoxides are 
hydrolyzed by ammonia-catalyzed process. In this work, we report an amino 
acid catalyzed route[3] to synthesize monodisperse spherical silica 
nanoparticles ranging from 10 to 100 nm. L-arginine or l-lysine were used as 
catalysts to TEOS hydrolysis at controlled temperature under magnetic stirring 
in a water and nonpolar solvent solution. The spherical shapes of the silica 
nanoparticles and their diameters were observed by transmission electron 
microscopy (TEM) and small angle X-ray scattering (SAXS) measurements. 
The size distribution was determined by quasi-elastic light scattering (QELS) 
measurements with good agreement with TEM results.  
 
[1] Y. Xia; B. Gates, Y. Yin, Y. Lu Advanced Materials. 2000, 12, 693.  
[2] W. Stöber, A. Fink, E. Bohn J. Colloid & Interface Sci. 1968, 26, 62. 
[3] K.D. Hartlen, A.P.T. Athanasopoulos, V. Kitaev Langmuir. 2008, 24, 1774. 
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Templates of triblock-copolymers are extensively used to produce ordered 
mesoporous silica (OMS) frameworks having different structures [1,2]. The FDU-1 
type of OMS [3] with a cage like structure is easily formed with more hydrophobic 
copolymers, such as B50-6600 and the new product Vorasurf 504® (Dow Chem. 
Co), which are made of polyethylene and polybutylene oxides. In this work the 
effect of the pH and alcohol used in the synthesis with Vorasurf 504® were 
evaluated in order to achieve better OMS with large surface area, pore diameter 
and wall thickness. The powder samples were prepared following the steps 
described in reference [3], but with hydrochloric acid concentrations of 2 mol.L-1 
and 4 mol.L-1 and with Vorasurf 504® dissolved in methanol, ethanol, propanol and 
buthanol, as well as without alcohol dissolution. The dissolution of Vorasurf 504® in 
alcohol facilitated the formation of homogeneous solutions, composed by the 
copolymer, acid medium and the silica source, tetraethylorthosilicate (TEOS). The 
as-synthesized samples were filtered and washed in water, dried at 60 oC and 
calcined in N2 and air at 540oC. All the samples were characterized by Small Angle 
X-ray Scattering (SAXS) and N2 adsorption/desorption. The acid concentration 
does not affect systematically the pore volume and surface area. The lattice 
parameter (17 < a < 24 nm) and pore diameter (9.5 < d < 13 nm) decreased for 
higher acid concentration, but thicker pore walls are formed. A larger low angle X-
ray scattering was detected for smaller acid concentration. This scattering is 
related to inter-grain voids, since higher acid concentration lead to denser 
materials. Concerning the alcohol dilution, the results showed that the increase on 
the alcohol hydrophobicity promotes structure shrinkage. Less ordered porous 
domains are formed at 2 mol.L-1 HCl by increasing the alcohol hidrophobicity, while 
the increase of the acid concentration to 4 mol.L-1 present an opposite effect on 
the ordered porous structure. The surface area does not change drastically with 
the chosen alcohol, being between 450 and 500 cm2.g-1, but the material 
synthesized without alcohol posses less than half of the surface area of the other 
samples. The best compromise between acid concentration and alcohol dilution 
was achieved for the sample prepared with the less hydrophobic alcohol, 
methanol, with 2 mol.L-1 HCl solution. 
 
[1] Zhao et al., Science 1998, 279, 548. 
[2] C. Yu et al., Chem. Comm. 2000, 575 
[3] J.R. Matos et al., J. Am. Chem. Soc. 2003, 125, 821. 
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PSG147- SOL-GEL DOPED POLYMER TEMPLATED 
POROUS/SiO2-TiO2 NANOHYBRIDS FOR PHENOL ADSORPTION 
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A series of poly (ethylene glycol (PEG)/propylene glycol (PPG))-templated 
silica and titania networks have been prepared by simultaneous hydrolysis 
and condensation of metal alkoxides by controlling the rate of addition of 
water to the titanium tetra-n-butoxide and tetraethylorthosilicate (TEOS) in 
ethanol. After thermally removing from the polymer/SiO2, and polymer/TiO2 
nanocomposites, mesoporous inorganic oxide networks (silica, and titania) 
have been obtained. Different preparative conditions were used and the 
template content was changed to optimize product properties. The organic 
modifiers enhanced micro- and meso-pore formation, especially at higher 
concentrations of the polymeric species. Without the polymers added and 
then removed, SBET values for silica (and titania) were 465 (and 146) m2/g and 
total pore volumes were 0.66 (and 0.09) cm3/g. With the polymers added and 
removed SBET rose to 650 (and 250) m2/g and total pore volumes rose to 1.68 
(and 0.29) cm3/g respectively. The polymers were clearly responsible for the 
formation of mesopores, especially when incorporated with the inorganic 
network structure at the primary stage of the polymerization-condensation (i.e. 
prior to the onset of the hydrolysis). TEM-SEM of the PEG (or PPG)-templated 
inorganic oxide networks revealed many channels of 15-20nm width and 
aggregates of primary nanoparticles. The MAS NMR results shows that three 
states of Si coordination about SiO4 tetrahedra (Q2, Q3 and Q4) are found with 
Q3 = (SiO)3Si(OR) in the greatest peak. It is clear that the existence of 
polymer (PEG or PPG) chains has a considerable effect on the structure of 
the inorganic oxide network. It was shown that the intensity of the methyl 
resonance peak at 18.0 ppm, which represents the quantity of the Si-ethoxyl 
group, is much smaller than that of the polymer resonance peak around 70.0 
ppm. The influence of polymer on the structure of the silica network may 
originate from the formation of some polymer-C-O-Si covalent and/or polymer-
OH•••OH-Si- hydrogen bonds. The existence of PEG or PPG chains may 
dilutes the concentration of silanols (Si-OH) and reduces the probability that 
silanols meet, which is the prerequisite for the condensation of silanols. 
The capacity of these nanohybrid materials to adsorb and photocatalyse the 
degradation of phenol in water have been considered as a function of 
temperature, pH and rpm. Consideration is give to the potential of these 
nanohybrids in control of endocrine disrupters in water. 
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Coated nanoabrasives are high technology, using sol-gel methods to produce 
the desired abrasive alumina ceramics held on a substrate by a suitable resin. 
Alumina sol-gel method of producing alumina gels are commonly formed via 
hydrolysis of an aluminium alkoxide [1] (usually Al(OBus)3) in a large excess of 
water   (H2O : alkoxide (r) = 100-200) at 350-370 K.  Acicular boehmite forms  
Subsequent cold water hydrolysis forms an amorphous precipitate that, upon 
ageing through a dissolution-recrystallisation process, converts to bayerite.   
Here aluminium sec-tri-butoxide (24.28g) was mixed with 2-methyl-2,4-
pentanediol, 99%, (62.6cm3) in a round bottomed flask using a magnetic 
stirrer.  Once homogenous the mixture was heated to 120°C in an oil bath 
continually being stirred, to release the alcohol.  This was left for 4 h. The 
temperature was then reduced to 373K and distilled water (44.1g) added.  
This was left for 2 h under air cooled, partial reflux.  The resulting gel was then 
aged for 24 h at 353-363K in a drying cabinet, followed by drying at 343K in a 
vacuum oven. The resultant xerogel was then divided into three batches and 
sintered for ~3 days at 673K, 973K and 1273K respectively. Characterisation 
was undertaken SEM-EDX, XRD, XPS, N2 adsorption and Knoop 
microhardness. The alumina was Ce-rich.  
Ce doping was found to increase hardness of alumina in conjunction with 
higher calcination temperatures.  The novel aluminas were found be of far 
higher surface area and porosity than commercial samples. Knoop hardness 
rose with Ce content and calcinations temperature. SBET decreased on 
calcinations but was only slightly changed by Ce addition. Ce-Al2O3/resin 
samples were prepared and cured:  20 min at 333K, 20 min at 332K. 20 min 
at 353K, 20min at 363K, 20 min at 373K and 240 min at 383K. These sol-gel 
particles mixed with urea-formaldehyde to give nanoabrasive coatings of 
varying roughness.  
The interaction between Ce doped alumina, calcined at 1273K, and the resin 
was greater than that for commercial coated abrasive samples studied. The 
reasons for thus are considered along with methods of designing new 
nanoabrasives. 
 
1. B.E.Yoldas. American Ceramic Society Bulletin, 1975, 54, 286. 
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Metal nanoshells are nanostructrutures formed by a dielectric core, silica, coated 
by a metallic layer, mostly silver or gold. The resulting optical properties rely on the 
core diameter and shell thickness and can be tailored to absorb visible or near 
infrared radiation, that is, a tunable plasmon resonance.1 The applications include 
cancer imaging and therapy,2 waveguides, immunoassays, and molecular imaging 
in living cells. In this work, gold nanoshells were synthesized using the following 
method: (a) Stöber silica preparation with diameters in the 80-160 nm range; (b) 
drying of silica nanoparticles to eliminate ammonium hydroxide, ethanol and water; 
(c) ressuspending of silica nanoparticles in toluene and functionalization with 3-
amino-propyl-trimethoxy-silane, APTMS; (d) 2-3 nm gold nanoparticles (NP) were 
synthesized using poly-vinyl-pyrrolidone, PVP as stabilizing agent; (d) gold NP 
attachment to funcitionalized silica - nanoislands; (e) growth of the gold shells 
using the nanoislands as nucleating agents and Au3+/K2CO3 solutions. The 
samples were characterized by UV-vis absorption spectroscopy, and scanning and 
transmission electronic microscopies (SEM, TEM). The red-shift in the UV-vis 
spectra is related to the different thicknesses of shell. The TEM images has 
demonstrated an efficient attachment of gold nanoparticles onto dielectric cores 
showing the effectiveness of the APTMS binding process in which the sample was 
dryed before the functionalization. Toluen was the ideal medium to ressuspend the 
nanoparticles due its hydrophobic properties and the stabilization of the gold 
nanoparticles with PVP has promoted a subsequent nanoshell stabilization.  
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(left) TEM image from nanoislands; (right) normalized absorption spectra for 
nannoshells prepares with different (Au3+/K2CO3)/nanoislands ratios. 
 

[1] S.J. Oldenburg et al. Chem. Phys. Lett. 1998, 288 , 243. 
[2] C. Loo et al. Nano Lett. 2005, 5, 709.
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Mesoporous sílica has been synthesized with polyoxyethylenesorbitan 
monolaurate (Tween 20) as structure-directing agent (MTS) as a template and 
tetraethyl orthosilicate Si(OEt)4 (TEOS) as silica source. The mesoporous 
structures have a wide application in the luminescence study because of their 
organization, large surface area, and size of pores. In this work, mesoporous 
silica was functionalized with 3-amino-propyl-triethoxysilane (APTS) for 
luminescence applications. Mesoporous silica and amino-functionalized silica 
was characterized by small-angle X-ray scattering (SAXS), infrared 
spectroscopy (FT-IR) and nitrogen adsorption/desorption isotherms at 77 K 
(BET). A luminescent material was prepared by formation of the complex 
Eu(tta)3 in methanolic medium within the channels of ordered mesoporous 
silica. Using simple wet impregnation methods, the europium ion was first 
encapsulated followed by ligand 2-thienoyltrifluoroacetone (tta) addition. This 
precedent it was done for washed, calcined and functionalized mesoporous 
silica. Analogous one sample of functionalized silica was impregnated with the 
complex already ready. All samples were characterized by 
photoluminescence spectroscopy. The spectroscopy studies in room 
temperature showed the energy absorption of the ligand range ultraviolet in 
excitation spectra. The emission espectra this materials displayed the typical 
Eu3+ intra-4f6 lines ascribed to transitions between the 5D0,1 excited states and 
the ground multiplet (7F0-4 ). Negligible emission from the organic part of the 
encapsulated species was observed, indicating that energy transfer from the 
ligands to the Eu3+ ion was quite efficient. The hypersensitive 5D0 to 7F2 line 
showed the mesoporous silica effect in luminescence europium chelate. 
 
 

CAPES, CNPq and FAPESP 
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SOL-GEL ALUMINUM INDIUM OXIDE TFT  
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Oxide semiconductors have many advantages such as transparency due to 
their large band gap, environmental stability and high electron conduction 
property. We propose here a novel multi-component oxide, aluminum indium 
oxide (AIO), to realize the high-performance thin-film transistors (TFTs) via a 
simple and low-cost sol-gel process. In this research, metal-organic 
precursors, indium acetate and aluminum acetylacetonate, are used to 
decrease the annealing temperature rather than metal-chloride precursors 
which are usually decomposed at higher temperature than metal-organic 
precursors. It was observed that unnecessary anion groups are removed 
before 350 ℃ reached by thermogravimetric analysis. It was observed that 
electrical property of TFTs was dramatically improved by substituting Al on In 
sites in the In2O3 lattice structure compared to solution-processed In2O3 
semiconductors which could not achieve sufficient low off-current and high 
mobility simultaneously [1]. The substitution of Al on In sites in the In2O3 lattice 
was verified by shift of XRD pattern and UV-Vis spectra [2]. The AIO thin films 
that were annealed at 350 ℃, relatively low compared to those of other 
solution-processed oxide TFTs (usually over 500 ℃ [3]), are highly 
transparent (with >90% transmittance). As the annealing temperature 
increases, electrical property and crystallinity of the film is improved 
drastically. The optimized TFTs annealed at 350 ℃ show n-type 
semiconductor behavior and exhibit a channel mobility of 19.6 cm2/V·s, a sub-
threshold slope of 0.3 V/dec, and an on-to-off current ratio greater than 108. 
 
[1] H. S. Kim; P. D. Byrne; A. Facchetti; T. J. Marks J. Am. Chem. Soc. 2008, 
130, 12580. 
[2] H. J. Chun, Y. S. Choi, S. Y. Bae, H. C. Choi, J. Park Appl. Phys. Lett. 
2004, 85, 461. 
[3] C. G. Choi, S. Seo, and B. Bae Electrochem. Solid-State Lett. 2008, 11, 
H7. 
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PREPARATION USING SOL-GEL PREPARED PRECURSORS 
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Two-powder process has been applied in different ways for the Bi-2223 phase 
preparation by now. Mainly solid state reaction between the (Bi,Pb)-2212 
phase and (Ca, Sr)-cuprates was used [1,2]. That procedure led to single 
phase samples with improved Jc value. Other previously reported two-powder 
process uses Bi-Pb-Cu mixed oxide and (Ca, Sr)-cuprate as the precursors’ 
materials [3]. All the hereinbefore Bi-2223 phase preparations use precursors 
coming from a previous solid-state reaction. The following two-powder 
reaction must involve multiple sintering and grinding steps. Application of sol-
gel method for a preparation of the precursors could enhance homogeneity at 
used multipowder reaction and, consequently, smaller grain size of sol-gel 
prepared precursors could support multipowder solid state reaction. We have 
chosen three different multi-powder processes for the Bi-2223 phase 
preparation: 1) reaction between (Bi,Pb)-2212 and (Sr,Ca)CuO2; 2) reaction 
between Bi-2212, Ca2PbO4 and (Sr,Ca)2CuO3 and 3) reaction between 
(Bi,Pb)2CuO4 and (Sr,Ca)2CuO3. These used precursors were prepared by 
both sol-gel methods and, for comparison, by solid-state reaction. Two types 
of so-caled sol-gel methods were chosen on the basis of our previous 
experiences with sol-gel preparation of mixed oxides such as Ca2PbO4 and 
(Sr,Ca)2CuO3 [4,5]. The composition of prepared precursors was 
characterized by XRF, their phase composition was evaluated by XRD and 
Raman spectroscopy. The same phase characterization was performed after 
mutlipowder reaction of precursors. Transport properties of prepared 
superconductors were evaluated by Tc and Jc measurement. Magnetic 
susceptibility of samples was measured as well. 
 
[1] Y. Nakanuta; R. Inada; A. Oota Physica C 2003, 392-396, 1015 
[2] S.E. Dorris; B.C. Prorok; M.T. Lanagan; S. Sinha; R.B. Poeppel Physica C 
1993, 212, 66 
[3] P. Sastry; A.R. West J. Mater. Chem. 1994, 4, 647 
[4] K. Rubesova; D. Sykorova J. Sol-Gel Sci. Technol. 2009, 49, 228 
[5] P. Zvonček; K. Rubesova will be published  



Poster Session 

SOLGEL2009 

277 

PSG153- NANOADSORBENTS BASED ON NANOSILICATES OF 
ORGANOFUNCTIONALIZED SILSESQUIOXANES 

 
 

N.L. Dias Filho, R.M. Costa, S.D. Perujo, G. L. Okajima, C. Bresne,  
M. A. G. dos Santos, C. U. Braz,  D. R. Do Carmo 

 

UNESP-Universidade Estadual Paulista,Ilha Solteira, SP, Brazil 
e-mail:nldias@dfq.feis.unesp.br 

 
 
Polyhedral oligomeric silsesquioxanes (POSS) [1] , (RSiO1.5)n with n = 6, 8, 
10,...,are nanoplatforms with one to eight reactive or nonreactive 
organofunctional groups (R) anchored to the eight possible vertices of the 
cubic silsesquioxane. Octahedral POSS (n = 8) are the most important 
members of this family. In the POSS, the cubic silica core is rigid “hard 
particles” with diameter 0.53 nm and a spherical radius of 1–3 nm including 
peripheral organic units. These compounds are of considerable interest 
because of the unusual molecular architecture and the great structural variety 
that are possible as the nature of the pendant group is varied. Of particular 
interest would be the use of these materials as nanoadosorbents of transition-
metal ions from aqueous solutions. The objective of this research was the 
preparation of a  silsesquioxane functionalized with eight chloropropyl (1) 
chains and of two new derivatives functionalized with the pendant linear 
chains named 2-mercaptopyrimidine (2) and 4-amino-2-mercaptopyrimidine 
(3). The two new nanostructured materials (2, 3) and the precursor (1) were 
characterized by 1H, 13C NMR, FTIR, XRD and elemental analysis. The two 
nanostructured materials,  octakis[3-(2-mercaptopyrimi_ 
dine)propyl]octasilsesquioxane (MP-SSQ) and octakis[3-(4-amino-2-mercapto 
pyrimidine)propyl] octasilsesquioxane (AMP-SSQ), were tested as ligands for 
transition-metal ions in aqueous solution with a special attention to sorption 
isotherms, ligand–metal interaction, and determination of metal ions in natural 
waters. The adsorption potential of the nanomaterials MP-SSQ and AMP-SSQ 
were compared with related [3(2-mercapto_ pyrimidine)propyl]silica gel (MP-
SG) and [3(4-amino-2-mercaptopyrimidine) propyl]silica gel (AMP-SG). The 
adsorption was performed using a batchwise process and all 
organofunctionalized surfaces showed the ability to adsorb the metal ions 
from aqueous solution.  The results suggest that the sorption of these metals 
on MP-SSQ, AMP-SSQ, MP-SG and AMP-SG occurs mainly by surface 
complexation. The maximum metal ion uptake values for MP-SSQ and AMP-
SSQ were higher than the corresponding values achieved with the MP-SG 
and AMP-SG. In order to obtain more information on the ligand–metal 
interaction of the complexes on the surface of the AMP-SSQ nanomaterial, 
ESR study with various degrees of copper loadings was carried out.  
 
[1] R. H. Baney; M. Itoh; A. Sakakibara; T. Suzuki Chem. Rev. 1995, 95, 
1409.
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Luminescent Eu3+ containing polyphosphate-tungstate aqueous colloidal 
systems were prepared and studied as a function of the relative 
polyphosphate-tungstate content. In polyphosphate rich solutions Eu3+ ions 
are suggested to occupy cage like sites composed of phosphate groups from 
the metaphosphate chains [1]. In these sites an average number of 0.5 water 
molecules coordinate to Eu3+ ions and the emission quantum efficiency 
evaluated for the Eu3+ 5D0 excited state is 0.22.  With tungstate addition of  
these species also interact strongly with Eu3+ leading to coordination sites in 
the aqueous medium where metal ions are completely hidden from 
interactions with solvent molecules. Transmission electron microscopy results 
clearly show W-rich nanoparticles with sizes between 5-10nm for all tungstate 
relative concentrations. For the high tungstate relative contents (above 
30mol%) spectroscopic results suggest the presence of Eu3+ in 
polyoxometalate (POM) like sites by comparison with the well known 
decatungstoeuropate [EuW10O36]

9- structure [2]. These new aqueous colloidal 
display surprisingly high emission quantum efficiencies of around 90% due to 
the strong ligand field provided by tungstate POM ligands and the complete 
absence of water molecules from the Eu3+ first coordination shell.  
 
[1] F.A. Dias Filho; L.D. Carlos; Y. Messaddeq; S.J.L. Ribeiro Langmuir 2005, 
21, 1776. 
[2] R. Ballardini R; Q.G. Mulazzani; M. Venturi; F. Bolletta; V. Balzani Inorg. 
Chem. 1984, 23, 300. 
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Solid-state NMR techniques are now widely developed for the characterization 
of hybrid materials, not only to probe local atomic environments, but also to 
explore spatial proximities between various sites. This is achieved by 
manipulating one main magnetic interaction, namely the through-space 
dipolar coupling which depends on the internuclear distance. 
Multinuclear multidimensional experiments can now be designed to directly 
visualise proximities between NMR active sites, and this can bring extremely 
valuable information to describe organic-inorganic interfaces in hybrid 
systems. In these studies, 1H NMR plays a key role, and recent technical 
(ultra fast magic angle spinning experiments) and methodological (efficient 
homonuclear dipolar decoupling) advances allow to reach fine details 
regarding surface sites. Additionally, solid state NMR experiments can be 
combined with ab initio calculations of NMR parameters based on DFT 
models  
 
In this presentation, several examples will illustrate how advanced solid state 
NMR techniques can play a key role to address important structural questions 
regarding silica-based hybrid materials [1] :  
• Interactions of cationic surfactants with silica surface in templated 

mesostructured materials  
• Physical state of guest molecules encapsulated in nanoporous silica for 

controled delivery systems 
• Conformation of amino-acids on silica surfaces 
 
 
[1]  C. Bonhomme, C. Coelho, N. Baccile, C. Gervais, T. Azais, F. 
Babonneau Acc. Chem. Res. 40 (2007) 738–746 
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Lead-free materials like BaTiO3 (BT) have been applied in a large field of 
applications due their singular dielectric, piezoelectric and ferroelectric 
properties. The substitution of barium atoms by calcium and zirconium in the 
BaTiO3 structure (Ba0,9Ca0,1Ti1-0,9XZr0,9XO3, BCZT) lead to significant changes 
in the electrical and structural properties which can varies from a normal to a 
relaxor ferroelectric behavior depending of the Zr/Ti ratio as well as the 
amount of calcium. The ceramic properties are also deeply affected by the 
powder characteristics such as the particle size and chemical composition. 
The sol-gel method showed to be efficiently in the control of the sample 
stoichiometry allowing the formation of nanometric powder for ceramic’s 
fabrication at relative’s lower temperatures. 
In this work, the effect of a sol-gel route on the electrical and structural 
properties of the BCZT system was studied in comparison with the traditional 
solid state reaction method. Ceramics compositions with 0 ≤ x ≤ 30 with 
smaller grain sizes were produced by using the sol-gel method. The route 
consists in the complexation of the metal ions in a citric acid producing a gel 
under heat treatment. Dielectric and high resolution X-ray diffraction 
measurements (HRXRD) were undertaken in temperatures range from 30 – 
415K. A typical relaxor behavior was observed in samples with x > 20 and the 
degree of diffuseness became more pronounced as the amount of Zr 
increases. HRXRD results showed changes in the symmetry of samples with 
a lower amount of zirconium while in the relaxor samples, the structure 
remains cubic independently of the temperature. 
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Organic-inorganic hybrid materials have been drawing the attention of 
researchers in recent decades because of their properties that join organic 
and inorganic features [1]. Several works have demonstrated that the polymers 
characteristics can be improved by the addition of nanodispersed inorganic 
compounds, leading to formation of the nanocomposites. The aim of this study 
was to evaluate the effect of the Na+ montmorillonite (MMT) on the thermal 
stability of the poly(methylmetacrilate)-poly(trimethoxysilylpropyl methacrylate) 
(PMMA-TMSM) copolymer. First, the copolymer was obtained by 
methylmetacrilate and trimethoxysilylpropylmethacrylate polymerization at 
molar ratio 10:1 into THF solution initialized by benzoyle peroxide. Then, the 
nanocomposite was prepared employing the casting solution method, through 
the dispersion of the MMT (3 % w/w) into THF copolymer solution under 
ultrasound. Finally, dip-coated nanocomposite films were peeled from the 
Teflon substrate and were characterized by FTIR, NMR, XRPD and TG 
techniques. The FTIR analysis has shown several stretching bands, attributed 
to C-H at 3000-2840 cm-1, C=O at 1728 cm-1, Si-O species between 1100-800 
cm-1 and a strong decrease of the relative intensity of the band at 1635 cm-1, 
characteristic from polymerization. The 13C NMR spectra have not shown the 
carbon double bonds, and the 29Si one has just shown a peak corresponding 
to non-hydrolyzed silicon species (T0). The interlayer distance of the 12 Å of 
the non-intercalated clay XRPD pattern was enlarged by the copolymer 
intercalation, giving rise to interlayer distance of 16 Å. TG was employed to 
study the thermal behavior, under an N2 atmosphere. Results have shown on 
set and off set temperatures at 246 oC and 320 oC, respectively, for the 
copolymer, while these temperatures increase to 248 oC and at 456 oC for the 
nanocomposite. It demonstrates the improvement of the thermal stability, as 
the starting decomposition temperature remains almost constant, but a large 
retard is observed during decomposition. It could indicate that the clay acts 
blocking the gas formed during the copolymer decomposition, shifting the 
reaction equilibrium to the slow rate direction [2].  
  
[1] C. Sanchez; B. Julián; P. Belleville; M. Popall. J. Mat. Chem. 2005, 15, 
3559-3592.  
[2] A. Leszczynska; J. Njuguna; K. Pielichowski; J.R. Banerjee. Thermochem. 
Acta. 2007, 453, 75-96. 
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Organic-inorganic hybrid materials can be broadly defined as synthetic materials 
formed by organic and inorganic components which are intimately mixed. The mild 
synthetic conditions provided by the sol-gel process such as metal-organic 
precursors, low processing temperature and the versatility of the colloidal state 
allow the mixing of the organic and inorganic components at the nanometer scale 
in virtually any ratio [1]. These features coupled to the advancement of 
organometalic chemistry and polymer and sol-gel processing, make possible a 
high degree of control over both composition and structure (including 
nanostructure) of these materials, which present tunable structure-property 
relationships. In recent work [2] the controlled release of sodium diclofenac from 
siloxane-polyoxyetylene (PEO) or siloxane-polyoxypropylene (PPO) hybrid matrix 
prepared with different polymer molecular weight was discussed, showing that the 
better thermodynamic compatibility between PEO polymer chains and water favors 
the samples swollen during delivery, giving rise to five times faster delivering rates. 
Moreover, the higher the molecular weight of the polymer chains the faster and 
more effective the drug delivery. So that, in this work we analyze the possibility of 
reach a more precise control of the sodium diclofenac delivery rate by using a new 
hybrid matrix formed either by combining polymer chains of different nature, i.e., 
varying PEO/PPO proportions or different molecular weight, i.e., low and high 
ones. These matrixes were prepared from a new precursor formed by the simple 
mixture of non-hydrolyzed siloxane-PEO and siloxane-POP hybrid precursors. 
Gelation was promoted, simultaneously to the addition of ethanolic solutions of 
sodium diclofenac, by improving the hydrolysis and condensation reactions with 
acidified water. SAXS results, from curves recorded during in-situ delivering tests, 
revealed a new hybrid structure constituted by correlation distances between the 
siloxane groups larger than that observed for the original hybrids. The comparison 
of the delivery ratios from siloxane-PEO, siloxane-PPO and siloxane-PEO-PPO 
hybrid matrixes, containing different PEO/PPO proportions revealed that the 
delivery rate is dependent on the polymer chain nature, and that can be controlled 
by adjusting the hidrophilic/hidrophobic proportions. In a similar way, the variation 
of the proportion of low and high molecular weight of the polymer chain has also 
allowed to the control of the sodium diclofenac delivery rate. Indeed, irrespective of 
the polymer chain size the sodium diclofenac delivery is always faster and more 
effective for samples containing higher amounts of PEO. 
 
[1] C. Sanchez; C. Boissiere; D. Grosso; C. Laberty and L. Nicole. Chem. Mater. 2008, 
20, 682. 
[2]. C. V. Santilli; L. A. Chiavacci; L. Lopes; S. H. Pulcinelli; and A. G. Oliveira. Chem. 
Mater. 2009, 21, 463. 



Poster Session 

SOLGEL2009 

283 

PSG159- ENHANCED PHOTOSTABILITY OF A PHOTOCHROMIC 
DYE EMBEDDED IN AMINO-FUNCTIONALIZED SOL-GEL HYBRID 

COATINGS 
 
 

Rosario Pardo, Marcos Zayat and David Levy* 
 

Instituto de Ciencia de Materiales de Madrid, C.S.I.C.. 28049 Cantoblanco. Madrid. 
SPAIN 

d.levy@icmm.csic.es 
 
 
A photochromic spirooxazine derivative, 1-propyl-3,3,5,6-tetramethyl-
spiro[indoline -2-3´-[quinolino]oxazine], was successfully embedded in sol-gel 
thin films functionalized with different amino groups. The resulting films show 
high transparency and exhibit a strong blue coloration upon irradiation with UV 
light. The composition of the embedding matrix has an important effect on the 
photostability of the photochromic molecules upon exposure to sunlight, and 
can therefore be designed to maximize the lifetime of the coatings exposed to 
environmental conditions. The incorporation of amino groups (NH2Pr, Me2NPr 
and NH2Ph) in the ormosil network, result in an enhanced stabilization of the 
photochromic dye, due to their interaction with the Si-OH groups on the 
surface of the pores and the embedded dye molecules. In this way, in 
matrices modified with aminophenyl groups, the photostability of the dye has 
been increased by a factor of 5, as compared with unfunctionalized matrices. 
The photostability of the dye in photochromic materials is an important issue 
for the long term usage of these materials in outdoors applications, limited 
nowadays by the low durability of the organic compounds upon exposure to 
sunlight.  
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Gel-glass dispersed liquid crystal (GDLC) materials consist on a dispersion of 
liquid crystal (LC) micro-droplets in Sol-Gel prepared hybrid matrices. The 
molecular configurations of the LC in GDLCs were studied as a function of the 
organic groups used for functionalization of the matrix. The nematic LC 4-n-
penthyl-4'-cyano-byphenyl (5CB) was dispersed in matrices modified with 
methyl, ethyl or propyl groups. Two different molecular configurations of the 
LC molecules in the droplets were observed by means of polarized optical 
microscopy: radial and bipolar, in which the alignment of the LC at the matrix 
surface is perpendicular and parallel to the confining surface respectively. 
These molecular configurations of the LC were found to be dependent on the 
amount and nature of the organic functional groups in the matrix. A transition 
between both configurations was observed at a temperature specific for each 
matrix composition. The transitional behaviour between the LC molecular 
configurations, measured as function of the chemical composition of the 
matrix and the temperature revealed that the radial configuration of the LC 
droplets is promoted at lower temperatures and higher amount of modifying 
groups in the matrix, while a bipolar configuration is obtained at low organic 
contents and high temperatures. A theoretical model was developed to 
correlate the dependence of the configuration transition phenomena with the 
chemical composition of the hybrid matrices and the temperature, showing a 
good correlation with the experimental results. 
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Thermoreversible gels are two-phase systems, which acquire elastic 
properties under temperature changes, so that systems showing reversible 
sol-gel transition induced by external factors may found application as 
mechanical or optical switchings [1-3]. In this work, the influence of the 
amount of para-toluenesulfonic acid and water on the thermoreversible sol-gel 
transition of TiO2 based systems was studied. Titanium tetraisopropoxide 
(Ti(OProp)4) was slowly added in isopropanol, and the hydrolysis of the clear 
mixture was performed with para-toluenesulfonic acid (PTSH) aqueous 
solution. The sol phase was obtained from ageing this mixture at 60ºC for 
18h, while the gel phase was observed as samples were aged at 10ºC. 
Aiming to identify all the samples presenting this stricking behavour, the 
hydrolysis ratio, H=[H2O]/[Ti] was varied between 1 and 5, and the acidity 
ratio, A=[PTSH]/[Ti] between 0 and 3.0. These data set allowed to build up the 
phase diagram from this system. Selected samples belonging to the 
thermoreversible region of this diagram were characterized by quasi-elastic 
light scattering and rheological measurements. Results have evidenced that 
irrespective to the [H2O]/[Ti] and [PTSH]/[Ti] molar ratios the average particle 
size increases as the temperature decreases. Moreover, for temperatures 
smaller than 20ºC the sol-gel transition was evidenced by the formation of 
agregates (131.7 to 1667.8 nm). Similar behaviour was evidenced by the 
viscosity increase. 
 
 
[1] C.Sanchez; B. Julián; P. Belleville; M. Popall J. Mater. Chem. 2005, 15, 
3559. 
[2] L.A. Chiavacci; S.H. Pulcinelli; C.V. Santilli; V. Briois Chem. Mater. 1998, 
10, 986. 
[3] L.A. Chiavacci; C.V. Santilli; S.H. Pulcinelli; C. Bourgaux; V. Briois Chem. 
Mater, 2004, 16, 3995.  
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The applications involving the use of monolithic stationary phases in capillary 
electrochromatography (CEC) for determination of neutral compounds have 
been extensively explored recently [1]. This work describes the preparation of 
a photoplimerized monolithic stationary phase (PMSP) via sol-gel approach 
using 125 µm i.d. polyacrylate-coated fused-silica capillaries. The 
polyacrylate-coating, unlike the polyimide one, is transparent to the radiation 
used, and thus, no coating removal is necessary. This is a very important 
particularity since intrinsic capillary characteristics, such as flexibility and 
mechanical resistance, are unchanged. 
 

A sol, mixture containing metacryloxypropyltrimethoxysilane as the polymeric 
precursor, hydrochloric acid as the catalyst, toluene as the porogen and 
Irgacure 819 as the photoinitiator, was irradiated at 370 nm during 20 min 
inside the pre-treated capillaries to afford the columns through sol–gel 
approach, as described by Vaz et al [2]. The photopolymerization was carried 
out in a homemade UV crosslinker [3]. After preparation, the monolith 
morphology was investigated by Scanning Electron Microscopy and the 
column was submitted to CEC analysis for separation of standard mixture 
containing thiourea, propylbenzene, phenanthrene and pyrene. Suitable 
conditions were as follows: stationary phase: 10 cm monolithic column; mobile 
phase: 50 mmolL−1 NH4Ac buffer/H2O/ACN (1:2:2); voltage: +25 kV; 
temperature: 20 ºC; injection: 40 mbar for 10 s and detection: 200 nm. 
 

The versatility and viability of the use of polyacrylate-coating combined to sol-
gel photopolymerization approach were shown through the fast and simple 
preparation and the test of the column, through which was possible to 
separate four neutral compounds. 
 

[1] N. Ishizuka, H. Minakuchi, K. Nakanishi, K. Hirao, N. Tanaka Colloids and Surfaces 
A: Physicochem. Eng. Aspects 2001, 187-188, 273. 
[2] F.A.S. Vaz, P.M. Castro, C. Molina, S.J.L. Ribeiro, F.C. Polachini, Y. Messaddeq, 
A.P. Nunes, M.A.L. Oliveira Talanta, 2008, 76, 226. 
[3] F.A.S. Vaz, M.P.G. Queiroz, S.J.L. Ribeiro, M.A.L. Oliveira Quim. Nova, 2008, 31 
(8), 2156.
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Intercalation chemistry of V2O5⋅nH2O xerogel as well as its potential 
applications in several areas such as lithium ion batteries, electrochemical 
devices and sensors has been subject of a large number of reports and 
reviews during the last 30 years. Despite of the intensive studies, intercalation 
compounds with V2O5⋅nH2O xerogel is still attracting considerable attention 
due to a broad variety of structural versatility. With regard to the insertion of 
amines, the investigations have advanced from the fundamental 
understandings of the intercalation mechanism and host-guest interactions to 
synthesis of nanostructured oxides using amines as structure-directing 
templates. From the previous papers describing the intercalation of amines in 
a wide variety of host structures, there is another approach that involves the 
vapor-solid reaction aiming to prepare layered compounds [1,2]. In this 
context, the main objective of this work consist in reporting experimental 
results concerning the solids resulted from the intercalation of the alkylamines 
in the vapor phase (CnH2n+1NH2) in the interlayer vanadium pentoxide xerogel 
and compare the intercalation when the host structure is dispersed in an inert 
matrix such as silica prepared by . The influence of the length of the 
hydrocarbon chain of the alkylamines homologous series, the time of reaction, 
and electrochemical properties were investigated. The synthesis of V2O5-SiO2 
composite xerogel with high vanadium content obtained by forming a complex 
network involving the condensation of polyoxovanadates in aqueous solution 
concomitantly with hydrolysis and condensation of alkoxide precursor of silica, 
thus, generating Si–O–Si network interpenetrated with V–O–V and V–OH–V 
polymeric chains. The intercalation of n-alkylamines into layered vanadium 
pentoxide xerogel dispersed in an inert matrix and non-dispersed is controlled 
by diffusion of the amines molecules in the solid and the rate of the 
intercalation reaction decrease with the increase of the length of the alkyl 
chain. Another interesting point is the effect on the matrix providing a 
structural stability. As a result, the remarkable feature of the amine 
intercalation into this kind of material is the selectivity of a homologous series 
of compounds based on different diffusion rates. (Acknowledgement: CNPq 
and FAPESP) 
 
[1] G. Cao and T.E. Mallouk, Inorg. Chem. 1991, 30, 1434. 
[2] A. Goñi; J. Rius; M. Insausti; L.M. Lezama; J.L. Pizarro; M.I. Arriortua and 
T. Rojo, Chem. Mater. 1996, 8, 1052. 
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Vanadium based mixed hydrated oxides continue to be a focus on research, 
owing to the diversity of application such as those found in catalysts, battery 
electrodes, or in sensors. In addition, they have also been applied as 
precursors for metastable anhydrous phases formed upon dewatering of 
hydrates [1,2]. Thus, in search of synthetic methods that allows atomic-level 
control over the local environment of reaction centers in mixed-metal 
catalysts, many preparation strategies have been applied to obtain mixed 
oxides presenting uniform and homogeneous distribution of the transition 
metals through the inorganic matrix. In this context, this work involves the 
synthesis of V2O5-WO3 and V2O5-MoO3 xerogel composites with high 
vanadium content obtained by forming a complex network involving the 
condensation of polyoxometallates generating an interpenetrated network with 
M–O–M and M–OH–M polymeric chains. Besides, electrochemical aspects 
are reported. Powder X-ray diffraction, Fourier-transform infrared 
spectroscopy, thermogravimetric analysis, scanning electron 
microscopy/EDX, and EPR were used to determine the composition and 
structure of a mixed composite oxide xerogel. Cyclic voltammetry was used to 
evaluate the electrochemical properties. The presence of the typical diffraction 
peaks (00l) in the XRD patterns of the xerogel composites indicate a layered 
framework due to showing that the lamellar structure of the V2O5 xerogel is 
maintained. The WO3 and MoO3 improve of the electrochemical properties, 
mainly in relation to kinetics of the lithium electroinsertion into oxide matrix 
with low decrease of total charge during successive redox cycles when 
compared with V2O5 xerogel. Furthermore, the addition of metal oxide 
reduced the particle size and crystallinity of V2O5 resulting in a significant 
enhancement of Li+. Besides, the electrochemical response is dependent on 
support electrolyte solution. EDX results showed that this synthetic route 
based on sol-gel process has proved to be efficient in obtaining highly 
dispersed vanadium based mixed hydrated oxides. (Acknowledgement: CNPq 
and FAPESP) 
 
[1] J. Livage, J. Sol-Gel Science and Tech. 2000, 19, 275.  
[2] G.S. Zakharova; V.L. Volkov Russian Chemical Reviews 2003, 72, 311.  
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Research efforts are directed to the development of ferroelectric thin films for 
applications in computer memories. Sr0.8Bi2.3Ta2O9 (SBT) thin films have 
received a great deal of attention because of its low coercitive field and 
excellent reliability properties as the strong fatigue resistance on Pt 
substrates. In this work, the substitution effect of W+6 at Ta+5 sites on the 
structural, dielectric and ferroelectric properties of SBT thin films is reported. 
Thin films of Sr0.8-x/2Bi2.3Ta2-xWxO9 (SBTWx) with x ranging from 0.0 to 0.2 
were synthesized by a chemical solution deposition technique using chemical 
modified precursors.  Strontium acetate, Bismuth nitrate, Tantalum and 
Tungsten ethoxides were used as starting materials, with methanol and acetic 
acid as solvents, and acetoin as chelating agent. The microstructures and 
ferroelectricity of SBTWx films as functions of the dopant concentration and 
annealing temperature were studied. The films thermally treated at 650ºC 
showed aurivillius structure and well-defined hysteresis loops, but with a very 
small remanent polarization (2Pr=2µC/cm2). The films treated at 750ºC 
showed a higher 2Pr value (≈ 8µC/cm2). This value remains almost constant 
for x ranging from 0.0 to 0.1. Higher tungsten content degrades the 
ferroelectric properties due to the presence of a strontium-deficient (non-
ferroelectric) secondary phase.  
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[Pb(Mg1/3Nb2/3)O3]1-x [PbTiO3]x (PMN-PT)-based materials exhibit a high 
dielectric constant, high electrostrictive and piezoelectric properties and are 
suitable for applications in multilayer capacitors, actuators, sensors and 
electro-optical devices. Optimized electromechanical properties are observed 
for compositions just on the rhombohedral side of the morphotropic phase 
boundary.  For such a composition, PMN-PT with x=0.3 (70PMN-30PT) has 
excellent dielectric and piezoelectric properties. In this work we synthesized 
(70PMN-30PT) thin films by a new and simple chemical solution deposition 
route based on the chelate process. This route offers the advantage of a 
relatively simple and rapid solution synthesis; distillation and refluxing 
strategies are not required. The selected starting materials were Niobium 
ethoxide, Titanium butoxide, Magnesium ethoxide and Lead acetate 
trihydrate. Acetoin (3-Hydroxy 2-butanone) was used as chelating agent with 
methanol as solvent. Homogenous and crack-free films with thickness up to 1 
µm were deposited on Pt/Ti/SiO2/Si substrates by spin-coating. The 
microstructure and surface morphology of the films were characterized by X-
ray diffraction and atomic force microscopy (AFM) techniques.  Films with a 
predominant perovskite phase and average grain size of about 120 nm and 
200 nm for samples annealed at 700oC and 800oC, respectively, were 
obtained. The remanent polarization (2Pr) and the coercive field are 
approximately 18 µC/cm2 and 35 KV/cm for the film treated at 800 ºC. The film 
annealed a 700 ºC reveals a similar coercive field but a much smaller 2Pr 
value (≈ 6 µC/cm2).  Both the dielectric constant and the dielectric loss 
steadily decrease with the increase in frequency that is a characteristic 
property of relaxor ferroelectrics.  
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Poly (2-hidroxyethylmethacrylate) (pHEMA) is a biocompatible hydrogel and it 
is used to make ophthalmic prostheses (contact or intraocular lenses), 
vascular prostheses, drug delivery and soft-tissue replacement[1]. Organic-
inorganic hybrid monoliths of cross-linked (pHEMA) and siloxane groups were 
prepared by sol-gel process, from copolymerization of 
hidroxyethylmethacrylate (HEMA) and organically modified silicon alkoxide, 3-
(methacryloxy) propyltrimethoxysilane (MPTS). Many types of monoliths were 
prepared, using different pH of the initial sol (1, 3 and 5), and molar ratio 
compositions [HEMA]:[MPTS] = 0:100; 20:80, 40:60, 50:50, 60:40, 80:20 and 
100:0. Depending on the molar ratio, opaque, translucent or transparent 
monoliths were obtained after gelation. The structure of the hybrid monoliths 
were studied by 13C and 29Si Nuclear Magnetic Resonance (NMR) and FT-IR 
spectroscopy. Thermal properties of the samples were investigated by 
Differential Scanning Calorimetry (DSC) and Thermogravimetry (TG). Optical 
transparency and higher glass transition temperature than neat pHEMA 
suggest an increase in strong interphase interactions. The results showed the 
strong influence of the synthesis conditions on structural features. 
 
[1] G. Luciani; A. Costantini; B. Silvestri; F. Tescione; F. Branda; A. Pezzella 
J. Sol-Geç Sci. Technol. 2008, 46,166. 
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Poly(methyl methacrylate) (pMMA) is an important class of thermoplastics. It 
is an inexpensive polymer and widely used as a polymer of high technological 
and industrial impact because of its excellent transparency, good weathering 
resistance and mechanical properties[1]. Poly (2-hidroxyethylmethacrylate) 
(pHEMA) is a biocompatible hydrogel and it is used to make ophthalmic 
prostheses (contact or intraocular lenses), vascular prostheses, drug delivery 
and soft-tissue replacement[2]. The copolymerization of these two important 
classes of methacrylates and the possibility of combination with inorganic 
components (silicon alkoxides) in a unique composite material lead to 
formation of the hybrid materials with wide variety of interesting final 
properties. In this work, organic-inorganic hybrid monoliths from 
copolymerization of pMMA and pHEMA cross-linked with organically modified 
silicon alkoxide,3-(methacryloxy) propyltrimethoxysilane (MPTS) were 
prepared by sol-gel process. Many types of monoliths were prepared, using 
different pH of the initial sol (1, 3 and 5), and molar ratio compositions [MMA-
co-HEMA]:[MPTS] = 0:100; 20:80, 40:60, 50:50, 60:40, 80:20 and 100:0. 
Depending upon the composition ratio of the two components, the resulting 
material can be flexible or stiff and monolithic and display several properties 
which are intermediate between those of the oligomeric and the inorganic 
components. The structure of the hybrid monoliths were studied by 13C and 
29Si Nuclear Magnetic Resonance (NMR) and FT-IR spectroscopy. Thermal 
properties of the samples were investigated by Differential Scanning 
Calorimetry (DSC) and Thermogravimetry (TG). The results showed the 
strong influence of the synthesis conditions on structural features and suggest 
an increase in strong interphase interactions.  
 
[2] G. Luciani; A. Costantini; B. Silvestri; F. Tescione; F. Branda; A. Pezzella 
J. Sol-Geç Sci. Technol. 2008, 46,166. 



Poster Session 

SOLGEL2009 

293

PSG169- SORPTION PROPERTIES OF MESOPOROUS SILICAS 
WITH (THIO)PHOSPHINE OXIDE GROUPS IN THEIR SURFACE 

LAYER 
 
 

Yu.L.Zub, O.A.Dudarko, N.V.Stolyarchuk, I.V.Melnyk, O.K.Matkovsky, 
G.R.Yurchenko, V.P.Goncharyk, L.I.Kozhara 

 
Chuiko Institute of Surface Chemistry, NAS of Ukraine, 

17, General Naumov Str., Kyiv 03164 Ukraine 
e-mail: zub_yuriy@isc.gov.ua 

 
 

Functionalized polysiloxane materials, which are obtained by sol-gel 
transformations or templat method, draw a great attention nowadays. This is 
due to the fact that performing hydrolytic polycondensation of appropriate 
alkoxysilanes and varying of рН medium, temperature, solvent and template 
allow to regulate in wider range a nature and a content of functional groups, 
and also parameters of porous structure of obtained silicas. As a result, it 
becomes possible to obtain a wider specter of materials with desirable 
behaviour and characteristics. However, there are only few research papers, 
which are dedicated to synthesis of phosphorcontaining adsorbents by sol-gel 
transformations and application of micellar templates. There is also a lack of 
systematic research in this direction [1]. All these makes elaboration of 
synthetic methods and study of main properties of polysiloxane sorbents, 
functionalized by phosphonic acid derivatives, a current issue. In this report 
we will overlook: 1. Оptimal synthetic methods of polysiloxane and 
polysilsesquioxane xerogels, which contain in their surface layer such 
(thio)phosphonic acid derivatives as ≡Si(CH2)3NHP(O)(OC2H5)2, 
≡Si(CH2)2P(O)(OC2H5)2,≡Si(CH2)2P(O)(OH)2 and ≡Si(CH2)3NHP(S)(OC2H5)2. 
2. Factors that influence on the fomation processes of porous structure in 
such xerogels. 3. Synthetic conditions of template method of 
phosphorcontaining mesoporous silicas with high content of functional groups 
and developed surface. 4. Methods of xerogels’ preparation with bifunctional 
surface layer that contain phosphor-, nitrogen- and sulfurcontaining functional 
groups. 5. Modern physical methods’ data (termal and X-Ray analysis, SЕМ, 
AFM, TEM, IR spectroscopy, solid-state NMR spectroscopy (on 29Si, 13C, 31P, 
1H nucleus), adsorption method), which are connected with composition, 
structure and structural-adsorption characteristics of synthesized materials. 6. 
Sorption properties of obtained materials in relaition to metal ions (on example 
of Hg(ІІ), Cd(ІІ), Ln(ІІІ) and UO2

2+). In the end we make a comparision of 
sorption properties of phosphorcontaining materials, obtained by sol-gel and 
template methods. Thus we make a conclusion that these classes of sorbents 
posess a considerable potential as sorbents of both metals ions and some 
organic substances. 
 

[1] I.V.Melnyk, O.A.Dudarko, N.V.Stolyarchuk et al in Physico-chemistry of 
Nanomaterials and Supramolecular Structures, A.P.Shpak, P.P.Gorbyk, Eds.; Naukova 
Dumka, Kyiv, 2007; Vol. 2, 392-430 (in Russ.). 
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Hierarchically mesoporous thin films with micron-sized cavities were prepared 
by covering a carbonaceous exotemplate with ceramic mesoporous thin films, 
followed by removal of the templates. The templates were prepared by 
dewetting of a sucrose-surfactant solution, producing disk-like features of 
micron to submicron size. The localization of these templates is such that a 
large area of the substrate is covered when compared with other techniques 
like colloidal templating or nanosphere lithography. The method is accessible 
and convenient and can be used to pattern areas of several dm2. 
Ordered mesoporous SiO2

[1], TiO2 and ZrO2 were 
deposited by EISA[2] over the templates using 
dip-coating, yielding a carbonaceous-ceramic 
macro and mesostructured thin film. Depending 
on the thickness of the ceramic layer, the 
mesopore arrangement was found to be 
remarkably influenced by the constraints imposed 
by the surface topology, leading to a different 
crystalline orientation of the pores[3]. This effect 
seems to be promoted by an anchoring effect on 
the highly curved rims of the disk-like templates. 
Removal of the carbonaceous templates by 
calcination yields macrocavities on the mesoporous thin films which preserve 
the substrate surface free from ceramic, providing an interesting alternative for 
mesoporous-based selective electrodes. 
 
[1] The results on SiO2 were previously reported on: A. Zelcer, A. Wolosiuk, 
G.J.A.A. Soler-Illia J. Mater. Chem. 2009, DOI:10.1039/B902378J. 
[2] D. Grosso, F. Cagnol, G. J. A. A. Soler-Illia, E. L. Crepaldi, H. Amenitsch, 
A. Brunet-Bruneau, A. Bourgeois, C. Sanchez, Adv. Funct. Mater., 2004, 14, 
309; C. J. Brinker, Y. Lu, A. Sellinger, H. Fan, Adv. Mater., 1999, 11, 579.  
[3] Y. Wu, G. Cheng, K. Katsov, S. W. Sides, J. Wang, J. Tang, G. H. 
Fredrickson, M. Moskovits, G. D. Stucky, Nat. Mater., 2004, 3, 816; B. 
Platschek, N. Petkov, T. Bein, Angew. Chem. Int. Ed., 2006, 45, 1134; M. 
Antonietti, G. A. Ozin, Chem. Eur. J., 2004, 10, 28.  
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Three-dimensional (3-D) photonic crystals (PCs) [1,2,3] have been studied as 
possible strain sensing materials[4], based on strain-induced photonic band-
gap shifting. 
Deposition of polystyrene microspheres by sedimentation and self-assembly 
over a flexible polyimide tape substrate, whose surface hydrophilicity was 
optimized in order to achieve maximum wettability, leading to an organized 3-
D direct opal template structure[3]. This was then infiltrated with a silica sol-gel 
solution, consolidated by means of compatible heat treatment. 
Structural and optical properties of those PCs have been studied, by scanning 
electron microscopy (SEM) and visible-NIR absorption spectroscopy under 
variable degrees of strain. SEM was used to evidence the size of the ordered 
domains. 
A mechano-optical effect[5,6] was observed in terms of strain induced shifting 
of the photonic stop band of the infiltrated opals up to 800 cm-1 in transmission 
mode spectra, due to changes in layer spacing upon bending of the flexible 
PC. 
Optical response cycles[5] were performed, indicating the possible use of 
these materials in reversible photonic strain sensors integrated in low cost 
sensor/actuator devices with improved functionality. 
 
  
[1] R.M. Almeida and M.C. Gonçalves in: Photonic Glasses, R. Balda, Ed.; 
Research Signpost, Trivandrum, Kerala, 2006; 67-88. 
[2] C. López Adv. Mater. 2003, 15, 1679. 
[3] M.C. Gonçalves, J. Brás and R.M. Almeida, J. Sol-Gel Sci. Technol. 2007, 
42, 135 – 143.  
[4] O.L.J. Pursiainen, J.J. Baumberg, H. Winkler, B. Viel and T. Ruhl, Appl. 
Phys. Lett. 2005, 87, 101902-101904. 
[5] G.A. Ozin, A.C. Arsenault Mat. Today 2008, 11, 44. 
[6] W. Wohlleben, F.W. Bartels, S. Altmann and R.J. Leyrer Langmuir 2007, 
23 (6), 2961-2969. 
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Zinc oxide with wutzite-type structure, non-toxic, with special optical, electrical 
and piezoelectrical properties is one of the most versatile materials for a wide 
range of technological applications. Thin films of zinc oxide are suitable for the 
fabrication of solar cells, flat panel display electrodes, surface acoustic 
devices and optical waveguides and short – wavelength semiconductor diode 
lasers [1]. Ultrafine zinc oxide powder with a high degree of transparency is 
used in  the sunscreens, paints, varnishes, plastics and cosmetics especially 
for to absorb ultraviolet light [2]. The piezoelectric properties of zinc oxide 
structures was used for designing the fourth generation of "flexible charge 
pump" generator to  produce electrical current to harvest mechanical energy 
from the environment [3]. Sol-gel processes give the ability to produce ZnO 
powders and films in a simple, low cost and highly controlled way. It is well 
known that the reagent compounds, solvent, concentration of solution 
precursors, chelating additives are several factors to control morphology of 
the zinc oxide nanomaterials.  In the present work we propose a systematic 
study of the influence of the chemical parameters involved in the obtaining 
zinc oxide nanomaterials by sol-gel method.  Zinc acetate dehydrate and zinc 
nitrate hydrate were used as starting reagent compounds, absolute ethanol as 
solvent and triethanolamine (TEA) as chelating agent. Thermal behavior of the 
zinc salt precursors and corresponding gels and powders was established by 
DTA/TG analysis.  The influence of the precursor solution concentrations on 
the formation of the molecular species was analyzed by FT-IR and 
Fluorescence Spectroscopy.  
X-ray Diffraction and FT-IR Spectroscopy were used for structural 
characterization of the studied samples. The size and the shape of the 
powders were visualized by SEM, AFM and TEM microscopy. The influence  
of the precursor solution concentration and the type of precusors on the 
fluorescence emission was established. 
 

[1] L. Znaidi, G.J.A.A. Soler Illia, R. LeGuennic, C. Sanchez and A. Kanaev, J. Sol-Gel 
Sci. Technol., 2003, 26, 817 
[2] R. Anedda, C. Cannas, A. Musinu, G. Pinna, G. Piccaluga and M. Casu, J. Nanopart 
Res, 2008 10, 107 
[3] Georgia Institute of Technology. "New Small-scale Generator Produces Alternating 
Current By Stretching Zinc Oxide Wires." ScienceDaily 10 November 2008. 31 March 
2009 <http://www.sciencedaily.com /releases/2008/11/081109193342.htm> 
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The transparent and conducting thin ZnO films have been extensively studied 
due to potential applications in various fields e.g. flat panel displays, gas 
sensors, solar cell windows, surface acoustic wave devices, short wavelength 
light emitting devices, daylight-blind UV detectors[1]. 
A variety of methods as chemical vapor deposition (CVD), sputtering 
techniques, pulsed laser deposition (PLD), molecular beam epitaxy (MBE), 
filtered vacuum arc deposition (FVAD), and sol-gel have been used for the 
deposition ZnO films [2-4]. In this work, by dip coating sol-gel method , mono 
and multilayer Al–doped ZnO coatings have been obtained on the glass and 
silicon supports. The precursor solutions were prepared by disolving zinc 
acetate dihydrate and aluminium nitrate in abslute ethylic alcohol, at 50o C 
temperature. Triethanolammine(TEA) was used as weak base and chelating 
agent in the Zn:TEA ratio of 5:1. Al–doped ZnO coatings developed a distinct 
morphology in accordance with the chemical composition and concentration of 
the precursor solutions and the number of depositions, viewed by Scanning 
electron microscopy (SEM) and Atomic Force Microscopy (AFM). Optical 
characteristics were determined by spectroellipsometric (SE), fluorescence, 
transmittance and reflectance measurements. Systematic study performed 
allows finding most suitable chemical parameters for obtaining coatings with 
desired optical properties. 
 
[1] Z. L. Wang  Mat. Sci. Eng. 2009, R 64 34, 33–71 
[2] T. Schuler; M. A. Aegerter  Thin Solid Films 1999, 351, 125-131  
[3] P. Sagar; M. Kumar;  R.M. Mehra Solid State Comunications 2008, 47, 
465-469 
[4] D. Mondelaers; G. Vanhoyland; H Van Den Rul; J. D’Haen; M. K. Van 
Bael, J. Mullens; L. C. Van Poucke,  J. Sol-Gel Sci. Techn., 2003, 26 523-526. 
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The synthesis and characterization of materials mesoporous titania-silica is 
one of the most important contributions in the development of new nano 
materials [1-2], due to its multiple applications in the manufacture of porous 
membranes, gas detectors, chemical sensors, photocatalyst, electronic 
devices and optical processes of wastewater treatment, among others[3-6].  
 

In this study were prepared SiO2-TiO2 mixed oxides of different compositions, 
using agents such as structure directors of non-ionic surfactant (Triton X100 
and Triton X114) using the sol-gel method assisted hydrothermal synthesis. 
After you remove all the surfactant by calcination at 550°C, mixed oxides were 
obtained in the presence of anatase and with high surface areas in the range 
of 167-805 m2/g with average pore diameters in the range of 3.2-12.6 nm, 
which allows its potential use in catalysis.  
 

The preparation of SiO2-TiO2 mixed oxides was based on two main stages: 
the first relates to the preparation of the mixed sols by sol-gel method using 
precursor Tetraethyl orthosilicate and Titanium(IV) isopropoxide under acidic 
conditions (pH ~ 2). The second phase concerns the preparation of porous 
hybrid materials, where the mixed sols were synthesized with non-ionic 
surfactant after a hydrothermal treatment [7] for 48 hours at 120°C. Drying and 
calcining of this xerogel leads to the formation of inorganic networks of 
different structure. The materials obtained were characterized by Nitrogen 
physisorption, FTIR, XRD, thermal analysis, and TEM. It was found that 
hydrothermal treatment, causes a finer and more homogeneous structure 
together with changes in the surface area and the affects the crystallization of 
the TiO2. 
 

[1] Antonietti, M. Current Opinion colloid & Interf Sci. 2001, 6, 244. 
[2] Livage, J.  Acta Mater. 1999, 46, 743. 
[3] Hench, L and West, J. Chem. Reviews. 1999, 90, 33. 
[4] Corriu, R. et al. J. Mater. Chem. 1994, 4, 187. 
[5] Pabon, E. et al. Micropor. Mesopor. Mater. 2004, 67, 195.      
[6]  Pabón, E. Retuert, J. and Quijada, R. J. Porous Mater. 2007, 14, 151. 
[7] Zhijie L, et al. J. Solid State Chem. 2005, 178, 1395. 
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The sol-gel method was applied to obtain the hydroxyapatite nanoparticles 
with silver. The bactericidal activity induced by the introduction of silver ions 
into hydroxyapatite was studied. Silver-loaded hydroxyapatites demonstrated 
bactericidal activity. The antimicrobial activity of the hydroxyapatites 
nanoparticles with silver against Staphylococcus aureus ATCC 6538 as a 
model of the Gram-positive bacteria, Escherichia coli ATCC 11229 and 
Klebsiella pneumoniae ATCC 4352 as a model of Gram-negative bacteria 
were investigated. These hybrid active powders can be used as a novel 
antimicrobial agent. 
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Different oxide layers have been prepared by the sol-gel method to fabricate 
the waveguiding structure on the Low Temperature Co-fired Ceramic (LTCC) 
substrates. Silica film was used as the waveguide substrate layer and silica 
with titania or zirconia formed the waveguide layer. The coatings were 
characterized by microscopy (AFM and SEM) as well as absorption and 
vibrational spectroscopy. The thickness and the refractive index of the films 
were determined by ellipsometry. Smooth layers with good optical quality 
were obtained. The possibilities to create stripe waveguides were determined. 
The channel structures were measured using the cut-off technique and their 
attenuation were estimated to be in the range of a few dB/cm. The sol-gel and 
LTCC techniques seem to be a very promising method for preparing the 
integrated optics issues where good-quality films on ceramic substrates can 
be used as data transfer devices or optical sensors. 
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A successful strategy to improve the mechanical performance of bioactive 
glasses for load-bearing implant devices has been their transformation in 
glass-ceramics. Peitl Filho et al. demonstrated that controlled crystallization of 
melt-derived bioactive glasses have no adverse effect on the bioactivity [1]. 
For example, Biosilicate®, a glass-ceramic of the system SiO2-CaO-Na2O-
P2O5 (with some other minor components) is highly bioactive and offers great 
potential for bone tissue engineering applications [2]. On the other hand, the 
sol-gel process provides an alternative sinthesis route for simililar bioactive 
materials. The use of the sol-gel technology offers the advantage of obtaining 
materials with better chemical homogeneity, higher purity, and surface area 
about two orders of magnitude higher than similar compositions prepared out 
of melt processing [3]. In this context, the aim of this work was to verify the 
effect of thermal treatment on the in-vitro bioactivity of finely particulate 
vitreous and crystalline materials obtained by distinct sol-gel processes. Some 
SiO2-CaO-P2O5 and SiO2-CaO-Na2O-P2O5 compositions were synthesized 
and heated at 700 - 1200 °C. Samples were characterized by TGA, XRD, 
FTIR, SEM, and EDS and by in-vitro bioactivity. The characteristics of the 
obtained powders were strongly influenced by the initial precursors and 
thermal treatment. The main results will be thoroughly discussed. 
 
 
References 
[1] O. Peitl Filho; E. D. Zanotto; L. L. Hench J. Non-Cryst. Solids 2001, 1-
3(292), 115. 
[2] J. Moura; L. N. Teixeira; C. Ravagnani; O. Peitl Filho; E. D. Zanotto; M. M. 
Beloti; H. Panzeri; A. L. Rosa; P. T. Oliveira J. Biomed. Mater. Res. 2007, 
3(82A), 545. 
[3] R. Gupta; A. Kumar Biomed. Mater. 2008, 3(034005), 1. 
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Titania materials have highly promising applications in many different fields, 
where their semiconducting properties are used. Among them, the 
photocatalytic properties are one of the most important. In order to improve 
the chemical, electrical and catalytic properties of these materials, metallic 
ions can be incorporated into their structures. In this context, we proposed the 
preparation of iron-titania materials by the non-hydrolytic sol-gel route, 
because we have already reached excellent catalytic results with transition 
metal-containing supports prepared by this methodology [1]. Moreover, the 
materials were tested in the catalytic oxidation of the azo-dye orange II. The 
synthesis involved the etherolysis of TiF4 with diisopropyl ether in the 
presence of iron(III) ions (FeIII/TiIV molar ratio = 1:100) and 
acetonitrile/chloroform as solvent, under magnetic stirring and inert 
atmosphere. The obtained xerogel was dried at 100 ºC, and heat-treated at 
300, 600, and 800 ºC (according to thermal analysis). The powders were 
characterized by means of thermal analysis (TGA and DTA), ultraviolet-visible 
absorption spectroscopy (UV-Vis), X-ray diffraction (XRD), and scanning 
electron microscopy (SEM). The thermal analysis results demonstrated that 
there was a large mass loss until approximately 500 ºC, which corresponds to 
the loss of residual organic molecules (solvent) and pyrolysis of residual 
groups. An exothermic peak (observed in the DTA curve) at 500-550 ºC with 
no mass loss in the same region (according to the TGA curve) indicated a 
possible crystallization process, and this hypothesis was reinforced by XRD 
analyses, which indicated the presence of rutile phase in the materials that 
were heat-treated at 600 and 800 ºC – until 300 ºC, the predominant 
crystalline phase was the anatase one (and no rutile phase was observed). 
The mean crystallite size of the powders was in the 2-45 nm range. The SEM 
micrographs indicated that the surface particles of the materials were porous, 
and this is an interesting property for heterogeneous catalysts. About the 
catalytic reactions, the material that was dried at 100 ºC gave the best result: 
95% of orange II degradation after 3 hours of reaction, under UV light (λ = 365 
nm) and using hydrogen peroxide as oxidant. 
 
[1] B.L. Caetano; L.A. Rocha; E. Molina; Z.N. Rocha; G.P. Ricci; P.S. Calefi; 
O.J de Lima; C. Mello; E.J. Nassar; K.J. Ciuffi Appl. Catal., A 2006, 311, 122. 
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In the recent years, zinc oxide (ZnO) has long been used in its powered form 
in paints and creams to prevent sunburn. The polycrystalline forms have been 
used for more high-tech uses such as phosphors, piezoelectric transducers, 
and varistors [1]. In this work, the synthesis of ZnO nanopowder was carried 
out via proteic sol gel process. The proteic sol-gel process provides a 
promising and simples way for production of nanopartilces because does not 
need complicated equipments and expensive raw materials [2]. However, this 
method differs from traditional sol-gel process for uses salts as the starting 
material and processed coconut water (ACP®) as a chelating agent instead of 
expensive alkoxides. To prepare the precursor, 14.87 g of Zn(NO2)2.6H2O 
(molecular weight: 297.48 g/mol) was added to 100 ml of distilled water. This 
solution was divided in five parts of 20 ml, for each solution it was added 10; 
50; 100; 200 and 400 % in mass of coconut water as a function of the zinc 
nitrate mass. These solutions were dried at 100 oC overnight. After solvent 
evaporation, a solid precursor gel was formed. The conversion of the gel into 
the powder was prepared with different calcination temperature varying from 
400 to 600 oC during 1 h. The powders crystalline phases and structural 
parameters were investigated by X-ray diffraction and Rietveld refinement, 
respectively. These values indicated a hexagonal crystal system with Wurtzite 
structure of ZnO. The influences of the different temperatures on the particles 
sizes show an exponential tendency.  The smaller particles size (~ 10 nm) 
was obtained at calcination temperature of 600 oC and ACP® concentration of 
200 %. 
 
[1] D.A.A. Santos; A.D.P. Rocha; M.A. Macêdo Powder. Diffr. 2002, 23, S36. 
[2] N.O. Dantas; M.A.C. dos Santos; F.C. Cunhas; M.A. Macêdo Phy. B. 
Cond. Mat. 2007, 398, 291.  
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Zinc oxide (ZnO) has long been studied in solid state physics due to its 
technological application such as UV optoelectronic, integrated sensor, 
photoconductor and many important devices [1]. The electrical, mechanical 
and optical properties of nanosized metal oxide particles are known to be 
substantially different from those of the bulk materials. The studies for 
nanosized ZnO powders have been conducted due to their size-dependent 
structural and optical properties, which offer possibilities for microelectronic 
devices. As a result, the preparation methods of nanosized ZnO particles 
have been extensively studied for the precise control of the morphology at the 
nanometric scale. In this work, the synthesis of ZnO nanopowder was carried 
out via proteic sol-gel process. The proteic sol-gel process provides a 
promising and simples way for production of nanopartilces because does not 
need complicated equipments and expensive raw materials [2]. However, this 
method differs from traditional sol-gel process for uses salts as the starting 
material and coconut water as a chelating agent instead of expensive 
alkoxides. The precursor solutions were prepared dissolving Zn(NO2)2.6H2O 
and Al(NO3)3.9H2O in 20 ml of coconut water in a mass ratio of from about 4:1 
to 14:8. These solutions were dried at 100 oC overnight. After solvent 
evaporation, a solid precursor gel was formed. The conversion of the gel into 
the powder was prepared with different calcination temperature varying from 
600 to 1000 oC during 1 h. The powders crystalline phases and structural 
parameters were investigated by X-ray diffraction and Rietveld full-profile 
analysis method, respectively. These values indicated a hexagonal crystal 
system with Wurtzite structure of ZnO. Rietveld refinements of the diffraction 
data indicated that the addition of Al initially has a considerably positive effect 
on the decreasing of the lattice parameters a and c of Al doped ZnO, but the 
effect becomes very slight and even negative with the further increase of the 
Al content. The influences of the different calcination temperatures on the 
particles sizes show an exponential tendency.The UV-Vis absorption spectra 
show that the Al-doped ZnO exhibits a red-shift in the absorption edge without 
reduced transmission compared with pure ZnO, which also confirms that Al 
ions enter the ZnO lattice. 
 
[1] D.A.A. Santos; A.D.P. Rocha; M.A. Macêdo Powder. Diffr. 2002, 23, S36. 
[2] N.O. Dantas; M.A.C. dos Santos; F.C. Cunhas; M.A. Macêdo Phy. B. 
Cond. Mat. 2007, 398, 291.  
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Hybrid nanocomposites (HN) constitute a new class of advanced materials 
with great potential of application in different areas, such as optics and 
electronics. We report on the preparation and characterization of fluorescent 
nanoparticles (NPs) composed by polyaniline (PANI) and zinc oxide (ZnO). 
The HN, which were fabricated by the emulsion polymerization of the aniline 
monomer in the presence of NPs of ZnO, were characterized by absorption 
and photoluminescence (PL) spectra, light scattering, X-ray diffraction (DRX), 
and electron microscopy (both SEM and TEM). The absorption spectrum 
indicates the presence of both PANI in the conducting form and NPsZnO, with 
the onset of the absorption edge occurring at about 367 nm, which 
corresponds to a band gap of about 3.38 eV. In solution, ZnO nanoparticles 
and NH of PANI-ZnO have been obtained with average diameters of 4.6 nm 
and 8.1 nm, respectively. The DRX results reveal that the polymer exhibits 
well defined crystalline phase (orthorhombic), as weel as the presence of 
hexagonal phase of ZnO. TEM investigations revealed the existence of 
clusters of ZnO nanorods, with the single crystal ZnO nanorods presenting 
diameter of ca. 30 nm. Images of SEM demonstrate that after the drying 
procedure we can get heterogeneous structures with fibrous characteristics. If 
the NPsZnO is excited with UV light, the emission is a wide band spectrum 
with a peak at about 410 nm. The room temperature PL spectrum of the 
NPsPANI and NH reveal that the emission band is located around 480 nm. 
Our method offers an easy and simple route of synthesis for the development 
of nanostructures with varied functionality and high colloidal stability.  
 
 
[We acknowledge the financial support of CAPES, CNPq and FINEP]. 
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In recent years, inorganic/organic nanomaterials have shown noteworthy 
potentials in biomedical application. The magnetic iron oxide nanoparticles 
(NPs) can be dispersed in carrier fluid through specific interactions between 
the particle surfaces and selected low-molecular-weight surfactants or 
polymers. Chitosan (CS) is a biocompatible, hydrophilic, biodegradable 
polymer with high affinity for specific biomolecules and anti-bacterial activity 
[1-3]. Therefore, CS has been widely applied in diverse areas, such as 
biotechnology, biomedicine, food and cosmetics. In this work, Fe3O4 NPs 
were prepared by coprecipitation of Fe2+ and Fe3+ ions and, subsequent 
coating with chitosan- of the resulting Fe3O4 [4] prior to evaluate their 
applicability as a DNA biosensor. The DNA biosensor was manufactured 
based on the immobilization of two complementary oligonucleotides onto the 
surface of CS-Fe3O4NPs nanocomposites. Initially, the primer COOH-5’-
terminated T5C7, was covalently immobilized to detect its fully complementary 
sequence (A5G7) in label-free conditions. The sequential immobilization of the 
primer and hybridization with the complementary sequence were 
characterized by dynamic light scattering (DLS) and Fourier transform infrared 
spectroscopy (FTIR). The average hydrodynamic radius of the CS-Fe3O4NPs 
with primer and after hybridization was increased from 199 nm to 252 nm. 
This increase, after each step, indicates the presence of the primer and the 
hybridization onto the surface of Fe3O4 NPs, respectively. Analyses via FTIR 
confirms the results obtained by DLS and indicated that there is an interaction 
between the amino groups of the polymer with the carboxylic groups modified 
oligonucleotides, according to the assignments of the bands from 1725 to 
1620 cm-1 that can be correlated to the C=O groups of the tertiary amide of 
the bond between CS-Fe3O4NPs and the primer. 
 
[We acknowledge the financial support of CAPES, CNPq, FINEP and, 
UniBasel]. 
 
[1] S. Sengupta; D. Eavarone; I. Capila; G. Zhao; N. Watson. Nat. 2006, 436, 568. 
[2] O.C. Farokhzad; J. Cheng; B.A. Teply; I. Sherifi; S. Jon. Proc. Natl. Acad. Sci. 2006, 
103, 6315. 
[3] R. Duncan. Nat. Rev. Drug Discov. 2003, 2, 347. 
[4] Y.C. Chang; D.H. Chen. J. Colloid Interf. Sci. 2005, 283, 446. 
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Nanocomposites of conductive polymers and metallic nanoparticles have 
attracted great attention since they have interesting physical-chemistry 
properties and possible applications in optoelectronic or as DNA sensors for 
gene analysis, clinical disease diagnosis, or even forensic applications [1-4]. 
In this work we have investigated a new kind of fluorescent composites based 
on the interaction between metal nanoparticle/conducting polymer composites 
(MNCP). The primer COOH-5’-terminated T5C7 (300 nM) was covalently 
immobilized onto a fluorescent hybrid MNCP to detect hybridization with its 
fully complementary sequence (A5G7 300 nM) in an ethanolic aqueous 
solution (50% w/w) at 22 °C. MNCP, MNCP/primer and MNCP/hybridization 
were evaluated by dynamic light scattering (DLS), fluorescence and Fourier 
transform Infrared (FTIR) spectroscopies. DLS measurements indicate an 
increase of the MNCP diameter (from 720 nm to ∼ 1500nm), which can be 
attributed to the covalent linkage of the primer to the MNCP [5]. Fluorescence 
enhancement was observed with the MNCP-primer systems (from 105 to 106 
a.u.) at exc=380 nm and em=490 nm. The fluorescence remained in the 
same order of magnitude when the complementary target was added to the 
NCps/primer solution. Nevertheless, the particle size increased (∼ 3000 nm of 
diameter). In parallel, the results from FTIR spectroscopy confirms the 
covalent coupling between the oligonucleotides and NCps. The characteristic 
peak of the tertiary amide has been assigned. Thus, this sensor holds great 
promise for the custom design of future biosensors for molecular diagnostics. 
 
[We acknowledge the financial support of CAPES, CNPq, FINEP and, 
UniBasel]. 
 
[1] B.D. Malhotra; A. Chaubey; S.P. Singh Anal. Chim Acta. 2006, 578, 59.  
[2] B.R. Panda; A. Chattopadhyay Colloid Interf. Scien. 2007, 316, 962.  
[3] J. Aizpurua; P. Hanarp; D.S. Sutherland; M. Käll; G.W. Bryant; F.J. Garcia 
de Abajo Phys. Rev. Lett. 2003, 90 (5).  
[4] Y. Tan; Y. Li; D. Zhu Synth. Metals 2003, 135-136, 847.  
[5] K. Doré; M. Leclerc; D. Boudreau J. Fluoresc. 2006, 16, 259.  
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In the present work, a novel route sol–gel method is employed to prepare 
nanostructured Ca10(PO4)6(OH)2 hydroxyapatite nanopowders doped with 
Eu3+ ions and thermally treated at 500 and 800 ºC for 8h. The XRD analyses 
demonstrated that the powders were single-phase hydroxyapatites 
nanopowders with high crystallite dispersion. The averaged hydroxyapatites 
particle size was determined to be about 20 nm at 500 to 40 nm at 800 ºC. 
The emission and excitation spectra measured for the samples calcinated at 
500 to 800 ºC demonstrated characteristic spectra of Eu3+ ions. The effect of 
hydroxyapatites grain sizes on luminescence properties was noticed. To 
explain these differences a detailed analysis of luminescence spectra by the 
Judd–Ofelt theory has been performed. 
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Silica aerogel is a interesting material, which is super-light, and high nano-
porous with more than 90% of porosity. It has the high specific surface area 
around 1,000m2/g. These properties make aerogel possible as a 
superinsulating material. However, the aerogel has the weak point in the 
viewpoint of mechanical strength, due to high porosity. To overcome the 
mechanical fragility of aerogels, many researchers have studied of the 
composition of aerogel and fiber or organic material. [1] 
 

In this study, we tried to synthesize flexible aerogle by the composition of 
MTEOS and TEOS materials. The hydrolysis reaction of MTEOS is very slow, 
so we added 10M NH4OH to MTEOS precursor solution to control pH at 11. 
MTEOS/TEOS hybrid sols were controlled to be pH 11 by using 6M NH4OH. 
For TEOS, we used 1M NH4OH to be pH 7. After gellation of the precursors, 
we dried the gels by CO2 supercritical drying method.   
 

As a result of nitrogen adsorption and desorption analysis, MTEOS/TEOS 
composite aerogels showed the highest BET specific surface area, about 
1,200m2/g. MTEOS addition increased the pore size. We characterized the 
compressive mechanical properties of MTEOS/TEOS aerogels. MTEOS 
addition decreased fractural strength, but makes it possible to show the 
flexibility.  
 

In conclusion, we can control the flexibility of aerogel by compositing 
TEOS/MTEOS. In addition, we can control microstructures and pore 
structures of aerogels by the composition.  
 

[1] Chang-Yeoul Kim, Jong-Kyu Lee, Byung-Ik Kim, Synthesis and pore 
analysis of aerogel–glass fibercomposites by ambient drying method, 
Colloids and Surfaces A: Physicochem. Eng. Aspects 313–314 (2008) 179–
182 
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Carbon aerogels is the promising supercapacitor electrode material, which 
store the energy generated from solar cell, hydrogen fuel cell, wind mill power, 
and conventional electric power. Especially, supercapacitor is an supporting 
way to create high power for electrical vehicle. Normally, carbon aerogel has 
been synthesized from resorcinol (R)  and formaldehyde (F), using Na2CO3 as 
a catalyst. In this paper, we changed the quantity of catalyst, in the range of 
50-500 for (R+F)/Mg(Ac)2.  
 

We synthesized organic aerogel by CO2 supercritical drying method and then 
carbonized at 800oC for 2h in nitrogen flow atmosphere. With varying the 
quantity of catalyst, we analyzed the microstructure of Carbon aerogel, and 
nitrogen gas adsorption/desorption properties.  We characterized the 
supercapacitor property of Carbon aerogel in H2SO4 electrolyte by 
galvanostatic method and cyclic voltmmetry method. We also synthesized 
carbon/Ni aerogel composites by dipping carbon aerogel into nickel precursor 
solution.  
 

By nickel composition, we could know that the graphitization of carbon aerogel 
could be conducted at low temperature of 800oC. Graphen sheets  were also 
observed around nickel nanoparticles in TEM photographs. Nickel 
composition might be helpful to reduce the equivalent series resistance of 
carbon aerogel electrode, and increase the electrical reaction in the 
electrolyte. At the present, the small increase of supercapacitor is expected by 
forming nickel nanoparticles.  
 

 Fig. Carbon/Ni aerogel composites 
 
[1] Wen-Cui Li, An-Hui Lu, and Ferdi Schu¨th,  Preparation of Monolithic 
Carbon Aerogels and Investigation of Their Pore Interconnectivity by a 
Nanocasting Pathway, Chem. Mater. 2005, 17, 3620-3626
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Over the past decade, several works have been devoted to the direct photo-
patterning of sol-gel derived oxide films. This photo-patterning method is based on 
a chemical modification of metal alkoxide precursors with a suitable organic ligand, 
and a subsequent localized exposure of derived gel films to UV light. 
Benzoylacetone (BzAc) is generally proposed as a ligand when UVA photo-
patterning is implemented. By inducing a photolytic decomposition of the ligand, 
UV light promotes a drastic increase in the chemical stability of irradiated areas in 
the gel film, which allows a selective washing of unirradiated areas and the direct 
formation of fine patterned motives. This patterning method opens the route to new 
low-cost and simplified protocols in optical and electronic fields. For instance, 
patterning high refractive index TiO2 films can impact on applications for diffraction 
gratings. However, while, micronic or submicronic motives have been successfully 
patterned in Al2O3 or lead zirconate-titanate derived films, direct patterning of sol-
gel TiO2 films has often been restrained to motives of larger size. In this work, we 
have performed new investigations on the fine UVA photo-patterning of TiO2 films 
deposited from an alcoholic BzAc-modified sol. Specific sol formulations have 
been developed, which allow an enhanced chemical stability contrast between 
irradiated and unirradiated regions and promote a flexible patterning of micronic or 
submicronic motives using simple mask or laser imprinting methods. These 
formulations are also compatible with the deposition of homogenous and optical 
grade films on large dimension substrates and are very stable over aging. A high 
refractive index of patterned motives can then be monitored from 1.70 to 2.30 
when varying the post-insolation heat-treatment temperature up to 500°C. Infrared 
spectroscopy measurements also show that the presence of remnant alcohol 
within the irradiated regions induces the formation of submicronic structures 
growing at the top of the micronic motives during the post-insolation heat-
treatment. This method enables, therefore, to flexibly monitor combinations of 
micronic and submicronic patterns. Heat-treatment also promotes cristallization of 
the TiO2 films in the anatase structure, which in turn induces photocatalytic 
properties. These latter can not only be considered for self-cleaning applications, 
but can also be used to functionalize the patterned surface with metal 
nanoparticles formed through a photocatalytic reductive mechanism. As a model 
example, this mechanism has been implemented to selectively deposit metal silver 
nanoparticles.             
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It has recently been shown that metal silver nanoparticles (NPs) exhibit a strong 
antibacterial activity similar to that known since ancient times for silver cationic 
salts or compounds. In particular, the antibacterial functionnalization of textile 
products covers a large range of applications in which metal silver NPs can play an 
important role. Some recent works have been devoted to the dispersion of silver 
NPs on textile fibres. In these approaches, and according to the state of the art in 
the formation of metal NPs, silver NPs are generally pre-formed in liquid solution 
through chemical or photochemical reduction procedures. Such procedures often 
involve multiple organic chemicals used as reductive, capping, and/or surfactant 
agents, and intended to control the mean size, size distribution, and stability of 
silver NPs in liquid solution. However, organic chemicals can alter or shield the 
function of metal NPs. In clothing or wound dressing applications, they can also 
provoke biological hazards. Finally, aforementioned chemical and photochemical 
procedures involve quite tedious multi-step processes, which are not necessarily 
compatible with industrial aspects. In the present work, we have investigated a 
simplified all-inorganic two-step procedure to form metal silver NPs, which is based 
on a combination of sol-gel and photochemical routes. Photocatalytic TiO2 
crystalline NPs have first been formed in liquid suspensions through a sol-gel 
route. Such suspensions are very stable and can be used for several weeks in 
reproducible conditions. In a second step, silver nitrate has been mixed in TiO2 
suspensions with different TiO2-AgNO3 ratios and the mixed solutions were 
exposed to UVA light. UV/visible spectroscopic characterizations show that, in 
these conditions, silver nitrate readily undergoes a photocatalytic reduction yielding 
metal silver NPs. Chemico-structural and morphological characterizations of so-
formed NPs also show that the photocatalytic reduction mechanism enables a 
close control of the silver NPs sizes, and increasing the amount of sol-gel derived 
TiO2 crystalline NPs in the solution enhances both the photocatalytic reduction 
yield and stability of derived silver NPs liquid suspensions. Textile materials have 
been impregnated in TiO2-Ag° suspensions and functionnalized textiles have been 
assessed with respect to their anti-bacterial activity against Gram-negative 
bacterium Escherichia coli. These tests indicate that only silver NPs undergo 
strong bacterial interactions. Depending on the silver loading level, it is shown that 
functionnalized textiles can selectively exhibit a bacteriostatic or bactericide 
activity.          
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Sol–gel films are actively investigated during the last decade as possible 
candidates for environmentally friendly pre-treatments on metals [1-2].  
However, the main drawback is the lack of active corrosion protection 
compared to chromate conversion coatings, particularly on aluminium alloys 
[3]. However, the environmental laws in many countries have imposed severe 
restrictions on chromate use due to its high toxicity and environmental 
hazards.  
A new approach, which is reported in this paper, consists to use sol-gel 
process to prepare hybrid coatings containing cerium on aluminium substrates 
[4-5]. In this work cerium nitrate was used as additives to the hybrid sol–gel 
formulations in order to confer active corrosion protection without damaging 
the coating. The cerium nitrate was added at different ratios in the synthesis 
process to understand the role of possible interaction of the inhibitor with 
components of the sol–gel system. Some key parameters like viscosity, pH 
and contact angle measurements have been investigated to determine sols 
properties in correlation with the cerium content. Furthermore, a series of 
electrochemical, microstructural and physico-chemical characterizations were 
performed on the as-prepared sols and on the coatings to understand the role 
of cerium. 
The results demonstrate that first, cerium nitrate do not affect the stability of 
sol-gel films and second, that this inhibitor plays two roles in the coating: first, 
an active role in corrosion resistance because of its mixed valence CeIII /CeIV 
which has been investigated by XPS measurements and second, an increase 
of polymeric network cohesion leading to a best adhesion on the metallic 
substrate. 
[1] K.A. Yasakau; M.L. Zheludkevich; O.V. Karavai; M.G.S. Ferreira; Progress in 
Organic Coatings, 2008, 63, 352. 
[2] M.L. Zheludkevich; R. Serra; M.F. Montemor; I.M. Miranda Salvado; M.G.S. Ferreira; 
Surface and Coatings Technology, 2006, 200, 3084. 
[3] M.L. Zheludkevich; R. Serra; M.F. Montemor; I.M. Miranda Salvado; M.G.S. Ferreira; 
Surface and Coatings Technology, 2006, 200, 3084. 
[4] V. Moutarlier; B. Neveu; M.P. Gigandet; Surface and Coatings Technology, 2008, 
202, 2052. 
[5] A. Conde; A. Durán; J. J. de Damborenea; Progress in Organic Coatings, 2003, 46, 
288.
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Active aluminas with high surface area are well known for their use as 
adsorbents, catalysts, desiccants, coatings, soft abrasives and advanced 
polycrystalline ceramic materials. Reactive aluminas are prepared by the 
thermal transformation of aluminum hydroxides and alumina gels. The sol-gel 
process provides a new approach to the preparation of oxide materials and 
offers many advantages for making catalysts. Since homogeneous mixing can 
be achieved at the molecular scale, the chemical reactivity of the oxide 
surface can be greatly enhanced; thus powders with high surface area and 
optimized pore size distribution can be obtained at low temperatures. The 
catalysts prepared by sol-gel route present an uniform distribution of the 
active phase in the support. In the present work Ni/Al2O3 sol-gel catalysts 
were obtained by simultaneous gelation of aluminum isopropoxide and nickel 
nitrate. A comparative study with pure sol-gel alumina was also realized. By 
physico-structural studies (XRD, FTIR, BET) the changes induced by the 
introduction of the Ni precursor, before and after aluminum alkoxide hydrolysis 
were highlighted. The introduction of Ni at the beginning of the reaction favors 
γ-Al2O3 crystallization. When Ni is added at the end of reaction, it delays the 
alumina crystallization and induces the disorder of the lattice. This fact was 
confirmed by the structural parameters values (very small crystallite sizes and 
great internal strains). The obtained Ni doped sol-gel derived alumina has 
been used as catalyst in the finished form for glycerol reforming to generate 
H2 for fuel cell applications.  
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Pesticides represent one of the most important classes of substances used in 
the agriculture. Among them, the organophosphorous compounds are the 
most common ones. Although they are extensively used for the increase of 
the food production, a very rigorous control is required in order to ensure, in 
the same time, the human and environment  protection. The matter of the 
environmental control is well recognized in our days, taking into account the 
presence of used pesticides in surface and ground waters. That is why the 
studies regarding the carrier materials of active substances for controlled 
release represent a major topic in the area of delivery systems. The porous 
sol-gel silica materials able to entrap different organic molecules could be 
considered as an alternative for such kind of systems. The aim of the present 
work was to prepare and characterize three series of sol-gel composites 
based on trichlorfon as organophosphorous pesticide embedded in silica 
matrices. The matrices were generated from three different SiO2 sources: 
tetraethylortosilicate, colloidal silica, and sodium silicate. Based on the ability 
of cyclodextrins to form inclusion complexes with different active compounds, 
which present controlled release properties, similar samples to those 
containing only trichlorfon have been also synthesised, in which α-, β-, and γ-
cyclodextrins have been included. The pesticide-silica sol-gel samples in the 
absence and in the presence of cyclodextrins have been compared. 
Depending on the cyclodextrin type and on the silica source, a comparison 
between the performances of the prepared materials has been made, in order 
to establish the most convenient system from point of view of the pesticide 
delivery. 
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Sol-gel derived organic-inorganic hybrids have been used in the last few years 
to incorporate lanthanide β-diketonate complexes in order to  simultaneously 
improve their thermal stability, mechanical features and light emission 
properties [1,2]. Here an organic-inorganic hybrid, named di-ureasil formed of 
a siliceous skeleton grafted to poly(ethylene oxide) chains through urea cross-
linkages [3,4], was used as host to incoporate, through sol-gel method, the 
complex of molecular formula [Eu(btfa)3(MeOH)2]•bpe (btfa = 4,4,4-trifluoro-1-
phenyl-1,3-butanedione; bpe = 1,2-bis(4-pyridyl)ethylene).  The non-doped di-
ureasil hybrids, are white-light emitters resulting from a convolution of the 
emission originated in the NH/C=O groups of the organic/inorganic cross-links 
with electron-hole recombinations occurring in the siloxane nanoclusters [3,4].  
 

The emission spectra of the Eu3+ complex and Eu3+@hybrid display the 
typical 5D0 → 7F0-4 emission lines. For the Eu3+@hybrid the typical blue-green 
emission of the di-ureasil host is faintly discerned in their emission spectrum 
suggesting the presence of active host-to-Eu3+ energy transfer [3,4]. 
Spectroscopic analysis via photoluminesce and FT-IR features strongly 
suggest that after the complex incorporation into the hybrid matrix the labile 
bpe ligand is replaced by the functional groups of the hybrid framework, 
remaining in close proximity to the Eu3+ ions, contributing to the sensitization 
process. Moreover, due to the host interaction with the complex the two 
methanol molecules in the Eu3+ first coordination shell are removed favoring 
interaction with the oxygen atoms of the carbonyl groups of the di-ureasil host. 
The emission quantum yield values for the complex and hybrid are the same, 
58±6 and 60±6.0%, respectively, indicating that the degradation of the 
emission quantum yield for the complex does not occur after incorporation into 
the di-ureasil host. We should point out that these quantum yield value is the 
highest one reported for lanthanide based organic-inorganic hybrids. 
  
[1] P.P. Lima; R.A.S. Ferreira; R.O. Freire; F.A.A. Paz; L. Fu; S. Alves Jr.; L.D. Carlos; 
O.L. Malta ChemPhysChem, 2006, 7, 735. 
[2] L.D. Carlos; R.A.S. Ferreira; V. de Zea Bermudez; S.J.L. Ribeiro  Adv. Mater. 2009, 
21, 509. 
[3] S.S. Nobre; P.P. Lima; L. Mafra; R.A.S. Ferreira; R.O. Freire; L. Fu; U. Pischel; V. de 
Zea Bermudez; O.L. Malta; L.D. Carlos J. Phys. Chem. C 2007, 111, 3275. 
[4] P.P. Lima; S.S. Nobre; R.O. Freire; S.A. Júnior; R.A.S. Ferreira; U. Pischel; O.L. 
Malta; L.D. Carlos J. Phys. Chem. C, 2007, 111, 17627. 



Poster Session 

SOLGEL2009 

317 

PSG195- FINE-TUNING OF THE CHROMATICITY OF THE 
EMISSION COLOURS OF AN ORGANIC-INORGANIC HYBRID 
INCORPORATING AN Eu0.5/Tb0.5 ββββ-DIKETONATE COMPLEX 
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Lanthanide β-diketonate complexes have been incorporated into sol-gel 
derived organic-inorganic hybrid hosts in order to simultaneously improve their 
thermal stability, mechanical features and light emission properties [1]. In this 
work the complex of molecular formula [Eu0.5Tb0.5(btfa)3(EtOH)(4,4′-bpy)] 
(btfa=4,4,4-trifluoro-1-phenyl-1,3-butanedione; 4,4′-bpy=4,4′-bipyridine) was 
incorporated into a sol-gel derived organic-inorganic hybrid, named di-ureasil, 
whose framework consists of a siliceous skeleton grafted to poly(ethylene 
oxide) chains through urea cross-linkages [2a,b]. In this hybrid the white-light 
photoluminescence results from a convolution of donor-acceptor pair 
recombinations that occur in the NH/C=O groups of the urea linkages and in 
•OO-Si≡(CO2) oxygen-related defects of the siliceous nanodomains [2a,b]. 
The photoluminescent study for the Eu0.5Tb0.5@hybrid was realized between 
12 and 298 K. Between 12 and 200 K the green 5D4 → 7F5 Tb3+ line (∼ 542 
nm) and the red 5D0 → 7F2 Eu3+ line (∼ 614 nm) have praticaly the same 
intensity. For temperatures above 200 K the intensity of green Tb3+ 
luminescence decreases while the intensity of the red Eu3+ luminescence 
pratically does not alters. The emission dependence on the temperature 
originates from hybrid-to-Eu3+/Tb3+ energy transfer [3]. In the entire 
temperature range no sign of the intrinsic hybrids emission ascribed to 
electron-hole recombinations within the NH/C=O groups and in the siloxane 
nanoclusters [2a,b] could be detected, which is in good agreement with the 
presence of the hybrid-to-Eu3+/Tb3+ energy transfer mechanims. In this 
approach, a fine-tuning of the chromaticity of the emission of 
Eu0.5Tb0.5@hybrid was achieved. As the temperature increases from 12 to 
298 K the emission colors coordinates change within the yellow-red region 
from (0.497, 0.457) to (0.655, 0.337) for the Eu0.5Tb0.5@hybrid. A decrease in 
the emission quantum yield from 34±3% in the complex to 28±3% in the 
Eu0.5Tb0.5@hybrid was observed suggesting that the 5D0 nonradiative paths in 
the hybrid are higher than those existent in the Eu0.5Tb0.5 complex. 
  

[1] P.P. Lima; R.A.S. Ferreira; R.O. Freire; F.A.A. Paz; L. Fu; S. Alves Jr.; L.D. Carlos; 
O.L. Malta ChemPhysChem, 2006, 7, 735. 
[2] (a) L.D. Carlos; R.A.S. Ferreira; R.N. Pereira; M. Assuncão; V.D. Bermudez J. Phys. 
Chem. B 2004, 108, 14924. (b) S.S. Nobre; P.P. Lima; L. Mafra; R.A.S. Ferreira; R.O. 
Freire; L. Fu; U. Pischel; V. de Zea Bermudez; O.L. Malta; L.D. Carlos J. Phys. Chem. 
C 2007, 111, 3275. 
[3] L.D. Carlos; R.A.S.Ferreira; J.P. Rainho; V.D. Bermudez Adv. Func. Mater. 2002, 
12, 1. 
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PSG196- HIERARCHICALLY POROUS HYBRID MONOLITHIC 
SILICA MATERIALS: SOL-GEL SYNTHESIS AND APPLICATION IN 

CHROMATOGRAPHY 
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INTRODUCTION 
High performance liquid chromatography (HPLC) is most commonly 
performed utilizing purely inorganic silica-based stationary phases. Next to the 
long known particle packed columns, monolithic silica columns are available 
since the year 2000 and offer an alternative to the user of HPLC stationary 
phases. These hierarchically porous monolithic materials are synthesized in a 
sol-gel process accompanied by phase separation.[1] They are advantageous 
in HPLC as a result of offering both high chromatographic performance and 
low column backpressures.[2]  
Owing to the nature of the silica backbone of such columns their use is 
restricted to a pH range of approximately 2 – 7.5. To overcome these 
limitations and to extend the applicability of columns to a broader range of pH 
(e.g., 1 – 12) an introduction of alkyl moieties into the silica skeleton is 
desirable. Such a modification can directly be achieved by utilizing mixtures of 
tetra- and organotrialkoxysilanes such as methyltrimethoxysilane (MTMS) or 
other (bridged) alkyl- or aryl-bearing silanes during the synthesis process.[3]  
 
SYNTHESIS and CHARACTERISATION 
The synthesis of a series of hybrid monolithic materials has been carried out 
following an acid-catalyzed sol-gel process accompanied by phase-
separation. Different amounts of tetramethoxysilane (TMOS), MTMS and 
polyethylene oxide (PEO) were used as precursor molecules. As a product of 
this process a porous hybrid monolithic silica structure is yielded, which 
consists of a bicontinuous system of silica skeleton and macropores (figure 1). 
A subsequent alkaline treatment of the material allows for an introduction of 
mesopores into the silica skeleton. Typical macropore and mesopore sizes 
are in the range of 1.5 - 2.5 µm and 10 - 15 nm, respectively, whereas the 
diameter of the skeleton can be adjusted between approximately 1 - 3 µm.  
All obtained materials are primarily characterised by different physical analysis 
methods (mercury porosimetry, nitrogen sorption, scanning electron 
microscopy). Depending on the synthesis composition physical parameters 
such as pore sizes or skeleton diameters sizes and specific surface areas 
vary in a broad range.  
For HPLC analyses all monoliths were cladded utilizing a suitable 
polyaryletheretherketone (PEEK) polymer applying a standardized and 
optimized procedure. Subsequently the resulting HPLC columns were 
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characterised under normal phase conditions using n-heptane/dioxane (95:5 
v:v) as a mobile phase and 2-nitroanisole as a test compound.  
 

 
 

 
 

  
 
Figure 1. Scanning electron microscopical images of hybrid monolithic 
silica materials. v(TMOS)/v(MTMS) decreasing from top left to bottom right. 
 
Decreasing the ratio of v(TMOS)/v(MTMS) while keeping the macropore 
diameter nearly constant leads to a stepwise loss of structural homogoneity of 
the resulting hybrid monolithic materials (see figure 2). In other words both the 
skeleton and macropore size distributions become broader – an effect which 
in turn causes lower chromatographic performances.[4] To clearly point out 
this outcome correlations between several structural properties (e.g. pore 
sizes and volumes, specific surface areas, skeleton diameter) and 
chromatographic performance of various hybrid monolihic columns are being 
given. 
 
[1] K. Nakanishi J. Porous Mater. 1997, 4, 67-112 
[2] K. Cabrera, D. Lubda, H.-M. Eggenweiler, H. Minakuchi, K. Nakanishi J. 
High Resolut. Chromatogr. 2000, 23, 93-99 
[3] K. Nakanishi, K. Kanamori J. Mater. Chem. 2005, 15, 3776-3786 
[4] S. Altmaier, K. Cabrera J. Sep. Sci. 2008, 31, 2551-255 



Poster Session 

SOLGEL2009 

320

PSG197- OBTAINMENT OF NEW DRUGS USING THE FETFPP- 
SILICA AS CATALYST PREPARED BY SOL-GEL METHODOLOGY 
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U. O. Gonçalves1, A. C. Pereira1, M. L. A. Silva1, A.A.  Da Silva Filho1 

 

1 Universidade de Franca, Franca, Brazil 
viny.nero@hotmail.com 

 
 
Lignans have attracted much interest over the years on account of their broad 
range of biological activities, including antitumoral, trypanocidal, antimicrobial, 
and anti-inflammatory activities. Licarin-A, a lignan obtained from isoeugenol, 
possess significant schistosomicidal activity against Schistosoma mansoni 
adult worms. Considering the possibility of obtainment of licarin-A derivatives, 
there is a great interest in the search for new forms of oxidizing lignans, 
because his oxidized products may be active and enhance the functionality of 
the lignan molecule. Models in vitro have been intensely used during all 
stages of the development and applicability of news drugs. Oxidation 
performed in vivo for varied enzymes, such as the cytochrome P-450, can be 
easily mimetic in soft conditions using synthetic ironporphyrins. Ironporphyrins 
have been used as cytochrome P450 models due to their ability to catalyze 
organic oxidations. Besides their biological and catalytic properties, 
ironporphyrins can also be immobilized in organic polymers, as well as in 
amorphous and crystalline inorganic materials, such as silica and alumina. 
The advantage of immobilization is the prevention of chemical degradation 
and the possibility of the recycling the material, minimizing the cost 
operational. In this work, a catalytic system consisting of the iroinporphyrin of 
second generation FeTFPP+, immobilized in polymer matrix of silica for 
oxidation of licarin-A, with iodozilbenzene, PhIO, is reported. Initially, the 
porphyrin was covalently bounded in a silica by sol-gel methodology mixing   
3-amine-propyltriethoxysilane (APTES) with  FeTFPPCl  under reflux, for 9 h, 
at 150o C under argon in the presence of pyridine in 50 mL of dry DMF 
(previously bubbled with argon for 2 h at 600 C). The obtained solid materials 
had the characteristic UV-visible absorption spectra pattern of the 
corresponding metalloporphyrin in solution.  Thermogravimetric analysis also 
confirmed the presence of metalloporphyrin in a silica matrix. This procedure 
resulted in a material containing 14 mg of FeP per gram of silica. The 
oxidation of licarin-A catalyzed by the heterogeneous FeTFPP-silica, was 
performed at atmospheric pressure and room temperature. The resulting 
oxidized licarin-A product was isolated by column chromatography over silica 
gel (230-400 mesh), using hexane-EtOAc (8:2 v/v) as mobile phase, 
producing a yellow oil.  The oxidized licarin-A product was produced with high 
selectivity and its chemical structure was established by 1H and 13C NMR in 
comparison with those of authentic compounds previously published. 



Poster Session 

SOLGEL2009 

321

PSG198- DYE-DOPED AMINE-FUNCTIONALISED ORGANIC-
INORGANIC HYBRIDS FOR LIGHT AMPLIFICATION  

 
 

P. S. André1,2, T. Almeida1,2, F. Legesse1-3, E. Percoraro1, R. A. S. Ferreira2,3, 
L. D. Carlos2,3 
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 2 Departamento de Fisica da Universidade de Aveiro, 3810-193 Aveiro, Portugal  
3 CICECO, Universidade de Aveiro, 3810-193 Aveiro, Portugal  

e-mail: pandre@av.it.pt 
 
 
Optical fibers are nowadays a reliable support for transmission of information 
over long distances and access networks[1], being the short range 
communications connections an exclusive for the electric copper cabling. 
However, the increase of the transmission requirements, potentiated by the 
huge increase of the internet demand, higher bandwidth is imposed. Plastic 
optical fiber (POF) can be a suitable technology to replace the copper cabling 
in short range connections[2]. The direct application of POFs has been 
delayed due to the fact that optical power budget is not enough for this 
distributed networks due to signal splitting in optical nodes for several 
branches[3]. Therefore, higher intensity light emitter diodes (LED) must be 
developed or a suitable optical amplification technique must be employed. In 
this context, the sol-gel route appears as a simple and cost effective way to 
develop new materials for light amplification. In particular, organic-inorganic 
hybrids (OIH) are good candidates because the mild processing temperature 
is compatible either with optoelectronic integration and organic dyes dopping 
and OIH  can be tailored as transparent monoliths with the desired shape and 
thin films. Amplification on POF was already attained in polymeric systems, 
using a c.w. fluorescent lamp to pump Nd3+- doped poly(methyl 2-
methylpropenoate) (PMMA) [4].  
In this context, we propose the development of an optical amplifier, suitable to 
POF networks with external c.w. LED excitation based on amine-
functionalised OIH, designated as di-ureasils, doped with different 
concentrations (8-800mmol) of Rhodamine B and 6G. The di-ureasils were 
processed transparent fibres with 1.1 mm in diameter and 980 mm long. The 
hybrids are multi-wavelength emitters due to the overlap of the hybrids 
intrinsic blue emission with the typical red one arising from Rhodamine B and 
Rhodamine 6G emission, which depends on the concentration ranges from 
548 to 590nm for Rhodamine 6G and from 583 to 593nm to Rhodamine B. 
The relative intensity of these emissions depends both on the excitation 
wavelength and on the amount of incorporated dye, pointing out the presence 
of hybrid-to-dye energy transfer. A maximum emission quantum yield value 
around 0.70 was attained for the di-ureasils doped with 12.5 % w/w) of 
Rhodamine B and Rhodamine 6G under excitation at 380 nm. 
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The Rhodamine 6G doped di-ureasils processed as fibers will be connected to 
a standard PMMA fiber and pumped with LED excitation, in order to estimate 
the optical on/off gain. Preliminary results, point out that Rhodamine-di-
ureasils OIH have potential to be used in optical amplifiers in POF networks. 

 
References: 
[1] P. André, C. Arellano, C. Bock, F. Bonada, P. Chanclou, J. M. Fábrega, N. 
Genay, T. Koonen, J. Lazaro, J. Lepley, E. Lopez, M. Omella, V. Polo, J. Prat, 
A. Teixeira, S. Di Bartolo, G. T. Beleffi, S. Walker, Enhanced Transmission 
Techniques, Next-Generation FTTH Passive Optical Networks, pp. 65-110, 
Springer, 2008. 
[2] C. Rodrigues, 6th International Conference on Plastic optical Fibers, Turin, 
September 2007. 
[3] K. Applebaum, Fiber Optic Wiring For Slow Speed Avionics, Avionics 
Conference, Amsterdam, March 2009. 
[4] K. Fujii, Opt. Commun. 1999, 171, 81. 
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The development of new materials with renewable sources, low cost, 
improved physical-mechanical properties, and biodegradable, has become the 
main objective of many companies and research groups. This work was 
prepared a first stage nanosphere of silica from basic hydrolysis of TEOS 
(tetraethyl orthosilicate), with the presence of NH4OH, ethanol, TEOS and 
water. The second stage was prepared a urethane resin from castor oil. The 
synthesis followed the described procedure in the work of  DE CARLO, 2002 
[1]. Polyurethanes (PU) are very versatile polymers that for the adequate 
choice of the elements can be prepared as a thermoplastic one, termosetting, 
elastomer, rigid foam or adhesive. Therefore, daily pay-polymer PU with cure 
for the humidity of air comes if becoming important tool in the formularization 
of materials. The strategical properties of the polyurethane systems with cure 
for humidity are: adhesion, resistance to the abrasion, hardness, solvent 
chemical resistance, low the temperature of application, tolerance to the high 
humidity, easiness of application, autocatalysis e, one of most excellent, is the 
reduction of dangerous components (isocyanate monomers of free)[2]. One 
another characteristic as increasing demand of market is the use of polyols 
derived from castor oil, a renewable source and with simplicity of synthesis of 
derivatives. The objective of this study was to prepare TEOS-PU materials 
analyzing the improve of the mecanical and thermal properties. The spheres 
of silica was dispersed in the resin by agitation mechanics. The hybrid 
materials had been characterized by FTIR, analyze thermal and Dynamical 
Mechanical Analysis (DMA). TG and DTA curves obtained for precursor PU 
showed residual solvent volatilization and the thermal degradation of aromatic 
and aliphatic structures.  
 
 
[1] E. De Carlo, Desenvolvimento e caracterização de um poliuretano 
monocomponente baseado em óleo vegetal com processo de cura pela 
umidade do ar. 2002.. Dissertação (Mestrado) – Instituto de Química, 
Universidade de São Paulo, São Carlos, 2002, 207f. 
[2] K. H. Zia; H. N. Bhatti; I. A. Bhatti Reactive & Functional Polymers, 
2007.Vol 67, p.675-692. 
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PSG201- APPLICATION OF POLYETHYLENIMINE FORMATIONS 
FOR OBTAINING MESOPOROUS STABLE INORGANIC 

COMPOUNDS 
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Organized mesoporous CuO-Al2O3 composite were synthesized using a sol-
gel based self assembly technique. Unfolded polyethylenimine permolecular 
formations were employed as a structure directing agent. Formation 
mechanism of well – organized composite structure is explained.  
 

Since the first successful synthesis of  well-ordered, periodically organized 
mesoporous silica materials, such as the members of the M41S family and 
SBA-15, efforts have been directed toward extending the group of 
mesoporous materials to another inorganic systems including their 
composites. In this abstract, we report the synthesis of organized mesoporous 
CuO - Al2O3 composite with a designed loading Cu of 2.5 wt % which is an 
interesting and attractive material because of its applications as catalyst or 
catalytic membrane in different heterogeneous catalytic reactions. 
 

During the sol gel synthesis adding in a solution of aquafortis led to unfolding 
of polyethylenimine macromolecules, achieving maximum of unfolding at 
ph=4-4,5. As a result of donor-acceptor bonds formation between imines 
groups and copper ions polymer colloidal complex is formed (fig.1.) and after 
this due to adsorbtion alumina precursor covers formed structures. In our 
opinion such approach should lead to the synthesis of mesoporous material 
forming level-by-level self-assembly. When on a surface of polyethylenimin 
permolecular formations are consistently formed layers of copper oxide 
precursor in the beginning, and then alumina precursor.   
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. Scheme of СuO-Al2O3 formation.
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The as-synthesized and calcined materials were characterized using X-ray 
powder diffraction, electron microscopy, FTIR spectroscopy and thermal 
analysis. Obtained data confirm the formation mechanism described on fig.1. 
 

Catalytic activity of materials was measured in the reaction of 
dehydrogenation of alcohols. It was shown, that at increasing of length 
hydrocarbon radical of alcohol catalytic activity prepared mesoporous 
materials in contrast to conventional alumina catalyst is increased [1]. 
 
[1] V. Vinogradov; A. Agafonov; J.Catal. in Industry. 2008, 5, 17.  
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PSG202- FAST SOL-GEL FOR PHOTONICS DEVICES 
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The fast sol-gel method allows rapid manufacture of a hybrid resin with a low 
organic content. This resin can be quickly cured to form, without shrinkage, a 
crack-free hybrid ceramic with excellent optical and thermal properties [1], 
which can be used in a variety of optical devices. 
We will present here several fast sol-gel applications and their measured 
opto-mechanical properties. This material has been used, for example, as a 
medium for waveguide and three-dimensional micro-structures, and as a 
material for molding optical elements. Complex micro and nano-structures 
have been achieved with lithographic and photo-lithographic techniques.  
Thermal and ultra-violet curing techniques have been used. Curing times 
ranging from several hours for thermal curing to tens of seconds for UV curing 
have been achieved. A highly transparent, strong optical adhesive was 
developed with an irradiation damage threshold above 5 kW/cm2. 
This class of materials combines salient properties of silica glass such as 
optical quality and thermal stability with the high design flexibility and 
straightforward handling of organic polymers.  This unique combination 
presents a very attractive solution to many applications in electro-optics, 
microelectronics and bio-photonics. 
 
[1] R. Gvishi, "Fast sol-gel from fabrication to applications" Journal of Sol-Gel 
Science and Technology Special Issue for the 60th Anniversary of Prof. David 
Avnir, in press (2008).  
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Hierarchically porous structures have been prepared in a one-pot sol-gel 
synthesis. Monolithic titania, zirconia and the mixed oxides were templated 
from polyfurfuryl alcohol and Pluronic F127. The metal chorides dissolved in 
ethanol were mixed with furfuryl alcohol (FA) and the surfactant (F127). The 
acidity from the TiCl4/EtOH prompted the polymerization of furfuryl alcohol, 
which in turn generated water. The water was responsible for hydrolysis of the 
metal chlorides and at the same time enhances the phase separation of 
polyfurfuryl alcohol into hydrophobic colloids. Thus colloidal spheres were 
formed in situ and the oxide gelled around the templates. 
 
Both macro- and mesoporosity could be 
controlled by adjusting the ratio of FA and 
F127 with regards to the metal chlorides, 
although these templates did not act 
independently. The colloidal spheres were 
relatively uniform in size and created pores in 
the calcined oxide with diameters of ~0.5-5 
µm, depending on the initial concentration of 
FA. Solvent channels formed larger 
macropores on the order of 25 µm. The 
mesopores were approximately 10 nm in 
diameter. 
 
Previously, titania has been used to template 
porous carbons, prepared from pyrolyzing 
polyfurfuryl alcohol.[1] Macroporous silica has 
been templated from polyfurfuryl alcohol[2]. This is the first report of 
hierarchically porous metal oxides prepared from templating F127 and 
polyfurfuryl alcohol colloids. 
 
[1] C. de A. Filho; A. J. G. Zarbin J. Braz. Chem. Soc. 2006, 17, 1151. 
[2] S. Grund; A. Seifert; G. Baumann; W. Baumann; G. Marx; M. Kehr; S. 
Spange Micropor. Mesopor. Mater. 2006, 95, 206. 
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While thin inorganic-based coatings are interesting systems for many applications, 
the combination of sol-gel inorganic polycondensation chemistry with liquid 
deposition techniques allows for their preparation with controlled composition, 
structure and porosity. However, the very low quantity of material, and the 
presence of the substrate, makes routine structural analyses generally difficult to 
perform. It is known that spectroscopic ellipsometry is a very efficient technique to 
asses thin film optical properties and thickness with high accuracy and in 
extremely short time. In the present work, we will describe how ellipsometry has 
become the ultimate routine sol-gel film characterisation technique in our 
laboratory. In particular, we will demonstrate that it is well appropriate to 
environmental, in situ, and time-resolved investigations when appropriate 
processing devices are fitted onto the equipment. After a brief introduction on the 
technique, the following three different experiments will be described and 
illustrated with examples of mesoporous or dense, pure, hybrid or nanocomposite, 
TiO2, Al2O3, SiO2, or MgF2 films. (i) Environmental Ellipsometric Porosimetry (EEP) 
provides a complete description of thin film accessible porosity (pore volume, pore 
size distribution, interconnection) in less than 1h.[1,2] It is based on the 
measurement of relative humidity-induced-water-capillary-condensation inside the 
porous network which induces an increase of refractive index. Data are then 
treated by optical and sorption models.[3] EEP is analogous BET-type technique 
for powder analysis. (ii) Thermal Ellipsometric Analysis (TEA) consists in heating 
the “wett” coating, in a controlled environment and at selected rate, and to collect 
the variation in refractive index and thickness over the whole thermal history. The 
evolution of these allows to detect dehydration, thermal decomposition, 
crystallisation and sintering in similar way TGA-DSC would do with powder 
samples.[4,5] (iii) The photocatalytic degradation of organics, incorporated into 
TiO2 mesoporous films, has been followed, in situ, by ellipsometry during UV-
curing. The variation of refractive index is used to asses the kinetic of self-
cleaning.[6] Finally, perspectives of future experiments will be described.   
 
[1] D. Grosso et al. Nature Materials 2007, 8, 572. 
[2] Y. Sakatani et al. Chemistry of Materials 2006, 16, 77. 
[3] C. Boissière et al. Langmuir 2005, 21, 12362. 
[4] J.D. Bass et al. Journal of American Chemical Society 2008, 130, 7882 
[5] J.D. Bass et al. Chemistry of Materials (2008) 20, 5550. 
[6] D. Grosso, C. Boissiere, L. Nicole, C. Sanchez, Patent (submitted). 
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Composites of nano-sized metal inclusions in ceramic matrixes (NIM:s) are of 
great interest for many technological applications, such as catalysts, carbon 
nano-tube growth substrates, magnetic response materials, transformers, 
memories, light-weight structural ceramics, durable coatings and spectrally 
selective solar heat-absorbers. Solution based processes provide efficient 
routes to complex nano-materials in all forms including nano-powders, 
sponges and thin films. Here we report on a low cost solution based route to 
homo- and heterometallic metallic nano-inclusion materials of M-Al2O3 with M 
= Co, Ni, Cu and heterometallic inclusions. NIM:s with metal particle sizes 
down to below 5 nm and metal particle loadings up to over 80% have been 
prepared in the forms of thin films and porous powders.  
The nano-inclusion materials were successfully tried out as spectrally 
selective solar heat absorbers. With an optimized three-layer structure, a 
highly efficient absorber with 97% absorption and 5% emittance  (100oC) was 
obtained. This value is as far as we know the highest reported for this kind of 
absorbers. Moreover, the coatings were appealing and mechanically and 
chemically very durable which allows for unprotected architectural 
applications, and thus these coatings be described as belonging to the 4:th 
generation solar absorbers having both very high efficiency and durable and 
appealing surfaces. Preparation temperatures as low as 500oC makes it 
possible to coat aluminium sheets, which is of importance for spectrally 
selective absorbers as these are the most important substrates. In addition, 
highly porous composites were successfully tried out for catalysis of the 
important reaction: CH4 + CO2 to 2H2 + CO.  
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The development of bone tissue regeneration calls for biomaterials able to 
release biologically active substances in a controlled manner after 
implantation. In this context, doped bioactive glasses are of major interest; 
their key property relies on the increased kinetics of surface reactions, along 
with the release of critical concentrations of ionic dissolution products capable 
of stimulating cellular responses. In this paper, we report for the first time a 
complete evaluation of the in vitro reactivity of SiO2–CaO and SiO2–CaO–
P2O5 bioactive glasses doped with several ions including Zn, Sr and Mg. The 
glasses were tested in vitro in DMEM and the interface between the glass and 
the biological medium was chemically mapped using highly sensitive Particle 
Induced X-ray Emission coupled to Rutherford Backscattering spectroscopy 
(PIXE-RBS). ICP-AES was also used to quantify the ionic products released 
in the biological medium during the interaction with glasses.  
In contact with simulated acellular physiological fluids, these materials induce 
the formation of a calcium phosphate surface layer that closely resembles to 
the biological apatite present in bones. Compared to undoped materials, the 
dissolution of doped binary and ternary glasses is reduced. However the 
surface layer is more quickly transformed into a bone-like apatite phase, as 
evidenced by the kinetics of evolution of the Ca/P atomic ratio. Evidences of 
the presence of doping ions at the glass/biological fluids interface were 
obtained, along with the demonstration that these elements are released in 
physiological concentrations into the biological environment. Knowing the 
well-recognized beneficial effects of these ions and in particular strontium on 
cell activity and bone remodeling, this crucial result gives high hopes for the 
development of innovative applications based on doped glasses in treatment 
of osteoporosis and tissue engineering. 
 
[1] J. Lao, E. Jallot and J.-M. Nedelec, Chem. Mat. 2008, 20(15), 4969. 
[2] J. Lao, J.-M. Nedelec and E. Jallot, J. Phys. Chem. C 2008, 112, 9418. 
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Lamellar nanostructured bridged silsesquioxanes can be obtained by sol-gel 
hydrolysis-polycondensation of suitable urea-containing bis-silylated organics. 
Under acidic hydrolysis of precursor P12 in water, highly ordered L12 material was 
formed as small plates [1,2], whereas under nucleophilic-catalysed hydrolysis an 
amorphous A12 material was formed [3]. 

 
 

 

cc
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Following this study, we performed the sol-gel synthesis of P12 under various 
conditions. In this communication, we will firstly show how under nucleophilic 
catalysis (NH4F) an europium salt may direct the formation of a short range 
ordered hybrid material leading to an unexpected bow-tie shaped structure. 
Secondly we will demonstrate that a sea-sponge shaped lamellar hybrid L12D is 
formed in the presence of DMSO, instead of the plates produced when the 
hydrolysis is conducted exclusively in water. On the basis of multiple analyses 
(SEM, AFM, NMR, IR, PXRD...), we will give arguments to explain the possible 
self-assembly mechanisms involved which lead to the different morphologies 
observed. 
 
[1] J.J.E. Moreau, L. Vellutini, M. Wong Chi Man, C. Bied, J.-L. Bantignies, P. 
Dieudonné, J.-L. Sauvajol J. Am. Chem. Soc. 2001, 123, 7957. 
[2] S. S. Nobre, C. D. S. Brites, R. A. S. Ferreira, V. de Zea Bermudez, C. Carcel, J. J. 
E. Moreau, J. Rocha, M. Wong Chi Man L. D. Carlos, J. Mater. Chem. 2008, 18, 4172.  
[3] J.J.E. Moreau, L. Vellutini, M. Wong Chi Man, C. Bied, P. Dieudonné, J.-L. 
Bantignies, J.-L. Sauvajol Chem. Eur. J. 2005, 11, 1527. 
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There has recently been a great deal of interest in searching for new materials 
for application as hosts in infrared-to-visible light upconverters or optical 
amplifiers based upon rare-earth doped systems [1,2]. Some of their many 
applications include: color displays, high density optical recording, biomedical 
diagnostics, infrared laser viewers and indicators, fiber lasers and amplifiers. 
Fluorosilicate based sol gel glass ceramics have recently emerged as 
auspicious candidates for such photonic devices applications. These glasses 
are advantageous because they present low temperature of preparation, 
better mechanical strength, chemical durability, and thermal stability than 
fluoride-based glasses. The present work involves the investigation of optical 
transitions and upconversion fluorescence spectroscopy of trivalent lanthanide 
ions Er3+, Ho3+ and Tm3+ codoped with Yb3+ in β-PbF2 nanocrystals dispersed 
in silica glassy matrix, excited with near-infrared diode lasers. The 
dependence of the upconversion luminescence upon diode laser power, and 
the upconversion excitation mechanisms involved are also investigated. The 
viability of using these glasses as host for practical applications in optical 
temperature sensors will also be presented.  
 
[1] A.S. Gouveia-Neto, et al., Applied Physics Letters, 2007, 91, 1-9. 
[2] A.S. Gouveia-Neto, et al., J. Non-Cryst. Solids 2009, 355, 488. 
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The development self-cleaning surfaces is one of the most important applications 
of the photocatalytic properties of TiO2. In particular, the coating of ceramic tiles 
with TiO2 films is a base for removing chemical and biological contaminants in 
buildings by irradiation, either with lamps or sun light. One of the problems for the 
one-step production of self-cleaning tiles is the high temperature (> 800ºC) 
employed in the industrial process. At these temperatures rutile is the dominant 
phase, instead of the most photoactive anatase. A second problem derived from 
the high temperatures is the loss of surface area of the film due to growth of larger 
particles at the surface and/or sintering. By the other hand, the photoactivity of 
TiO2 films under visible illumination is poor, being this problem worst in indoor 
applications. The incorporation of foreign elements is a way to inhibit the anatase-
rutile phase transition, and the photocatalytic activity can be enhanced in the 
visible region when the dopant has high and variable oxidation numbers. However, 
for this purposes the incorporation of other elements to TiO2 is not trivial as 
segregation to the surface must be controlled in order to restrain the phase 
transition, but maintaining a high fraction of photoactive TiO2 at the surface. The 
control of segregation can be made changing the temperature of firing, providing 
the colloid is composed by homogeneous W-TiO2 particles, a task that can be  
achieved by sol gel pathways. 
In this work, we present the effect of W (VI) on the photocatalytic activity of TiO2 
films. Our goal is to determine the optimal synthesis parameters, such as tungsten 
concentration and precursors and firing temperature. 
TiO2 sols were synthesized by hydrolysis of titanium isopropoxide (TIP) in excess 
of water, followed by peptization at 80 ºC and dialysis until pH 3.5. Sols containing 
W/Ti 1% or 5% (mol/mol) were prepared by incorporation of ammonium 
metataungstate or tungsten ethoxide before TIP hydrolysis. The films were 
deposited by spraying the resulting sol on the ceramic tiles, further fired at a fixed 
temperature for 30 min. For characterization purposes the film was deposited on Si 
waffles by dip-coating. The self-cleaning activity was determined by monitoring the 
evolution of the diffuse reflectance spectra of crystal violet (CV) exposed to UVA or 
to visible light. 
Addition of W increases the efficiency of CV degradation when exposed to visible 
light, and the opposite occurs when the sample is irradiated with UVA, and both 
effects are dependent on the W/TiO2 ratio. Although there are  important 
differences in the chemistry of the W precursors, the photocatalytic activity, as well 
as the structure and surface composition, are similar putting on evidence the role 
of TiO2 in the charge separation driven by light..   
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Iron oxides have well-established catalytic properties for many reactions such 
as decomposition of alcohols, selective oxidation of carbon monoxide, 
decomposition of hydrogen peroxide and decolorization of synthetic dyes, and 
have been extensively studied for environmental applications. Recently, we 
investigated the effect of pure and mixed Ni, Cu and Co ferrite in discoloration 
of methylene blue, synthetic dye used as probe molecule, and have shown 
that the mixed ferrites, especially that of Cu and Co, presented better 
efficiency than the pure ones. In this work, we synthesized samples of CoCu 
ferrite with different crystallite mean sizes and investigate the influence of the 
nanostructure on the efficiency for the oxidation of methylene blue (MB). The 
samples were obtained by using Fe, Cu and Co nitrates dissolved in de-
ionized water in the required mole proportion to obtain the ferrite 
Co0.5Cu0.5Fe2O4. The precipitating agent NaOH was dropped on nitrates 
solution, and the resultant precipitate was washed, dried, and submitted to 
annealing at 200, 300, 400, 500, and 600 °C, for 2 hours, in ordinary 
atmosphere. The powders were characterized by X-ray diffraction, 57Fe 
Mössbauer spectroscopy, scanning electron microscopy and nitrogen 
adsorption. The  catalytic efficiency of the samples was evaluated  by the 
velocity of oxidation (discoloration) of MB in an aqueous solution in presence 
of H2O2 and of CoCu ferrite nanopowders. The oxidation of MB was monitored 
via UV-vis. The crystallite mean size of different samples varies from 4 nm to 
22 nm.  For samples higher than 12 nm, the obtained Mossbauer spectra 
allowed the determination of the relative distribution of the Fe3+ ions at 
tetrahedral and octahedral sites. Samples with crystallite size smaller than 6 
nm presented unresolved Mössbauer spectra at room temperature, due to 
superparamagnetic relaxation. Our results indicate that the catalytic eficiency 
the different samples for discoloration of methylene blue presents strong 
increment (from 40% to 90% oxidation of the MB solution) as the mean 
crystallite diameter decreases to few nm. These nanostructured systems 
seem to be potentially interesting for the development of advanced catalysts 
for oxidation processes involving organic substrates. 
 
Work supported by the Brazilian agencies CNPq and FAPEMIG 
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Fluorocarbon/silica composites have interesting physical-chemical properties, 
combining the great resistance to chemical products, the electric insulation, and 
the thermal stability of fluorine polymers with the optical, magnetic, and dielectric 
properties of silica. Due to the unique mechanical, thermal, and dielectric 
properties of fluorocarbon and silica composites, there is interest in their 
application in the development of fuel cells, the production of integrated circuit 
boards (ICB), and packages for the transportation of integrated circuits. The sol-gel 
process is a chemical route for preparation of ceramic materials with specific 
properties difficult or even impossible to be obtained with traditional processes, 
combining control of composition and structure at molecular level under relatively 
mild conditions. The synthesis of SiO2 from liquid silicon metal-organic precursors 
is probably the most investigated sol-gel process. Typically it involves hydrolysis 
and condensation of a metal-organic precursor such as tetramethoxysilane in an 
appropriate solvent such as methanol either with or without a catalyst. As the 
reaction proceeds and the viscosity increases, a gel is formed. It is typically made 
of ≡Si-O-Si≡ bonds, forming a network within which reaction products are trapped. 
When such products are removed via evaporation, a nanoporous structure results. 
Polytetrafluoroethylene - PTFE scraps were irradiated with γ-ray from a 60Co 
source with activity of approximately 55000 Ci at room temperature under wet 
oxygen atmosphere. Radiolysis of PTFE gave the following products: a water 
soluble material (probably fluoridated hydrocarbons with low molecular weight and 
main chains with from 10 to 20 carbon atoms) and a water insoluble brittle 
polymeric material. Fluorocarbon/SiO2 composites were obtained by the sol-gel 
method from tetramethoxysilane – TMOS and fluorinated hydrocarbons water 
soluble obtained from the PTFE scraps irradiated. Syntheses were performed in 
125-mL reaction flasks in basic medium at 35 °C and in acid medium at     60 °C 
with N-N dimethylformamide as a chemical additive for drying control. After 
synthesis, the material was thermally treated in an oven with electronic 
temperature control. The monoliths obtained were characterized by X-ray 
diffractometry (XRD), Fourier transform infrared spectroscopy (FTIR), UV-Vis 
Diffuse Reflectance Spectroscopy – DRS, scanning electron microscopy (SEM), 
electron microprobe. The specific (BET) surface area, total pore volume and mean 
pore radius of dry gels were determined. 
 
Acknowledgment: Work supported by the Brazilian agencies CNPq and 
FAPEMIG
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Ceramic-metallic (cermet) dispersion of UO2-Stainless steel type is a typical 
example of advanced nuclear fuels with high thermal conductivity and/or with 
compatibility with sodium and/or with low fission gas liberation and/or with high 
density of heavy atoms. Nowadays this type of fuel is under intensive research and 
development, having its focus on the identification of influential parameters in the 
performance of cermet under thermal and irradiation conditions which could lead to 
the loss of uranium and/or the loss of structural and mechanical integrity of the 
resultant cermet. Some influential parameters, mentioned above, passible to go 
through promptly laboratorial investigation, are: - size, shape, density and 
mechanical resistance of particles; - volumetric fraction of oxide and metallic 
phases; - interconnection of UO2 particles; - ceramic-metallic interaction; and - 
composite density. Therefore, we have the opportunity to apply the Sol-gel 
Process to obtain as UO2 as stainless steel microspheres, monodispersed and 
with an average diameter lower than 200 µm. It is important to comment that the 
usual methods of obtaining metallic microspheres involve fusion, dispersion and 
cooling in an appropriate medium. For that reason in the present work, we report 
the successful obtaining of metallic iron microspheres, precursors of stainless steel 
microspheres, through the external gelatinization method. The synthesis procedure 
involves: - preparing a solution of Fe(III)-Urea complex; - hydrolyzing partially this 
solution; - adding a polyvinyl alcohol solution to the resultant colloidal dispersion; - 
forming micro drops of the resultant mixture; - reacting to the colloidal dispersion 
within the drops with NH3 gas; - continuing the referred chemical reaction in a 
concentrated ammoniac medium; - washing the gel microspheres with deionized 
water; and - air drying, calcining (400 – 1000 ºC/air/2h) and reducing (400 – 1000 
ºC/air/2h) the microspheres. The obtained samples were characterized by: XRD, 
MOS (Mossbauer Spectroscopy), SEM and EDS. The results indicate that it is 
possible to obtain microspheres with more than 97% of conversion of Fe oxides to 
metallic Fe, at 800ºC/H2/2h, according to the MOS, independently of calcination 
temperature. These microspheres present an average diameter of 92(4) µm, rough 
surface, and high spherecity (0.96(4)). In addition to the Fe, we notice the residual 
presence of C and O. 
 
Work supported by the Brazilian agencies CNPq and FAPEMIG. 
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New transparent multifunctional Organic-Inorganic Hybrids (OIH) have been 
prepared from bacterial cellulose membranes (BC) and boehmite – GPTS 
(glycidoxipropylsilane) system. Cellulose produced by Acetobacter xylinum 
has a pure cellulose network (“nanocelluloses”), free of lignin and 
hemicellulose, composed of a random assembly of ribbon shaped fibers less 
than 100 nm wide. The unique properties provided by the nanometric 
structure have lead to a number of commercial products and new applications 
including dietetic fibers, headphone membranes, special papers, textiles, 
temporary skin substitution, therapeutic contact lenses, optoelectronic devices 
(e-paper, OLEDs) 1,2. In order to improve bacterial cellulose (BC) applications, 
we have produced highly transparent (OIH) membranes. SEM analyses reveal 
either a bi-phase (by careful control of the layer by layer assembly of the two 
components) or a typically “sandwich structure” formed by BC microfibril and 
boehmite-GPTS systems. BC-hybrid membranes display higher transparency 
(90% of the light) than pure BC ones (40% of the light) in the wavelength 
range of 300 to 800nm. The full biocompatible and good transparency of BC 
hybrid has permitted the production of optoelectronic devices (flexible 
transparent OLED) and ophthalmology bandage (contact lenses for drug 
delivery). 
 
[1] Y. MESSADDEQ, S.J.L. RIBEIRO, W. THOMAZINI, Patent number: 
BR200603704-A.  
 
[2] C. LEGNANI, C. VILANI, V. CALIL, H.S. BARUD, W. QUIRINO, C. 
ACHETE, S.J.L. RIBEIRO, M. CREMONA, Thin Solid Films, 2008, 517, 1016. 
 
 

Acknowledgements- FAPESP, CAPES and CNPq 
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Titanium and its alloys have wide application in dentistry and orthopedic 
medicine as a component of artificial implants or restoration materials. The 
modification of titanium surfaces can be obtained by several methods 
including laser irradiation. The process is controlled through the correlation 
between the parameters of the laser beam, such as frequency, duration 
energy and intensity. On the other hand, sol-gel synthesis is an appropriate 
method for the preparation of highly pure, homogeneous powders and 
coatings due to the easiness of process parameter control. This technique 
promotes a mixture of ions at molecular level, which is able to result in 
structures of ultrafine grains, which increase the surface area and stability of 
interfaces between implant and tissue [1,2]. Materials made of SiO2-P2O5-
CaO-Na2O glass-ceramics have bioactive properties, and can be obtained in 
a range of sizes and compositions to control bioactivity and other properties. 
The aim of this work was to promote surface modification of titanium by laser 
beam irradiation and subsequent coating with a bioactive gel-glass of the 
SiO2-P2O5-CaO-Na2O system. The layer of bioactive gel-glass coating was 
crystallized and the samples were then soaked in a simulated body fluid for in 
vitro tests. The results were evaluated by scanning electron microscopy, 
Fourier transform infrared spectroscopy, and X-ray diffraction. The results of 
the in vitro tests showed a hydroxy carbonate apatite-HCA layer formation. 
The crystal phase obtained was 1Na2O-2CaO-3SiO2. This phase is reported 
as being of highly bioactive. [3].  
 
 
 
[1] HENCH, L. L. Bioceramics: from concept to clinic. Journal of American 
Ceramic Society, v. 74, n. 7, p. 1487-1510, 1991. 
[2] BRINKER, C.J., SCHERER, G.W., Sol-Gel Science- The Physics and 
Chemistry of Sol-Gel Processing, Academic Press, Inc, San Diego , 1990. 
[3] Peitl, O., Zanotto E.D., Hench, L.L., Highly bioactive P2O5-Na2O-CaO-SiO2 
glass ceramics, Journal of Non-Crystalline Solids, 292,2001, 115-126. 
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Inorganic membranes represent an important alternative in industrial 
separation processes [1], especially in gas separation [2]. The separation ability 
of a membrane depends on its pore structure (porosity, average pore size and 
pore size distribution) as well as the membrane composition. Sol-gel process 
provides a way to obtain ceramic layers with controllable porosity and pore 
size [3] besides the possibility of inducing surface modifications. The 
membrane material is selected taking into account the application conditions, 
separation mechanism and economic considerations. It is known that the 
composition of the synthesis solution determine the final structure of the 
membrane [4]. In this work, inorganic titania membranes with pore size 
distribution in nanometric range were prepared using titanium isopropoxide IV 
and HNO3 as precursor and catalyst, respectively. The solution obtained was 
deposited on α-Al2O3 supports via dip coating.The catalyst concentration was 
fitted to obtain the desired porosity. FTIR analysis of the unsupported 
membranes showed an infrared band related to the Ti-O-Ti bond. The X-ray 
diffraction pattern of the powder gels showed the presence of an amorphous 
phase TiO2 and microcrystals of anatase. This was confirmed by EDS 
examination. The nanoporosity of the gel was determined by N2-adsorption at 
77K using DFT theory yielding average pore size 0,8nm and monomodal pore 
size distribution. The quality of the film was evaluated by SEM. The supported 
membranes showed good adhesion and homogeneous thickness. Preliminary 
results showed that sol-gel process allow to obtain a crack free titania 
membrane with controlled thickness and structure.   
  
[1] N. Agoudjil; T. Benkacem. Desalination. 2006, 206, 531. 
[2] R. Mallada; M. Menéndez in Inorganic Membranes Synthesis, 
Characterization and Aplications, Ed; Elsevier, Oxford, 2008; Vol.13, 177. 
[3] J. Méndez-Vivar; R. Mendoza-Serna. Silicon Chemistry. 2006, 3, 59. 
[4] W.J. Elferink; B.N. Nair; R. M. De Vos; K. Keizer; H. Verweij Journal of 
Colloid and Interface Science. 1996, 180, 127. 
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Ink jet printing technique is a non contact deposition method that has been 
used to deposite functional materials. Its advantages include eliminating 
process steps (e.g. photolithography), direct deposition on specific place and 
effectively no waste of the material [1]. SU-8 epoxy resin is one of the most 
important negative photoresist UV curable material that has good mechanical 
and chemical resistance appropriated to be used as dielectric and spacer 
layer in microfabrication and electronic devices [2]. In order to control the 
wettability of the SU-8 solution and quality improvement of the structures 
deposited on flexible substrates by inkjet process, a hydrophobic treatment on 
polyethyleneterephthalate (PET) substrates was performed. First, the 
substrates were previously submitted to plasma oxygen treatment and after 
that exposured to a saturated atmosphere of Trichloro (1H, 1H, 2H, 2H – 
perfluoro octyl) silane 97% (TPOS) [3]. Contact angle measurements between 
SU-8 solution and treated PET substrates were evaluated as a function of the 
TPOS exposure time. Contact angle of 20o to 80o were obtained from 2 to 60 
minutes of exposure time, respectively. In this work, it was observed that it is 
possible to control the wettability between PET substrates and SU-8 solution 
using fluorsilane as a hydrophobic modifier layer. SU-8 structures were 
obtained by inkjet printer and after UV cured they were characterized by 
optical microscopy. These structures are being used to define pixel geometry 
in displays applications. 
  
[1] E. Tekin; B. J. De Gans; U.S. Schubert  J. Mater. Chem. 2004, 14, 2627.  
[2] R. A. Day; J. D. Gelorme; D.A. Russell; S. J. Witt,  US-5304457, 2004. 
[3] E. Lahiff; K. Nakajima; A.I. Minett  J. Nanotech. 2007, 3, 2007. 
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This contribution reports de preparation of spherical silica particles filled with 
multiple silica nanoparticles, via a modified sol-gel route in which surface-
modifying anions are incorporated.The particles were prepared by hydrolysis of 
tetraethyl orthosilicate (TEOS) in the presence of cetyltrimethylammonium bromide 
(CTAB) and chloride (CTAC). Phosphate and pyrophosphate-modified particles 
wera also prepared. In a typical synthesis, CTAB or CTAC is dissolved in 0,1 mol/L 
NaOH, and TEOS is added at 80°C under vigorous stirring. For the PO4

3− and 
P2O7

4− modified particles, Na3PO4 and Na4P2O7 (molar ratio Si:P = 10:1) were 
dissolved in the alkaline surfactant solution prior to TEOS hidrolysis. 
The resulting slurries were dried in an oven overnight and calcined at 550°C for 4 
h. The resulting materials are white extremely fine powders. 
These materials present very high BET surface areas (Table 1) , with a very 
narrow pore size distribution. Field emission scanning electron microscopy (FE-
SEM) (Figure 1) reveals that the samples consist of 3 types of particles: silica 
spheres with diameters ranging from 20 to 100 nm, silica sheets of various sizes 
and core-shell type particles several hundred nanometers in diameter, of which a 
large fraction is filled with silica nanospheres. The raspberry-like appearance of the 
pyrophosphate-modified particles suggests a much thinner shell when compared 
to a non-modified silica particle. In the case of the phosphate-modified material, 
only the smaller spheres are observed, and significant coalescence occurs. 
 

Table 1. BET surface área of the prepared materials. 
Sample SiO2/CETAB SiO2/CETAC SiO2/P2O7

4− SiO2/PO4
3− 

SBET (m
2g−1) 1140 1165 1206 1390 

 

 
 

Figure 1: FE-SEM images of (a) SiO2/CETAC; (b) SiO2/CETAB; (c) SiO2/CETAC; (d,e) 
SiO2/P2O7

4−; (f) SiO2/PO4
3−.
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SrWO4 and CaWO4 are well known materials from theoretical and 
technological points of view. These compounds are usually employed in solid 
state optoelectronics devices such as lasers, optical fiber components or 
scintillators. Besides an intrinsic strong blue emission band, these crystals can 
be used as host lattice for optically active rare-earth ions (Nd3+, Er3+ or Tm3+). 
Therefore, SrWO4 and CaWO4 have been proposed as laser materials in 
optical studies. The Eu3+ ion has such particular properties that are 
considered the choice to act as a probe to investigate the local structure 
around optically active ions in condensed matter. This is due to its relatively 
simple energy level diagram and the sensitivity of the energy positions and the 
intensity of its electronic transitions with the symmetry of the lanthanide local 
site[1]. A variety of preparation techniques have been proposed to produce 
these materials, including solid state reaction, hydrothermal, sputtering and 
sol-gel process[2]. The sol-gel route is faster than solid-state reaction and 
leads a mixture at molecular level of the constituent and a better chemistry 
homogenized. The non-hydrolytic sol-gel (NHSG) route has been used to 
obtaining inorganic oxide. Matrix oxide is an important host for rare earths 
ions due to its large application field technologic such as phosphors, solid-
state lasers, non-linear optic and others. In this work, the matrix of SrWO4 
doped with Eu3+ by non-hydrolytic sol-gel route was obtained. The material 
was synthesized using a modified version of the method described elsewere. 
In this synthesis one gram of tungsten chloride (WCl6) and 25 mL of methanol 
(MEtOH), used as the solvent and oxygen donor, was mixed and 
acetylacetone (acac) was added to prevent the precipitation. Then strontium 
chloride in a molar ratio of 1:1 as well as 1.0% of EuCl3 as structural probe 
was added to the reactional mixture. This mixture remains in reflux for 4 h at 
110oC. It was observed through the XRD the crystalline phase of SrWO4:Eu3+ 
and the photoluminescence revealed a high intensity of the Eu3+ emission. 
 

[1] F. R. Lopes, I. R. Martin, I. da Silva, C. G. Silgo, U. R. R. Mendonza, V. Lavin, F. 
Lahoz, S. M. D. González, M. L. M. Sarrións, L. Mestres, J. F. Urban, High Pressure 
Research, 2006, 26, 355. 
[2] M. A. M. A. Maurera, A. G. Souza, L. E. B. Soledade, F. M. Pontes, E. Longo, E. R. 
Leite, J. A. Varela, Materials Letters, 2004, 58, 727. 
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Calcium fluoroaluminosilicates (CaFAlSi) are used as precursor materials for 
the glass ionomer dental cement. Their industrial production is based on 
fusion of oxides, at temperatures around 1500 oC. Using the sol-gel methods, 
CaFAlSi can be obtained at lowers temperatures, i.e. 110 oC, applying non-
hydrolytic or hydrolytic sol-gel methods [1]. The non-hydrolytic route is based 
on the condensation of a metal or semimetal alkoxide with a metal or 
semimetal halide to obtain an oxide [1]. The oxide is then polycondensed to 
form an inorganic polymer. The hydrolytic routes are based on the hydrolysis 
and condensation of metallic or semimetallic alkoxides, using basic or acid 
catalyst [1]. In this study, three CaFAlSi were synthesized, by different sol-gel 
methods: non-hydrolytic (CaFAlSi1), hydrolytic with acid catalyst (CaFAlSi2) 
and hydrolytic with basic catalyst (CaFAlSi3), with the same composition: 
4,5Si-3Al2O3-1,5P2O5-4CaO-CaF2. The material CaFAlSi1 were made using 
AlCl3, AlPO4, CaF2, Ca(NO3)2, anhydrous ethanol and TEOS, under inert 
atmosphere. CaFAlSi2 were synthesized using as precursors aluminum 
isopropoxide, CaF2, Ca(NO3)2, AlPO4, ethanol, distilled water, TEOS and 
hydrochloric acid. CaFAlSi3 were made with the same precursors used to 
CaFAlSi2, changing the acid by aqueous ammonia. The three materials were 
synthesized at 110 oC, under magnetic stirring during 4 hours and then dried 
at 110 oC. The obtained CaFAlSi were characterized by infrared spectroscopy 
(IR), X-ray diffraction (XRD) and transmission electron microscopy (TEM). The 
XRD of CaFAlSi1 and CaFAlSi3 showed that the material is amorphous with 
the crystalline phases mullite, CaF2 and AlPO4 present. The XRD of CaFAlSi2 
showed that the material is predominantly amorphous. The IR analysis for all 
samples present Si-O-Si of aluminosilicate and Si-O-Al assigned bands, to 
CaFAlSi2 and CaFAlSi3 show a small band near 950 cm-1 indicated Si-OH 
residual groups. TEM analysis showed small particles, near to 35 nm, and 
others larger with size around 600 nm to CaFAlSi1, 30 to 100 nm to CaFAlSi2 
and 200 to 1900 nm CaFAlSi3. In conclusion, the three methodologies 
presented different materials, and the material CaFAlSi2 was amorphous, with 
higher homogeneity and presented Si-O-Al linkage, wich is necessary for 
CaFAlSi to be used as a base of the glass ionomer cement. 
 
[1] A. Cestari, L.C. Bandeira, P.S. Calefi, E.J. Nassar, K.J. Ciuffi, J. of Alloys 
and Compounds 2009, 472, 299. 
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One of the main purposes of functional coatings on materials used in 
everyday life is to provide surfaces with self-cleaning properties. In this 
respect, TiO2 thin films seem to be one of the most suitable candidates due to 
its photo-catalytic capacity and photo-induced superhydrophilicity. TiO2 thin 
films have also been extensively studied because of their suitability as anti-
fog, anti-bacterial, or anti-pollution coatings, among others.[1] Currently, a 
handful of glass manufacturers offer self-cleaning glasses as one of their 
remarkable products. Nonetheless, when an extra functionality is provided to 
the coating an added value is bestowed to final product.[2]     
It deserves to note, that usually TiO2 coatings on glass cause a marked 
decrease of the visible transmittance, diminishing its transparency to human 
eye. Thus, the development of self-cleaning glasses with improved 
trasnmittance appears to be an outstanding area of research.  
Herein we present the design, the preparation and the characterization of 
novel multi-functional coatings exhibiting self-cleaning behaviour together with 
anti-reflection properties. Sol-Gel chemistry was used as coating tool, in order 
to control film composition, thickness and porosity at the nano-scale. 
A two layer stack was prepared consisting in an anti-reflective interference 
inner film and an outer self-cleaning TiO2 film. The thickness (20 – 70 nm) and 
nanoporosity of the latter one were finely controlled, in order to optimize the 
net transmittance. Such design has lead to self-cleaning glasses with a 
maximum transmittance of 98% at 550 nm.  
It can be concluded that Sol-Gel coating technology has allowed to prepare 
anti-reflection self-cleaning glass slides, achieving a relatively high solar 
transmittance. Such multifunctional coating offer potential advantages for 
architectonic purposes or transport industry, among others, in which lighting 
and aesthetic aspects of windows require to meet self-cleaning or easy-to-
clean  properties. Evaluation of the self-cleaning capacity of the developed 
coatings has also been performed. 
 
[1] (a) O. Carp; C. L. Huisman; A. Reller Prog. Solid State Chem. 2004, 32, 
33. (b) X. Zhao; Q. Zhao; J. Yu; B. Liu J. Non-Cryst Solids 2008, 354, 1424. 
[2] (a) M. Manca; A. Cannavale, L. De Marco; A. S. Arico; R. Cingolani; G. 
Gigli Langmuir 2009, Articles ASAP. (b) G. San Vicente; A. Morales; M. T. 
Gutierrez Thin Solid Films 2001, 391, 133.  
[3] J. Yu, X. Zhao, Q. Zhao Thin Solid Films 2000, 379, 7.  
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Organics-inorganic hybrid (OIH) materials are characterized by the 
combination of organic and inorganic building blocks on a nanometric scale. 
Metal oxide cluster coordinated by polymerizable ligands can be used as the 
inorganic counterpart in OIH and can be prepared by controlled hydrolysis of 
metal alkoxides in the presence of acrylic or methacrylic acid. These clusters 
can be further polymerised with organic monomers to result in OIH materials 
where covalent bonds connect the phases [1-3]. In the present work were 
prepared methacrylic modified zirconium oxoclusters. The synthesis was 
conducted in a dry box and as precursors was used zirconium alkoxides (70% 
zirconium n-propoxide solution in n-propanol and 80% zirconium n-butoxide 
solution in n-butanol) and methacrylic acid in the following molar ratios - 1:3, 
1:5, 1:7 and 1:9. Crystallization was observed after one week at 20ºC. The 
precipitates were separated and dried at 60 ºC for 24 h. Thermogravimetry 
(TG), x-Ray Diffraction (XRD) and Infrared Spectroscopy (FTIR) were the 
techniques used in the characterization. All the clusters presented well 
defined and intense diffraction peaks, indicating high crystallinity. TG 
measurements indicates that the percentage of organic compounds 
(methacrylic groups) in the clusters vary from 60,8% to 63,4%. Finally, 
through the FTIR spectrum was confirmed important bands that characterizes 
the formation of these compounds. 
 
[1] U. Schubert Chem. Mater., 2001, 13, 3487. 
[2] U. Schubert et al. Chem. Mater., 2001, 13, 3811. 
[3] U. Schubert J. Sol-Gel Sci. Technol., 2004, 31, 18-24.  
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Crystals of rare-earth orthovanadates with the zircon structure have long attracted 
researchers' attention because they offer a combination of properties which makes 
them candidate laser hosts. In this work, GdVO4: (1, 3 and 5 mol%)Sm3+ 
compounds were prepared using Pechini method [2] at 700 ºC. The prepared 
compounds were characterized by DRX, IR spectroscopy and SEM images. 
Photoluminescent properties were studied. According to DRX patterns, vanadate 
compounds showed tetragonal structure and a decreasing of the particles average 
sizes with the increasing of Sm3+ concentration. Luminescence of vanadate 
compounds doped with Sm3+ ion is orange. The emission spectrum (Fig.1) is 
dominated by electric dipole transition 4G5/2→

6H9/2 (650 nm) [3] due to D2d symmetry 
distortion of the material. Sm3+ ion can substitute Gd3+ ion in the GdVO4 lattice, 
once their ionic radii make possible this substitution. Consequently, Sm3+ ion 
should be found in more than one local site, showing more than a maximum 
number of (J+1/2)-manifolds. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Emission spectra of GdVO4:Sm3+  

 
[1] O.A. Serra; S.A. Cicillini, R.R. Ishiki J. Alloys Compd. 2000, 303-304, 316. 
[2] C.A. Kodaira, R. Stefani, A.S. Maia, M.C.F.C. Felinto, H.F. Brito J.Lumin. 2007, 127, 
616. 
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For some specific applications, not only the intensity and duration of glow 
persistence are important, but the band matches espectral.The phosphors 
that show persistence luminescent [1,2] of different colors of green / blue are 
still rare. The Pr3 + ion used as dopant in matrices at high-intensity 
luminescent displays in the green spectral regions (3P0 → 3H4) and red (1D2 → 
3H4), whose intensity can be regulated by alteration of factors such as the 
wavelength of excitation, the composition of the matrix and concentration of 
doping. The silicate matrix of zinc and cadmium doped with Pr3 + was 
successfully prepared through the traditional method to 1050 ° C. The 
concentration of Pr3 + ions ranged from 0.5 to 5% by mol. The compound was 
characterized by X-ray diffraction (the powder method), scanning electron 
microscopy. The photoluminescence study was carried out based on the 
emission and excitation spectra. The photoluminescence study shows that the 
red color of the emission is from the 1D2 → 3H4 transition of Pr3 + ion. 
 
 
 
 
 
 
 
 

Fig. 3. Emission spectrum recorded by excitation of  305 nm 
  
[1] Holsa J., Aitasalo T., Lastusaari M., Jungner H. e Niittykoski J.; J. Phys. 
Chem. B, 110, 4589 (2006) 
[2] Lel B., Liu Y., Ye Z., Liu J. e Shi C.; J. Solid State Chem., 177, 1333 
(2004). 
 
Acknowledges: cnpq INAMI, FAPESP 
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The incorporation of lanthanide complexes in various hosts makes these 
materials attractive for optical applications owing to their excellent 
luminescence characteristics from the electronic transitions between the 4f 
energy levels. Luminescent Eu3+ complexes incorporated in SiO2 particles 
have increasing interest in the field of biotechnological application. In this 
work, [Eu(TLA)(H2O)4] (TLA=1,2,4-benzenetricarboxylate) complex, (Eu-TLA) 
was capped by an amino-functionalized silica layer using microemulsion 
method. Determination of amino groups in the Eu-TLA-Si was performed 
using a method involving ninhydrin. The arrangement of silica layer on the 
material surface is observed in SEM micrographs. Fig. 1 shows the emission 
spectra of the Eu-TLA complex and Eu-TLA-Si material under excitation at 
394 nm. These spectra consist of typical Eu3+ ion narrow lines assigned to 
5D0→

7FJ transitions (J = 0, 1, 2, 3 and 4), presenting the hypersensitive 
5D0→

7F2 transition as the most prominent one. Emission spectrum of the Eu-
TLA-Si showed an enlargement of the bands when compared to the Eu-TLA 
complex emission spectrum, suggesting the existence of interactions between 
the silica matrix and the complex. 
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Fig. 1. Emission spectra of Eu-TLA and Eu-TLA-Si 

 
[1] H. Härma, A. M. Keränen, T. Lövgren, Nanotechnology. 2008, 18, 075604. 
[2] E.E.S. Teotonio, G.M. Fett, H.F. Brito, A.C. Trindade, M.C.F.C. Felinto, 
Inorg. Chem. Commun. 2007, 10, 867. 
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The rare earth elements (RE) are commonly used in electronic devices, like 
TV tubes, fluorescent lamps, LCD’s, optical markers, etc. Recently they are 
been used in OLED’s because their emissions are pure, that means, 
emissions in specific wavelengths arising from 5D0→

7F0-4 for Eu3+ ion and 
5D4→

7F6-0 for Tb3+ ion1,2. The ligand 1, 2, 3 – benzenetricarboxylate (BTC) is 
very versatile to form bi and tridimensional structures, due to their three 
carboxylate groups, that can form monodentate, bidentate or chelating 
complexes. This work reports the spectroscopic and structural studies of 
europium, terbium and gadolinium BTC complexes. The complexes were 
characterized by elemental analysis, complexometric titration, powder X-ray 
diffraction, infrared spectroscopy, thermal analysis and luminescence 
spectroscopy. Due to the first transition energy of the Gd3+ ion is too high, into 
the gadolinium complex have no energy transfer from the ligand to the ion; so 
it is possible to see the ligand triplet energy. The emission lifetime 
measurements show that the europium complex presents a lifetime emission 
approximately five times shorter than the terbium complex, about 0.230 and 
1,248 ms, respectively. The europium and terbium emission spectra exhibit 
narrow and defined peaks on each transition, that means, all metallic ions are 
localized in just one site. This data are confirmed by the lifetime 
measurements, that are described by first order exponential equations. 

 
 
 
 
 
 

 
 
 
 
 

Fig. 1. Emission spectra of GdTMA.6H2O, EuTMA.6H2O and TbTMA at 77 K. 
 
 

[1] J. Kai; D.F. Parra; H.F. Brito J. Mater. Chem. 2008, 18, 4549. 
[2] H.F. Brito; O.L. Malta; M.C.F.C Felinto; E.E.S. Teotonio The chemistry of 
metal enolates in Luminescence phenomena involving metal enolate;  
Zabicky, J. Ed.; John Wiley & Sons Ltd.: England, 2008; Vol.1, 131-184. 
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In recent years, microporous and mesoporous ceramic materials have been 
attracting a good deal of attention due to their important and versatile 
applications in fields such as water treatment processes, pollutant trapping, 
solar cooling, gas storage and separation, catalysis, and medicine.[1] In order 
to direct properties of a porous materials toward a pursued application, strict 
control of material composition, surface chemical properties and pore size and 
shape is required. Sol-Gel chemistry has demonstrated to be a suitable tool to 
achieve such kind of purposes. The use of templating agents along with the 
fine chemical control in the preparative stage, have lead to materials with a 
broad band of pore shapes and sizes.[2] 
The present research work is focused in the development of sol-gel derived 
nano-porous materials for their novel use in the life-elongation of bio-
lubricants, as a more environmentally friendly alternative to common oil 
additives. Templating agents were carefully selected in order to confer a 
controlled porosity. Surface properties were tuned by post-synthesis 
molecular anchoring of selected chemical species. All materials were 
characterized by FTIR spectroscopy, XRD, HRSEM and surface area 
analysis. 
Trapping capacity of biolubricant oxidation derivatives was analyzed by 
means of experimental and computational tools. Prior to that, identification of 
undesired oxidation molecules was also performed in order to evaluate their 
suitability as absorbate. An oil aging method was developed to test the 
achieved oxidation delay in oil samples doped with the nano-porous additives. 
Summarizing, the development of chemically functionalized nanoporous 
materials appear to be a first generation of antioxidant solid additives. 
Nonetheless, further work is still required to tailor sol-gel derived materials for 
their application in compressor and lubricant industry. 
 
[1] (a) G. J. de A. A. Sole-Illia; C. Sanchez; B. Lebeau; J. Patarin Chem. Rev. 
2002, 102, 4093. (b) M. C. Carbajo; E. Clement; E. Enciso; M. J. Torralvo J. 
Colloid and Interface Science 2005, 284, 639. 
[2] (a) A. Mitra; A. Bhaumik, B. Kumar Pau Micro and mesoporous materials 
2008, 109, 66. (b) I. Kartini, P. Meredith, J.- D. Diniz da Costa; G. Q. Lu J. 
Sol-Gel Sci. and Tech. 2004, 31, 185. 
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2- Departament of Physics, CICECO, University of Aveiro, 3810-193 Aveiro, Portugal 
3- Department of Chemistry, CQ-VR, University of Trás-os-Montes e Alto Douro, 25001-

801 Vila Real, Portugal 
 
New organic-inorganic hybrids were prepared from ricinoleic acid and the 
amino modified siloxane, 3-aminopropyltriethoxisilane (APTES). The resulting 
amidosil hybrids were characterized by Fourier Transform Infrared 
Spectroscopy (FTIR), Nuclear Magnetic Resonance (NMR) and X-ray 
diffraction (XRD). 
Luminescent Eu3+ containing hybrids were also obtained from the 
incorporation of the [Eu(tta)3(H2O)2] complex where tta stands for the 
thenoiltrifluoroacetonate ligand. 
Photoluminescence was characterized and energy transfer processes were 
put in evidence.  Quenching of the luminescence were observed within some 
days for some compositions rich in the aminosilane and was attributed to the 
decomposition of the β-diketonate ligand in the presence of the precursor 
amine group. 
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Organic-inorganic hybrid materials mainly consisting of siloxane chain are 
receiving much attention as highly functional materials for electronics and 
photonics. Most of the hybrid material presently available is based on 
siloxane-based materials prepared by sol-gel and related techniques. 
Recently, the present authors have been reporting organic-inorganic hybrid 
materials with alternating copolymer structures obtained through solvent-free 
condensation reactions using acid-base reaction and alcohol condensation.(1-

3) It is possible to obtain hybrid materials in complete solventless conditions, 
which offers simpler route and higher yield to obtain final products than other 
liquid phase preparation methods. The obtained materials are characterized 
by their unique structrue of main oxo chains, which is oxide alternating 
copolymer structure such as –(O-M(1)-O-M(2))n-, M: Si, P, Ti, Zr, Sn, B, and 
so on. The alternating oxo chain could be modified by organic functional 
groups to attain advanced characteristics for specific applications. We are 
mainly concerning the development of optical functionalities using such new 
hybrid materials, and have reported several materials for low-attenuation 
waveguiding, thermo-optical application, re-writable holographic memories, 
low-threshold cavity lasers, and so on. 
In this presentation, we will introduce the Fundamentals of the solvent-free 
condensation reactions and their advanced applications in photonics. 
 
[1] M. Mizuno; M. Takahashi; Y. Tokuda; T. Yoko, Chem. Mat., 2006, 18, 

2075. 
[2] E.S. Kang; M. Takahashi; Y. Tokuda; T. Yoko, J. Mater. Res., 2006, 21, 

1286. 
[3] M. Mizuno; M. Takahashi; Y. Tokuda; T. Yoko, J. Sol-Gel Sci. Technol., 

2007, 44, 47. 
[4] E.S. Kang; M. Takahashi; Y. Tokuda; T. Yoko, Appl. Phys. Lett., 2006, 89, 

131916 
[5] H. Takashima; H. Fujiwara; S. Takeuchi; K. Sasaki; M. Takahashi, Appl. 

Phys. Lett., 2007, 90, 10113. 
[6] H. Kakiuchida; M. Takahashi; Y. Tokuda; T. Yoko, Adv. Func. Mater., in 

press. 
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Multiferroics were defined by the first time as materials combining at least two 
of the primary ferroic properties: ferromagnetism, ferroelectricty and 
ferroelasticity [1]. Historically, the sol-gel process has been used in the 
preparation of composites with a variety of characteristics and applications. 
This process provides a better control of the microstructure, composition and 
texture of various kinds of materials. Recently, basic sol-gel route was used to 
prepare mutiferroic films and nanocomposites containing ferroelectric 
(BaTiO3) and ferrimagnetic (CoFe2O4) phases [2]. In this work, a multiferroic 
composite consisting of ferroeletric (BaTiO3) and ferrimagnetic (CoFe2O4) 
phases was prepared by using two route for the synthesis, combining sol-gel 
process with coprecipitation and lyophilized nanoparticles. CoFe2O4 

nanoparticles were prepared by coprecipitation and freezing process, while 
BaTiO3 powders were prepared by sol-gel process. 
BaTiO3(52%)/CoFe2O4(48%) nanocomposites were prepared mixing the 
ferrite nanoparticles in an alkoxide precursor solution of BaTiO3. The obtained 
materials were separated in aliquots and calcined at different temperatures. 
The changes in the structural, textural and morphological characteristics were 
analysed using techniques like gaseous adsorption, scanning electronic 
microscopy, spectroscopy in the infrared region, thermal analyses and X- rays 
diffraction. Magnetization values of the pure ferrites and of the 
nanocomposites indicated that the CoFe2O4 phase retained its magnetic 
property inside the nanocomposite material.  
 
[1] H. Schmid, Ferroelectrics 1994, 162, 665 
[2] G. V. Duong, R. Groessinger, R. S. Turtelli, IEEE Trans. Magn. 2006, 42-
10 (2006), 3611-3613. 
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2 Universidade Federal de Pernanbuco, Recife, Brazil 
e-mail:dalmeida@ifi.unicamp.br 

 
 
Semiconductor colloidal quantum dots (QDs) have become, for the past two 
decades, an important tool for biological imaging because of their physical 
and chemical properties. Even though they have several advantages over the 
conventional biolabels, the presence of elements as cadmium, tellurium and 
selenium is still a concern and so efforts are being made in order to prevent 
the release of these substances in the biological media. One solution 
proposed by several authors[1,2,3] is the SiO2 coating. The silica is an 
extremely stable and resistant material, providing a good isolation between 
the quantum dot and the media. Coating the QDs with silica is not a simple 
task due to the fact that the QD surface generally does not have chemical 
affinity with silica what requests a surface priming in order to make it 
vitreophilic. 
In this work we report the production of silica coated core/shell CdS/Cd(OH)2 
QDs for biological applications. This was achieved by a two step synthesis. 
The first task was the production of the nanoparticle itself using a previously 
known method[4]. The second step is the silanization process adapted from 
processes described in the literature for II-VI semiconductor nanoparticles. In 
the quantum dot formation step a cadmium hydroxide shell is formed and this 
passivation layer serves as a surface nucleating agent, enabling the 
silanization process directly in the quantum dot without the need of any further 
surface preparation. The silanized CdS QDs (5-7 nm) were characterized by 
optical spectroscopies (absorption, excitation and emission) and by 
transmission electronic microscopy showing good emission properties 
potentializing its use as biocompatible fluorescent probes.  
 
 
[1] A. Wolcott;  D. Gerion; M. Visconte; J. Sun; A. Schwartzberg;  S. Chen; 
J.Z. Zhang J. Phys. Chem. B 2006, 110, 5779.  
[2] A. Schroedter; H. Weller Nano Lett. 2002, 2, 1363.  
[3] T. Nann; P. Mulvaney Angew. Chem. Int. Ed. 2004, 43, 5393 
[4] D. Petrov; B.S. Santos; G.A.L. Pereira; C. de M. Donegá; J. Phys. Chem. 
B, 2002, 106, 5325. 
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Stoichiometric reactions of titanium tetra-n-butoxide (Ti(OnBu)4) with 
polyethylene glycol (PEG) in polar and in non-polar solvents were carried out 
and they yielded different titanium-PEG hybrid materials.  The hybrid materials 
formed during the process were isolated, characterized by various 
spectroscopic techniques such as, IR, Raman, solid state NMR, MALDI-TOF-
MS. Raman spectroscopic studies show that PEG reacts with Ti(OnBu)4, by 
undergoing nucleophilic substitution reaction of the butoxy groups of 
Ti(OnBu)4: first at terminal,  and then at bridging positions.   1H MAS NMR and 
13C MAS NMR studies evidenced the location and the way that PEG is 
bonded with titanium atoms in the titanium-PEG hybrid materials; showing the 
presence of three kinds of OCH2 moieties of the polyether chain of PEG in the 
hybrid materials: i) the rigid OCH2 group bridges two titanium centers, ii) the 
less rigid OCH2 group bounds with one titanium center by monodentate 
fashion, and iii) the flexible OCH2 groups which are not bound to titanium 
atoms.  MALDI-TOF mass spectroscopic studies show that the titanium-PEG 
hybrid materials are polymers with molecular weights in the range of 600 – 
1700 DA.  Based on these studies, we have proposed structures for these 
polymers.   
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Titania has a wide variety of potential applications in diverse areas such as 
catalysis, sensing, and electronics. Much attention has been paid to TiO2 as an 
efficient photocatalyst for environmental remediation and energy conversion 
purposes [1]. Hierarchical porous TiO2 are of great interest for their improved 
photocatalytic activity. Recently, some research groups [2-4] have reported 
template-free synthesis of hierarchical macro-/mesoporous TiO2, which is achieved 
by controlling the hydrolysis and condensation reactions [5-7]. Herein, we 
described an improved template-free method to tailor the pore size of the 
nanoporous TiO2. A series of hierarchical porous TiO2 were prepared without 
templates by addition of tetrabutyl titanate (TBOT) to aqueous solution with 
different pH (1.0~13.0) followed by hydrothermal method. The X-ray diffraction and 
Raman measurements revealed that titania with mixed (anatase and brookite) and 
pure anatase phases were synthesized under acid and base conditions 
respectively. Scanning electron microscopy images of the as-prepared TiO2 
showed continuous macroporous structures with the size of ca. 0.5-5 µm. Besides, 
N2 adsorption-desorption measurements could provide detailed textural properties 
of the TiO2 samples. With the increase of pH value, the specific surface area 
decreased from 189 to 48 m2/g and average pore diameter increased from 4.6 to 
27.5 nm with no obvious change of pore volume (~ 0.30 cm3/g). Significantly, the 
pore organizations in the range of 2 to 100 nm change from unimodal to bimodal 
distribution. Except for the unchanged peak pore diameters of ca. 2-3 nm, the peak 
of larger pores can be tailored from 4.0 to 45 nm by increasing the pH. We believe 
that the hierarchical structures with controlled pore size distribution will help us 
understand the influence of pore structure on photocatalysis acticity of TiO2. 
 

[1] Michael R. Hoffmann, Scot T. Martin, Wonyong Choi, and Detlef W. Bahnemann, 
Chem. Rev. 1995, 95, 69. 
[2] Andrew Collins, Daniel Carriazo, Sean A. Davis and Stephen Mann, Chem. 
Commun. 2004, 568. 
[3] Jiaguo Yu, Lijuan Zhang, Bei Cheng, and Yaorong Su, J. Phys. Chem. C 2007, 111, 
10582. 
[4] Jiaguo Yu, Yaorong Su, and Bei Cheng, Adv. Funct. Mater. 2007, 17, 1984. 
[5] Junko Konishi, Koji Fujita, Kazuki Nakanishi, and Kazuyuki Hirao, Chem. Mater. 
2006, 18, 6069-6074. 
[6] Zhong-Yong Yuan and Bao-Lian Su, J. Mater. Chem. 2006, 16, 663. 
[7] Aurelien Vantomme, Alexandre Leonard, Zhong-Yong Yuan, Bao-Lian Su, Colloids 
and Surfaces A: Physicochem. Eng. Aspects 2007, 300, 70.
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In this article we report recovery of mesoporous silica and hydrofluoric acid 
(HF) from the waste material (hexafluorosilicic acid) of phosphate fertilizer 
industry. The process involves the reaction of hexafluorosilicic acid ( 25 wt% 
H2SiF6) and sodiumsilicate (24% Silica content- Na2O-3.4SiO2) and the 
alkaline and Acdic  aqueous slurry was generated. Silica was separated from 
the slurry by filtration and the sodium fluoride (NaF) was obtained from the 
aqueous solution by spray dryer which further reacted with sulphuric acid at 
favorable conditions to form hydrofluoric acid (HF). The obtained mesoporous 
silica , hydrofluoric acid and sodium fluoride were characterized by N2 
absorption/desorption (BET), thermogravimetric analysis (TGA), x-ray 
diffraction (XRD), XRF ,scanning electron microscope (SEM), and EDS. The 
results confirm that the separation of mesoporous silica , sodium fluoride and 
hydrofluric acid  was successful and the final products have high purity. The 
silica product was found to have wide range of pore diameter and surface 
area for many application . The process reported in this study may 
significantly reduce the release of hazardous materials in our environment and 
it might confer economic benefits to the responsible industries. 
 
[1] For articles in magazines:  H.S. Yu, K.I. Rhee, C.K. Lee, D.H. Yang  
Korean J. Chem. Eng. 2000, 17, 401.  
[2] For articles in magazines:  A. Krysztafkiewicz Powder Technology 1990, 
63, 1.  



Poster Session 

SOLGEL2009 

358 

PSG234- d-U(600) AEROGELS AND XEROGELS: LOW DENSITY 
HYBRIDS MATERIALS FOR THERMAL AND MICROWAVE 

INSULATION 
 

 

E. Pecoraro1, P.S. André1, L.D. Carlos2 
 

1Instituto de Telecomunicações, Aveiro,Portugal 
2Dep. of Physics – Universidade de Aveiro,Aveiro,Portugal 

e-mail:edison@av.it.pt 
 
 
Organic–inorganic sol–gel-derived hybrids constitute a versatile way to tailor 
multifunctional advanced materials for optics, electronics, mechanics, and 
biology 1. Over the last two decades, research has been focused mainly on 
siloxane-based hybrid networks, which present several advantages for 
designing materials for different areas. An interesting family of class II hybrid 
material, so called diureasils, consists of polyethylene oxide chains of variable 
length grafted, on both ends, to siloxane domains by means of urea cross 
linkages 2. The present work evaluates the improvement on mid infrared 
absorption of silica xerogels and aerogels by the introduction of the diureasil 
matrix into the SiO2 network. Also, the variation on the density is presented. 
The diureasil is based on α,ω-diaminepoly(oxyethylene-co-oxy-propylene) 
with M=600g.mol-1, and 3-isocyanatepropyltriethoxysilane. It is covalently 
connected to the inorganic network through Si-O-Si bonds and called d-
U(600). Besides, we introduce for the first time d-U(600) as a 9GHz 
microwave absorber. The variation on the mid infrared absorption was 
followed by the integrated area of 2000 to 500cm-1 region of ATR spectra for 
different d-U(600) concentration. Figure one shows the results for aerogels 
and xerogels. 

The results shown an effective 
improvement (~10x) on the 
absorption when the ratio 
between d-U(600) and the silica 
precursor (TEOS) is equal to 1. 
For ratios higher than that, no 
significative changes are 
observed. The supercritical 
drying process gives a small 
increment on the absorption. 
However, due the process itself 
be more energetic and 
expensive, the improvement is 
too small to be considered. Pure 
d-U(600) presents a density of 

0,94g/cm3, that is comparable to some pure silica aerogels. The adding of d-
U(600) to pure TEOS silica xerogels or aerogels shown reduction of their 
density, ranging from 1.44g/cm3 (ratio 0.2) to 1.19g/cm3 (ratio 10).    
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For the microwave measurement several techniques have been proposed, 
such as the cavity resonant method 3. A d-U(600) sample with a volume of 
200 mm3 was placed inside the cavity. A small sample volume assures that 
the small perturbation method can be used to predict the sample complex 
permittivity. In this method, we measure the shift in the resonant frequency of 
the cavity, caused by the sample, which can be related to the real part of the 
complex permittivity, ε’, while the change in the inverse of the quality factor of 
the cavity, gives the permittivity imaginary part, ε’’. For a frequency of 9Ghz 
values of 3.8432 and 8.21x10-2 were obtained for the ε’ and ε’’, respectively. 
The organic-inorganic hybrid d-U(600) shows also mechanical features, as 
Young’s module and hardness (results on the way), that will corroborate for it 
be a potential candidate for simultaneously thermal and microwave insulator 
for aerospace, telecommunication and medical devices.   
 
 
1- C. Sanchez, F. Ribot, and B. Lebeau, J. Mater. Chem. 9, 35 (1999). 
2- V. de Zea Bermudez, C. J. Poinsignon, and M. Armand, J. Mater. Chem. 7, 
1677 (1997). 
3 - Costa L. C., Devesa S., André P., and Henry F., Microwave Optical 
Technology Letters, 61, (2006).  



Poster Session 

SOLGEL2009 

360

PSG235- REMOVAL OF BROMATE AND NITRATE IONS FROM 
SPRING WATER BY TI/TIO2 NANOPOROUS CATHODE 

PREPARED BY SOL-GEL METHOD 
 

 

F.M.M. Paschoal1, G. Pepping2, M.A. Anderson2, M.V.B. Zanoni1 

 
1Instituto de Química de Araraquara, Araraquara, Brazil 

2 Environmental Chemistry and Technololy Program,University of Wisconsin-Madison, 
EUA        

e-mail:fmmpaschoal@yahoo.com.br 
 
 
Intolerable level of bromated and nitrate ion was contained in many sources of 
water, especially in areas of intensive agriculture. The World Health 
Organization classifies BrO3

- as a category I group B2 or “possible human” 
carcinogen. Accordingly, regulatory agencies in the United Kingdom and the 
United States have established a maximum BrO3

- concentration in drinking 
waters of 10 µg L-1 [1]. In addition, is also known that Nitrate can cause 
serious health problems in humans such as the “blue baby syndrome” in 
infants, liver damage and cancer. Therefore, a maximum limit of 50 mg/L NO-

3 
(15mg/L NO3

 −) in drinking water is permitted [1]. Many treatment options have 
been investigated [2,3], but all them presents low efficiency, no sludge 
production, high investment costs. The photoelectrocatalytic behavior of p-
type semiconductor TiO2 photocathode under a negative potential and UV 
irradiation is known in the literature [4]. Photons of sufficient energy can excite 
electrons across the band gap generating eCB

−/hVB
+ (eCB

− = electrons in the 
conduction band and hVB

+ = holes in the valence band). The application of a 
negative potential generates an electric field within the semiconductor 
increasing the efficiency of the process [3]. The aim of the present work is to 
reduce BrO3

- and NO3
- simultaneously using the Ti/TiO2 as photocathode by 

photoeletrocatalytic processes. The photoelectrocatalytic reduction of 316.7 
mg L-1 nitrate and 0.25 mg L-1 bromate was investigated using the best 
experimental conditions previously otimized as: Applied potentia of  -0.20 V vs 
Ag/AgCl, light intensity of 1.1 W/cm2 and pH 2.0. The results obtained indicate 
a removal of 70% of nitrate and BrO3

- simultaneously monitored by ion 
chromatograph. The reaction of nitrate and bromate follow the equations : 2 
NO3

- + 2 H2O + 4e- → 2 NO2
- + 4 OH-  and BrO3

-   +  3H2O   +   6e-   →  Br-   +   
6 OH-, respectively. 
 
[1] M. Li et al. Electrochimica Acta, 2009, 54, 4600–4606 
[2] S. Taguchi, J.M. Feliu, Electrochimica. Acta, 2008, 53, 3626 - 3634. 
[3] J. Souza-Garcia et al. Electrochimica. Acta. 2009, 54, 2094 - 2101. 
[4] F.M.M. Paschoal et al. Environmental Science & Technology - submitted 
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Basic Blue 41 (BB 41) is a monoazo-basic dye of bright blue hue; it is 
particularly suitable for dyeing synthetic substrates, such as polyamide, 
polyester and viscose. As a consequence of low fixation these dyes can enter 
in the waterbodies promoting undesirable effects [1]. The performance of 
photoelectrocatalytic behavior of n-type semiconductor TiO2 photoanodes 
under a positive potential and UV irradiation is well known in the literature for 
organic degradation [2,3], but there are no application for basic dyes. The aim 
of the present work is to investigate the photoelectrocatalytical degradation of 
BB 41 by Ti/TiO2 nanoporous anode prepared by Sol-Gel method. Titanium 
(IV) isopropoxide (Aldrich) was used as a precursor for preparing TiO2 
colloidal suspensions. Typically 20 mL of titanium isopropoxide was added to 
a nitric acid solution keeping the ratio Ti/H+/H2O at 1/0.5/200[2]. The 
photoelectrocatalytic degradation product was monitored by measuring the 
absorbance of samples in a quartz cell at controlled times using a Hewlett 
Packard 8453 spectrophotometer operating from 190 to 1000 nm and the total 
organic carbon (TOC) removal was monitored using the Total Organic Carbon 
Analyzer (Shimadzu 5000A). After 60 min of photoelectrocatalysis oxidation 
maximum degradation (100%) of BB 41 was obtained for 8.33x10-5 mol L-1 
dye in 0.1 mol L−1 Na2SO4 at pH 2 under current density of 0.40 mA cm−2 and 
UV irradiation. The percentage of TOC removal reaches 80% after 60 min of 
photoelectrocatalysis. The oxidation of BB 41 follows a first order reaction with 
initial rate constant -0.040 mim-1. The photoelectocatalysis presented a better 
performance in relation to photocatalysis with percentage of TOC removal 
was 64.6 % and the initial rate constant for BB 41 removal was -0.024 mim-1. 
Therefore, the photoelectrocatalysis is more efficient than photocatalysis and 
can be a successful method for textile effluent.   
  
[1] Roulia, M., Vassiliadis, A.A.. J. Colloid Interface Sci, 291 (2005) 37–44. 
[2] L.E. Fraga et al. Electrochimica Acta, 2009, 54, 2069–2076.  
[3] F.M.M. Paschoal; M.A. Anderson; M.V.B.Zanoni. Journal of Hazardous  
Materials, 2009, DOI 10.1016/J.J.Hazmat.2008.11.058. 
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Advanced oxidative processes are new technologies for waste water 
treatment because new compounds in effluents are not readily degraded by 
the conventional treatments [1]. Oxidative processes can completely destroy 
organic pollutants (alkanes, pesticides, etc.) [2] or microorganisms (bacteria, 
viruses, fungi, etc.) [3]. TiO2 is widely studied in photocatalytic oxidation 
processes for environmental applications. The commercial catalyst Degussa 
P25 is very efficient but it is activated with UV light only. To use the full solar 
spectrum, doping agents like dyes or metals are used as photosensitizers. 
Here, metallo-porphyrins are grafted on TiO2 commercial and sol-gel TiO2. 
The efficiency of photodegradation of p-nitrophenol and Escherichia coli with 
sol-gel catalysts is compared to Degussa P25 efficiency under both UV-A and 
visible light. The p-nitrophenol is considered here as model compound. It is 
listed as one of the 114 organic pollutants by the Environmental Protection 
Agency in the US. Escherichia coli is a bacteria used as reference in 
photodisinfection tests because it is the mostly studied microorganism and it is 
a biological indicator of disinfection efficiency [4]. As expected, Degussa P25 
is more efficient under UV-A for p-nitrophenol oxidation. More than 40% of p-
nitrophenol is degraded with Degussa P25 against no degradation for sol-gel 
TiO2 under UV-A.  However, with photosensitized sol-gel catalysts, 35% of p-
nitrophenol is degraded under visible light against only 10% of degradation 
with Degussa P25. The photodisinfection tests are in progress but first results 
indicate that Degussa P25 present a better activity under UV-A and the sol-gel 
catalysts are more efficient under visible light.   
 
[1] Gogate P., Pandit A. Advances in Environmental Research 2004 8, 501-

551. 
[2] Chen D., Ray A. Water Research  1998 32, 3223-3234.  
[3] Watts R., Kong S., Orr M., Miller G., Henry B. Water Research 1995 29, 

95-100 
[4] Rincón A.G., Pulgarin C. Applied Catalysis. 2003 44, 263-284.  
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Monodisperse nanometer silica spheres prepared by hydrolysis and condensation 
of tetraalkoxysilanes according to a method developed by Stöber et al, have been 
used as a model system in many different fields such as ceramics, catalysis, 
chromatography and colloids [1]. Being chemically inert and non-harmful to the 
human body, silica aerogels may easily find an application in the pharmaceutical 
industry, mostly as carrier materials for controlled drug delivery systems. The 
search for systems that make drugs available for a specific target, with suitable 
release rates and times, leading to the desirable effect has reoriented research in 
the area of controlled drug release systems. Many materials have been employed 
for drug delivery, but they must exhibit certain features to avoid damage to the 
organism. Silver sulfadiazine (AgSD) is a commercial product already applied for 
therapy of injured skin, in particular burns. The activity of AgSD is based on its 
bacteriostatic properties. Sulfadiazine belongs to a group of sulfonamides which 
have been used for decades to fight infections. Unfortunately, the increase of 
antibiotic resistance is a serious problem. In this context silver ions play an 
important role because silver compounds are rather effective for the prevention 
and treatment of infections in general [2]. The aim of the present work is to 
incorporate AgSD into silica particles by the sol-gel process, characterize the 
material, study the interactions originated from this incorporation and evaluate the 
application of the obtained material as a drug delivery system. About 50 µmol of 
AgSD was suspended in a solution composed by 0.34 mol of isopropanol, 0.44 
mol of water and 0.21 mol of ammonium hidroxide. After, 8.3 mmol of TEOS was 
dropped into the suspension under constant stirring. The reaction was processed 
for 30 minutes. Characterizations of the synthesized material were carried out by 
ultraviolet-visible and infrared absorption spectroscopies. From these techniques 
we were able to see that AgSD was successfully incorporated into silica particles. 
In the ultraviolet-visible spectrum there is an absorption band at 230 nm 
characteristic of AgSD. In the infrared spectrum were observed characteristic 
bands of silica and AgSD. The band at 1095 cm-1 is the Si-O asymmetrical 
stretching of silica and the bands at 1627 cm-1 is the N-H angular deformation and 
at 3415 cm-1 is the N-H angular stretching of AgSD. In conclusion, the presence of 
silver sulfadiazine bands in the spectra made it possible for us to confirm its 
successfully incorporation into silica particles. 
 
[1] I. Nebot-Diaz, E. Cordoncillo, M. Irún, P. Escribano, J. B. Carda, Key Eng. 
Mat., 2002, 206-213, 1203. 
[2] H. Kunkely, A. Vogler, Inorg. Chem. Commun., 2007, 10, 226. 
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Sr and Mg-doped calcium phosphates have been prepared by sol-gel 
chemistry. All samples are porous and exhibit phase mixtures. With respect to 
undoped sample, the Sr-doped sample exhibits higher proportion of b-TCP 
phase and significant amount of amorphous phase. Strontium ions are 
preferentially found in HAp and b-TCP but a large amount is found in the 
amorphous phase. The effective partial substitution of Sr in HAp makes this 
material very interesting for orthopaedic applications. Furthermore, the 
presence of Sr-containing amorphous phase and Sr-doped soluble b-TCP 
phase, are responsible for a partial release of Sr2+ ions in solution upon 
interaction in physiological fluids. A significant anti-inflammatory effect of Sr-
doped HAp has been demonstrated by measuring the production of TNF-a by 
human monocytes in contact with the materials. 
For Mg-doped materials, the temperature dependence of the HAp to b-TCP 
ratio is not monotonic due to the formation of minor phases. On the other 
hand the Mg stabilizing feature on the TCP phase has been evidenced. The 
mechanism of stabilization by small Mg2+ is different from the one of bigger 
Sr2+. Nevertheless, in both cases, the b-TCP stabilisation is due to the 
improvement of the environment of the Ca4 site unusually face coordinated to 
a PO4 tetrahedron. The influence of Mg doping on the in vitro bioactivity of the 
ceramics is described. The mechanism of improvement is mainly attributed to 
an accelerated kinetic of precipitation of a calcium phosphate layer at the 
surface comprising HAp and/or b-TCP phases. 
 
[1] G. Renaudin, P. Laquerrière, Y. Filinchuk, E.Jallot and J.-M. Nedelec, J. 
Mat. Chem. 2008, 18, 3593. 
[2] S. Gomes, G. Renaudin, E. Jallot and J.-M. Nedelec, Applied Materials 
and Interfaces (ACS), 2009, 1(2), 505. 
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The development of bone tissue regeneration calls for biomaterials able to 
release biologically active substances in a controlled manner after 
implantation. In this context, mesoporous calcium phosphates are of major 
interest. In this work, hydroxyapatites powders with an interconnected 
nanoporosity were prepared. The morphology and texture of the materials 
were determined by scanning electron microscopy and gas sorption 
technique. Their ability to incorporate and to release proteins was tested with 
the use of cytochrome C. Adsorption isotherms in solution were measured 
showing good adsorption capacity. To determine the spatial distribution of the 
proteins in the ceramic an original methodology was developed. Highly 
sensitive Particles Induced X-ray Emission coupled to Rutherford 
Backscattering spectroscopy (PIXE-RBS) was used to obtain quantitative 
chemical mappings of hydroxyapatite powders at the micrometer scale. Iron 
naturally presents in proteins was used as their marker. Quantitative chemical 
maps of Ca, P and Fe show concentrations gradients of proteins from the 
centre to the periphery of the materials. In the tested hydroxypatite, the 
proteins incorporation start at 10 µm from the powder surface and the majority 
of proteins is located in the centre. Thanks to this method we are able to 
determine quantitatively the proteins distribution in the bioceramics and we 
will be able to follow up their release upon interactions in biological medium. 
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Mesoporous silicas with large and accessible pores have been successfully 
synthesized using laboratory-made poly(ethylene oxide)-b-polystyrene (PEO-
b-PS) copolymers as templates. The PEO-b-PS copolymers were synthesized 
using living/controlled radical polymerization. The porous structure (mesopore 
size, size distribution, and microporous volume) was characterized using 
small-angle X-ray scattering, electron transmission microscopy, and nitrogen 
sorption measurements.  
In this study, we have investigated the dependence of the mesoporosity on 
both the PS and PEO blocks length using two series of PEO-b-PS copolymers 
with a constant degree of polymerization of the PEO block for each series 
(NPEO=114 and NPEO=232). It was found that the mesopore size increases and 
the microporous volume decreases as the PS block length (NPS) increases. 
The PEO block participates to both the micropore and mesopore formation. 
By fitting these experimental data, a simple empirical relationship between the 
pore radius and the length of the both PS block (NPS) and PEO block (NPEO) is 
found. This relationship is in agreement for both low- and high-molecular-
weight copolymers and can easily be used to fine tune the mesopore size of 
silica materials, in a large range (from 4 to 22 nm), when using PEO-b-PS 
copolymers as templates. Furthermore, the influence of the synthesis 
temperature (between 25 and 60°C) on the porous structure was also 
investigated and it was found that by increasing the synthesis temperature, 
the mesopore diameters remain relatively constant; however, the pore 
entrances increase in size, leading to more open pore structures. 
These matrices were then used for the incorporation of Ag and Au 
nanoparticles. In order to create specific germination sites, some of silica 
matrices were functionalized with an amine or a thiol group by post synthesis 
grafting. The mesoporous solids were then impregnated with a solution of Ag 
or Au salt and irradiated with a UV lamp. Different parameters of this step 
such as the chemical nature of the solvent, the irradiation time and power, 
were optimized in order to obtain nanoparticles presenting a controlled and 
monodisperse size. 
Finally, examples of applications showing the interest and the potential of 
such nanocomposites for the detection of gas and liquid molecules are 
presented (adsorption of CO gas in presence of CO2, SERS effect…)  
 
[1] E. Bloch, P. Llewellyn, T. Phan, D. Bertin, V. Hornebecq, Chem. Mater, 21 (2009) 48 
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Photochromic materials have been the focus of much attention because of 
their potential technological applications in optical lenses and smart windows, 
information display, high-density memory devices and UV dosimetry. 
Polyoxometallates are good candidates for the preparation of such materials 
because they can accept electrons or (and) protons to yield mixed valency 
colored species (heteropolyblues or heteropolybrowns). However, to be able 
to use these photochromic dyes in useful devices the challenge is to develop 
matrix materials with adequate optical, mechanical, and chemical properties. 
Hybrid materials are the natural choice to develop devices based on 
polyoxometalates due to possibility to tune these properties. Among them, 
ormosil materials occupy a place of choice since the photochromic response 
may be tuned using polyoxometallates intermolecular interactions with 
different organic functionalities. In this abstract we report on the role of the 
amino and nitrile groups in the phosphotungstate-ormosil materials. These 
materials were prepared by solgel technique using silanes bearing the amino 
and nitrile groups as well as 3-glycidoxypropyltrimethoxysilane (Glymo) and 
tetraethylortosilicate following an acid hydrolysis route. Results were obtained 
for the ormosil having only amino functionality, named 18, the ormosing with 
nitrile functionanlity, 36, and the ormosil with nitrile and amino functionalities, 
named 38. Thin films were produced by casting on aluminosilicate glasses. 
The irradiation of the films with a Xe arc lamp ( UVB dose = 36 MED ) result 
on change of their color as can be seen in Figure 1. The pure nitrile ormosil, 
sample 36, shows the higher change in absorbance, therefore, the higher 
sensitivity. All spectra showed a broad peak centered at 740 nm ascribed to 
the monoreduced [PW12O40]4-, see Figure 1B. The films completely change 
of color after 25min of UV irradiation with faster color change rate for samples 
18 and 38 showing slightly dependence of the photochromic response as a 
function of the nitrogenated organic functionalities play a relevant role in these 
ormosils. The ormosil 36 showed reproducible response of the reflectance 
function ( F(R) ) for doses as low as 0.66 MED. The decrease on 
concentration of the phosphotungstate (HPW) in the sol stage results on 
decrease of the reflectance function for measurements with a UVB dose of 
1.32 MED. 
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Epoxy resins have been commercially available for about 50 years and are 
widely used in modern industries. A good way to improve impact properties is 
the addition of nano-sized fillers such as organic-inorganic hybrids. Among 
several inorganic nano-particles that can be incorporated into the epoxy resin, 
those constituted by polyhedral oligomeric silsesquioxane (POSS) have been 
emerging as a new and versatile technology because of the simplicity of their 
synthesis and processing. Moreover they offer an unique opportunity for 
preparing truly dispersed nanocomposites [1]. POSS is a class of important 
nanosized cage-like compounds, obtained by a sol-gel process involving 
hydrolysis and condensation of trialkoxy silanes bearing an organic group [2]. 
The nature of the R groups is very important to provide good interaction 
between the filler and the epoxy matrix, which in turn affects the degree of 
dispersion, the local structure and mobility of the polymer chains. 
Consequently an improvement of thermal, oxidative and dimensional stability 
as well as mechanical performance of many polymeric resins is usually 
achieved.  
The aim of this communication is to discuss the preparation of amino-
functionalized silsesquioxane and its use in epoxy resin. The silsesquioxane 
was prepared by the sol-gel technique involving hydrolysis/condensation of 3-
aminopropyl-trietoxy silane (APTS) in the presence of chloridric acid. To 
improve the compatibility of the resulting silsesquioxane material with the 
epoxy resin, the sol-gel process was also carried out with an adduct prepared 
by a previous reaction between the epoxy resin and the 3-aminopropyl-
trietoxy silane  precursor, followed by the hydrolysis/ condensation of the 
adduct. The effect of the concentration of POSS-NH2 on thermal and dynamic 
mechanical properties was evaluated. The curing process of the modified 
epoxy resin was also investigated from rheometric experiments. The presence 
of the hybrid material resulted in a great improvement of adhesion properties 
and a decrease of the time necessary for curing. The dispersion of the 
silsesquioxane inside the epoxy matrix was evaluated by small angle X-ray 
scattering and transmission electron microscopy.  
[1] Pielichowski K., Njuguna J., Janowski B., Pielichowski J.:Advances in Polymer 
Science, 201, 225-296 (2006). 
[2] Sellinger A., Laine R.M.: Chemistry Materials, 8, 1592-1593 (1996). 
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Mesoporous hybrid thin films (MHTF) present a great interest for their potential in 
domains such as optics, electronics, chemical sensing, catalysis, separation, etc. 
These materials are synthesized by an Evaporation Induced Self Assembly 
process. One-pot or post-grafting strategies have been developed in order to add 
organic functions to the pore surfaces. Although sol-gel strategies leading to MHTF 
are well developed, little is known about the actual charge and transport properties 
of the organically modified pore system, which should be ideally tuned for selective 
molecule transport. 
In this work we have synthesized M1-x(Si-CH2CH2CH2NH2)xO2-x/2 (M: Si, Ti, Zr) 
mesoporous thin films by a one pot method. Block copolymer Pluronic F127 was 
used as the template, leading to Im3m cubic pore structures with homogeneous 
wall composition and 8-10 nm diameter pores as assessed by ellipsometric pore 
analysis. Films were characterized by means of FTIR, XPS, UV-vis, TEM, X-Ray 
diffraction and X-Ray reflectometry. 
The acid base behavior and chemical reactivity of the amine group in MHTF was 
studied. A clear relationship between the acidity of amine/ammonium dangling 
groups and the isoelectric point of the oxide was found. Only 20% of the amine 
functionalities are available for further reaction. 
The application of these materials as perm-selective membranes was tested by 
cyclic voltammetry. The results demonstrated that it is possible to synthesize, in 
one-pot, a membrane that allows controlling the permeation of a given molecule as 
a function of the medium pH.  
In addition, this permselectivity can be finely tuned by changing the electrostatic 
nanoenvironment of the pores through the covalent functionalization with  
polyelectrolyte brushes, made up by ATRP on the amino-functionalised samples. 
These results introduce an interesting example of molecular design of a functional 
interface using tools from two well-established research areas, i.e: mesoporous 
films and polymer brushes. We envision that this approach combining elements 
from macromolecular and sol-gel chemistry will pave the way to the rational design 
and facile creation of highly funcional interfacial architectures. 
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As sol-gel silica glass has a porous structure in nm and m order, its 
mechanical properties such as elastic modulus has been simply evaluated by 
the porosity [1]. However, as the character of the skelton composing the 
porous structure such as ring sizes and number of hydroxyl groups is various 
especially when the glass is prepared at a lower temperature. Therefore, the 
effect of the skelton character on the mechanical property cannot be negligible 
as is known for conventional silica glasses and crystals [2]. It is important to 
consider the effect of the skelton character on the mechanical properties 
especially for nm-scale applications and organic/inorganinc hybrid materials. 
The purpose of the present study is to clarify the effect of the skelton 
character on the elastic modulus of the sol-gel silica glass and then to 
propose a useful prediction model for elastic modulus. 
In the experiment, bulk samples of sol-gel silica glass are prepared by 
employing different compositions and heating temperatures. The 
microstructures of the prepared samples are examined with nitrogen 
absorption, Raman spectroscopy, and scanning electron microscope. The 
elastic modulus is measured by using a thermo-viscoelastometer and a nano-
indentator. In the molecular dynamics simulation, sol-gel silica glasses 
(prepared through the condensation reaction analysis) and fused silica 
glasses are modelled, both of which have various porosities and ring size 
distributions. The physical microstructures are evaluated and also the 
modulus was calculated. Based on the experimental and analysis results, the 
effects of the porosity and also the skelton character on the modulus are 
discussed. 
 

[1] T. Adachi; S. Sakka J Mater. Sci. 1990, 25, 4732.  
[2] M. Grimsditch Phys Rev Lett 1984, 25, 2379. 
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Ellipsometric porosimetry (EP) is a non contact, non destructive approach that 
is cited as a reference technique for porous thin film analysis. As it is based 
on a spectroscopic ellipsometric measurement, the technique allows the 
precise determination of the refractive indices and thickness of the porous 
films. The advantage of these EP tools is that the combination of this well 
established spectroscopic ellipsometric technique with a suitably adapted 
adsorption chamber permits access to all the information obtained by classic 
adsorption experiments (e.g. BET) on thin films with an excellent sensitivity. 
Information such as open and closed porosity, pore size distribution etc. can 
be thus obtained. 
In addition the EP tool allows access to a multitude of information that the 
classic equipment does not. For example, Spectroscopic Ellipsometry allows 
us to ascertain the variation of the sample thickness during the adsorption 
experiment, leading to the determination of the Young’s Modulus for the thin 
films. The technique is highly sensitive to the detection of interfaces; it is thus 
possible to detect a porosity gradient or to study a multilayer structure and 
thereafter simultaneously plot the two corresponding adsorption isotherms. In 
the same manner, the tool permits the use of a range of gas adsorptives in 
order to tailor the probe molecule to the morphology and to the chemistry of 
the porous layer at ambient temperature. We thus obtain information on the 
chemistry of the pores within the layer, before, during and after the adsorption 
experiment. 
Specifically, this fundamental technique permits the thorough characterization 
of porous thin film samples, in order to allow the optimization of the fabrication 
of such materials. In this article, we will demonstrate some of the different 
features of the EP tools in regards to the morphological and chemical 
properties of the porous thin films, as well as information concerning the 
diffusion behavior in porous systems. Additionally, we will illustrate the 
usefulness of this information for various thin films applications such as sol gel 
thin films, nanofilms for catalysis, and aerogels to name but a few. 
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Polymer nanocomposite science is a very dynamic and emerging field in 
polymer chemistry. Like other polymerization processes, photopolymeri-zation 
has known a recent explosion of research in this area, thanks to low energy 
consumption, high reactivity and minor VOC emission. UV-cured organic-
inorganic hybrid materials generally attempt at combining hardness, flexibility 
and resistance to chemicals, scratch, heat, while maintaining transparency 
and gloss. Major applications in this field are abrasion resistant coatings, 
protective films for plastics providing barrier properties, glass coatings and 
novel optical devices. Different synthetic pathways have been developed for 
the preparation of UV-curable nanocomposites. They were mainly based on 
two routes: (i) use of low molecular weight organoalkoxysilanes. A preliminary 
sol-gel step produces a liquid organic-based polysiloxane network that can be 
photopolymerized subsequently, affording a solid cross-linked organic-
inorganic system; (ii) use of preformed inorganic nanoparticles which are 
dispersed into photocurable monomers. Recently, we investigate a novel one-
step methodology for preparing hybrid sol-gel coatings by UV irradiation of 
bifunctional hybrid precursors, bearing both an organic epoxy function and 
alkoxysilane moieties1. Through the in situ liberation of protic acids via onium 
salt photolysis, polymerization of epoxy takes place concomitantly with 
hydrolysis and condensation of the reactive silanes. This straightforward 
method gives access to a stable, solvent-free and single-component hybrid 
coating composition, which can be applied at room temperature and cured 
upon UV exposure. This route opens up new opportunities towards hybrid 
materials by incorporating hybrid precursors into organic resins. Owing to the 
reactive silane’s high solubility with the resin, high inorganic contents can be 
achieved in the nanocomposite films and the film properties can be easily 
modulated upon varying the hybrid precursor nature and its concentration.  
The present paper focuses on UV-cured epoxy based hybrid sol-gel coatings. 
The progress of the concomitant organic and inorganic reactions was followed 
in situ by real time infrared (RT-FTIR) spectroscopy and the hybrid material 
microstructure was examined through 29Si and 13C solid state NMR 
spectroscopy. Thermo-mechanical and tribological behaviours of the UV-
cured hybrid sol-gel material as well scratch resistance were investigated to 
access the final coating properties. 
 

1Chemtob, A.; Versace, D.-L.; Belon, C.; Croutxé-Barghorn, C.; Rigolet, S. 
Macromolecules 2008, 41, 7390-7398.
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Optical Waveguide Lightmode Spectroscopy (OWLS) is a fast and sensitive 
technique based on evanescent wave detecting for micron-scale biological 
materials like bacteria and whole cells in aqueous media. Developing a new 
planar waveguide design1 from a nanoporous substrate and improving its 
sensitivity to adsorbed layers promote a great challenge in biological 
applications.  
The configuration of the sensor consists of a waveguide film (index nF) 
surrounded by a substrate (index nS) and a cover medium (index nC), with 
nF>nC>nS. A diffraction grating imprinted on the film permits to couple the light 
in the film by total internal reflection. Even though the transmitted wave will 
not propagate in the cover medium, the amplitude of reflected electromagnetic 
wave decreases exponentially from the surface (evanescent field). 
Silica aerogel thin films are prepared by an ambient pressure process2 in 
order to make the nanoporous substrate. The synthesis is divided in 7 steps. 
1) Sol preparation (two-step acid-base catalyzed synthesis). 2) Sol aging. 3) 
Pore fluid exchange to avoid water in the pores. 4) Surface modification to 
reduce capillary pressure in the pores during drying. 5) Redispersion of the 
gel by ultrasound in order to get a homogeneous sol. 6) Dip coating. 7) 
Pyrolyse of the obtained aerogel films to remove organic groups and get a 
maximum porosity. Nanoporous silica films are about 0.75 to 1 µm thickness 
and 1.1 refractive index.  
The waveguide structure is completed by depositing a polystyrene film3 on the 
substrate and a diffraction grating from a PDMS mold is imprinted on it.  
Adsorption of proteins on the waveguide has been performed. Results show 
that our system is efficient to measure changes in N during adsorption. 
  
1 R. Horvath, L. R. Lindvold and N. B. Larsen, Appl. Phys. B 2002, 74, 383-
393.  
2 C. J. Brinker and S. S. Prakash, US patent # 5.948.482 
3 R. Horvath, H. C. Pedersen, N. Skivesen, C. Svanberg and N. B. Larsen, J. 
Micromech. Microeng. 2005, 15, 1260-1264. 
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Thin films with low-refractive index are of great interest to adjust the optical 
properties, e.g. reflectivity. Sol-gel coatings are very efficient for flat glass 
functionalisation because of ease of application, low cost and versatility. 
Mesoporous silica films prepared by surfactant self-assembly have been 
extensively studied but show poor refractive index stability as capillary 
condensation of atmospheric water can occur in the pores [1].  One way to 
tackle this issue is to prepare films with larger pores for which capillary 
condensation occurs at high humidity rate.  
 

Starting from custom made latex, we successfully prepared sol-gel porous 
silica film with pore size above 30nm, with the ability of tailoring independently 
and accurately pore size, pore volume fraction and pore surface chemistry.   
 

Pore accessibility as a function of pore size and porous fraction was 
investigated through ellipsometry-porosimetry for ethanol adsorption, and a 
transition between open and closed pore structure at decreasing volume 
fraction was shown. Mechanical properties were investigated with 
nanoindentation: Young's modulus and hardness were shown to follow a 
minimal area model with porous fraction [2] while no effect of pore size was 
measured. The pore occlusion threshold does not induce any singularity in the 
mechanical response which allows for performance optimization of the 
material. 
 

[1] M. Matheron; A. Bourgeois; T. Gacoin; A. Brunet-Bruneau; P.-A. Albouy; 
J.-P. Boilot; J. Biteau; P. Lacan Thin Solid Films 2006, 495, 175. 
[2] R.W. Rice,  J Mater Sci 1996, 31, 102. 
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Recently, the BiVO4 in scheelite structure was found to show photocatalytic activity 
for decomposition of water and photodegradation of organic pollutants under 
visible light.  BiVO4, band gap of 2.3-2.4 eV, can absorb visible light of wavelength 
shorter than 525nm.  BiVO4 is usually prepared by the solid-state reaction at high 
temperatures resulting in low specific surface area.  The photocatalytic activity will 
be improved with increase in surface area and addition of SiO2.  In this study, 
BiVO4 and BiVO4/SiO2 composite have been synthesized at low temperature by 
the sol-gel method in order to develop better photocatalysts. 
 
BiVO4 powder was synthesized by hydrolysis of mixture of Bi-ethoxide, prepared 
from BiCl3, and vanadylethoxide at 333K.  SiO2 sol, obtained by hydrolysis of 
TEOS, was added to the BiVO4 precursor solution before hydrolysis.  The obtained 
powders were characterized by the measurements of X-ray diffraction (XRD), N2 
adsorption and diffuse reflectance spectra (DRS), and scanning electron 
microscopy (SEM) and transmission electron microscopy (TEM).  The 
photocatalytic activity was evaluated by the measurements for the rate of 
degradation of phenol and the reduction of dichromic acid under irradiation of 
visible light. 
 
For all of the samples, only the XRD peaks assigned to scheelite-monoclinic BiVO4 
were found.  For BiVO4 prepared by the sol-gel method, the absorption tail in the 
long wavelength range, due to the lattice defects, was found by the DRS.  From 
SEM, TEM, N2 adsorption, the sol-gel BiVO4 consists of nanoparticles, 5-6nm in 
diameter.  The particle size was much smaller than that of BiVO4 prepared by the 
solid-state reaction, about 1µm in diameter.  The specific surface area of the sol-
gel BiVO4, 26.22m2g-1, was larger than that of BiVO4 the solid-state reaction, 0.69 
m2g-1.  As for BiVO4/SiO2 composite, BiVO4 deposited on the surface of SiO2.  The 
specific surface area of the composite powders increased proportionally to the 
SiO2-content.  The photocatalytic activities of the sol-gel BiVO4 were improved 
more than twice in comparison with that of BiVO4 by the solid-state reaction.  The 
potocatalytic activity was further improved with addition of SiO2.  The optimum 
SiO2 amount was 50mol% for the degradation of phenol and 25mol% for the 
reduction of dichromic acid.  Dichromic acid molecules can be adsorbed on BiVO4 
more easily than phenol.  The increase in the amount of reactant molecules with 
addition of SiO2 improves the photocatalytic activities of BiVO4, and the influence 
is more significant when the adsorbability of the reactant is low, such as in the 
case of phenol. 
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Using sol-gel PZT/PZT powder composite solution in thick PZT coating has 
been studied by many groups [1].  However, in order to fabricate high 
frequency ultrasonic linear arrays with a central frequency of higher than 50 
MHz, it is desirable for thick piezoelectric film to have large clamping dielectric 
constant and competitive piezoelectric properties.  The processing 
temperature should be lower than 800°C if silicon wafer is used as a 
substrate.   
In this research, we were able to optimize processing variables to obtain high 
quality piezoelectric lead zirconium titanate (PZT) films.  The dielectric 
constant was improved from 700 in previous work [2] to 1300 in this research.  
We made the fine high-k PZT powder by mechanochemical milling of 
commercially available powder. Before the milling process, the particle size 
averaged 5 micron.  After milling, the particle size, measured using a Particle 
Size Analyzer, was reduced to 100-400 nm.  In order to prevent 
agglomeration and promote chemical bonding between the powder and the 
sol-gel solution, we mixed the sol-gel solution with the PZT powder during the 
mechanochemical milling process.   
We also developed a spin-on sol-gel method of attaining thick films (films of 
over 10 µm). After examining the microstructure of our thick films using SEM 
and the crystallographic structure using X-ray diffraction, we found that the 
thick PZT film was well-crystallized and had pure perovskite crystalline 
structure without any contaminant structures.  We also achieved a remanent 
polarization of 40 µC/cm2, improved from 10 µC/cm2.  The saturation 
polarization (Ps) of our film in an electric field is over 70 µC/cm2. 
Single element transducers have been fabricated with a center frequency 
ranging from 40 to 65 MHz. Our transducers had a high sensitivity in detecting 
echoes and produced clear associated output voltage ranging from 110 to 270 
mV (Vp-p).  The transducer exhibited a broad bandwidth, typically 25 MHz, 
which should yield excellent axial resolution.  
 
[1] D.A. Barrow, T.E. Petroff, R.P. Tandon, M. Sayer, J. Appl. Phys. 1997, 81, 
876.  
[2] Q. F. Zhou, K. Kirk Shung, Y. H. Huang, J. Mater. Sci. 2007, 42, 4480. 
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CuInSe2 and related compounds containing Ga and S are important 
photovoltaic (PV) materials.  This compound has a direct bandgap (0.95 eV) 
material.  The bandgap can be increased by the addition of Ga to the absorb 
film.  Multinary Cu(In,Ga)(Se,S)2 is also promising candidates for reducing the 
cost of photovoltaics well below the cost of crystalline silicon.  Extensive 
research carried out on processing these semiconductors into active devices 
have resulted in the fabrication of thin film solar cells on glass substrates with 
around 18% conversion efficiency [1].  Small area, fully integrated modules 
exceeding 13% in efficiency have been demonstrated by several groups [2]. 
In this research, precursor solution was prepared from copper iodide, indium 
iodide and gallium iodide. The iodides were reacted with sodium selenide to 
produce copper/indium/gallium selenide (CIGS) powder via Schulz’s process 
[3]. The powder with compositions of Cu1.1In0.68Ga0.23Se1.91 and 
Cu0.9In0.70Ga3.0Se2.0 were prepared.  The resultant CIGS amorphous powders 
were sintered in an inert atmosphere for crystallization.  The powder was 
dispersed in ethyl alcohol solution. Then, CIGS coating was deposited via 
electrophoresis on molybdenum coated Kapton film at a current density in the 
range of 5mA/cm2 ~ 10mA/cm2. CIGS powders and coating were 
characterized by using XRD analysis, SEM, BET and TGA. Prototype thin-film 
CIGS solar cells are being constructed and will be tested. Compared to the 
other non-vacuum deposition techniques such as spraying and spin-coating, 
one of the advantages of electrophoresis process is that it can save huge 
amount of solvent that must be consumed in the spraying or spin-coating 
process so that it is not only a even lower cost process, but also 
environmentally benign.  
 
 
[1] M. Contreras, Progress in Photovoltaics: Research and Applications. 1999, 
7, 311 
[2] R. Gay, Progress in Photovoltaics: Research and Applications, 1997, 5, 
337 
[3] K. Herz, F. Kesslera, R. Wächtera, M. Powallaa, J. Schneiderb, A. Schulzb 
and U. Schumacher, Thin Solid Films 2002, 43, 384  



Poster Session 

SOLGEL2009 

378

R
el

at
iv

e 
In

te
ns

ity

θ−2θ

16 20 40 60 80 100

C
oO

C
oO

C
oO

PSG253- POROUS AND DENSE COBALT OXIDE FILMS 
SYNTHESIZED USING A SOLUTION-BASED METHOD 
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Thin transition metal films like CoO1+x are interesting both from a fundamental 
point of view, as well as being promising candidates in the development of 
electrode materials, catalysts and new electronic devices. The electronic and 
magnetic properties of these films depend strongly on the cobalt-oxygen 
stoichiometry and local structure in the film, as well as the film substrate 
interface. 
 
Here we present a flexible solution-based method for making cobalt oxide. 
The method can be used to produce cobalt oxides of varying cobalt–oxygen 
stoichiometry, in the forms of porous powders as well as thin films.  
 
In this paper we focus on the preparation and morphological studies of phase 
pure CoO films. Films were produced on silicon substrates using spin coating, 
followed by heat-treatment to 500°C. Both dense films, as well as films with 
varying degree of porosity were prepared, and analyzed using grazing 
incidence X-ray diffraction (GIXRD), scanning electron microscopy (SEM) and 
transmission electron microscopy, and found to be composed of about 5 nm 
sized particles of CoO (figure 1). The phase-development process during 
heat-treatment was studied using thermo-gravimetric analysis, differential 
scanning calorimetry, X-ray diffraction and infrared spectroscopy. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: GIXRD pattern and SEM micrographs of a 100 nm porous CoO film. 
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In the preparation of tin dioxide and its doped derivatives, several routes have 
been developed.  The material is usually prepared by the sol-gel route using 
inorganic hydrosols and tin alkoxides. The major drawbacks associated with 
the latter procedure are the high cost of the alkoxides and their marked 
sensitivity to air and moisture.  The sol-gel method based on the Pechini-type 
reaction has received considerable attention because of its relatively simple 
synthesis scheme.  Recently, we have reported detailed investigations on the 
application of Pechini method for the preparation of SrFeOX perovskite [1, 2].  
The aim of this study was to evaluate the performance of the Pechini method 
for the synthesis of SnO2-CuO hybrid for eventual sensor applications in the 
detection of H2S.  The expected advantages are the low cost of the reagents, 
the lower processing temperatures, better homogeneity, controlled 
stoichiometry and flexibility of forming dense monoliths, thin films, or 
nanoparticles.  Another aim of this study was to characterize CuO phase in 
SnO2-CuO, in view of the reported difficulty to detect CuO in the presence of 
SnO2 at concentrations ≤ 5%.  The influence of synthesis conditions (solvent, 
precursor type, calcinations temperature and time) on the detectability of CuO 
and the morphology and microstructure of the hybrid were studied using 
scanning electron microscopy (SEM), X-ray diffraction (XRD), photoelectron 
spectroscopy (XPS) and infrared spectroscopy (IR).  The core level binding 
energies of Cu 2p, Sn 3d, and O 1s in these samples have been measured. 
The appearance of a satellite peak in the Cu 2p spectra provides definitive 
evidence for the presence of Cu2+ ions in these samples.    
 
[1] Majid A, Tunney J, Argue S, Post M (2004) J Sol–Gel Sci Technol 32:323 
[2] Majid A, Tunney J, Argue S, Wang D, Post M, Margeson J (2005) Journal 
of Alloys and Compounds 398:48 
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Bacterial cellulose (BC) is a nanomaterial derived from various strains of 
Acetobacter species; that can be used to produce recent advances in the field 
of biomaterials and their medical applications. BC hydrogel displays several 
unique properties when compared to plant cellulose. It is produced as highly 
hydrated membranes (99% water), good transparency, chemically pure (free 
of lignin and hemicelluloses), and displaying higher molecular weight and 
higher crystallinity, in a 3D ultrafine reticulated structure (“nanocelluloses”) [1]. 
One of the most promising areas of bacterial cellulose (BC) application is as 
biomaterials is the utilization as a temporary substitute for the skin and in the 
therapy of difficult wounds, burns and ulcers. However, BC itself has no 
antimicrobial activity to prevent wound infection. In order to achieve 
antimicrobial activity organic/inorganic particles could be impregnated in to BC 
microfibrils [2]. In this work própolis ethanol solution were impregnated into 
BC hydrogel membrane. Propolis has been used for at least one thousand 
years and the biological activities of própolis include antibacterial, antifungal, 
and other therapeutic properties. Never dried BC membrane (1-4 millimeters 
thick) were soaked in ethanol própolis standard solutions (EPP-AF Patent 
number PI0405483, Brazil) in different concentrations during 24 hours. After 
that samples were dried at 40 degrees for 12 hours. Termogravimetric 
analysis (TGA and DSC), Infrared Spectroscopy (FT-IR), XRD analysis, 
Scanning Electron Microscopy (SEM) confirms propolis impregnated on to BC 
microfibril. Antimicrobial tests for BC-propolis membranes show a strong 
antimicrobial activity for Gram-positive bacteria (Staphylococcus aureus). The 
profile of propolis releasing will be realized. 
 
[1] D. Klemm, B. Heublein, H. P. Fink, A. Bohn, Ang. Chem. 44, 3358 (2005). 
[2] H. S. Barud, C. Barrios, T. Regiani, R.F.C. Marques, M. Verelst, J. 
Dexpert-Ghys, Y. Messaddeq and S.J.L. Ribeiro. Mat. Sci. & Eng. C 28, 515 
(2008). 
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The increasing energy demand and depletion of fossile fuels as well as the 
global warming require the development of energy efficient technologies for 
power conversion and distribution of electrical power. Hence there is a fast-
growing worldwide interest in the second generation (2G) of high-temperature 
superconductor (HTS) wires for applications such as generators or high field 
magnets. These 2G HTS wires generally consist of a superconducting layer 
like YBa2Cu3O7-x (YBCO) epitaxially grown on an also epitaxially grown buffer 
architecture on biaxially textured Ni5W substrates. Among the various 
deposition methods chemical solution deposition (CSD) has specific 
advantages such as flexibility in composition variations and the possibility to 
coat large area substrates. Since it is a non-vacuum method less expensive 
equipment is required. Due to these advantages there is considerable interest 
in the development of all-solution based processes. Up to 100 m long 
lanthanium zirconate and cerium oxide buffered YBCO films were deposited 
on biaxially textured Ni5W substrates. For power applications however strong 
pinning of vortices is required. 
Thus in the present work additional pinning is introduced by supplementary 
addition of various nanoparticle dispersions into the YBCO precursor solutions 
or doping with trace elements in order to form nanocrystalline extrusions 
within the superconductor matrix. The utilized stabile nanoparticle dispersions 
have been prepared by stoichiometric sol-gel reactions within nanoscaled 
reverse micelles[1,2]. The prepared YBCO nanocomposite films were 
investigated with regard to the enhancement of the critical current densitiy 
Jc(B) in external magnetic fields. Rutherford backscattering spectrometry 
(RBS) measurements show depth profiles of possible deviations in the 
stoichiometry of the YBCO films. SEM/EDX characterization reveals planar 
distribution of the elements. The RBS and EDX data can be correlated with 
resistive measurements of the critical properties. 
 

This work was supported by the German Federal Ministry of Economics and 
Technology (BMWi) contract no. 0327433A (project ELSA). 
 
[1] C. Pithan, T. Schneller, Y. Shiratori, S.B. Majumder, F-H. Haegel, J. Dornseiffer, R. 
Waser, J. Int. J. Mat. Res. (formerly Z. Metallkd.) 2006, 97, 5. 
[2] T. Schneller et al., DE 102006025770 A1. 
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An adsorbent SiO2, a photocatalyst (TiO2) and a polymer tether (polyethylene 
glycol (PEG)-polypropylene glycol (PPG)) have been combined in designer 
nanocomposites using sol-gel methods. The effect of the sol-gel preparative 
conditions (including the ratio of initial reactants tetraethoxysilane, titanium 
isopropoxide, alcohol, catalyst type and concentration, pre-hydrolysis and 
refluxing, etc) on the primary sol particle size (d, dynamic light scattering 
(DLS) and transmission electron microscopy (TEM)), Si environment (29Si 
nuclear magnetic resonance (NMR) and magic angle 29Si NMR (MAS-NMR)), 
texture (total surface area (SBET)), structure (X-ray diffraction (XRD) and 
differential scanning calorimetry (DSC)) and chemical state (X-ray 
photoelectron spectroscopy (XPS), reflectance UV, diffuse reflectance IR 
(DRIFT) and Fourier Transform IR (FTIR)) of the nanocomposites is described 
in detail. Properties are compared to commercial Degussa P25 TiO2 and 
P25/carbons [M.A.Howard and P.A.Sermon 14th Intern.Congress Catalysis 
(2008)]. 
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Fig1. XPS suggested that PEG in silica nanocomposite sol-gel 

samples was modified by titania addition (where this was similar to 
PEG/Al2O3). 
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The adsorptive and photocatalytic properties of the nanocomposites towards 
phenol, alkyl phenol and alkyl phenol ethoxylates is reported from studies in a 
purpose built reactor by UV spectroscopy, high performance liquid 
chromatography (HPLC) and gas chromatography mass spectrometry 
(GCMS) where analysis was as a function of  

(i) time (t),  
(ii) temperature (T),  
(iii) nanocomposite composition and composition, and  
(iv) agitation (rpm). 

 
It is shown that such adsorbents-photocatalysts can be rigorously designed 
and optimized by sol-gel methods.  
There is a need to reduce the impact of endocrine disruptors on our 
ecosystems. Such optimised sol-gel nanocomposites can effectively remove 
phenol and alkylphenol ethoxylates from water and waste water systems and 
certainly more so than conventional water treatment technology. The potential 
of this sol-gel technology is considered in detail. 
 
Acknowledgements: The authors thank INTAS for support of OR under 06-
1000023-5711 
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Insoluble inorganic compounds such as oxides, hydroxides], salts (borates [4, 
5], carbonates, fluorides) can be synthesize by several routes: soft-chemistry 
(sol-gel, hydrothermal, precipitation, etc.).  In this research, we report our 
results for yttrium aluminum garnet (YAG) [1], several orthoborates [2]  (RBO3 
for R=In, Sc, Y, La), barium tungstate and oxides (Y2O3, Fe2O3, MnxOy, MgO) 
[3-5] precipitation and their consequent calcination. Borates  and oxides were 
synthesized through the reaction of ammonium hydroxide with an aqueous 
solution of metal nitrates, chlorides or acetates, iron cromate (for Fe2O3) and 
through barium nitrate and sodium tungstate (for BaWO4) interaction by drop 
wise. To form the orthoborates, boric acid was used or boron oxide dissolved 
in nitric acid was added.  Precipitates appeared and a deposit was formed 
over several hours.  The pH dependences were measured as a function of 
NH4OH-solution volume. The dehydration up to 500°C for YAG, Y2O3 and 
orthoborates led to the amorphous state. Calcination of the Fe2O3-precursor at 
500°C led to crystallization. Most precipitates were white except Fe2O3 (rusty 
colour) and MnxOy (braun colour). In several cases we have used surfactant 
for the nanosized (up to 100 nm) objects formation. All samples (as-
precipitated and calcinated) were tested with X-ray powder, thermal 
derivatives and scanning electron microscopy analysis. 
 
[1] Basiev T.T., Voronov V.V., Kuznetsov S.V.,  Tkatchenko E.A., Fedorov 
P.P., Osiko V.V. IV Russian Conference "Physical & chemical processes in 
condensed mediums and interphase boundaries" (FAGRAN), Voronezh, 
Russia,  2008, 315. 
[2] Tkatchenko E.A., Fedorov P.P., Kouznetzov S.V. Proceedings: 
International Conference on Advanced Materials 2008, Kottayam, Kerala, 
India, 2008. 24. 
 [3] Baranchikov A.V., Ivanov V.K., Dmitriev A.V., Tkatchenko E.A., Fedorov 
P.P., Tret`yakov Yu.D., Osiko V.V. Russ. Inorgan. Mater. 2006, 51 (11), 1689. 
[4] T.T. Basiev, P.P. Fedorov, V.A. Konyshkin, S.V. Kuznetsov, 
S.V.Lavristchev, A.L. Nikolaev, V.V.Osiko, A.M. Samartzev, Y.A. Sheptalova, , 
V.V. Voronov. Proceeding: Сrystal materials`2005, Kharkov, Ukraine, 2005, 
60. 
[5] Fedorov P.P., Tkatchenko E.A., Kouznetzov S.V., Voronov V.V., 
Lavristchev S.V. Russ. Inorgan. Mater., 2007, 43 (5), 574. 
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AN INSTANT METHOD FOR ANTI-REFLECTIVE COATINGS 
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Conventional wet chemical methods to produce inorganic oxide coatings typically 
employ sol-gel processes, which involve hydrolysis and condensation reactions of 
metal alkoxides to produce liquid sols.  Stability of sols is affected by several 
factors including pH, water content, concentration of solids etc., and hence 
conventional liquid sols tend to be dynamic in nature undergoing continual change 
in rheological characteristics.  Processing of such labile liquid sols in large scale 
continuous manufacturing operations becomes more complex in terms of 
maintaining coating uniformity which is dictated by rheology of coating sols.  While 
shelf life is greatly influenced by storage and transportation conditions useful pot 
life of liquid sols during coating fabrication processes is affected by evaporation of 
solvents and exposure to ambient humidity etc.  Oxide precursor coatings, which 
are formed from conventional liquid sols, are cured at elevated temperatures (200-
300°C) followed by densification at pyrolysis temperatures (400-700°C) to form 
oxide coatings.  In order to prevent volatile losses during high temperature 
processing, hydrolysis and condensation reactions are crucial to produce non-
volatile precursors in liquid sols.  Initial thermal processing of wet coatings is 
extremely important using controlled heating ramp rates to prevent volatile losses 
and also promote condensation and cross-linking reactions.   
 
This paper discusses a novel method, referred to as the 'un-solgel' process, of 
making oxide coatings which overcomes typical processing issues associated with 
conventional sol-gel methods such as stability of coating sols and thermal 
processing requirements.  This novel method uses oxide precursor materials that 
are typically used in conventional sol-gel processes but does not require forming 
liquid sols via hydrolysis and condensation reactions.  This method involves 
preparation of coating formulations which can be used immediately without the 
need for aging to facilitate hydrolysis and condensation reactions in order to form 
non-volatile precursors.  Coatings formed from the un-solgel formulations can be 
cured instantly using non-thermal processes to form durable oxide precursor 
coatings.  Precursor coatings formed by this novel process are durable and coated 
glass substrates can be handled, fabricated, transported and stored in warehouse 
for extended periods of time.  Hence coated glass substrates can be subjected on-
demand to high temperature processes such as tempering and heat strengthening 
to form oxide coatings.  Examples of monolayer anti-reflective coatings based on 
low index porous silica coatings and multilayer anti-reflective coatings comprising 
medium, high and low index coatings of titania and silica formed by using the un-
solgel process are discussed. 
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This review concerns the sol-gel treatment of aluminium particles for use in 
water borne coatings. For environmental reasons, water borne coatings are 
increasingly replacing solvent borne formulations. Since finely divided 
aluminium particles react with water, they need to be surface modified. This 
review covers the surface morphology of the oxide layer of aluminium 
particles and the relevant solution chemistry. The sol-gel route is dominated 
by coating with silica and recent progress has been made using alkoxide. This 
offers a possible heavy metal-free alternative for the surface treatment, but 
with comparable performance to chromate inhibited particles. Recent 
developments and applications of sol-gel coatings on aluminium particles to 
prevent the reaction with water are discussed. 
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The synthesis of superconducting materials using suitable nano-structures 
constitutes a main challenge in nanotechnology. In a previous work we 
investigated the feasibility of assembling the exceptionally stable isovalent 
X@Si16 (X=Ti, Zr and Hf) nanoparticles to form new bulk materials. Our 
results predicted the formation of stable, wide band-gap materials crystallizing 
in HCP structures in which the cages bind weakly, similar to fullerite. In this 
talk we will present the results concerning the feasibility of using alkali metal 
atoms to dope the wide-band gap HCP insulator structures thereby changing 
their electronic structure. We use first principles density functional theory. Our 
results predict the formation of stable conducting materials crystallizing in bulk 
HCP structures with the alkali metal atoms in the interstices. We further 
investigate the vibrational modes of these materials. Combining these results 
with the Migdal-Eliashberg theory will allow us to assess the possible 
emergence of new high-temperature superconductors.  
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CERIUM-TITANIUM NANOSPHERES 
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Hollow cerium-titanium nanospheres were synthesized through a two step 
process. First, kationic charged polystyrene (PS) nanospheres were prepared 
using polymerization in suspension. Second, these PS lattices were coated 
via the sol-gel method to form a cerium-titanium oxide layer. The sol-gel 
coatings were prepared by controlled hydrolysis of cerium (III) acetylacetonate 
and titanium tetraisopropoxide ethanolic solution in the presence of 
polystyrene latex, polyvinylpyrrolidone and sodium chloride. The composite 
was treated in air to burn off the PS latex.  
Temperature treatments were optimized after extensive Differential Thermal 
Analysis (DTA) and Thermo Gravimetric Analysis (TGA) characterization of 
the samples. Fourier Transform Infrared Spectroscopy (FT – IR) was used to 
determine the presence and the removal of PS before and after themal 
treatments, respectively. The size of the spheres was determined by Scanning 
Electron Miscrosopy (SEM); the hollow cerium-titanium nanospheres ranged 
from 140-150 nm. X-Ray Diffraction Analysis confirmed the crystalline phase 
of the hollow cerium-tianium nanospheres. 
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2024-T3 BY ORMOSIL COATINGS 
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The organic modified silicate (ORMOSIL) coatings were prepared by the sol – 
gel process and formed on aluminium alloy 2024 - T3 substrates using the dip 
coating method for protection against corrosion. Different alkoxides were used 
to synthesize the coatings: tetramethoxysilane (TMOS), 3-
Glycidopropyltrimethoxysilane (GPTMS) and 1,2 Ethanediamine-[N-
(3trimethoxy-silyl)propyl] and then were dried at different temperatures for 
different times. Also different organic and inorganic inhibitors were 
incorporated into polymer matrix for additional corrosion protection. The 
coating structure was investigated by UV-VIS and RAMAN spectroscopy and 
their anticorrosive properties were investigated by electrochemical impedance 
spectroscopy (EIS), open circuit potential (OCP) and dc polarization methods. 
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Cerium molybdate nanocontainers of 100 nm were synthesized through a two 
step process. First, anionic charged polystyrene (PS) nanospheres were 
prepared using emulsion polymerization. Second, the PS templates were 
coated via the sol-gel method to form a cerium molybdate layer. The sol-gel 
coatings were prepared by controlled hydrolysis of cerium (III) acetylacetonate 
aqueous solution in the presence of sodium molybdate, polystyrene latex and 
polyvinylpyrrolidone. The composite was treated in air to burn off the PS latex. 
The nanocontainers were characterized by Scanning Electron Microscopy 
(SEM), Energy Dispersive X-Ray Analysis (EDX), Fourier Transform Infrared 
Spectroscopy (FT-IR), Differential Thermal Analysis, Thermo Gravimetric 
Analysis and X-Ray Diffraction Analysis. Moreover, these nanocontainers 
were loaded with corrosion inhibitors such as 8-hydroxyquinoline, 2-
mercaptobenzothiazole, benzotriazole, aminobenzenesulfonic acid and  
mercaptobenzimidazole. The loading of the inhibitors was estimated using 
Thermogravimetric Analysis and Infra-Red spectroscopy. On the other hand, 
the release of the inhibitors was studied using UV-vis spectroscopy and 
Potentiodynamic Polarization. 
Aluminum 2024-T3 and Magnesium ZK10, ZK30 alloys were coated with 
Organic Modified SILicate (ORMOSIL) coatings via the sol-gel method. 
Loaded cerium molybdate nanocontainers were incorporated into the coatings 
as well as conductive copolymers. The sol-gel coatings were prepared by 
controlled hydrolysis of 1, 2 ethanediamine-[N-(3trimethoxy-silyl)propyl] 
including epoxy resin and diethylenetriamine. The conductive copolymers 
were synthesized of polyaniline and polypyrrole doped with lignosulfonic acid 
and mixed with nanocontainers. The dip coating process was used for the 
deposition of the coatings on the alloys. These coatings were characterised by 
SEM, EDX and their molecular structure by FT-IR and RAMAN spectroscopy. 
Studies on the corrosion resistance of these coatings were made using Cyclic 
Potentiodynamic Polarization, Open Circuit Potential and Electrochemical 
Impedance Spectroscopy. The results showed a significant reduction of 
corrosion current density and an improved polarization resistance of the alloys 
in sodium chloride solutions.  Furthermore, studies on % Inhibitor Efficiency 
shown that these coatings present high inhibitor efficiency values. 
Raman in situ 1D and 2D corrosion measurements will be discussed as to 
determine self healing effects due to nanocontainer loading of the sol-gel 
coatings.
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The new organic-inorganic hybrids, amino acid : transition alumina 
(Asparagine or Lysine), containing the luminescent lanthanide Tb3+ ion were 
synthesized in two steps: first a sol of Al- alkoxide and Tb3+ ions was spray 
pyrolyzed[1]. Second, the resulting micro-spheres were let to react with ASN or 
LYS. The luminescent properties of the hybrid dried powders and of their 
dispersions have been recorded to evaluate their possible applications as 
luminescent biomarkers. Different and complementary methods have been 
employed in order to understand the chemical and structural relationships 
between the three components: AA, γ-Al2O3 and Tb3+ in these new hybrids. 

The micro-spheres obtained by SP at 700°C 
showed transition alumina structure inferred by 
X ray diffraction. The hybridization process 
depends on the amino acid nature. The 
reaction of γ-Al2O3 with lysine provides the 
destruction of spheres and the transformation 
from γ-Al2O3 to AlOOH (boehmite). The 
reaction with Asparagine occurs on the 
alumina surface, and the crystal structure is 
preserved. (see figure). A spheric γ-Al2O3/Tb3+ 
centre is observed with a multi layer structure. 

The residual surface hydroxyl groups of γ-Al2O3 interaction with carboxylate 
groups from ASN was further studied. Despite the well known emission 
quenching in water medium the Tb3+ new hybrid show a satisfactory emission 
when the particles was dispersed in water, which is mandatory for employing 
them as luminescent labels after further functionalization. The AA:Al2O3:Tb3+ 
hybrid in water shows the same luminescence as the corresponding powder, 
proving that the structure is preserved.  
 
[1] J.M.A. Caiut, J. Dexpert-Ghys, Y. Kihn, M. Vérelst, H. Dexpert, S.J.L. 
Ribeiro, Y. Messaddeq, Powder Tech. 2009, 190, 95.  
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In the so-called spray pyrolysis (SP) method a precursor solution spray is 
dried, precipitated, and decomposed in a tubular furnace reactor. During the 
process the precursors are confined within a micrometric droplet and the 
solvent evaporation is complete within a few seconds. In this work we report 
the synthesis of nano-Au/mesoporous silica particles by SP methodology. 
Currently available methods require several hours or even several days to 
complete the required self-organization process and SP has been proposed 
for the synthesis of mesoporous materials leading to shorter reaction times 
and spherical mesoporous particles1. 
SP process was applied by using a solution containing tetraethylorthosilicate 
(TEOS), and cetyltrimethylammonium bromide (CTAB). Nano-Au particles 
were encapsulated using either a simple wet impregnation method or the 
direct SP process. Deionized water and ethanol were also used1. Samples 
were investigated by X-ray diffraction (DRX), scanning and transmission 
electron microscopies (SEM and TEM) and UV-Vis spectroscopy. The results 
obtained show spherical shape and the observation of a highly ordered 
hexagonal array of mesochannels further confirms the 2D hexagonal p6mm 
structure. The nano-Au particles have been observed in TEM measurements, 
which confirms that they were successfully encapsulated into the channels of 
mesoporous particles. 

 
 

1 C. Boissiere, D. Grosso, H. Amenitsch, A. Gibaud, A. Coupé, N. Baccile and 
C. Sanchez, Chem. Commun., 2003, 22, 2798-2799. 
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SOL-GEL ROUTE USING SODIUM HEXAMETAPHOSPPHATE 
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Synthetic calcium phosphates are well known bioceramic materials used in 
biomedical field as alternative substitutes/cements for orthopedic and dental 
applications. This is mainly due to the excellent biocompatibility and bone 
bonding ability and to its structural and compositional similarity to that of the 
mineral phase of hard tissue in human beings. Among the bioceramics, 
calcium phosphate ceramics have excellent osteoconductivity, bioactivity and 
an ability to form strong bone–calcium phosphate interface[1,2]. 
Polyphosphates are biocompatible polymeric forms of condensed  phosphates 
which have been used in the synthesis of calcium phosphate materials in 
different application fields and may be potential precursors of new 
bioceramics. This work presents a simple methodology to obtain a highly 
crystalline compound containing calcium-phosphate species using calcium 
hexametaphosphate as a sol gel precursor.  
The phosphate sol gel phase was obtained by mixing calcium nitrate to 
sodium hexametaphosphate [NaPO3]n (n = 8) in different media (water, 
methanol 50% and methanol 80%) maintaining the Ca/P = 1,67 ratio. A white 
solid powder was obtained and dried at 110oC for 48h. Afterwards the 
powders were calcinated at different temperatures (300 – 700oC) for 1h. The 
sol gel and powder materials were characterized by usual analytical 
techniques: X-Ray diffraction analysis, Fourier transformed infrared 
spectroscopy, Near infrared Raman Spectroscopy, Thermo gravimetric 
analysis and 31P Nuclear magnetic resonance. The surface of the powder is 
highly uniform. In order to observe the morphological changes as a function of 
heat treatment, the granules heated as different temperature were also 
observed under Scanning electronic microscopy. The micro and 
macroporosity of the powders are related to the temperature of sintering. 
The properties exhibited by the calcium polyphosphate composites obtained 
were characteristic of bioceramics applied as bone substitutes with good 
physico-chemical properties and suitable pore sizes.  
 
[1] R. Z. Legeros, S. Lin, R. Rohanizadeh, D. Mijares, J.P. Legeros. J. Mat. 
Sci.: Mat. Med. 2003;14: 201-209.  
[2] H. K. Varma, S. S. Babu. Ceram. Int. 2005;31(1): 109-114.  
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In this study we have examined the properties of sodium alumino silicate 
(SAS) synthesized by simultaneous addition of sodium silicate and aluminate 
under controlled reaction conditions. The varied conditions include the 
concentration of the reactants, the pH, and the rate of addition of the reactants 
(drop rate); while the stirring speed, precipitating temperatures, and the drying 
conditions were kept constant. The reaction was carried out in aqueous 
medium and under hydrothermal condition wherein the SiO2:Al2O3 mole ratio 
ranges from 2.4 to 5.8; while sodium silicate (SiO2:Na2O) had a mole ratio of 
3.24. The pH was varied from 3 to 9.5. XRD, SEM, and EDS results indicate 
that the materials developed were amorphous and have irregularly-textured 
particles. They were rich in Si, Al, O, and Na; and had Na/Al molar ratios of 
about 0.4 to 1. FTIR studies confirmed the formation of Si-O-Al bond. Nitrogen 
physisorption studies were done to examine the surface area and porosity of 
the final product. The SAS samples examined have bulk density greater than 
2.5 ml/g, pore volume up to 0.85 cm3/g, and the pore diameters between 13 to 
20 nm. The BET surface area ranges from 80 to 318 m2/g, and oil absorption 
from 75 to 200 ml/100 g. The products obtained have desirable properties and 
are expected to be a potential low-cost alternative as functional fillers for 
paper and paint industries. 
 
[1] For articles in magazines: K. S. Crentsil, J. Mater. Sci. 2007, 42, 2997-
3006.  
[2] For articles in magazines: V.P. Valtchev, K.N. Bozhilov, J. Phys. Chem. B 
2004, 108, 15587.  
[3] For articles in magazines: A. Ferna´ndez-Jime´nez, R. Vallepu, T. Terai, A. 
Palomo, K. Ikeda, J. Non-Cryst. Solids 2006, 352, 2061–2066. 
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