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General information

TOPIC 

Advanced Characterization Techniques for Sol-Gel Materials

The present school is the second meeting of the International Sol-Gel Society (ISGS) 
Summer School, two years after the first successful school organized by Prof. Plinio 
Innocenzi in Sardinia. This year, it is held  in Chambon-sur-Lac (Massif Central near 
Clermont-Ferrand), which is located on a volcanic plateau in the center of France, in 
the heart of Europe. This school is a great opportunity to meet specialists in the field 
of sol-gel science in a friendly environment. In addition to the lectures, a permanent 
poster exhibit will be held to give you the opportunity to display and discuss your re-
search.

Future high technologies will require novel physical chemical properties associated to 
the design of innovative materials having more and  more complex composition and 
structure at various scales. The rapid development of chemical methods to construct 
such materials originates mainly from the emerging and growing nanotechnology do-
mains, which are increasing due to economical and social pressure to deliver high per-
formance  miniaturised  devices.  Material  chemists  are  thus  inclined  to  synthesize, 
handle, and assemble smaller and smaller pieces of matter into increasingly complex 
hierarchies. Upon the envisaged alternative construction methods, sol-gel chemistry, 
also addressed as “chimie douce”, appears as one of the most promising approaches. 
However, mastering such multi-scale control requires powerful and specific character-
isation techniques to “visualise” the final product and to understand the various phe-
nomena taking place during synthesis. 

The school provides a common forum on specific characterisation techniques adapted 
to sol-gel materials for scientists operating in all sol-gel fields. The presentations are 
given by outstanding scientists internationally recognised in their field, and cover dif-
ferent advanced techniques that are specifically well adapted to the study of sol-gel 
materials. Characterisation of chemical environments, solid-state structures, mechan-
ical  properties,  kinetics  of  nucleation/growth  and  self-assembly,  porosity,  nano-
structrures, surfaces chemistry and other topics will be presented and discussed. 

We welcome you to Auvergne and we hope that these few days will be a good oppor-
tunities to meet new colleagues and will help you progress faster in your present and 
future research activities. 

The chairmen 

Prof. J. M. Nedelec Prof. D. Grosso 
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Organizing & scientific committee

Pr David GROSSO, co-chairman

Université Pierre et Marie Curie
Laboratoire Chimie de la Matière Condensée de Paris (LCMCP)
UMR-7574 UPMC-CNRS
Collège de France, Paris - France

Pr Jean-Marie NEDELEC, co-chairman

Laboratoire des Matériaux Inorganiques CNRS UMR 6002
Université Blaise Pascal & ENSCCF, Clermont-Ferrand - France

Olivier RAISSLE

Laboratoire des Matériaux Inorganiques CNRS UMR 6002
Université Blaise Pascal & ENSCCF, Clermont-Ferrand - France

Dr Florence BABONNEAU, ISGS representative

IMPC (FR 2482)
LCMCP - Université Pierre et Marie Curie
Collège de France

Armelle GUILLOUX, secretariat
ISGS secretariat - ellipse&co - www.ellipseco.fr

Exhibition

Present at ISGS SummerSchool 2010

CSM instruments
CSM  Instruments  develops,  manufactures  and  sells  
instruments  to  characterize  mechanical  properties  of  
surfaces. 

www.csm-instruments.fr
 

 Sopralab
Sopralab manufactures  high  precision  scientific  R&D 
instruments  and  industrial  tools  for  thin  film 
measurements with optical solutions.

www.sopralab.com

ISGS
The International  Sol  Gel  Society  is  an  international,  
interdisciplinary,  not-for-profit  organization  whose 
primary purpose and objective is the advancement of  
sol-gel science and technology. ISGS aims are both to  
represent the particular  needs and aspirations of  the  
international sol-gel community and to support this sol-
gel community.       www.isgs.org
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SummerSchool site

Accommodation at residence Le Grand Panorama, located in Chambon-sur-Lac.

Sessions at Salle Polyvalente located at 100 meters. 

Location Maps
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Social program

> Activities on Monday July, 19th - 02:00-04:30

                   
Canoeing on the Lac Chambon or mountain bike

> Visits on Tuesday July, 20th - 03:30-07:00

Site troglodyte de Jonas & Château de Murol
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A troglodyte  village  shaped by man in  a 
cliff of tuff (stone after volcanic eruptions). 
One  of  the  most  amazing  architectural 
marvels of Auvergne.

Built in the 13th century, the castle of Murol 
is  one  of  the  most  impressive  medieval 
buildings of Auvergne. Its visits are handled 
by  the  Compagnons  de  Gabriel  that  have 
partially  restored  it  and  populated  it  with 
costumed figures.



SCIENTIFIC PROGRAM

ORAL PRESENTATIONS

 Sol-Gel derived inorganic and hybrids materials: key concepts.
Clément Sanchez

Clément Sanchez Director of Research CNRS leads the Laboratory 
Chimie de la Matière Condensee of Paris at the University of Paris 
VI. Ph.D at the University of Paris VI in 1981, he did post-doctoral 
work at  the University of  Berkeley. Today,  he currently leads a 
research  group  working  on  sol-gel  chemistry  and  physical 
properties of nanostructured porous and non-porous inorganic and 
hybrid  organic–inorganic  materials  shaped  as  monoliths, 
microspheres and films. He has awarded by many scientific french 
and international prizes. 

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

Abstract 
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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 Diffraction  techniques  for  the  characterization  of  nanoscale  and  amorphous 
material.
Antonio Cervellino

Antonio Cervellino received his degree in solid state physics 
in 1995 at the Department of Physics of the University of 
Padua, Italy, with a dissertation on the algebtraic solution of 
the crystallographic phase problem. Successively he moved 
to Zurich for his PhD study and in 2001 received his PhD 
degree  with  a  dissertation  including  the  first  accurate 
structural  solution  and  refinement  of  a  decagonal 
quasicrystal.
In  2001  he  assumed  a  staff  position  at  the  Istituto  di 
Cristalografia  of  the  Consiglio  Nazionale  delle  Ricerche  in 
Bari, Italy, under the direction of Prof. Carmelo Giacovazzo. 
In  2004 –  after  taking  an  extended  leave  for  joining  his 
family in Switzerland – he obtained a 10 months grant in the 

Materials Science and Simulations group at the Paul Scherrer Institut, Villigen, Switzerland. 
From 2005 to 2008 he obtained a post-doc grant as beam line scientist on the cold-neutron 
powder diffractometer DMC at the SINQ spallation source of the Paul Scherrer Institut. 
Since 2008 he assumed a staff position as beam line scientist at the Materials Science 
beam line at the Swiss Light Source synchrotron of the Paul Scherrer Institut. His main 
research interest is modeling diffraction from nanoscale-ordered and disordered systems. 
He is also the main author of the DebUsSy program suite that can refine powder diffraction 
data for nanocrystals using the Debye Function Analysis method.

Swiss Light Source, Paul Scherrer Institut, Villigen, Switzerland
Antonio.Cervellino@psi.ch

Abstract
Diffraction  methods  are  a  non-destructive  probe  of  atomic  order  in  materials.  Most 
applications of diffraction have been related to periodically ordered materials, or crystals. 
This is due to the condensation of the diffraction pattern of a crystal into sharp discrete 
lines – Bragg peaks – which allow for great simplifications in the data analysis and make 
diffraction a really powerful tool to determine atomic structure. Recently, the demand for 
structural characterization of non-crystalline materials of high technological interest has 
been  rising.  A  parallel  increase  in  computing  power  and  a  better  understanding  of 
diffraction  from  disordered  materials  with  significant  experimental  and  theoretical 
breakthroughs  consent  today to  use  diffraction  – in  particular  powder  diffraction  – to 
answer  this  demand  with  solid  methods  and  ways  to  extract  a  surprising  amount  of 
structural information from diffraction. I will discuss in particular methodological advances 
in the analysis of powder diffraction patterns, with special  reference to total-scattering 
techniques – Pair Distribution Function and Debye Function Analysis – which are powerful 
methods in many cases but are possibly the only effective method for nanoscale-ordered 
and non-periodic materials. The PDF method is an experimental probe that, like resonant 
X-ray methods (XAS) – extracts very clear information on the local order (below 1-2 nm). 
DFA is a bottom-up modeling method that, starting from some hypotheses on the atomic 
structure, is able to produce calculated diffraction patterns that can then be matched to 
the  data.  Parametrization  of  the  model  structure  allows  then  for  some  degree  of 
refinement. I will also talk of recent instrumentation advances at large scale facilities that 
allow  real-time  in-situ  data  collection  for  systems  which  evolve  due  to  temperature, 
chemical reactions, or other stimuli.
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 SAXS and GI-SAXS on nanostructured sol-gel materials and nanomaterials.
Heinz Amenitsch 

Heinz Amenitsch (born 1964, Spittal, Austria) graduated in Physics 
at the Vienna University of Technology in 1989. In 1992 he received 
his PhD in the field of Neutron Small Angle Scattering at the same 
university. As a postdoc he joined the Institute of Biophysics and 
nanosystems research (IBN) of the Austrian Academy of Sciences 
headed  by  Prof.  Laggner.  His  first  task  was  the  design  and 
construction of the Austrian Small Angle X-ray Scattering Beamline 
at  the  electron  storage  ring  ELETTRA  in  Trieste.  Since  the 
commissioning of the beamline in 1996 he has been involved in the 
beamline operation. The scientific case of the beamline was on the 
forehand fast time-resolved small angle scattering experiments and 

later on combination of various techniques including the grazing incidence technique.
At  present  he  has  a  permanent  position  as  the  team leader  of  the  IBR group at  the 
outstation  in  Trieste.  Further  he  is  (co-)author  of  more  than  200  publications  and 
(co-)supervisor  of  several  PhDs.  His  current  research  interests  are  the  structural 
characterization  of  self-assembly  processes  in  mesoporous  materials,  biomineralization, 
biomembranes, as well as the nucleation and growth of nanoparticles. On the other hand 
he  is  involved  in  the  instrumental  development  of  nanoanalytics.  Here  besides  the 
development of the theory and technique, the application of microfluidics for small angle X-
ray scattering, in situ aerosol technique and combination of optical tweezers for structural 
characterizations are in the focus of his interests. 

Institute  of  Biophysics  and  Nanosystem  Research,  Austrian  Academy  of  Sciences, 
Schmiedlstr. 6, 8042 Graz, Austria.
heinz.amenitsch@elettra.trieste.it

Abstract
Small Angle X-ray Scattering (SAXS) has developed as a powerful working horse in almost 
all  synchrotrons  in  the  world.  Its  fundamental  strength  is  the  capability  of  in  situ 
investigations for all states of matter - gas, liquid and solid – as well as probing materials 
in bulk, surface sensitive (grazing incidence SAXS) or with high local  spatial  resolution 
(scanning SAXS). 
This presentation is divided in two sections. The first should summarize the fundamentals 
of SAXS and some applications, which should give the current state-of-the-art investigating 
self-assembly processes i.e. watching molecules in situ to form nano(bio)materials or the in 
situ  response  of  supramolecular  structures  to  physical/chemical  parameter  changes  as 
temperature,  stretch etc. Some highlights of  the current research covering the field of 
nanomaterials will be presented. The examples will range - to name just a few – from self-
assembly  of  nanotubes  in  form  of  helical  ribbons  [1],  the  formation  of  mesoporous 
materials in solution, to self-assembly of nanoparticles [2]. At the same time, for advanced 
studies on nanomaterials,  the integration  of  in  situ  chemical  and physical  perturbation 
technicques into the experimental set-up is a prerequisite. Some sophisticated instrumental 
developments like ultrafast mixers with µs-resolution [3,4], in situ aerosol reactors [5], or 
optical tweezers [6] are presented with adequate examples. The second part of the lecture 
will  be  devoted  to  the  grazing  incidence  technique.  Here  again  the  fundamentals  are 
discussed starting with the distorted wave born approximation (DWBA),  simulating the 
gracing incidence diffraction pattern and some current methods of obtaining real space 
information.  The  theory  part  will  be  concluded  with  some  examples  of  the  GISAXS 
technique. 
[1] C.V. Teixeira, et al., J. Appl. Cryst (2010) in press. 
[2]  F.Toma,  et  al.,  “Efficient  water  oxidation  at  carbon  nanotube–polyoxometallate 
electrocatalytic interfaces“, Nature Chemistry, (2010), in press.
[3] B. Marmiroli, et al., Lab on Chip. 9 (2009) 2063. 
[4] W. Schmidt, et al., JACS (2010) 10.1021/ja101519z.
[5] I. Shyjumon, et al., , Rev. Sci. Instr. 79, (2008) 43905. 
[6] D.Cojoc, et al., APL 91, (2008) 234107.
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 Mechanical properties of thin films
       Géraud Dubois

Geraud Dubois obtained his B.Sc. in 1994 (organic chemistry) 
and M.Sc. in 1995 (heterochemistry, polymers and catalysis), 
from the University of Montpellier II. In 1999, he obtained his 
Ph.D.  degree  summa cum laude  from the  same University. 
From 1999 to 2000, Dr. Dubois was a postdoctoral fellow at 
the  University  of  Burgundy,  and in  2000,  he  moved to  the 
United  States  for  a  postdoctoral  position  in  the  group  of 
Professor  Daniel  Stack  at  Stanford  University.  Dr.  Dubois 
joined the  IBM Research  Division  at  the  Almaden  Research 
Center in California in November 2002, where he is presently 
permanent research staff member and project leader for the 

development  and  implementation  of  new  spin-on  low-k  materials  for  22  nm  node 
technology and beyond. 
In 2009, Dr Dubois was appointed a Consulting Associate Professor in the department of 
Materials Science and Engineering at Stanford University. He has also recently been elected 
to the board of the International Sol-Gel Society.
His current research interests focus on the synthesis and characterization of porous silicate 
thin-films with superior mechanical properties and the factors influencing hybrid organic-
inorganic thin-film fracture resistance. 

IBM Almaden Research Center, 650 Harry Road K17/E1, San Jose CA 95120 6099, USA, 
Department of Materials Science and Engineering
Stanford University. 
gdubois@us.ibm.com

Abstract
Thin  film  materials  have  become  technologically  important  in  recent  years,  finding 
numerous applications such as: microelectronic integrated circuits, magnetic information 
storage systems, optical coatings, wear resistant coatings, corrosion resistant coatings… 
Understanding and evaluating thin film mechanical properties is of tremendous importance 
for the development of reliable devices. During this course, I will first introduce the key 
properties  that  govern thin  film mechanical  properties  (Cohesive and adhesive fracture 
energy, stress and Young’s modulus). Then, I will describe the different techniques used to 
measure these properties (Four point bend, double cantilever beam, wafer curvature, nano-
indentation, surface acoustic wave spectroscopy…). Finally, I will present some examples of 
sol-gel  thin  films  and  discuss  their  mechanical  properties  with  regards  to  several 
applications.
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 Surface characterization.
Mika Linden

Mika Lindén is working as a group leader at the department of 
physical chemistry, Åbo Akademi University. He obtained his 
doctorate degree in 1996 under the supervision of Prof. Jouko 
Peltonen, followed by a post-doc in Prof. Ferdi Schüth´s group 
at  the  University  of  Frankfurt.  He  has  also  worked  as  a 
Humboldt  fellow  in  the  group  of  Prof.  Schüth  at  the  MPI, 
Mülheim/Ruhr, and as visiting senior scientist in the groups of 
Profs.  Clément  Sanchez and David  Grosso,  Paris,  and Jean 
Rouquerol, Marseille. He has published more than 120 peer-
reviewed papers related mainly to surfactant chemistry, and 
synthesis,  functionalization,  and  application  of  mesoporous 
oxides.  He  also  has  several  years  of  industrial  experience, 
including a materials expert position at the Outokumpu Mintec 
company  in  Finland  (solid-liquid  separation  in  mining 
applications), a project leader position at the high throughput 

experimentation company (hte) in Germany. He is also a co-founder of a start-up company 
focusing on surface treatment of construction materials. He will start as a full professor at 
the  University  of  Ulm  in  Germany  1.9.2010.  His  current  research  interests  include 
biomaterials, materials for solar cell applications, and proteomics.

Department of Physical Chemistry, Abo Akademi University, Porthansgatan 3-5
FIN-20500 Turku, Finland
mlinden@abo.fi

Abstract
Knowledge about the surface chemistry of mesoporous materials is instrumental for full 
exploitation of the many promising material properties in applications. Furthermore, many 
kernels used for determination of key-characteristics of this class of materials, including 
pore size determinations using water adsorption, have the surface polarity (water contact 
angle) as an input parameter. The lecture will cover different means for characterizing the 
surface chemistry of native and functionalized mesostructured materials, with special focus 
on the characterization of particles and films in the wet state. The basics behind different 
characterization  techniques  will  be  discussed  highlighting  possibilities  and  sources  for 
errors  associated  with  them.  Methods  for  determination  of  surface  charge,  location  of 
functional groups and their surface concentration, and surface polarity will be discussed in 
more detail. 
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 Gas sorption, mercury intrusion, porosimetry and calorimetric techniques for the  
characterization of porosity in solids.
Philip Llewellyn

Dr  Philip  LLEWELLYN  carried  out  his  PhD  on  the 
characterisation  of  nanoporous  zeolite  materials  using  gas 
adsorption in 1992. This was financed in the framework of 
one  of  the  first  EU collaborative  programs between Brunel 
University (UK) and the CNRS in Marseille (France). In 1993, 
he  was  carried  out  a  Post-Doctoral  Fellowship  in  Mainz 
University (Germany), dealing with the occlusion of polymers 
inside mesoporous silica’s. He joined the CNRS in 1993 as a 
Research Assistant and in 1999 received an ‘Habilitation to 
Direct Research’.  He was promoted to  Research Director in 
2009. He is the author of around 150 peer reviewed papers 
and  2  patents.  He  received  the  AFCAT-Setaram,  Young 

Researchers award in 2000 for his work in thermal analysis and calorimetry. In 2005, he 
received the Scientific Diffusion Prize at the 5th Festival of Science and Technology for his 
contribution brining Science to the Classroom and General Public.

Dr Philip LLEWELLYN’s research interests lie in the thermodynamic analysis of adsorption at 
the gas/ solid interface. Three aspects are considered:
- Understanding adsorption phenomena in well ordered solids
- Using gas adsorption for the characterization of heterogenous solids
- The evaluation of porous materials for their eventual use in applications including the 
storage and separation of gases.
Various approaches are taken including the development of specific apparatus to follow 
phenomena  under  pressure,  the  adsorption  of  mixtures  and  a  coupled  adsorption-
Synchtrotron  XRD  system.  These  experimental  aspects  are  accompanied  by  the 
macroscopic thermodynamic modeling of adsorption for the prediction of mixture behavior. 
Much of his current projects lie in the evaluation of nanoporous materials with respect to 
several  topics  such  as  greenhouse  gas  recovery,  hydrogen  storage  and  hydrocarbon 
separations. Several  classes of materials are under investigation in his group including 
activated carbons, zeolites, mesoporous silicas and metal organic frameworks.

Equipe Matériaux Divisés, Laboratoire Chimie Provence (UMR6264)
Universités Aix-Marseille I, II, III  &  CNRS, Centre de St. Jérôme
13397 Marseille cedex 20 FRANCE
Philip.Llewellyn@univ-provence.fr

Abstract
Porous solids  can be found in many applications such as catalysis,  gas separation and 
storage,  sensors,  membranes  and  controlled  drug  release.  Many  of  these  applications 
involve at some stage the phenomenon of adsorption.

Adsorption is characterized by the enrichment of one or more components in the region 
between two bulk phases such as gas/solid or liquid/solid. Whilst this phenomenon is made 
use of in applications, it can also be sued to characterize the porosity in solids.

The course given by Dr. Philip LLEWELLYN will describe the use of adsorption and other 
complementary  methods  (Hg  porosimetry  and  calorimetry)  for  the  characterization  of 
powders and porous solids. A brief description of the techniques available will be given for 
each approach. The idea behind different theories (BET, HK, BJH, t ...) will be given and the 
interpretation of some results will be highlighted. The aim of this lecture will be to highlight 
the most appropriate tools to characterize surface area, pore size and pore volume for 
different types of porous solid.
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 Thin film characterization by ellipsometry techniques.
Cédric Boissière

After a  PhD in 1999-2001 dedicated to the development of 
mesostructured inorganic  silica  membranes  for  ultrafiltration, 
he  spent  one  year  in  Bristol  Chemistry  School  (GB)  in  the 
group  of  Pr.  Stephen  Mann  working  on  the  development  of 
hierarchical  calcium phosphate structured in presence of low 
cost proteins. Charge de Recherche CNRS in the Laboratoire 
Chimie  de  la  Matière  Condensée  de  Paris  since  2002,  his 
research  activity  is  centred  on  (i)  the  synthesis  and 
characterization  of  new  hierarchical  hybrid  and  inorganic 
materials and the study of their specific properties applyied to 
various  domains,  (ii)  the  smart  coupling  of  process  and 
chemistry  for  the  controlled   intergration  of  functions  into 

hierarchical advanced systems, and (iii)  the development of alternative characterization 
tools for the analysis of those materials.  Awarded in 2006 by the Europeen Membrane 
Society for the discovery of a new filtration mechanism, and the Jean RIST Medal of the 
SF2M society, he is the author of more than 80 article in international journals and 17 
patents.   

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.
cedric.boissiere@upmc.fr

Abstract
This  tutorial  is  dedicated  to  the  description  of  Spectroscopic  Ellipsometry  (SE)  as  an 
advanced, non destructive, characterization technique for thin films. This technique is an 
extremely sensitive tool for determining thickness and optical properties of thin film layer 
which  developed  extremely  fast  in  the  last  twenty  years  due  to  the  development  of 
spectroscopic devices able to collect data very fast in a large frequency range. Classically 
used  for  microelectronic  films  characterization,  it  has  only  recently  been  used  for 
characterizing in-situ advanced nanomaterials shaped as thin films. It is now a powerful 
instrument used in many research domains (energy transfer devices, sensing, depollution, 
fuel cells,…) for following and optimizing structural and functional properties of thin films. 
The tutorial will shortly describe the detection principle of the SE and its influence on the 
analysis of the experimental results obtained. First, a simple configuration of the SE will be 
used to illustrate the possibilities of detection and characterization of this tool on simple 
nanomaterials.  Then the possibility to use SE for in-situ analyses will  be described via 
several examples by coupling SE with a controlled environment chambers. Two setups will 
be detailed:
- Environmental Ellipsometric Porosimetry (which allows the characterization of the porous 
network  of  thin  films  and/or  the  simulation  of  the  ageing  of  films  in  atmospheric 
environement)
-Thermo Ellipsometry Analysis (which allows the study of structural changes of thin films 
during thermal treatments)
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 Advanced infrared techniques: from synchrotron light based techniques to  
infrared microscopy
Plinio Innocenzi

Plinio Innocenzi is Full  Professor of Materials Science at the 
University  of  Sassari  in  Italy  and  director  of  the  Materials 
Science and Nanotechnology Laboratory (LMNT).He has been 
researcher at the University of Padova in Italy and associate 
researcher at the Kyoto University in Japan. He has served as 
member of the Board of Directors of the International Sol-Gel 
Society and is member of the editorial board of the Journal of 
Sol-Gel Science and Technology. He is author of more than 
130 articles in ISI journals on sol-gel science and technology.

Laboratorio di Scienza dei Materiali e Nanotecnologie, D.A.P., 
Università di Sassari, Palazzo Pou Salit, Piazza Duomo 6, 
07041 Alghero (SS), Italy
plinio@uniss.it

Abstract
The development of new analytical technologies based on infrared spectroscopy has open 
new exciting possibilities of characterizing sol-gel materials. In this short course some of 
these techniques will be introduced. In particular will be shown how time-resolved analysis 
can be used for understanding time dependent phenomena such as evaporation in sol-gel 
processing. Application of infrared synchrotron radiation to analysis of sol-gel materials is 
another advanced tool that will be introduced; synchrotron light for imaging and character-
ization in the terahertz region and some examples will be described. Infrared and Raman 
imaging for the characterization in the micron scale of sol-gel materials will be finally intro-
duced.
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 Advanced NMR techniques for sol-gel materials.
Christian Bonhomme

Christian Bonhomme, 42 years old (born in Marseille, France). 
1990 : ENSCP, Paris. 1994: PhD under the supervision of Pr. J. 
Livage  at  the  Université  Pierre  et  Marie  Curie  (UPMC), 
“Synthesis  and  Characterization  of  Mercury  Derived  Gels”. 
1994: Assistant Professor at UPMC, Laboratoire de Chimie de 
la Matière Condensée de Paris, « NMR and sol gel materials » 
group (headed by Dr. F. Babonneau). 2003: Full Professor at 
UPMC.  2009-2011:  invited  Professor  at  the  Warwick 
University, Department of Physics, solid state NMR group.
Scientific topics: pictorial representation of NMR interactions, 
advanced  solid  sate  NMR  techniques  for  hybrid  materials, 
interfaces  in  bioinspired  materials,  ab  initio  calculations  of 
NMR  parameters,  high  resolution  for  quadrupolar  nuclei 

(DOR), NMR sensitivity: MACS, denoising of signals, DNP. ~ 70 publications, 40 invited and 
international conferences.

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.
christian.bonhomme@upmc.fr

Abstract
Solid state NMR can be considered as a toolbox for the fine characterization and description 
of sol gel materials. The elements of this toolbox will be presented: high resolution in solid 
state NMR for all spins (quadrupolar or not), multidimensional correlation experiments, 1H 
solid state NMR, ab initio calculations of NMR parameters (Q, CSA, J), sensitivity in NMR. 
The latest theoretical and instrumental developments will be highlighted. Many illustrations 
in  the  field  of  hybrid  materials,  bioinspired  materials,  calcium phosphates,  substituted 
apatitic structures… will be proposed.

15



Posters

 Synthesis of Porous Metal Oxide Beads using Alginate as a Template.
Maryline Chee Kimling and Rachel A. Caruso

 Sol-gel alumina films as barrier on flexible substrates.
Maurizio Crippa, Bruno Vodopivec, Stefano Marchionna and Maurizio 
Acciarri

 Novel one-step preparation of pure and Pt-doped SnO2 and WO3 
inverted opal films: the role of Hierarchical oxide nanostructure in gas-
sensing properties.
Massimiliano D'Arienzo, Maurizio Crippa, Laura Wahba, Lidia Armealao, 
Stefano Polizzi, Riccardo Ruffo, Roberto Scotti and Franca Morazzoni 

 Synthesis and characterization of Metal-Organic Framewok structures.
Loïc D'Arras

 Sol-gel assisted preparation of nanocomposite films for high density 
density magnetic data storage device.
M. Faustini, C. Laberty, D. Lantiat, P. Krone, C. Schulze, D. Makarov, 
M. Albrecht and D. Grosso 

 Near-infrared Luminescence of Biodegradable Organic/Inorganic Hybrids  
Doped with Nd(III) and Er(III) Complexes.
M. Fernandes , V. de Zea Bermudez , R. A. S. Ferreira ,L. D. Carlos  

 Stability of mesoporous hybrid materials under biologically relevant  
conditions.
Thomas Fontecave, Cédric Boissière and Clément Sanchez

 Photoinduced polyion complex (PIC) micelle formation.
Dania Houssein, Nathalie Marcotte and Corine Gérardin

 Time-resolved gas-phase SAXS measurements of the mesostructure  
formation in Si-aerosols.
K. Jungnikl, I. Shyjumon, M. Rappolt, B. Sartori, P. Laggner, H. 
Amenitsch 

 Characterisation of the local environment of cations in biomaterials using  
solid state NMR and X-Ray absorption spectroscopy.
Dong Qiu, Hubert Mutin, Marc Reinholdt, Delphine Vantelon, Nora de 
Leeuw,  Mark E. Smith, Christel Gervais, Christian Bonhomme, Danielle 
Laurencin 

 Viewrise – Antireflective Coating for Plastics.
Mélanie Louarn
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 The use of SBA-15 ordered mesoporous silica as immunological  
adjuvant. 
F. Mariano Neto, M.C.A. Fantini, L.V. Carvalho, O.A. Sant’Anna,
J.R. Matos  and L.P. Mercuri

 Quantitative chemical mapping of proteins - Distribution at the  
micrometer scale by ion beam analysis in a mesoporous calcium 
phophate.
Olivier Raissle, Jeremy Soulie, Jean-Marie Nedelec and Edouard Jallot

 Elaboration of nanoparticles with persistent luminescence for in vivo  
imaging.
Céline Rosticher and Corinne Chanéac

 Biomineralization onto the surface of sol-gel derived doped bioactive  
glasses: chemical mapping by PIXE-RBS.
Jonathan Lao, Jeremy Soulie, Edouard Jallot and Jean-Marie Nedelec

 Nanostructured nanoparticulate contrast agent for medical imagining.
Nicholas Tse

 High performance electrolyte membranes with excellent mechanical  
properties/ionic conductivities compromise.
Florence Gayet, Lydie Viau, Fabrice Leroux, Sophie Monge, Jean-Jacques 
Robin and André Vioux

 Biomimetic synthesis of bone matrix (collagen-hydroxyapatite):  
Interface study.
Yan WANG, Nadine Nassif, Florence Babonneau

 Electro-assisted deposition of protein encapsulated sol-gel thin films for  
bioelectrocatalytic application.
Zhijie Wang
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