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Program and abstracts

Welcome to NCM11!
Dear colleagues,
We welcome you to the 11th International Conference on the Structure of Non-Crystalline
Materials (NCM11). The meeting is hosted in the Couvent des Cordeliers, a former 14th Century
cloister, located in the historical center of Paris. We hope that you will appreciate this unique location
close to the Banks of the Seine River, a UNESCO World Heritage Center.

NCM meetings have grown out of a community need for a forum, where to speak the same
language, use related techniques and have similar goals for a better understanding of the structural
organization of non-crystalline materials. These materials encompass glasses and their molten
counterparts, as well as other non-periodic systems. This series of conferences is now well
established in the scientific community, with a long-standing history since it was first organized in
Cambridge in 1976. Recent meetings have been held in Cagliari (NCM7, 1997, Italy, G. Pinna),
Aberystwyth (NCM8, 2000, UK, G.N. Greaves), Corning (NCM9, 2004, USA, A.N. Cormack) and
Prague (NCM10, 2006, Czech Republic, L. Cervinka). For NCM11, more than 350 abstracts were
received and about 250 participants were registered, which makes this meeting already a success.

Previous NCM conferences had only one oral session. However, the large number of
participants obliged us to organize two half-days with parallel sessions, in order to accommodate a
reasonable number of oral contributions and leave more time for poster presentations.

Conference proceedings will be published in the journal of Non Crystalline Solids, as a special
issue similar to the ones devoted to some former NCM meetings. Neville Greaves and Joe Zwanziger
kindly accepted to help me in the management of the manuscripts, as Guest Editors of this special
issue. Online submission will be made through the Elsevier web site. We will do our best to keep the
efficiency of Ladislav Cervinka, who achieved the publication in the express time of 9 months after
NCM10 was held!
We acknowledge the support of several organizations:
-

City of Paris
University Pierre et Marie Curie, Paris
Asahi Glass Corp.
Corning Glass Corp.

Our sponsors helped us generously to finalize our project. I want also to thank the International
Advisory Board for its help and the selection of invited speakers. And finally, I thank the local
Organizing Committee, who spent so much time in making all possible to make NCM11 a success
and always tried to solve the many questions and problems that, inevitably, arise under such
circumstances.

Georges Calas
NCM11 Chairman

Background and Scope

The 11th International Conference on the Structure of Non-Crystalline Materials (NCM11) will
be held from June 27th to July 2nd, in Paris.
The previous NCM conferences were organised in
Cambridge, (1976 and 1982, UK, P.H. Gaskell)
Grenoble (1985, France, C. Janot)
Oxnard (1988, USA, C.N.J. Wagner)
Sendai (1991, Japan, K. Suzuki)
Prague (1994, Czech Republic, L. Cervinka)
Cagliari (1997, Italy, G. Pinna)
Aberystwyth (2000, UK, G.N. Greaves)
Corning (2004, USA, A.N. Cormack)
Prague (2006, Czech Republic, L. Cervinka)
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International Advisory Board
Rui M. Almeida
Richard K. Brow
Georges Calas
Ladislav Cervinka
Alastair N. Cormack
Anna Corrias
Stephen R. Elliott
G. Neville Greaves
Uwe Hoppe
Walter Hoyer
Efstratios. I. Kamitsos
Michail Klinger
Mihai A. Popescu
David L. Price
Jonathan F. Stebbins
Keiji Tanaka
Norimasa Umesaki
Natalia M. Vedishcheva
Adrian C. Wright
Josef W. Zwanziger

Lisboa, Portugal
Rolla (MO), U.S.A
Paris, France
Praha, Czech Republic
Alfred (NY), U.S.A
Cagliari, Italy
Cambridge, UK
Aberystwyth, UK
Rostock, Germany
Chemnitz, Germany
Athens, Greece
Tel Aviv, Israel
Bucharest, Romania
Orleans, France
Stanford (CA), U.S.A
Sapporo, Japan
Sayo, Hyogo, Japan
St. Petersburg, Russia
Reading, UK
Halifax, Canada

‐3‐

Local Organizing Committee
Chairman:
Georges Calas
Laurent Cormier
Simon Delattre
Guillaume Ferlat
Laurence Galoisy
Gerald Lelong
Web site:
Alain Jeanne-Michaud

‐4‐

Institut de Minéralogie et Physique des milieux condensés
(IMPMC)
Université Pierre et Marie Curie
CNRS
Université Paris Diderot
Institut de Physique du Globe de Paris
Paris (France)

Conference site

The conference site is situated in the « Quartier Latin » (Latin Quarter), the heart of the
historical university area of the city. Known for its lively atmosphere and bistros, the Quartier
Latin is close to numerous worth seeing sites at a walking distance.
The location of the conference is at the Couvent des Cordeliers (Cordeliers Convent), a
historical place in the center of Paris.

Facade of the dining hall of the Cordeliers - Copyright Alain Jeanne Michaud / UPMC

The “Couvent des Cordeliers” was established by king Saint Louis in 1230. The Cordeliers,
the monk beggars who owe their name to the big rope which tied their dress, arrived to Paris
of the alive Saint François d’Assises (St Francis of Assissi), the founder of their order. The
convent was then one of the high places of the French Revolution.
The building welcomes, since 1835, the Dupuytren museum (collections of pathological
anatomy). The former convent is now a part of the University Pierre et Marie Curie (UPMC)
and welcomes the medical school. The UPMC also opens the doors of its other scientific
collections at Jussieu (4 place Jussieu 75005) including a famous collection of minerals.
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Location of the conference center
21 rue de l'école de médecine
75006 Paris

Main access
Subway « Odéon » on both line N°4 and line N°10
RER stop « Saint-Michel » on both RER B and RER C
Bus stop « Saint Germain – Odéon » on lines 63, 86, 87, 96 for the closest. Many
other lines are in the nearby (21, 27, 38, 85, 58, 70)
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Social Program

Visit to Versailles

On Wednesday June 30th, you will have the opportunity to visit The Château de Versailles,
which has been on UNESCO’s World Heritage List for 30 years, as one of the most beautiful
achievements of 18th-century French art.
During 3 hours, you can discover both the
castle (with the recently restored Hall of Mirrors)
and the gardens.

Buses pick you at 14h at the conference site.

You will be back in Paris for the banquet
Conference at 18h30 just near the Eiffel Tower.
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Conference Dinner
The banquet will take place on an entirely glassed-over board while cruising on the Seine
River.

Boarding will be opened at 19h30 up to 20h30. The boarding area (Port de la Bourdonnais) is
close to the Eiffel Tower and can be easily accessed by public transportation:
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Subway « Bir-Hakeim » or « Trocadéro »
RER C « Champs de Mars »
Bus - 42 - 82
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Program
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Sunday, June 27
16:00

Welcome and Registration (Porche)

18:00

Get together party (Cloître)

Monday, June 28

9:00

Opening session
Chairman: A.C. Hanon

9:30

10:00

10:30

An attempt to interpret the anisotropy scattering
spectrum of the relict radiation on a microscopic basis

L. Červinka

Polyamorsphism and liquid-liquid critical points in the
supercooled state

G.N. Greaves

(Invited)

(Invited)

Coffee break
Chairman: A.C Barnes

11:00

Structure of liquids and glasses at high pressure

P.S. Salmon

11:20

Melting transition probed by ultrafast laser heating

A. Di Cicco, F. Bencivenga, F.
D'Amico, R. Gunnella, A.
Filipponi, C. Masciovecchio, M.
Minicucci, E. Principi, A.
Trapananti, G. Zgrablic

11:40

Topologically ordered amorphous silica obtained by
pressure induced amorphisation of silicalite

C. Levelut, J. Haines, A.
Isambert, P. Hébert, S. Kohara,
D. A. Keen, T. Hammouda, D.
Andrault

12:00

Yttrium aluminosilicate glass for in situ radiotherapy:
structure from molecular dynamics simulations

J.K. Christie, A. Tilocca

12:20

Lunch
POSTER SESSION A

Chairman: D. Massiot
14:00

14:30

The structure and properties of low-temperature tin
phosphate optical glasses

R.K. Brow, J.W. Lim, S.W. Yung

Rare-earth ultraphosphate glasses by x-ray diffraction

U. Hoppe, N. P. Wyckoff, R. K.
Brow, U. Rütt

(Invited)
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14:50

Multinuclear solid-state NMR reveals specific structural
features of sealing glass-ceramics

A. Ananthanarayanan, G. P
Kothiyal, L. Montagne, B. Revel

15:10

The structure of phospho-silicate bioactive glasses’

R.G. Hill, N. Karpukhina, S.
Watts, R.V. Law

15:30

Coordination and bonding of Mn2+ ions in fluoridephosphate and borosilicate glasses probed by EPR
and fluorescence spectroscopy

D. Möncke, D. Ehrt, M. Friedrich,
A. Herrmann, E.I. Kamitsos

15:50

Coffee Break
Chairman: S. Kroeker

16:20

Correlation of structure with devitrification mechanism
in borate and silicate glasses

B. Chen, U. Werner-Zwanziger,
J.W. Zwanziger, M.L.F.
Nascimento, L. Ghussn, E.D.
Zanotto
(Invited)

16:50

Application of recent solid state NMR to the structural
characterisation of alumino-phosphate based glasses

G. Tricot, S. Wegner, L.
Delevoye, L. Montagne, L. van
Wullen

17:10

Study of MoO3- and WO3-doped sodium-zinc
borophosphate glasses

L. Koudelka, J. Šubcík, P.
Mošner, I. Gregora, L. Montagne,
L.Delevoye

17:30

Atomic-scale structure of multi-component glasses by
high-energy x-ray diffraction and constrained reverse
Monte Carlo simulations

V. Petkov

Tuesday, June 29

Chairman: P.S. Salmon
9:00

Structural organisation in oxide glasses from Molecular
Dynamics

G. Mountjoy

9:30

Neutron studies of an inorganic plastic glass

A.C. Wright, R. Haworth, R.N.
Sinclair, B.G. Aitken

9:50

Ring density and inter-tetrahedra bond angle of silicate
glasses: a femtosecond and Raman spectroscopy study

B. Hehlen, O. Noguera, P.
Langot, and F. Vallée

10:10

The structural role of lone-pair cations in glasses

A.C. Hannon, E.R. Barney, D.
Holland

10:30

Coffee break
Chairman: A. Di Cicco
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(Invited)

11:00

Thermal evolution of Ag-O and Ag-I bonds in fast-ion
conducting silver molybdate glasses studied by EXAFS

F. Rocca, C. Armellini, G. Dalba,
R. Grisenti, A. Sanson, S. I.
Ahmed, A. Kuzmin

11:20

The structure of alkali germanate glasses and melts at
high temperature: a Ge K-edge EXAFS study

G.S. Henderson, D.R. Neuville,
D. de Ligny, J.P. Itié

11:40

Study of the Mg structural environment in silicate
glasses by X-ray absorption spectroscopy

N. Trcera, S. Rossano, D.
Cabaret, K. Madjer

12:00

A neutron and X-ray diffraction study of Ca-Mg bulk
metallic glasses

E. Barney, A.C. Hannon, O.
Senkov, J. M. Scott, D. Miracle

12:20

Lunch
POSTER SESSION A

Chairman: G.S. Henderson
14:30

Nanocomposite aerogels: preparation and structural
characterization

A. Corrias
(Invited)

Amphi Farabeuf
15:00

Interpretation of the Ni K-edge EXAFS in nanocrystalline
NiO

A. Anspoks, A. Kuzmin

15:20

An X-ray scattering and NMR study of hydrogenated
nanocrystalline silicon with varying crystalline fraction

K.G. Kiriluk, D.L. Williamson,
D.C. Bobela, B. Yan, G. Yue, J.
Yang, S. Guha, P.C. Taylor

15:40

Precious metal functionalized soda-lime silicate glasses

A. Simo, K. Rademann

16:00

Borate glasses with magnetic nanoparticles: transparent
magnets

J. Kliava, I. Edelman, O.Ivanova,
R. Ivantsov, E. Petrakovskaja, V.
Zabluda, L. Hennet, D.
Thiaudière, M.-L. Saboungi

Amphi Pasquier
Chairman: G. Lucovsky
15:00

Lacunar model of glasses

M. Poulain

15:20

Short- and intermediate-range order in glasses and
melts: a thermodynamic approach

N. Vedishcheva

15:40

Order and disorder in freestanding pure amorphous Si
and amorphous Si over Si(001)

G.G. Long, R. Xie, S.J. Weigand,
S.C. Moss, S. Roorda, S.
Torquato, P.J. Steinhardt

16:00

The statistical nature of structure in non-crystalline
solids

J.F. Shackelford

16:20

Coffee Break

‐ 13 ‐

Chairman: L. Montagne
16:50

Thermally induced crystallisation processes in glass
ceramics

W. Bras, G.N. Greaves, V.
Martis, S. Sen
(Invited)

Amphi Farabeuf
17:20

Effect of doping of transition elements on the
microstructure evolution of LAS glass and glassceramics materials studied by X-ray and IR absorption
spectroscopy

Y.H. Wu, K.C. Hsu, C.H. Lee

17:40

Structure and optical properties of rare-earth doped
nioborate and titanate transparent aluminosilicate glassceramics

I. Alekseeva, O. Dymshits, V.
Golubkov, A. Malyarevich, K.
Yumashev, M. Tsenter, A. Zhilin

18:00

Structural role of Zr4+ as nucleating agent in MgO-Al2O3SiO2 glass-ceramics

O. Dargaud, L. Cormier, N.
Menguy, L. Galoisy, G. Calas, C.
Jousseaume, S. Papin, G. Querel

18:20

Nucleation and characterization of Ag and Ag-Au
nanoparticles in glass

M. Dubiel, J. Haug, H. Kruth, H.
Hofmeister

Amphi Pasquier
Chairman: C.J. Benmore
17:20

Multiple pre-peaks and dynamic intermediate-range
order in Te-Cl liquids and glasses

D. Le Coq, S. Kohara, A.
Bytchkov, C.J. Benmore, B.
Beuneu, E. Bychkov

17:40

Thermal poling induced structural rearrangements in
oxide glasses

E.I. Kamitsos, M. Dussauze, V.
Rodriguez

18:00

Structural origin of the intermediate phase in the Ge-Se
system

A. Zeidler, P.S. Salmon, D.A.J.
Whittaker, K. Wezka

18:20

Contribution to the structural study of tellurium (IV) oxide
based glasses

D. Hamani, O. Masson, P.
Thomas, A. Mirgorodsky, O.
Durand, M. Dutreilh-Colas, L.
Portal, T. Merle-Méjean

Wednesday, June 30

Chairman: N. Vedishcheva
9:00

9:30
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General features of tail and defect states in amorphous
insulators and semiconductors

D.A. Drabold

Molecular Dynamics simulation of pressure-induced
structural changes in amorphous and liquid silica

A. Takada, P.F. McMillan, P.
Richet, C.R.A. Catlow, G.D. Price

(Invited)

9:50

Rigidity and bonding constraints in glasses assessed
from Molecular Simulations

M. Micoulaut, M. Bauchy

10:10

Molecular dynamics simulation of simplified glasses
disordering under ballistic effects

J.-M. Delaye, S. Peuget , G.
Bureau, G. Calas

10:30

Coffee break
Chairman: J.W. Zwanziger

11:00

Chemical and geometrical disorder in glasses: and
NMR point of view

D. Massiot, F. Fayon, M.
Deschamps, S. Cadars, V.
Montouillout, N. Pellerin, P.
Florian, L. Martel, J. Hiet
(Invited)

11:20

First principles and experimental multinuclear NMR
study of 45S5 BioGLASS®

T. Charpentier, A. Pedone, G.
Malavasi, M.C. Menziani

11:40

Nuclear magnetic resonance investigations of phase
separation and crystallization in molybdenum-bearing
model nuclear waste glasses

S. Kroeker, S. Schuller, I.
Farnan, C. Martineau, C. Higman,
V.K. Michaelis

12:00

Spectroscopic studies of lone-pair cations in glasses

D. Holland, J.A. Johnson, M.F.
Thomas, N. Laorodphan, R.G.
Orman, R. Dupree, C.E. Johnson,
D.E. Brown, A.C. Hannon, E.R.
Barney

12:20

Lunch

14:00

Social Program
Visit to Versailles

19:30

Banquet on the Seine

Thursday, July 1
Chairman: S.R. Elliott
9:00

Origin of pressure-induced polyamorphism in metallic
glasses

J.Z. Jiang, D.X. Zhang

9:30

Poly-amorphism, liquid-liquid transitions and
crystallization in the yttria-alumina system

A.C. Barnes, L.B. Skinner, T.
Farmer

9:50

Contrasting pressure- and temperature-induced
amorphization using two case studies: the

D.A. Keen, T.D. Bennett, A.K.
Cheetham, M.T. Dove, A.L.

(Invited)
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amorphization of ZrW2O8 and ZIF-4

Goodwin, J.A. Hriljac, M.G.
Tucker

10:10

Structure of 2MgO-SiO2 and SiO2 glasses at high
pressure

C.J. Benmore, E. Soignard, M.
Guthrie, S. Amin, J.K.R. Weber,
M.C. Wilding, J.L. Yarger

10:30

Coffee break
Chairman: R.K. Brow

11:00

Structure « solution » of disordered materials from PDF
data

M.J. Cliffe, M.T. Dove, D.A.
Drabold, A.L. Goodwin

11:20

Molecular Dynamics simulations of vanadium
containing glasses

M. Montorsi, G. Ori, A. Pedone,
C. Siligardi

11:40

Exploring inorganic-organic interfaces in sol-gel derived
materials with advances NMR Tools

N. Folliet, N. Baccile, T. Azaïs, C.
Gervais, C. Bonhomme, F.
Babonneau

12:00

The impact of Ga on network structure as determined
by multi-nuclear NMR spectroscopy

R.E. Youngman, B.G. Aitken,
A.J.G. Ellison

12:20

Lunch
POSTER SESSION B

Chairman: B. Hehlen
14:30

Anomalous properties of the acoustic excitations in
glasses on the mesoscopic length-scale

G. Monaco
(Invited)

Amphi Farabeuf
15:00

Low frequency Raman scattering and low temperature
specific heat of densified B2O3

G. Carini Jr, G. Carini, G.
D’Angelo, E. Gilioli, G. Tripodo, C.
Vasi

15:20

Dynamic elasticity in vitreous silica

M. Foret, S. Ayrinhac, B. Rufflé,
R. Vacher, A. Polian, J.-C.
Chervin

15:40

Structure and dynamics of calcium aluminosilicate melt

J. Kozaily, L. Hennet, H. E.
Fischer, M. Koza, F. Kargl, S.
Magazù, J. Drewitt, A. Bytchkov,
S. Brassamin, M. Leydier, D.
Zanghi, D.L. Price

16:00

The partial vibrational density of states of germanium
diselenide by using neutron spectroscopy

D.A.J. Whittaker, P.S. Salmon,
S.M. Bennington

Amphi Pasquier
Chairman: T. Charpentier
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15:00

Structural changes under beta-irradiation on Fe-bearing
silicate glasses

S. Rossano, L. Jean-Soro, B.
Boizot, F. Farges, E. van
Hullebusch, J. Labanowski, L.
Gouzin, J. Linares, J. Grattage,
M. Harfouche

15:20

TI3+ production under ionizing radiation in borosilicate
glasses by EPR spectroscopy

B. Boizot, P. Lombard, N. Ollier

15:40

Comparison between ionic implantation and thermal
treatments effects in normal and anomalous glasses

A. Faivre, S. Peuget, C. Levelut

16:00

Valence and local environment of selenium in alkali
borosilicate glasses for radioactive waste immobilisation

P.A. Bingham, N.C. Cassingham,
N.C. Hyatt

16:20

Coffee Break
Chairman: E.I. Kamitsos

16:50

Light-induced athermal macroscopic deformations in
chalcogenide glasses

K. Tanaka, M. Minami
(Invited)

Amphi Farabeuf
17:20

High-frequency acoustic excitations and boson peak in
glasses: a study of their temperature dependence

B. Ruta, G. Baldi, V. M. Giordano,
G. Monaco

17:40

Novel « translational » nanocrystalline model for the
amorphous materials

V. Kolosov

18:00

Comparing ring size distributions in alkali and alkalineearth disilicate glasses and crystals

M.O. Naylor, S.T. Misture, A.N.
Cormack

Amphi Pasquier
Chairman: F. Rocca
17:20

Vanadium and chromium redox coupling in borosilicate
nuclear waste glasses

D. McKeown, I. Muller, H. Gan,
Z. Feng, I. Pegg

17:40

Effect of B2O3 addition on the structure and properties
of soda-lime borosilicate glasses containing lanthanides

D. Caurant, A. Quintas, O.
Majérus, T. Charpentier, J-L.
Dussossoy

18:00

Boron K-edge XANES and Raman spectroscopy
investigation

G. Bureau, S. Peuget, G. Calas,
G. Henderson, J.-M. Delaye, C.
Jégou
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Friday, July 2

Chairman: M. Micoulaut
9:00

Ab initio molecular-dynamics simulations of phasechange memory materials

S.R. Elliott, J. Hegedus, T.H. Lee

9:30

Optical and spectroscopic properties of niobium
germanotellurite glasses

G. Monteiro, R. Santos, L.F.
Santos, C. Gonçalves, Rui M.
Almeida

9:50

Relaxation and photostructural processes in
chalcogenide network glasses

P. Lucas

10:10

A new paradigm for glass structure in SiO2 and As-GeS,Se alloys: strain-reducing nano-scale chemical
phase separation

G. Lucovsky, J.C. Phillips, J.L.
Whitten

10:30

Coffee break

(Invited)

Chairman: G.N. Greaves
11:00

Medium range order in Ge-Se glasses by 77Se NMR

B. Bureau, M .Deschamps, E.
King, F. Charpentier, C. Roiland, P.
Florian, D. Massiot, P. Lucas

11:20

Ionic conduction rigidity and flexibility in glassy
electrolytes

M. Malki, M. Micoulaut, D.I. Novita,
P. Boolchand

11:40

Structure and dynamics of aluminosilicate melts at
high temperature: an EXAFS and NMR point of view

D. Neuville, P. Florian, D. de Ligny
and D. Massiot

12:00

Amorphous SiGe alloy under high pressure by Raman
spectroscopy and X-ray techniques

F. Coppari, A. Di Cicco, A.
Trapananti, E. Principi, A.
Congeduti, A. Polian

12:20

Lunch
POSTER SESSION B

Chairman: A.N. Cormack
14:00

Nanophase segregation in binary glasses driven by
polyamorphism of the solvent

V. Molinero, L. Le, L. Jacobson

14:30

Local structure of alkali silicate glasses: first principles
calculations vs experimental

S. Ispas, L. Truflandier, T.
Charpentier, F. Mauri, D.R.
Neuville

14:50

Effects of Ca and Mg content on elastic responses of
CaO-MgO-Al2O3-SiO2 glasses

A. Tandia, D. Vargheese
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(Invited)

15:10

First-principle Molecular Dynamics simulations of
some natural silica melts

15:30

Closing session

NCM – Looking back, looking forward

15:50

R. Vuilleumier, N. Sator, B. Guillot

P.H. Gaskell

Cocktail
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Posters
Poster Session A
SOLID-STATE NUCLEAR MAGNETIC RESONANCE

A1 INVESTIGATION OF LITHIUM BOROVANADATE
A2

GLASSES
CRYSTALLIZATION STUDY OF Y2O3-Al2O3-SiO2
GLASSES
FABRICATION OF WOLLASTONITE GLASS –

A3 CERAMIC SCAFFOLDS

EFFECT OF THE POLYURETHANE PADS WEAR ON

A4 THE POLISHED GLASS SURFACE QUALITY
MICROSTRUCTURAL ANALYSIS OF

V.K. Michaelis, P.M. Aguiar, T.
Britton, S. Feller, M. Affatigato, S.
Kroeker
S. Alahraché, J. Lambert, M. Allix,
E. Véron, S. Ory, G. Matzen
D. Abadkar, P. Alizadeh
N. Belkhir, D. Bouzid, V. Herold

A5 NANOSTRUCTURED AMORPHOUS SiGe ALLOYS:

R. Ben Brahim, A. Chehaidar

A6

B. Beuneu, B. Homatter, J.
Darpentigny

A7

NUMERICAL MODELING
A NEW NEUTRON DIFFRACTOMETER FOR LIQUIDS
AND AMORPHOUS MATERIALS AT ORPHEE-LLB
BENEFITS OF THE THERMALLY STIMULATED
LUMINESCENCE IN THE STUDY OF RADIATIONINDUCED COLOUR CENTRES IN YTTERBIUMDOPED SILICA-BASED OPTICAL FIBRES

F. Mady, M. Benabdesselam, W.
Blanc, B. Dussardier

F. Bondioli, A. Corradi, A.M.
Ferrari
K. Bourhis, A. Royon, L. Canioni,
SUB-WAVELENGTH LUMINESCENT STRUCTURES
M. Treguer, J.J. Videau, D.
A9 INDUCED BY ULTRA-SHORT IR LASER IN A SILVERTalaga, D. Caurant, L. Binet, J.
CONTAINING GLASS
Choi, M. Richardson, T. Cardinal
LASER-INDUCED STRUCTURAL CHANGES IN GeO2- L. Bressel, D. de Ligny, S.
A10 GLASSES
Juodkazis, V. Martinez
B. Cai, A.L. Goodwin, D. A.
NOVEL STRUCTURAL MODELING TECHNIQUES
A11 FOR AMORPHOUS MATERIALS
Drabold
FUNCTIONALIZATION OF CERAMIC TILE SURFACE

A8 BY SOL-GEL TECHNIQUE

AN X-RAY ABSORPTION SPECTROSCOPY STUDY

A12 OF FECO ALLOY NANOPARTICLES EMBEDDED IN

D. Carta, A. Corrias, G. Navarra

ORDERED CUBIC MESOPOROUS SILICA (SBA-16)

A13 SILICATE GLASSES (Rb O-SiO AND Cs O-SiO )
2
2
2
2

M. Chligui, A. Canizarès, Y. Vaills,
P. Simon

MECHANICAL CHARACTERIZATION OF SILVERA14 DOPED GLASSES BY NANO-INDENTATION
TECHNIQUE

A. Chorfa, M. Hamidouche,
J.Rubio, F.Rubio

LIGHT SCATTERING IN BINARY HEAVY ALKALI

N. Chouard, D. Caurant, O.

STRUCTURAL INVESTIGATION OF A SiO2-Na2O-CaOMajérus, J-L. Dussossoy, R.
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AN ATTEMPT TO INTERPRET THE ANISOTROPY SCATTERING
SPECTRUM OF THE RELICT RADIATION ON A MICROSCOPIC BASIS
Ladislav Červinka
lnstitute of Physics, Academy of Sciences of the Czech Republic 162 53 Praha 6, Cukrovamická 10,
Czech Republic

The angular power spectrum (anisotropy spectrum) of the Cosmic Microwave Background
(relict radiation) shows incredible similarity with X-ray or neutron scattering measured on noncrystalline materials. Until now this spectrum has emerged as an important tool helping to
test cosmological models and theories of cosmic structure formation. In this contribution we
undertake an attempt to interpret the anisotropy spectrum of relict radiation using an identical
approach as is generally used when a structure of a disordered material is studied using Xray or neutron scattering. We expect that various approximations used during this study may
contribute to a better understanding of conditions under which relict radiation has been
scattered in the space. Simultaneously we hope that this analysis may help to propose a
rough model of the ordering of the prime-matter on which the relict radiation is scattered.

E-mail : L. Cervinka@icaris.cz
Keywords: modeling of disordered structures, relict radiation scattering
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POLYAMORPHISM AND LIQUID-LIQUID CRITICAL POINTS IN THE
SUPERCOOLED STATE
G.N. Greaves
Centre for Advanced Functional Materials and Devices, Institute of Mathematics and Physics,
Aberystwyth University, Aberystwyth SY23 3BZ, UK

The physics of critical phenomena is well-established in systems as diverse as molecular
fluids, crystalline alloys, and magnetic materials. As the critical point is approached
fluctuations of increasing correlation length give rise to dramatic opalescence. In the last
decade evidence has emerged for the existence of a second critical point in the liquid state at
supercooled temperatures, below which phases coexist differing in density but sharing the
same composition – polyamorphism [1]. Whilst much attention has been paid to supercooled
water, polyamorphic phases have been observed in many elemental and oxide liquids
offering routes to low entropy glasses [2]. Our recent direct observation of a first-order liquidliquid phase transition in levitated molten yttria-alumina offers the first opportunity to study the
associated critical point in a real supercooled system. In situ small angle X-ray scattering
records sharp changes in the average correlation length of fluctuations as the transition is
approached [3]. This approximates to the universal power law relation predicted by the 3D
Ising model common to all critical point transitions. The observation brings the second critical
point predicted in liquids into line with the liquid-gas critical point that has been familiar in
water for well over a century [4]. In so doing the experimental approach promises to unify
polyamorphism in systems as chemically different as water, elemental liquids, silica and
complex molten refractory oxides.
[1] P.F. McMillan, et al., J. Phys.: Condens. Matter 19 (2007) 415101.
[2] G.N. Greaves & S. Sen, Advances in Physics 56 (2007) 1.
[3] G. N. Greaves et al., Science 322 (2008) 566.
[3] H.E. Stanley, Introduction to Phase Transitions and Critical Phenomena, (Oxford
University Press, New York, 1971).

E-mail : gng@aber.ac.uk
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STRUCTURE OF LIQUIDS AND GLASSES AT HIGH PRESSURE
P.S. Salmon
Department of Physics, University of Bath, Bath, BA2 7AY, United Kingdom

Many liquid and glassy materials are thought to undergo polyamorphic phase transitions in
which there is an abrupt change in their structure and physical properties with change of
temperature and/or pressure. Silicates, for example, are the most abundant compounds
present within the crust and upper mantle of the Earth and terrestrial planets and the
transformations associated with silicate minerals and melts govern some major geophysical
principles including deep-earthquake faulting, the differentiation and evolution of the
composition of planetary interiors, and the response of the Earth's crust and mantle to
meteorite impacts.
Structural investigations of liquid and glassy materials require an accurate evaluation of the
intensity measured in a diffraction experiment so that bond distances and coordination
numbers can be reliably obtained. This task is difficult to achieve in the case of high pressure
experiments because the sample volume is typically small and there is much extraneous
scattering from the gasket material in which the sample is contained and from the anvils of
the high pressure press. Also, the scattering geometry changes with pressure as, for
example, the sample compresses as the anvils of the press close. There is the additional
complication that the structure of a system containing n different chemical species is
described by n(n+1)/2 different pair- correlation functions, all of which should be measured.
This paper reports on recent work to measure the structure of disordered materials at
pressures of to 15 GPa [1, 2]. Particular focus is placed on the development of neutron
diffraction methods with the Paris-Edinburgh press to accurately measure the structure of
glasses over this pressure range. Results are presented for several systems including GeS2
and GeO2. In the case of the latter, the method of isotope substitution in neutron diffraction
has been used to obtain information on the partial pair-correlation functions by the use of
difference function methods.
[1] A. Zeidler, J. W.E. Drewitt, P. S. Salmon, A. C. Barnes, W. A. Crichton, S. Klotz, H. E.
Fischer, C. J. Benmore, S. Ramos and A. C. Hannon, J. Phys.: Condens. Matter 21, 474217
(2009).
[2] J. W. E. Drewitt, P. S. Salmon, A. C. Barnes, S. Klotz, H. E. Fischer and W. A. Crichton,
Phys. Rev. B 81, 014202 (2010).
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MELTING TRANSITION PROBED BY ULTRAFAST LASER HEATING
A. Di Cicco1,2,*, F. Bencivenga3, F. D'Amico3, R. Gunnella2, A. Filipponi2, C.
Masciovecchio3, M. Minicucci2, E. Principi2, A. Trapananti2,3, G. Zgrablic3
1
2

IMPMC, Universitè Paris 6, CNRS, 140 rue de Lourmel, 75015 Paris, France

CNISM, School of Science and Technology, Physics Division, Università di Camerino, Italy
3

Synchrotron ELETTRA, Strada Statale 14 - I-34149 Basovizza, Trieste, Italy

An important challenge in today condensed matter physics regards the understanding of
phase transitions occurring in the phase space presently inaccessible. An important example
is the occurrence of polymorphism and the hypothesis about the existence of a coexistence
line and a critical point separating low-density and high-density fluids in a class of substances
which include water, C, Ge, Si and their oxides (see for example [1]). In spite of the
fundamental importance of these phenomena, the transition region often is located in a no
man's land where crystallization of the undercooled liquid or of the glassy phase prevents
observation of the fluid transformation. Novel possibilities for studying matter under extreme
conditions are opened by the forthcoming availability of free electron laser (FEL) facilities
generating sub-picosecond photon pulses of unprecedented intensity in the VUV and X-ray
range, which are able to heat thin samples up to the warm dense matter (WDM) regime.
Pump-and-probe ultrafast techniques can be used to study the dynamics of phase transitions
and characterize the states under extreme and metastable conditions (see for example [2]).
In particular, thanks to the ultrafast bulk heating nature of the FEL pulses, pump and probe
experiments can give access to what is presently a no man's land in simple liquids and
glasses shedding light on the nature of the fluid and on the dynamics of re-crystallization.
In this communication we report on preliminary results obtained in a pilot ultrafast experiment
using a laser source as a probe and a supercontinuum probe [3] aimed to characterize the
melting process of Silicon. The extension to ultrafast measurements with a FEL source and
the design of the TIMEX end-station [4] to be installed at the Fermi@Elettra FEL facility will
be discussed in details.
[1] O. Mishima and H. E. Stanley, Nature 396, 329 (1998)
[2] D. H. Reitze, H. Abe, and M. C. Downer, Phys. Rev. B 45, 2677 (1992).
[3] C. Giannetti, G. Zgrablic, et al., Phys. Rev. B 80, 235129 (2009)
[4] http://gnxas.unicam.it/TIMEX, see also http://www.elettra.trieste.it/FERMI

* E-mail : andrea.dic@gmail.com
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TOPOLOGICALLY ORDERED AMORPHOUS SILICA OBTAINED BY
PRESSURE INDUCED AMORPHISATION OF SILICALITE
C. Levelut1,*, J. Haines2, A. Isambert3, P. Hébert3, S. Kohara4, D.A. Keen5, T.
Hammouda6, D. Andrault6
1

2

3

Laboratoire des Colloides, Verres et Nanomatériaux, UMR 5587 CNRS-Université Montpellier II,
Montpellier, France

Institut Charles Gerhardt Montpellier, C2M, UMR 5253 CNRS-Université Montpellier II, Montpellier,
France

CEA DAM Le Ripault, Monts, France 4 Research & Utilization Division, Japon Synchrotron Radiation
Research Institute, SPring-8, Hyogo, Japan
5

6

Department of Physics, Oxford University, Clarendon Laboratory, Oxford and ISIS Facility,
Rutherford Appleton Laboratory, HSIC, Didcot, Oxfordshire, United Kingdom.

Laboratoire Magmas et Volcans, UMR 6524, Université Blaise pascal, Clermont-Ferrand, France

The highly compressible siliceous zeolite silicalite-1-F was found to transform to a dense
amorphous under high pressure. A millimeter-sized sample of the amorphous form was
prepared and recovered from 20 GPa at room temperature using a multi- anvil high pressure
device. The structure of the recovered material was studied at ambient conditions by Reverse
Monte Carlo modeling of the total x-ray scattering data obtained at Spring-8. The material is
amorphous over the different length scales probed by Raman and x-ray scattering. The novel
amorphous form of silica obtained under compression retains the basic topological order of
the starting crystalline phase, but with strong geometrical distortions [1]. This is an example
of new topologically-ordered amorphous material with a different intermediate range
structure, distinct physical and mechanical properties, eventually approaching those of an
“ordered” or “perfect” glass. The large volume collapse during the formation of this material
may be of considerable interest for application in shock wave absorption [2].
[1] J. Haines, et al, J. Am. Chem. Soc. 131 (34), 12333 (2009)
[2] A. Isambert et al., J. of Mater. Chem., 18, 5746 (2008).
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YTTRIUM ALUMINOSILICATE GLASS FOR IN SITU RADIOTHERAPY:
STRUCTURE FROM MOLECULAR DYNAMICS SIMULATIONS
J.K. Christie*, A. Tilocca
Department of Chemistry and Thomas Young Centre, University College London, 20 Gordon Street,
London WC1H 0AJ, UK

Yttrium aluminosilicate (YAS) glass is used as a vector in cancer radiotherapy: glass
microspheres containing radioactive 90Y are injected into the tumour or blood vessels
surrounding it, from where they can irradiate the tumour in situ, avoiding many of the sideeffects of conventional radiotherapy. The critical property of YAS glass for this application is
its chemical durability, defined as the inverse of the release rate of 90Y. If radioactive yttrium
is released into the bloodstream, it will travel through the whole body and fatally irradiate the
patient.
Although the chemical durability is known to depend on composition [1], there is no
microscopic understanding of how the durability or other properties are related to the glass
composition and structure, which is necessary to optimise the design of the glass and to
improve treatment.
We have conducted classical and quantum-mechanical molecular dynamics (MD) simulations
to prepare the glasses by quenching a suitable melt [2, 3]. We have modelled a range of
compositions, focusing on one with 17.1 mol% yttria (hereafter YAS17), which is used in
clinical treatment [4].
Our simulations show that Si and Al are network-forming cations, existing mainly in
tetrahedral form, whilst Y is a network modifier. Y has a much wider range of coordination
states, with six- and seven-coordinated being most common. There is remarkably good
agreement between the short-range properties found in simulation and those found
experimentally, which gives us confidence when extracting medium-range structural data
from the classical simulation.
The medium-range structure is more directly linked to the activity of these glasses [2]:
therefore, we discuss the links between composition and glass durability through specific
medium-range features, such as network connectivity and cation clustering, which we have
determined for compositions of different durability [2, 3].
[1] E. M. Erbe, D. E. Day, J. Biomed. Mat. Res. 27 (1993) 1301
[2] A. Tilocca, Proc. Roy. Soc. A 465 (2009) 1003
[3] J. K. Christie, A. Tilocca, submitted
[4] S.-D. Chen et al., Nucl. Med. Comm. 351 (2005) 863
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THE STRUCTURE AND PROPERTIES OF LOW-TEMPERATURE TIN
PHOSPHATE OPTICAL GLASSES
R.K. Brow1,*, J.W. Lim1, S.W. Yung2
1

Missouri University of Science and Technology, Deptartment of Materials Science and Engineering,
Rolla, MO 65409 USA
2

National United University, Department of Materials Science and Engineering, Miao-Li 36003,
Taiwan, ROC

Glasses with high refractive indices, low optical dispersions, and low softening temperatures
that are compatible with rapid molding processes are desired for a variety of optical
applications. Compositions based on stannous pyrophosphate (2SnO•P2O5) are candidates
for such applications because the base glass has the requisite physical properties; e.g.,
n=1.787 at 632.8 nm and Tg=265oC. The chemical durability of binary stannous phosphate
glasses are improved as the SnO content increases from 50.0 mole% (metaphosphate) to
66.7 mole% (pyrophosphate), and the durability of the latter compositions are further
improved with additions of other oxides, including B2O3.
In this paper, the role of phosphate anions and the development of a borophosphate network
on the physical properties and chemical stability of stannous phosphate glasses are
described. Raman and nuclear magnetic resonance spectroscopies are used to provide
information about the glass structure, which is then used to explain compositional trends in
softening temperatures and chemical durability. The effects of the addition of other oxides,
including Ga2O3 and La2O3, on refractive index and the phosphate network, will also be
discussed. Finally, the structure-property relationships of the stannous phosphate glasses will
be compared with those based on zinc phosphate systems, with an emphasis on the nature
of the metal-nonbridging oxygen bonds that link neighboring phosphate anions and their
effect on the physical and chemical properties of the glasses.

* E-mail : brow@mst.edu
Keywords: phosphate glasses, Raman spectroscopy, optical properties
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RARE-EARTH ULTRAPHOSPHATE GLASSES BY X-RAY DIFFRACTION
U. Hoppe1,*, N.P. Wyckoff2, R.K. Brow2, U. Rütt3
1
2

Institut für Physik, Universität Rostock, 18051 Rostock, Germany

Department of Materials Science and Engineering, Missouri University of Science and Technology,
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3
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Rare-earth phosphate glasses are interesting for applications due to their good lasing
properties. Numerous structural results of these glasses have been obtained during the last
twelve years but investigations of the binary R2O3-P2O5 glasses with R2O3 fractions < 20
mol% and R atoms of electron numbers > 64 are still missing [1]. That gap is due to problems
which are caused by the needed high melting temperatures (evaporation of P2O5 for melts in
open crucibles; crucible corrosion for melts in sealed silica ampoules). Recently, binary
ultraphosphate glasses with R of even Lu and free of any crucible component were obtained
where a special melt technique was applied.
Ultraphosphate glasses with R = Tb, Tm, Lu and R2O3 fractions of 10 and 15 mol% were
measured by X-ray diffraction (high-energy photons of a synchrotron beamline) with an upper
limit of scattering vector of Qmax = 260 nm-1. The correlation functions T(r) were obtained from
the structure factors without damping so that R–O and O–O first-neighbor peaks are well
resolved for the Tm and Lu containing glasses. The ultraphosphate glasses of the greater
rare-earth ions (smaller electron numbers) revealed R–O coordination numbers of eight (or
greater) [1] while all the R3+ ions of the present study show oxygen coordination numbers of
~7.5. The T(r) functions are compared with those calculated for the RP5O14 (R = Tm, Lu) and
LuP3O9 crystals. The R–O distances of the glasses are found between those of RP5O14 and
LuP3O9 crystals. However, the R–O distance peaks of the glasses show tails to the side of
longer distances.
[1] U. Hoppe et al., J. Non-Cryst. Solids 351 (2005) 3179.
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MULTINUCLEAR SOLID-STATE NMR REVEALS SPECIFIC STRUCTURAL
FEATURES OF SEALING GLASS-CERAMICS
A. Ananthanarayanan1,2,* G.P Kothiyal2, L. Montagne2,#, B. Revel2
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Technical Physics and Prototype Engineering Division, Bhabha Atomic Research Centre, Mumbai
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Univ Lille Nord de France F-59000 – Unité de Catalyse et Chimie du Solide - UMR CNRS 8181,
USTL, F-59655, Villeneuve d’Ascq, France

Glass-ceramics are polycrystalline materials formed by controlled crystallization of glasses
[1], which exhibit outstanding thermo-physical, mechanical and chemical properties [2]. As a
result, glass-ceramics find application in hermetic sealing for various applications, for
instance in Solid Oxide Fuel Cells (SOFC) [3]. The properties of glass-ceramics can be
optimized by controlling the type and morphology of crystalline phases, which are generally
characterized with XRD.
We present here a set of results from multinuclear NMR that brought new information
complementary to XRD, but also provided specific insights into the structure of glassceramic materials. Phase separation could indeed be detected before crystallization
occurred, and an unexpected boron-containing crystalline phase has been observed on NMR
spectra. NMR also enabled us to conclude that P2O5 does not act as a nucleating agent for
alumino-silicate and zinc silicate glasses. In addition, using NMR we could also study the
evolution of the residual glass during the nucleation and growth processes, and relate it to
the nature of the crystalline phases that are formed.
We shall also illustrate the application of multinuclear NMR on alkali/alkaline earth based
glasses used for sealing applications [4,5]. Despite the multi component compositions, we
were able to extract valuable structural insights that are complementary to XRD.
[1] P. W. McMillan, Glass-Ceramics, Academic Press, 1977, pp 1
[2] P. Riello et al., J. Non-Crystal. Solids 288 (2001) 127.
[3] W. Höland and G. H. Beall, Glass-Ceramic Technology, The American Ceramics Society,
Westerville, OH, USA 2002, pp 1-5.
[4] M. Goswami et al., J. Solid State Chem. 181 (2008) 269.
[5] A. Ananthanarayanan et al., J. Solid State Chem. 183 (2010) 120.
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THE STRUCTURE OF PHOSPHO-SILICATE BIOACTIVE GLASSES
R.G. Hill1,2,*, N. Karpukhina1, S. Watts2, R.V. Law2
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Bioactive glasses dissolve in the body forming hydroxycarbonated, HCA apatite on their
surface. They have found use in medicine as a bone substitute and more recently as a
remineralising additive for tooth pastes. In these glasses molecular dynamics simulations
suggest the presence of Si-O-P bonds [1].
The present paper investigates the structure of a wide range of bioactive glasses containing
phosphate from simple four component systems [2] to fluorine containing compositions
magnesium substituted compositions and complex compositions with up to eight oxides for
bioactive glass coatings produced by a sintering route. The numerous glass compositions
have been characterised by 31P, 29Si and 19F MAS- NMR spectroscopy and dielectric
spectroscopy and their ability to form HCA in simulated body fluid evaluated.
The 31P MAS-NMR results indicate that phosphorus is always present as Q0 orthophosphate.
The silicon speciation depends on the phosphorus content as a result of network modifying
cations being required to charge balance the Q0 orthophosphate. Dielectric spectroscopy of
bioactive glasses shows two loss peaks, which are thought to correspond to sodium ion
hopping motions in a amorphous orthophosphate phase and a silicate phase. These
bioactive glasses are thought to undergo amorphous phase separation on a nano-scale and
the dissolution process is thought to involve both the orthophosphate and silicate glass
phases. 31P MAS-NMR can also be used to determine how the metal cations partition
between the two phases. Some cations partition between the two phases according to their
concentration whilst other cations selectively go into one of the two phases. For example
Mg2+ stays preferentially in the silicate phase.
The ability to form an HCA layer in simulated body fluid can be correlated with the structure
of the glass and is dependant on two principal factors i) the degree of disruption of the silicate
glass phase and ii)the orthophosphate content.
[1] A. Tiloca et al. Faraday Discuss 136 (2007) 45.
[2] MD O'Donnell et al. J. Non-Crystal Solids 354 (2008) 3554.
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COORDINATION AND BONDING OF Mn2+ IONS IN FLUORIDEPHOSPHATE AND BOROSILICATE GLASSES PROBED BY EPR AND
FLUORESCENCE SPECTROSCOPY
D. Möncke1,*, D. Ehrt2, M. Friedrich2, A. Herrmann2, E.I. Kamitsos1
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EPR and fluorescence spectroscopy are both very sensitive and selective methods for
probing the coordination and bonding characteristics of Mn2+ ions in glass. Both methods
provide also information on Mn-Mn ion interactions at higher dopant levels.
Decreased fluorescence lifetimes correlate linearly with increased effective g-values of the
central EPR resonance at g~2 for the (fluoride-)phosphate or the (boro-)silicate glass system,
respectively.
For samples of very low Mn-content, the hyperfine splitting of the Mn2+ sextet at g~2.00
increases linearly with optical basicity. The lowest value of 8.7 mT is measured for a
borosilicate glass and the highest value of 9.6 mT for a fluoride- phosphate glass. For the
free Mn2+ ion the hyperfine splitting can be extrapolated to a value of 10 mT or the equivalent
of a 100% ionic bonding with the ligands. Similarly, variations in the central g-value reflect on
the ionic/covalent nature of the Mn2+-ligand bonds.
Comparison of results in the borosilicate and metaphosphate glass series investigated
reveals two opposite trends. In the borosilicate Duran® glass, for which the maximum Mndoping level is determined by the formation of visible phase separation at 4 mol% MnO, the
line width decreases from 50 to 25 mT with increasing Mn concentration due to exchangetype interactions. On the other hand, the line width doubles from 50 to 100 mT in the glass
system xMnO-(1-x)SrO-P2O5 (x=0 to 1). Although broadening effects are generally connected
to dipole-dipole interactions between Mn-pairs, doubling of the line width is unusual and
suggests the formation of magnetic cluster domains.
Results from fluorescence and EPR spectroscopy on the coordination environment of Mn2+
ions reflect also on differences in the principal structure of the different glasses and can be
connected to other physical properties.

* E-mail : moencke@eie.gr
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CORRELATION OF STRUCTURE WITH DEVITRIFICATION MECHANISM IN
BORATE AND SILICATE GLASSES
B. Chen1, U. Werner-Zwanziger1, J.W. Zwanziger1,*, M.L.F. Nascimento2, L.
Ghussn2, E.D. Zanotto2
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An important general issue in glass crystallization is the explanation of the composition
dependence of the nucleation mechanism. Ostensibly similar systems show different
nucleation mechanisms, for example, lithium diborate and disilicates show homogeneous
nucleation and growth while the sodium analogs do not on the laboratory time scale. In this
study, the intermediate-range structure of disilicate and diborate glasses was probed using
nuclear magnetic resonance spectroscopy. Specifically, Hahn echo and rotational-echo
double resonance experiments were employed to determine the distribution of dipole
couplings between cations and network formers and in this way determine whether the
intermediate range order was the same in the glasses as in the crystal forms of these
compounds. It was found that in the lithium disilicate and diborate cases the structures are in
fact similar between glass and crystal, while in sodium disilicates and diborates they differ
substantially. Because lithium disilicate and diborate show homogeneous nucleation and
growth on the laboratory time scale while sodium disilicate and diborate do not, it was
concluded that structural similarity between glass and crystal of the glass former correlates
strongly with nucleation mechanism.

* E-mail : jzwanzig@dal.ca
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APPLICATION OF RECENT SOLID STATE NMR TO THE STRUCTURAL
CHARACTERISATION OF ALUMINO-PHOSPHATE BASED GLASSES.
G. Tricot1,*, S. Wegner2,3, L. Delevoye1, L. Montagne1, L. van Wullen2
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During the last decade, the solid state Nuclear Magnetic Resonance (NMR) technique has
benefited from important technical and methodological developments (high field
spectrometers, implementation of sequences derived from liquid state...), that have improved
the accuracy and quality of the structural information extracted from the spectra. The
structure of glasses can now be efficiently investigated using 1D- and 2D- MAS-NMR. The
1D-MAS NMR gives access to the local order whereas 2D- correlation MAS-NMR techniques
allow for a qualitative and quantitative decription of the middle order range structure. Recent
methodological developments have been employed to characterise the short and middle
range orders of potassium alumino-phosphate glasses. This category of phosphate glasses,
which exhibits a good stability, is employed in various applications, including immobilisation
matrix for radioactive waste and anti-oxidation coatings. The 31P BABA, INADEQUATE and
J- REsolved techniques were used to investigate the structure of the phosphate network and
the interactions between the aluminate and phosphate moities were explored with the
31
P{27Al} CP-HETCOR and REAPDOR sequences and with 27Al{31P} HMQC and REDOR
techniques. All the results lead to a detailed structural model describing the mixed aluminophosphate network [1].
[1] S. Wegner, L. van Wullen, G. Tricot; The structure of aluminophosphate glasses revisited:
Application of modern solid state NMR strategies to determine structural motifs on
intermediate length scales; Journal of Non-Crystalline Solids 354 15-16 (2008) 1703-1714.
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STUDY OF MoO3- AND WO3-DOPED SODIUM-ZINC BOROPHOSPHATE
GLASSES
L. Koudelka1,*, J. Šubčík1, P. Mošner1, I. Gregora2, L. Montagne3,
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Sodium-zinc borophosphate glasses doped with 10 and 30 mol% MoO3 and WO3 were
prepared and studied. The replacement of ZnO by Na2O in both type glasses results in an
increase of their molar volume, thermal stability and the coefficient of thermal expansion,
while their chemical durability and glass transition temperature decrease. Structural
differences between sodium and zinc borophosphate glasses were studied using Raman and
31
P and 11B MAS NMR spectroscopy. In MoO3-doped glasses Raman spectra showed on a
greater tendency of Zn-based glasses to the formation of Mo-O-Mo bonds, whereas 11B MAS
NMR spectra revealed greater tendency of Na-based glasses to form Mo-O-B bonds. In
WO3-doped glasses also the tendency to the formation of tungstate clusters with W-O-W
bonds is stronger in Zn-based glasses than in Na-based glasses.
Greater covalency of Zn2+..O bonding interactions results probably in the incorporation of ZnO bonds into the structural network and higher depolymerization of phosphate chains than in
Na-based glasses. The differences in the electronegativity values and in the ionic field
strength of Zn2+ and Na+ ions are reflected in the different degree of ionicity of Zn2+..O and
Na+..O bonds. These differences are manifested most of all in the values of glass transition
temperature and the thermal expansion coefficient. With increasing content of MoO3 and
WO3 in the borophosphate glasses the increasing number of Mo(W)-O-P and Mo(W)-O-B
bonds decrease the effect of the replacement of ZnO by Na2O on Tg due to concurrent effect
on the glass network reticulation. ESR measurements showed that in Na-based glasses the
concentration of Mo5+ ions is lower than in Zn-based glasses in agreement with the higher
values of optical basicity of Na-based glasses.

The authors are grateful for the financial support from the Grant Agency of the Czech
Republic (Grant No. P106/10/0283).
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ATOMIC STRUCTURE OF MULTI-COMPONENT GLASSES BY HIGHENERGY X-RAY DIFFRACTION AND CONSTRAINED REVERSE MONTE
CARLO SIMULATIONS
V. Petkov
Dept. of Physics, Central Michigan University, Mt. Pleasant, MI 48858, USA

We will demonstrate how detailed knowledge about the three-dimensional (3D) structure of
multi-component glasses can be obtained by a combination of high- energy x-ray diffraction
(XRD) and constrained reverse Monte Carlo (RMC) simulation. High-energy XRD yields
atomic pair distribution (PDF) functions with high real-space resolution 1. The PDFs, together
with other available structure-sensitive information, are used to test and refine 3D atomic
models of many thousands atoms 2 by RMC. The models are analyzed in terms of
interatomic and bond angle distributions, spherical harmonics invariants, free volume, rings
statistics etc. 3 and this is how detailed knowledge about the structure of glasses is obtained.
The talk will be illustrated with examples from recent studies on 0.5Li2S+0.5[(1x)GeS2+xGeO2] and 0.35Na2O + 0.65[xB2O3 + (1-x)P2O5] fast ion conducting glasses 2,4.
[1] V. Petkov et al., Phys. Rev. Lett. 85 (2000) 3436.
[2] D. Le Messurier et al., J. Non-Cryst. Sol. 335 (2009) 430.
[3] http://www.phy.cmich.edu/people/petkov/isaacs/
[4] S. Le Ruox et al., in preparation.
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STRUCTURAL ORGANISATION IN OXIDE GLASSES FROM MOLECULAR
DYNAMICS
G. Mountjoy
School of Physical Sciences, University of Kent, Canterbury CT2 7NH, U.K.

The modified random network (MRN) model includes two major structural features of oxide
glasses: (i) network formers and modifiers affect local structure differently, and (ii) modifiers
tend to gather together. While (i) can be studied using many techniques, (ii) is more
problematic. Molecular dynamics (MD) is a well established technique which, despite its
shortcomings, can achieve encouraging agreement with experiments. Recent MD results on
silicate glasses illustrate important examples of (i) and (ii). There can be substantial bonding
of network modifiers to bridging oxygens, with consequences for properties such as chemical
resistance. The tendency for modifiers to gather together (neither randomly nor segregated)
leads to extended channels, with consequences for properties such as electrical conductivity.

E-mail : g.mountjoy@kent.ac.uk
Keywords: short range order, silicate glasses, molecular dynamics.
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NEUTRON STUDIES OF AN INORGANIC PLASTIC GLASS
A.C. Wright1,*, R. Haworth1, R.N. Sinclair1, B.G. Aitken2
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A neutron diffraction investigation has been performed of the structure of four chalcogenide
glasses, using a combination of the D4c diffractometer on the high-flux reactor at the Institut
Laue-Langevin and the GEM spectrometer on the ISIS spallation pulsed neutron source at
the Rutherford Appleton Laboratory to yield high real-space resolution. Two of the glasses, of
composition Ge3As52X45 with X = S or Se, have a structure that includes As4X3 molecules,
whereas the corresponding As2X3 reference glasses have purely network structures. As-X,
Ge-X and As-As bond lengths have been extracted, together with their associated coordination numbers, from peak fits to the real space correlation function, T(r), and suggest
that all four glasses are chemically ordered; i.e. that they contain the maximum possible
number of As-X and Ge-X bonds. The molecular nature of the Ge3As52X45 glasses is evident
from the enhanced first diffraction peak relative to the reference glasses, and has been
further investigated by comparing their interference function, Qi(Q), with that expected for an
isolated As4X3 molecule. On the other hand, the second diffraction peak is not reproduced by
a random orientation molecular model, indicating that there is orientational correlation
between adjacent molecules, and this is discussed with respect to the relative orientation of
neighbouring molecules in the structure of the corresponding As4X3 crystalline phases. The
neutron-weighted vibrational density of states (VDOS) for vitreous Ge3As52S45 obtained with
the ISIS MARI spectrometer, unambiguously confirms the existence of As4S3 molecules, as
revealed by a single sharp peak at ~34 meV arising from the triangle of As atoms that form
the base of the molecule. MARI data recorded at ambient temperature also reveal a strong
quasi-elastic component in the scattered intensity, which indicates the presence of rotational
diffusion of the As4S3 molecules; i.e. that vitreous Ge3As52S45 behaves as a plastic glass.
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RING DENSITY AND INTER-TETRAHEDRA BOND ANGLE OF SILICATE
GLASSES: A FEMTOSECOND AND RAMAN SPECTROSCOPY STUDY
B. Hehlen1,*, O. Noguera1, P. Langot2, F. Vallée3
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The concentration of the fourfold and threefold ring modes of normal and densified silica has
been quantitatively extracted using time-domain Raman spectroscopy. Their frequency and
width are precisely determined even when they are partly masked by a broad background in
spontaneous Raman spectroscopy [1,2]. Experiments performed in GeO2 also reveal the
existence of a weak vibrational mode ascribed to oxygen motion in three-membered rings [3].
In permanently densified silicas, the variation of the Raman intensity upon densification is
very different for bending and stretching modes. For the former we find a Raman coupling-tolight coefficient CB ∝ ω2. This allows to derive a simple law relating the frequency of the
bending modes with the Si-O-Si bond-angle in the network and in the fourfold and threefold
rings [4]. The model has been applied to densified silicas and sodo-silicates glasses, and the
results compare well to numerical simulations. This simple Raman-spectra analysis could
become part of the routine characterization of the local and medium range structure of silicabased glasses.
[1] C. Guillon, J. Burgin, P. Langot, F. Vallée, and B. Hehlen, Appl. Phys. Lett. 86, 081909
(2005)
[2] J. Burgin, C. Guillon, P. Langot, F. Vallée, B. Hehlen, and M. Foret, Phys. Rev. B. 78,
184203 (2008)
[3] J. Burgin, C. Guillon, P. Langot, F. Vallée, and B. Hehlen, Appl. Phys. Lett. 89, 251913
(2006)
[4] B. Hehlen, J. Phys.: Condens. Matter 22, 025401 (2009)
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THE STRUCTURAL ROLE OF LONE-PAIR CATIONS IN GLASSES
A.C. Hannon1,*, E.R. Barney1, D. Holland2
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Lone-pair cations, of which lead is a prime example, play an important role in the formation of
glasses over a wide range of compositions. It has long been believed that for low PbO
contents, the lead plays the role of a modifier in the glassy network, but as the PbO content
increases there is a change to a network former role. This concept pre-dates the availability
of modern structural probes, and the talk will first review structural studies of lone-pair cations
in glasses, which give contradictory results on the validity of the traditional model. Recent
combined neutron diffraction and NMR studies of the structural role of lone-pair cations in
glasses will then be reported, including studies of thallium germanates [1], tin borates [2], tin
phosphates, lead germanates and lead silicates.
[1] E.R. Barney, A.C. Hannon, N. Laorodphan, R. Dupree, D. Holland, J. Non- Cryst. Solids
(2009) submitted.
[2] A.C. Hannon, E.R. Barney, D. Holland, Phys. Chem. Glasses Eur. J. Glass Sci. Technol.
B 50(2009)271.
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THERMAL EVOLUTION OF Ag-O AND Ag-I BONDS IN FAST-ION
CONDUCTING SILVER MOLYBDATE GLASSES STUDIED BY EXAFS.
F. Rocca1,*, C. Armellini1, G. Dalba2, R. Grisenti2, A. Sanson3, S.I. Ahmed4,
A. Kuzmin5
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In AgI-based fast ion conducting glasses, we have recently shown how the I-Ag distance is
modified in respect with changes of the measured activation energy for silver conductivity [1].
We have attributed the expansion of the I-Ag distance to the progressive increase of the
number of Ag ions with mixed oxygen and iodine coordination. This general behavior is
common to glasses with very different matrices, and agrees with recently proposed models
for silver conducting glasses [2].
In this paper, we focus the attention on the thermal behavior of Ag-I and Ag-O bonds. The
local atomic structure and dynamics in (AgI)0.66 (Ag2MoO4)0.33 glass have been studied by Xray absorption spectroscopy at the Ag K-edge in the temperature range 77-450 K at ESRF
(Grenoble, F). The temperature dependencies of the structural parameters (the coordination
numbers, the interatomic distances, the mean square radial displacements and the third
cumulant (taking into account the asymmetry of the distribution) have been determined for
the first two nearest neighbors of silver, oxygen and iodine atoms, respectively.
The obtained results indicate a quite different variation of the Ag-O and Ag-I bonds upon
heating (and also across the glass transition temperature Tg). An evidence of partial silver
ions movement toward the high conducting pathways regions has been found.
[1] A. Sanson, F. Rocca, C. Armellini, G. Dalba, P. Fornasini and R. Grisenti, Physical
Review Letters 101 (2008) 155901.
[2] P. Mustarelli et al., J. Phys. Chem. B 109 (2005) 17 417, and references therein.
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THE STRUCTURE OF ALKALI GERMANATE GLASSES AND MELTS AT
HIGH TEMPERATURE: A Ge K-EDGE EXAFS STUDY
G.S. Henderson1,*, D.R. Neuville2, D. de Ligny3, J.P. Itié4
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We have examined GeO2 glass and a series of alkali-germanate glasses and melts (Na2O-,
K2O-GeO2) at high temperature (RT-1500oC) using Ge K-edge EXAFS and XANES. The
GeO2 XANES spectra show a shift to lower energy with increasing T. The Ge K-edge position
is relatively constant up to ~ 900oC but then undergoes a shift of ~0.6 eV by 1475oC.
Furthermore, the XANES spectra clearly show the development of the trigonal quartz-like
crystalline GeO2 phase at ~ 1031oC just below the melting point. Adding 10 mol% of Na2O in
GeO2 glass shows similar albeit larger shifts to lower energy between ~600-1580oC.
However, at lower temperature (below ~550oC) there is an initial shift of the edge to higher
energy by ~1 eV. In addition, the XANES exhibit evidence of formation of a crystalline phase,
similar to GeO2, just prior to melting. However, the 20 mol% Na2O-GeO2 glass has no
evidence for the formation of such a crystalline phase. Furthermore, there is a progressive
shift of the edge to lower energy with increasing temperature (up to ~1340oC) but at the
highest T (1459oC) the edge moves to higher energy by ~.9 eV. Currently we are analyzing
our results in more detail and will report our findings for both the Na2O and K2O containing
germanate glasses and melts.

* E-mail : henders@geology.utoronto.ca
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STUDY OF THE Mg STRUCTURAL ENVIRONMENT IN SILICATE GLASSES
BY X-RAY ABSORPTION SPECTROSCOPY
N. Trcera1,*, S. Rossano2, D. Cabaret3, K. Madjer2
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The magnesium is an important element in technological and natural glasses which
influences their physical and chemical properties, such as their viscosity, their durability, their
melting point and which seems to have a role in the alteration processes [1,2]. Paradoxically,
the structural environment of magnesium in silicate glass is still controversial. Previous
studies using different techniques have concluded that the magnesium local environment
could be tetrahedral, pentahedral or octahedral in silicate glasses. A recent study using MASNMR has shown a modification of the coordination number of the magnesium as a function of
the glass composition [3]. In our study, we have investigated the local environment of the
magnesium in magnesio-silicate glasses by using X-ray absorption spectroscopy at the Mg
K-edge in simple X2O-MgO-αSiO2 systems (where X stands for Li, Na, K, Rb and Cs and
where α is the number of atoms of silicon). Because it is not straightforward to extract
relevant information from glass spectra by a simple comparison with crystalline compounds,
we have used ab initio XANES calculations based on the reciprocal-space non muffin-tin
plane-wave method [4] for K-bearing silicate glasses. The XANES calculations have been
performed starting from structural models that have been obtained by classical molecular
dynamics relaxed by ab initio force calculation. The combination of experiments, Molecular
Dynamics and XANES calculation have allowed to prove that magnesium is 4-fold
coordinated in K-bearing glasses. Consequently, the Mg coordination number in various
glass compositions can be confidently estimated by comparing XANES experimental data.
[1] D. B. Dingwell, Rev. Mineral. 32 (1995) 21
[2] E. Curti et al., Appl. Geochem. 21 (2006) 1152
[3] K. Shimoda et al., J. Phys. Chem. B 112 (2008) 6747
[4] M. Taillefumier et al., Phys. Rev. B 66 (2002) 195107
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A NEUTRON AND X-RAY DIFFRACTION STUDY OF Ca-Mg-Cu BULK
METALLIC GLASSES
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The development of structural models for bulk metallic glasses containing more than two
elements is hampered by an inability to extract information on the individual inter-atomic
correlations from diffraction data. Most ternary bulk metallic glasses have 6 independent
inter-atomic correlations which overlap strongly and are difficult to resolve, and in previous
studies it has been found necessary to restrict the number of correlations which are fitted
[1,2].
This work will focus of the Ca-Mg-Cu system [3] and discuss the information which can be
extracted by careful consideration of both X-ray and neutron correlation functions. The results
from simultaneous fitting of Gaussian peaks will be presented and critically examined. The
Percus-Yevick equation will also be used to simulate the asymmetric distribution of interatomic correlations which arises from the packing of hard spheres and it will be demonstrated
that the application of asymmetric peaks to model the glass structure gives a significantly
more accurate description of the experimental data.
Both methods of simulating the experimental data show that the inter-atomic distances are
non-additive, and that short copper bonds are much stronger and more covalent-like than
longer bonds involving Mg and Ca. These results, along with an analysis of the coordination
numbers, will be presented and examined with reference to the recently proposed cluster
packing model.
[1] H.Y. Hsieh, T. Egami, Y. He, S.J. Poon, G.J. Shiflet, J. Non-Cryst. Solids 135 (1991) 248.
[2] T. Egami, J. Non-Cryst. Solids 205-207 (1996) 575.
[3] O.N. Senkov, J.M. Scott, D.B. Miracle, J. Alloys Compd. 424 (2006) 394.
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NANOCOMPOSITE AEROGELS: PREPARATION AND STRUCTURAL
CHARACTERIZATION
A. Corrias
Dipartimento di Scienze Chimiche, Università di Cagliari, S.P. Monserrato-Sestu Km 0.700, I- 09042
Monserrato, Cagliari, Italy

Aerogels are regarded as ideal candidates for the design of functional nanocomposites
based on supported metal or metal oxide nanoparticles. The large specific surface area
together with the open pore structure enables aerogels to effectively host finely dispersed
nanoparticles up to the desired loading, and to provide nanoparticle accessibility as required
to supply their specific functionalities.
The preparation of highly porous nanocomposite aerogels containing metal or metal oxide
nanoparticles dispersed into amorphous SiO2 with high purity and homogeneity was
successfully achieved by a novel sol-gel procedure involving urea-assisted co- gelation of the
precursor phases. This method allows fast gelation, giving rise to aerogels with 97% porosity,
and it is very versatile allowing to vary composition, loading and average size of the
nanoparticles.
The characterization of the nanocomposite aerogels is carried out using different techniques,
such as X-ray diffraction, Transmission Electron Microscopy and X-ray Absorption
Spectroscopy. The latter was found to be extremely informative in the characterization of the
structural features of the nanoparticles.
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INTERPRETATION OF THE Ni K-EDGE EXAFS IN NANOCRYSTALLINE
NICKEL OXIDE USING MOLECULAR DYNAMICS SIMULATIONS
A. Anspoks, A. Kuzmin*
Institute of Solid State Physics, University of Latvia, Kengaraga str. 8, LV-1063 Riga, Latvia

Determination of atomic structure at the nanoscale is far from trivial task, complicated
additionally by atomic structure relaxation. The problem can be addressed within a complex
modelling approach combining the experimental results and the theory in some effective way
[1]. Among different experimental techniques applicable to nanostructured materials, only
scattering/diffraction methods and x-ray absorption spectroscopy (EXAFS) provide with the
direct structural information. The former methods, gaining popularity for nanostructure studies
under the name of the total scattering/PDF analysis [2], contain information on the atomic
pair distribution functions (PDFs). At the same time, the EXAFS spectra include also
contributions from many-atom distribution functions, which, however, are very difficult to
access [3]. Therefore, it becomes a challenging task to extract the three-dimensional
nanoparticle structure from the total EXAFS signal.
In this work we present the application of recently developed approach [4] to the
interpretation of the Ni K-edge EXAFS in nanocrystalline NiO. Our method is based on a
combination of classical molecular dynamics (MD) and ab initio multiple- scattering EXAFS
theory. The use of MD allows to constrain a structural solution by introducing just a few force
field model parameters and to gain an access to both structure and dynamics of the
nanocrystal. A set of atomic configurations, generated from the MD run at desired
experimental conditions, is further used to obtain configuration averaged EXAFS signal,
whose agreement with the experimental data is used as a proof of the MD model. The
problem of the force field determination and the EXAFS dependence on the nanocrystal size
will be discussed.
[1] S.J.L. Billinge and I. Levin, Science 316 (2007) 27.
[2] S.J.L. Billinge, J. Solid State Chem. 181 (2008) 1695.
[3] J.J. Rehr and R.C. Albers, Rev. Mod. Phys. 72 (2000) 621.
[4] A. Kuzmin and R.A. Evarestov, J. Phys.: Condens. Matter 21 (2009) 055401.
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AN X-RAY SCATTERING AND NMR STUDY OF HYDROGENATED
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Hydrogenated nanocrystalline silicon (nc-Si:H) is becoming increasingly used in the solar cell
community. This material has been shown to degrade less with time than hydrogenated
amorphous silicon (a-Si:H), although the mechanism is not currently understood. nc-Si:H is a
complicated, in-homogeneous system and studying its nanostructure will help to understand
its unique opto-electronic properties. Using x- ray diffraction (XRD), small angle x-ray
scattering (SAXS), and nuclear magnetic resonance (NMR), we have probed the
nanostructural features of several nc-Si:H thin films with varying crystalline fraction. The films
were grown with PECVD techniques using state of the art hydrogen dilution profiling of the
silane source gas, which promotes the growth of uniform size and density of the crystallites.
XRD results of a “mixed phase” film, 50% a-Si:H and 50% c-Si:H, show these crystallites to
have a preferred texture in the (220) plane. By combining the XRD and SAXS results, we
determined that the crystallites are elongated in the growth direction. The preferential
orientation shown in the SAXS results has not been seen from voids in PECVD grown a-Si:H.
Another film with approximately 90% c-Si also shows elongated grains but, interestingly, with
a preferred texture in the (111) plane. The SAXS results for the sample with the higher
crystalline fraction also show an increase in scattering intensity and a change in the
scattering behavior at low scattering vectors when compared to the mixed phase material.
This behavior at low scattering vectors can be interpreted as due to an increase in surface
roughness compared to the mixed phase material which is consistent with SEM
measurements taken on the two samples. To explain which nanostructural features
contributed to the scattering intensity, we used two and three phase models to fit the SAXS
data. In the mixed phase material, the models show that the electron density fluctuations
between the amorphous and crystalline phases are not enough to explain the SAXS
scattering measured. To sufficiently describe the SAXS scattering, hydrogen clustered at the
crystallite boundaries as well as those in void regions of the amorphous phase must be
included as well. These results corroborate NMR results which show an increase in clustered
hydrogen in nc-Si:H films that is not seen in the a-Si:H NMR lineshape. The combination of
the broadened NMR lineshape with the preferential orientation observed in SAXS suggests
that the hydrogen is most likely found in the crystallite boundary region.
* E-mail : kkiriluk@mymail.mines.edu
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PRECIOUS METAL FUNCTIONALIZED SODA-LIME SILICATE GLASSES
A. Simo*, K. Rademann
Institut für Chemie, Humboldt-Universität zu Berlin, Brook-Taylor-Str. 2, 12489 Berlin, Germany

Since ion-exchanged glasses turned out to be excellently suited as host matrix for
nanoparticles due to their outstanding stabilizing properties, metal functionalized surfaces of
glass can play an important role in future bioanalytics especially in the field of chemical and
biological sensing, drug design and catalysis. In the present contribution we report on
precious metal functionalized soda-lime silicate glasses, namely Au, Ag and Cu nanoparticles
in the sub-surface region of glass. We developed an optimised technique consisting of a
combined ion-exchange method under isothermal and isochronal conditions and a
subsequent reactive diffusion process in hydrogen atmosphere, that permits to introduce
efficiently very high metal concentrations spatial localized in a thin sub-surface layer of the
glass (Fig. 1b).
By taking advantage of the electromagnetic near field
enhancement of noble metal clusters those plasmonic structures
are promising e.g. as long-term stable SERS (surface enhanced
raman scattering) substrates due to the well stabilizing properties
of glass. In our investigations the enhancement factor can be
quoted in the range of 106-107 (Fig. 1a) whereas SERS
enhancement factors as 107 are sufficient for the observation of
single molecule SERS signals [1]. Moreover we like to point out
that those glass substrates were found to be long-term stable over
a course of one year without any signal intensity decrease.
For a directed and controlled particle design a constitutive
understanding of mechanistic details is essential. Recently, it could
be shown that Small Angle X-ray Scattering (SAXS) is a powerful
tool to investigate the nucleation and growth processes of
a) Raman spectra of an
nanoparticles [2]. In this contribution we focus on systematic
aqueous solution of
-4
adenine (10 M) mixed 1:1 investigations of metal nanoparticle formation in soda-lime silicate
with methanol as internal glass using a coupling of methods such as Electron Paramagnetic
standard on a SERSactive glass substrate and Resonance Spectroscopy (EPR), Small Angle X-Ray Scattering
(SAXS), Transmission Electron Microscopy (TEM) and UV/VIS.
b) TEM image of cross
section view of a Ag glass
sample with 34.000x
magnification

New insights can be achieved using these methods providing
information about the chemical state as well as the size, number

and polydispersity of formed particles at one time. From the data the different phases of
particle formation, nucleation and growth mechanism will be discussed.
[1] E. C. Le Ru et al., J. Phys. Chem. C 111 (2007) 13794-13803.
[2] P. Abecassis et al., Nano Lett. 7 (2007) 1723.
* Email: anne.simo@chemie.hu-berlin.de
Keywords: noble metal nanoparticles, nucleation, Small Angle X-ray Scattering
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BORATE GLASSES WITH MAGNETIC NANOPARTICLES: TRANSPARENT
MAGNETS
J. Kliava1,*, I. Edelman2, O. Ivanova2, R. Ivantsov2, E. Petrakovskaja2, V.
Zabluda2, L. Hennet3, D. Thiaudière4, M.-L. Saboungi5
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An extraordinary property of borate glasses is the ability of forming magnetic nanoparticles at
low doping level with metallic oxides [1, 2]. We report combined magnetooptical (Faraday
Rotation, MCD), electron magnetic resonance (EMR), transmission electron microscopy
(TEM) and synchrotron radiation (X-ray diffraction, XANES, EXAFS) studies of glasses K2OAl2O3-GeO2-B2O3 co-doped with a few percent of Fe2O3 and MnO or RE2O3 with RE = Tb,
Dy, Ho, Yb, Gd.
In as-prepared glasses the paramagnetic ions, as a rule, are in diluted state. After thermal
treatment, nanoparticles of different sizes and shapes appear in the TEM images. Their
nature has been identified by MCD and confirmed by XANES and EXAFS as ferrites of
different compositions. By computer simulating the EMR spectra the nanoparticle
morphological characteristics are determined: a relatively broad size and shape distribution
with the average diameter of 3-4 nm.
The formation of magnetic nanoparticles confers to such glasses magnetooptical properties
typical of magnetically ordered substances: non-linear field dependence of magnetization
with hysteresis and temperature-independent MCD spectra. At the same time, the glasses
remain transparent in a part of the visible and near infrared spectral range and display a high
Faraday rotation value. Such materials are promising candidates for magneto-optical data
storage and spin electronics devices. Owing to its high flexibility, the glass technology is well
appropriate for producing nanoparticles with predetermined properties.
[1] J. Kliava, I. Edelman, O. Ivanova et al., J. Appl. Phys. 104 (2008) 103917.
[2] J. Kliava, EMR of Nanoparticles: Superparamagnetic Resonance, in: Magnetic
Nanoparticles (S. Gubin, ed., Wiley-VCH, Weinheim 2009) pp. 255-302.

* E-mail : j.kliava@cpmoh.u-bordeaux1.fr
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LACUNAR MODEL OF GLASSES
M. Poulain
UMR 6226, Université de Rennes 1, F-35042-Rennes

Various questions about vitreous state are still waiting for satisfactory answers. They concern
glass formation and physical properties as well.
The evolution of the viscosity versus temperature has lead to the separation between strong
and fragile glasses. Viscosity exhibits the unique feature of varying over 10 to 15 orders of
magnitude between liquidus and glass transition. The activation energy that is deduced from
this evolution raises a first paradox. As temperature increases, stronger bonds are broken
under the influence of the thermal energy, and the strongest bonds are broken at liquidus
temperature. The paradox is that activation energy is very large when weak bonds are
broken, and much smaller when stronger bonds are concerned.
General rules for glass formation have been expressed, especially the famous Zachariasen
rules. However these rules that basically define the conditions for constructing a disordered
structure should not apply. Glass formation occurs when nucleation and/or crystal growth is
inhibited, which is not directly related to the respective energies of amorphous and crystalline
states.
Volume and enthalpy are larger in liquids than in solids and this is usually explained by the
disordering of the liquid state. In addition, current structural models simply erase the excess
free volume. However there is no clear reason why the lack of order could induce a so large
difference nor why the change in thermal expansion and Cp should be so important. What is
the physical meaning - if any - of the Kauzmann temperature?
Finally the mechanism of the structural relaxation that rules glass transition is still largely
mysterious, and the origin of the structural defects in glasses remains unclear.
This paper will present a tentative model for liquid and glass structure that brings answers to
the above questions. It is based on the hypothesis that there are packing faults and
vacancies in liquid. A general equation for glass viscosity is introduced and numerical
application is given for a fluoride glass.

E-mail : mpoulain@univ-rennes1.fr
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SHORT- AND INTERMEDIATE-RANGE ORDER IN GLASSES AND MELTS:
A THERMODYNAMIC APPROACH
N. Vedishcheva
Institute of Silicate Chemistry of the Russian Academy of Sciences, Nab. Makarova 2, St. Petersburg,
199034, Russia

With only a few exceptions, the majority of the structural models, known to the author,
consider glass structure as a network of different basic structural units with varying numbers
of bridging oxygen atoms, such as B(n) or Si(n), and neglect network- modifying cations, which
are present in the form of metal-oxygen polyhedra and similarly characterise the short-range
order. As a result, in such models, the requirements of mass and charge balance and that of
the minimal Gibbs energy of a given system are not observed. Therefore, these models allow
neither the properties of glasses comprising different modifying oxides (e.g. various alkali
borate glasses) nor different glass-forming oxides (borate, silicate or borosilicate glasses) to
be described with equal reliability, nor various well-known features in the structure of the
short-range order to be explained. The suggested thermodynamic approach enables the
above problems to be successfully solved, since it takes into account the presence of
network-modifying cations in glasses and considers structural changes in terms of the Gibbs
energy of a given system. This approach, based on the concept of chemical structure,
considers glasses (melts), formed from components with different chemical natures, as
solutions whose constituents are the products of interaction between the initial oxides. It is
assumed that these products (also called chemical groupings) are stoichiometrically and
structurally similar to crystalline compounds that form in the given system and can be found
in its phase diagram. Due to this, the origin of the various basic structural units in a given
glass (melt) and their inter-conversion, as the glass (melt) composition or temperature
change, can be explained in terms of the presence in the glass or melt, at a given
temperature, of chemical groupings that introduce strictly determined numbers of specific
basic structural units (BØ4-, BØ3, BØ2O-, BØO22- and BO33- in borate glasses and Si(n)
species in silicate glasses). Hence, the concept of the chemical structure not only defines the
type and content of the basic structural units present but also explains why they form and
transform into other units as the glass composition or temperature vary. Hence, this concept
brings a strict physical meaning to the explanation of structural changes in glasses (melts)
and yields an understanding of specific features of the structure, and establishes the
relationship between the short- and intermediate-range order. Since the approach allows
both the structure and a variety of glass properties to be calculated, on a unified basis and
without use of adjustable parameters, the structure-property relationship is established
quantitatively. The concept also shows which of the levels in the structure determines the
properties of glasses.

E-mail : natalia@isc.nw.ru , natalia@mail.rcom.ru
Keywords: modelling, glasses, structure, short- and intermediate-range order
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ORDER AND DISORDER IN FREESTANDING PURE AMORPHOUS Si AND
AMORPHOUS Si OVER Si(001)
G.G. Long1,*, R. Xie1, S.J. Weigand2, S.C. Moss3, S. Roorda4, Salvatore
Torquato5, P.J. Steinhardt6
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A hyperuniform point pattern is one in which the variance of points scales with surface area
rather than with volume, and S(q → 0)=0 as in crystalline solids. It has been suggested that
amorphous silicon is a classical material that is nearly hyperuniform [1]. A recent large
computer model [2] predicts that S(0) of a-Si extrapolates to a finite value of 0.035. In this
research we explore the local symmetries within pure a-Si by means of highly sensitive X-ray
scattering at the Advanced Photon Source. The samples are nearly fully dense a-Si prepared
by means of self-ion implantation at 13 different energies at 77 K into single crystal Si(001)
[3]. A wet chemical etch applied to a 5-mm-diameter area in the center of the back of each 2cm × 2-cm wafer, removes the c-Si and leaves an edge-supported freestanding membrane of
pure a-Si at the center and substrate-supported a-Si on the rest of the wafer. We find that aSi on Si(001) is distorted by the Si(001) template, as indicated by 4-fold preferred X-ray
scattering peaking in Si [110] directions. By comparison, there is no visible preferred
orientation in the freestanding a-Si. An X-ray cross correlation analysis [4] showed the
preferred 4-fold symmetry in the supported a-Si, while showing no correlations within the aSi. Thus the freestanding a-Si is a worthy sample for the measurement of S(q → 0).
[1] M. Florescu, S. Torquato, P.J . Steinhardt, Proc. Nat. Acad. Sci. USA (2010).
[2] A.M.R. de Graff, M.F. Thorpe, Acta Cryst. A66 (2010) 22.
[3] K. Laaziri, et al., Phys. Rev. B19 (1999) 13520.
[4] P. Wochner, et al., Proc. Nat. Acad. Sci. USA 106 (2009) 11511.
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THE STATISTICAL NATURE OF STRUCTURE IN NON-CRYSTALLINE
SOLIDS
J.F. Shackelford
University of California, Davis, Department of Chemical Engineering and Materials Science, Davis,
California, USA

Various probability distribution functions (PDF) have been used to describe various structural
features of non-crystalline solids. For example, the lognormal PDF has provided a good
description of the distribution of interstitial site sizes in non-crystalline solids, both metallic
and nonmetallic, using both experimental measurements and computer simulations. A normal
(Gaussian) PDF has been found to be a good description of ring statistics of vitreous silica
under a wide range of pressures, serving as a sensitive indicator of the onset of plastic
deformation under high pressure. These and other distributions will be reviewed for the
purpose of defining general statistical descriptors for non-crystalline structure.

* E-mail : jfshackelford@ucdavis.edu
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THERMALLY INDUCED CRYSTALLISATION PROCESSES IN GLASS
CERAMICS
W. Bras*, G.N. Greaves, V. Martis, S. Sen
European Synchrotron Radiation Facility, B.P. 220, 38043 Grenoble, France

The thermally induced crystallisation of glasses is a process that lends itself perfectly for
studies with synchrotron radiation time-resolved X-ray scattering methods. Both the
accessible length- and time-scales are very well suited to the experimental technology that is
available at present. Nowadays it is relatively simple to combine Small- and Wide-Angle
Scattering experiments in a single experiment. On a synchrotron beam line this makes it
possible to study length scales from 0.2 – 150 nm in a single experiment with time resolutions
of 1 sec/frame or less. However, in general there is much more information in the data thus
obtained than one retrieves. This is partially due to the unfamiliarity of many researchers
about what information is hidden in the scattering and diffraction patterns.
Our main subject of study has been a Mg2Al4Si5O18 glass to which a small amountof
crystallisation enhancer in the form of Cr2+ was added. This system turned out to be a model
system for which the scattering data can be used for text book examples. By applying a preheat treatment nucleation sites have been created and after increasing the temperature
these nucleation sites were enabled to form crystallites. By following this procedure we
managed to create a very monodisperse set of crystallites (∆R/R < 0.04) inside the glassy
matrix. The growth process could be followed from the moment that the crystallites reached a
diameter of around 2 nm. A variety of parameters like particle size, polydispersity,
crystallisation energy, total surface to volume ratio, crystalline volume fraction, internal stress
between the amorphous matrix and the crystallites could be determined. Besides that these
time- resolved experiments allowed us to distinguish between surface and bulk crystallisation
as well as to determine the nature of the crystallisation process. The X- ray scattering
experiments were complemented by neutron scattering and electron microscopy.
The initial nucleation step of the crystallisation process happens at length scales that are too
small to be studied with X-ray scattering and one requires spectroscopic techniques.
Although X-rays in general are assumed to be a benign, i.e. non damage inflicting, tool to
study this early stage we have found examples in a Lidisilicate glass that the interaction
between X-rays of 10 keV and the glass produced crystallisation nucleation sites. To our
knowledge this has only been seen before with high energy γ-rays or electrons but not with a
relatively low dose of low energy X-rays. The fact that the nucleation process can be induced
by the probe which is used to study the process could have consequences for the
interpretation of results obtained in such synchrotron based experiments. For instance it
possibly can explain some of the results found in the literature where it is perceived that an
amorphous phase precedes the crystallisation phase.

* E-mail : wim.bras@esrf.fr
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EFFECT OF DOPING OF TRANSITION ELEMENTS ON THE
MICROSTRUCTURE EVOLUTION OF LAS GLASS AND GLASS- CERAMIC
MATERIALS STUDIED BY X-RAY AND IR ABSORPTION SPECTROSCOPY
Y. H. Wu1,*, K. C. Hsu2, C. H. Lee1,3
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When Fe or Co exceeds the solubility of residual vitreous phase in a partially crystallized
lithium aluminosilicate (LAS) glass-ceramic sample, they might migrate into the main solid
solution phases or might form a separated precipitate. In this study, the effects of doping of
transition elements, especially Fe and Co, on the microstructure evolution under varied
thermal treatment conditions of a LAS glass- ceramic material were studied by synchrotron
X-ray powder diffraction, X-ray absorption near edge structure (XANES) and infrared (IR)
absorption spectroscopy. The results show that trace amount of Fe and Co oxide (<0.2 wt %)
doped in a LAS glass-ceramic material decreased the crystallization temperature of β-quartz
solid solution (~50°C). Doping with ~0.5-3 wt% Fe or Co oxide results in a raised formation
temperature of β-quartz solid solution and a retarded phase transformation of β-quartz solid
solution to β-spodumene solid solution. The diffuse feature of IR spectra of specimens
heated below 750°C also indicates that theses samples exhibit relatively disordered
structures. The essence of sharp, split and shifted appearances of bands for specimens
heated at temperatures higher than 800°C indicates that these samples are partly
crystallized. The grain size and grain dispersion in a glass matrix are not uniform when the
doping content is increased. It is also interesting that when more than ~0.5 wt% Fe2O3 or
CoO are doped, the multiple scattering peaks in XANES spectra can be observed in samples
heat-treated at higher than 850 °C, which implies these elements substitute the Li sites of the
main solid solution phase or precipitated in other minor crystalline phases.

* E-mail : yuhanwu@mx.nthu.edu.tw
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STRUCTURE AND OPTICAL PROPERTIES OF RARE-EARTH DOPED
NIOBATE AND TITANATE TRANSPARENT ALUMINOSILICATE GLASSCERAMICS
I. Alekseeva1, O. Dymshits1,*, V. Golubkov2, A. Malyarevich3, K. Yumashev3,
M. Tsenter1, A. Zhilin1
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Various types of materials doped with rare-earth and transition metal ions are intensively
studied as possible media for lasers emitting at eye-safe wavelength around 1.5 µm, for IR
amplifiers, up-conversion phosphors and tunable broad-band IR lasers. In this paper we
report synthesis, structure characterization, absorption and luminescence properties of
aluminosilicate glass ceramics nucleated by TiO2 or Nb2O5 and doped with rare-earth and
transition metal ions.
Y2O3, Er2O3, Yb2O3, NiO, CoO doped lithium, magnesium and zinc aluminosilicate glasses
nucleated by titanium oxide or niobium oxide have been prepared. The sequence of phase
transformations was studied by DTA in combination with X-ray diffraction analysis. The
structure of initial glasses and its variation in the course of heat-treatment were studied by Xray diffraction, small angle X-ray scattering and Raman spectroscopy. Transparent glassceramics were obtained by controlled crystallization of glasses. Depending on the initial glass
composition and heat- treatment schedule, transition metal ions either enter the spinel phase
or remain in the residual glass phase. Transparent nanosized glass-ceramics doped by NiO
and CoO are prospective materials for tunable broad-band IR lasers. Formation of rare- earth
niobates and titanates with sizes of several nanometers was proved by X-ray diffraction,
Raman and optical spectroscopy. After optimization of Yb3+ and Er3+ ions’ concentration
these materials will be candidates for media for effective laser generation in the spectral
range of 1.5 µm.

* E-mail : vodym1959@gmail.com
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STRUCTURAL ROLE OF Zr4+ AS NUCLEATING AGENT IN MgO-Al2O3-SiO2
GLASS-CERAMICS
O. Dargaud1,2,*, L. Cormier2, N. Menguy2, L. Galoisy2, G. Calas2, C.
Jousseaume1, S. Papin1, G. Querel3
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Nucleation processes in glass are mainly avoided in classic glass manufacturing but can be
actively researched when producing Glass-Ceramics. Those materials contain crystals,
controlled in size, number, shape and morphology. The nucleation control is mainly achieved
using nucleating agents such as ZrO2 or TiO2. The nucleating agent precipitates promptly
upon heating forming preferential sites for subsequent crystallization of the parent matrix [1].
From a fundamental point of view nucleation is still poorly described by theory [2]. Little is
known about the structural changes occurring in the glass during the first steps of nucleation,
especially the detailed environment concerning the nucleating agent. The study presented
here aims at monitoring, at an atomic resolution, the structural changes around a nucleating
agent, ZrO2 used in a glass-ceramic of MgO-Al2O3-SiO2. The thermal behaviour was
precisely recorded with a high-temperature DSC, calibrating the chosen heat treatments. The
structural evolutions of the first and second coordination shell were probed by x-ray
absorption spectroscopies (XAS) at Zr-K and Zr-L2-3 edges, coupling in situ investigations
and measurements on quenched samples (APS-BMD 13 Gsecars, Elettra XAFS, Soleil
Lucia). This approach has been coupled with high-resolution electronic microscopies to
correlate local view of the system with medium range probing. The XAS exhibits the
uncommon structural role of Zr in the parent glass; it appears seven folded [3] instead of the
six-fold coordination generally encountered in many glasses [4]. The surrounding shows ZrZr correlations interpreted as preferential bounding between Zr atoms [5]. The medium range
direct observation confirms those observations showing that Zr is probably already preorganized in the parent glass prior to any nucleation treatment.
[1] W. Hölland, V. Rheinberger, and M. Schweiger, Phil. Trans. of the R. Soc. A, vol. 361, pp.
575–589, 2003.
[2] V. M. Fokin, E. D. Zanotto, N. S. Yuritsyn, and J. W. Schmelzer, JNCS, vol. 352, pp.
2686–2714, 2006.
[3] O. Dargaud, G. Calas, L. Cormier, L. Galoisy, C. Jousseaume, G. Querel, and M.
Newville, J. Am. Ceram. Soc., vol. 93, no. 2, pp. 342–344, 2010.
[4] G. Ferlat, L. Cormier, M. Thibault, L. Galoisy, G. Calas, J. Delaye, and D. Ghaleb, Phys.
Rev. B, vol. 73, p. 214207, 2006.
[5] O. Dargaud, L. Cormier, N. Menguy, L. Galoisy, G. Calas, S. Papin, G. Quérel, and L.
Olivi, Submitted, 2010.
* E-mail : olivier.dargaud@impmc.upmc.fr
Keywords: Nucleation, Structure, ZrO2-MgO-Al2O3-SiO2

‐ 65 ‐

NUCLEATION AND CHARACTERIZATION OF Ag AND Ag-Au
NANOPARTICLES IN GLASS
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Metal nanoparticles embedded in glass have been thoroughly studied because of their
specific optical properties. The present work is directed to the fabrication of monometallic and
bimetallic nanoparticles and their structural investigation. We investigated the formation of Ag
nanoparticles (sizes of 1 to 7 nm) by Ag/Na ion exchange procedures as well as of bimetallic
Ag-Au particles (sizes of 1 to 15 nm) by double ion implantation soda-lime glass. In the case
of ion exchange processes well below the glass transformation temperature, X-ray absorption
spectroscopy at the S, Ti and Fe K-edge demonstrated that polyvalent Fe ions served as
thermosensitive reductive. XANES and EXAFS data revealed the oxidation of Fe2+ to Fe3+ as
well as the oxygen coordination of iron ions. Experiments at the Ag K-edge showed that the
initial stage of Ag nucleation includes intermediate phases like metastable Ag structures. The
growth of particles takes place by a transformation of this species into crystalline silver
nanoparticles that could be confirmed by transmission electron microscopy (TEM).
Ion implanted samples were measured at the Ag K-edge and Au L3-edge in fluorescence
mode [1]. The Fourier transformed spectra show Ag-Ag and Ag-O bonds for small ion doses,
for high ion doses Ag-Ag and Ag-Au correlations were found. These results indicate the
formation of Ag-Au alloy nanoparticles for high-dose sequential implantation of Ag and Au
ions whereas for lower doses mainly the ionic state of implanted ions should exist. TEM
characterization revealed the formation of smaller homogeneous particles and of larger
hollow core-shell particles.

[1] J. Haug, M. Dubiel, H. Kruth, H. Hofmeister, J. Physics: Conf. Series 190 (2009) 012123
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MULTIPLE PRE-PEAKS AND DYNAMIC INTERMEDIATE-RANGE ORDER IN
Te-Cl LIQUIDS AND GLASSES
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Let’s try to ask a trivial question: How many FSDPs has a glass? The answer is ONE, of
course, since the FSDP means the First Sharp Diffraction Peak. This is correct but reformulation of this question: “How many pre-peaks has a glass?”, does not have such a
definite answer. In this specific context, we assume that pre-peaks have similar anomalous
temperature, pressure and composition dependences as the FSDP, i.e., they are different
from all other peaks in the structure factor of a glass or liquid. Up to date, only a few alkali
silica glasses have shown a transformation of the intense SiO2 – related FSDP into a weak
poorly resolved broad pre-peak consisting of two or may be three components [1]. This
complex feature depends on alkali type and concentration in the glass but does not depend
on temperature.
Recently, we have found that Te-Cl glasses exhibit very unusual features in the structure
factor at low Q. Instead of usual FSDP at 1 Å-1 ≤ Q1 ≤ 1.5 Å-1 characteristic for the vast
majority of chalcogenide and chalcohalide glasses [2], the Te1-xClx (0.35 ≤ x ≤ 0.65) vitreous
alloys show three pre-peaks at 0.5 Å-1 ≤ Q0 ≤ 0.7 Å-1, 1.1 Å-1 ≤ Q1a ≤ 1.2 Å-1, and 1.5 Å-1 ≤ Q1b
≤ 1.6 Å-1. Heating the glass just above the melting point Tm leads to a disappearance of the
pre-peaks at Q0 and Q1b. Instead, the pre- peak at Q1a increases in intensity.
These results suggest (i) three different length scales in the intermediate-range ordering
(IRO) of the Te-Cl glasses, associated with the pre-peaks at Q0, Q1a and Q1b, and (ii) a partial
order-disorder transition at the intermediate-range scale (4-12 Å) on melting. In other words,
we are dealing with a new phenomenon, a dynamic IRO, complementary to a well-known
static IRO.
[1] J.D. Wicks et al., Phase Transitions 61 (1997) 195-213.
[2] E. Bychkov et al., Phys. Rev. B 72 (2005) 172107.
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THERMAL POLING-INDUCED STRUCTURAL REARRANGEMENTS IN
OXIDE GLASSES
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While ferroelectric crystalline materials are used widely in photonics, there is currently
intensive research towards exploring new materials with sufficient and stable non-linear
optical (NLO) properties. Homogeneous glasses do not exhibit even-order optical response
such as second harmonic generation (SHG) due to their centrosymmetric nature. However,
post-synthesis treatments like intensive laser irradiation, thermal poling and crystallization of
phases with optical nonlinearity may induce SHG in glasses. The effects of thermal poling
and glass chemistry as well as the microscopic mechanisms associated with poling are not
well understood at present and this makes the full exploitation of glasses in photonics
difficult. To progress in this direction, we develop and process by thermal poling different Na
ion- containing oxide glasses to establish correlations between structure/chemistry and NLO
response. Infrared and micro-Raman spectra indicate that poling-induced Na ion migration
triggers structural rearrangements in a thin NLO layer under the anode and this leads to the
appearance of SHG. Results obtained on glasses in different glass-forming systems will be
presented and discussed in this work.

*E-mail: eikam@eie.gr
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STRUCTURAL ORIGIN OF THE INTERMEDIATE PHASE IN THE Ge- Se
SYSTEM
A. Zeidler*, P.S. Salmon, D.A.J. Whittaker, K. Wezka
Department of Physics, University of Bath, Bath, BA2 7AY, United Kingdom

By systematically altering the composition of the covalently bonded network glass GexSe1-x
its connectivity and chemical properties can be changed. According to mean field theory the
system should undergo a transition with increasing x from a floppy to a stressed rigid phase
at x = 0.2 where the average coordination number is 2.4. However, experimentally it is found
that the transition proceeds via an Intermediate Phase between x = 0.2 and 0.25 in which the
non-reversible enthalpy goes through a minimum as shown by modulated differential
scanning calorimetry [1].
In this work many compositions of glassy GexSe1-x with x ranging from 0.00 to 0.33 are
studied by using time of flight neutron diffraction to find out whether the Intermediate Phase is
characterized by recognizable features in the glass structure. Germanium and selenium have
almost identical coherent neutron scattering lengths. Therefore, measurement of the neutron
diffraction pattern equates to a measurement of the number-number partial structure factor
which allows for a direct determination of the average coordination number.
[1]

P. Boolchand, X. Feng, W. J. Bresser, J. Non-Cryst. Solids (2001) 293, 348

* E-mail : az207@bath.ac.uk

‐ 69 ‐

CONTRIBUTION TO THE STRUCTURAL STUDY OF TELLURIUM (IV) OXIDE
BASED GLASSES
D. Hamani*, O. Masson, P. Thomas, A. Mirgorodsky, O. Durand, M.
Dutreilh-Colas, L. Portal, T. Merle-Méjean
Laboratoire de Science des Procédés Céramiques et de Traitements de Surfaces (SPCTS) UMR
6638 CNRS, Université de Limoges 123 avenue Albert Thomas 87060 LIMOGES Cedex, FRANCE

Because of their extraordinary nonlinear optical properties, tellurium (IV) oxide based glasses
have attracted much interest these last years. Their nonlinear third- order susceptibilities (χ3)
are for instance 20 to 50 times higher than that of silica. The link between these properties
and the structural features of the glasses is still not clear and requires a deeper knowledge of
their short and medium range orders. The aim of this work was to contribute to the structural
study of tellurium (IV) oxide based glasses. We first focused on the structure of the pure
TeO2 glass by notably determining a better prototype crystalline structure than the
traditionally used α-TeO2 paratellurite. The second point was to investigate the glass
structure evolution with the Tl2O content. This modifier oxide is particularly interesting as it
does not induce a decrease of the nonlinear optical properties contrary to other modifier
oxides as it has been shown in previous studies [1]. The structural analysis of TeO2-based
glasses was performed using complementary techniques: Raman scattering, EXAFS and Xray and neutron total scattering. The latter enables one to reach the total pair distribution
function of the samples which contains valuable short and medium range structural
information. This technique was completed by the reverse Monte Carlo modelling method [2].
We present the synthesis and the structural characterization of the TeO2 crystalline varieties
and various TeO2-Tl2O glasses with a composition ranging from 0% to 50% of Tl2O. It is
shown that the structures of the pure TeO2 glass and the γ-TeO2 crystalline variety present
clear resemblance. This result suggests that polymerized helical chain fragments of TeO3+1
entities exist in the pure TeO2 glass structure. It is also shown that the addition of Tl2O
implies an evolution of the structural units from TeO4 to TeO3 and an associated
depolymerization of the glass network.
[1]
M. Dutreilh-Colas, P. Thomas, J. C. Champarnaud-Mesjard, E. Fargin, Phys. Chem.
Glasses 44, 349-352 (2003)
[2]
R. L. McGreevy and L. Pusztai, Mol. Sim. 1, 359 (1988)
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GENERAL FEATURES OF TAIL AND DEFECT STATES IN AMORPHOUS
SEMICONDUCTORS AND INSULATORS
D.A. Drabold
Department of Physics and Astronomy, Ohio University, Athens, Ohio 45701 USA

Recently, we have studied the electron states in large and realistic models of a-Si, glassy
silica, amorphous graphene and other systems. We explored the nature of the electronic
localized-delocalized (Anderson) transition by direct calculation[1], and found that important
aspects of this transition are universal[2] (similar in different materials, and even for different
physical quantities, such as classical vibrations). We demonstrated the existence of subtle
spatial correlations in structural models of the materials[3], and show that these correlations
are responsible for the electronic band tails. In the case of amorphous silicon, we show that
the "Urbach edge" (the exponential part of the valence and conduction band tail) is due to
filaments of short and long Si-Si bonds intrinsic to a well-relaxed model[4]. We connect these
states to charge carrier dynamics, and discuss our results in terms of an improved variant of
the Kubo-Greenwood[5,6] formula for the electrical conductivity.
[1] J. Dong and D. A. Drabold, Atomistic structure of band-tail states in amorphous silicon,
Phys. Rev. Lett. 80 1928 (1998).
[2] J. J. Ludlam, S. N. Taraskin, S. R. Elliott and D. A. Drabold, Universal features of
eigenstates in disordered systems , J. Phys. Cond. Matter 17 L321 (2005)
[3] Y. Pan, M. Zhang and D. A. Drabold, Topological and topological-electronic correlations in
amorphous Si, J. Non. Cryst. Sol. 354 3480 (2008) ; F. Inam, J. P. Lewis and D. A. Drabold,
Hidden Structure in Amorphous Solids, Phys. Stat. Sol. (a) DOI 10.1002/pssa.200982877
[4] Y. Pan, F. Inam, M. Zhang and D. A. Drabold, Atomistic origin of Urbach tails in
amorphous silicon, Phys. Rev. Lett. 100 206403 (2008)
[5] T. A. Abtew, M. Zhang and D. A. Drabold, Ab initio estimate of the temperature
dependence of electrical conductivity in a model disordered material: a-Si:H Phys. Rev. B 76
045212 (2007)
[6] M. Zhang and D. A. Drabold, Electrical conductivity calculations: the role of degenerate
and resonant electron states, Phys. Rev. B 81 085210 (2010)
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MOLECULAR DYNAMICS SIMULATION OF PRESSURE-INDUCED
STRUCTURAL CHANGES IN AMORPHOUS AND LIQUID SILICA
Akira Takada1,2,3,*, P.F. McMillan2, P. Richet4, C.R.A. Catlow2, G.D. Price2
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Research Center, Asahi Glass Co. Ltd., 1150 Hazawa-cho, Yokohama 221-8755, Japan
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University College London, Gower Street, London W1E6BT, UK

Institute of industrial Sciences, University of Tokyo, 4-6-1, Komaba, Meguro-ku, Tokyo 153- 8505,
Japan
4

Institute de Physique du Globe, 4 Place Jussieu, 757252 Pairs cedex 05, France

Molecular dynamics simulation has been used to investigate the phase stability in amorphous
and liquid silica at high pressures. First, we calculate the compressed structures of
amorphous and liquid silica. Next, the calculated structures are decompressed. All the
calculated structures are analyzed by the new method based on local topological information
[1] and on energy distribution functions [2]. Finally, we discuss the microscopic mechanism
on the pressure-induced structural changes in amorphous and liquid silica in terms of a
density maximum and a diffusion maximum.
[1] A. Takada, Eur. J. Glass Sci. Tech. B50 (2009) 219.
[2] A. Takada et al., J. Non-Crystal. Solids 351 (2009) 694.
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RIGIDITY AND BONDING CONSTRAINTS IN GLASSES ASSESSED FROM
MOLECULAR SIMULATIONS
M. Micoulaut*, M. Bauchy
Laboratoire de Physique Théorique de la Matière Condensée, Boite 121, 4, place Jussieu 75252
Paris Cedex 05 France

Properties of network glasses with changing composition/connectivity can be characterized
using topological arguments. For instance, rigidity theory offers a practical computational
scheme using topology, namely, the Maxwell counting procedure, and has been central to
many contemporary calculations on non- crystalline solids. It has led to the recognition of a
rigidity transition (also termed Phillips-Thorpe rigidity percolation) which separates flexible
glasses having internal degrees of freedom that allow for local deformations, from stressed
rigid glasses which are “locked” by their high bond connectedness. Large challenges remain
however, having to do with the need to increase applicability of constraint counting algorithms
to more complex materials, including glasses where increased electronic delocalization exist.
We present in this talk new tools [1], [2](neighbour distributions, partial bond angle
distributions) that allow to count appropriately bond-stretching and bond- bending constraints
from (classical and ab initio) Molecular Dynamics generated trajectories.
Application is performed on various oxide and chalcogenides glass formers (GeO2, SiO2,
GexSe1-x) as well as Ge-Sb-Te phase change materials (PCM). Results show that the second
moment of the partial bond angle distributions represents a good measure of bond-bending
constraints and emphasize the difference between oxides and chalcogenides. Concering
tellurides, it is shown that using these new tools the phase diagram of the most popular PCM,
the Ge-Sb-Te system, can be split into compositional regions having a well-defined
mechanical character: flexible, stress-free, stressed rigid.
[1] M. Micoulaut, C. Otjacques, J.-Y. Raty, C. Bichara, cond-mat :0909.5080
[2] M. Bauchy, M. Micoulaut, M. Celino, C. Massobrio, submitted
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MOLECULAR DYNAMICS SIMULATIONS OF SIMPLIFIED GLASSES
DISORDERING UNDER BALISTIC EFFECTS
J.-M. Delaye1,*, S. Peuget1, G. Bureau1, G. Calas2
1
2

CEA/DEN/LMPA, Centre de Marcoule, BP17171 30207 Bagnols-sur-Cèze cedex

IMPMC, Université Pierre et Marie Curie, Campus Boucicaut, 140 rue de Lourmel, 75015 Paris

Nuclear glasses aimed to store unrecycled long-life radioelements have to resist to the
different radiative processes they are subjected to. Alpha disintegrations of minor actinides
produce both elastic effects due to the recoil nuclei and inelastic effects due to light and
energetical helium particles.
The influence of the elastic effects on the swelling and structural modifications of doped
glasses and glasses irradiated externally by heavy ions has been described recently [1]. The
molecular dynamics calculations presented here confirm the experimental observations and
allow proposing a model to describe the increasing disorder of glassy structures subjected to
accumulation of ballistic damage.
Ternary glasses based on SiO2, B2O3 and Na2O, the major elements of the French nuclear
glasses, are simulated by classical molecular dynamics with empirical potentials, and then
subjected to series of 4keV displacements cascades. Under irradiation, the structure
progressively loses its initial memory to stabilize in a new state more disordered both
structurally and chemically. To reach this new state, it is sufficient to irradiate each
elementary volume once. A consequence is that two glasses with the same composition and
different structures tend towards the same final state after irradiation. This strengthens the
Marples’s model [2] and explains the origin of the saturation phenomena.
The accumulation of displacements cascades looks like the accumulation of local quenches
because each irradiated elementary volume is disorganised by the displacements cascade
before being rapidly quenched to ambient temperature. The glass is modified elementary
volume by elementary volume and ends up adopting a structure similar to that of a glass
rapidly quenched; it means a less dense and less polymerized glass with smaller elastic
modulus. Nevertheless, in addition to the quench effects, ballistic damages present some
peculiarities linked to the collisions responsible for the atomic migrations.
[1] S. Peuget, P.-Y. Noel, J.-L. Loubet, S. Pavan, P. Nivet, A. Chenet, Nucl. Instr. and
Methods in Phys. Res. B 246 (2006) 379.
[2] J.A.C. Marples, Nucl. Instr. and Methods in Phys. Res. B 32 (1988) 480.
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CHEMICAL AND GEOMETRICAL DISORDER IN GLASSES: AN NMR POINT
OF VIEW
D. Massiot*, F. Fayon, M. Deschamps, S. Cadars, V. Montouillout, N.
Pellerin, P. Florian, L. Martel, J. Hiet
CEMHTI CNRS UPR3079 &Université d’Orléans, 1D avenue de la Recherche Scientifique, 45071
Orléans cedex 2, France

New high resolution solid state NMR methods now allows to progress in the characterization
of local order and disorder in crystalline, amorphous or glassy materials. The combination of
through bond or through space NMR experiments allows spectral edition of the broad and
unresolved classical NMR spectra. The structure at length scales from the coordination
sphere up to the nanometer can thus be assessed with chemical resolution by characterizing
structural motifs1-5, evidencing chemical bounding and spatial proximities which now an
approach of the geometrical and chemical ordering in complex materials.

Fig. Silicate materials presenting a broad order/disorder variation and their RMN

29

Si signals.

1. D.Massiot, F.Fayon, M.Deschamps, S.Cadars, P.Florian, V.Montouillout, N.Pellerin, J.Hiet,
A.Rakhmatullin, C.Bessada, Detection and use of small J couplings in solid state NMR
experiments, Comptes Rendus Chimie, ASAP
2. B.Alonso, D.Massiot, P.Florian, H.H.Paradies, P.Gaveau, T.Mineva, 14N and 81Br
Quadrupolar Nuclei as Sensitive NMR Probes of n-alkyltrimethylammonium bromide Crystal
Structures. An Experimental and Theoretical study, J. Phys. Chem. B, 113 11906-11920
(2009)
3. J.Hiet, M.Deschamps, N.Pellerin, F.Fayon, D.Massiot, Probing chemical disorder in
glasses using silicon-29 NMR spectral editing, Phys. Chem. Chem. Phys., 11 6935–6940
(2009)
4. P.Florian, F.Fayon, D.Massiot, 2J Si-O-Si scalar spin-spin coupling in the solid-state: the
case of crystalline and glassy wollastonite CaSiO3, J. Phys. Chem. C, 113 2562-2572 (2009)
5 A.Bytchkov, F.Fayon, D.Massiot, L.Hennet, D.L.Price, "31P NMR studies of short –range
order in phosphorus- selenium glasses" Phys. Chem. Chem. Phys. 12 1535-1542 2010
* E-mail : dominique.massiot@cnrs-orleans.fr / http://www.cemhti.cnrs-orleans.fr
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FIRST PRINCIPLES AND EXPERIMENTAL MULTINUCLEAR NMR STUDY
OF 45S5 BIOGLASS®
T. Charpentier1,*, A. Pedone2, G. Malavasi3, M.C. Menziani3
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Solid-State NMR has now become a well established tool for the structural characterization of
amorphous material. In these respects, glassy materials such as silicate glasses have greatly
benefited from the increasing level of sophistication of NMR experiments and processing,
such as J coupling or dipolar homo and hetero nuclear 2D correlation spectroscopies. In this
work, it will be shown how the recent introduction of first-principles calculations (DFT-GIPAW
method [1]) coupled to Molecular Dynamics (MD) simulation [2-5] can provide further insights
on the atomic structure of glass and yields very promising support these new experimental
data.
In this study, we apply this new MD-GIPAW methodology to the Bioactive 45S5 Bioglass®
(46.1% SiO2, 24.4% Na2O, 26.9% CaO, 2.6% P2O5, in mol%). With the help of the MDGIPAW calculations, the 17O MQMAS spectrum can be quantitatively interpreted and reveals
the structure of the silicate network as well as the distribution of the sodium and calcium
cations. Further details about the medium- range order are gained from J-homonuclear 29Si29
Si and J-heteronuclear 29Si-17O 2D correlation spectroscopies.
[1] C.J. Pickard, F. Mauri, Phys. Rev. B 63 (2001) 245101.
[2] T. Charpentier, P. Kroll,F. Mauri, J. Phys. Chem. C 113 (2009) 7917-7929
[3] G. Ferlat, T. Charpentier, et al. Phys. Rev. Lett 101 (2008) 065504.
[4] S. Ispas, T. Charpentier, F. Mauri, D. Neuville, Solid. State Sci. 12 (2010) 183-192
[5] A. Pedone, T. Charpentier, M.C. Menziani, submitted to Phys. Chem. Chem. Phys.
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NUCLEAR MAGNETIC RESONANCE INVESTIGATIONS OF PHASE
SEPARATION AND CRYSTALLIZATION IN MOLYBDENUM- BEARING
MODEL NUCLEAR WASTE GLASSES
S. Kroeker1,*, S. Schuller2, I. Farnan3, C. Martineau1,4, C. Higman1, V.K.
Michaelis1
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Current address: Tectospin, ILV (UMR CNRS 8180) Université de Versailles St-Quentin,
78035 Versailles cedex, France

The use of borosilicate glasses in the immobilization of radioactive waste is a mature
technology. However, the poor solubility of certain ions restricts waste loading in commercial
glasses. To better understand the nature of phase separation and crystallization phenomena,
we have investigated a series of molybdenum-bearing borosilicate glasses modelled on
typical industrial waste compositions. High- temperature nuclear magnetic resonance (NMR)
studies reveal partitioning of caesium cations between the bulk borosilicate liquid and Mo-rich
regions. These in situ NMR experiments are complemented by a suite of ex situ doubleresonance NMR methods designed to probe the proximity of network-forming (11B, 29Si) and
network-modifying (133Cs, 23Na) cations, correlating positively with phase-separated and
homogeneous glasses. Moreover, single-resonance NMR experiments (95Mo, 133Cs, 23Na)
are found to be particularly valuable for detecting the presence of crystallization products
precipitated from the glass, especially where diffraction- based techniques may be limited by
cation-cation substitution, small crystal size and low levels of crystallinity. In the model
glasses under investigation, mixed-alkali molybdates were identified by NMR in the complex
phase assemblage quenched from the melt. These NMR experiments at both ambient and
high temperatures provide a comprehensive approach to monitor and advance the
understanding of phase separation and crystallization due to molybdenum in borosilicate
glasses.

* E-mail: Scott_Kroeker@UManitoba.ca
Keywords: nuclear waste immobilization, nuclear magnetic resonance spectroscopy, phase
separation, borosilicates

‐ 77 ‐

SPECTROSCOPIC STUDIES OF LONE-PAIR CATIONS IN GLASSES
D. Holland1,*, J.A. Johnson2, M.F. Thomas3, N. Laorodphan1, R.G. Orman1,
R. Dupree1, C.E. Johnson4, D.E. Brown4, A.C. Hannon5, E.R. Barney5
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Northern Illinois University, DeKalb, IL 60115, USA
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The presence of a stereochemically active lone-pair of electrons on a cation produces a
highly asymmetric distribution of nearest neighbours. Such an environment can be detected
readily in a crystal by diffraction techniques which give the atomic distribution around the
cation directly. An asymmetric environment is more difficult to characterise in a glass by
diffraction and thus techniques are required which are sensitive to the asymmetry but which
do not require the presence of long- range order. In the case of glasses containing several
components, it is also of considerable advantage if the techniques are element specific. This
paper will describe the use of solid-state NMR and Mössbauer spectroscopies to study the
lone-pair cations Tl(I), Sn(II), Sb(III) and Te(IV) in borate, silicate, phosphate and germanate
glass networks. Comments on the effect of the presence of the lone-pairs on bond-valence
parameters will also be made.

E-mail: d.holland@warwick.ac.uk
Keywords: NMR, Mössbauer spectroscopy, lone-pair, bond valence

‐ 78 ‐

ORIGIN OF PRESSURE-INDUCED POLYAMORPHISM IN METALLIC
GLASSES
J.Z. Jiang, D.X. Zhang
International Center for New-Structured Materials and Laboratory of New-Structured Materials,
Department of Materials Science and Engineering, Zhejiang University, Hangzhou 310027, China

Recent studies of disordered amorphous materials have revealed that more than one distinct
disordered amorphous phase can be formed from the same substance, which is called
amorphous polymorphism. The nature of amorphous-to-amorphous transition induced by
pressure has been a topic of considerable research activities in several directional
substances, e.g., ice, silicon, silica, and carbon. All these reports have encouraged the
search for polymorphic phase transitions in liquids and glasses with directional and low
coordination (<6) local environments. These structural polyamorphic transitions from a lowdensity amorphous (LDA) state to high-density amorphous (HDA) state often result from an
increase in atomic coordination. Metallic glasses have many unique properties which have
put these materials at the cutting edge of materials research. However, their disordered
structure and electronic behavior are far less understood than other disordered amorphous
materials such as network-forming glasses. Such coordination increase, and thus
polyamorphism, was thought to be impossible in nondirectional, densely-packed metallic
glasses that already have the maximum coordination number (12-14) of random nearest
neighbors. In this talk, we review recent progress of amorphous-to-amorphous transition in
Ce-containing metallic glasses [1-6]. The origin for the transition will be addressed.
1. H. W. Sheng et al., Nature Mater. 6, 192 (2007).
2. Q. S. Zeng, J.Z. Jiang et al., Proc. Natl. Acad. Sci. U.S. A. 104, 13565 (2007).
3. X. R. Liu, S. M. Hong et al., Appl. Phys. Lett. 90, 081910 (2007).
4. Q. S. Zeng, J.Z. Jiang et al., Proc. Natl. Acad. Sci. U.S. A. 106, 2515 (2009).
5. Y. Z. Guo and M. Li, Appl. Phys. Lett. 94, 051901 (2009).
6. Q. S. Zeng, J. Z. Jiang et al., submitted to PRL
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POLY-AMORPHISM, LIQUID-LIQUID TRANSITIONS AND
CRYSTALLIZATION IN THE YTTRIA-ALUMINA SYSTEM
A.C. Barnes*, L.B. Skinner, T. Farmer
H.H.Wills Physics Laboratory, Tyndall Avenue, Bristol, BS8 1TL, U.K.

In recent years observations of the liquid and glassy states of the Yttria-Alumina system
(Y2O3)x(Al2O3)1-x have been used as evidence for the existence of poly- amorphism in
glasses driven by a liquid-liquid transitions. In this paper we present results of careful time
resolved X-ray diffraction studies of the vitrification and crystallization of various compositions
of this material from both the liquid and supercooled liquid states under varying conditions [1].
We find no evidence for the liquid-liquid transition reported for x=0.2 in either the constant
temperature diffraction measurements of the supercooled liquid or in the time resolved
studies of the rapidly cooled liquids (with quench rates of up to ~300 K s-1). Similar
investigations for compositions over the range 0.2 < x < 0.375 also produce similar
conclusions. In addition we present results from bulk X-ray diffraction measurements,
microfocus EXAFS studies and optical microscopy studies of the single and two phase solid
materials so produced. We find that large (~ 50 m) and clearly observable inclusions are
observed in the high Yttria content glasses (x ~ 0.375) which are consistent with the
formation of spherulitic crystals of Yttrium-Aluminim Garnet (YAG). For low Yttria content
glasses (x < ~ 0.25) large inclusions do not appear but there is evidence for the presence of
nano-crystalline YAG or Yttrium-Aluminium Perovskite (YAP). We have not found any
conclusive evidence of polyamorphic material with two co-existing glassy phases of identical
composition but with different densities.
[1] A.C. Barnes et. al. , Physical Review Letters 103 (2009) 225702
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CONTRASTING PRESSURE- AND TEMPERATURE-INDUCED
AMORPHIZATION USING TWO CASE STUDIES: THE AMORPHIZATION OF
ZrW2O8 AND ZIF-4
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Solid-state amorphization transitions, induced via heating or the application of pressure,
significantly increase the range of materials that might yield amorphous phases. The debate
about the materials that result from such transitions is whether they are ‘typical’ (i.e. similar to
those produced via melt-quenching), whether they form a new amorphous class or indeed
whether they should be classed as amorphous at all. Determination of their structure is the
key to resolving this debate. Here we use atomistic modelling of x-ray and neutron diffraction
to investigate the structures that result from pressure-induced amorphization (PIA) and
temperature- induced amorphization (TIA) of ZrW2O8 and the zeolitic imidazolate framework
material ZIF-4, respectively. In both cases the amorphous phase forms from a low- density
crystal phase with a connected framework structure. We show that whereas amorphous
ZrW2O8 has a structure that can be reconciled with a displacive-like phase transition from the
crystal structure [1], the structure of amorphous ZIF is more akin to a continuous random
network that would only come from ZIF-4 via a reconstructive phase transition [2]. As well as
describing the phase transitions and structures of these two materials, we will discuss the
implications of this work on PIA and TIA in general.
[1] D. A. Keen, A. L. Goodwin, M. G.
Tucker, M. T. Dove, J. S. O. Evans, W.
A. Crichton and M. Brunelli, Phys.
Rev. Lett. 98 (2007) 225501
[2] T. D. Bennett, A. L. Goodwin, M. T.
Dove, D. A. Keen, M. G. Tucker, E. R.
Barney, A. K. Soper, E. G. Bithell, J.C. Tan and A. K. Cheetham
(submitted)
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STRUCTURE OF 2MgO-SiO2 AND SiO2 GLASSES AT HIGH PRESSURE
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Magnesium orthosilicate is a major component of the Earth’s upper mantle and plays an
important role in models of the melt during
the formation of the early planet. Little is
known about the melt structure and
properties of Mg2SiO4, primarily because of
it’s high melting temperature of 2163K.
Some insight can be gained through the
study of bulk Mg2SiO4glass, which has been
synthesized from high temperatures using a
containerless levitation technique. High
pressure synchrotron experiments were
performed in a perforated diamond anvil cell
at beamline 1-ID of the Advanced Photon
Source using an 80 keV micro-focussed xray beam.
For glassy SiO2 the tetrahedral SiO4 units shrink in size up to a pressure of 15GPa and
above this threshold the Si-O bond distribution becomes asymmetric and the average Si-O
coordination number and bond length increase linearly with pressure up to 50 GPa [1].
However, in glassy Mg2SiO4 the primary densification mechanism is associated with a
dramatic growth of a peak around ~3Å-1 in S(Q) which is dominated by the oxygen-oxygen
correlations.
The trends in the x-ray structure factors of glassy Mg2SiO4with pressure are found to be in
qualitative agreement with recent molecular dynamics simulations [2].
[1] C.J. Benmore et al, Phys. Rev. B, in press.
[2] O. Adjaoud, G. Steinle-Neumann, S. Jahn. Chem. Geo. 256 (2008) 185
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STRUCTURE “SOLUTION” OF DISORDERED MATERIALS FROM PDF
DATA
M.J. Cliffe1, M.T. Dove1, D.A. Drabold2, A.L. Goodwin3,*
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We show that the information gained in spectroscopic experiments regarding the number and
distribution of atomic environments can be used as a valuable constraint in the refinement of
the atomic-scale structures of nanostructured or amorphous materials from pair distribution
function (PDF) data. We illustrate the effectiveness of this approach for three paradigmatic
disordered systems: molecular C60, a-Si, and a-SiO2. Much improved atomistic models are
attained in each case without any a priori assumptions regarding coordination number or
local geometry. We propose that this approach may form the basis for a generalised
methodology for structure “solution”' from PDF data applicable to network, nanostructured
and molecular systems alike.
[1] M. J. Cliffe et al., Phys. Rev. Lett. (to appear, 2010); arxiv:cond-mat/0912.1971.
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MOLECULAR DYNAMICS SIMULATIONS OF VANADIUM CONTAINING
GLASSES
M. Montorsi1, G. Ori1,*, A. Pedone2, C. Siligardi1
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The modification of properties of glass systems through the incorporation of Transition Metal
oxides has been the object of intense work.[1] This leads to a complex scenario of possible
properties and phase transitions which make them appealing systems in magnetic recording,
heterogeneous catalysis, as insulators or semiconductors, depending on their structure and
valency, just to indicate few examples. Among TM, vanadium is particularly interesting due to
the variety of oxidation states, ranging from V2+ to V5+ that results into several structures with
different properties. In spite of the high potentiality, to date only few studies were dedicated to
the investigation of vanadium oxides-glass systems, showing extremely promising results.[2-4]
To this aim, a molecular dynamic protocol have been developed and optimized to simulate
silicate glasses containing vanadium. The simulations allowed to probe at the atomistic level,
and to define the role played by the vanadium as a function of its concentration into the glass
formulation, also investigating the compositional effect on its role. The results obtained by
MD simulation have been compared to the experimental data such as XAS (X-ray absorption
spectroscopy).[5] Moreover the analysis of the short and medium range structure of the
glasses have been performed to analyze the inhomogeneity of the vanadium cations
distribution as a function of the V2O5 content into the glass matrix.
[1] V.E. Heinrich, in Oxide Surfaces, The Chemical Physics of Solid Surfaces Series, Vol.9,
ed. D.P. Woodruff, Elsevier, Amsterdam, 2001.
[2] L. Murawski et al. J. Non-Cryst. Solids 185 (1995) 84.
[3] S. Sen, et al. J. Non Cryst. Solids 188 (1995) 54.
[4] M. Seshasayee et al. Solid State Commun. 105 (1997) 243.
[5] G. Giuli, E. Paris, J. Mungall, C. Romano D. Dingwell, Am. Mineral., 89, (2004).
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EXPLORING INORGANIC-ORGANIC INTERFACES IN SOL-GEL DERIVED
MATERIALS WITH ADVANCED NMR TOOLS
N. Folliet, N. Baccile, T. Azaïs, C. Gervais, C. Bonhomme, F. Babonneau*
Laboratoire de Chimie de la Matière Condensée de Paris, Université Pierre et Marie Curie- UPMC
and CNRS, Collège de France, 11 place Marcelin Berthelot, 75005 Paris, France

Sol-gel chemistry is a very versatile approach to introduce organic entities in a silica
framework, either through co-condensation reactions, grafting or encapsulation procedures,
and thus to design hybrid organic-inorganic materials with specific and multiple
functionalities. A large number of systems have thus been generated, which may present
extremely good performances in a large variety of applications. However, to reach a good
control of the synthetic procedure, that will allow optimizing experimental parameters, it is
important to develop tools that can help in a detailed description of the organic-inorganic
interfaces in such samples.
Solid-state NMR techniques are now widely developed for the characterization of hybrid
materials, not only to probe local atomic environments (29Si, 13C, 17O, 1H) , but also to
visualize spatial proximities between various sites, using two-dimensional heteronuclear or
homonuclear correlation experiments.
In this presentation, several examples will illustrate how solid state NMR techniques can
provide unique information, to answer important questions regarding key structural aspects of
organic-inorganic silica-based systems [1]: chemical homogeneity of networks based on cocondensation reactions of alkoxysilanes; nature of the covalent grafting of organosilanes on
silica surfaces; host-guest interactions in functionalized porous (organo)silicas.
Finally, computer modeling including DFT and VASP methods will be presented in
connection with solid state NMR experiments and GIPAW method, which is now a well
established tool of calculation for NMR parameters. This combined approach is currently
used to get a better description of interface between hydroxylated amorphous silica surface
and various organic molecules.
[1] C. Bonhomme, C. Coelho, N. Baccile, C. Gervais, T. Azais, F. Babonneau Acc. Chem.
Res. 40 (2007) 738–746
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The Impact of Ga on Network Structure as Determined by Multi-Nuclear
NMR Spectroscopy
R.E. Youngman*, B.G. Aitken, A.J.G. Ellison
Corning Incorporated, Science & Technology Division, Corning, NY 14831 USA

Ga-containing glasses, even though not as commonly encountered in technological
applications as their Al-containing analogues, are nevertheless characterized by structureproperty relations of interest. In particular, substitution of Ga for Al generally increases
density and refractive index, and sometimes expands glass- forming regions. Despite these
intriguing attributes, direct structural studies of Ga in glassy materials have been scarce.
71
Ga NMR tends to be more difficult than 27Al NMR for example, due to a lower natural
abundance of the nuclide, as well as a larger nuclear quadrupole moment. The former only
complicates matters in glasses containing low levels (< several mol%) of Ga, while the latter
attribute is more generally pervasive and yet might be overcome with experimental
approaches using higher magnetic fields and faster sample spinning rates.
This work encompasses a 71Ga NMR examination of Ga coordination environments in a
series of oxide and non-oxide glasses, as well as the sensitivity of Ga coordination chemistry
on other network-forming cations in these systems. We find in Cs2O-Ga2O3 and Cs2O-Ga2O3Al2O3 glasses that Ga is primarily in 4-fold coordination, with higher coordination
environments only present when the glasses contain insufficient Cs2O. The competition
between Al and Ga stabilized in tetrahedral coordination appears to favor Ga, as Al can more
easily assume higher coordination and thus assist in charge balancing the various Al and Ga
polyhedra.
In P-containing sulfide and selenide glasses, the addition of Ga leads to a stabilization of
associated Ga(S,Se)4/2 and P(S,Se)4/2 tetrahedra, forming GaP(S,Se)4-like species, as
reflected in both the 71Ga and 31P NMR data. This has a pronounced impact on properties of
these glasses, especially when varying the ratio of Ga to P and thus altering the local
network structure involving both cations. In the sulfide case we detect higher coordinated Ga
sites only in glasses having small quantities of Ga, which indicates some inefficiency in
stabilizing GaS4/2 tetrahedra, analogous to the observation of high coordinated Al only in Alpoor Al phosphosilicate glasses.

* E-mail : youngmanre@corning.com
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ANOMALOUS PROPERTIES OF THE ACOUSTIC EXCITATIONS IN
GLASSES ON THE MESOSCOPIC LENGTH-SCALE
G. Monaco
European Synchrotron Radiation Facility, B.P. 220, 38043 Grenoble, France

Despite of the considerable effort devoted in the last decades to understand the highfrequency vibrational dynamics of glasses, this matter is still source of strong controversies in
the literature, and there is no general consensus on it. These controversies certainly arise
from the difficulty of the problem, but are enhanced as well by the fact that the results able to
discriminate among the different interpretations are at the limit of being experimentally
observable or numerically computable. I will present here some novel results on this issue
obtained with inelastic x-ray scattering and molecular dynamics simulations, pointing to the
existence of universal anomalies in the acoustic properties of glasses on the mesoscopic
spatial range of few nanometers. I will moreover discuss what major steps are being currently
undertaken in order to obtain a clearer experimental and numerical picture.
[1] G. Monaco and V.M. Giordano, Proc. Natl. Acad. Sci. USA 106 (2009) 3659.
[2] G. Monaco and S. Mossa, Proc. Natl. Acad. Sci. USA 106 (2009) 16907.
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LOW FREQUENCY RAMAN SCATTERING AND LOW TEMPERATURE
SPECIFIC HEAT OF DENSIFIED VITREOUS B2O3
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Inelastic light scattering spectra of normal and densified B2O3 glasses quenched from melts
were investigated over the frequency range between 2 and 1000 cm-1. Densification was
obtained by loading B2O3 glasses in a multianvil apparatus for the synthesis at 2 GPa. They
were fused at 1500 K for about 15 min and then quenched at that pressure. The structure of
the so-obtained glasses reflects the one of the supercooled liquid at high pressure at Tg. The
densities of normal and densified B2O3 glasses are 1.86 g/cm3 and 2.05 g/cm3, respectively.
The low frequency Raman spectra include the quasi-elastic scattering (QES) contribution and
the boson peak (BP), which dominate the spectra below 8 cm-1 and above 10 cm-1,
respectively. Densification significantly decreases the intensity of both the QES and the BP
and gives rise to a shift of the BP from about 26 cm-1 up to 39 cm-1.
The low temperature specific heat of these glasses was investigated over the temperature
range between 0.4 K and 25 K. When reported in a plot of Cp/T3 vs T over the temperature
range between 2 K and 25 K, the specific heat Cp shows a bump which shifts towards higher
temperatures and decreases markedly in magnitude with increasing density. At temperatures
below 2 K, an additional contribution over that predicted by the Debye theory is observed: Cp
follows an approximately linear temperature dependence disclosing a well- definite decrease
with increasing density. By comparison with the observations in normal v-B2O3, it is
concluded that glass densification reduces both the excess density of low- energy vibrational
states and the density of two-level systems which are the source for the linear term.
Moreover the results prove unambiguously that the density variations of the low-energy
vibrational dynamics cannot be accounted for by the modifications of the elastic continuum.
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DYNAMIC ELASTICITY IN VITREOUS SILICA
M. Foret1,*, S. Ayrinhac1, B. Rufflé1, R. Vacher1, A. Polian2, J.-C. Chervin2
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Recent progress has been achieved in the understanding of the frequency and temperature
dependencies of sound attenuation and dispersion in vitreous silica [1- 3]. Above liquid
helium temperature (T) and up to the hypersonic frequency range, sound damping is
controlled mainly by two processes which are in order of the frequency at which they
dominate: the thermal relaxation of defects and the anharmonic interactions with the thermal
bath also called “network viscosity”. We found that in the Brillouin frequency range, at 35
GHz and room T, the contribution of anhamonicity to internal friction is about twice that of
thermally activated relaxations. The ratio increases with T and frequency. The analysis allows
determining the expected contributions to velocity dispersion. We find a strong increase of
the bare velocity v∞ with T indicating that silica experiences a progressive structural change
with increasing T. Some simulations attribute this anomalous hardening to a progressive local
polyamorphic transition associated with abrupt rotations of Si-O-Si bonds [4]. Furthermore,
we report on new accurate Brillouin data in v-SiO2 under hydrostatic pressure at room T in
the range 0 – 10 GPa. In this pressure range, no irreversible changes are observed, neither
in velocity nor in absorption. As already well-reported, the pressure dependence of the
velocity shows a pronounced minimum slightly above 2 GPa. Most interesting, the absorption
exhibits a dramatic rise under pressure and passes through a maximum nearly at the same
pressure value, ~ 2 GPa. The results are analyzed on the basis of the pressure dependence
of the relaxing defects.
[1] R. Vacher, E. Courtens, M. Foret, Phys. Rev. B 72, (2005) 214205.
[2] E. Courtens, M. Foret, R. Vacher, B. Rufflé, Phys. Chem. Glasses: Eur. J. Glass Sci.
Technol. B 48, (2007) 9-18.
[3] A. Devos, M. Foret, S. Ayrinhac, P. Emery, B. Rufflé, Phys. Rev. B 77, (2008) 100201R.
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STRUCTURE AND DYNAMICS OF CALCIUM ALUMINOSILICATE MELTS
J. Kozaily1,*, L. Hennet2, H.E. Fischer1, M. Koza1, F. Kargl3, S. Magazù2, J.
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The phenomena of supercooling and glass formation in viscous liquids have been the subject
of considerable study in recent years. The approach of supercooled “fragile” liquids to a glass
transition at Tg is especially interesting because of a rapid change in dynamical properties
like viscosity at a “crossover temperature” of about 1.2Tg.
As opposed to SiO2 which is a strong glass former, molten glasses in the CaO-Al2O3 system
are extremely fragile, so that intermediate fragilities can be obtained by including silica into
the structure. It is then interesting to study the structure and dynamics of these melts as a
function of the silica content and therefore our work has been focused on the CAS glassforming system: (CaAl2O4)1-x-(SiO2)x with x varying from 0 to 0.2.
Experiments have been performed using aerodynamic levitation of the sample heated by
CO2 lasers. The simplicity and compactness of our equipment allows easy integration into
different kinds of experiments [1]. In this work, various setups have been used with x-ray and
neutron techniques at the ESRF (European Synchrotron Radiation Facility) and ILL (Institut
Laue Langevin) in Grenoble (France).
In this presentation, we will show structural results obtained on CAS glasses at several
temperatures in the liquid and supercooled states as well as the structural evolution observed
during rapid cooling from above the melting point to the cold glass below Tg. Concerning the
liquid dynamics, we have recently performed Inelastic X-ray Scattering (IXS) and Time-OfFlight (TOF) inelastic neutron scattering experiments [2], and our first results on CaAl2O4
(x=0) will be presented.
[1] L. Hennet et al, J. Phys. Cond. Mat. 19 (2007) 455210.
[2] J. Kozaily et al, ILL news 51 (2009) 8.

* E-mail : kozaily@ill.fr
Keywords: Structure, Dynamics, Glasses, Melts

‐ 90 ‐

THE PARTIAL VIBRATIONAL DENSITY OF STATES OF GERMANIUM
DISELENIDE BY USING NEUTRON SPECTROSCOPY
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GeSe2 is an archetypical covalently bonded network glass forming system which has a
complex structure based on corner and edge sharing GeSe4 tetrahedral units with a
significant fraction of homopolar Ge-Ge and Se-Se bonds [1]. In this work, the method of
isotope substitution in neutron spectroscopy is applied to measure the partial vibrational
density of states for glassy GeSe2, thereby identifying the germanium and selenium
contributions to the total vibrational density of states which has been probed in previous
measurements [2]. The new experiments were conducted at the ISIS pulsed neutron source
and the partial vibrational density of states were obtained within the incoherent
approximation. The experimental results are compared with those from other spectroscopic
methods and are interpreted with the aid of ab initio molecular dynamics simulations [3].
[1] P.S. Salmon and I. Petri, J. Phys. Condens. Matter 15 (2003) S1509
[2] R.N. Sinclair et al., Phys. Chem. Glasses 43C (2002) 191
[3] L. Giacomazzi et al., Phys. Rev. B 75 (2007) 174207
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STRUCTURAL CHANGES UNDER β-IRRADIATION IN Fe-BEARING
SILICATE GLASSES
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Ionizing irradiation is known to modify the structure of oxide glasses by inducing a migration
of alkalis. This migration induces a decrease of the average Si-O-Si angle, an increase of
glass polymerization and the production of molecular O2. The alkali migration is however
decreased when iron is added to the glass composition, due to its multivalent character. In
this work, effects of ionizing irradiation on soda lime glasses containing a variable amount of
iron are studied as a function of the integrated dose with a multi spectroscopic approach.
Environment changes around Fe3+ and Fe2+ ions are determined with Electron Paramagnetic
Resonance (Fe3+), Optical absorption spectroscopy (Fe2+), Mössbauer spectroscopy and Xray absorption spectroscopy (XANES and EXAFS). In order to propose quantitative
mechanisms the variations in the Fe3+/Fe2+ ratio as the function of integrated dose has been
determined using Mössbauer measurements, chemical methods (ICPMS and colorimetry)
and X-ray absorption spectroscopy (pre-edge analysis). While changes on EPR spectra are
important as a function of the irradiation dose, Mössbauer and UV-vis spectroscopies do not
show significant modifications in the iron ions distribution. The use of complementary
methods allowed us to study a large range of glass compositions (from 0.5 to 3 wt% Fe2O3)
and of irradiation dose. In particular, X-ray absorption spectroscopy allowed the study of
small irradiated and diluted samples that cannot be analyzed by the other techniques. First
results confirm that a part of the ferric iron is reduced by ionizing irradiation. This reduction is
however not sufficient to explain the variation of EPR spectra.
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TI3+ PRODUCTION UNDER IONIZING RADIATION IN BOROSILICATE
GLASSES BY EPR SPECTROSCOPY.
B. Boizot*, P. Lombard, N. Ollier
Laboratoire des Solides Irradiés, UMR 7642 CEA-CNRS-Ecole Polytechnique, Ecole Polytechnique,
91128 Palaiseau cedex, France

The goal of this work is to understand the reduction behavior of Ti4+ ions in borosilicate
glasses under ionizing radiation. For that purpose, we studied by X-band Electron
Paramagnetic Resonance (EPR) at low temperature (20K) and simulation of EPR spectra the
Ti3+ ions formed under β-irradiations from 3,37 x 105 Gy to 1,68 x 109 Gy in aluminoborosilicate glasses doped with 0 to 2 mol% of TiO2. Under irradiation, we demonstrate the
existence of three different Ti3+ EPR sites denoted hereafter bI, bII and bIII. When the total
integrated dose increase, the quantity of Ti3+ ions formed increase but the proportion of
trivalent titanium ions in each site depends first, on the [Na]/[Ti] ratio of the glass and second,
on the total integrated dose. The first site, bI, observed only for [Na]/[Ti] > 68 and doses less
than 1x108 Gy, is characterized by g1 = g2 = 1,970 and g3 = 1,939. According to our previous
studies and to literature, the bI site is attributed to [VI]Ti3+ ions in a octahedral environment.
The second and the third sites, bII and bIII, are observed for all doses and all [Na]/[Ti] ratios.
The EPR spectrum of Ti3+ ions in site bIII is characterized by g1 = 1,939; g2 = 1,896 and g3 =
1,848 and two very large anisotropic widths: s2 = 0,065 cm-1 and s3 = 0,1718 cm-1. The bIII
site is attributed to [V]Ti3+ ions in a square based pyramid geometry with one titanyl Ti=O bond
and four Ti-O bonds. The presence of these large anisotropic widths could be correlate to the
strength difference between Ti-O and Ti=O bonds. The last bII site of Ti3+ ions in borosilicate
glasses is defined by g1 = 1,969; g2 = 1,919 and g3 = 1,890 but the associated geometry
remains unclear and maybe corresponds to a trigonal bi-pyramid environment. Last, we
calculate from the EPR parameters of bI, bII and bIII EPR Sites, the different energy diagram
of each Ti3+ ion environment in these borosilicate glass compositions.
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COMPARISON BETWEEN IONIC IMPLANTATION AND THERMAL
TREATMENTS EFFECTS IN NORMAL AND ANOMALOUS GLASSES
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Ionic implantation is a powerful and versatile tool for surface modification of materials, with
applications in the development of micro-electronic, photonic devices or more generally new
material surfaces. It has recently been shown that non- radiative heavy ion implantation is
also very interesting in simulating the impact of radiation arising from alpha decay of
actinides in oxide glasses used for nuclear waste confinement [1]. Ion bombardment of oxide
materials causes complex structural changes and chemical effects, which are still not very
well understood. In the case of glassy materials whose disordered structure is rather difficult
to describe, this analysis is even more difficult.
In this study, we choose to compare the structural changes, as well as the mechanical
properties modifications, induced by either ionic implantation or thermal treatments. Two
different glasses are analyzed: silica, which is considered as an anomalous glass, and a
ternary sodium borosilicate glass, whose behavior can be considered as normal. Structural
changes are probed by IR micro-reflectance spectroscopy, confocal micro-Raman
spectroscopy and GI-SAXS. Concerning the mechanical properties, we probed the changes
in Vickers hardness as well as the indentation impression shape.
Our results evidenced that structural and mechanical changes induced by ionic implantation
can be considered as the extrapolation of quenching effects from very high temperatures.
However ionic implantation effects cannot be associated to a unique very high fictive
temperature, because extrapolated fictive temperatures are not the same for the different
studied properties [2].
[1] S. Peuget, P.Y. Noël, J.L. Loubet, S. Pavan, P. Nivet, A. Chent, Nucl. Intr. and Meth. B
246 (2006) 379
[2] Bibent N., Faivre A., Ferru G., Bantignies J.L., Peuget S., J. Appl. Phys. 106 (2009)
063512
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VALENCE AND LOCAL ENVIRONMENT OF SELENIUM IN ALKALI
BOROSILICATE GLASSES FOR RADIOACTIVE WASTE IMMOBILISATION
P.A. Bingham*, N.C. Cassingham, N.C. Hyatt
Immobilisation Science Laboratory, Department of Engineering Materials, University of Sheffield, Sir
Robert Hadfield Building, Mappin Street, Sheffield S1 3JD, UK
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Se occurs in spent nuclear fuel and in High-Level radioactive Wastes (HLW) arising from
nuclear fuel reprocessing activities. It is near the low end of the fission product mass range
and hence its abundance is low, approximately 0.045 % [1]. However, 79Se is problematic
because it is one of only 7 long-lived fission products (one of the most recent measurements
gives its half-life as 377,000 years). Recent performance assessment calculations for the
Belgian HLW repository list 79Se as the most important radionuclide when calculating future
doses in the biosphere [2]. It is therefore important to understand the behaviour of Se in
radioactive wasteforms.
Here we have studied, for the first time, the valence and local structural environment of
selenium in alkali borosilicate glasses for HLW immobilisation using Se K-edge XANES and
EXAFS. Analysis of an inactive surrogate of a UK HLW-loaded glass, doped with a nominal
addition of 2000 ppm Se as SeO2 prior to melting, confirms that the dominant Se valence in
the resulting vitrified product is reduced Se (Se2- and / or Se0), with lesser contributions from
Se4+ and Se6+. This result is corroborated by the results obtained for other Se-doped alkali
borosilicate glasses which also show reduced Se to be dominant. Results of EXAFS fitting
will also be presented. Electron microscopy and associated elemental analysis confirm that
Se is present entirely as dissolved species within the HLW-loaded glass and that it is not
associated with crystalline inclusions (RuO2). The occurrence of Se in these glasses
predominantly as reduced Se is interesting from the perspective of long-term leaching
behaviour because reduced Se species exhibit lower mobilities than oxidised Se species.
[1] P. Bienvenu, P. Cassette, G. Andreoletti, M. M. Bé, J. Comte and M. C. Lépy, Appl. Rad.
Isotopes 65 (2007) 355-364.
[2] ONDRAF/NIRAS, Belgian Agency for Radioactive Waste and Enriched Fissile Materials,
Technical Overview of the SAFIR 2 Report. Safety Assessment and Feasibility Interim Report
2,
Report
NIROND
2001–05
E,
December
2001.
http://www.nirond.be/engels/PDF/Safir2_apercutech_eng.pdf
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LIGHT-INDUCED ATHERMAL MACROSCOPIC DEFORMATIONS IN
CHALCOGENIDE GLASSES
K. Tanaka*, M. Mikami
Department of Applied Physics, Graduate School of Engineering, Hokkaido University N13 W8,
Sapporo 060-8628, Japan

The glass undergoes light-induced structural changes, as exemplified by E’ formation in silica
[1], photodarkening in chalcogenides [2], and opto-thermal phase-changes in telluride films
[2]. All these phenomena are believed to appear through atomic changes. Here, we report
light-induced macroscopic shape changes in chalcogenide glasses, which are triggered by
optical forces. This discovery will open a new light- induced shaping method of viscous
materials.
Figures below show light-induced deformations in an As2S3 flake (~0.1 mm, a-c) and film (d).
The samples (~2 µm in thickness) are laid on viscous grease, i.e. semi-freely fixed, and
illuminated by linearly polarized (vertical) bandgap light (~2.3 eV, ~1 W/cm2) for ~1 h. The
flake deforms as a U shape in parallel with the electric field (b), and then elongates
orthogonal to the field (c). On the other hand, the film wrinkles, the sinusoidal corrugation
being orthogonal to the field (d). X-ray diffraction and Raman-scattering spectroscopy provide
no discernible atomic changes. Similar deformations appear in As-Se.
We assume that the deformations are induced by optical forces (angular momentum and light
pressure) and photoinduced fluidity [3]. The angular momentum of incident light forces the
sample so that its electromagnetic energy becomes smaller (b). On the other hand, the
pressure of Mie-scattered light, which is stronger normal to the electric field, tends to
lengthen the sample (c, d). And, the photoinduced fluidity converts these forces to the
deformations.

[1] G. Pacchioni et al. (eds.), Defects in SiO2 and related dielectrics: science and technology
(Kluwer, 2000).
[2] A.V. Kolobov (ed.), Photo-induced metastability in amorphous semiconductors (WileyVCH, 2003).
[3] K. Tanaka and M. Mikami, J. Optoelectron. Adv. Mater. 11 (2009) 1885.
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HIGH-FREQUENCY ACOUSTIC EXCITATIONS AND BOSON PEAK IN
GLASSES: A STUDY OF THEIR TEMPERATURE DEPENDENCE
B. Ruta1,*, G. Baldi1,2, V.M. Giordano1, G. Monaco1
1
2
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The relation among low-temperature anomalies, vibrational density of states and elastic
properties of glasses has been recently the subject of a controversial debate [1]. Examples
have been reported of glasses where the boson peak scales with the Debye frequency when
an external perturbation like pressure is applied [2]. However, this phenomenology seems not
to be universal [3]. A possible way to shed some light on this issue is to study how the
dispersion curves of glasses depend on temperature and/or pressure.
We present here the results of a combined experimental study of the high-frequency acoustic
dynamics and of the vibrational density of states (VDOS) as a function of temperature in a
glass of sorbitol. The excess in the VDOS at ~4.5 meV over the Debye, elastic continuum
prediction (boson peak) is found to be clearly related to anomalies observed in the acoustic
dispersion curve in the mesoscopic wavenumber range of few nm−1.
We find that the whole dispersion curve of sorbitol rigidly scales together with the elastic
continuum limit when temperature is changed, in accordance with a quasi- harmonic picture.
This in particular applies in the energy range of the boson peak, where the apparent sound
velocity shows an abrupt decrease which marks the breakdown of the Debye approximation.
The quasi-harmonic temperature dependence of the acoustic dispersion curves offers a
natural frame for justifying and understanding the observed scaling of the boson peak with
the parameters of the elastic medium. Glasses with anharmonic and/or relaxational
contributions larger than in sorbitol and for which the quasi-harmonic approximation does not
hold might however show a more complex phenomenology.
[1] G. Baldi et al., Phys. Rev. Lett. 102, 195502 (2009). [
[2] A. Monaco et al., Phys. Rev. Lett. 97, 135501 (2006).
[3] K. Niss et al., Phys. Rev. Lett. 99, 055502 (2007).
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NOVEL “TRANSROTATIONAL” NANOCRYSTALLINE MODEL FOR THE
AMORPHOUS MATERIALS
V. Yu. Kolosov
Ural State University, Lenin Av. 51, Ekaterinburg 620083 Russia

Novel structures with unexpected, dislocation independent, regular internal bending of the
crystal lattice planes formed after phase transformations in amorphous films [1] are
characterized on the scale micro-meso-nano. Such “single crystals” with perfect though
curved lattice (built up by simultaneous translation and small regular rotation of the unit cell)
demonstrate the new “transrotational [2]” type of atom order for solid state and are revealed
by transmission electron microscopy (TEM). Different geometries of transrotation are
described: cylindrical, ellipsoidal, toroidal, etc., Fig.1. Transrotation was recently observed in
PCMs [3] and we suppose it is one of the reasons of easy phase changes in chalcogenidebased memory. Basing on the above results we propose a new hypothetical transrotational
model of the amorphous state (at least for the film deposits), Fig. 2: ultra fine-grained (nano-,
microcrystalline) structure in which the grains have "transrotational" structure. Thus the great
variety of different transrotational lattice geometries inside fine crystal grains (e.g., complying
with different conformal transformations described mathematically for 2D case) in the model
corresponds to different amorphous structures hardly distinguished by usual methods but
inevitably carrying some distinct physical properties.
[1] Bolotov I.E., Kolosov V.Yu and Kozhyn A.V., Phys. Stat. Sol., 72a (1982) 645.
[2] Kolosov V.Yu. and Thölén A.R., Acta Mater., 48 (2000) 1829.
[3] Kooi B.J. and De Hosson J.Th.M., J. App. Phys., 95 (2004) 4714.
E-mail : Vladimir.Kolosov@usu.ru
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COMPARING RING SIZE DISTRIBUTIONS IN ALKALI AND ALKALINE
EARTH DISILICATE GLASSES AND CRYSTALS
M.O. Naylor*, S.T. Misture, A.N. Cormack
Kazuo Inamori School of Engineering
New York State College of Ceramics, Alfred University, Alfred, NY, 14802, USA

Ring size distributions in glasses may lead to conclusions about nucleation mechanisms,
because their medium range order, when compared to crystalline counterparts, may
determine whether homogeneous or heterogeneous nucleation occurs. We have used
molecular dynamics to model the structures of some alkali disilicate and alkaline earth
disilicate glasses. Lithium disilicate (LS2) and barium disilicate (BS2) compositions were
chosen to represent glasses exhibiting homogeneous nucleation, whereas sodium disilicate
(NS2), and potassium disilicate (KS2) glasses were selected to represent compositions
requiring heterogeneous nucleation for crystal growth [1,2].The ring size distributions in the
resulting glass structures and the corresponding crystalline structures were obtained as
described previously [3].
The ring size distribution in the LS2 glass exhibits a broad range, with primitive rings
containing from 5 to 24 tetrahedra, while crystalline LS2 only contains rings of only 6
tetrahedra. This is in contrast to the KS2 crystal which contains rings of three different sizes,
containing 6, 10, and 14 tetrahedra, in order of increasing concentration. The KS2 glass, like
LS2, exhibits a broad range of ring sizes. However, it differs in detail from the lithium
counterpart, having a clear maximum at 5 membered rings and very few 10 membered rings.
Results for the BS2 and NS2 systems will also be presented.
We will discuss the similarities and differences in the ring size distributions of these glasses
with respect to the role that the medium range order may play in the nucleation and growth
mechanisms.For example, in the case of the KS2 system, the lack of 10 membered rings in
the glass relative to the high concentration of 10 membered rings in the crystal may inhibit
homogenous nucleation.
[1] J. H. Simmons et al., Nucleation and Crystallization in Glasses; p. 357. American Ceramic
Society, Columbus, Ohio (1982).
[2] E. D. Zanotto and M. L. G. Leite, J. Non-Cryst. Solids. 202, 145 (1996) [3] X. Yuan and A.
N. Cormack, Comp. Mater. Sci. 24, 2002 (2002)
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VANADIUM AND CHROMIUM REDOX COUPLING IN BOROSILICATE
NUCLEAR WASTE GLASSES
D. McKeown*, I. Muller, H. Gan, Z. Feng, I. Pegg
Vitreous State Laboratory, Catholic University of America, 620 Michigan Ave., N.E. Washington, D.C.
20064, U.S.A.

X-ray absorption spectroscopy (XAS) was used to characterize vanadium (V) and chromium
(Cr) in low activity nuclear waste (LAW) glasses synthesized under a variety of redox
conditions. V2O5 was added to the glass to improve sulfur incorporation from the waste;
however, at sufficiently high concentrations, V2O5 increases melt foaming, which results in
reduced melt processing rates. Consequently, there is a need to better understand the redox
behavior and foaming characteristics of V-containing LAW glasses. Small amounts of
chromium (Cr) were also added to some of these glasses (Cr2O3 from 0.2 to 0.8 wt%) to
reduce corrosion of Cr-rich refractory bricks in the melter. Three parent glasses were studied,
where Na2O and V2O5 contents were increased (from 10 to 22 wt% and from 1.2 to 2.0 wt.%,
respectively) at the expense of Li2O, B2O3, SiO2, and CaO. A reducing CO-CO2 gas mixture
was bubbled through each parent glass melt at increasing time intervals so that a series of
glasses was synthesized under controlled redox conditions. Five crystalline standards were
also measured to model possible V and Cr environments in these glasses, that include:
V5+O4 tetrahedra, V4+O5, V3+O6 octahedra, Cr6+O4 tetrahedra, and Cr3+O6 octahedra. XAS
data for the glasses indicate that V and Cr valence behaviors are significantly different with
respect to the elapsed bubbling times. In general, as Na2O content decreases, V, and
especially, Cr are more reduced, when comparing equivalent glasses within a series.
V4+/Vtotal and Cr3+/Crtotal are closest to each other in the Na-rich glasses, and then diverge
considerably to where and Cr3+/Crtotal is over four times larger than V4+/Vtotal in the Na-poor
glasses. For these glasses, V4+/Vtotal changes from 8 to 35%; however, and Cr3+/Crtotal ranges
from 15 to 100% as the melt is exposed to more bubbling. All three glass series show an
increase in V4+ populations after initial bubbling. As bubbling time increases, redox coupling
between V and Cr appears to take place, where Cr continues to become more reduced to the
point where some Cr2+ may be present, while V4+/Vtotal ratios can decrease to near the level
of the parent glass. This higher redox sensitivity of Cr in these glasses may be due to Cr2O3
concentrations being smaller than V2O5.
* E-mail : davidm@vsl.cua.edu
Keywords: XAS, redox, borosilicate glass
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EFFECT OF B2O3 ADDITION ON THE STRUCTURE AND PROPERTIES OF
SODA-LIME BOROSILICATE GLASSES CONTAINING LANTHANIDES
D. Caurant1, A. Quintas1, O. Majérus1,*, T. Charpentier2, J-L. Dussossoy3
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CEA, DEN, DTCD, SECM, Laboratoire d’Etude et Développement des Matrices de
Conditionnement, Marcoule, 30207 Bagnols-sur-cèze, France

Lanthanides bearing glasses can find application as optical materials. Lanthanides also
represent one of the most abundant families of fission products that are currently immobilized
in nuclear borosilicate and phosphate glasses. In this paper, we present properties and
structural results obtained by a multispectroscopic approach on a simplified nuclear glass
belonging to the system SiO2-B2O3-Al2O3-Na2O-CaO-ZrO2- Ln2O3 (Ln = La, Nd) and
developed to immobilize highly concentrated radioactive waste solutions. In previous papers,
we studied the effect on glass structure and melt crystallization tendency of Al2O3 and Ln2O3
contents [1], lanthanide nature and Ca/Na concentrations ratio [2]. In this work, our interest is
focused on the effect of B2O3 content (from 0 to 27 mol%) on both the glass physical
properties (density, Tg), the crystallization tendency during melt cooling and the structure of
the glassy network (Si, Al, B), the distribution of Na+ cations and lanthanide cations (Nd3+)
environment in glass structure. Structural investigations were performed using 29Si, 11B, 27Al,
23
Na MAS NMR, Raman, Nd3+ optical absorption and EXAFS spectroscopies. It appears that
when B2O3 content increases, the environment of Nd3+ cations strongly changes (decrease of
both the average Nd-O distance and bonding covalency) suggesting that an increasing
fraction of neodymium is located in boron-rich regions of the glass structure. Moreover, for Ln
= La and Nd, the melt crystallization tendency (apatite Ca2Ln8(SiO4)6O2) rapidly decreases
with boron oxide addition confirming the important impact of boron on the environment of
Ln3+ cations in glass and melt structure.
[1] I. Bardez, D. Caurant, P. Loiseau, N. Baffier, J. L. Dussossoy, C. Gervais, F. Ribot, D. R.
Neuville, Phys. Chem. Glasses 46 (2005) 320.
[2] A. Quintas, O. Majérus, M. Lenoir, D. Caurant, K. Klementiev, A. Webb, J-L. Dussossoy,
J. Non-Cryst. Solids 354 (2008) 98.
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BORON K-EDGE XANES AND RAMAN SPECTROSCOPY INVESTIGATION
OF BOROSILICATE GLASS BEHAVIOR UNDER IRRADIATION
G. Bureau1, S. Peuget1,*, G. Calas2, G.S. Henderson3, J.-M. Delaye1, C.
Jégou1
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Our objective was to assess the effects of irradiation in the oxide glass formulations used to
immobilize high-level nuclear waste. Certain physical properties of oxide glasses vary slightly
with the degree of ballistic damage sustained, and the structural origin of this phenomenon is
only partially understood.
In this study, several glass samples containing mixtures of SiO2, B2O3 and Na2O with the
same K = SiO2/B2O3 ratio were irradiated by Si+ ions at energies of 150 and 380 keV with a
fluence of 3 × 1014 and 6 × 1014 ions/cm2, respectively, resulting in substantial ballistic
damage to the glass to a depth of about 800 nm.
A method was developed to quantify the abundance of tricoordinate boron atoms by boron Kedge XANES spectroscopy. Comparing these results with Raman spectroscopy analyses of
fresh and irradiated glass allowed us to evaluate changes in the local order of boron and in
the local organization of the borosilicate network under irradiation.
Partial conversion of boron atoms from coordination number 4 to 3 was observed in all the
glass specimens together with depolymerization of the borosilicate network. The amplitude of
these effects appears to be inversely proportional to the initial fraction of tricoordinate boron
atoms in the glass.

* E-mail : sylvain.peuget@cea.fr
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AB INITIO MOLECULAR-DYNAMICS SIMULATIONS OF PHASE-CHANGE
MEMORY MATERIALS
S.R. Elliott, J. Hegedus, T.H. Lee
Department of Chemistry, University of Cambridge, Cambridge CB2 1EW, UK

We report on AIMD simulations of phase transformations in Ge-Sb-Te non-volatile memory
materials. In particular, we will discuss the nature of crystal nucleation in such materials, and
the use of 'interface engineering', using epitaxial templates, in designing new memory
materials in silico.
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OPTICAL AND SPECTROSCOPIC PROPERTIES OF NIOBIUM
GERMANOTELLURITE GLASSES
G. Monteiro1, R. Santos1, L.F. Santos1,*, C. Gonçalves1, R.M. Almeida1, M.B.
Marques2,3, P.V.S. Marques2,3
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In this work new glass compositions in the TeO2-GeO2-Nb2O5-K2O system have been
prepared and studied. The germanotellurite glasses were prepared by conventional meltquenching technique and their density, refractive index and characteristic temperatures have
been determined. The structural characterization of these glasses has been studied by
UV/Vis, Infrared and Raman spectroscopies.
The progressive replacement of TeO2 by GeO2 led to an increase of the characteristic
temperatures of the glasses and a simultaneous decrease of their density and refractive
index. Typical density and refractive index values of these glasses, ranged from ~ 5.03 to ~
3.85 g/cm3 and ~ 2.15 to ~ 1.85, respectively, with increasing GeO2 content. The Raman
spectra of germanotellurite compositions are dominated by an intense boson peak at ~ 35
cm-1, together with high frequency peaks at ~ 680 cm-1 and ~ 780 cm-1 for high tellurite and
high germanate glass compositions, respectively. The glass structure is discussed based on
the vibrational spectra. The non-linear optical behaviour of these high index glasses has also
been characterized by Z-scan measurements.

*E-mail: luis.santos@ist.utl.pt
Keywords: Germanotellurite glasses, Glass structure, Infrared spectroscopy; Raman
spectroscopy
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RELAXATION AND PHOTOSTRUCTURAL PROCESSES IN
CHALCOGENIDE NETWORK GLASSES
P. Lucas
Department of Materials Science and Engineering, University of Arizona, Tucson AZ 85716 USA

The structure of chalcogenide glasses is commonly described as a network of directional
covalent bonds due to the similar electronegativity of their component elements. Interestingly,
binary and ternary glassy systems such as Ge-Se, Ge-As-Se or As-S-Se offer the possibility
of tuning the dimensionality of the glass network from 1D chain-like structure for pure Se, up
to heavily cross-linked 3D networks for glasses with high Ge and As content. These glasses
therefore constitute rich systems for studying the physical effects associated with glass
structures and topology as they permit to continuously tune properties such as the
fragile/strong character. Here we will show how photostructural and relaxation processes are
affected by the network topology and will identify the contribution of specific structural units
such as pyramidal and tetrahedral building blocks in the mechanism of these processes.

E-mail : Pierre@u.arizona.edu
Keywords: Chaclogenide glasses, relaxation, photostructural effects
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A NEW PARADIGM FOR GLASS STRUCTURE IN SiO2 AND As,Ge-S,Se
ALLOYS: STRAIN-REDUCING NANO-SCALE CHEMICAL PHASE
SEPARATION
G. Lucovsky1,*, J.C. Phillips2, J.L. Whitten1
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A fundamental connection between (i) strain-reducing medium range order (MRO), and (ii)
nano-scale chemical bonding separation into hard-soft mixtures is introduced. This
correlation is not possible in continuous random networks (CRN), while bond constraint
theory and tight-binding electronic structure calculations use only short range order (SRO)
and equivalently only valence electron symmetries. Many-electron theory identifies the
importance of Si-atom d-state symmetries for non-crystalline SiO2 [1]. These are responsible
for Si dπ-O pπ bonding, explaining shortened Si-O bond-lengths, and MRO regime atom-pair
correlations. The d-states constraints specifically account for the correlation and coherence
lengths of ~0.4-0.5 nm and ~ 1 nm. These are obtained from molecular dynamics simulations
of X-ray and neutron diffraction structure factors [2]. Summetries for back-donation from
occupied O pπ orbitals in Si dπ states give a narrow distribution of 3rd neighbor Si-O, and 4th
neighbor O-O pair distances. The coherence length of ~1 nm comes from d-state coupling of
two 6-member rings. These relatively hard 6-member rings are encapsulated by more
compliant or 5- and 7-member rings in a nano-scale self- organization thereby reducing
macroscopic strain. O π-bond back-donation to Si, Ge, P, As and B also explains intrinsic
differences between oxide and chalcogenide MRO as manifested in quantitative differences
in the position the first sharp diffraction peak (FSDP), and its full-width at half-maximum
(FWHM) [2,3,4].
Correlation and coherence lengths for chalcogenide glasses [3,4], and an interpretation of
the intermediate phase regime (IP) extends these hard-soft mixes to As-S(Se) and Ge-S(Se)
glasses [5], where SRO and MRO are dominated repulsive effects associated with nonbonding pairs on S and Se atoms. Correlation lengths of ~2.5 nm are associated with locallycompliant soft groups, Ge-Se-Se-Ge, encapsulating locally-rigid hard groups, Ge-Se-Ge,
within the IP regime [5,6]. Glass formation outside the IP also involves hard-soft mixtures.
S6(Se8) rings are present in the floppy regimes, [6], and As(Ge)-rich molecules in the
stressed-rigid regime [7].
[1] J.L Whitten et al., J. Vac. Sci. Technol. B 20 (2002) 1710.
[2] J. Du and L.R. Corrales, Phys. Rev. B 72 (2005) 092201.
[3] D.L. Price et al., J. Phys. Condens. Matter 1 (1989) 1005.
[4] N.R. Rao, et al., J. Non-Cryst. Solids 240 (1998) 221.
[5] G. Lucovsky and J.C. Phillips, J. Phys.: Condens. Mater. 19 (2007) 455218.
[6] G. Lucovsky et al., Phys. Rev. B 10 (1974) 5134.
[7] P. Chen et al., J. Phys. Condens. Matter 22 (2010) 065104.
* E-mail : lucovsky@ncsu.edu
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bonding self organizations
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MEDIUM RANGE ORDER IN Ge-Se GLASSES BY 77Se NMR
B. Bureau1,*, M. Deschamps2, E. King1,3, F. Charpentier1, C. Roiland1, P.
Florian2, D. Massiot2, P. Lucas3
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The structure of GexSe1−x glasses has long been a source of controversy in the field of
amorphous semiconductors. The structure of GexSe1−x glasses initially described using the
chain crossing model, whereby GeSe4/2 tetrahedra are linked by Se chains whose length
increases with Se content [1,2]. However, this model was quickly contradicted by the
persistent observation of a Raman line associated with Ge-Se-Ge sequences [3] and later
assigned to structural fragments composed of corner- and edge-sharing tetrahedral [4,5]. The
presence of edge-sharing tetrahedra in Se-rich glasses is not consistent with the chain
crossing model and in particular contradicts the existence of an “ordered phase” at x=0.2
(GeSe4) where most of Ge atoms would be linked by a Se-Se doublet. Among structural
probes, solid state nuclear magnetic resonance constitutes a unique technique for examining
the local environments of active elements in a qualitative and quantitative manner.
Chalcogenides and in particular selenides have received little attention due to the low nuclear
magnetic resonance sensitivity of 77Se. Nevertheless, correct quality spectra can be obtained
using extended acquisition times up to several days [6-8].
Recently, an extensive high-temperature nuclear magnetic resonance study shows evidence
for a different structural model of Ge-Se glasses based on a bimodal percolation of Sen and
GeSe2 phases [9]. It is shown that no significant amount of Se-Se-Ge fragments is present in
the structure. These basic experimental results are rather in contradiction with recent
theoretical study aiming at modeling the structure by Molecular Dynamic [10]. Finally, this
appearing disagreement is an exciting scientific issue for the future. In this contribution the
authors propose to discuss the GexSe1-x structure mainly on the basis of the recent 77Se
NMR results obtained, on one hand versus temperature, and, on the other hand in two
dimension mode.
[1] P. Tronc et al., Phys. Rev.B 8, 5947 (1973). [2] G. J. Ball and J. M. Chamberlain, J. NonCryst. Solids 29, 239 (1978). [3] R. J. Nemanich et al., Solid State Commun. 21, 273 (1977).
[4] P. M. Bridenbaugh et al., Phys. Rev. B 20, 4140 (1979). [5] K. Murase et al., J. Non-Cryst.
Solids 59-60, 855 (1983). [6] C. Rosenhahn et al. Non-Cryst. Solids 284, 1 (2001). [7] B.
Bureau et al. J. Non-Cryst. Solids 319, 145 (2003). [8] B. Bureau et al. Non-Cryst. Solids 326327, 58 (2003). [9] P Lucas et al. Phys. Rev. B 80, 214114 (2009). [10] C. Massobrio et al.,
Phys. Rev. B 79, 174201 (2009).
* E-mail : bruno.bureau@univ-rennes1.fr
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IONIC CONDUCTION, RIGIDITY AND FLEXIBILITY IN GLASSY
ELECTROLYTES
M. Malki1,2,*, M. Micoulaut3, D.I. Novita4, P. Boolchand4
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We observe two thresholds in the variations of electrical conductivity of electrolyte glasses
xAgI-(1-x)AgPO3, when AgI additive concentration x increases to 9.5% and to 37.8%.
Vibrational, calorimetric and frequency-dependent conductivity measurements confirm that
these thresholds are signatures of the rigidity phase transitions at x ~ 9.5% from a stressed
rigid to an isostatically (stress-free) rigid phase, and at x ~ 37.8% from isostatically rigid to a
flexible phase. In the flexible phase, the electrical conductivity seems to increase as a power
of x.
When examined as a function of frequency and temperature, one is able to determine
compositional trends for in activation energy for conductivity EA(x), Coulomb energy Ec(x) for
Ag+ ion creation, Kohlrausch stretched exponent β(x), low- frequency εs(x) and highfrequency ε∞(x) permittivity. All parameters except Ec(x) display the same two compositional
thresholds. Finally, since Ec is found to be small compared to network strain energy Es, we
conclude that free carrier concentrations are close to nominal AgI concentrations, and that
fast-ion conduction is driven largely by changes in carrier mobility induced by an elastic
softening of network structure.
[1] M. Micoulaut, M. Malki, D.I. Novita, P. Boolchand, Fast-ion conduction and
flexibility/rigidity of solid electrolyte glasses, PRB 80 (2009) 184205(1-10).
[2] D. Novita, P. Boolchand, M. Malki, M. Micoulaut, Elastic flexibility and fast-ion conduction
in solid electrolyte glasses, J. Phys. Cond. Matt. 21 (2009) 205106(1-17).
[3] D. Novita, P. Boolchand, M. Malki, M. Micoulaut, Fast ion-conduction and flexibility of
glassy networks, PRL 98 (2007) 195501(1-4).
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STRUCTURE AND DYNAMICS OF ALUMINOSILICATE MELTS AT HIGH
TEMPERATURE: AN EXAFS AND NMR POINT OF VIEW
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Thousand of previous work have investigated the structure of glass using all possible tools,
but it still can be difficult to link the structure of glass with properties of the melts at high
temperature. Since we want to understand the change occurring in the liquid state during
volcano eruption or industrial processes we need to understand directly the structure of melts
at high temperature.
We present the first 23Na and 27Al NMR results obtained in-situ at high magnetic field (17.6T)
between room-temperature and 1300°C on selected alumino-silicate based compositions.
Those preliminary results show that, as seen previously at lower fields (Liu 1988, Liu 1987,
Sen 1996), the measurements of 23Na NMR relaxation times offers a direct access to the
sodium diffusion, in particular NMR-derived activation energies are in good agreement with
those obtained by 23Na diffusion measurements. These mechanisms seem to be only lightly
affected by the composition in contrast to the relaxation processes determined from viscosity
measurements. This is to be contrasted with the average sodium environment which, in the
liquid state, presents marked differences and which can be understood within the framework
of mean d(Na-O) distances. The 27Al NMR relaxation behavior is, on the other hand heavily
influenced by the "melting" of the network at the glass transition temperature. The
movements that will lead to this melting are actually seen before Tg, as well as an other
relaxation mechanism possibly related to the diffusion of the sodium species. Positions of the
27
Al NMR peaks after Tg are strongly influenced by the composition, especially when divalent cations such as Ca or Mg are involved. This reflects the presence of highly
coordinated aluminate species in a proportion that strongly depends upon the nature of the
compensating cations. These NMR experiment will be compare to those observed on XANES
at the Al K-edge and to the relaxation processes derived from viscous flow measurements.
[1] S.-B. Liu, A. Pines, M. Brandriss, J.F. Stebbins, Phys. Chem. Minerals 15, 155-162 (1987)
[2] S.-B. Liu, J.F. Stebbins, E. Schneider, A. Pines, Geochim. Cosmochim. Acta 52, 527-538
(1988)
[3] S. Sen, A.M. George, J.F. Stebbins, J. Non-Cryst. Solids 197, 53-64 (1996)
Keywords : melts, High temperature, NMR, EXAFS
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AMORPHOUS SiGe ALLOY UNDER HIGH PRESSURE BY RAMAN
SPECTROSCOPY AND X-RAY TECHNIQUES
F. Coppari1,*, A. Di Cicco1,2, A. Trapananti3, E. Principi2, A. Congeduti4, A.
Polian1
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Disordered matter under extreme conditions of pressure and temperature exhibits structural
changes whose nature is still today not completely understood. For example a fascinating
anomalous structural behavior, termed ``polyamorphism'', has been only recently observed
[1] and it is now under investigation. Polyamorphism occurs when different structure types for
the same disordered substance, like a liquid or a glass, coexist. The study of polyamorphic
matter has strong interdisciplinary implications, ranging from earth and planetary science to
chemistry and material science. In recent times, existence of polyamorphism has been
discussed for a variety of solid systems including amorphous silicon [2] and germanium [3,4].
Here I will present the results of an high-pressure study on an amorphous silicon- germanium
alloy (a-SixGe1−x, with x=0.75) by a combination of Raman Spectroscopy and X-ray
techniques (X-ray Absorption Spectroscopy (XAS) and X-ray Diffraction (XRD)). This
investigation revealed that this system undergoes a complexity of transformations once an
external pressure is applied, which include reversible amorphous-to-crystalline phase
transitions and metallization [5].
[1] Y. Katayama et al., Nature 403, 170 (2000)
[2] P. F. McMillan et al., Nature Materials 4, 680-684 (2005)
[3] M. H. Bath et al., Nature, 447, 787-791 (2007)
[4] E. Principi et al., Phys. Rev. B (20), 201201 (2004)
[5] F . Coppari et al., accepted High Press. Res. (2009)
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NANOPHASE SEGREGATION IN BINARY GLASSES DRIVEN BY
POLYAMORPHISM OF THE SOLVENT
V. Molinero*, L. Le, L. Jacobson
Department of Chemistry, University of Utah, Salt Lake City, Utah, 84112, USA

Water, silicon and germanium are chemically dissimilar substances with common phase
behavior and structures. They all form amorphous phases that, as their stable crystals, have
almost perfect tetrahedral coordination. Based on these properties, they have been termed
“tetrahedral substances”. Their stable liquids, however, present distinct structures with higher
coordination. In the case of silicon and germanium, the low-density glasses (a-Si and a-Ge)
are semiconductors, while the high-density liquids are metallic. In this work, we use
molecular dynamics simulations to investigate the effect of the polyamorphism of these
tetrahedral substances on the structure of supercooled liquid solutions and glasses in which
a second component (the solute) is miscible in the high temperature liquid phase of the
solvent (water; silicon). Examples of these binary mixtures are aqueous solutions of salts and
silicon-metal alloys.
We show that the increasing tetrahedrality in the structure of the solvent on cooling leads to
liquid-liquid immiscibility in the solution. This results in segregated glasses with domains of
pure low-density tetrahedral glass (LDA water; a-Si) and a concentrated high-density binary
mixture (water/salt; Si/Ni). Our simulations indicate that the dimensions of phase segregation
are around 5 nm for water-LiCl glasses and 3.4 nm for Si-Ni glasses. The latter is in excellent
agreement with the 3.0 nm deduced from SAXS experiments for the same system (J. Phys.:
Condens. Matter 12 (2000) 5971–5980). We investigate the effect of Ni content on the
structure of the glasses and compare the percolation threshold of the metallic mixed phase
with the location of the metal to insulator transition (MIT) in silicon-nickel alloys. Our results
suggest that nanophase segregation driven by the polyamorphism of silicon may be an
underlying cause for the MIT in silicon-metal amorphous systems. The same reasoning
should apply to amorphous germanium-metal alloys. While there has been no measure of
phase segregation in water-salt glasses, the nanophase-segregated structure predicted by
our simulations is consistent with the puzzling but well-established existence of two glass
transitions temperatures in water-LiCl glasses (J. Phys. Chem. 91, 1967-1971, 1987) and the
identification of LDA signals in the Raman spectra of these amorphous solids (Phys. Rev.
Lett. 85, 1322-1325, 2000). We discuss the relation between the characteristic size of the
low-density glass domains and the crystallization of the solvent (water; silicon) in these
systems.

*E-mail: valeria.molinero@utah.edu
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LOCAL STRUCTURE OF ALKALI SILICATE GLASSES: FIRST PRINCIPLES
CALCULATIONS VS EXPERIMENTAL SPECTROSCOPIC DATA
S. Ispas1,*, L. Truflandier2, T. Charpentier2, F. Mauri3, D.R. Neuville4
1
2
3
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Computer simulations have become an important exploring tool of the properties of a vast
class of systems belonging to various areas as physics, chemistry, biology or earth sciences.
In the particular case of silicate glasses, intensive efforts have been made also during the
last two decades to probe their microscopic properties by means of computer simulations.
Most of these materials that man has used and produced for thousands of years, have
technological, geophysical or biomedical importance, and hence they are widely studied from
experimental and theoretical points of view.
In this contribution, we will present a detailed structural characterization of the local
environment of atoms in some (Li/Na) single-alkali silicate glasses with different cation
content (20% and 33%), and obtained by combined classical and Car– Parrinello molecular
dynamics simulations. The attention given to these systems is justified by the fact that they
can be used as prototypes for more complicated ternary silicate glasses and/or to obtain a
precise microscopic insight into one of the unusual features of oxide glasses, namely the socalled mixed alkali effect.
The influence of the nature and proportion of the network modifier cation on the relevant
structural parameters (bond length and bond angle distributions, distribution of alkali cations)
will be discussed in terms of their correlations to the first-principles NMR spectra and
parameters computed for our glassy models using the GIPAW method [1,2]. We will equally
show a detailed analysis of the nature of the vibrational modes computed for our models and
how they are affected by the alkali content and nature.
[1] C. J. Pickard, F. Mauri, Phys. Rev. B 63 (2001) 245101.
[2] S. Ispas, T. Charpentier, F. Mauri, D.R. Neuville, Solid State Sci. 12 (2010) 183-192.

* E-mail : simona.ispas@lcvn.univ-montp2.fr
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EFFECTS OF Ca AND Mg CONTENT ON ELASTIC RESPONSES OF CaOMgO- Al2O3-SiO2 GLASSES
A. Tandia*, D. Vargheese
Corning Incorporated, Corning NY 14841 USA

Mg and Ca are known to play different roles of charge compensation or network modifiers in
glasses containing Al2O3 depending on the ratio [CaO]/[Al2O3] or [MgO]/[Al2O3], but little is
known about how they influence glass elastic response. To improve the design of glasses
with improved mechanical and elastic properties, it is critical to have a detailed understanding
of how these two elements influence the elastic responses of the materials. We have carried
out a detailed investigation of the elastic response of CaO-MgO-Al2O3-SiO2 glasses with
different CaO and/or MgO content. We generated the glass structures at 300K through a
slow quench from very high temperature that coupled molecular dynamics to Monte Carlo
sampling. We have included vitreous silica and an alumino silicate composition as
references. Equilibrated structures at 300K had been used to conduct nanoindentation with
different loads, and a stress/strain analysis at different strain rates. We used Qn analysis,
along with the distribution of linkages around bridging oxygen, oxygen tri- cluster and the
fraction of the different oxygen types to fully characterize the influence of [CaO]/[Al2O3] or
[MgO]/[Al2O3] on the structures. These analyses are completed by a detailed coordination
number analysis, ring size distribution, along with the network polymerization and the void
size distribution. Our study shows strong correlations between the plastic behavior and
composition. Computed elastic constants and moduli also show very different roles for Ca
and Mg.

* E-mail : tandiaa@corning.com
Keywords: Atomic Scale Modeling; Nanoindentation; Stress/Strain Analysis; CaO- MgOAl2O3-SiO2; Glass
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FIRST-PRINCIPLE MOLECULAR DYNAMICS SIMULATIONS OF SOME
NATURAL SILICA MELTS
R. Vuilleumier1,*, N. Sator2, B. Guillot2
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UMR ENS/CNRS/UMPC 8640 PASTEUR, Département de chimie de l’Ecole normale supérieure,
24, rue Lhomond, F-75005 Paris, France
2

Laboratoire de Physique de la Matière Condensée, UMR 7600 CNRS/UPMC, Tour 24-25 2ème
étage, c.c. 121, Université Pierre et Marie Curie, 4 place Jussieu, F-75005 Paris, France

The structural and dynamical properties of four silicate liquids, pure silica, rhyolite, a model
basalt and enstatite, are evaluated by ab initio molecular dynamics simulation using the
density functional theory and are compared with classical simulations using a simple
empirical force field. Those chosen magmas represent a wide range of structure formers and
structure breakers concentrations.
For a given composition, the structural parameters of the simulated melt vary little between
the two calculations (ab initio versus empirical) and are in satisfactory agreement with
structure data available in the literature. In contrast, ionic diffusivities and atomic vibration
motions are found to be more sensitive to the details of the interactions.
We further studied the infrared spectroscopy of the silica melts from the FPMD trajectories. It
is pointed out that the electronic polarization, as evaluated by the ab initio calculation,
contributes significantly to the intensity of the infrared absorption spectra of molten silicates,
a spectral feature which cannot be reproduced using nonpolarizable force field. Analysis of
the electronic distribution around oxygens through dipoles and quadrupoles defined from
maximally localized Wannier orbitals will also be presented.
[1] R. Vuilleumier, N. Sator and B. Guillot, Geochimica and Cosmochimica Acta, 73 (2009)
6313.
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SOLID-STATE NUCLEAR MAGNETIC RESONANCE INVESTIGATION OF
LITHIUM BOROVANADATE GLASSES
V.K. Michaelis1, P.M. Aguiar2,*, T. Britton3, S. Feller3, M. Affatigato3, S.
Kroeker1
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2
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Department of Physics, Coe College, Cedar Rapids, IA, 52402, USA

Lithium vanadate materials have shown promise as potential replacements for traditional
cathode materials such as LiCoO2 in thin-film batteries. Amorphous lithium borovanadate
materials possessing appreciable conductivities at 25°C have been demonstrated. The
presence of small amounts (< 5 mol%) V2O5 results in significant increases in conductivity
over their analogous lithium borate glasses. However, the structure of these lithium
borovanadates is not well understood. We employ a multinuclear (11B, 51V, 7Li) NMR
approach in order to gain insight into the short- and intermediate-range ordering of the
network. NMR provides evidence of depolymerization of borate network and a decrease in
the average vanadium coordination number with increased lithium loadings. At high Li
content, all V appears to be present in four-coordination with one non-bridging oxygen.
Lithium-7 two- dimensional exchange spectroscopy is used to estimate the timescale of
lithium cation mobility.

* E-mail : pedro.aguiar@cea.fr
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CRYSTALLIZATION STUDY OF Y2O3-Al2O3-SiO2 GLASSES
S. Alahraché1,2,*, J. Lambert1,2, M. Allix1,2, E. Véron1,2, S. Ory1,2, G. Matzen1,2
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France
2

Université d'Orléans, Avenue du Parc Floral, BP 6749, 45067 Orléans cedex 2, France

The choice of a convenient glass as well as the study and the control of the crystallization
stage are essential to obtain a glass-ceramic with the required properties. In this work, we
aim to elaborate an Y3Al5O12 (YAG) glass-ceramic.
By using an aerodynamic levitator equipped with a laser heating system, an Y2O3- Al2O3
glass with less than 5 % wt in SiO2 was prepared. When doped with cerium oxide and
annealed at 900°C, this glass becomes a transparent glass-ceramic with interesting
luminescence properties under UV excitation. The formation of only one crystalline phase
(YAG) was detected by XRD. In situ high temperature XRD analysis was carried out on the
glass to follow the evolution of the crystallization during the heat treatment. By means of SEM
and after etching the glass-ceramic by HF, it was possible to reveal the YAG crystals and
consequently to determine their average size and its evolution during the heat treatment. The
activation energy for crystallization was determined as well as the Avrami exponent. The
latter is equal to 2.66 which corresponds to three-dimensional crystal growth with a constant
nucleation rate. The influence of various nucleant agents (TiO2, ZrO2 and TiO2-ZrO2) was
studied and the optimal nucleation treatment (for maximum crystallization with keeping
transparency) was determined.

* E-mail : salaheddine.alahrache@cnrs-orleans.fr
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FABRICATION OF WOLLASTONITE GLASS – CERAMIC SCAFFOLDS
D. Abadkar, P. Alizadeh*
School of Engineering, Tarbiat Modares University, Tehran, Iran

Bioactive scaffolds for tissue engineering were synthesized using a glass which belongs to
the SiO2 - CaO - Na2O - Fe2O3 - WO3 system. The glass was prepared by a traditional
melting – quenching route that was grounded in wet media at different times (1h, 1.5h, 2h,
2.5h & 4h) to obtain powders of specific size that was subsequently formed and were heat
treated in different conditions (temperature, heating rate, soaking time).
Optimum physical and structural properties of the glass – ceramic scaffolds were obtained
from a powder produced by 4h of grinding and being pressed afterwards. The final product
was heated at 900°C for 5h with heating rate of 15°C/min.
The resulting biomaterial was characterized by means of X – ray diffraction (XRD), scanning
electron microscopy with EDS, textural properties (porosity, pore size), density
measurements, mechanical test and in vitro evaluations.
The single phase of wollastonite was observed in prepared scaffolds.It was also seen that the
scaffolds have an open and interconnected porous structure with a pore size of about
130µm. The material was soaked in simulated body fluid (SBF) and apatite layer formation
was assessed. In vitro tests showed that the samples had good bioactivity after 7 days.

* E-mail : p-alizadeh@modares.ac.ir
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EFFECT OF THE POLYURETHANE PADS WEAR ON THE POLISHED
GLASS SURFACE QUALITY
N. Belkhir1,*, D. Bouzid1, V. Herold2
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The pad wear is very important concerning the polishing process effectiveness and the
surface quality. The subject of this work is to study the correlation between the tribological
and morphological behavior of the polyurethane polishing pads and the effectiveness and
quality in the precision free abrasive polishing process of glass.
For this study several polishing operations of glass were done using different polyurethane
foam polishing pads. The polishing pads are recovered after polishing to be characterized
using several characterization techniques such as the SEM, the optical microscope and the
mechanical profilometer.
The obtained results show, that the polyurethane polishing pads are relatively resistant to the
wear phenomenon in the first hour of use, but in the same time some changes are seen on
the polishing pads and in their characteristics. The most conspicuous change is the
incrustation of the abrasive grains in the microstructure of the polishing pads which transfer
them to a composite material and consequently the change of their proprieties. However, the
polishing pad effectiveness stays stable for a comparatively long time of use in continue
polishing process.

* E-mail : belnab2002@yahoo.fr
Keywords: glass, surface, polishing
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MICROSTRUCTURAL ANALYSIS OF NANOSTRUCTURED AMORPHOUS
SiGe ALLOYS: NUMERICAL MODELING
R. Ben Brahim* and A. Chehaidar
Department of Physics, Faculty of Sciences of Sfax, 3000 Sfax, Tunisia

Amorphous silicon-germanium alloys (a-Si1−xGex) have known a technological interest
essentially in the photovoltaic domain. Indeed, the addition of germanium in amorphous
silicon leads to a smaller gap allowing more absorption in the solar spectrum and ensures
more efficiency. They present also a fundamental interest which lies in their optoelectronic
properties. Or the microstructure of these compounds controls their optical and electronic
properties. From this fact, we understand the scientific interest devoted to the study of the
microstructure of these alloys. Numerous experimental studies, using extended x-ray
absorption fine structure, x-ray diffraction and anomalous small angle x-ray scattering, have
been reported in the literature with the aim of exploring the microstructure of a variety of aSi1−xGex films. From these studies, we conclude that the microstructure of these alloys is not
yet well defined. Indeed, some research groups think to a homogeneous structure
characterized by a random distribution of germanium atoms, whereas others opt for a
heterogeneous structure at the nanometric scale. Some theoretical studies, based on the
simulation technique, have been also reported, but more effort is needed for a better
understanding of the matter organization in a- Si1−xGex alloys at the nanometric scale. In our
research group we are interested in the study of the microstructure of amorphous silicon and
their alloys [1-4]. In the present communication we intend to present the results of a detailed
microstructural analysis of computer-generated structural models for a- Si1−xGex alloys. Using
a scheme based on decoration of amorphous silicon networks entitled nanoporous
paracrystalline models [4], we have generated relaxed structural models for a- Si1−xGex
alloys. In this work a particular interest has been devoted to the organization of germanium
atoms at the nanometric scale. The analysis of the microstructure of these networks has
been performed via the simulation of their x-ray diffraction data, partial mean bond-lengths,
partial mean coordination numbers and macroscopic density. Comparison with experimental
data has been made, from which a deeper insight into the structural properties of a- Si1−xGex
alloys has been obtained.
[1] A. Chehaidar, M. D. Rouhani and A. Zwick, J. Non-Cryst. Solids 192&193 (1995) 238.
[2] A. Chehaidar, A. Zwick and R. Carles, J. Phys.: Condens. Matter 13 (2001) 10743.
[3] A. Chehaidar, H. Khelifi, J. Non-Cryst. Solids 352 (2006) 3923.
[4] A. Chehaidar and T. Chermiti, J. Non-Cryst. Solids 353 (2007) 1766.
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A NEW NEUTRON DIFFRACTOMETER FOR LIQUIDS AND AMORPHOUS
MATERIALS AT ORPHEE-LLB
B. Beuneu*, B. Homatter, J. Darpentigny
DSM/IRAMIS/LLB, CEA-CNRS, CEA-Saclay, 91191 Gif sur-Yvette France

Neutron scattering is a powerful tool to get insights into the structure of non crystalline
materials. The diffractometer 7C2 is dedicated to the structure of liquids and amorphous
materials. It is located on the hot source of the reactor Orphée at LLB-Orphée (French
national neutron source, Saclay) in order to have access to a large q scattering vector
domain.
A complete redesign of the detection device is in process and will result in a new instrument.
We will change the present BF3 banana detector for an assembly of 256 vertical position
sensitive detectors (PSD) in order to increase both the efficiency of the detector and the
detection solid angle.
The PSD tubes, 500mm high, are grouped on modules of 8 pairs with the corresponding
electronics boards, constituting a very modular detection device, with an easier maintenance.
The tubes are filled with 3He under high pressure (30b) and are about 4.5 times more
efficient. The detection solid angle increases by a factor 5.5.
Therefore the counting rate will be increased by a factor about 25, keeping an asset of 7C2
which is to acquire the whole q range signal in one run.
This will make 7C2 much more powerful, make 0.058nm measurements easy, and open it to
new fields (small samples, extreme environments, ).
The project characteristics and schedules will be presented.

* E-mail : brigitte.beuneu@cea.fr
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BENEFITS OF THE THERMALLY STIMULATED LUMINESCENCE IN THE
STUDY OF RADIATION-INDUCED COLOUR CENTRES IN YTTERBIUMDOPED SILICA-BASED OPTICAL FIBRES
F. Mady, M. Benabdesselam, W. Blanc*, B. Dussardier
University of Nice-Sophia Antipolis, LPMC, CNRS UMR 6622 Parc Valrose, 06108 Nice

Ytterbium-doped silica-based optical fibres (YDF) are of interest in a large variety of
applications (medicine, space communications...) requiring very high output power laser
sources at 1µm. The amplifying performances of YDF are damaged due to the high
inversion rates of Yb3+ ions achieved by the pump (photo-darkening [1]), and possibly by
radiations of the harsh environment where they are operated, as e.g. in space (radiodarkening [2]). Both darkening effects are indeed responsible for the formation of colour
centres which absorption bands spread from UV up to visible with significant tails at the nearIR pump and gain wavelengths. So far, radiation-induced centres in silica optical fibres have
been investigated by absorption measurements or photoluminescence-like methods [3]. Our
work aims at demonstrating the benefits of the thermally stimulated luminescence (TSL) in
elucidating the darkening mechanisms. TSL is a well known technique that has been used for
decades in solid- state dosimetry or dating. Its application to the study of radiation damage in
silica fibres is nevertheless very original and will be shown to be fruitful.
Due to electronic excitation, irradiation is responsible for changes in the redox state of traps,
dopants or pre-existing optically active centres. These changes can contribute to excess
optical losses. TSL precisely reveals those centres that have undergone such alterations. It
not only detects emitting centres, but also has the crucial advantage of showing nonluminescent defects that can be involved in the radiation-induced absorption.
By considering samples of ytterbium-doped silica glass from fibre preforms, we will show how
TSL allows direct comparison between colour centres created by X-ray, UV light (at several
wavelengths) and by the visible radiation of an Ar+ ion laser. This comparison will lead us to
propose plausible darkening mechanisms with related models.
[1] J.J. Koponen et al., Appl. Opt. 47 (2008) 1247
[2] B.P. Fox el al., Proceedings of SPIE, 6453 (2007) 645328
[3] B. Tortech et al., J. Non-Crystal. Solids 355 (2009) 1085.
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FUNCTIONALIZATION OF CERAMIC TILE SURFACE BY SOL-GEL
TECHNIQUE
F. Bondioli1,*, A. Corradi1, A.M. Ferrari2
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The aim of this investigation was the surface functionalization of industrial ceramic tiles by
sol-gel technique to improve at the same time the cleanability of unglazed surfaces. This
objective was pursued through the design and preparation of nanostructured coating that
was deposited on polished unglazed tiles by air-brushing. In particular TiO2-SiO2 binary film
were prepared by using tetraethoxysilane and titania nanoparticles as precursors. The
obtained films were fully characterized to mainly evaluate the effect of the thermal treatment
(temperature range 100-600°C) on scratch resistance, cleanability and photocatalicity of the
coatings. The titania- based films are transparent, do not modify the glossy of the uncoated
tiles and show a good adhesion. The higher performance was obtained with film thermal
treated at 600°C with a 5 wt% titania content that show the higher condensation degree of
TEOS as determined by FTIR. The surface photocatalicity were optimized with the higher
thermal treatments (200, 400 and 600°C) even if photodegradation process is clearly affected
by the sample surface roughness.

Support from Prin2007 project “Made in Italy in the ceramic industry for building use.
Nanopowders and nanotechnologies for the aesthetic innovation and functionalization of the
ceramic surfaces” (20073MZALE)

* E-mail : federica.bondioli@unimore.it
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resistance; self cleaning
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SUB-WAVELENGTH LUMINESCENT STRUCTURES INDUCED BY ULTRASHORT IR LASER IN A SILVER-CONTAINING GLASS
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D. Caurant4, L. Binet4, J. Choi5, M. Richardson5, T. Cardinal1
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Direct Laser Writing using femtosecond laser pulses has attracted considerable attention
because it is extremely useful for the fabrication of photonic materials, especially in vitreous
materials in which different photo-induced structures have been reported including
waveguides, optical couplers, gratings and holograms.
In the present work, we managed to obtain photo-induced luminescent nano- structures with
a very low refractive index variation (∆n<10-3) in a phosphate and zinc glass containing silver
using a femtosecond IR laser [1]. Indeed this approach enables 3D-patterning of the glass
below the optical diffraction limit.
The irradiation results in the formation of a ring structure which exhibit original luminescence
properties. The ring-shaped luminescent structures are assigned to Agmx+ silver nanoclusters
and lead to a broad emission band between 400 nm and 800 nm. The parameters of the ring
determined by confocal fluorescence imaging (diameter and width) are fixed by the focusing
and laser parameters (number of pulses, irradiance, dosage). The luminescence properties
of the photo-induced structures will be shown including lifetime decays, excitation and
emission spectra. EPR spectroscopy has been carried out in order to determine the different
trap centers formed in the glass and the mechanism at the origin of the cluster formation.
The chemical analysis of the structures has been performed by EPMA. Small variations of
the silver element concentration appear across the laser spot. The persistence of such a
depletion zone after exposure evidences the migration of silver ions during the writing
process. The depleted area exhibits second harmonic generation. Selective acid etching has
allowed the observation and the analysis of the photo-induced structures using AFM and HRSEM. Systematic studies have been carried out in order to evaluate the effect of the silver
concentration and the glass composition on the photo-induced structure. The composition of
the glass affects strongly the formation of the clusters and their stability. Different glass
systems have been investigated in order to establish relevant correlation between the ring
formation and its stability with respect to the glass composition and its structure.
[1] M. Bellec, A. Royon, B. Bousquet, K. Bourhis, M. Treguer, T. Cardinal, M. Richardson and
L. Canioni, 17(12), (2009) 10304
* E-mail : bourhis@icmcb-bordeaux.cnrs.fr
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LASER-INDUCED STRUCTURAL CHANGES IN GeO2-GLASSES
L. Bressel1,*, D. de Ligny1, S. Juodkazis2, V. Martinez1
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Laser pulses can produce structural changes inside transparent materials within the focal
volume of the laser. This can result in a modification of the refractive index, crystallization,
modification of coordination number due to pressure or change of fictive temperature. The
use of femtosecond lasers is therefore a powerful tool for the fabrication of optical devices
like wave guides. The modification depends on several parameters like pulse duration, pulse
energy or the repetition rate. Each pulse generates a shock-wave in the material which will
result in a compression of the surrounding region. Additionally while impacting a spot of the
sample with several consecutive laser pulses the surrounding material is heated due to better
absorption of the defects leading to modified regions bigger than the laser focal volume. A
profound understanding of these processes is therefore important for precise fabrication of
optical devices.
We studied with confocal Raman spectroscopy, the structural changes of a pure GeO2-glass
which has been impacted by laser pulses of 150fs at λ = 800nm. One area of the glass was
impacted with single pulses side by side the other area with several pulses on the same spot.
The comparison of the treated and non-treated regions showed for both areas peak shifts
and intensity changes in the Raman spectra. The borders between the two regions are very
sharp and can be well determined. Single pulse treated regions showed band narrowing
indicating beginning crystallization while several pulses lead to modified spots which are
bigger than the focal volume. Results concerning coordination, pressure or fictive
temperature changes will be presented.
Fig. 1: a) area of the GeO2-sample
which has been impacted with single
laser pulses; b) area of the GeO2sample which has been impacted
with several laser pulses; c) area of
the 520cm-1-Raman band in area b)

* E-mail : bressel@pcml.univ-lyon1.fr
Keywords: femtosecond laser modified pure GeO2-glass, structural changes, fictive
temperature
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NOVEL STRUCTURAL MODELING TECHNIQUES FOR AMORPHOUS
MATERIALS
B. Cai1, A.L. Goodwin2, D.A. Drabold1,*
1

Department of Physics and Astronomy, Ohio University, Athens, Ohio 45701 USA
2
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In this talk, we discuss two novel approaches to structure determination. First, we apply the
recently proposed RMC+INVERT method[1] to model glassy GeSe2, using the partial paircorrelation functions of Petri, Salmon and Fischer[2]. The RMC+INVERT approach requires
only experimental data and an assumption of local homogeneity: each distinct atomic
environment should exhibit similar pair corrélations. The method has been previously shown
to yield much improved models for solid C60, a-Si and a-SiO2[1]. Here, we compare models of
g-GeSe2 made in various ways, and contrast these to the INVERT+RMC results. We also
describe our recent attempts to use electronic information as a means to form models of a-Si.
Preliminary results show that an RMC+INVERT strategy using electronic rather than
structural information does lead to tetrahedral order in a-Si, starting from a random initial
configuration. These calculations are slow owing to the need to employ an ab initio
Hamiltonian with Monte Carlo, some schemes for improving the efficiency of the method are
discussed.
[1] M. J. Cliffe, M. T. Dove, D. A. Drabold and A. L. Goodwin, Phys. Rev. Lett (published Mar.
2010)
[2] I. Petri, P. S. Salmon and H. E. Fischer, Phys. Rev. Lett. 84 2413 (2000)

* E-mail : drabold@ohio.edu
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AN X-RAY ABSORPTION SPECTROSCOPY STUDY OF FeCo ALLOY
NANOPARTICLES EMBEDDED IN ORDERED CUBIC MESOPOROUS
SILICA (SBA-16)
D. Carta*, A. Corrias, G. Navarra
Dipartimento di Scienze Chimiche, Università di Cagliari, S.P. Monserrato-Sestu Km 0.700, I- 09042
Monserrato, Cagliari, Italy

Catalysts formed by active nanoparticles dispersed in an ordered mesoporous templated
support are very interesting for the oriented growth of carbon nanotubes (CNTs), which are
very attractive materials for their peculiar chemical, electronic and mechanical properties.
Until now, the research has been mainly focussed on the preparation of catalysts based on
the ordered hexagonal mesoporous silica support (SBA-15), characterized by a twodimensional array of ordered mesopores. However, the corresponding cubic mesoporous
silica phase, SBA-16, appears to be more promising as a catalysts support since it is
characterized by a three-dimensional ordered network of interconnected pores which
provides better accessibility for reactants. We have recently succeeded in preparing a series
of catalysts for CNTs production formed by a cubic ordered mesoporous silica SBA-16
support with embedded FeCo alloys nanoparticles. The silica matrix is obtained using the solgel technique by controlled self-assembly of a non-ionic surfactant, the triblock copolymer
Pluronic-127, which act as mesostructure directing agent. In order to insert the FeCo
nanophase in the matrix, three different procedures were experimented: co-precipitation, cogelation and impregnation. The structure of the active nanoparticles within the support plays
a key role into the selectivity and activity of the catalyst towards the production of CNTs.
X-ray Absorption Spectroscopy (XAS) techniques, EXAFS and XANES, are ideal for studying
multicomponent dilute and disordered materials since they are element specific and sensitive
to the local structure. Our previous XAS experiments on FeCo– SiO2 aerogels [1] have
shown that the possibility of studying separately the Fe and Co environment is essential in
proving the formation of the FeCo alloy nanoparticles and the presence of additional phases,
such as oxides. Therefore, we have used X- ray Absorption Spectroscopy (EXAFS and
XANES) at the Fe and Co K-edges to study the evolution of the nanophase into the catalyst
support with the aim of identifing the intermediate and final nanophases formed during post
synthesis calcination and reduction treatments, which are carried out in order to obtain the
final nanocomposites.
[1] D. Carta et al., J. Chem. Phys. 127 (2007) 204705.

* E-mail : dcarta@unica.it
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LIGHT SCATTERING IN BINARY HEAVY ALKALI SILICATE GLASSES
(Rb2O-SiO2 AND Cs2O-SiO2)
M. Chligui, A. Canizarès, Y. Vaills, P. Simon
C.N.R.S. – C.E.M.H.T.I.-H.T.-1D avenue de la Recherche Scientifique 45071 Orléans cedex 2, and
Université d'Orléans, 45067 Orléans Cedex 2
miriam.chligui@cnrs-orleans.fr

In this study, we are interested in heavy binary alkali glasses, Rb2O-SiO2 and Cs2O- SiO2, for
a better understanding the specificities of the heavy cations on the silicate network.
More than ten compositions R2O-SiO2 (R = Cs, Rb) between 5 & 36 % have been elaborated
and analyzed. The hygroscopic character of the high-x compositions needs some
precautions but does not preclude vibrational studies. Raman measurements were carried
out in backscattering mode using a Jobin Yvon T64000 spectrometer in triple subtractive
mode for the low frequencies (in the 15 cm-1 to 650 cm-1 region), and Renishaw Invia Reflex
with simple monochromator configuration with Edge filter, for the region from 500 cm-1 to
1300 cm-1.
The spectra deconvolutions show some specific features for these glasses. At low
wavenumbers, a Voigt function must be added in the spectral range of the boson peak region
in cesium glasses, and two such Voigt functions for rubidium glasses, denoting some
localized vibrations of heavy ions in their oxygen surrounding. This has still not been
observed in other binary alkali glasses of silicates, however it was observed in alkaline earth
glasses (BaO-SiO2) [1]. In the immediately subsequent spectral range (50-650 cm-1)
dominated by SiO4 bending modes, the ratio of Cs over Rb Raman spectra is practically
wavenumber-independent for x compositions lower than 10%: this shows that then the
silicate networks and the connections between tetrahedral are practically identical in Cs and
Rb glasses.
In the spectral range of the SiO4 internal stretching modes (around 1000 cm-1), a different
depolymerization behavior of the network between the rubidium and cesium has been
evidenced. Besides this, more macroscopic investigations have been undertaken by Brillouin
scattering, to probe the elastic properties of these glasses from room temperature up to the
Tg range.
[1] Bourgel, C., et al., Molar volume minimum and adaptative rigid networks in relationship
with the intermediate phase in glasses. Physical Review B, 2009. 79: p. 024201.

‐ 128 ‐

MECHANICAL CHARACTERIZATION OF SILVER-DOPED GLASSES BY
NANO-INDENTATION TECHNIQUE
A. Chorfa1,*, M. Hamidouche2, J. Rubio3, F. Rubio3
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In this work, we prepared a silver paw (NO3Ag, Kaolin, glue) with two different
concentrations, and we have spread it on the surface of both types of glass (soda- lime and
borosilicate). The surface of painted glass was subjected to heat treatment to produce, the
diffusion of silver in the glass structure and develop the yellow color. Changing the structure
of glasses by the presence of silver nanoparticles leads to a change of elastic and
mechanical properties of glasses. In this work the technique of nano-indentation was used to
highlight this change. A systematic parametric study has been undertaken. The latter aims to
determine the influence of the concentration of silver and the number of heat treatment
performed on; the micro hardness, elastic modulus and the strain energies of the glasses
studied. Others characterizations were also performed, to estimate; depth diffusion of silver,
the refractive index and color of the treated glasses.

Keywords: Nanoparticles; Glass; Nano indentation; Hardness; Elastic modulus.
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STRUCTURAL INVESTIGATION OF A SiO2-Na2O-CaO-Al2O3-B2O3- MoO3Nd2O3 GLASS BY OPTICAL AND RAMAN SPECTROSCOPIES
N. Chouard1,2,*, D. Caurant1, O. Majérus1, J-L. Dussossoy2, R. BaddourHadjean3, J- P. Pereira-Ramos3
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A new glass composition (HLW glass) is currently under development in France in order to
confine high level waste solutions arising from the reprocessing of high burn- up-UOx type
nuclear spent fuel and also to decrease the number of glass canisters. Compared to the
French R7T7 nuclear glass, this HLW matrix contains higher concentrations of fission
products such as molybdenum and rare-earths that may form crystalline phases like apatite
Ca2Nd8(SiO4)6O2 and powellite CaMoO4 because of their low solubility in the glass [1]. As
these crystalline phases may incorporate actinides by replacing calcium and/or neodymium in
the structure, they may swell and induce cracks due to self irradiation-induced amorphisation.
Moreover, crystal formation may generate a glass depletion in crystalline phases constituents
(i.e. Nd, Si, Ca...) and it may lead consequently to a modification of the glassy matrix
properties (chemical durability, self-irradiation resistance...). A first study already showed
thanks to XRD and SEM that neodymium has a strong impact on the molybdates phase
separation and/or crystallization tendency. In order to describe and understand these
phenomena, the effect of neodymium addition (from 0 to 16 wt.%) on the structure of a
simplified nuclear glass belonging to the system SiO2- Na2O-CaO-Al2O3-B2O3-MoO3-Nd2O3 is
studied by Raman and optical spectroscopies, after different scenarios of melts cooling and
thermal treatments: a fast cooling from the melt (103°C/min) in order to have an
homogeneous glass, a controlled cooling from the melt (1°C/min) which is representative of
the melt cooling rate in industrial nuclear glass canisters, and a thermal treatment of
nucleation (2h at Tg+20°C) and growth (30h at 750°C), which is expected to increase
crystallization.
[1] D. Caurant et al., J. Nucl. Mater. 354 (2006) 143.
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A STRUCTURAL STUDY OF Yb CODOPED FIBER PREFORMS WITH Al
AND P
T. Deschamps1,*, N. Ollier1, T. Charpentier2, C. Gonnet3, A. Pastouret3, E.
Burov3
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One application of Yb-doped glasses is the high-power Yb laser fiber. However, pumpinduced loss mechanism called “photodarkening” is a limiting factor for the lifetime of the
high-power laser fiber. The mechanisms responsible for the induced absorption losses (due
to the creation of color centers) are still under debate despites an abundant literature on the
subject. Different studies demonstrated the influence of the core fiber composition on the
photodarkening, in particular the amount of Al and P play a role [1-2].
One aim of the present study is to investigate in detailed the structure of such glass types.
Thus, three series of Yb-doped fiber performs codoped with Al, P are studied by
spectroscopic methods such as Raman, Electron Paramagnetic Resonance and Nuclear
Magnetic Resonance. In particular, the EPR spectrum of Yb3+ in silica doped performs
showed that the environment of Yb3+ is sensitive to the P content. A more detailed analysis of
the glasses structure by Raman spectroscopy and solid state NMR of 29Si, 27Al and 31P will
be also presented.
[1] S. Unger et al., Proc. SPIE 6890 (2008) 16.
[2] S. Jetschke et al., Optics Express 16 (2009) 15540.
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SYNTHESIS CONDITIONS INFLUENCE ON OPTICAL PROPERTIES OF
BISMUTH-DOPED GLASS AND SOME CONSIDERATIONS ON THE
STRUCTURE OF THE EMITTING CENTERS
B. Denker1, B. Galagan1, I. Shulman1, S. Sverchkov1,*, E. Dianov2
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Bi-doped glasses are of interest for near infrared tunable fiber lasers and wideband
amplifiers. The investigations of the luminescent centers nature in these glasses by nonoptical methods are difficult because their concentration is small. At present day there is a
consensual opinion that the IR emitting centers are some reduced form of Bi3+ ions.
In our previous works [1, 2] we have come to a conclusion that several types of emitting
centers can be formed in the glass. The absorption properties in the visible range are mostly
determined by IR-emitting centers that contain a pair of bismuth ions with common electric
charge +5.
In the present investigation we have shown that the same centers can be also formed in Bi3+doped non-colored glass by γ-irradiation. Bi3+ ions in glass are surrounded by oxygen ions
and do not bond with each other directly. γ-irradiation seems highly improbable to
changeover the position of heavy nuclei. Thus it is reasonable to infer that two Bi ions in the
NIR-emitting center have no direct chemical bond with each other and are likely to be bonded
by bridge oxygen ions.
We have measured the infrared emission saturation in the glass under pulsed 532 nm
excitation and have determined the absorption cross-section of the emitting centers: 4.4×1019
cm2. Using this value we have estimated the concentration of the emitting centers as
3.5×1017 cm-3 for the sample with Bi doping level 1.29×1020 cm-3 synthesized at 1550 oC in
air. Previously we have found that in the concentration series synthesized in these conditions
the amount of the emitting centers was accurately proportional to the square of bismuth
concentrations in a wide range of the doping levels. In order to shift the reaction balance
towards the emitting centers synthesis we have prepared a set of samples in iridium crucible
at 1800 oC in nitrogen atmosphere. In the latter sample set this previously revealed nonlinear
growth slowed when the emitting centers concentration reached 6.3×1018 cm-3 (~5% of the
doping level).
This work was partially supported by RFBR grant #08-02-01054.
[1] B.Denker et al., Appl. Phys. B 95, 801-805(2009).
[2] B.Denker et al., Appl. Phys. B 98, 455-458 (2010).
* E-mail : glasser@Lst.gpi.ru
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SYNTHESIS OF ZnO FROM SUPERCOOLED MELTS AND GLASSES
Y. Dimitriev1,*, R. Iordanova2, M. Hassan1, M. Milanova2
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ZnO belongs to intermediate oxides according to the classical conditions for vitrification.
Depending upon the glass compositions it can function as network-former or as modifier.
Appling high cooling rate compositions containing up to 80 mol% ZnO were vitrified [1]. The
purpose of this study is to control the crystallization of ZnO as a primary phase form nontraditional glasses and supercooled melts. Different transitional metal oxides MoO3, V2O5,
Bi2O3 as well and B2O3 were added in order to decrease the melting temperature. Full
melting between 1250 – 1400 oC of binary and more complicated compositions containing
above 80 mol% ZnO was achieved. Addition of B2O3 (10-20 mol%) improves the glass
formation tendency of the compositions. V2O5 is a better flux as compared to Bi2O3 and WO3.
By fast quenching was obtained glass crystalline materials with ZnO as a main crystalline
phase. Crystallites with micron size dimension dispersed in glass matrix were obtained. The
obtained glass-ceramics are potentional candidates for the preparation of new functional
materials.
[1] U. Hoppe, et al., Z. Naturforsch., 60 (2005) 517
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PREPARATION AND STRUCTURAL CHARACTERIZATION OF Pr3+ and Er3+
CONTAINING-SiO2-P2O5 SOL-GEL THIN FILMS
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This work is focused on obtaining as well as on FTIR and Raman characterization of sol-gel
thin films belonging to SiO2-P2O5-Er2O3 (I) and SiO2-P2O5-Pr2O3 (II) systems. The preparation
of the sol-gel films started from tetraethoxysilane (TEOS) as precursor for SiO2 and
triethylphosphate (TEP) as precursors for P2O5 [1]. The thin films have been obtained by spin
coating technique at three rotation rates: 2000, 3500 and 5000 rpm. The deposition of the
films was performed 24 h, 96 h, 120 h, 144 h and 168 h starting from the preparation instant
of the precursor sols. FTIR and Raman characterization aimed at investigating the structural
changes that occurred in the silicophosphate network in dependence on the spin rate of the
substrate as well as on the time period elapsed since the sol preparation till the deposition
day [2, 3]. This work presents the structural changes induced by Er3+ and Pr3+ ions in SiO2P2O5 network. FTIR spectra recorded in the range 400-4000 cm-1 revealed Si-O-Si, P-O-P
and Si-O-P vibration modes together with OH unit phonons. Raman spectra collected in the
range 100-4000 cm-1 put in evidence stretching, bending and mixed vibration modes specific
for silicophosphate network as well as vibration modes of Er-O and Pr-O units. Thus it can be
concluded that Er3+ and Pr3+ ions in the glass matrix modify SiO2-P2O5 network structure.
[1] C. Fernández-Lorenzo, L. Esquivias, P. Barboux, J. Maquet, F. Taulelle, J. Non- Cryst.
Solids 176 (2-3) (1994) 189-199
[2] S. P. Tung, B. J. Hwang, J. Membr. Sci. 241 (2004) 315-323
[3] Y. S. Kim, R. E. Tressler, J. Mat. Sci. 29 (1994) 2531-2535
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OPTICAL PROPERTIES OF ION-DOPED AND HYDROGENATED
NANOPERIODIC nc-Si/HIGH-k-OXIDE SYSTEMS PREPARED BY
ANNEALING OF AMORPHOUS MULTILAYERED STRUCTURES
A.V. Ershov*, I.A. Chugrov, A.I. Mashin, A.N. Mikhaylov, A.V. Nezhdanov,
D.I. Tetelbaum
N.I. Lobachevski State University of Nizhni Novgorod.23 Gagarin Ave, Nizhni Novgorod, 603950
RUSSIA

Current investigations of silicon nanocrystal (NC) are focused on the preparation of assembly
of Si quantum dots in SiO2 host. An original method was established based on the
preparation of a-SiO/SiO2 superlattices which enables independent control of size, size
distribution, position and density of the NCs [1]. On the other hand, the decrease in device
dimensions has led to the need for alternative, high dielectric constant (k) oxides to replace
SiO2 as the gate dielectric in CMOS devices [2].
In our report the results of investigations of photoluminescence (PL), Raman scattering and
FTIR-spectroscopy of a-Si/high-k-oxide and a-SiOx/high-k-oxide (ZrO2 or Al2O3) multilayered
(up to 70 layers) nanoperiodic (period of 5-20 nm) structures (MNSs) prepared by vacuum
evaporation are reported. The high-temperature annealing (HTA) at 1000-1100 oC results in
formation of Si NCs with sizes 3-5 nm. Raman scattering of annealed MNSs gives evidence
that sizes of Si NCs, which are responsible for visible PL band, are dependent on siliconcontained layer thickness. In comparison with PL of NC in MNSs Si/SiO2 prepared at same
conditions, PL intensity was 10-50 times smaller. The influence of kind of oxide layer material
on MNS PL intensity and spectrum is discussed from the view point of chemical interactions
which lead to the formation of intermediate silicate layers at heteroboundaries of
nanostructure.
Implantation of boron and phosphorus ions and followed HTA results in quenching or
enhancement of different bands of PL. Post-hydrogenation gives rise to enhancement of PL
band (~ 500 nm) caused by radiative defects and/or small Si NCs, and of 750-850 nm band
associated with (3-5 nm)-NCs of Si, as well.
[1] M. Zacharias et al., Appl. Phys. Lett. 80 (2002) 661.
[2] G.D. Wilk et al., J. Appl. Phys. 89 (2001) 5243.
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CREATION OF HIGH BIREFRINGENCE IN A GLASS OTHER THAN PURE
SILICA WITH ULTRASHORT LASER IRRADIATION
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Refractive index modifications induced by tightly focused femtosecond laser inside bulk silica
glasses have been demonstrated since 1996 [1], but birefringence has been observed only in
pure silica associated to nanogratings, or in noble metal nanoparticles contained in
multicomponent glasses related with particle deformation. Here, we present controllable
experimental conditions for inducing strong birefringence in homogeneous silica-based
glasses (32.5Li2O-27.5Nb2O5-40SiO2) with ultrashort laser pulses opening the possibility to
repeat that in any similar glass.
Femtosecond laser-induced birefringence is oriented by the laser scanning as the slow axis
is in the direction of the written lines (Fig. 1a). The magnitude of the birefringence can be
controlled by varying laser parameters. We find out a retardance of 13 nm without
optimization typ. >2 x 10-4 (Fig. 1b) for a pulse energy of 6.6 µJ. This value is larger than the
one we can deduce from typical stress fields. We will report on a systematic study of
birefringence variation according to the laser parameters such as pulse energy (Fig.1b),
writing speed polarization direction and scanning direction [2] etc. and on the topography of
cross-section traces [2]. We are currently studying the mechanism that we will propose at the
conference and the possibility to increase the birefringence further more.
Fig. 1 Lines (two lines per
group) written at same speed
(6 µm/s) and same depth of
focus (180 µm below the
surface) but with different
pulse energy decreasing
from the left to the right from
6. 6 µJ to 0.14 µJ per pulse.
Image (a) taken in crossed
polarizers; Birefringence(red
dots) and retardance (blue dots) (measured by Senarmont compensator) according to pulse energy
as Fig. 1(a).

[1] K. M. Davis, K. Miura, N. Sugimoto, and K. Hirao, Opt. Lett. 21, 1729-1731 (1996)
[2] B. Poumellec, M. Lancry,J.-C. Poulin, and S. Ani-Joseph, Opt. Express 16, 18354-18361
(2008)
* E-mail : Chaxing.Fan@u-psud.fr
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ENCAPSULATION AND INCORPORATION OF LANTHANIDES IN
MESOPOROUS SILICA
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Post-synthesis incorporation of lanthanide complexes in mesoporous silica was achieved.
The analyzed silica samples are formed by amorphous silica walls and ordered pores in a
cubic structure. The long range order of pores in FDU-1 and SBA- 16 type of encapsulated
systems was analyzed by means of Small Angle X-ray Scattering (SAXS). The local structure
features around cerium and europium were investigated by EXAFS (Extended X-ray
Absorption Fine Structure). SAXS results showed that the pores remain ordered after the
encapsulation of the europium and cerium complexes. Rutherford back-scattering
spectrometry (RBS) revealed a much higher Eu encapsulation for the dibenzoylmethane
complex compared to picrate and, with a weight percent similar to the nominal concentration
of Eu set at the synthesis process. The first sphere around Eu depends on the complex and
the second neighbor sphere of functionalized and pristine surfaces of the same complex are
different, indicating local changes due to the functional agent. The solvent does not interfere
on the local structure. The first and second spheres around the encapsulated cerium are
analogous to the pure cerium picrate complex, showing that the encapsulation preserves the
complex properties. For the sake of comparison, in- situ incorporation of Ce in hexagonal
MCM-41 silica was also analyzed and the results show that the presence of Ce does not
destroy the mesoporous ordered silica structure and CeO2 is formed after calcination.
* E-mail : mfantini@if.usp.br
Keywords: mesoporous, silica, lanthanide
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STRUCTURE AND IN VITRO BEHAVIOUR OF TITANOPHOSPHATE
GLASSES
A.M.B. Silva1, 2, R.N. Correia1,2, J.M.M. Oliveira2,3, M.H.V. Fernandes1,2,*
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Recent studies have shown that incorporation of TiO2 in P2O5-CaO glasses can control their
degradation properties thus providing a wide range of potential biomedical applications [1,2].
A glass series with composition x TiO2 • (65 - x) P2O5 • 35 CaO (x = 0 to 30 mol%) has been
studied. In vitro behaviour in SBF (Simulated Body Fluid) and spectroscopic studies were
performed in order to evaluate the effect of structure on the surface reactivity of those
glasses.
Powder glasses were immersed in SBF and kept at 37oC for different times, up to 14 days.
Immersion of glasses showed high degradation rates for compositions with TiO2 ≤ 10 mol%
with a significant decrease in pH, up to values of 2.5. For higher TiO2 contents a stable pH
between 7.0 and 7.6 was observed and a small Ca consumption from the SBF solution was
detected by ICP (Inductively Coupled Plasma) after 1 day.
Raman and 31P MAS-NMR (Magic Angle Spinning – Nuclear Magnetic Resonance)
spectroscopy measurements on glass powders showed that for TiO2-free glass two
phosphate species are identified as Q2 and Q3. Increasing TiO2 content in glass compositions
results in the disappearance of the Q3 and Q2 species and in the formation of, mainly,
pyrophosphate units, Q1. For the calcium titanophosphate glasses with higher TiO2 content
the structure consists of a distorted Ti octahedral linked to pyrophosphate unit through P-O-Ti
bonds. In this glass series the structural cohesion increases with TiO2, although a
depolymerization in the original P-O-P network occurs [3]. The relationship between the
structural characteristics of these glasses and their degradation in SBF is discussed in this
paper. The understanding of the role of the different factors involved in this relationship will
allow further tailoring of glass degradation rates in complex biological systems.
[1] A. M. B. Silva et al., Materials Science Forum, 587-588 (2008) 138.
[2] E. A. Abou Neel et al., Acta Biomaterialia 4(3) (2008) 523.
[3] A. M. B. Silva et al., Journal of the European Ceramic Society, (2009).
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EFFECT OF COMPOSITION AND ENVIRONMENT ON CRACK SELFHEALING IN OXIDE GLASSES
R. Girard1,*, A. Faivre1, F. Despetis1, H. Nonnet2
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Success in designing self-healing materials has important consequences for material safety,
product performance and enhanced fatigue lifetime. For example, solid oxide electrolyser and
fuel cells development is hindered by a lack of long-term durability of seals caused by
cracking induced by thermal expansion mismatch. In these applications, self healing glasses
need to be developed to unsure a reasonable durability of the seal. It is consequently
interesting to better understand and analyse the self healing behaviour of cracks in glass
sealant, and more generally in oxide glasses. Although the process of crack opening has
been widely studied, the driving forces controlling crack healing are not clearly identified [1,2].
Viscous flow is obviously an important parameter but environment has also been observed to
play a crucial role. And it is also evident that residual stresses cannot be ignored.
In this study we analyse by micro-indentation the healing of cracks generated in different
silicate and borosilicate glasses. Healing thermal treatment is performed at temperatures
both above and below Tg in humid and dry environment. Basically, we analyse the shape
and the length of crack as a function of treatment’s time.
Our results confirm that temperature and thus viscosity plays a major role. But although
thermal treatments were realized at the same viscosities for the different glasses and under
the same atmosphere, our results clearly evidence that the healing rate depends on the glass
composition, being faster in the borosilicate glass.
Our results also evidence that water vapour enhanced cracks healing both in silicate and
borosilicate glasses. In the case of borosilicate glass in humid environment, almost complete
healing is observed even 20°C below Tg.
For thermal treatment realized above Tg, we can observe a change in the shape of the crack,
with a spheroidization. This leads us to the conclusion, that surface tension can not be
neglected. In this perspective, we develop a specific device allowing us to measure surface
tension.
[1] B.A. Wilson, E.D. Case, J. of Materials Science 32 (1997) 3163-3175
[2] P. Hrma, W.T. Han, A.R. Cooper, J. of Non-Crystalline Solids 102 (1988) 88-94
[3] K. Kese, M. Tehler, B. Bergman, J. of the Eur. Cer. Soc. 26 (2006) 1003-1011
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INVESTIGATIONS OF THE STRUCTURAL CHANGES OF GLASS
HISTORICAL OBJECTS, DUE TO LONG TERM INFLUENCE OF ORGANIC
POLLUTANTS ORIGINATED FROM MUSEUM SHOWCASES
E. Greiner-Wronowa
AGH- Technical University of Science and Technology, Faculty of Materials Science and Ceramics,
Kraków, Poland

The stage of glass monuments preserved in museum is strongly depends on very local
parameters. In the present work, the degree of deterioration of the XVIII-th c. historical glass
beaker from the National Museum in Kraków has been studied.
To estimate the level of corrosion of historical glass, samples were removed from the original
objects, during the restoration and tested by non-destructive method. Moreover, prepared
glass sensors for this analyzed object category was deteriorated in media at physical
parameters proved in a museum real circumstances. Because organic pollutants have been
lately proved, there are still open questions according their harmful activity on glass. This
paper is mainly focused on them. The chemical structure before and after induced corrosion
processes in formaldehyde solution and acetic acid was examined by FTIR and Raman
spectroscopy. Moreover complementary tests by SEM and EDS were done too. Corrosion
processes were carried out at different gradient of temperature, relative humidity and different
media concentrations. Measurements and induced experiments pointed that degradation was
due to not only concentration of chosen media but long time media activity. Moreover it was
confirmed that very tiny changes in glass surface and glass structure are accelerated by time.
Created new structure could induce new, not expected results.
This information is very important for curators and conservators, because any created glass
changes are responsible for further alteration which is irreversible.
[1] E.Greiner-Wronowa, L.Stoch, Glass Technology Vol.48.C. (2002) 84-92.
[2] E.Greiner-Wronowa et al., Proc of Inter. 9-th Conf. on Art (2008), Jerusalem, ISSN 14354934.
[3] E.Greiner-Wronowa et al., Archaeologia Polona Vol.46.(2008) 317-332.
[4] E.Greiner-Wronowa, A.Pusoska, Annali di Chimica (9-10) (2007) 623-34.
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GLASS BATCH REACTIONS OBSERVED AND MODELLED AT THE
GRANULAR SCALE
J. Grynberg1,*, E. Gouillart1, M.H. Chopinet1, M.J. Toplis2
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The reactive melting of glass raw materials at high temperature has been thoroughly studied
from the point of view of chemical reactions. However, despite its importance in industrial
processes, the physical transformation of the initial packing of grains to a silicate liquid has
not received yet much attention.
Our study focuses on how contacts between grains involved in the first steps of the
transformation of the reactive packing can influence the homogeneity of the final glass. SEM
and EDX observations on samples quenched at intermediate temperatures (750-900°C)
reveal complex interactions such as sticking and breaking up between sand and sodium
carbonate grains, even in the solid state. Image processing allows to characterize
quantitatively the reactive surface between species and the attack of quartz, whereas EDXprovided information on the repartition and the composition of the first liquids allow to
propose a reaction path during the first stages of the melting. Such information at low
temperature provides insights on the fraction of sand grains that is not efficienly attacked.
Experiments on mixtures of quartz, sodium carbonate and calcium carbonate grains heated
to 1300°C, and further image processing on SEM images, reveal than the number of defects
(unmolten grains, bubbles) in the silicate liquid is related to the grains sizes in the initial
packing. A model fed with our observations at lower temperature is proposed to account for
the proportion of defects.

(SEM images) (left) Polished section of a packing of sand grains (white grains) and sodium carbonate
grains (grey grains) heated up to 750°C .. A sodium-rich compound deforms and sticks to sand
grains.. (right) First liquids appear as the result of reactions between quartz and sodium carbonate
above 800°C, forming bridges between sand grains.that move closer due to capillary forces.

* E-mail : julien.grynberg@saint-gobain.com
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PHASE SEPARATION IN BINARY ALKALI SILICATE GLASSES
Y. Vaills1, A.Hodroj1, M.-H. Chopinet2
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Alkali silicate glasses are well known to separate into several phases at low alkali
composition but a very little amount of works have been done to characterize and understand
the microstructuration of the phases, particularly the differences of the two areas one under
the spinodal and the other between the spinodal and the immiscibility dome. By
measurements of the scattered light in the first area, we observed an exponential evolution of
the refractive index inhomogeneities with the temperature. On another hand by the same way
we have shown a linear dependence of the refractive index inhomogeneities with the
temperature in the second area. These results have been corroborated with AFM
observations and there modelisation.

Keywords : alkali silicate glasses, phase separation, spinodal decomposition, light scattering,
AFM
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GLASS FORMATION AND STRUCTURE OF GLASSES IN ZnO-V2O5-WO3
SYSTEM
R. Iordanova1,*, A. Yordanova1, L. Aleksandrov1, Y. Dimitriev2
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The question about the network forming ability of ZnO and possibility to obtain new family
nontraditional glasses with high ZnO content is still debated [1]. The glass formation area in
the ZnO-V2O5-WO3 system was determined by press-quenching method (cooling rate 102
K/s). New original glasses containing between 10 - 80 mol% ZnO, between 5 - 90 mol% V2O5
and up to 30 mol% WO3 were obtained. Characterization of amorphous samples was made
by X-ray diffraction (XRD), differential thermal analysis (DTA), infrared spectroscopy (IR) and
X-ray photoelectron spectroscopy. According to DTA data, the raising of ZnO content leads
to increase of glass transition (Tg) and crystallization (Tc) temperatures. The glasses located
in the central part of the glass formation area possess highest thermal stability (ΔT=Tc-Tg).
On the basis of DTA data after heat treatment of 30V2O560ZnO10WO3 glass a glasscrystalline material containing Zn2V2O7 nanocrystalites was obtained. Quenching of
compositions rich in ZnO located outside of glass formation area resulted in separation of
ZnO crystallites in an amorphous matrix. Structural model of the glasses was suggested on
the basis of IR and XPS spectra. The addition of ZnO to V2O5 causes a transformation of
layered vanadate network to metavanadate (VO5) and pyrovanadate (VO4) one. The network
of glasses with high ZnO conten is build up of ZnOn and isolated VO4 tetrahedra
(ortovanadate structure). It was established that V2O5 along the ZnO are the main glass
formers in this system while the WO3 acts as a modifier.
[1] Y.Dimitriev et al., Phys.Chem.Glasses: Eur. J.Glass Sci.Technol. B 50 (3) (2009) 212
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STRUCTURE AND IONIC MOBILITY IN GLASSES IN ZrF4–BiF3–MF2
SYSTEMS STUDIED BY NMR, IR AND RAMAN SPECTROSCOPY
V. Kavun*, E. Voit, A. Slobodyuk, E. Merkulov, V. Goncharuk
Institute of Chemistry, Far-East Branch of the Russian Academy of Sciences, 690022, Vladivostok,
Russia

Abstract. Ion mobility and structure of a number of new glasses in systems ZrF4–BiF3–MF2
(M = Sr, Ba, Pb) in the temperature range 180–500 K have been studied by 19F NMR, IR and
Raman spectroscopy. The temperature interval in which the fluorine ion diffusion becomes
the dominant form of ion motions is determined by the M2+ cation nature. The conditions
determined a base model of glass structure in systems ZrF4–BiF3–MF2 (M = Sr, Ba, Pb) were
considered. The bismuth polyhedrons can take part in forming of the glass net under such
conditions. By impedance spectroscopy data the studied glasses have rather high ionic
conductivity (σ ≥ 10-4 S/cm, above 480 K).

* E-mail : Kavun@ich.dvo.ru
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ELECTROCHEMICALL SYNTHESIS OF ORGANIC POLYMER GLASS
L. Kolzunova1,*, A. Karpenko2, M. Karpenko1
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Organic acrylic glasses are used in various areas of a science and engineering due to a
successful combination of properties such as optical transparency and high light permeability,
resistance to shock, stability in chemical and biology media, electroinsulating properties, frost
resistance and thermal stability up to 230-250 оС, environmental cleanliness. Traditionally,
organic glass is obtained by extrusion or casting, which have several limitations. Therefore,
the search of alternative methods of its manufacturing is important. It was shown by us that
synthesis of polymethylolacrylamide (PMAA) glass by electro copolymerization (EP) of
acrylamide and formaldehyde with follow cross-linking by N,N’-methylen-bis- acrylamide is
promising. The main advantage of EP method is a single-stage technology, the high speed of
forming sheet glass (3-5 min), the uniformity of the thickness of the layer, as well as the
possibility of regulating the thickness of the glass layer from subject to changing of the EP
conditions. We developed the optimum of monomer composition and EP regime allowing
synthesize of glass with the necessary properties and characteristics. It is established that
PMAA is amorphous (Fig. 1), a colorless and optically transparent (Fig. 2). It has high light
transmittance in the range of 200-1100 nm (Fig. 3, curves 1 and 2). Moreover, the maximum
optical density of the polymer glass belongs to the region below 200 nm, which makes it’s a
very promising material. We observed hypsochromic shift for the initial monomer solution in
EP process (Fig. 3, curves 3 and 4). This shift is due to the partial formation of the soluble
polymer fraction in the volume of electrolyte. Thus, it was shown the principle possibility of
the formation of organic glass with unique optical characteristics, which is hard to reach for
other glasses.

Fig. 1. X-ray of PMAA. Fig. 2. Swollen PMAA film. Fig. 3. UV image of PMAA (1, 2),
monomer solution (3) and the solution after EP (4)
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EFFECT OF SYNTHESIS METHOD ON THE STRUCTURE AND
PROPERTIES OF FAST ION CONDUCTING GLASSES
I. Konidakis*, C.P.E. Varsamis, E.I. Kamitsos
Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, 48 Vassileos
Constantinou Ave., 116 35 Athens, Greece

The properties and structure of silver metaphosphate glass, AgPO3, has been the subject of
numerous investigations over the years, because this glass forms the basis of
multicomponent glasses exhibiting fast ion conducting properties. Recently, it was highlighted
that the method of glass preparation, and especially the handling of precursors in a dry
environment instead of the commonly used laboratory conditions, results in significant
structural and property variations. Namely, glasses prepared under dry conditions exhibit
higher glass transition temperatures and improved ionic conductivity values. To further
investigate the influence of the preparation method on the structure and properties of silver
metaphosphate-based glasses, a series of AgPO3 glasses were prepared by varying
synthesis conditions, and investigated by vibrational and impedance spectroscopy and
differential scanning calorimetry. The present results show that besides the precautions taken
to ensure dry ambient environments, the nature of starting materials, the type of crucible
employed and the melting time play an important role on the properties and structure of the
obtained glasses.

* E-mail : ikonidakis@eie.gr
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A STUDY OF THE THALLIUM ENVIRONMENT IN THALLIUM GERMANATE
GLASS
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Thallium containing glass, which has been used in some optical devices, has a large optical
non-linearity response, comparable with lead (Pb) or bismuth (Bi) containing glasses [1]. This
behaviour depends on the environment of thallium in glass, since the thallium +1 oxidation
state retains a lone pair of electrons after bonding with oxygen in glass, and this can be either
stereochemically active or inactive. Thallium has two different isotopes 203Tl and 205Tl, which
are 29.5 % and 70.5 % abundant respectively and both have strong magnetogyric ratios. In
this work, the changes in the thallium environments in thallium germanate glasses have been
investigated, as a function of thallium content, using solid-state NMR, of both isotopes, at two
different applied fields. The lineshape and linewidth of a thallium NMR resonance are
strongly dependent on several interactions. These include the chemical shift interaction,
which reflects the distribution of the lone-pair, and also on the through-bond or through-space
dipolar interactions between neighbouring Tl nuclei, indirect spin-spin interactions and
coupling to quadrupolar nuclei [2, 3]. Crystals, synthesised from glass of composition 20
mol% Tl2O and 80 mol% GeO2, have also been investigated to determine and understand
these interactions. The results for the glasses show that there are at least two different
environments for thallium: one in which it is asymmetrically coordinated to oxygen (active
lone-pair); and one in which it is more symmetrically coordinated (inactive lone-pair). The
results are comparable with those from a concurrent neutron diffraction study.
[1] J.Yumoto et al., Appl. Phys. Lett., 63 (1993) 2630.
[2] J.F. Hinton et al., Progress in NMR spectroscopy, 20 (1988) 423.
[3] L.W. Panek and P.J. Bray, J. Chem. Phys., 66 (1977) 3822.
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CRYSTALLIZATION KINETIC STUDIES OF Sb2O3 GLASSES BY
DIFFERENTIAL SCANNING CALORIMETRY
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Crystallization of (1-x)Sb2O3-xPbI2 and (1-x)Sb2O3-xZnBr2 glasses was investigated by
Differential Scanning Calorimetry (DSC). These oxy-halide systems present a single
crystallization exotherm peak beyond glass transition temperature Tg and therefore the MehlJohnson-Avrami-Kolmogorov relations could be applied. Non isothermal measurements give
access to the values of Avrami exponent n and apparent activation energy (Ea) of the
crystallization. The Ea value lies between 300 and 600 kJ/mol and increases with increasing
halogenide concentration in both cases. Exponent n also increases with PbI2 and ZnBr2
concentration and it ranges from 2.8 to 3.8 for oxy-iodide system and from 1.1 to 1.7 for oxybromide system. The results are consistent with the stability factors based on characteristic
temperatures. Crystal growth mechanism is discussed in relation to SEM observations.
[1] M. Legouera, P. Kostka, M. Poulain, Glass formation in the Sb2O3–ZnBr2 binary system, J.
Phys. Chem. Sol. 65 (2004) 901-906.
[2] W. A. Johnson, K. F. Mehl, Reaction kinetics in processes of nucleation and growth,
Trans. Amer. Inst. Miner. Mat. Eng. 135 (1939) 416-442.
[3] H. S. Chen, A method for evaluating of metallic glasses from the rates of thermal
transformations, J. Non Cryst. Solids 27 (1978) 257-263.
[4] T.Ozawa, Bull. Chem. Soc. Japan38(1965)1881-1888.
[5] T.Kemeny,J. Sestak, Thermochim. Acta110(1987)113-129.
[6] M. Abramovitz, I. E. Stegun, Handbook of mathematical functions. Dover, New York
(1972).
[7] A. Boutarfaia, M. Legouera, M. Poulain, Nucleation and crystallization in fluoroindate
glasses, Int. J. Therm. Sci. 41 (2002) 157-162.
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LOCAL STRUCTURE OF YTTRIUM, LANTHANUM AND SCANDIUM
ALUMINOSILICATE GLASSES
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Ln2O3-Al2O3-SiO2 glasses (Ln= Y, La, Sc) are model systems for the study of a potential
matrix for long-term storage of nuclear waste. Yttrium, lanthanum and scandium can be used
to simulate trivalent actinides, making it possible to investigate actinide dissolution without
having to handle radioactive samples.
The local structure about Al3+, Si4+ and O2- ions in these glasses has been investigated by
NMR experiments at the CEMHTI [1], but this technique is not enough efficient to study Y3+
and La3+ ions. With Sc3+, preliminary measurements gave usable signals but the results need
to be compared with those obtained with other techniques. To obtain more information on the
local structure, we have performed neutron (ND) and x-ray diffraction (XRD) measurements.
For all samples, we found coordination numbers of 4 and 4.5 for Si-O and Al-O pairs
respectively [2], in good agreement with the NMR results.
The atomic structure about the Ln3+ ions is more difficult to investigate because a single
diffraction measurement gives only the average structure factor and pair correlation function
and, for these systems, Ln-O peaks are either not clearly resolved or very small. The
diffraction experiments have therefore been complemented with x-ray absorption
spectroscopy (XAS) measurements.
In this presentation, we will show structural results obtained on several compositions of
Ln2O3-Al2O3-SiO2 glasses (Ln= Y, La, Sc) with ND, XRD and XAS.
[1] P. Florian, N. Sadiki, D. Massiot, J. P. Coutures, . Phys. Chem. B 111 (2007) 9747
[2] I. Pozdnyakova et al., J. Non-Cryst. Solids 354 (2008) 2038
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MEASUREMENT OF S(q) as q → 0 IN AMORPHOUS Si
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Amorphous silicon is a continuous random network (CRN) tetrahedrally coordinated glass.
Florescu et al. [1] recently conjectured that a tetrahedrally coordinated CRN glass, which also
is “hyperuniform” [2], has substantially larger photonic band gaps than CRN glasses that are
not. A hyperuniform point pattern is one in which the variance of points scales with surface
area rather than with volume, and S(q → 0)=0 the same as in crystalline solids, which are the
simplest form of hyperuniformity. There remains a question regarding the behavior of real
amorphous materials and the relationship between the degree of hyperuniformity and the
band structure. It has been suggested that the band gap properties of real amorphous
materials is related to their degree of hyperuniformity [1].
Our research looks into the nature of a-Si via a highly sensitive measurement of the long
wavelength limit of the structure factor S(q → 0), which can indicate the presence of
hyperuniform ordering. The sample is a relaxed 12.7-µm-thick freestanding pure a-Si
membrane [3] that we measure with intense 17 keV and 9 keV X rays from 0.1 Å-1 < q < 2.4
Å-1 at the Advanced Photon Source. An X-ray cross correlation analysis [4] shows no
correlations within the a-Si. As a result, we derive an upper limit on S(q) as q → 0 of 0.016.
This value is lower than that predicted by a large computer model [5] that shows the structure
factor of a-Si extrapolating to 0.035 ± 0.001. It is intriguing that the experimental value lies
between the computer generated model [5] and the value for a hyperuniform structure [1],
suggesting that present computer models need refining. Further, the measurement indicates
that a sharper first sharp diffraction peak (FSDP) is associated with a shallower scattering
feature near q = 1 Å-1 where this feature may be associated with the longest range ordering.
A sharper FSDP is also associated with lower S(0).
[1] M. Florescu, S. Torquato, P.J. Steinhardt, Proc. Nat. Acad. Sci. USA (2010).
[2] S. Torquato, F.H. Stillinger, Phys. Rev. E 68 (2003) 041113
[3] K. Laaziri, et al., Phys. Rev. B 19 (1999) 13520.
[4] P. Wochner, et al., Proc. Nat. Acad. Sci. USA 106 (2009) 11511
[5] A.M.R. de Graff, M.F. Thorpe, Acta Cryst. A66 (2010) 22.
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SILVER DIFFUSION STUDY IN As2S3 CHALCOGENIDE FILMS
A. Lörinczi*, M. Popescu, F. Sava, A. Velea, I.D. Şimăndan
National Institute of Material Physics, 105 bis Atomistilor str., PO Box MG. 7, RO-077125 Măgurele,
Ilfov, Romania

Alternated heterostructures of Ag and As2S3 have been obtained by vacuum thermal
evaporation onto glass substrates. The effect of the cold tungsten-halogen lamp spectra on
the sandwich structures prepared in two configurations has been followed. The XRD peaks of
the initially formed crystalline phases have vanished upon irradiation with the tungstenhalogen light. The photo-diffusion of the Ag in the As2S3 matrix has been characterized by
monitoring the diffusion front’s evolution for different illumination times. A structural model of
the As2S3 matrix and its interaction with the doping Ag is proposed, in order to contribute to
the understanding of the complex phenomena which may occur upon the silver diffusion
process in this glassy matrix, such as interatomic or molecular bond reconstruction and
nanoscale phase separation.
[1] J. Bicerano and D. Adler Pure & Appl. Chem., Vol. 59, No. 1, pp. 101-144 (1987).
[2] H. Jain, A. Kovalskiy, A. Miller J. Non-Cryst. Sol. 352, 562–566 (2006)
[3] J.K. Christie, S.N. Taraskin and S.R. Elliott Phys. Rev. B 70, 134207 (2004)
[4] M. Popescu, F. Sava, A. Lörinczi J. Optoelectron. Adv. Mater., Vol. 6 (3) 887-890 (2004)
[5] D.G. Georgiev, P . Boolchand, K.A. Jackson Phil. Mag., Vol. 83 (25) 2941-2953 (2003)
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SODIUM FLUORIDE SOLUBILITY AND LIQUID-LIQUID PHASE
SEPARATION IN PHOTO- THERMO-REFRACTIVE GLASS
G.P. Souza1, V.M. Fokin1, E.D. Zanotto1, J. Lumeau2,*, L. Glebova2, L.B.
Glebov2
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Photo-thermo-refractive (PTR) glass demonstrates a refractive index change after UV
exposure followed by heat treatment resulting from the precipitation of nanocrystalline NaF
that allows phase holograms to be permanently recorded in the glass [1]. Photo-thermocrystallization was discovered 60 years ago, and optical elements based on PTR glass have
been produced for the past decade. However, the detailed crystallization mechanism in PTR
glass is largely unknown. In the present paper, the solubility of NaF in PTR glass was
estimated via measuring the equilibrium volume fraction of crystallized NaF as a function of
temperature [2]. The temperature above which all NaF originally contained in the parent glass
remains dissolved in the melt, and that below which all NaF is crystallized, were determined.
We also demonstrated that liquid-liquid phase separation (LLPS) - amorphous droplets
embedded in the matrix glass - appears concurrently in PTR glass over a wide range of
temperatures. The critical immiscibility temperature is 925oC. The droplet phase is richer in
SiO2, rendering the glass matrix a lower glass transition temperature. The substantial change
in the original glass composition resulting from LLPS, as well as NaF solubility in the glass
should play an import role in NaF crystallization kinetics, and therefore must be tackled for
the overall understanding of the crystallization mechanism underpinning the refractive index
change. Redesigning and optimization of thermal processing parameters and composition of
PTR glass strongly rely on glass chemistry issues, such as those addressed in the present
study aiming at the improvement of optical elements based on this glass.
[1] L. B. Glebov, ‘‘Photochromic and Photo-Thermo-Refractive (PTR) Glasses’’; pp. 770–80
in Encyclopedia of Smart Materials. Vol. 2, Edited by M. Schwartz. John Wiley & Sons, New
York, 2002
[2] 20. V.M. Fokin, G.P. Souza, E.D. Zanotto, J. Lumeau, L. Glebova, L.B. Glebov, "Sodium
Fluoride Solubility in Photo-Thermo-Refractive Glass", Journal of the American Ceramic
Society, In Press (2009)
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STUDY OF COMPLEX SILICATE MELTS AND GLASSES OF GEOLOGICAL
INTEREST BY X-RAY ABSORPTION SPECTROSCOPY, TIME RESOLVED
X-RAY DIFFRACTION AND MOLECULAR DYNAMICS SIMULATIONS
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Mg-rich silicate materials are the major components of the Earth, from the very first stage of
its formation to Archaean age. In this study, we focus on two different systems: CI and
enstatite chondrites which, according to recent studies could be the building blocks of the
Earth, and komatiites which are high-temperature, Mg-rich lavas typical of the Archaean age.
The main aim of this study is to enlighten the relationship between the composition and
structure of melts and the chemistry and mineralogy of the primitive and current mantle. The
samples consist of a simplified CI chondrite, a simplified composition of the silicate part of an
enstatite chondrite, two simplified komatiites and, for future comparison purposes, a synthetic
basaltic Martian glass EG. Their structure is investigated using Fe K-Edge EXAFS
measurements, time resolved X-ray scattering and Molecular Dynamics (MD) simulations
(DL_POLY code). The EXAFS measurements are performed on the Diffabs beam line at the
Soleil Synchrotron facility and on the SuperXAS beam line at the SLS Synchrotron. The X-ray
scattering experiments are conducted on the ID11 beam line at the ESRF. In order to achieve
containerless melting, an elaborate installation is set up, including a confinement chamber, a
heating laser and a gas operated levitation system. This allows the melting of the material
under controlled atmosphere, using O2, N2 or Ar as the flowing gas. Time resolved X-ray
scattering measurements are performed while controlling the cooling rate, giving access to
the whole thermal history of the samples: in the liquid, during the glass transition and in the
solid state. The experimental structure factors, radial distribution functions and local
environments are compared to MD simulations results.
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INHOMOGENEOUS STRUCTURE OF INORGANIC GLASSES STUDIED BY
RAYLEIGH, MANDEL’SHTAM-BRILLOUIN, RAMAN SCATTERING
SPECTROSCOPY AND ACOUSTIC METHODS.
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General features of inhomogeneous structure of inorganic glasses both simple (glass forming
oxides) and complex compositions (experimental binary, ternary, rare-earth doped,
electrooptic (EO) and commercial optical glasses) are analyzed on the base of results of
combined application of light scattering spectroscopy and high temperature acoustic
methods. Usage of glass composition dependences of Landau-Placzek ratios taken from
Rayleigh and Mandel’shtam-Brillouin scattering (RMBS) spectra and high temperature
acoustics data for glass melts makes it possible to estimate separately the role of “frozen-in”
density and concentration fluctuations in the intensity of Rayleigh scattering (RS) by glasses
[1]. The obtained data opens the way to elaboration of glasses of the highest chemical and/or
optical homogeneity for fiber optics. It was found that Rayleigh scattering by glasses doped
with rare earth, lead, niobium and other heavy metal ions causes excessive RS as compared
to the undoped ones that is explained by their selective entering into concentration
fluctuations of a glass host (the so-called doped ion segregation phenomenon). Thus, RMBS
data allows controlling the real dopant-dopant distances in glasses that are significant for the
elaboration of laser glasses. A new approach has been proposed to interpret vibrational
spectra of oxide glasses as an additive sum of spectral forms belonging to constant
stoichiometry groupings (CSG) that define intermediate range order in binary and ternary
glass forming systems. Comparison of RMBS and Raman scattering data leads to the
conclusion that concentration fluctuations in binary and ternary glass forming systems can be
considered as fluctuations of CSGs. The result can be used for the elaboration of
electrooptical (EO) glasses with minimized RS losses.
[1] J.Schroeder, Treatise on Material Science and Technology, 12, Glass 1 − New York, N.Y.
Academic Press 1977, P.157-222
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DIELECTRIC STUDY AND AC CONDUCTIVITY OF IRON SODIUM SILICATE
GLASSES
F. Salman1, A. Mekki2,*
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A series of (SiO2)0.7-x(Na2O)0.3(Fe2O3)x glass with ( 0.0 ≤ x ≤ 0.20 ) were prepared and studied
by means of ac measurements in the frequency range 20KHz-13MHz at room temperature.
The study of frequency dependence of both dielectric constant and dielectric loss showed a
decrease with increasing frequency. The results have been explained on the basis of
frequency assistance of electron hopping besides electron polarization. From Cole-Cole
diagram the values of the static dielectric constant εs, infinity dielectric constant ε∞,
macroscopic τ, and molecular τm are calculated for the studied amorphous samples. The
frequency dependence of the conductivity obeys a power relation, σac (ω) = Α ω s. The
obtained values of the power s lie in the range of 1≤ s ≤ 1.25.
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NANO-HETEROMOTPHOUS STRUCTURE AND RELAXATION OF
GLASSFROMING AS2S3
V.S. Minaev1,2,*, S.P. Timoshenkov2, V.V. Kalugin2, D.Zh. Mukimov2
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The structure of arsenic sulfide As2S3, melting and glass transition process, as well as
relaxation of the glass at heating is considered from the position of conception of polymeric
nano-heteromorphous glass structure and glass-forming liquid, proposed by V. Minaev [1,2],
and its particular case for the individual chemical substance (ICS) - conception of polymerpolimorphoid structure of non-crystalline substance. ICS in non-crystalline state is a
fragment’s copolymer of different structures of crystal polymorph modifications (PM), without
translational symmetry (long-range order) which characterized by strictly defined
intermediate- and short- range orders inherent to one of the PMs taken part in glass
formation. The glass transition process of As2S3 is a twofold process of copolymerizationdepolymerization: copolymerization of formed in liquid polymorphoids of high- and lowtemperature PM (HTPM and LTPM) and depolymerization of polymorphoids LTPM above Tg
(~ 175°C) and HTPM - below Tg. Changes of external conditions of glass transition process
(cooling rate, temperature and time of glass annealing, etc.) are changing the concentration
ratio of polimorphoids (CRP) of different PMs HTPM:LTPM, which can be measured, for
example, by comparing the Raman spectra of glass and crystal HT- and LTPM.
CRP is an internal parameter of a thermodynamic system of non-crystalline substance and
determines the structure and all properties of matter. A continuum of combinations of the
CRP, resulting from changes of external conditions and time, defines the continuum of
properties of the non-crystalline substance. This substance is a continuum of metastable
states.
[1] V.S. Minaev, Stekloobraznye poluprovodnikovye splavy. – M.: Metallurgia, 1991, 406p. (in
russian)
[2] V.S. Minaev, In: Semiconducting Chalcogenide Glass I. Elsevier – Academic Press.
Semiconductors and Semimetalls. V78. Eds. R. Fairman, B. Ushakov. Amsterdam – Boston
– London. 2004. Pp.139-179.
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ROLE OF PbO CONTENT ON THE STRUCTURE AND PROPERTIES OF
GLASSES IN DIFFERENT OXIDE SYSTEMS
O.C. Mocioiu*, M. Zaharescu
Institute of Physical Chemistry “Ilie Murgulescu”, Romanian Academy 202 Splaiul Independentei,
060021 Bucharest, Romania Tel./Fax:+4013121147

In order to establish the correlation between structure and properties of polycomponent
glasses containing PbO, a study using spectroscopic methods was approached. XRD
patterns confirmed the vitreous state of studied samples. FT-IR spectroscopy in the 400-2000
cm-1 range was used for structural characterization of glasses. Due to the fact that vibrations
of different kind of structural units are overlapping their contribution to the overall structure of
glasses was established by deconvolution of infrared spectra using different software. The
infrared data were compared with data obtained by Raman, UV-Vis spectroscopy and
literature data. The chemical durability in water, alkali and acid solution were determined by
ISO 719/1996 tests and strong influence of the type of structural units on these properties
was noticed. The DTA analyses realized on the glass samples lead to similar conclusions
concerning influence of structure on the thermal properties of glasses. The presence of
[SiO4]4+ tetrahedra bonded in chains has a good influence on the properties of studied
glasses.
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SOLID-STATE NMR INVESTIGATION OF THE ALTERATION OF
PHOSPHATE GLASSES
N. Forler, L. Montagne*, L. Delevoye, G. Tricot, F. Vasconcelos
Univ Lille Nord de France F-59000, Unité de Catalyse et Chimie du Solide, CNRS UMR8181, USTL
F-59655 France

Glasses need to be highly durable for practical applications. In the case of phosphate
glasses, most applications require indeed high durability, e.g. nuclear waste vitrification,
sealing of electronic components, laser optical matrices. However, other applications would
need low durability glasses, e.g. for water treatment, resorbable biomaterials, soil nutrients.
Hence, a better knowledge of phosphate glass alterations is important to improve their
applicability.
We used advanced Solid-State NMR methods to obtain new information on the alteration
mechanism of phosphate glasses. Their degradation by water is indeed closely related to the
connectivity of their network, which can now be probed using homo- and heteronuclear
correlation NMR methods. They were applied to simple binary glass compositions and also to
aluminophosphate compositions.
In a second step, we chose to monitor the glass alteration using 17O NMR in order to obtain
complementary information. Using this isotope, we were able to label and to reveal the
specific sites of attack by the 17O-enriched water molecules. As only part of the data was
available for 17O NMR of hydroxylated phosphates, we prepared 17O labeled crystalline
references of these compounds. In a complementary fashion, we performed ab-initio DFT
calculations to confirm the measured values of the NMR parameters for these compounds.
Finally, the simulation of 17O MQ-NMR spectra enabled to obtain quantitative data and to
evaluate the kinetics of alteration. With this knowledge, we are now able to predict NMR
parameters for unlabelled compounds.
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STRUCTURE AND PROPERTIES OF GLASSES IN ZnO-P2O5-TeO2 SYSTEM
P. Mošner*, K. Vosejpkovà, L. Koudelka
Department of General and Inorganic Chemistry, University of Pardubice, Faculty of Chemical
Technology, 532 10 Pardubice, Czech Republic

TeO2 is only a conditional glass former and melts containing only TeO2 as the networkforming oxide require special fast-quenching methods to vitrify. Nevertheless, in combination
with other network formers like P2O5, glasses with a high TeO2 content can be prepared. In
this contribution 2 compositional series of glasses in ZnO-TeO2-P2O5 system were
investigated: (100-x)[0.5ZnO-0.5P2O5]- xTeO2 (A-series) and 50ZnO-(50-y)P2O5-yTeO2 (Bseries), within the compositional regions of x=0-60 and y=0-40 mol% TeO2. The obtained
homogeneous glasses were characterized by the measurements of density, molar volume,
chemical durability and thermal properties. Their structure was studied by Raman and IR
spectroscopy. Parent zinc phosphate glass (x,y = 0) was colourless. The colour of the other
glasses varied from brown to yellow according to TeO2 content. Glass density linearly
increases with increasing TeO2 content, whereas molar volume steeply decreases. The
chemical durability of the glasses reveals a minimum for the glass with x = 20 mol% TeO2 (Aseries) and a maximum for the glasses where y varies from 10 mol% to 30 mol% TeO2 (Bseries). Thermal analysis revealed that in both series the values of thermal expansion
coefficient increases with increasing TeO2 content. The highest values of glass transition
temperature and dilatation softening temperature were obtained for parent 50ZnO-50P2O5
glass. All studied glasses crystallize on heating within the temperature region of 500-600°C.
The lowest tendency towards crystallization was found for the glasses with composition
40ZnO-40P2O5-20TeO2 and 35ZnO-35P2O5-30TeO2 (A-series). Compounds formed by
crystallization were mostly Zn2P2O7 and TeO2 (paratellurite). According to the Raman and IR
spectra, TeO2 is incorporated in the structural network mostly in the form of TeO4 structural
units, the number of which increases with increasing TeO2 content. The gradual incorporation
of TeOx structural units into the glass structure results in a decrease in the number of P-O-P
bridges, i.e. in the depolymerisation of phosphate chains with the shift in the number of
structural units Q2 → Q1 →Q0.

The authors are grateful for the financial support from the Grant Agency of the Czech
Republic (Grant No.P106/10/0283).
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A NEW TECHNIQUE OF INELASTIC NEUTRON SCATTERING APPLICATION TO THE DYNAMICAL STUDY OF NON-CRYSTALLINE
MATERIALS
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Inelastic neutron scattering measurement with pulsed neutron source is able to provide a
new stage for the dynamical study of non-crystalline materials through a two-dimensional
map of dynamical structure factor S(Q,E) over wide Q-E range. We can easily extract a
series of constant Q or E slices and also the integrations over the arbitrary Q or E ranges
from S(Q,E) map. Recently, we have succeeded in experimentally demonstrating that a
series of S(Q,E) maps with multiple incident energies can be simultaneously obtained by one
measurement[1]. This method reduces the dead time of time-of-flight measurement, and
thus, it markedly increases the measurement efficiency.
In this sense, we are now ready for the breakthrough of scientific activities on non- crystalline
materials by making full use of both high neutron flux realized at Japan Proton Accelerator
Research Complex (J-PARC) and our novel experimental technique. In this study, some
demonstration results on dynamical properties of typical network glass v-SiO2 and superionic
conducting glass LiI-LiPO3, measured by two chopper spectrometers in J-PARC
(4SEASONS and AMATERAS), will be shown. The applicability and its expected contribution
of new experimental technique into the further progress of science will be also discussed.
[1] M. Nakamura et al., J. Phys. Soc. Jpn. 78 (2009) 093002.
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STRUCTURE OF RARE EARTH DOPED CHALCOGENIDE FILMS USED AS
ENVIRONMENTAL SENSOR
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Over the last ten years, there has been a renewed interest in the chalcogenide family of
glasses with and without rare-earth (RE) ion dopants for their potential applications in NIR
and mid-IR fibre and planar optical devices [1]. Because of their potential functionality in NIR
and mid-IR spectral range, chalcogenide glasses are attractive materials in the area of
infrared optics, optical imaging and data storage [2]. Inorganic chalcogenide glasses are
promising candidates for luminescence applications: a low maximum phonon energy
depending on their composition or a high refractive index suggesting high radiative transition
probabilities of rare-earth ions. The low phonon energy of chalcogenide hosts warrants a low
probability of multiphonon relaxation, necessary for efficient Er3+, Pr3+ or Dy3+ doped devices.
However, infrared emissions originating from rare earth ions doped amorphous chalcogenide
films are reported rarely contrary to bulk glass [3]. A key stage in this research area is the
elaboration of thin films with required chemical composition and suitable physical properties.
For preparation of amorphous layers, the pulsed laser deposition (PLD) and the radiofrequency (rf) magnetron sputtering are one of the most efficient and flexible methods. In
order to obtain appropriate films in Ga-Ge-Sb- S (2S2G) system doped with RE ions, the
fabrication of amorphous films and analysis of their physical properties such as chemical
composition, structural organization, and optical properties have been performed. The
morphological characteristics of the films have been characterized and compared for both
methods of deposition without underline great dissimilarity. The photoluminescence of
amorphous Er3+ doped 2S2G films was experimentally observed in NIR and mid-IR and the
decay lifetime of relevant excited levels was recorded depending strongly on the method of
deposition. For amorphous materials such as glasses, a wide range of structural probes
techniques need to be used in order to obtain a coherent structural description. In the scope
of a better understanding of their luminescence properties, our materials were caracterised
using a range of experimental and theoretical tools like EXAFS (Extended X-ray Absorption
Fine Structure), FT-IR and Raman spectroscopies or NMR techniques... A study of the nature
of the atomic structure of these amorphous materials which evidently plays an important role
in their physical characteristics is absolutly necessary for a perfect control of their optical
properties.
[1] J. Lucas, Curr Opin. Solid State Mater. Sci. 4 (1999) 181
[2] A. Zakery et al, J. Non-Cryst. Solids 330 (2003) 1
[3] V. Nazabal et al, Proc. of SPIE 7366 (2009) 73661T
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Ge-Sb-TE THIN FILMS PREPARED BY PULSED LASER DEPOSITION: A
RAMAN AND XRD STUDY
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Phase-change memory materials based on chalcogenides are widely used commercially as
active layers for data storage media. Ge-Sb-Te family is of large interest from the point of
view of currently used optical discs technology and future electrical based memories as well.
One of prospective deposition methods for thin films preparation is pulsed laser deposition
(PLD) being favourable due to its simplicity, easy control of the process, often stoichiometric
transfer of target material to the films and possibility to fabricate films of unusual composition
[1].
In this work, we connect PLD as advanced deposition technique with important inorganic
materials’ (being represented by Ge-Sb-Te thin films) fabrication. We characterize fabricated
layers in terms of the structure in as-deposited state (amorphous phase) as well as in
crystalline state induced by thermal annealing (fcc phase). The structure of pulsed laser
deposited Ge-Sb-Te thin films is revealed using Raman scattering spectroscopy. Observed
features in amorphous layers are discussed and attributed with Sb-Te bonds’ vibrations in
Sb-Te3 units with a contribution of edge-sharing GeTe4-nGen (n = 0, 1, 2) tetrahedra modes
(Raman band at ~150 cm-1). Raman modes at ~130 cm-1 are connected with the A1 mode of
GeTe4-nGen (n = 1, 2) corner-sharing tetrahedra. Raman bands located at ~90 and ~220 cm-1
we rather associate with E and F2 modes of GeTe4 tetrahedra, respectively. Raman spectra
measured on crystallized samples are presented and analyzed as well. XRD technique is
used as an additional characterization tool for the structure determination of as-deposited
and crystallized Ge-Sb-Te thin films, respectively.
[1] P. Němec et al., J. Appl. Phys. 106 (2009) 103509
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STRUCTURE AND MIXING PROPERTIES IN SODA AND ALKALINE-EARTH
SILICATE MELTS
D.R. Neuville
CNRS-IPGP, Géochimie et Cosmochimie, 4 place Jussieu, 75252 Paris Cedex 05, France, email:
neuville@ipgp.jussieu.fr

The configurational properties of melts and glasses provide fundamental information needed
to characterize magmatic processes. A principal difficulty, however is to link the
"macroscopic" configurational entropy with the structure of melts. This has been done by
combining viscometry with Raman spectroscopic structural studies. From the viscosity
measurements at low and high temperatures, we have obtained the configurational entropy,
Sconf (log η = Ae + Be / TSconf, were η is the viscosity, T the temperature and Ae, Be two
constants).
We are using Raman spectroscopy at room temperature between the soda and alkaline-earth
silicate melts. For these compositions, we establish some link between the variation of the
viscosity, the configurational entropy as the function of chemical composition and the Q
species obtained from the Raman spectroscopy. These structural variations are related to the
changes in configurational entropy. It is possible to understand this variation of viscosity and
mixing between Na and (Ca, Sr, Mg, Ba) in silicate melts.

Keywords : melts, structure, properties, mixing
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OPTICAL PROPERTIES SELF-FORMING SILICON NANOSTRUCTURES ON
HOPG AND SAPPHIRE SUBSTRATES
A.V. Nezhdanov*, A.I. Mashin, A.V. Ershov, V.G. Shengurov, A.Y.
Afanaskin
University of Nizhni Novgorod, Gagarina, 23, Nizhniy Novgorod, Russia

Silicon with the structure of a near order differing from tetrahedral structure was received in
the process of studying the influence of annealing in vacuum on this structure and the
properties of amorphous silicon. The new material remained amorphous, however, in
accordance with electro-diffraction research and data of ultra-soft X-ray spectroscopy, the
most part of silicon atoms should be in a sp2-hybrid state in such material. As opposed to
structure of carbon fullerene, the empty silicon cage is astable since sp2-hybridization is
unusual for silicon, but is possible in some conditions. In this work results of surface
morphology, Raman spectra and photoluminescence investigations of silicon nanoclusters
are presented.
Structures have been received by silicon sublimation method in vacuum and electron-beam
evaporation. Highly Oriented Pyrolitic Graphite (HOPG) (0001) and sapphire C orientation
(0001) and R orientation (1102) were used as substrates. Film thickness was 2,5 and 5 nm.
Substrates temperature (Ts=50 – 700С) was varied.
Scanning probe microscope (SPM) in complex Raman spectroscopy “NTEGRA Spectra” was
used for measuring of surface morphology, combination diffusion spectra and samples’
photoluminescence. Raman spectra studied in order to reveal the modification of Si films’
phase composition under the influence of production conditions and of substrate, were
measured within the range of 150-1000 cm-1 with spectral resolution 0.7 cm-1. For the
research the laser with length of wave 473 nm was used. The photoluminescence research
was carried out within the limits 480 – 800 nm.
It is revealed, that there is a substantial shift (~ 10 cm-1) in maximum Raman spike location
depending on substrate type and temperature. It is discovered that if received in sapphire
substrates for the films with the 2,5 nm thickness and substrates temperature 600С on
sapphire with orientation (0001) the spike is observed at 518 cm-1. This can be the evidence
of large nanocrystals within the film, as well as of pressures resulting from the difference
between the substrate and the film.
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RAMAN CHARACTERISTICS OF PHOSPHO-TELLURITE GLASS AS AN
ULTRABROAD RAMAN GAIN MEDIUM
Takenobu Suzuki*, Teruo William Shiosaka, Shohei Miyoshi, Yasutake
Ohishi
Toyota Technological Institute, 2-12-1, Hisakata, Tempaku-ku, Nagoya 468-8511, Japan

Tellurite glasses have attracted much attention as efficient Raman gain media because of the
high peak value and the broad bandwidth of the Raman gain coefficient. The addition of P2O5
is effective for the further broadening of the Raman gain spectra. In this paper we will present
Raman characteristics of phospho- tellurite glass and consider the influence of P2O5 to
tellurite glass by ab-initio molecular orbital calculations.
The glass compositions prepared in this paper was x[80TeO2-10Nb2O5-10MoO3]-(1x)[53.3P2O5-33.3SrO-13.3BaO] (x=0.2-0.7). Fig. 1 shows the Raman spectra. The peaks at
1000 and 1100 cm-1 decreased with x. The origins of these peaks were confirmed by ab-initio
molecular orbital calculation of two models representing TeO2- P2O5 binary glass. The
predicted Raman spectra for models (a) with and (b) without P=O double bond were shown
in Fig. 2 together with (c) observed Raman spectrum of 90TeO2-10P2O5 (in mol. %) glass.
The inlet figure shows a model molecule of the glass and a bond drawn an arrow in the figure
is a P-O single bond or P=O double bond. A significant difference (a) and (b) is the peak at
about 1300cm-1 attributed to stretching mode of P=O. The corresponding peak was not found
in (c). This indicates the absence of P=O in phospho-tellurite glass. Further broadening of the
Raman gain spectra could be realized by optimizing the glass compositions.

* E-mail : takenobu@toyota-ti.ac.jp
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GOLD NANOPARTICLES-BASED GLASS FILTERS: IMMOBILIZIATION OF
GOLD NANORODS ON A GLASS SURFACE
D. Gentili1, M. Comes-Franchini1, M.Montorsi2, G. Ori2,*, C. Siligardi2
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Glasses with optical functionalities are important also for a number of specific technological
applications, such as decorative coatings, catalysis, optical filters, non- linear optical
materials, etc. and therefore such materials have been made for centuries.[1] Different
methods exist in order to provide glasses with very special optical behavior, and metal
nanoparticles represent a widely used solution for this purpose. Noble metal nanostructures
have attracted much interest because of their unique properties, including large optical field
enhancements resulting in the strong scattering and absorption of light.[1] Gold nanorods
(GNRs) are promising nanostructures because of their unique and fascinating anisotropic
optical and physical properties. [1] Longitudinal plasmon resonance (LPR) band of GNRs can
be tuned from the visible to near infrared (NIR) wavelength range by changing their aspect
ratio (length-to-width ratio). [1] The unique optical properties of gold nanorods, which exhibit
tunable absorption as a function of their aspect ratio, suggest that they may have potential
applications in coatings for optical control (filter with gold), as solar radiation control on
windows.[2]
This work demonstrates the feasibility to immobilize GNRs on a solid-support as a glass
slide. Furthermore, the importance of changing the surface chemistry of GNRs[3] has been
demonstrated in view to transfer the peculiar optical properties of GNRs on a solid-state
support as a glass surface in view of optical device-field application prospects.
[1] P. K. Jain, X. Huang, I. H. El-Sayed and M. A. El-Sayed, Acc. Chem. Res. 2008, 41, 1578.
[2] X Xu, TH Gibbons, MB Cortie, Gold Bulletin, 2006, 39, 4, 156.
[2] D. Gentili, G. Ori and M. Comes Franchini, Chem. Commun., 2009, 5874.
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OPTICAL PROPERTIES AND STRUCTURE OF THIN FILMS FROM THE
SYSTEM GeSe2-Sb2Se3-AgI
K. Petkov1,*, G. Vassilev2, R. Tododrov1, J. Tasseva1, V. Vassilev2
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University of Chemical Technology and Metallurgy – Sofia, 8 Kliment Ohridsky Blvd., 1756 Sofia,
Bulgaria, Department of Non-Ferrous Metals and Semiconductors Technology

New chalcogenide glasses from the GeSe2–Sb2Se3–AgI system were synthesized by taking
preliminary prepared GeSe2, Sb2Se3 and AgI in their molecular percentages and melting
them in an evacuated quartz ampoule. The glass forming region was determined by the help
of visual, X-ray diffraction analysis and scanning electron microscopy. Thin films from the
above system were deposited using vacuum thermal evaporation at different conditions on
optical glass substrates BK-7 at a deposition rate - 0.5 nm/s. Using X-ray microanalysis it
was found that the film composition differs in certain degree from the bulk composition.
Optical transmission and reflection measurements were carried out in the spectral range 400
- 2000 nm and the optical constants of films thicker than 200 nm (refractive index, n, and
absorption coefficient, k) and the film thickness (d) were calculated using Swanepoel’s
method. The values of n changed from 2.38 for thin GeSe2 films up to 3.48 for thin Sb2Se3
while the optical band gap decreased from 1.92 eV to 1.29 eV, respectively. After exposure
to halogen lamp (20 mW/cm2) the changes in the optical parameters were negligible. Using
IR spectroscopy it was shown that there is a correlation between changes in the optical
properties of thin films and their structure.
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STRUCTURAL STUDY OF AgI- AND Ag-DOPED As50Se50 BULK
MOLECULAR GLASSES: VIBRATIONAL SPECTROSCOPY AND AB INITIO
CALCULATIONS
T. Petkova1, O. Kostadinova2,3, V. Ilcheva1, A. Chrissanthopoulos2,4, P.
Petkov5, S.N. Yannopoulos2
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Contrary to other chalcogenide materials, binary glasses of the system AsxSe100-x can be
prepared in a wide range of compositions exceeding the stoichiometric threshold for xAs=40
in glasses. A variety of local structural units form over this wide range of glass formation
including AsSe3 pyramidal units at the stoichiometric composition and AsAs3-nSen (n=0, 1, 2,
3) mixed pyramidal units at higher concentrations. Apart from these mixed pyramids that join
together to form a network structure, molecular units of the type AskSem (k=4, m=4; k=4,
m=5; and k=4, m=3) have also been identified in As-rich glasses at high concentrations.
The interest in glasses with high As content, e.g. xAs =50 lies in the fact that the formation of
such glasses implies the formation of homopolar As-As bonds. In addition, when such
glasses are doped with Ag or AgI they acquire superionic conducting properties. The fast ion
conduction in chalcogenide glasses is attributed to their unique structure, which can be
modeled as a mixture of conduction pathways due to mobile Ag+ ions and the rather rigid
chalcogenide network. In order to better exploit and improve their physical properties, a
thorough understanding on the micro- structural arrangement of these materials is needed.
The present work deals with a structural study of the (As50Se50) bulk glasses doped with AgI
or Ag. Structural information about the studied glasses is obtained by vibrational
spectroscopy (Raman, infrared) and scanning electron microscopy investigations. Raman
spectra recorded at off-resonance conditions indicate several structural changes caused by
the incorporation of Ag or AgI into the base glass structure, as evidenced through the relative
intensity changes of very sharp peaks in the doped glasses. However, Ag and AgI seem to
have a distinctive role in the structural modifications they cause. Appreciable structural
changes are also evident from the modifications observed in IR spectra. In this case, Agdoped glasses experience more severe structural changes compared to the AgI-doped
glasses where the form of the IR spectra does not significantly varies with the AgI content. In
contrast, Ag addition causes an enhancement of the high frequency part of the spectral
envelope 220-260 cm-1. In addition, ab-initio and density functional theory calculations were
employed to study the geometrical details and vibrational properties of low-dimensional units
that constitute the structure of the above glasses. Bond lengths and bond angles have been
estimated for mixed pyramids and cagelike units AskSem. The vibrational frequencies of these
units were also calculated and used to identify the large number of sharp peaks in the Raman
spectrum of the matrix (As50Se50).
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ENTHALPY RELAXATION, THERMODYNAMICS AND PLASTIC FLOW OF
Zr41.2Ti13.8Cu12.5Ni10Be22.5 BULK METALLIC GLASS
J.C. Qiao, J.M. Pelletier*
MATEIS, Bat. B. Pascal, INSA-Lyon, 69621 Villeurbanne cedex, France

Bulk metallic glasses present excellent mechanical properties and good process ability.
Consequently, they have been demonstrated as one of the promising materials for fabricating
various micro-devices. In particular, multi-component Zr41.2Ti13.8Cu12.5Ni10Be22.5 (Vit1) bulk
metallic glass shows high glass forming ability, low density and attractive mechanical
properties. There are plenty of works on mechanical properties, obtained by compression,
tension and cracking tests, in Vit1 bulk metallic glass in their as-cast state or in a partially
crystallized state.
Moreover, structural relaxation, especially structural enthalpy relaxation, plays an important
role in the physical properties of bulk metallic glasses. Unfortunately, up to now, no detailed
investigation of the enthalpy relaxation phenomenon and its influence on the plastic flow of
Vit1 bulk metallic glass has been reported. In the present study, the enthalpy relaxation in
Vit1 bulk metallic glass was investigated below glass transition temperature Tg by differential
scanning calorimetry (DSC) at different temperature as well as different annealing time.
Based on physical models, the intrinsic character of the enthalpy relaxation and
thermodynamics of the Vit1 was described systematically.
Deformation of bulk metallic glasses is reported using indentation tests, both in as- cast state
and after partial or complete structural relaxation. The influence of the local mobility is
discussed.
[1] X.P. Tang et al., Nature 402 (1999) 160.
[2] J.M. Pelletier et al., J. Non-Crystal. Solids 325 (2003) 133.
[3] G. Subhash et al., Appl. Phys. Lett. 74 (1999) 3809.
[4] C. Yang et al., J. Mater. Sci. 40 (2005) 3917.
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MIXED GLASS FORMER EFFECT IN LITHIUM BOROPHOSPHATE
GLASSES
B. Raguenet*, G. Silly, A. Pradel, M. Ribes
Institut Charles Gerhardt Montpellier, Equipe Physicochimie des Matériaux Désordonnés et Poreux
(PMDP), CC 1503, Université Montpellier 2, Place E. Bataillon, 34095 Montpellier Cedex 5, France

Borophosphate glasses are known to show the so-called “mixed glass former effect”. Indeed
it has been proved that when two glass formers are present in a glass formulation, the
substitution of one of these glass formers by the other one (with a constant rate of modifier)
could lead to a non linear evolution of some physical properties such as the glass transition
temperature or the conductivity [1, 2]. The purpose of this study is to understand how the
local structure of the glass is involved in this evolution.
The system 45 Li2O – x B2O3 – (55-x) P2O5 (0<x<40) has been investigated. Two series of
compositions have been prepared using two different quenching methods: the classical air
melt-quenching and the twin roller quenching. In the second technique, the material under
study is molten in an inert gas atmosphere and a small droplet falls between two rapidly
rotating rollers. Heat is thus very rapidly dissipated and the method allows achieving cooling
rates of up to 106K/s. Glass films of about 100 micrometers in thickness are then obtained.
With the air melt-quenching method, although X-rays diffraction indicated the amorphous
state of the samples up to 35 mol% of B2O3, SEM images revealed the presence of
nanocrystallites (~300nm) in materials containing 20 mol% of B2O3 and more. The twin roller
quenching was then used to get rid of these crystallites. Actually, even if reduced, the
crystallites are still present in the glass.
A comparative study of these two compounds and those already reported in the literature will
be reported. The influence of crystallites (presence, quantity and size) on the electrical
conductivity has been investigated. A parallel study of the local environment by 31P and 11B
NMR has been carried out in order to explain how the structure can influence the conductivity
properties.
[1] T. Tsuchiya, T. Moriya, J. Non Cryst. Solids, 38/39, 1980, 323
[2] S. Lee, J. Kim, D. Shin, Solid State Ionics, 178, 2007, 375 – 379
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INFLUENCE OF Yb3+ ION ONTO TELLURITE GLASS PHYSICO-CHEMICAL
PROPERTIES
M. Reben1,*, J. Wasylak1, J. Jaglarz2
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The goal of this work was to investigate the influence of rare earth ion Yb3+ on physicochemical properies of tellurite glass from the TeO2-ZnO-PbO-La2O3 system. The thermal
characteristic of tellurite glass Yb3+ doped have been presented. The effect of the glass
crystallization on thermal stability of the glass and crystallizing phases formed upon heat
treatment were investigated by DTA/DSC/, XRD, microscopic methods. The spectral
dependence of ellipsometric angles of the tellurite glass samples, have been studied. The
influence of Yb3+ ion, onto changes of refractive index of tellurite glass (without RE
admixture) were examined. The optical measurements were conducted on Woollam M2000
spectroscopic ellipsometer, in spectral range of 190-1700 nm. Based on obtained results it
can be concluded, that admixtures of Yb3+ ions have the most considerable influence onto
tellurite glasses refractive index raise.
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THE THERMAL STUDY OF OXYFLUORIDE GLASS WITH STRONTIUM
FLUORIDE
M. Reben
AGH-University of Science and Tachnology in Cracow, Facoulty of Materials Science and Ceramics,
al. Mickiewicza 30, 30-059 Cracow, Poland

A thulium (Tm3+) doped oxyfluoride glass ceramic containing SrF2 nanocrystals has been
presented. Transparent glass ceramic were obtained by heat treating the glass from the
SiO2-Al2O3-ZnO-SrF2 system at the first crystallization temperature. Cerammization of glass
was studied by DTA/DSC, XRD and SEM methods. It has been found that nanocrystallization
of SrF2 strongly depends on the ratio between the components and amount of SrF2 doped.
Moreover the rare earth dopant Tm3+ influenced on the thermal properties of glass. The
formation of SrF2 nanocrystals in glass ceramic was confirmed by X-ray diffraction. X-ray
diffraction analysis of the transparent glass ceramic revealed that the SrF2 nanocrystals are
precipitated in the glass matrix. Analysis of the local atomic interations in the structure of
oxyfluoride glass has been used to explain the course of the crystallization.
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BIOWEATHERING OF Mg-BEARING SILICATE GLASSES IN PRESENCE
OF HETEROTROPHIC BACTERIA
S. Rossano1,*, L. Jean-Soro1,2, N. Trcera3, R. Combes1, M. Tarrida1, J.
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Although relatively abundant in Earth materials, the effect of Mg in bioalteration processes is
not well known. In this study, we investigated the biotic vs abiotic alteration processes of
glasses of variable polymerization degree and Mg coordinence [1] (Na2O-MgO-2SiO2, Na2O0.9MgO-0.1FeO-2SiO2, Na2O-MgO-3SiO2, Na2O-0.9MgO-0.1FeO-3SiO2, K2O-MgO-2SiO2,
K2O-MgO-3SiO2). The synthesis of the silicate glasses was performed in a vertical furnace
allowing a fast and reproducible quenching rate and the use of a variable atmosphere (H2, air
or O2). Glasses were prepared either as sections polished down to 3 µm (SEM observations)
or as powders of controlled granulometry (kinetic experiments). The specific area of powders
was characterized by BET experiment using Kr gas. The samples have been bioweathered
by Pseudomonas aeruginosa (Psa) under conditions similar to the natural environment (pH
7.8 and 20 °C). Psa was chosen because it is widespread in nature and because of its ability
to form biofilm on solid surfaces [2]. Two kinds of experiments were performed. (i) Short term
experiments were performed during 14 days without renewal of the growth medium aiming at
the monitoring of the kinetic of glasses element leaching (ii) Long term experiments have
been performed in order to study the rates of dissolution of these glasses in batch mode in
presence and absence of microbial activity. In both cases, Inductively Coupled Plasma
Optical Emission Spectroscopy (ICP-OES) has been used to determine aqueous
concentrations for the calculation of dissolution rates normalized to the initial specific surface
of the studied materials. As expected the alteration was more intense for disilicate glasses
than for trisilicates in biotic and abiotic conditions. Concerning microbial activity, it strongly
modified the leaching kinetic and the solubility of the leached elements expected to
precipitate with the medium compounds. The leached surface was analysed by Scanning
Electron Microscopy- Energy Dispersive Spectrometry, µ-Raman and µ-XANES
measurements at the Mg K-edge.
[1] N. Trcera et al., Phys. Chem. Miner. 36 (2009) 241.
[2] G. Aouad et al., Sci. Tot. Environ. 393 (2008) 385.
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STRUCTURAL AND RHEOLOGICAL MODIFICATIONS IN BOROSILICATE
GLASS ENRICHED IN MOLYBDENUM OXIDE
S. Schuller1,*, D. de Ligny2, B. Penelon1
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At concentrations above molybdenum oxide solubility limit, macroscopic liquid-liquid phase
separation occurs during glass melting, resulting in a borosilicate major phase depleted in
molybdenum oxide and a yellow phase enriched in molybdenum, alkali and alkaline earth
metals. The latter is minor phase but is undesirable in High Level Waste nuclear glass
because it leads to the formation of glass that is no longer macroscopically homogeneous. A
broad range of studies have been conduced to have a better understanding of the
microscopic and the macroscopic phase separation mechanisms coming from the excess of
molybdenum oxide. In-situ Raman spectroscopy and viscosity measurements were carried
out below and above the immiscibility gap on SiO2-B2O3-Na2O-Cs2O-MoO3 glass system to
identify the Mo-O modification and local structural changes on borosilicate network around
molybdenum. These observations are discussed on the basis of experiments performed on
the separated macroscopic phases in which [MoO4]2- groups are concentrated with alkalis,
and a depleted phase in molybdenum oxide. Silicate network connectivity and boron
coordination number changes in glass with temperature during phase separation process are
presented. These modifications are correlated with the rheological and microstructural
behavior at the initial stage of phase separation. The results can be used to elucidate the
mechanisms of liquid- liquid immiscibility occurring during glass synthesis. Relating the
structural and rheological properties of the melt gives new insight on further optimization of
containment glass matrices capable of immobilizing larger amounts of molybdenum oxide.
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RECENT DEVELOPMENTS OF OPTICAL FIBERS FROM HIGH PURITY
CHALCOGENIDE GLASSES
V.S. Shiryaev1,*, M.F. Churbanov1, G.E. Snopatin1, V.G. Plotnichenko2
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The methods of preparation of high-purity As-S, As-S-Se, Ge-Sb-S, As-Se-Te and Ge-As-SeTe glass systems for infrared fiber optics with low content of limiting impurities have been
developed. The methods are based on solidification of glass- forming melts prepared by
melting the initial high-purity elements in evacuated silica ampoule and purified additionally
with chemical and distillation procedures. The impurity content in the best glass samples thus
prepared was equal: hydrogen - <0.02; oxygen - 0.2; carbon - <0.02; silicon - <0.05 ppm;
transition metals - <0.1 ppm, heterophase submicron inclusions - <103 cm-2. The effect of
impurities (oxygen, hydrogen, carbon, sulfur, inclusions) on optical transmission of glasses
was determined. The optical, thermal and crystallization properties of glasses were studied.
The DSC investigations have shown that As2S3, As40S30Se30, Ge25Sb10S65, As40Se40Te20,
Ge10As30Se40Te20, and Ge30As10Se30Te30 glasses are relatively stable to crystallization and
are suitable for the optical fiber fabrication.
Low loss multimode and single-mode optical fibers were fabricated using the double-crucible
method. The fibers protected with polymer coating with ratios of core and cladding diameters
from 1 : 10 to 9 : 10 and average bending strength of 0.4-1 GPa have been manufactured.
The minimum optical losses in multimode As-S, As- Se-Te and As-S-Se glass fibers were
equal to 12-14 dB/km at the wavelength of 3-5 µm, 150 dB/km at 6.6 µm and 60 dB/km at 4.8
µm, respectively. The minimum optical losses in single-layer fibers were: 40 dB/km at 6.7 µm
for As-Se-Te glass system, 300 dB/km at 5.35 µm for Ge-Sb-S glass system and 340 dB/km
at 6.6 µm for Ge26As17Se25Te32 glass system. The correlation between the level of optical
losses in fibers and the content of gas-forming dissolved impurities and heterogeneous
nanosize inclusions in glasses was established.
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SYNTHESIS AND OPTICAL PROPERTIES OF TELLURIUM- GERMANIUMCERIUM OXIDE
L. Dimova1, M. Tarassov1, R. Titorenkova1, R.P. Nikolova1, B. Mihailova2, T.
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Glass formation in the TeO2-GeO2-CeO2 system was investigated and stable glasses with up
to 20 mole-% CeO2 were synthesized. Differential thermal analysis, X-ray diffraction, SEM,
TEM, infrared, Raman scattering and UV–visible spectroscopy were applied to study the
glass transition and crystallization temperature, structural, thermal and optical properties. The
effect of cerium on the density, structural modifications and optical (refractive index, X-ray
luminescence) properties of the glasses has been studied. Evidence is given for the
formation of two new crystalline phases with compositions of ~92TeO2.4CeO2.4GeO2 and
~74TeO2.14CeO2.14GeO2 mole-% (EDAX 9100/70 “Thin mode”) in the 350-450oC range. The
differential thermal analysis, X-ray diffraction and Raman investigations of the
80TeO2.10CeO2.10GeO2 mole-% glass composition show a remarkable thermal stability:
from room temperature to 800oC (e.g. upon melting).
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THE MICROSTRUCTURE OF 2Fe2O3-2ZnO- 3MgO-93SiO2 and 2Fe2O31ZnO-1MgO- 96SiO2 GLASS-CERAMICS
M.G. Ferreira da Silva
Ceramics and Glass Engineering Department, CICECO, University of Aveiro, 3800-193 Aveiro,
Portugal

The aim of this research was to study the 2Fe2O3-2ZnO-3MgO-93SiO2 and 2Fe2O3-1ZnO1MgO-96SiO+ (mol %) glass-ceramics prepared by the sol- gel method. The structure of
glass-ceramics was studied using X-ray diffraction (XRD) and scanning electron microscopy
(SEM). The gel samples were heat treated at 500, 800 and 1000oC. In all the samples ferrite
and hematite nanoparticles were found. The amount of ferrite and hematite present in the
samples depends on the heat treatment temperature and on the amount of MgO and ZnO
present in the samples.
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INFLUENCE OF Ca AND Mg CONTENT ON NETWORK
DEPOLYMERIZATION OF CaO-MgO-Al2O3-SiO2 GLASSES DUE TO
THERMAL EFFECTS
A. Tandia*, D. Vargheese
Corning Incorporated, Corning NY 14841 USA

Relaxation in the glass transition regime is one of the most difficult challenges to be solved
for glass technology. Its mechanism is not well understood, particularly its relation with glass
structure. Because of the known capability of atomic scale modeling to characterize glass
structure with details, we have coupled molecular dynamics with Monte Carlo sampling to
generate the glass structure. We have considered eight different compositions including pure
vitreous silica, an alumino silicate glass, along with six compositions with different [CaO
and/or MgO]/[Al2O3] rations. The quench covers temperatures from 3000K to 300K with
temperature steps of about 150K from 2250K to 600K. We investigated the variation of the
coordination numbers, along with the fraction of bridging oxygen, oxygen tri-cluster and non
bridging oxygen as a function of temperature and composition. The compositions we
consider cover the ranges where the alkaline earth oxides are in deficiency, in equal ratio or
in excess with respect to Al2O3. We added a more detailed characterization by looking at the
different types of oxygen bonded to the network formers as a function of the glass
composition and the temperature. Our analyses show different responses to thermal effects
through the structure depolymerization: Al and Si networks have different responses to
thermal effects depending on the extra constituents in the composition.
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NON-CRYSTALLINE MATERIAL ON THE BASIS OF LOW-MOLECULAR
POLYTETRAFLUOROETHYLENE
A. Tsvetnikov, L. Matveenko, S. Sukhoverkhov
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Among the fluorine-containing materials, polytetrafluoroethylene (PTFE) having a unique set
of properties – high chemical and thermal resistance and exceptional antifrictional and
dielectric parameters – has gained the widest, including large-scale, applications in many
fields of science and technology. The glass formation temperature of PTFE is TG=160K. An
original thermo-gas-dynamic (TGD) method of nanofluoropolymers (FORUM®) generation
based on the thermal destruction of bulk PTFE under special gas-dynamic conditions was
developed in the Institute of Chemistry FEBRAS [1]. PTFE FORUM® is a material consisting
of polymer molecules of various molecular weights. At heating up to 570K the molecules of
molecular weights from 338 up to 1938 transfer into the gas phase (Fig. 1). The remaining
part of PTFE (~75%) melts and, depending on the cooling rate down to 295K, crystallizes
(Fig. 2, 1) or transforms, to a virtually complete degree, to a disordered state characteristic
for polymer glasses with a halo of the non-crystalline phase (2θ ~15-30о) (Fig. 2, 4). The Xray pictures of PTFE samples with an intermediate cooling rate have the crystal peak (2θ
~18о) and the non-crystalline phase halo (2θ ~30-60о) typical for PTFE (Fig. 2, 2,3). The
report presents the results of studies of the PTFE non-crystalline phase.

Fig.1.Сhromatography-mass spectrometry of Fig. 2 X-ray spectrum of PTFE at different
PTFE low-molecular phase up to 570K.
melt cooling rates (4>1).
[1] Tsvetnikov A.K. et al., Patent RF 1775419, MKI5 C08J 11/04/ – 4 pp.
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STRUCTURE OF ALUMINIUM HYDROXIDES OF VARIOUS CRYSTALLINITY
D. Vantelon*, J. Rostaing
Synchrotron SOLEIL, L'Orme des Merisiers, 91192 GIF-sur-YVETTE CEDEX

In soils, aluminium is the most abundant metallic element in the lithosphere. Although
quantitatively important, the biogeochemical cycle of Al is complex and poorly understood [1].
Aluminium enters into the composition of many minerals. Among them, aluminium hydroxides
are frequently found in soils as independent particles or as coatings on minerals and Al(OH)3
solubility controls availability and concentration of Al in surface water that can be toxic for
plants and aquatic organisms [1].
For a pH ranging from 5 to 11, Al(OH)3 precipitates [1]. According to several parameters such
as Al concentration, pH, temperature, (OH)/[Al]t ratio, aging time etc. [2], the structure of this
precipitate may differ. Three crystalline phases have the Al(OH)3 composition which are
gibbsite, bayerite and nordstrandite. They differ in structure only in the way that the double
layers of coordinated OH- and Al3+ are stacked to form the three-dimensional crystal units.
The alumino-gel term is widely assigned to amorphous species with a close chemical
composition and a slight excess of water. Then, all those Al(OH)3 structures do not exhibit
the same solubility and reactivity, and crystallisation of an amorphous phase will not lead to
the same crystal according to its initial structure.
The objective of this work is to determine the process of crystallization of Al(OH)3 from
amorphous aluminium trihydroxides nucleus depending on various physicochemical
conditions, applying TEM, XRD, 27Al MAS NMR, FTIR, Raman and Al K-edge XAS.
[1] Sposito G. (1996) The environmental chemistry of aluminium, Lewis Publishers
[2] K.P. Prodromou, A.S. Pavlatou-Ve, Clays and Clay Minerals 43 (1995) 111.

* E-mail : delphine.vantelon@synchrotron-soleil.fr
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NEW INSIGHT INTO PHASE CHANGE MEMORIES
A. Velea
National Institute R&D of Materials Physics, 077125 Bucharest- Magurele, P. O. Box MG. 7,
Atomistilor str. 105 bis, Romania

The switching mechanism in phase change memories was described on the basis of
minimum switching unit: the commuton.
A commuton is a minimum cluster of atoms that supports a reversible phase change from
high to low electrical conduction state and back under the influence of an external signal.
The switching process in a phase change chalcogenide film was simulated using cellular
automata approach. The formation of percolation lines as a function of phase change
induced in commutons explains the forth and back switching. The relations between the
threshold voltage and percolation characteristics have been discussed.

The process of phase change in commutons has been modeled in Ge2Sb2Te5 by taking into
account the crystallo-chemical properties of the atomic cluster.
[1] M. Popescu, A. Velea, A. Lörinczi, F. Sava, Journal of Ovonic Research, Volume 5,
Number 2, (2009) , 27
[2] A. V. Kolobov, P. Fons, A. I. Frenkel, A. L. Ankudinov, J. Tominaga, T. Uruga, Nature
Materials, 3, (2004), 703
[3] S. Wolfram, “A New Kind of Science”, Publisher: Wolfram Media, (2002)

E-mail : velea@infim.ro
Keywords: Phase change materials, Cellular automata
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HIGH-RESOLUTION SOLID-STATE NMR STUDY OF Ga-DOPED CALCIUM
METAPHOSPHATE GLASSES FOR BIOMEDICAL APPLICATIONS
O. Vernay1, J.-M. Bouler2, B. Bujoli3, P. Janvier3, D. Massiot1, F. Fayon1
1

CEMHTI-CNRS, 45071 Orléans, France and Université d’Orléans, Faculté des Sciences, BP 6749,
45067 Orléans cedex 2, France

2

LIOAD, Université de Nantes – INSERM, UMR INSERM, Faculté de Chirurgie Dentaire, BP 84215,
44042 Nantes Cedex 1, France
3

CEISAM, Université de Nantes -CNRS, UFR Sciences et Techniques, BP 92208, 44322 Nantes
Cedex 3, France

Calcium phosphate glasses, which exhibit high solubility and high biocompatibility and whose
composition is close to that of natural bone, show a great potential for biomedical
applications as temporary implants for bone repair and reconstruction.1 When developing
glasses as temporary scaffolds for the regeneration of hard tissues, the incorporation into the
glasses of agents stimulating bone formation and having antimicrobial effects is of crucial
interest. In this context, the biological activity of gallium may be of therapeutic importance
since gallium is known to have a bactericidal effect and to inhibit bone resorption through
action on osteoblasts.2
In this work, we have characterized the structure of a series of gallium-doped calcium
metaphosphate glasses using high-resolution solid state NMR. In particular, the effect of Ga
addition on the structure of the phosphate network is investigated using 31P and 31P-71Ga
double resonance MAS NMR experiments. The evolution of the local environment and
coordination state of gallium in the glasses as a function of the Ga content is evidenced using
71
Ga MAS NMR experiments performed at very high magnetic field and ultra-fast MAS.
Evolution of the glass structure and quantification of Ga released as a function of the
immersion time in SBF (Simulated Body Fluid) will be also investigated. First results
concerning in-vitro characterization of the antimicrobial effect of Ga-doped calcium
metaphosphate glasses will also be presented.
[1] J. C. Knowles, J. Mater. Chem., 2003, 13, 2395.
[2] L. R. Bernstein, Pharmacological Review, 1998, 50, 665.
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A COMBINED MOLECULAR DYNAMICS, FIRST-PRINCIPLES AND NMR
STRUCTURAL STUDY OF SODIUM SILICATE GLASSES
O. Villain1,*, Th. Charpentier1, F. Angeli2, S. Schuller2, S. Ispas3
1

CEA, IRAMIS, UMR 3229-SIS2M, LSDRM, CEA Saclay F-91191 Gif-sur-Yvette France.
2

CEA, DTCD, SECM, CEA Valrhô, 30207 Bagnols-sur-Cèze, France
3

LVCN – CNRS UMR 5587, Université Montpellier 2, France

Sodium silicate glasses are binary archetypical models of silicate glasses. We present a
structural study of metasilicate glass (40% Na2O) combining experimental NMR results (23Na,
29
Si and 17O NMR) and simulation results. Indeed, it has been shown recently how the
introduction of first-principles calculations of NMR parameters combined with Molecular
Dynamics (MD) simulations yields a very promising quantitative support of the NMR
experiments [1,2,3]. Hence MD simulations are carried out in order to generate few glassy
structural models, used afterwards as input for NMR first-principles calculations. The
calculated NMR parameters are then compared to experimental ones and yield support for
the interpretation of NMR experiments, concerning bond angle distributions, chargecompensation mechanisms, distribution of alkali in glass.
A perspective of this work is the incorporation of transition elements such as molybdenum,
which is present in nuclear glasses. Preliminary Mo NMR results will be shown.
[1] T. Charpentier et al., J. Phys. Chem. B 108 (2004) 4147-4161.
[2] T. Charpentier et al., J. Phys. Chem. C 113 (2009) 7917-7929.
[3] S. Ispas et al., Solid State Sci. 12 (2010) 183-192.

* E-mail : olivier.villain@cea.fr
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INTERMEDIATE-RANGE ORDER AND NEW INTERPRETATION OF OXIDE
GLASSES PROPERTIES ON THE BASIS OF CONSTANT STOICHIOMETRY
GROUPING (CSG) CONCEPT
O. Yanush1,*, L. Maksimov2, T. Markova1
1

2

Saint Petersburg State Technological University of Plant Polymers, Ul. I. Chernykh 4, Saint
Petersburg 198095 Russia

Research and Technological Institute for Optical Material Science, Ul. Babushkina 36-1, Saint
Petersburg 192171 Russia

Based on the vibrational spectroscopy data the new approach has been proposed to
investigate the interactions of initial oxides in melts resulted in so-called constant
stoichiometry groupings (CSG) formation. Vibrational spectra of glasses are interpreted as a
superposition of relatively small number of unchangeable spectral forms belonging to CSG.
The composition dependences of CSG mole fractions afford an opportunity to explain,
calculate and predict compositional dependences of refractive index, density, structural
thermal expansion coefficient (STEC), the fraction of four coordinated boron atoms, Kerr
coefficient and other properties of binary and ternary glasses and even glasses belonging to
glassforming systems with anomalies, i.e. with extremal composition dependence of
properties. Based on the vibrational data for glasses the developed approach allows also
predicting of new crystalline compounds. More than 25 binary and ternary glassforming
systems were carefully investigated using CSG concept.
The advancement of the CSG concept is possibility to design low scattering glasses built
from CSGs of a single type (without concentration fluctuations) for effective Raman
amplifiers. This prediction is justified for numerous silicate, borate, germanate, tellurite and
phosphate glasses investigated, where in some cases the minima of light scattering losses
predicted were lower than those in silica glass.
Analysis of available data on structure and properties of crystals in comparison with glasses
has shown that conventional explanation of “borate” and “germanate anomalies” has
numerous exceptions: double extrema (“the second anomaly”), “anomaly” of silicate crystals
and glasses properties, etc.

* E-mail : O.V.Yanush@inbox.ru
Keywords: glass structure, vibrational spectroscopy, Raman amplifiers.
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FABRICATION AND OPTICAL PARAMETERS OF SILICA BASED OPTICAL
FIBERS WITH CORE DOPED WITH CROMIUM AND ALUMINA OF HIGH
CONCENTRATION
A.N. Abramov1, M.V. Yashkov1, S.S. Balabanov1, V.V. Drobotenko1, A.N.
Gur'yanov1, M.A. Melkumov2, D. Dvoretskiy2, M.N. Kachenyuk3, M.
Torsunov3, A.A. Manenkov4, E.M. Dianov2
1

2

3

4

Institute of Chemistry of High-Purity Substances RAS, tel. (831)462 73 13, e-mail:
yashkovmv@yandex.ru, 49 Tropinin Str., Nizhny Novgorod, 603600, Russia

Fiber Optics Research Centre RAS, tel. (499)503 82 56, fax (499)135 8139, e-mail:
melkoumov@fo.gpi.ru, 38 Vavilov Str., Moscow, 119333, Russia

Recearch Centre of Powder Materials Science of Perm State Technical University. Tel. (342) 23911-99, e-mail: maxx@pm.pstu.ac.ru, 6 Professor Pozdeev Str., Perm, Russia

Prokhorov General Physics Institute RAS, tel. (499)135 79 12, e-mail: manenkov@kapella.gpi.ru, 38
Vavilov Str., Moscow, 119333, Russia

The modified MCVD method is described for fabrication of silica based optical fiber preforms
doped with chromium and high concentration of alumina. To provide a high concentration of
alumina the combined methods were used based on impregnation of alumosilicate porous
layer of core glass by water or alcohol suspension of alumina particles. The particles of two
types were used for impregnation: 1) prepared by the method of mechanical grinding of the
laser crystal Al2O3:Cr3+ (ruby) with average size ~ 1000 nm and 2) synthesized by the
method of self-propagating high-temperature synthesis of Al2O3:Cr3+ composition with
average size ~ 300 nm. Using this technique the optical fibers were produced with
concentration of Al2O3 from 6 up to 29 mol%. The optical losses spectra in the range of 300–
1600 nm and luminescence excitation spectra at 532 nm pump were measured. The
quantum yield of Cr3+ luminescence in fibers obtained was estimated to be ~1%. These type
optical fibers can be considered as a promising material for optical amplifiers and lasers
operating in the range of 600 - 900 nm.
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ORGANIC –INORGANIC HYBRID MATERIALS DOPED WITH RARE EARTH
METALS IONS
E. Zelazowska1,*, E. Rysiakiewicz-Pasek2, M. Borczuch-Laczka3
1

Institute of Ceramics and Building Materials, Glass and Building Materials Div. in Cracow, 30-702
Krakow, ul. Lipowa 3, Poland
2

Institute of Physics, Wroclaw University of Technology, Wybrzeze Wyspianskiego 27, 50-370
Wroclaw, Poland

3

Faculty of Materials Science and Ceramics, AGH University of Science and Technology, Al.
Mickiewicza 30, 30-059 Krakow, Poland

The sol–gel procedure has been shown to be a suitable approach for preparation of the
inorganic and hybrid organic-inorganic network materials doped with rare-earth ions for
interesting optical properties like luminescence, colouration and energy transfer. In this
investigation, silica-based organic–inorganic hybrid materials doped with terbium, europium
and lithium ions have been prepared via the sol–gel process. Tetraethoxysilane (TEOS), and
poly(methyl methacrylate) (PMMA), ethyl methacrylate, butyl methacrylate, ethyl
acetoacetate were used as the inorganic and organic precursors, respectively. The resultant
materials were aged for three weeks at ambient temperature and dried for 3 hours at 80° C.
Scanning electron microscopy equipped with energy dispersive X-ray spectroscopy
(SEM/EDX), Fourier - Transform Infrared Spectroscopy (FTIR, KBr technique), Nuclear
Magnetic Resonance 29Si MAS NMR and X-ray diffraction (XRD) were used to investigate
the morphology and structure of the hybrids obtained. The excitation and emission spectra
were recorded at room temperature using fluorescence spectrometer equipped with a pulsed
xenon lamp as the excitation source. UV-visible absorption spectra were measured with
spectrophotometer. Optical and structural properties of the hybrid materials were investigated
varying composition of organic part and rare- earth ions content. The luminescence
behaviour of the resultant hybrids was dependent mainly on the matrix composition. All the
materials obtained have revealed the characteristic green emission of Tb3+ ion and series of
Eu3+ intra 4f6 yellow-red sharp lines.
[1] R.C.Ropp, Luminescence and solid state, 2nd ed., Elsevier, Amsterdam (2004).
[2] Yan B., j.-Y. You, J. Mater. Process. Technology 170 (2005) 363.
[3] J. Wang, W.S. Brocklesby, J.R. Lincoln, J.E. Townsend, D.N. Payne, J. Non- Cryst. Solids
163 (1993) 261.
[4] Q. Ling, M. Yang, W. Zhang, H. Lin, G. Yu, F. Bai, Thin Solid Films 417 (2002) 127.
[5] E.O. Oh, Y.H. Kim, C.M. Whang, J Electroceram 17 (2006) 335.
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TOTAL SCATTERING OF NEUTRONS BY PbO—SiO2 GLASSES WITH A
HIGH LEAD CONTENT
O. Alderman1,*, D. Holland1, A.C. Hannon2, E.R. Barney2, S. Feller3
1
2

Department of Physics, University of Warwick, Coventry, CV4 7AL, UK

ISIS Facility, Rutherford Appleton Laboratory, Chilton, Didcot, Oxon OX11 0QX, UK
3

Physics Department, Coe College, Cedar Rapids, IA 52402, USA

The system xPbO.(100-x)SiO2 is found to be conducive to glass formation to a much higher
metal oxide content than the analogous alkaline earth silicates, where the glass forming limit
is close to x = 66.7 mol.%, the point at which the silicate network is fully depolymerised. A
recent study [1] has presented 29Si MAS NMR, mass spectroscopic and vibrational
spectroscopic data for the lead silicate glass system over a wide compositional range (33.3 ≤
x ≤ 83.3 mol.% PbO). Strong evidence for the formation of a lead oxide sub-network structure
at ≥ 60 mol.% PbO is provided. In the present study the local and intermediate range order in
the glasses are probed by means of neutron, as well as conventional x-ray, total scattering
measurements, with the aim of elucidating the lead coordination, lead-lead distances, and
the composition at which Pb—O—Pb links are formed. The neutron diffraction data indicate
the existence of two distinct lead-oxygen correlations, with the short Pb—O distance
corresponding to asymmetric trigonal pyramidal units and the longer to either a more
symmetric [PbO6] unit or to a [PbO3+n] unit [2].
[1] S. Feller et al., J. Non-Cryst. Solids (2010), doi:10.1016/j.jnoncrysol.2009.12.003
[2] T. Takaishi et al., J. Am. Ceram. Soc., 88 (2005) 1591

* E-mail : o.alderman@warwick.ac.uk
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MOLECULAR DYNAMICS OF IRON PHOSPHATE GLASSES
B. Al-Hasni*, G. Mountjoy
School of Physical Sciences, University of Kent, Canterbury CT2 7NH, U.K.

The structure of iron phosphate glass has been studied in detail through molecular dynamics
simulations. The current study included compositions of 30FeO-70P2O5, 40FeO-60P2O5,
30Fe2O3-70P2O5 and 40Fe2O3-60P2O5. The structure of these glasses has previously been
studied using the complementary X-ray and neutron diffraction techniques [1, 2]. The
presented models were compared with X-ray and neutron diffraction results, and the models
are in good agreement. As expected the models contains PO4 tetrahedra with P-O
coordination number of 4 and distance of 1.5 Å. The mean Fe coordination number was
around 5 with distance of around 2 Å. The significance of this study is to compare between
two compositions, one of them contains mostly Fe2+, while the other contains mostly Fe3+.
Since the structure of these glasses is complicated due the presence of two oxidation states
of iron, the present models have tried to investigate the different roles of these ions.

[1] Hoppe U, Karabulut M, Metwalli E, Brow RK and Jovari P (2003) J. Phys. Cond. Matter 15
6143.
[2] Wright AC, Sinclair RN, Shaw JL, Haworth RC, Marasinghe GK and Day DE (2006) in 8th
International Otto Schott Colloquium (SGT, Jena, 2006).
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CRYSTALLIZATION AND CHARACTERIZATION OF A PYROXENE GLASS
BASED ON MEXICAN INDUSTRIAL WASTES
A. Alvarez-Méndez*, S. de la Parra-Arciniega, J. Ibarra, L.A. Benavides
Facultad de Ciencias Químicas, Universidad Autónoma de Nuevo León Ave. Pedro de Alba S/N, Cd.
Universitaria, San Nicolás de los Garza, N.L., México

The crystallization behavior of a pyroxene glass ceramic produced from three inorganic
industrial wastes of high production rate generated in northern zone of Mexico was studied
by DTA, XRD, optical microscopy, SEM and HRTEM. The nucleating agent performance of
Sb2O3 versus Cr2O3 and the effect of the particle size upon crystallization were investigated.
A kinetic study was carried out by a non- isothermal DTA technique from which kinetic
parameters, i.e. activation energy for crystallization, Ea, frequency factor, ν, and Avrami
factor, n, were calculated. Also, the maximum nucleation and crystal growth temperatures
have been determined by DTA.
The structural evolution of the crystalline phases precipitated in heat treated glasses was
analyzed by powder XRD, the dominant crystallization mechanism by optical microscopy, the
microstructure by SEM and the lattice parameters by HRTEM.
Furthermore, the chemical resistance and Vickers microhardness of the synthesized
glassceramics were determined.

* E-mail : anabel.alvarezmn@uanl.edu.mx
Keywords: crystallization, pyroxene and industrial wastes.
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INSIGHT INTO PREFERENTIAL CHARGE-COMPENSATION AND
TOPOLOGICAL DISORDER IN BOROSILICATE GLASS
F. Angeli1,*, T. Charpentier2, D. de Ligny3, P. Jollivet1
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The structure of soda-lime borosilicate glass containing zirconium, with variable Zr/Si and
Ca/Na ratios, was investigated by solid-state NMR and Raman spectroscopy. In such
compositions, competition between charge compensators (here, sodium and calcium cations)
can occur for the compensation of tetrahedral boron |BO4]- or octahedral zirconium [ZrO6]2units. Simultaneous analysis of 11B MAS NMR spectra at two magnetic field strengths (11.7 T
and 18.8 T), with constraints arising from MQMAS spectroscopy offered new possibilities for
improving the identification and quantification of the different contributions involved in tri- and
tetrahedral boron coordination. Both NMR and Raman revealed a trend of decrease of the
tetrahedral boron proportion with the Ca/Na ratio or the Zr/Si ratio increasing. This highly
suggests that zirconium compensation takes preference over boron compensation, and that
zirconium and boron are both compensated mainly by sodium rather than calcium. 17O
MQMAS NMR pointed out some mixed non-bridging oxygen (NBO) sites i.e. compensated
with both sodium and calcium cations. A procedure for reconstructing the 3-dimensional NMR
parameter distributions (isotropic chemical shift δiso, quadrupolar coupling constant CQ and
asymmetry parameter η) underlying the MQMAS spectrum is used[1]. Such information gives
insights into the glass topological disorder. It also offers new opportunities for extraction Si-OSi bond angle distribution from the NMR data using correlations between the 17O quadrupolar
interaction and the Si-O-Si bond angle[2].
[1] Angeli et al., J. Non-Cryst. Solids 354, 3713, 2008
[2] Charpentier et al., J. Phys. Chem. C 113, 7917, 2009
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INTERRELATION BETWEEN THE PARAMETERS OF EQUATIONS OF
VISCOUS FLOW AND CHEMICAL COMPOSITION OF GLASSFORMING
MELTS
I. Avramov*, A. Karamanov
Institute of Physical Chemistry, 1113 Sofia, Bulgaria

The temperature dependence of viscosity of two component glass-forming liquids is given by
 Tg α
means of the jump-frequency equation [1,2]: lg η = lg ηA + (13.5 − lg ηA )  .
T

The dependence on composition of the free parameters of this equation, namely: the
13.5
preexponential constant lg ηA , the glass
€ transition temperature Tg (at which viscosity η = 10

[dPa s]) and fragility α, are analyzed using existing experimental data. Certain dependences
of the free parameters on composition, 0<x<0.5, are obtained for silicates (MeiO)x(SiO2)1-x
€
€
and for borates (MeiO)x(B2O3)1-x,, where Mei is one of the metals Li2, Naa, K2 Rb2, Cs2, Pb,
The relations are obtained despite the viscosity data of various laboratories can differ by
more than 50o C (even for simple glass systems [3]). The dimensionless fragility parameter
was described with sufficient accuracy by the expression: α(x)=αo +6x with αo being the
fragility parameter of the pure glassformer (SiO2 or B2O3 ). We find that the glass transition
temperature may be expressed by

Tg ( x ) = 620 +

30
± 20K
x + 0.04

for silicates and by

 512 +1045x ,0 < x ≤ 0.23
Tg ( x ) = 
for borates.
 788 −157x ,0.23 < x < 0.6
€
[1] Avramov I., J. Chem. Phys. 95 (1991) 4439
[2] Avramov I., J. Volcanol. Geotherm. Res. 160 (2007) 165
[3] A. Fluegel, Glass Technol.:Eur. J. Glass Sci. Technol. A, 48 (2007) 13
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GLASS FORMATION AND STRUCTURE OF GLASSES IN MoO3-Bi2O3-B2O3
SYSTEM
L. Aleksandrov1, R. Iordanova1, A. Bachvarova-Nedelcheva1,*, M. AtaaLLa2,
Y. Dimitriev2
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Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, “Acad. G. Bonchev”,
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2

University of Chemical Technology and Metallurgy, 8 Kl. Ohridski blvd., 1756 Sofia, Bulgaria

The purpose of this paper is to study the glass formation tendency in the ternary system
B2O3-Bi2O3-MoO3 and to define the main structural units building the amorphous network. A
wide glass formation area was determined which is situated near the Bi2O3- B2O3 site. A
liquid phase separation region was observed near the MoO3-B2O3 side for compositions
containing below 20 mol % Bi2O3. The glasses were characterized by x- ray diffraction
(XRD), differential thermal analysis (DTA), UV-VIS, infrared spectroscopy (IR) and scanning
electron microscopy (SEM). According to the DTA data, the thermal stability drastically
decreased in glasses with a high MoO3 content. Most of the glasses were transparent in the
visible region. With change of the composition a transformation of glass network takes pace.
The borate glass network is converted to a molybdate one. It was established that in wide
concentration range of Bi2O3, BO4 tetrahedra exist (1050 cm-1) supporting our previous IR
and Neutron diffraction data [1]. MoO3 do not stimulate BO3 to BO4 transformation and acts
as a modifier with isolated MoO4 (870–840 cm-1) groups in the borate glass network. MoO6
units (band at 880 cm-1) and isolated BO3 groups form a molybdate glass network at high
MoO3 content. Different types of microheterogeneities in the two layers of the stable liquid
phase separation were determined, which are typical for other three-component boromolybadate systems [2]. The formation of submicron droplet like particles in the layer rich in
MoO3 was proved. The reason for the complex character of immiscibility phenomena is the
incompatibility of BO3 and MoO6 building units in the amorphous state and absence of
bridging B-O-Mo bonds. The achieved results are directed for the preparation of novel low
melting oxide glasses.
[1] C. Stone et al., Phys. Chem. Glasss 41 (6) (2000) 409
[2] Y. Dimitriev et al., Phys. Chem. Glasses, 44 (2) (2003).
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BONDS AND ANGLES IN A SILICATE GLASS UNDER PRESSURE
M. Bauchy*, M. Micoulaut
Laboratoire de Physique Théorique de la Matière Condensée, Boite 121, 4, place Jussieu
75252 Paris Cedex 05 France

Recently, it has been found that sodium silicates were displaying the same phenomenology
as in network chalcogenide glasses, i.e. a stressed rigid phase for glasses having a silica rich
content, an intermediate phase between 18 and 22% sodium oxide, and a flexible phase for
higher sodium content. In order to apply bond constraint algorithms to this system, a
preliminary question deals with the definition of the sodium environment. We focus on the
latter using Molecular Dynamics Simulations of a NS2 glass. Results show that the sodium
neighbours (bridging and non-bridging oxygens) are not equivalent. Moreover, partial angular
distributions show that the angular excursion of the sodium is much larger than the one found
for atoms having intact bonding constraints. Pressure effects are also presented.

* E-mail : bauchy@lptl.jussieu.fr
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MODIFIED J.M.A MODEL IN GeTeSb CRYSTALLIZATION STUDY
M. Belhadji1,*, L. Heireche1, N. Hakiki1, M. Belbachir2
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Chalcogenide glasses of GeTeSb have been widely employed in the technology used
change optical memory or compact disks and OUM (Ovonic Unified Memory). This property
is based on transformation vitreous-crystal transition. A study of non- isothermal
crystallization for Ge15-xTe82Sbx (0 <x< 5) Ge15.5-xTe84.5Sbx (0.5≤x≤2.5) by differential
scanning calorimetry (DSC) show one and two glass transition temperatures followed by one
and tow crystallization peaks and melting point at 385°C . Effect of thermal study of eutectic
Ge15Te82Sb3 shows the role of tellurium in transition phenomena with a phase separation
during heating. By X.ray diffraction we show that a crystallization process corresponding to
the precipitation of tellurium in the hexagonal form and another phase Te + GeTe, the activity
energy of tellurium crystallisation has been determined under dynamics condition using
Kissinger’s model are 1.8 eV with is in good agreement with modified J.M.A model[1].
[1] L. Heireche, M. Belhadji, Journal of optoelectronics and advanced materials, Vol.11, N°8,
August 2009, p. 1058 – 1066
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CARATERISATION OF GLASS SURFACE DAMAGED BY ALUMINA
ABRASIVE GRAINS
N. Belkhir1,*, D. Bouzid1, F. Lakhedari1, T. Aliouane1, E. Raedlein2
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The quality of an optical glass component is influenced by the presence of surface and
subsurface defects generated by machining processes, especially lapping. The damaged
area is characterized by roughness and layer cracks which contribute to reducing the
component mechanical and optical characteristics. The evaluation of these defects allows the
use of the adequate finishing method.
In this work, we determined the effect of lapping time and the abrasive grain size of alumina
on the glass surface roughness and the depth of the damaged layer. The damaged depth
was characterized using mechanical techniques and microscopic analyses. The obtained
results show an important damage of the glass surface since the first seconds of contact
between the surface and the grains. The lapping time contribute to the propagation of this
damage to attain its maximum and then a rate of material removal is observed to define the
final obtained surface roughness.
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MICROSTRUCTURAL ANALYSIS OF NANOPOROUS AMORPHOUS
SILICA: NUMERICAL MODELING
R. Ben Brahim*, A. Chehaidar
Department of Physics, Faculty of Sciences of Sfax, Tunisia

Amorphous silica (a-SiO2) continues to attract wide scientific interest for its involvement in a
wide variety of modern technologies. It has been the subject of many efforts devoted to
characterize the microscopic physical properties of this material, with both experimental and
theoretical methods. As all materials, the knowledge of the structure of a-SiO2 is an
indispensable prerequisite for understanding its physical properties. Because amorphous
solids lack translational symmetry, the atomic arrangement within such material cannot be
determined directly, and therefore their structure determination must involve the combination
of diffraction experiments and numerical modeling technique. Some X-ray and neutron
diffraction data have been reported for a variety of a-SiO2 films. Some theoretical analyses of
these data have been also reported, using simulation technique based on the famous defectfree continuous random network model. More local experimental techniques such as electron
paramagnetic resonance and positron lifetime spectroscopy have revealed the existence in
the bulk of a-SiO2 films of vacancy-type defects. The effect of these defects on the structure
of a-SiO2 material constitutes the subject of our research activity.
In the present communication we intend to present the results of a detailed microstructural
analysis of computer-generated structural models for a-SiO2 with voids. Using a scheme
based on decoration of amorphous silicon networks entitled nanoporous paracrystalline
models [1,2], we have generated relaxed structural models for a-SiO2 with voids of various
sizes and concentrations. The analysis of the microstructure of these networks has been
performed via the simulation of their X-ray and neutron static structure factors, pair
distribution functions and partial coordination numbers. Comparison with experimental data
has been made, from which a deeper insight into the structural properties of amorphous silica
has been obtained.
[1] A. Chehaidar and T. Chermiti, J. Non-Cryst. Solids 353 (2007) 1766.
[2] De Nyago Tafen and D. A. Drabold, Phys. Rev. B 71 (2005) 054206.
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EFFECT OF THE ZIRCONIUM ON THE DURABILITY OF BOROSILICATE
GLASSES: A STRUCTURAL STUDY
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Chemical durability is one the major studied property of nuclear glass as it governs
radionuclide release and thus the safety of the disposal in which glass packages will be
stored. Among other parameters, glass composition has a significant effect on the alteration
kinetics: elements such as Zr4+ or Si4+ are expected to decrease the alteration rate contrarily
to alkalis or boron.
Here we compare alteration process with the evolution of the Zr environment during the
alteration of 5-oxide glasses (60-xSiO2 - 17B2O3 - 18Na2O - 4CaO - xZrO2) containing 1 to 8
mol% ZrO2. Compared to the glass containing 1 mol% of ZrO2, Zr-rich glasses present a
lower forward rate in de-ionized water. It is concluded that Zr4+ tends to slow down the rate of
hydrolysis of the silicate network in such conditions. At higher reaction progress, silicon and
calcium condensate onto the glass surface forming an amorphous gel layer. This layer acts
as a diffusive barrier against the release of mobile elements, and thus decreases glass
dissolution kinetics. We show that the gel efficiency decreases at pH = 7 when Zr4+ is added
to the glass composition.
In order to try to understand those findings, the structural evolution around Zr in the starting
glasses and in the various alteration gels has been investigated as a function of the pH of the
leaching solution by EXAFS and XANES spectroscopy at Zr K and L-edges. In the pristine
glasses, Zr is in a regular octahedron linked to the silicate network. In the gels, the Zr
environment is mainly influenced by the pH. Zr remains in a regular 6-fold site when glasses
are leached at pH = 9. In the case of the glasses leached at pH = 7 and pH = 1, Zr is found in
a more distorted 6-fold site. Surface sensitive electron detection mode of Zr L-edge XANES,
also detected some contribution from higher Zr coordination near the gel-solution interface
which is responsible for the observed increase of the average disorder around Zr in the
alteration gels formed at pH = 7 and pH = 1.
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ENGINEERED PROPERTIES IN CERAMIZED OPTICAL FIBRES
W. Blanc1,*, V. Mauroy1, M. Ude1, S. Trzesien1, L. Nguyen2, P. Vennéguès2,
B. Dussardier1
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Development of new luminescent ion (LI) –doped optical fibre devices require materials with
« augmented » intrinsic properties, though using silica as host glass. Transparent glass
ceramics (TGC) are then considered as they can combine the sturdiness and low cost of
silica and particular spectroscopic behaviour that would not appear in a pure silica localenvironment. Our presentation deals with optical fibres with TGC core. Dielectric
nanoparticles (DNP) would optimally fully encapsulate LI to tentatively produce « engineered
» spectroscopic properties. This technology will be of great interest for a large domain of
applications: high power fibre lasers, random lasers, light sources with new wavelength,
telecommunications...
The original route proposed by LPMC to obtain DNP-doped fibres is based on the industrial
MCVD process. As silicate systems have a strong stable immiscibility when they contain
divalent metals oxides, we take advantages of thermal treatments inherent to this process to
obtain DNP through the phase separation mechanism. Through this route, DNP are grown insitu within the material. Regarding environmental and health considerations, this is of great
interest to avoid handling of and exposure to nanoparticles.
DNP are observed in fibres when alkaline-earth elements (Mg, Ca and Sr) are incorporated.
Mean size of the DNP, deduced from SEM pictures, depends on the composition: it is around
100 nm in the case of Ca- and Sr-based DNP while it decreases down to 40 nm for Mg ones.
This last composition leads to a low loss fibre : an attenuation of 0.4 dB/m at 1300 nm was
measured, compatible with applications. From EDX measurements, we have observed that
alkaline-earth elements and erbium ions are located inside or very close to the DNP. Fibre
samples were spectroscopically analysed at room temperature. It was observed that erbium
emission broadens in the DNP-doped fibres, which is also encouraging for possible future
applications.

* E-mail : wilfried.blanc@unice.fr
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ENGINEERING MULTICOMPONENT PHOSPHATE BASED GLASSES FOR
RAMAN AMPLIFIER: RELATION BETWEEN GLASS STRUCTURE AND
RAMAN RESPONSE
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For development of broad band Raman amplifier, understanding of the relation between,
glass composition, glass structure and Raman spectra in multicomponent glasses is an
important issue.
Several different compositions of phosphate based oxide glasses were fabricated and tested
for their Raman Response performance. The addition of d0 ions in phosphate glass matrix
increases the Raman signal intensity and the spectral bandwidth.
The maximum Raman gain experimentally obtained was (10 ± 3) times higher than the peak
Raman gain of a Corning 7290 fused silica sample. The highest peak is attributed to the
presence of MO6 units (M=Ti, Nb, W). A broad Raman band from 600 cm-1 to 950 cm-1 has
been attributed to the mixed formation of isolated units and corner shared MO6 octahedra.
Influence of the alkali and alkaline earth ions on the Raman spectra have been also
demonstrated.
It has shown that the addition of antimony oxide allows achieving an optimum spectral
uniformity, providing a deviation of less than 1 dB variation in gain, over 25 THz of continuous
bandwidth.
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A TOTAL X-RAY SCATTERING STUDY OF MnFn2O4 NANOPARTICLES
DISPERSED IN A SILICA AEROGEL MATRIX
D. Carta*, A. Corrias, G. Navarra
Dipartimento di Scienze Chimiche, Università di Cagliari, S.P. Monserrato-Sestu Km 0.700, I- 09042
Monserrato, Cagliari, Italy

MnFe2O4-SiO2 nanocomposite aerogels are materials of great interest because of their
catalytic and magnetic properties which are in turn correlated to the intrinsic properties of the
manganese ferrite nanoparticles and to the highly extended and open porosity, very low
densities and high inner surface area of the silica aerogel matrix.
We have prepared a MnFe2O4-SiO2 nanocomposite aerogel, containing 10 wt% of
manganese ferrite nanoparticles, by co-gelation of suitable precursors,using urea to promote
fast gelation. A very low density aerogel was obtained by high temperature supercritical
drying of the gel in an autoclave. After supercritical drying the aerogel was submitted to
thermal treatments in inert atmosphere at increasing temperature to obtain the final
nanocomposite aerogel.
Information on the short and middle range structure of the ferrite nanoparticles embedded in
the silica matrix were obtained by performing total X-ray scattering experiments on the
MnFe2O4-SiO2 aerogel and on a pure SiO2 aerogel, prepared in the same conditions as the
nanocomposite. The total scattering experiments, which include both Bragg peaks and
diffuse scattering, allows us to obtain the Radial Distribution Functions (RDF) for both the
nanocomposite and the pure silica aerogel. Moreover the pair contributions due to the matrix
can be cancelled out in the RDF obtained from the difference of the total scattering
experiments of the nanocomposite and the pure silica aerogel.
This approach will be compared with previous XANES and EXAFS experiments carried out
on the same nanocomposite aerogel.
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SOL-GEL SILICA HYBRID BIOMATERIALS FOR POTENTIALITY
APPLICATION IN BIOTECHNOLOGY
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The sol-gel process, taking place at a molecular and atomic level, gives the possibility for
synthesis of new materials with different properties, high level of purity and homogeneity at
low temperatures. The main purpose of the present work is the sol-gel synthesis, structural
characterization and potential applications of hybrid biomaterials based on different silica
precursors and natural polymers such as gelatin or pectin.
The structural formation in hybrid biomaterials was investigated by XRD, FTIR, BET, SEM
and AFM. The results showed that all studied hybrid biomaterials have an amorphous
structure. The FT-IR spectra of biomaterials with MTES and ETMS show chemical bonds at
2975 cm-1, 1255 cm-1, 880 cm-1and 690 cm-1 due to the presence of Si-O-R (CH3 and C2H5)
and Si-C bonds. In the samples synthesized with TEOS and TMOS the inorganic and organic
components interact by hydrogen bonding, Van der Walls or electrostatic forces. Surface
area of investigated samples decreases with the increasing of the natural polymers content.
The structural evolution of the hybrid biomaterials containing different amounts of organic
components is examined. Structural formation by self-assembling processes was studied by
AFM and roughness analysis. Depending on the chemical composition a different design and
size of nanoparticles and their aggregates on the surface structure were established. The
average size of nanoparticles on the surface of the synthesized biomaterials is from 5 to 11
nm in the system with gelatin, and from 10 to 18 nm - in this one with pectin.
Hybrid biomaterials were used for immobilization of the filamentous fungus Humicola lutea
120-5 for α-galactosidase biosynthesis, and yeasts Trichosporon cutaneum R 57 for
bioremediation of heavy metal ions from waste waters.

Acknowledgement: The financial support from the Bulgarian National Science Fund, NT-2-01,
NT-2-02, 2005 is greatly acknowledged
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STUDY OF THE SCRATCHABILITY OF SODALIME AND BOROSILICATE
GLASSES
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The scratch tests are often used to study the friction and the wear phenomena thus to identify
locally the materials mechanical proprieties. This work is devoted to the study of the glasses
scratching by the characterization of the scratching resistance and the comprehension of the
scratching damage on the basic of structural considerations and mechanical analysis.
Several series of tests, progressive linear scratching and instrumented indentation, were
performed on two glasses nuances the sodalime and the Borosilicate. Two types of indenters
were used, the Rockwell indenter about 200µm in diameter for the scratch and the Vickers
one in indentation tests. The tests were accomplished at room temperature in two
environments (dry and humid).
Several curves were plotted which translate parametric study made on the two studied glass
nuances. The obtained results show a similarity of the scratch behavior of the two glass types
by comparison of their deformation obtained in the same tests measurement parameters.
However, the rupture of the borosilicate and soda lime glasses is obtained at 4.16 N and 5.34
N of loading respectively. In addition, the humid environment has a notable effect on the two
glasses scratching.

Keywords: Scratch; Indentation; Glass
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LARGE SCALE SIMULATIONS OF SODIUM SILICATE GLASSES
L. Adkins, A.N. Cormack*
Kazuo Inamori School of Engineering, New York State College of Ceramics, Alfred University, Alfred,
NY,14802 USA

The continuing development of computer power has made feasible the simulations of glasses
containing 105 to 106 atoms. We have used a massively parallel IBM Blue Gene/L computer
to run such large scale MD simulations of a series of sodium silicate glasses. In this
presentation, we will describe the features of the resulting structures, with comparison to
those obtained from much smaller systems. In addition, the computational issues associated
with the handling of systems containing 500,000 to 1,000,000 atoms, such as ensuring that
the glasses are sufficiently annealed, will be discussed.
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VIBRATIONAL DYNAMICS, PHONON LOCALIZATION AND STRUCTURAL
CORRELATIONS ON THE NANOMETRIC LENGTH SCALE IN GLASSES
G. d’Angelo, C. Crupi
Dipartimento di Fisica, University of Messina, Italy

The behaviour in glasses of acoustic modes having frequencies well above 100 GHz,
reaching into the THz range, still represents one of the most controversial issues in field of
the condensed matter physics. More precisely, these excitations are characterized by
wavelengths lying in the nanometric length range, just where the disordered nature of the
structure of glasses comes into play affecting their propagation and giving rise to the well
known thermal and vibrational properties anomalous respect to those of the corresponding
crystals.
Many efforts have been made to understand definitively these glassy anomalies and the idea
that they have a common origin inherent in disorder is getting stronger. In particular it is
believed that, the excess of low frequency vibrational modes merging with the Boson Peak
(BP), can be associated with the temperature independent profile of thermal conductivity
since the energy range spanned by the plateau covers that for the boson peak spectra. As a
matter of fact, acoustic excitations must cease to propagate and become strongly scattered
in correspondence of the plateau region, when their wavelength λ reaches values in the
nanometer range. The experimental evidence of this phonon localization occurs at the high
temperature edge of the plateau, identified with the Ioffe-Regel limit, and one expectation,
even if it is still debated, is that the crossover energy marking the onset localization would be
associated with the BP energy. In the attempt to verify this connection, low temperature
specific heat and thermal conductivity measurements have been performed on a series of
oxide glasses and a correlation between Ioffe-Regel and BP frequencies has been found.
Taking into account that the wavelengths of the excitations involved in both these anomalies
have values in the mesoscopic length scale, the existence of a relation between structural
features relevant to the medium range order and the offset of the plateau of different oxide
glasses is also put forward.
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OXIDATION STATE OF CHROMIUM IN BARIUM-BASED GLASS
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Oxidation state of chromium in glasses which were barium-based glass melted in an air
atmosphere was investigated by Cr K-edge X-ray absorption near-edge structure (XANES) to
compare with that from optical absorption spectroscopy (UV-Vis-NIR). It was found that the
oxidation state of chromium depended on its concentrations. Scanning electron microscope
(SEM) was carried out to characterize the microstructure. Specific gravity, refractive index
and dielectric constant were also measured and discussed.
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CHARACTERIZATION OF GLASS WITH MEDIEVAL COMPOSITION
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In the frame of a study on medieval stained glass windows, their alteration mechanisms and
on the preparation of protective products, this work concerns the chemical-physical
characterization of glass reproduced according to archaeometrical data. The most significant
chemical characteristic of medieval stained glass is the high content of K2O and CaO [1], due
to the use of beech and fern ashes as flux since 1000 A.D. in the North Europe [2].
Generally, stained glass windows are attacked by atmospheric pollutants: water (rain,
moisture, fog) is the main alteration agent as the formation of a thin water film on the glass
surface acts as a trigger for the corrosion processes [1,3,4].
Glasses with compositions typical of medieval stained glass windows were synthesized
differing in amount of potassium used as flux (15-20-25% in weight) [2,5]. Glasses were
characterized by: i) XRF analysis, to verify glass composition; ii) XRPD, to identify possible
crystallized phases; iii) DTA analysis to determine glass transition temperature (Tg) and iv)
Raman spectroscopy to study the vibrational structure.
As the modifier ions tend to de-polymerize the glass, the wavenumber and area of the
bending and stretching bands in the Raman spectra reflect changes in glass composition.
Colomban [5] indicated, as a measure of the "compactness" degree and connection of the
glass structure, the polymerization index Ip, defined as the area ratio of the bending and
stretching Si-O multiplets (Ip=A 500-600 cm-1/A 1000-1100 cm-1) in the Raman spectrum. Higher Ip
values should correspond to higher polymerized glass structure. Moreover, the tetrahedral
units Qn (n = 0-4), where n is the number of bridging (Si-O-Si) oxygen atoms, show different
Raman signatures in the Si-O stretching region [5-6] that may help in the structural
characterization.
The Raman spectra on reproduced medieval glasses, obtained with He-Ne excitation at
632.8 nm, have been interpreted by calculating Ip values, identifying Qn components and
correlating them to the flux agents content. The results on the influence of the modifiers (K,
Ca) are compared with those reported on original antique glasses [5-6].
[1] M. Melcher, M. Schreiner, J. Non-Cryst Solids 351 (2005) 1210
[2] O. Schalm et al., Spectrochimica Acta Part B 62 (2007) 663 [
3] G. Woisetschläger et al., Mikrochim. Acta 135 (2000) 121
[4] T. Lombardo et al, Glass Technol, 46(3), (2005) 271
[5] Ph. Colomban, J. Non-Cryst. Solids, 323 (2003) 180
[6] Ph. Colomban, A. Tournier, L. Bellot-Gurlet, J. Raman Spectr., 37 (2006) 841
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Efficient patterning of surface SHG has been obtained in oxide glass, correlated to fieldassisted micro- structuring of the glass surface. High-performance µ-SHG setup allowed to
characterize the structure modification induced in the glass surface at the microscopic level.
This allows to consider efficient quasi-phase-matching (QPM) conditions if adequate
parameters of the patterning are achieved, leading to applications for frequency mixing
devices, in lasers for example.
Optical technologies development for communication has created a real interest for materials
with nonlinear properties. The ideal material should combine a high nonlinear coefficient,
good optical properties and a low cost fabrication. Glasses are very good materials for this
kind of application. Thermal poling is now well known for breaking glasses natural centrosymmetry and inducing second order nonlinearities. Indeed the application of an electric field
on a glass leads to mobile ions migration from the anode to the cathode. A depletion zone is
then created under the glass surface where structural and composition modifications are
induced.
Thermal poling of sodium borophosphate niobium glasses, previously coated with a thin
silver layer have been micro-patterned by femtosecond laser irradiation and then submitted
to thermal poling. The field-assisted ion- exchange process involved during the poling
process in this glass substrate is analyzed by WDS. Inside
the silver ablated lines obtained by femtosecond laser
irradiation, we clearly observe by recording surface high
resolution SHG image, a change in the distribution of the
frozen electrostatic field embedded in the nonlinear optical
(NLO) active layer, with components along z and x
directions compatible with a local Cs symmetry (Fig. 1). It is
modulated by the Ag+/Na+ ion-exchange process during
the thermal poling as shown by WDS.
Fig 1 : XXX Polarized SHG image of the patterned area after thermal poling.
* E-mail: fargin@icmcb-bordeaux.cnrs.fr
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The glass ceramics are commonly used in optical applications because they have such a
very low thermal expansion coefficient. During the cutting and polishing, the glass are
cleaned and rinsed which involve a surface alteration or change.
The glass ceramic alteration has been studied in acidic, basic and aqueous media but also in
absolute ethanol, acetone and acetic acid by static leaching experiments at room
temperature and 55°C, on calibrated powders and slides. Maximal duration tested was 15
days. Glass ceramic has been characterized before and after leaching by TEM, IRTF
spectroscopy, and solid state MAS NMR spectroscopy of 29Si, 31P, 27Al, 7Li and 1H. TEM
observations and reflective IR spectroscopy on slides show respectively the surface change
of the glass ceramic very depending of the pH value or solvent nature. A very fast evolution
of IR spectra has been observed with leaching duration associated to ionic exchange. We
have quantified the Qn and Qn(mAl) species distribution changes and noted silanol group
presence in different media and solvents, respectively, according to 29Si and 1H MAS NMR.
Otherwise, the leachates have been analysed versus time by ICP-MS to measure
concentrations of released elements. Measures of contact angle on the treated slides have
also been made at different times. The contact angles evolution versus time has been
interpreted according to the ICP-MS and NMR results.
These measurements could allow characterising the hydrophilic and hydrophobic nature of
the treated surface.
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SYNTHESIS AND CHARACTERIZATION OF TiO2 QUANTUM DOTS IN
BORATE GLASS
A. Higazy1, A. El Adawy1,*, M. Selim2, S. El Shabrawy1
1

Physics department, Faculty of Science, Monofia University, Egypt
2

National research center, Eldokky, Egypt

Growth of the nanocrystals in a glass matrix is based on the thermodynamic process of the
diffusion – controlled phase decomposition of oversaturated solid solution. The growth
technique makes it possible to vary the mean size of the particles their size distribution and
crystalline structure. The controlled synthesis of TiO2 nanocrystal quantum dots with narrow
size distributions was achieved through phase decomposition of TiO2 solid solution in a
TiO2/CaO/Bi2O3/B2O3 glass system. Structural characterization by electron microscopy and xray diffraction shows that the dots have mean diameters between 3 nm and 11 nm. The
optical absorption spectra are described and allow one to obtain the physical parameters of
TiO2 nanocrystals such as; band gap 1.56 – 2.12 eV, the optical absorption edge 856 – 1170
nm, width of the localized state 0.466 eV and refractive index 2.34. Titanium oxide
nanocrystals in borate glasses are potential materials for applications in optoelectronics and
lasing devices.
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Manganese is a chemical element which has long been used as a coloring or a bleaching
ingredient in the glass industry. Its existence at various oxidation states is at the origin of a
large variety of colors. This latter can evolve according to environmental parameters such as
radiations or the atmospheric pollution. In some ancient stained glass windows, the
simultaneous presence of manganese and iron, coupled with the alteration by water and
micro-organisms, can induce a browning and, consequently, a loss of transparency in stained
glass windows.
To better understand this browning phenomenon, we observe ancient stained glass windows
displaying a browning using optical microscopy. We also characterize them using various
methods (µ-XRD, SEM-EDS). In parallel, simplified model glasses containing the Fe/Mn
couple are altered in a climatic chamber in order to reproduce real conditions of exposure.
The alteration procedure consists of cycles at various conditions of humidity and of
temperature. The weathered samples are then bioaltered in the presence of Mn-oxidizing
bacteria (Burkolderia Cepacia [1]). The effect of the nature of the glass (sodic, potassic or
mixed) on the browning phenomena is investigated.
[1] G. Orial et al., « Incidence bactérienne dans les phénomènes de brunissement des vitraux
anciens », l’actualité chimique n°312-3 13 (2007) p34-39.

* E-mail : jessica.ferrand@univ-mlv.fr
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BISMUTH-DOPED GLASS OPTICAL FIBERS – NEW MATERIALS FOR NIR
LASERS AND AMPLIFIERS
S.V. Firstov1,*, V.F. Khopin2, I.A. Bufetov1, A.N. Guryanov2, E.M. Dianov1
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Russia

Lately, optical materials (glasses and fibers especially) doped with bismuth have become an
object of numerous studies due to their interesting optical properties which are very
favourable for use in fiber-optic lasers and amplifiers.
Recently it was shown that the silica-based fibers codoped with Bi, P and Ge had broadband
long lifetime luminescence in spectral region 1250-1600 nm. Optical properties of these fibers
depend strongly on the fiber core composition and excitation wavelength (Fig.1a). The laser
generation in the spectral region 1300- 1550 nm from Bi-doped phosphogermanosilicate
fibers has been successfully obtained for the first time. The 10W Bi-doped fiber lasers with
slope efficiency up to 50% and 20 dB Bi-doped fiber amplifiers with noise-figure ~ 5 dB were
demonstrated. Today Bi-doped fiber lasers cover the spectral region of 1140-1550 nm
(Fig.1b). Bismuth-doped optical materials are novel promising class of active media for NIR
tunable lasers and broadband optical amplifiers. However, the nature of Bi-related active
centers is still unclear.

* E-mail : fir@fo.gpi.ru
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STUDY OF IRON REDOX EQUILIBRIA AND SITE OCCUPANCY IN (100-x)
SiO2 – x Na2O – 0.4 wt% Fe2O3 GLASSES BY OPTICAL ABSORPTION
SPECTROSCOPY
C. Miché1, K. Atsafyeva2, M-H. Chopinet2, L. Galoisy1,*, G. Calas1, C.
Condolf3
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IMPMC, Paris, France

UMR 125 CNRS/Saint-Gobain, Aubervilliers, France
3

Saint-Gobain Recherche, Aubervilliers, France

Redox equilibria in silicate melts are important in various domains such as: glass
manufacturing, geochemistry or steel industry. They depend on pO2, temperature,
concentration of the concerned element, melt composition and total pressure. During glass
manufacturing, oxidation and reduction phenomena play a major role: being present in raw
materials, iron is the most frequent impurity, presenting variable oxidation states and used as
an oxidation index. Properties, such as the color of the final glass, are partly determined by
the iron redox state. These redox equilibria are strongly connected to the local environment
around Fe2+ and Fe3+ in the glass/melt structure. However, these structural properties are still
discussed.
We present new data on the influence of glass composition on the redox equilibria in a simple
binary system doped with iron and giving glasses of the following compositions: (100-x) SiO2
– x Na2O doped with 0.4 wt% Fe2O3. This reference system for redox equilibria in
multicomponent silicate glasses has been widely investigated using a broad range of
methods. We bring a new piece of information on the evolution of the chemical dependence
of Fe2+/FeT redox equilibria as a function of glass composition and the sites occupied by both
Fe2+ and Fe3+ in the glass structure, using optical absorption spectrometry (OAS). Glasses
with up to 40 mol% Na2O have been synthesized and equilibrated in air.
The redox ratio Fe2+/FeT first increases and reaches a maximum around 20% mol Na2O.
Then, the proportion of Fe3+ increases up to 40 mol% Na2O. The optical spectra show
important variations as a function of glass composition, in the position and shape of the
absorption bands. This indicates an important change in the local environment of Fe2+ and
Fe3+. These spectra are interpreted at the light of recent studies indicating the presence of
various coordination states for Fe2+ and Fe3+, with 4-, 5- and 6-fold sites. The relative
proportion of these sites depends on the influence of the Na2O content on glass structure.
These structural modifications result in changes in Fe-redox equilibria. For glasses with Na2O
> 20 mol%, the increase in the Fe3+ proportion can be explained by Na2O acting as a Lewis
base. The basicity of the glass increases with the increase of the Na2O concentration. For
glasses with Na2O concentration < 20 mol%, the strong deviation of the chemical
dependence of Fe- redox equilibria is not explained by this model but may reveal important
structural properties of alkali-poor silicate glasses/melts.
* E-mail : Laurence.galoisy@impmc.upmc.fr
Keywords: optical absorption spectroscopy, binary silicate glass, redox, iron
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HIGH-PRESSURE XAS AND RAMAN INVESTIGATION OF GeO2-SiO2
GLASSES
E. Giangrisostomi1,*, A. Di Cicco1,2, F. Coppari2, E. Principi1, A. Trapananti3,
L. Cormier2, G. Le Marchand2, L. Nataf4
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3

IOM CNR, Lab. TASC and GILDA CRG c/o ESRF, BP 220, 38043 Grenoble, France
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Tetrahedral oxide glasses such as GeO2 and SiO2 share a similar behavior as a function of
pressure, characterized by a competition between open networks based on low coordination
numbers and collapsed structures having high coordination numbers. The current model for
the compression mechanism consists in a progressive distortion of the chains of cornershared GeO4/SiO4 tetrahedra accompanied by a gradual reduction of the free volume. This
structural change proceeds until further decrease of the intertetrahedral Ge/Si-O-Ge/Si angle
is forbidden by oxygen atoms having reached a close-packed configuration, thus leading the
system to a possible phase transition toward a higher coordinated state. Stimulated by the
renewed interest on pressure-induced phase transitions in covalent glasses attested by
recent works on GeO2 [1,2,3,4,5] and binary SiO2-GeO2 with Si molar concentrations ranging
from 30% to 80% [5,6,7], we performed high-pressure Raman scattering and x-ray absorption
spectroscopy (XAS) measurements on a xSiO2-(1-x)GeO2 glass with concentration x~0.1.
The sample was prepared by quenching a mixture of GeO2 and SiO2 powders heated in air
up to 1450°C for 2h. Membrane diamond anvil cells were used to generate high pressures.
XAS data at the Ge K-edge were collected at the energy dispersive beamline (ODE) at the
Soleil synchrotron.
The combination of XAS and Raman spectroscopic techniques allowed us to monitor the
structural modifications occurring upon compression and decompression cycles in the 0-30
GPa range, thus elucidating details of the Ge coordination change.
[1] M. Guthrie, et al. Phys. Rev. Lett. 93,115502 (2004) [
[2] M. Micoulaut, et al. J. Phys.: Condens. Matter 18, R753 (2006)
[3] M. Vaccari et al. J. Phys.: Condens. Matter 21, 145403 (2009)
[4] M. Baldini et al. Phys. Rev. B 81, 024201 (2010)
[5] J. W. E. Drewitt et al., Phys. Rev. B 81, 014202 (2010) [
[6] O. Majérus et al. J. Non-Cryst. Sol. 345, 34 (2004)
[7] O. Majérus et al. J. Non-Cryst. Sol. 354, 2004 (2008)
[8] G.S. Henderson et al. J. Non-Cryst. Sol. 355, 468 (2009)
* E-mail : erika.giangri@gmail.com
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STRUCTURE OF FLUORIDE GLASSES CONTAINED TIN
E. Merkulov, V. Goncharuk*, V. Kavun, V. Kharchenko, R. Yaroshenko, I.
Telin
Institute of Chemistry, Far-East Branch of the Russian Academy of Sciences, 690022, Vladivostok,
Russia

Results of study of fluoride glasses structure are presented in the report. The glasses were
formed in systems containing zirconium and tin fluorides: SnF2 – ZrF4 and SnF4 – BaF2 –
Al(Ga)F3.
The roentgenographical study of crystalline and glassy SnZrF6, SnZr2F10 and Sn2ZrF8
structures was done to get data on the short-range order structure of fluoride glasses.
The presence of tin nuclei in the stannum-fluorine-zirconate glasses has allowed to apply the
method of Mossbauer spectroscopy (119Sn) used to specify structured positions of tin ion in
the glass.
The glasses of SnF2 contents 10-80 моl.% were studied in the SnF2 – ZrF4 system.
Spectrum isomeric shift and quadrupolar splitting in fluoride compounds of Sn(II) are
determined by electrons occupied the sp3 - hybrid orbital of tin atom. The observed difference
of doublet spectral parameters displays variation of Sn+2 electronic cloud due to structured
difference of positions occupied by tin in the glass.
Structured positions of tin are found, which have presumably local symmetry similar to the tin
symmetry in α-SnF2, SnZrF6 and Sn2ZrF8 crystals. The dependence of stannum-fluorinezirconate glass structure on composition was discovered. If at low concentration of SnF2 the
short-range order structure is similar to the SnZrF6 crystal structure, then at tin concentration
from 60 up to 70 mol.% it is close to the Sn2ZrF8 structure, but at tin concentration above 80
mol.% it looks like the α-SnF2 structure.
Interpretation of 119Sn Mossbauer spectrum structure of glasses obtained in systems SnF4 –
BaF2 – Al(Ga)F3 was performed by comparing them with spectra of crystalline fluorine
compounds of tin. Two structured positions of tin atoms are observed in the glasses, referred
to undistorted and distorted octahedron groups SnF6-2.
119

Sn and 19F NMR spectroscopy study of the stannum-fluorine-zirconate glass structure was
done. The short-range order structure in these glasses is shown to coincide with structure of
crystals of corresponding composition.
The model of stannum-fluorine-zirconate glass structure was proposed as a result of
roentgenographical, 119Sn NGR and 19F NMR study.

* E-mail : gon@ich.dvo.ru
Keywords: stannum-fluorine-zirconate glasses, Mossbauer spectroscopy (119Sn),
NMR
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IN-SITU IMAGING OF GLASS BATCH REACTIVE MELTING BY
SYNCHROTRON MICROTOMOGRAPHY
E. Gouillart1,*, J. Grynberg1, M.H. Chopinet1, M.J. Toplis2, L. Salvo3, M.
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Toulouse France
3
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Because of its industrial importance and academic interest, the reactive melting of glass raw
materials at high temperature has been thoroughly studied from the point of view of possible
chemical reactions. Little is known, however, about the physical transformations at the
granular scale, such as relative movements of grains, nucleation of bubbles, etc.
We report here on the first 3-D in-situ observations of glass reactive melting, performed on
beamline ID15 at the ESRF using ultrafast high-resolution synchrotron microtomography. A
mixture of grains of quartz, sodium carbonate and calcium carbonate was heated from room
temperature to 1100°C at an approximate rate of 5°/min. Inside the reconstructed 3-D
volumes we observe the complete transformation of the initial granular pile to a bubble-rich
liquid at 1100°C. An intriguing observation is the behavior of solid sodium carbonate grains,
that break apart in the presence of sand, subsequently sticking to the latter. Such physical
transformations are of considerable interest as they increase the reactive surface area,
potentially affecting the kinetics of chemical reactions. At higher temperature evolution of the
distribution of gas, liquid and solids will be characterized and quantified (e.g. tortuosity of the
solid-liquid phase), in order to provide insights into the escape of carbon dioxide and/or
possible segregation of unreacted solid grains.
(left) Vertical reconstructed slice through
a packing of sand grains (light smooth
grains) and sodium carbonate grains
(porous jagged grains) at 720°C. Sodium
carbonate grains deform to increase the
surface in contact with sand grains.
(right) Volume rendering of an assembly
of bubbles and pores inside the silicate
liquid at 950°C. A large variety of bubble
sizes can be observed.

* E-mail : emmanuelle.gouillart@saint-gobain.com
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THE STRUCTURE OF OXYFLUORIDE GLASSES AND ITS RELATIONSHIP
TO CRYSTALLISATION
R.G. Hill1,2,*, N. Karpukhina1, R.V. Law2, F. Wang3, A. Stamboulis3
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Dept of Chemistry Imperial College London London SW7 2AZ
3
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Oxyfluoride glasses have widespread applications including glasses for processing of steel,
dental/medical cements and glass-ceramics. There has been considerable interest in recent
years in nano crystalline glass-ceramics for optical applications such as fibre lasers.
Oxyfluoride glasses that crystallise to fluorine containing phases are particularly attractive for
two principal reasons:
i) fluorine containing crystals give rise to low phonon energies.
ii) fluorine containing glasses can be readily obtained with sub micron <0.1µm crystals.
This paper investigates the structure and crystallisation behaviour of a range of melt
processed glasses based on 4.5SiO23Al2O31.5P2O53XO2XF2 where X is Mg Ca, Sr or Ba or
mixtures of these species. The objective is to study the influence of cation size on fluorine
speciation in the glass and how it relates to subsequent crystallisation behaviour.
The structure of these glasses have been characterised by 19F 29Si 27Al and 31P MAS-NMR
spectroscopy. The crystallisation behaviour of these glasses has been characterised by high
temperature differential scanning calorimetry and X-ray powder diffraction.
19

F spectra show the presence of only F-Mg(3) when X=Mg (representing a magnesium atom
surrounded by three fluorines). When X=Ca two fluorine species are formed, F-Ca(n) and AlF-Ca(n) (the latter represents a fluorine bound to Al with an associated Ca) and when X=Sr
again two fluorine species are formed F-Sr(n) and Al-F-Sr(n) with a higher proportion of Al-FM(n) than when X=Ca. When X=Ba only the Al-F-Ba(n) species is formed.
The fluorine structure of the glass has a dramatic influence on crystallisation with the fluorine
structure in the glass reflecting the crystal structure formed on heat treatment. When X=Mg
the glass crystallises to Wagnerite (Mg2PO4F) which also has the F- Mg(3) unit, When X=Ca
or Sr the glasses crystallise to Apatite (Ca/Sr)5(PO4)3F) which has an F-Ca/Sr(3) unit. In this
case the F-M(n) species in the glass is used first followed by the Al-F-M(n) in forming the
apatite. When X=Ba the glass crystallises to a Barium fluoro-aluminosilicate. The results
demonstrate that fluorine is complexed by the cations of highest charge to size ratio both in
the glass and on crystallisation.

* E-mail : r.hill@qmul.ac.uk
Keywords: Oxyfluoride glass, NMR Structure
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PREPARATION OF MESOPOROUS ORGANIC-INORGANIC HYBRID SILICA
MICROSPHERES
H. Hirashima*, K. Shin-ya
Graduate School of Science and Technology, Keio University 3-14-1, Hiyoshi, Kohoku-ku, Yokohama,
223-8522, Japan

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 with organically modified surface
were prepared.
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 onestep 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 powders
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 platelike particles, and the ordered pore-structure was not formed. The samples obtained in the
water-ethanol mixed solutions were randomly shaped powder with a poorly ordered porestructure. 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 of the starting solutions.

* E-mail : hirasima@applc.keio.ac.jp
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THE STRUCTURE AND CRYSTALIZATION OF THE GLASSES IN THE
MnNbOF5-BaF2-BiF3 AND MnNbOF5-PbF2-BiF3 SYSTEMS
L. Ignat’eva1,*, N. Savchenko1, Yu. Marchenko1, S. Polyshchuk1, T.
Antokhina, V.Bouznik2
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The glasses synthesized in the MnNbOF5-BaF2-BiF3 and MnNbOF5-PbF2-BiF3 systems make
the subject of this studying. On basis of the previously identified changes of the structure and
thermal properties in the oxyfluoride glasses of the approximate composition and fluoride
glasses with the addition of bismuth trifluoride in to the glass we expected analogical
changes of the structure, properties and characteristics of the crystallization in the analyzed
systems. The main attention was devoted to the study of the crystallization peculiarities,
regimes of crystallization, composition of the crystal phases and influence of crystallite
forming in the glasses on its structure and possibilities of transparent glass-ceramics
obtaining.
A “boson” peak was observed in the low-frequency Raman spectra of the initial glasses and
glasses with crystal phases. The crystal phases were confirmed by X-ray analysis and
microscopic methods. The crystallites are sized up by atomic power microscopy as 50±20
nm. It was studied the changing of the frequency of “boson” peak with variation of glass
composition, BiF3 content in these glasses, at forming of crystal phases in the glasses and
changing of the regime of crystallization. It was not found a considerable changing of the
frequency of “boson” peak with variation of BiF3 content in the same glass system, but the
“boson” peak frequency decreases from 45 cm-1 up to 33 cm-1 by replacement of the modifier
– Ba on Pb. IR-spectrum of the glass quickly heated up to the first crystallization peak is
similar to the spectrum of the initial glass. There is not appreciable displace of “boson” peak
frequency in the Raman spectrum of this specimen. This result indicates on conservation of
dimension of middle range order (MRO) in spite of appearance of a crystal phase in these
glasses. The presence of an amorphous phase is confirmed by X-ray data and existence of
Tg at the repeated heating of these specimens. The “boson” peak is moved to high frequency
region, from 45 cm-1 to 60 cm-1 at isothermal keeping of glasses even with the first
crystallization peak temperature and to 66 cm-1 after second crystallization peak. These
changes of the “boson” peak frequency show to decreasing of the MRO size that is
connected with the partial crystallization of the oxyfluoroniobate glass network.

* E-mail : Ignatieva@ich.dvo.ru
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STATIC AND DYNAMIC STRUCTURE OF ZnWO4 NANOPARTICLES
A. Kalinko*, A. Kuzmin
Institute of Solid State Physics, University of Latvia, Riga, Latvia

Extended x-ray absorption fine structure (EXAFS) and Raman spectroscopies have been
used to study ZnWO4 nanoparticles synthesized by co-precipitation technique. EXAFS
measurements were performed in transmission mode at the HASYLAB DESY C1 beamline in
the temperature range of 10-300 K.
Both Zn K (9659 eV) and W L3 (10207 eV) edges
were measured in a single scan at each temperature. The polycrystalline ZnWO4 was also
studied for comparison and was obtained by annealing of synthesized nanoparticles at 900°C
for 8 hours.
Pair W–O and Zn–O radial distribution functions (PRDFs) within the first coordination shell
were obtained (Fig. 1) from EXAFS data by regularization-like technique in both nanosized
and polycrystalline ZnWO4. The total coordination numbers in both samples are close and
indicate an octahedral environment around W and Zn atoms. However, the PRDFs for
nanosized powder are broader than for polycrystalline one and have weaker temperature
dependence, suggesting the presence of strong
static disorder in nanosized ZnWO4. The type of
octahedra distortion indicates the splitting of six
oxygen atoms into two groups of about 4 and 2
atoms. Raman spectra of nanosized and
polycrystalline ZnWO4 suggest a strong variation of
their vibrational properties [1]. In particular, the
Raman band, corresponding to the W–O stretching
mode, shifts from 907 cm-1 in polycrystalline to 950
cm-1 in nanosized ZnWO4 and also becomes
broadened. These changes correlate with the
behaviour of the W–O PRDF functions in Fig. 1.
Possible
structural
models
for
ZnWO4
nanoparticles, based on EXAFS and Raman data,
will be discussed.
[1] A. Kalinko and A. Kuzmin, J. Lumin. 129 (2009) 1144-1147.
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INDUCED CRYSTALLIZATION POROSITY AND MECHANICAL
PROPERTIES OF SINTERED GLASS-CERAMICS
A. Karamanov
Institute of Physical Chemistry, Bulgarian Academy of Science, Acad. G. Bonchev Str. Block 11,
Sofia, 1113, Bulgaria

Sintered glass-ceramics, forming about 60 wt % diopside or wollastonite crystal phase by
surface crystallization, are presented. The crystallization of the initial glass powders (75-125
µm) were studied by non-isothermal DTA. The sintering and formation of inter- granular
crystallization induced porosity, PCR, were estimated by pycnometry, dilatometry and SEM
observations. The bending strength, Young modulus and coefficient of thermal expansion
were also measured.
The studied materials are characterised by lack of open porosity and about 4 % residual
closed porosity. At the same time, the diopside glass-ceramics form 7-9 % PCR, while the
amount of crystallization induced porosity in the wollastonite samples is about 1 %. This
difference is a consequence of the high (about 16 vol %) and the low (about 2%)
crystallization volume variation of diopside and wollastonite, respectively.
Notwithstanding of the higher total porosity all diopside glass-ceramics have better
mechanical properties than wollastonite one. In order to highlight this peculiarity the
hypothesis that PCR formation leads to a reduction of the crystallization-induced stresses is
discussed.

ACKNOWLEDGMENTS: The authors acknowledge the financial support within Project TK-X1713/07.
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STRUCTURE OF BIOACTIVE GLASSES FOR COATING APPLICATIONS
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Bioactive glasses for the coating applications have been studied. These are multicomponent
composition series of the phospho-silicate glasses. No formation of the Si-O-P linkages was
observed. Presence of phosphorus as an orthophosphate is typical for the bioactive
phospho-silicate glasses and was taken into account in designing these glasses with varied
phosphorus content. The phosphorus speciation in the glasses was verified by the 31P MASNMR. A small constant proportion of the pyrophosphate, in addition, was detected in this
series. No changes in the silicon speciation within the compositions series were observed by
29
Si MAS-NMR, which confirms that the network connectivity in these glasses remains
constant. This structural characterisation is consistent with the results from the thermal
analysis demonstrating presence of two glass phases. The crystallisation kinetics and
bioactivity of the glasses are discussed.

* E-mail : n.karpukhina@qmul.ac.uk
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DENSIFIED SILICA GLASS INHOMOGENEITIES EVIDENCED BY MICRORAMAN SPECTROSCOPY
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Under high pressure and high temperature, pure silica undergoes an amorphous-amorphous
phase transition and reachs the plastic deformation in different conditions of temperature and
pressure. Depending on such conditions, silica glass densities evolve from normal silica
glass to the saturated densified silica glass with a 20% density increase from the initial glass.
Different permanent densified silica glasses have been obtained using Belt press. Glasses
have been analysed by micro-Raman and mapping at different scales has been performed
with an analysis area around 1x1 µm2.
From micro-Raman experiments and from macroscopic density measurements [1], glass
inhomogeneities have been put in evidence at different scales. These inhomogeneities seem
to be decorrelated from the densification rate. We will discuss about the inhomogeneity origin
and the structural difference of these silica glasses obtained. In particular, we will focus on
the main band position, located around 445 cm-1, corresponding to the symmetric stretching
mode of bridging oxygen Si-O-Si. The different ways to densify silica glass will be also
discussed as function of pressure, temperature, hydrostaticity. For example, we will compare
the structure of densified silica glasses from diamond anvil cell at ambient temperature and
belt press.
Figure: Raman spectra for initial silica glass (normal line) and
19.9 % densified silica glasses (bold line) from 750 °C and 5
GPa with Belt press

[1] Perriot A., Martinez V., Grosvalet L., Martinet Ch., Champagnon B., Vandembroucq D.,
Barthel E., J.Am.ceram.Soc. 89, 596 (2006)
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SENSIBILITY OF ω2 GLASS –FORMING ABILITY PARAMETER
CONCERNING TEMPERATUERE RELATIONS Tc/Tg AND Tm/Tg
A.F. Kozmidis-Petrovic
University of Novi Sad, Faculty of Technical Sciences, Trg D. Obradovića 6, 21000 Novi Sad, Serbia

Recently there has been a series of articles, which introduce new glass stability (GS)
parameters derived from characteristic temperatures, among them the ω parameter in paper
[1] and the ω2 parameter in [2]. These parameters show the different degrees of correlation
with glass-forming ability (GFA) in relation to bulk metallic glasses (BMG), i.e. oxide glasses.
The three variable characteristic temperatures for these new parameters can be reduced to
two using their quotients r =Tc/Tg and m= Tm/Tg, where Tg is glass transition temperature, Tc
peak crystallization temperature and Tm melting temperature. (The same technique has been
applied in our previous articles [3,4] for the Hruby, Lu-Liu and some specific GS parameters.)
That way the GS parameters can be related more directly with super cooled region and
reduced glass transition temperature. The aim of this paper is to show the degrees of
sensibility of the ω2 parameter in relation to changes of r and m. In other words, the goal is to
detect whether the change of super cooled region or the change of reduced glass transition
temperature is more significant for ω2. The degree of relations dGS / dr : dGS / dm, as we
showed in [4] is relevant for correlation of the given GS parameter with GFA. It must be taken
into account that, for particular systems, the correlation between GFA with r or with m is
significant. Here we show that: (dω2 / dr : dω2 / dm) = 2m2 /(2r −1)2 .Also, we prove that the
relation on the right hand 22 side is always greater than one. This means that ω2 is
significantly more sensitive to the changes of supercooled region than to the changes of the
values of reduced glass transition temperature. We compare the sensitivity of ω2 with the ω
parameter, Hruby parameter and others and show that the sensitivity of ω2 is very high,
especially for the small values of r. The tests of these theoretical results were carried out
using a series of oxide glasses and BMG.
[1] Z. Long, G. Xie, H. Wei, X. Su, J. Peng, P. Zhang, A. Inoue, Mater. Sci. Eng. A 509 (2009)
23-29.
[2] P. Zhang, H. Wei, X. Wei, Z. Long, X.Su, J. Non-Cryst. Solids 355 (2009) 2183.
[3] A.F. Kozmidis-Petrovic, Thermochim. Acta, available online 10 November (2009)
[4] A.F. Kozmidis-Petrovic, Thermochim. Acta, submitted for publication
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NEW SILVER-THALLIUM-TELLURITE GLASSES: STRUCTURAL STUDY,
OPTICAL AND PHOTOLUMINESCENT PROPERTIES
D. Lenda1,2, M. Dutreilh-Colas2,*, J-R. Duclere2, A. Kabadou1, M. Loukil1, A.
Mirgorodsky2, O. Masson2, P. Thomas2
1

Laboratoire des Sciences des Matériaux et de l’Environnement, Sfax University, Route de Soukra
km 4, 3038 Sfax, Tunisie
2

Science des Procédés Céramiques et de Traitements de Surface laboratory UMR6638 CNRS,
Limoges University, 123 Avenue Albert Thomas, 87060 Limoges Cedex, France

It is now well known that TeO2-based (tellurite) glasses are promising materials for
telecommunications devices. Especially thallium tellurite glasses have shown nonlinear
refractive indices in a range from 20 up to 50 times larger than that of SiO2 [1]. In the present
study we investigated the influence of Ag2O addition to such glasses. They are expected to
show interesting photoluminescent properties associated to well-known and high nonlinear
optical properties due to the presence of silver and thallium cations, respectively A large
glass-forming domain has been evidenced. Physical (density, thermal stability...), structural
(analysis of the Raman spectra, lattice dynamic calculations...), optical (transmission) and
photoluminescent properties of the glasses have been determined and discussed with
respect to the Ag2O content.
The density evolution is consistent with atomic weight of the adding oxides. Thermal stability
decreases with increasing Ag2O content within the (100-x)TeO2- xTlO0.5-yAgO0.5 system (with
(100-x)/x=2.33). Raman spectroscopy evidenced that addition of Ag2O speeds up the
depolymerization of the glass-framework (i.e. transformation of TeO4 disphenoids towards
isolated TeO3 structural units). Optical absorption spectra have shown a shift of the optical
absorption edge towards the high wavelengths with increasing Ag2O content. These results
are concomitant with the literature [2]. Preliminary results of luminescence measurements do
not allow evidencing emission versus Ag2O content. We may attribute this result to the
creation of Ag+-Tl+ pairs in the glass (“tandem monovalent” ions effect) [3]. Luminescence
measurements after irradiation of bulk glassy samples are now under investigations.
[1] M. Dutreilh-Colas, P. Thomas, J.C. Champarnaud-Mesjard, E. Fargin, Phys. Chem.
Glasses 44 [5] (2003) 349
[2] J.R. Duclere, A.A. Lipovskii, A.P. Mirgorodsky, P. Thomas, D.K. Tagantsev, V.V.
Zhurikhina, J. Non-Cryst. Solids. 355, (2009), 2195
[3] C. Spurcaciu, T.P. Negreanu, J. Non-Cryst. Solids. 84, (1986), 105
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CHEMORHEOLOGY OF SILICA SOL-GEL, LINK WITH INTERNAL
STRUCTURE AND APPLICATION TO NANOIMPRINT LITHOGRAPHY
A. Letailleur1,*, E. Barthel1, F. Ribot2, N. Chemin1, J. Teisseire1, C.
Boissière2, E. Søndergård1, C. Sanchez2
1

2

Surface du Verre et Interfaces, UMR 125 CNRS/Saint-Gobain, 39 quai Lucien Lefranc, 93300
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Chimie de la Matière Condensée de Paris, UMR7574 CNRS-UPMC, Collège de France, 11 place
Marcelin Berthelot, 75005 Paris, France

Patterning metal oxide presents a great interest for surface functionalization. Among the
existing methods, Nanoimprint Lithography (NIL) emerges as a simple route for surface
patterning at the sub-micrometer scale over large areas.
Hybrid sol-gel silicates form an innovative class of resists for NIL. For instance we were able
to reproduce patterns with sub-100 nm lateral size and aspect ratio greater than 1 into
hybrids sol-gel silica and to obtain pure silica structures after thermal annealing. [1] However,
to control imprinting, it is crucial to understand the rheological properties of these new resists.
Previously we have shown that the excellent patterning ability of hybrid silicate sol-gels is
connected to a combination of low viscosity at moderate temperature (for deformability) and
reactivity (which stabilizes the imprinted material). Here, using Dynamic Mechanical Analysis
(DMA), we measure the thermorheological behavior of Methyltriethoxysilane (MTES) gel films
and we demonstrate that these silicates exhibit a glass transition around room temperature.
Isothermal treatments of these reactive gels can then be interpreted in analogy with the
thermal curing of thermosets and rationalized as a vitrification transition in a timetemperature-transformations (TTT) diagram. [2] In terms of material structure, we
demonstrate by Infrared spectroscopy that the vitrification is connected to a condensation
threshold, and that this threshold is independent of the temperature of the thermal treatment.
However, we show that the elaboration chemistry has a strong influence on the initial
microstructure and therefore on the vitrification.
[1] C. Peroz et al., Advanced materials 21 (2009) 555
[2] A. Letailleur et al., Chem. Mater, Submitted.
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XANES AND NMR STRUCTURAL INVESTIGATIONS OF YTTRIUM
STRONTIUM ALUMINATE GLASSES
M. Licheron1,*, D. de Ligny2, D. Zanghi1, V. Montouillout1, D.R. Neuville3, F.
Millot1
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On the contrary to the calcium aluminate glasses, only few works have been devoted to the
aluminate glasses containing strontium . For instance up to now, no glass has been reported
in the SrO-Y2O3-Al2O3 ternary and only one composition of glass is reported in the SrO- Al2O3
binary. We present for the first time the domain of vitrifying compositions in the SrO- Y2O3Al2O3 system. Glassy samples are obtained from the contactless free cooling of liquid drops
using an aerodynamic levitation furnace. The structural investigation of these glasses is
performed with XANES and by 27Al NMR spectroscopies.
We have used XANES spectroscopy at the Sr and Y-K edges at high temperature to
investigate the short range order of glasses and melts and the modification of cations
environnement during the crystallization process (slow cooling-down) too. Reference crystals
spectra are analysed to estimate more easily the part of different cation environment. We
point out the significant difference between Sr and Y environment both in glass and in melt.
Xanes spectra obtained on SrO-Al2O3 glasses at the Sr K-edge are discussed using
FDMNES simulation and compared with our recent Raman and NMR structural investigations
in rare earths aluminates binary [1]. 27Al MAS and MQ-MAS NMR experiments are used to
characterize the local environment of aluminium in the network. Even if aluminium is mainly
tetracoordinated to oxygen, higher coordinated species are also present. An accurate
estimation of the population of different aluminium sites was obtained by the simulation of
both MQ-MAS and quantitative MAS spectra. We concluded on the relation between Y and
Sr environments and the degree of depolymerisation of the aluminate network.
[1]. M. Licheron, V. Montouillout, F. Millot and D.R. Neuville, “Raman and 27Al NMR structure
investigations of aluminate glasses : (1-x)Al2O3 - x MO, with M=Ca, Sr, Ba and 0.5<x<0.75)”,
J. non Crystal. Solid (submitted).
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CALCULATION AND ANALYSIS OF VIBRATIONAL SPECTRA OF PbCl2Sb2O3- TeO2 GLASS FROM FIRST PRINCIPLES
J. Machacek1,*, P. Kostka2, M. Liska3, J. Zavadil4, O. Gedeon1
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Glasses in the PbCl2-Sb2O3-TeO2 system are promising materials for photonics applications.
They are characterized by relatively small phonon energies in accord with other heavy metal
oxide materials. The first principles molecular dynamics (MD) simulations of xPbCl2-10Sb2O3(90-x)TeO2 glasses (x = 10, 20, ..., 50) were carried out using density functionals, the planewave basis set expansion, and the projector- augment waves (PAW) for atomic core-regions.
The MD glasses were prepared by simulated quenching of a high temperature melt at 5000 K
down to 300 K. Three independent runs for each composition were performed to improve
statistics. The resulting glassy structures were analyzed by partial radial distribution functions
(RDF) and partial coordination numbers. Axial and equatorial oxygen atoms of TeO4 trigonal
bipyramids were distinguished. As the second step, the structure, shape, and volume of the
MD glasses and some similar crystalline structures (TeO2, PbTeO3) were re- optimized using
the conjugate gradients method with increased number of plane- waves. Vibrational
frequencies and their corresponding eigen-modes were found by diagonalization of the
dynamical matrix. The resulting discrete vibrational spectra were smoothed by the Gaussian
convolution and compared with the available Raman data. Moreover, the simulated
vibrational spectra were decomposed to determine the contributions coming from individual
atomic species and some more complex structural features. This was done by projecting the
eigen-vectors onto various vibrational modes of typical symmetric structural units [1].
[1] S.N.Taraskin, S.R.Elliott, Phys. Rev. B 56 (1997) 8605.
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EXAFS STUDY OF POLYHEDRAL IRON CONNECTIVITY IN FERRIHYDRITE
F. Maillot*, G. Morin
Institut de Minéralogie et de Physique des Milieux Condensés 140 rue de Lourmel, 75015 Paris,
France

Ferrihydrite is a short-range ordered, nanocrystalline iron(III) (oxyhydr)oxide, of commonly
accepted formula 5Fe2O3-9H2O [1]. It is naturally occurring in waters, soils, and sediments
and due to his high surface area plays a major role in the sequestration of contaminants.
Ferrihydrite also has industrial applications as a catalyst and an adsorbent, and is supposed
to form the inorganic core of ferritin, an iron storage protein.
According to the number of broad lines in their XRD patterns, the “2-Line” and “6- Line”
varieties are empirically distinguished. Due to the poor resolution of their diffractograms, the
structure of ferrihydrites is still poorly known. In 2007, a new and controversial structural
model has been proposed [2], which has reopened the debate on ferrihydrite structure [3,4].
There are currently several points of discrepancy in the literature. Amongst them, there is still
no agreement on the single or multiple phase nature of this compound, on the possible
presence of tetrahedral iron, and on the connectivity between iron polyhedron. Also, the
nature of the differences between the 2-Lines, and 6-Lines types is not well understood.
We have used shell-by-shell analysis of Fe-K edge EXAFS spectrum recorded on a large set
of ferrihydrite and other iron(III) (oxyhydr)oxides references samples, with varying crystallite
size and ordering, to further constrain the ferrihydrite structure. We compare the 2-Line and
6-Line varieties, and discuss the validity of different structural models proposed in the
literature. Pre-edge XANES data, which also bring information on the local configuration
around iron atoms, are compared as well. This work give further constrain on the
coordination of iron in ferrihydrite, and basically confirms a Keggin-like local structure of
ferrihydrite.
[1] J.L. Jambor and J.E. Dutrizac, Chemical Reviews 98 (1998) 2549-2585
[2] F.M. Michel, Science 316 (2007) 1726-1729
[3] D.G. Rancourt and J-F. Meunier, American Mineralogist 93 (2008) 1412-1417
[4] A. Manceau Clay Minerals 44 (2009) 19-34
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ANALYSIS OF MULTIPHASE CALCIUM SILICATE GLASSES BY
ELECTRON MICROSCOPY AND NMR
L. Martel*, M. Deschamps, F. Millot, M. Alix, S. Ory, E. Véron, D. Massiot
Condition Extrêmes Matériaux: Hautes Températures et Irradiations-1D avenue de la recherche
scientifique 45071 Orléans Cedex 02 France.

We have synthesized calcium silicate glasses lying within the stable liquid-liquid immiscibility
dome (0-70 w% in silicon) [1] by the solid state method. We have used laser heating by
aerodynamic levitation technique which allowed to prepare samples at very high
temperatures.[2] Using this method, we have obtained spherical samples of 0.2 cm diameters
which are opaque. To analyze these spheres; we have used microscopy techniques and
NMR. Scanning Electron Microscopy (SEM) has enabled us to visualize the phenomenon
and Transmission Electron Microscopy (TEM) to quantify the composition of each phase. The
size of these domains ranges between 400 and 500nm; and the silica rich regions are made
of up to 98% in SiO2.
Supplementary NMR analyses enable us to confirm the results obtained by microscopy. In
fact, phase separation can be observed by varying the relaxation time.[3] The different
species can be quantified, we observed a high amount of Q2 species indicating a
depolymerization of the network. Adding aluminium oxide has a strong effect on phase
separation and has been characterized by NMR.

Figure 1: Left: Micrograph of Scanning Electron Microscopy for a sphere of composition 21CaO79SiO2. The silica rich phase is the darkest one. Right: 29Si NMR spectra obtain at different relaxation
times at 9.4T with a MAS rate of νr=10kHz.

[1] VBM Hageman et al., Phys. Chem. Glasses, 27 (1986) 100.
[2] F. Millot et al., High Temp. - High Pressures, 38 (2009) 245.
[3] J.F. Stebbins et al, J. Am. Ceram. Soc., 92 (2009) 68.
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PROBING GLASS-IN-GLASS PHASE SEPARATION BY NUCLEAR
MAGNETIC RESONANCE SPECTROSCOPY
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Alkali borosilicate glasses can be used to immobilize molybdenum-containing nuclear
wastes. Predicting the long–term durability of these glasses depends on reliable
characterization of glass-in-glass phase separation. Although valuable information can be
obtained by single-resonance magic angle spinning (MAS) nuclear magnetic resonance
(NMR), liquid-liquid immiscibility is however very difficult to explore by single-resonance
NMR, since the inherent structural disorder generally produces broad overlapping peaks. In
this contribution, we show that double– resonance NMR methods are well suited for the
investigation of phase separation phenomena in non-radioactive borosilicate and Mo-bearing
borosilicate glasses. By showing the proximities between the 11B, 29Si, 133Cs and 23Na nuclei
in these glasses (Figure), the various double-resonance NMR techniques employed (such as
REDOR and a REDOR-CPMG combination used to enhance 29Si sensitivity) give insights
into whether these nuclei are present into the same glassy phase. The results can be
interpreted in terms of the degree of glass homogeneity, a key parameter in long- term
chemical durability.
Figure: 11B-23Na REDOR curves showing distinct
behaviors and therefore distinct proximities
between sodium and four and three coordinate
boron atoms in a non phase separated (Mo-0.8)
and a phase- separated (Mo-1.7) Mo-containing
borosilicate glass.
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STRUCTURE OF SOFT MAGNETIC Fe-Si-B ALLOYS AFTER SEVERE
PLASTIC DEFORMATION
D. Matveev*, G. Arbrosimova, A. Aronin, O. Rybchenko
Institute of Solid State Physics Russian Academy of Sciences

Recently metallic glasses have attracted an interest as precursors for obtaining the
nanocrystalline state. Nanocrystalline materials are currently an active area of research, as
they have an unusual structure and consequently unique physical and chemical properties.
Particularly, the nanocrystalline structure created by primary crystallization of melt-spun
amorphous Fe-based ribbons like Finemet exhibits excellent soft magnetic properties.
However small addition of Cu and Nb deteriorate potential properties of nanocrystalline Fe–
Si–B alloy. Furthermore, the resulting sample thickness of such alloys prepared as ribbons is
usually limited to less than 50 µm. On the other hand, the nanocrystalline structure does not
form at the crystallization during the heating of Fe–Si–B and Fe–B alloys, which are not
doped by Cu and Nb. Lately, the formation of nanocrystalline structure was found to occur
under the severe plastic deformation. During our last investigations nanocrystalline structure
was formed in amorphous Fe–В–Si and Fe–B alloys by high pressure torsion at different
temperatures. The nanocrystalline structure was found to form at the attainment of a definite
strain degree. In this work we present our results on the development of the method to
produce soft magnetic nanocrystalline Fe–Si–B alloy, containing no additions of Cu and Nb.
The alloys were prepared by melt spinning. Severe plastic deformation of Fe-based
amorphous alloys has been carried out by high pressure torsion technique with the applied
pressure of 4 GPa and different deformation degree. The deformation has been carried out at
room temperature. The crystallization process was characterized by DSC at a rate of 20 K
min-1. Structure of the samples was studied by X-ray diffraction and transmission electron
microscopy. The severe plastic deformation leads to crystallization of the amorphous phase.
The structure consists of amorphous phase and nanocrystals arranged in it. Fraction of the
nanocrystalline phase in amorphous matrix exceeds 50% and increases with the increasing
of the deformation degree. The size of α-Fe nanocrystals is not higher than 10 nm. High
resolution transmission electron microscopy was involved to investigate the fine structure of
the formed nanocrystals. Magnetic properties of as-cast and deformed samples were carried
out on a vibration sample magnetometer. We have observed increasing of magnetic
properties of Fe-Si-B alloys on the deformation degree. The correlation between the structure
and magnetic properties of the material is discussed.

The financial support of RFBR (project 09-02-00529, 10-02-00195) is gratefully
acknowledged.
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GLASS FORMATION AND STRUCTURE OF GLASSES IN THE ZnO-Bi2O3WO3 SYSTEM
M. Milanova1,*, L. Aleksandrov1, R. Iordanova1, M. Hassan2, Y. Dimitriev2
1

Institute of General and Inorganic Chemistry, Bulgarian Academy of Sciences, “Acad. G. Bonchev”
str, bl. 11, 1113 Sofia, Bulgaria

2

University of Chemical Technology and Metallurgy, Blvd. “ Kl. Ohridski”, bl. 8, 1756 Sofia, Bulgaria

This work is a continuation of our previous investigation on the glass formation and glass
structure in systems containing WO3 and Bi2O3 [1]. The glass formation region in the ZnOBi2O3-WO3 system is determined by melt quenching technique (cooling rates 101-102 K/s).
New original glasses are obtained in a narrow range of compositions with a high WO3 content
(60-75 mol. %). That is way WO3 is the main glass former in this system. Characterization of
the amorphous samples was made by x-ray diffraction (XRD), differential thermal analysis
(DTA) and infrared spectroscopy (IR). DTA curves yielded information of glass transition
temperature (Tg), onset crystallization temperature (Tx) and thermal stability of glasses. The
obtained glasses possess higher crystallization temperature (Tx over 500oC) in comparison
with other vanadate and molybdate non- traditional glass systems. Near the glass formation
region ZnWO4, WO3 and Bi2WO6 are identified in the crystallized samples. IR spectral
investigations revealed the presence of WO6, WO4 and BiO6 groups as a main structural
units building up the amorphous network. The glass structure is realized by topological
disorder mainly of distorted WO6 octahedra.
[1]. Y. Dimitriev et al. Proc. XIX Int. Congr. Glass, Edinburgh, 1-6 July 2001,
Phys.Chem.Glasses 43C (2002) 387.
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NANO-HETEROMOTPHOUS STRUCTURE AND RELAXATION OF
GLASSFROMING As2S3
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The structure of arsenic sulfide As2S3, melting and glass transition process, as well as
relaxation of the glass at heating is considered from the position of conception of polymeric
nano-heteromorphous glass structure and glass-forming liquid, proposed by V. Minaev [1,2],
and its particular case for the individual chemical substance (ICS) - conception of polymerpolimorphoid structure of non-crystalline substance. ICS in non-crystalline state is a
fragment’s copolymer of different structures of crystal polymorph modifications (PM), without
translational symmetry (long-range order) which characterized by strictly defined
intermediate- and short- range orders inherent to one of the PMs taken part in glass
formation. The glass transition process of As2S3 is a twofold process of copolymerizationdepolymerization: copolymerization of formed in liquid polymorphoids of high- and lowtemperature PM (HTPM and LTPM) and depolymerization of polymorphoids LTPM above Tg
(~ 175°C) and HTPM - below Tg. Changes of external conditions of glass transition process
(cooling rate, temperature and time of glass annealing, etc.) are changing the concentration
ratio of polimorphoids (CRP) of different PMs HTPM:LTPM, which can be measured, for
example, by comparing the Raman spectra of glass and crystal HT- and LTPM.
CRP is an internal parameter of a thermodynamic system of non-crystalline substance and
determines the structure and all properties of matter. A continuum of combinations of the
CRP, resulting from changes of external conditions and time, defines the continuum of
properties of the non-crystalline substance. This substance is a continuum of metastable
states.
[1] V.S. Minaev, Stekloobraznye poluprovodnikovye splavy. – M.: Metallurgia, 1991, 406p. (in
russian)
[2] V.S. Minaev, In: Semiconducting Chalcogenide Glass I. Elsevier – Academic Press.
Semiconductors and Semimetalls. V78. Eds. R. Fairman, B. Ushakov. Amsterdam – Boston
– London. 2004. Pp.139-179.
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MULTISCALE STUDY OF VOLUME CHANGE INDUCED BY LOCAL
PERMANENT CONFORMATION CHANGES OF SILANOL GROUPS IN
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Glass properties are often changed when the glass is exposed to hot isostatic pressing
experiments, neutron, ion, beta, and gamma particle radiation, or UV/VUV laser radiation.
Among the quantities that are permanently modified in these processes is the volume, i.e.
density. Consequently, the index of refraction of the glass can change due to the changes in
both the polarizability associated with different local conformations and the density.
We numerically investigate a possible source of such volume change using ab initio density
functional theory and molecular dynamics methods. Ab initio modeling shows that a local,
permanent, conformation change in silica lattice, for example a modification of a silanol
defect or a presence of a water molecule, can lead to a significant local volume change [1].
However, the small sample size available in ab initio simulation methods leads to very large,
and practically unimportant or unachievable effective concentrations of such modeled local
conformation changes. In order to estimate volume changes on the mesoscopic scale, we
employ molecular dynamics modeling. This allows us to capture more reasonable
concentrations of the local conformation changes in the experimentally achievable range, i.e.
around or less than 1000 ppm of water content in silica in our case. The resulting volume
change is then related via photoelastic, i.e. continuum, theory to the change of index of
refraction. This is done because the change in material’s index of refraction, which exhibits
itself as a wavefront distortion of the probing light, is the most precise and common
measurement of a radiation induced property change.
We discuss the implications of permanent volume changes on the index of refraction
changes and show that their magnitude is consistent with the wavefront distortion that was
experimentally observed in silica damaged by the UV/VUV laser radiation.
[1] M. Mlejnek and S. Kuchinsky, Adv. Mat. Res. 39-40 (2008) 89.
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STRUCTURAL MODEL OF Ge-Se-B CHALCOGENIDE GLASSES
S. Parvanov
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Chalcogenite glasses are synthesized in the system Ge-Se-B. Electron microscopy, XRD and
IR spectroscopy investigations are performed. On the basis of the obtained diffraction and
structural data a model for building of the amorphous network is proposed using the chemical
bond approximation of Biccerno and Ovshinsky. The popular suggestion is accepted for the
similarity of the atomic arrangement in an amorphous phase and its corresponding crystalline
form and the full valence coincidence for both of them [1]. For this reason the tetrahedral
coordinated Ge atoms should be rounded by four Se atoms creating structural units of the
type GeSe4/2. As a result of the presence of two free Se electrons, double arrangement of its
atoms is possible. The created model is also based on the chemical bond approximation
proposed by Biccerno and Ovshinsky [2]. According to their ideas the atoms of different types
could be combined predominately in dependence on the bond energy and the bond formation
continues till the saturation of all possible valences of the atoms. In the system (GeSe5)1-xBx
(0≤ x ≤ 0,2) the maximal number of Se atoms required to saturate the tetrahedral coordinated
Ge atoms is 34. Following the approximation used, the excess of Se atoms should initiate the
formation of rings, where each Se atom will have two other Se atoms as neighbors and
chains of Se atoms interrupted by boron atoms will exist. The boron could be included in the
thermodynamically unstable ring like structures. Probably the bond Se-В is bridging one
between the selenium spirals and in the case one of the bonds stays unsaturated. It is
possible that the presence of boron in the selenium matrix leads to connection of the chains
and to decreased number of the Se rings. Suggestion is made that the boron is three-fold
coordinated as a result of its electron configuration and forms imperfect structure with the
selenium. According to the radial distribution curves, the number of atoms in the first
coordination sphere determines the absence of ternary compounds and the lengths of the
bonds Se-Se and Ge-Se are slightly deformed.
[1] O. Matsuda, K. Inoue, K. Murase, Solid State Communication 75 (1990), 303.
[2] J. Biccerno, S. Ovshinsky, J. Non-Cryst. Solids 74 (1985) 75.
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STRUCTURAL AND VIBRATIONAL PROPERTIES OF A SODIUM
BOROSILICATE GLASS FROM FIRST PRINCIPLES STUDIES
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First-principles molecular dynamics simulations of a sodium borosilicate (NBS) glass have
been carried out within the DFT framework. Two NBS models of the composition 6SiO23Na2O-B2O3 have been simulated at a density of 2.51g.cm-3. The numerical samples contain
60 silicon, 180 oxygen, 60 sodium and 20 boron. The sum of 320 atoms which is still rather
demanding for ab-initio simulations has been chosen so as to improve the statistics, in
particular for quantities associated to the lowest concentrated element (Boron).
The simulation is started at 4500K in the canonical ensemble (NVT) and followed by a
simulation in the microcanonical ensemble (NVE). Subsequently, the composition is
progressively cooled to 300K within 20ps. The structure factor has been compared to the
experimental one. The role of the sodium, and also the boron environment with both possible
3- and 4-fold coordinated B atoms have been investigated. Moreover, the nature of the bond
between the silicon and the boron is studied. The vibrational density of states of our glassy
models are also presented and confronted to the available experimental data.

* E-mail : laurent.pedesseau@lcvn.univ-montp2.fr
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RARE EARTH INFLUENCE ON STRUCTURAL MODIFICATIONS OF ALPHA
IRRADIATED AND LEACHED ALUMINOSILICATE GLASSES
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Lanthanum Yttrium Calcium Alumino-Silicate oxide glasses have been elaborated to study
potential matrix for specific conditioning of long-lived and high activity actinides. Lanthanum
has been inserted to simulate trivalent actinides. These glasses have been characterized by
MAS NMR spectroscopy of 29Si and 27Al to identify the various environments of these nuclei.
Leaching experiments in static conditions have been operated in acidic and water medium.
Various glass compositions have been tested. The resulting powders and slides have been
studied by NMR spectroscopy and the leachates have been characterized by ICP-MS
measurements to quantify the released elements.
In another hand, these glasses have been irradiated with 45 MeV He2+ ions at various
fluences in presence of water or not. The structural evolutions have been characterized by
micro Raman and NMR spectroscopy in a complementary approach. In particular, the part of
radiolysis effects on the structural aging has been carefully analyzed. Results of these
various analyses show a good resistance to irradiation of the glasses. However, we observe
structural modifications depending on glass composition, and in particular on lanthanum
content, i.e. crystallization phenomena.
SEM micrograph of
irradiated glass and
comparison of 27Al MAS
NMR spectra for irradiated
(red line) and pristine glass
at high fluence.
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STRUCTURE AND PHYSICOCHEMICAL PROPERTIES OF NEW
CHALCOGENIDE GLASSES FROM THE GeSe2-GeTe-PbTe SYSTEM
K. Petkov1,*, L. Aljihmani2, V. Vassilev2
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New chalcogenide glasses from the GeSe2-GeTe-PbTe system were synthesized. The glass
forming region was determinate by the help of visual, X-ray diffraction analysis and scanning
electron microscopy. It is extending towards the GeSe2 and partially lies on the GeSe2-GeTe
(0-58 mol % GeTe) and GeSe2-PbTe (20.0-57.5 mol% PbTe). In the GeTe-PbTe system
glasses are not obtained.
The basic physicochemical parameters such as density (d) and microhardness (HV) were
measured depending on GeSe2 composition. The compactness (C) and elasticity modulus
(E) were calculated by means of the density and microhardness values. Correlation between
the physicochemical properties and chalcogenide glasses composition was found. The
characteristics observed in the examined dependences are interpreted on the base of
structural changes caused by the participation of initial components expressed by different
structural units.
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PHOTO- AND THERMO INDUCED EFFECTS IN TERNARY CHALCOGENIDE
THIN FILMS
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The present investigation is a continuation of our previous study on the possibilities to obtain
amorphous thin films by evaporation and condensation in three component systems based
on Ge and Se with third component (In or Ga). The aim was to trace the influence of the third
component on the thin film structure and the optical properties after thermal treatment or light
irradiation.
Vacuum installation Leybold LB 370, with a residual gas pressure of 1.33.10-4 Pa was used
for the preparation of the thin films. The experiments were carried out by a constant geometry
of the experimental set-up. The evaporation was carried out at a temperature range 850 1000 K, monitored by a Ni-Ni/Cr thermocouple.
The film composition was investigated by Auger electron spectroscopy. It was found a good
agreement between preliminary set composition and that of as – prepared bulk sample and
thin film. The thin film structure studied by means of transmission electron microscopy (TEM)
and selected area electron diffraction (SAED) using EM-400 Philips electron microscope. The
electron microscope patterns of as-prepared semiconducting films are typical as for
amorphous materials; with smooth surface and homogenous in the depth.
The optical transmission and reflection were investigated in the spectral region 300-3000 nm.
The films are transparent in the VIS and near IR spectral regions and the absorption edge is
between 550 and 700 nm, depending on the film composition. The absorption coefficient (α)
and its spectral distribution were calculated from the transmission and reflection data.
Moreover, compositional dependence of some optical properties – refractive index, reflection
coefficient of the glassy layers was established. The band gap structure was discussed in the
point of view Davis&Mot’s theory. Optical band gap was calculated by means of two
independent methods: from the Tauc plot hν=B(EgTauc – hν)2 and Eg04 from the relationship 
= f(hν) and the compositional dependence of the optical gap was elucidated. All properties
are studied on as-deposited and photo-irradiated under different temperatures. The
illumination procedures are kept constant during the all experiments. The registered apparent
change of the thin film structure after irradiation is transformed in alternation of the studied
optical and mechanical properties.
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DEFECT DIFFUSION, CLUSTERING AND CRYSTALLIZATION IN NONCRYSTALLINE TETRAHEDRALLY BONDED NETWORKS. A MODELING
APPROACH.
M. Popescu*, F. Sava
National Institute of Material Physics, Atomistilor str. 105 bis, Magurele, Ilfov, Romania, 077125, PO
Box MG. 7

Models of non-crystalline Si, Ge with low content of structural defects (dangling bonds, 0.5
%) have been devised. The diffusion of the defects as a function of thermal or photoexcitation has been simulated. A crystallization mechanism viewed as a process of
nucleation around the defect clusters has been proposed. Finally the densification of the
crystalline tetrahedrally bonded phases at high pressure has been explained by the softening
the bond bending force constant with rearrangements of the whole structure.
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FABRICATION AND PROPERTY OF FILMS/BULK Ga-La-S RARE-EARTH
CHALCOGENIDE COMPOUNDS
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Non-crystalline As(Ge, Sb, Te)-S-Se type compounds are known and investigated since
several years, serving as model for the development of the matrix concept of the glass, but
also because of their multiple applications: starting with windows that are transparent in IR
and humidity proof, then as optical recording media, elements based on electrical
conductivity of semiconductor type, photoresist. The resistance and the stability of these
materials to the strong fields, generated by lasers, proved insufficient. Mostly the situation is
caused by the low softening temperature (about 200-250 °C). The importance of this fact for
the non-crystalline materials is major because the lack of a sharp phase transition. As
photonics materials it is desirable an as much as possible incorporation of the active
elements as Nd, Er, Pr, Ho etc, without damaging the luminescence. Or, when doping over
1%, a segregation of the dopant in the separate phase and the “extinction” of the
luminescence is noticed.
As promising could be considered the chalcogenides of the rare earths elements, basing on
Lanthanum [1]. These materials have very good optical, thermal and mechanical
characteristics, but difficult to prepare. Mostly this fact is due to the large melting temperature
of La, but also of La2S3 (about 2000 °C), that supposes to provide special technological
conditions. This situation can be overpassed by adding a considerable part of Ga2S3, that
forms an amalgam with La3S3 and which has a melting temperature of about 1100 °C.
We obtained non-crystalline materials with a 70%GaS-30%LaS composition by placing
powder Ga2S3 + La3S3 precursors in a glassy carbon crucible. The crucible is fixed in a
closed quartz cylinder. Argon inert gas flux is provided. The heating is done using induction
high frequency currents and the temperature is controlled using a pyrometer. The synthesis
lasts 12 up to 24 hours, gradually rising the heat. A quenching is done till 500 °C in order to
avoid the crystallization, then an annealing is done for stress relaxation.
For investigations and subsequent use the samples are optically polished as 2-4 mm thick
disks. The optical spectra were achieved using Lambda 1050 (Perkin Elmer) spectrometer.
The disk was used as ablation target for an excimer laser (λ=248 nm, τ = 20 ns, E=500 mJ).
The investigated films were 1-5 µm thick on a BK7 glass substrate. Interferometric methods,
XRD (X-ray diffraction) method, AFM structure investigations were used to get optical
parameters. Non-crystalline thin films having good optical properties for applications were
achieved.
[1] P.N.Kumta and S.H.Risbud, J. Mater. Sci. Lett. 29, (1994), 1135
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CRYSTALLIZATION OF KINESCOPE GLASS CULLET
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The aim of the paper was to resolve environmental problem with glass panel. The glass
ceramic was prepared by control crystallization of electronic wastes which comes from TVs
and computers. Glass ceramics, materials prepared by the control crystallization of glasses,
have a variety of established uses depended on their uniform reproducible fine-grain
microstructure, absence of porosity and wide- ranging properties which can be tailored by
changes in composition and heat treatment. The nucleation and crystallization experiments
were carried out on the basis of differential thermal analysis (DTA), X-ray diffraction (XRD),
scanning electron microscopy (SEM) results to produce glass-ceramic materials. The
introduction of TiO2 promotes the nucleation and crystallization of glass cullet, the kind of
crystallizing phases was confirmed by XRD, and SEM methods, respectively. Moreover a
compressive strength of obtained glass-ceramic was sufficiently large for practical use.
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BEHAVIOUR OF NICKEL SULPHIDE INCLUSIONS IN GLASS MELTS
M. Reben1,*, J. Wasylak1, S. Bielecki2
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A brief review of the magnitude of the nickel sulphide problem is discussed. Nickel sulphide
inclusion in soda-lime annealed glass and SLS tempered glass has been studied. The
discussion was meant to clarify the cause of nickel sulphide inclusions in glass and explained
how these inclusions may cause tempered glass to break. Since these inclusions cannot be
eliminated, the discussion addresses how to reduce the potential of nickel sulphide inclusion
breakage. The glass batches with different source of nickel sulphide were melted in the
laboratory conditions as well as glass with metallic nickel addition. The possible forming
process of nickel sulphide in glass was tested. The DTA/DSC, XRD, SEM studies allowed to
state that the formation of inclusion from nickel and sulphur during manufacturing process is
difficult, moreover in some cases not possible. The nickel sulphide was introduced to SLS
float glass and then tempered. The tempered glass samples, which included the NiS stones,
were investigated by microscopic (SEM) method and characterized by EDAX analysis. The
glass samples were analysed by elastooptic studies. The obtained results will help to solve
the problem of forming nickel sulphide inclusions.
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PHASE TRANSITIONS AND MACROSCOPIC PROPERTIES OF NaNO3
EMBEDDED INTO POROUS GLASSES
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It is known that properties of materials in a restricted geometry differ significantly from the
properties of the bulk, especially if the characteristic size is comparable with correlation
length of the order parameter critical fluctuations. There are various methods of
nanostructured materials preparation and one of them is embedding of substances into the
pores of natural or artificial porous matrices. This method permits to produce a large amount
of nanocomposite materials (NCM) and to use some experimental methods (neutron
scattering, heat capacity measurements), that require a large amount of nanostructures. The
aim of the present work was to study of temperature evolution of structure of NaNO3
embedded into porous glasses with pore diameters 320, 46 and 7 nm. NaNO3 undergoes
orientational order-disorder PT at 549 K and melts at ~580 K. Earlier the melting-freezing
transition for sodium nitrate embedded into porous glasses with pore radii 2.5, 5, 10 and 20
nm has been studied by differential scanning microscopy and Raman spectroscopy. In this
paper the results of neutron diffraction and calorimetric measurements of porous glasses
filled by NaNO3 from the melt are presented.
The principle results are:
1 – For all samples the crystal structure corresponds to the structure of sodium nitrate. We
did not observe any new phase for NaNO3 within 7 nm porous glasses.
2 - The melting temperatures decrease on decreasing of pore diameters.
3 – Sodium nitrate within 320 nm glasses is textured strongly and there are the visible
stresses.
4 – The temperatures of order-disorder phase transition tend to decrease with the decreasing
of pore sizes.
5 – The amplitudes of thermal motion of constituent ions for NaNO3 within porous glasses are
essentially larger than in the bulk crystal.
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SIMULATION OF AMORPHOUS ICE AND WATER STRUCTURE AT
DIFFERENT TEMPERATURES
F. Sava*, M. Popescu, A. Lörinczi, A. Velea, I.D. Simandan
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The structure of amorphous ice has been simulated in the frame of continuous random
networks (CRN) models with different percent of molecular rings. High temperature ice was
explained by a molecular network with 5-7 rings of molecules. Low temperature ice was
explained by models that include besides 5, 6 and 7 member rings, a small percent of 4member rings of molecules.
The increase of density from 0 °C to 4 °C was explained in the frame of a model with
defected crystalline ice.
High temperature water was simulated by models, which take into account the softening of
the hydrogen bridges and closer packing of the molecular units.
[1] M. Popescu, J. Non-Crystal. Solids 75 (1985) 483.
[2] M. A. Popescu, J. Non-Crystal. Solids 35 & 36 (1980) 549.
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MECHANICAL BEHAVIOUR OF POLYMER DERVIED SiOC GLASSDIAMOND COMPOSITES
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There is considerable interest in SiOC glass systems and its derivatives for their use as
coatings, structural materials for high temperature applications due its interesting mechanical
behavior1,2. Amorphous SiOC exhibit peculiar properties including a low Poisson’s ratio (~
0.11) and a very high critical load for crack initiation under indentation3. The synthesis of
SiOC glass-matrix diamond particulate composites gives birth to hard and tough materials
and broadens the range of potential applications for instance in the area of super-abrasion.
The composites were prepared through a solution-precipitation technique using various sizes
of diamond particles and different volume percentages. The sample preparation condition
and the preliminary evaluation of the mechanical properties will be discussed.
[1] G.D Soraru et all., J. Am. Ceram. Soc., 79, 2074 (1996)
[2] Rahul Harshe et all., J. Euro. Ceram. Soc., 24, 3471(2004)
[3] Claude Moysan et all., J. Euro. Ceram. Soc., 27, 397 (2007)
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STUDY OF MICRO-HOMOGENEITY OF HIGH-PURITY GLASSES FOR
FIBER OPTICS BY LASER 3D-ULTRAMICROSCOPY
L.A. Ketkova*, M.F. Churbanov, V.S. Shiryaev
Institute of Chemistry of High Purity Substances of the Russian Academy of Sciences 49 Tropinin st.,
Nizhny Novgorod, 603950, Russia

The necessity in control of concentrations and sizes of heterophase inclusions in high-purity
IR glasses (chalcogenide, tellurite, fluoride) for optical fibers is connected with their
substantial effect on optical losses, laser damage threshold and crystallization tendency.
Taking into account modern requirements to the acceptable level of optical losses for
materials of IR fiber optics (~ 20 dB/km) the control of 10 nm - 10 µm heterophase inclusions
should be provided in the concentration range of 1 - 1012 cm-3 which corresponds to the
extremely low volume fractions (~10-9 – 10-3 %) of the disperse phase. The most efficient
control techniques covering the most part of the “size-concentration” ranges given above are
based on the differential methods of light scattering.
A set-up and a method of the laser 3D ultramicroscopy have been developed for the nondestructive control of the materials transparent in the visible and near-IR regions. The
method is based on the CCD registration of the laser radiation scattered by individual
inclusions in the orthogonal direction to the incident beam when the sample is scanned along
the microscope optical axis. A semiconductor laser diode ( λ =0.98 µm) and a He-Ne laser ( λ
=0.63 µm) are used as sources of the probing radiation. The sizes of inclusions, which can
not be resolved with an optical microscope, are determined from the brightness of diffraction
spots with solution of the inverse problem of light scattering based on the Mie theory. The
concentration of inclusions is found by a single-particle count. The limit of detection for the
inclusion size is n×(10-100) nm depending upon the refractive indices of the inclusions and
the glass. The range of detectable concentrations is 102-1010 cm-3. The depth of sample
scanning is ~1 cm.
Potentialities of the technique are illustrated by the investigation of contaminations produced
by the quartz equipment in the processes of synthesis of Ge-Sb-S and As2S3 glasses,
kinetics of heterogeneous nucleation on the SiO2 impurity inclusions in the Ge25Sb10S65
glass, and analysis of the selenium, GeS2, GeSе2 and As-S-S sample glasses opaque in the
visible region. It was established that these chalcogenide glasses contain the heterophase
impurity inclusions of n×10 nm - 50 mm sizes with the concentration of 102 –1010 cm-3. The
concentration and sizes of inclusions depend on the glass composition, purification method
and the time-temperature conditions of the glass synthesis. In the glasses most pure with
respect to inclusions the content of the inclusions exceeding 50-100 nm in size was less than
103 cm-3.
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SINGLE-MODE Ge-As-Se-Te GLASS FIBERS FOR 5-11 µm
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The high purity Ge-As-Se-Te (GAST) glasses with small difference of refractive index
between core and clad compositions were prepared by melting the purified elements in silica
evacuated ampoule in the rocking muffle furnace. The chemical and distillation methods of
purification have been used to remove water, oxides and carbon impurities from the melt.
The glass macro-composition was determined by energy dispersive x-ray analysis with 0.2
at.% accuracy. The cladding composition was Ge10As30Se40Te20. The core composition was
prepared by adding a small amount of Te by vacuum evaporation. The content of the limiting
impurities in core and clad glasses was as follows: oxygen - <1 ppm wt, carbon - ~2 ppm wt,
hydrogen as SeH group – 2 ppm at, Si - < 0.5 ppm wt, metals - <0.1 ppm wt.
More than 100 m of 180-300 mm diameter fibers with F-42 fluoro-polymer protective coating
was drawn by the double crucible method. Core diameter for GAST fiber was designed to
reach single mode parameters for the selected core and cladding glass composition. The
fibers with core diameters from 10 up to 25 µm were fabricated by variation of inert gas
pressure above the core melt. The measured numerical aperture of the fiber was from 0.14 to
0.3 depending on core/clad glass compositions. The single mode propagation was
determined by the measurement of CO- and CO2- laser beam spatial distribution in the near
and far field at fiber output using IR thermovision camera. At the present stage of
development the single mode operation was obtained reliably at 10.6 mm and with certain
probability at 5.5 µm. The minimum optical losses in metal immersed fiber were 1.5 dB/m at
3.1 µm. The absorption loss spectrum of fiber is characterized by absence of water and oxide
impurities absorption bands. The average value of mechanical bending strength of fiber was
600 MPa.
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SENSITIVITY OF XANES SPECTRA TO LOCAL COORDINATION OF Zn IN
ZnO NANOCRYSTALS: THEORETICAL MODELLING
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Nanocrystalline ZnO consists of a complex network of hexagonal-like rods grown along the
[0001] crystallographic direction. The surfaces of these rods originate mostly from (11-20)
and (1-100) planes of the original wurzite ZnO structure. Recently, several Zn K-edge x-ray
absorption near-edge structure (XANES) spectra of nanocrystalline ZnO were recorded [1-3]
which exhibit some differences with respect to spectra of bulk ZnO. Our work focuses on
theoretical XANES at K-edges of Zn atoms at and in the vicinity of the (11-20), (1-100) and
(0001) surfaces of wurzite ZnO. In this way it will be possible to assess the influence of
surface on XANES of ZnO nanocrystals and to analyze relevant experimental spectra in
terms of surface and sub-surface contributions. Our theoretical method makes use of selfconsistent KKR – Green function technique which makes it possible to account properly for
effects of surfaces and/or of the defects.
[1] J. W. Chiou et al., Appl. Phys. Lett. 84 (2004) 3462.
[2] J. W. Chiou et al., Appl. Phys. Lett. 85 (2004) 3220.
[3] S. Larcheri et al., Superlattice and Microstructures 39 (2006) 267.
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TITANIUM SILICATE SOL GELS
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Titanium silicates are of interest due to their possible use as bioactive materials in addition to
their potential as ultra-low thermal expansion glasses and thin films with tailored refractive
index. Determining the structure of this material can lead to improvements in the material
properties to better suit particular applications. Glassy titanium silicate samples were
synthesized using the sol-gel method. The densities of the samples were determined using a
He pyconmeter and the samples further characterized using XRD and DSC. These were then
studied using the new NIMROD, “Near and InterMediate Range Order Diffractometer“,
instrument at the ISIS neutron spallation source in the UK. This new instrument uses neutron
diffraction data gathered across an exceptionally wide dynamic range in Q (Q= 4.π.sinθ/λ =
0.02Å-1 to 50Å-1) to provide information about the structure over a correspondingly larger
range of length scales than would be accessible using any other currently existing
diffractometer. The results of this highly novel experiment will be presented, along with a
comparison of the NIMROD data with that for glassy titanium silicates in the literature [1].
[1] D. M. Pickup et al., J. Phys Chem B 108 (2004) 10872.
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INTRODUCING FIRST-PRINCIPLES CALCULATIONS TO COMPLETE NMR
STUDIES ON SIMPILFIED NUCLEAR WASTE GLASSES
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Solid-state NMR has been proven to be one powerful technique for understanding the local
atomic arrangements in materials. However, the complexity of glassy or amorphous
structures often limits to the detailed interpretation of their NMR data. The recent
development of new NMR techniques for determination spatial (dipolar) or through bonds
(scalar) interactions of the constituent atoms (i.e Si-Si or/and Si-B) combined to the use of
computational techniques can also help investigating further the NMR experimental results.
In particular, Molecular dynamics (MD) is used to model glasses structures while information
from NMR experiments (such as for example the connections and proportions of different
former units) enable to retain and assess some of these model structures.
In this work, classical MD and NMR experiments were used to generate and assess models
of borosilicate glasses. Ab-initio GIPAW calculations were used to predict NMR parameters
on these structures and to interpret further the distribution of different NMR parameters with
respect to structural features (i.e influence of the Si-O-B, Si-O-Si or B-O-B coordinence on
11
B, 29Si and 17O spectra).
Furthermore, the simulation of the 11B, 29Si and 17O NMR spectra enable to corroborate the
structural information (dipolar or scalar couplings, Si-Si or Si-B bondings) obtained through
advanced NMR techniques and understand better the structures locally.
The convincing results obtained encourage further studies on more complex glasses in which
Ca or Na are introduced and helped understanding the distribution of such network modifiers.

* E-mail : anne.soleilhavoup@cea.fr
Keywords: borosilicate glasses,
computational simulations

‐ 252 ‐

Solid-state

NMR,

Molecular

Dynamics,

GIPAW,

SYNTHESIS OF POWELLITE-RICH GLASSES FOR HLW IMMOBILIZATION
T. Taurines1,*, B. Boizot1
Laboratoire des Solides Irradiés, UMR 7642 CEA-CNRS-Ecole Polytechnique, Ecole Polytechnique,
91128 Palaiseau cedex, France

Old waste solutions from gas cooled reactors with high Mo concentration may induce the
formation of a “yellow phase” during nuclear glass preparation. This “yellow phase” could
incorporate significant amount of radioactive species (Cs) and must therefore be avoided. For
that purpose, composite waste forms with crystalline molybdates in vitreous matrices are
being studied for UMo spent fuel immobilization [1, 2]. The goal of this study consists in
optimizing the SiO2-B2O3-Na2O-CaO-MoO3 system composition and heat treatments in order
to obtain crystallization of a monodisperse powellite molybdate phase (CaMoO4) with
controlled size and composition dispersed in a borosilicate glass host matrix. The influence of
temperature and duration time on the nucleation and crystal growth synthesis stage will be
studied. We will add to the different vitro crystalline samples small amount of Gd which acts
as a good surrogate for trivalent minor actinides and as a spectroscopic probe for actinide
speciation between glass and powellite phases using EPR and luminescence measurements.
In this work, the structure of these vitro crystalline materials will be investigated using SEM,
X-ray diffraction coupled with Rietveld refinements of the diffractograms. Raman
spectroscopy will be used to characterize the glassy phase. Gd3+ ions environment is studied
by EPR and time resolved photoluminescence at 266 nm.
[1] D. Caurant et al : J. Am. Ceram. Soc. 90 (2007) 774-793
[2] N. Henri et al. J. Non-Cryst. Solids 33 (2004) 199-205
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VARIABILITY OF THE ENVIRONMENT OF CRIII IN OXIDE GLASSES: A
PROBE OF THE LOCAL STRUCTURE ?
O. Villain1,2,*, G. Calas2
1
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Chromium is a major dopant for oxide glasses. However, the local structure around Cr is not
well understood. X-Ray absorption spectroscopy and optical absorption spectroscopy (NIRvisible-UV) are techniques of choice for the study of the structural environment of chromium
in glasses. An innovative method has been developed for the determination of the relative
proportion of CrIII and CrVI by XANES [1]. The major part of the results concerns the evolution
of the local structure around chromium in oxide glasses containing only CrIII. EXAFS shows
no significant modification of both the coordinence and the Cr-O distance with respect to
glass composition. In the same time, optical absorption properties (crystal field splitting,
Racah parameter, bandwidth and band intensity, additional interference structures) depend
strongly on the nature of network formers and other cations, thus pointing out a modification
of Cr site distribution, of Cr site distortion and of the covalency of the Cr-O bond. In silicate
glasses, optical parameters are sensitive to the nature of alkaline cations (and secondarily to
alkaline earth cations). This preference of chromium for alkaline cations can be explained by
a bond valence model and is indicative of a non random environment of chromium within
glass structure [2]. In borate glasses, optical absorption properties are sensitive to Na/B ratio
and are therefore related to the change of boron coordination (3B/4B). In borosilicate glasses,
optical properties depend on both Na/B and Si/B ratios. The use of optical absorption
spectroscopy both at high and low temperatures (10-900K) shows that the thermal expansion
of Cr site does not follow macroscopic dilatation measured on the same samples. The
suitability of Cr as a structural probe is discussed for the different glasses and for thermal
expansion.
[1] O. Villain et al., J. Am. Ceram. Soc. 90 (2007) 11.
[2] O. Villain et al., in prep.
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ORIENTATION OF SILVER NANORODS IN MESOSTRUCTURED SILICA
FILMS STUDIED BY POLARIZED ABSORPTION AND LOW- FREQUENCY
RAMAN SPECTROSCOPY
D. Vouagner1,*, L. Bois2, E. Nardou1, S. Sirotkin1, B. Champagnon1, A.
Mermet1, F. Chassagneux2
1

Université de Lyon, Université Lyon 1, CNRS, UMR5620, Laboratoire de Physico-Chimie des
Matériaux Luminescents, F-69622 Villeurbanne Cedex, France
2

Université de Lyon, Université Lyon 1, CNRS, UMR5615, Laboratoire des Multimatériaux et
Interfaces, F-69622 Villeurbanne Cedex, France

A novel class of materials with anisotropic optical properties can be prepared by the
alignment of nanorods in a host matrix. Such materials constituting arrays of noble
nanostructures have unique optical properties induced by the collective oscillation of
conduction electrons of nanoparticles interacting with an electromagnetic wave and called
Surface Plasmon Resonance (SPR) [1,2]. Mesostructured sol gel films of silica with block
copolymer can be used to control the growth of silver nanoparticles because their spatial
organization is determined by that of the block copolymer [3]. Silver nanorods with a common
orientation can form by the coalescence of spherical nanoparticles leading to potential
applications of these films in the field of optics.
In this work, we study silver nanorods orientation in the silica film using polarized absorption
spectroscopy which is a very sensitive method to evidence nanorods alignment by means of
the plasmon band splitting into the transverse and longitudinal modes. Investigations are also
performed on films containing nanorods annealed at different temperatures with varying
annealing atmospheres. Silica films are studied by low-frequency Raman spectroscopy as
well. Moreover, thermally poled nanostructured films are analyzed in order to detect whether
the application of an external electric field can enhance the diffusion and coalescence of
spherical particles and consequently the alignment of nanorods.
[1] Alignment of rod-shaped gold particles by electric fields, B.M.L. Van der Zande and al., J.
Chem. Phys.B, 103 (1999) 5754-5760
[2] Optical properties of elongated noble metal nanoparticles, A. L. Gonzalez, J.A. ReyesEsqueda, C. Noguez, J. Chem. Phys. C, 112(19) (2008) 7356-7362
[3] L. Bois, F. Chassagneux, S. Parola, F. Bessueille, Y. Battie, N. Destouches, A. Boukenter,
N. Moncoffre, N. Toulhoat, Journal of Solid State Chemistry, 182(7) (2009) 1700-1707
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STRUCTURE OF LARGE RARE-EARTH GALLATE GLASSES VIA THE
METHOD OF ISOMORPHIC SUBSTITUTION IN NEUTRON DIFFRACTION
K. Wezka1,*, P.S. Salmon1, A. Zeidler1, P. Kidkhunthod2, A.C. Barnes2, H.E.
Fisher3
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3
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The structure of the large rare-earth gallate glass R3Ga5O12, where R = Nd or Pr, was
studied by using the method of isomorphic substitution in neutron diffraction [1]. The samples
were prepared by aerodynamic levitation and laser heating [2]. The diffraction method allows
for a separation of the rare-earth to matrix atom correlations from the matrix to matrix atom
correlations. The results give an R-O coordination number of 7.7(1) with a mean distance of
2.39(2) Å together with a Ga-O coordination number of 4.2(1) with a mean distance of 1.84(2)
Å. The experimental results are discussed by reference to the structure of other rare-earth
oxide glasses.
[1] H. E. Fischer, A. C. Barnes and P. S. Salmon, Rep. Prog. Phys. 69 (2009) 233
[2] P. Kidkhunthod and A. C. Barnes, J. Phys.: Conf. Ser. 190 012076
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APPLICATION OF THE CONSTANT STOICHIOMETRY GROUPING
CONCEPT TO THE RAMAN SPECTRA OF Pb(PO3)2 - TeO2 GLASSES
I. Marusina1, O. Derkacheva1, V. Goncharuk2, I. Maslennikova2, I.
Polyakova3, A. Anan’ev4, L. Maksimov4, T. Markova1, O. Yanush1,*
1

2

3

Saint Petersburg State Technological University of Plant Polymers, Ul. I. Chernykh 4, Saint
Petersburg 198095 Russia

Institute of Chemistry of Far-Eastern Branch of Russian Academy of Sciences, Pr. Stoletiya 159,
Vladivostok 690022 Russia

Institute of Silicate Chemistry, Russian Academy of Sciences, Ul. Odoevskogo 29, Saint Petersburg
199155 Russia
4

Research and Technological Institute for Optical Material Science, Ul. Babushkina 36-1, Saint
Petersburg 192171 Russia

Pb(PO3)2 - TeO2 glasses in the whole range of glass content were first obtained and their
properties (refractive index n, density d, glass transition temperature and light scattering
losses) were determined. Based on the vibrational spectroscopy data a new approach has
been proposed to investigate the interactions of initial oxides in melts resulted in so-called
constant stoichiometry groupings (CSG) formation. Vibrational spectra of glasses are
interpreted as a superposition of unchangeable spectral forms belonging to CSGs: PbO
P2O5, TeO2 2PbO 2P2O5, TeO2 PbO P2O5, 2TeO2 PbO P2O5 and TeO2.
In this work MVDA has been applied as the independent mathematical tool to decompose
Raman spectra of glasses and reveal the number of PSCs. It is shown that application of
factor analysis results in five PSCs that confirms our data obtained from the concept of
CSGs.
The composition dependences of the concentrations of the CSGs have afforded an
opportunity to explain and calculate the dependences of n and d and even to predict
refractive index and density values for vitreous TeO2 and Pb(PO3)2. CSG concept has
allowed also to predict the existence of unknown compounds, and thus TeO2 2PbO 2P2O5,
TeO2 PbO P2O5, 2TeO2 PbO P2O5 were revealed by XRPD of crystallized glasses.
The CSG concept opens the way for elaboration of low scattering glasses as candidates for
Raman amplifiers. It is shown that Pb(PO3)2 - TeO2 glasses containing small additive of TeO2
are of interest to photonics technology. These glasses are uncolored, weather-resistant, the
level of light scattering losses of glasses is comparable with that in fused silica.

* E-mail : O.V.Yanush@inbox.ru
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STRUCTURE AND CRYSTALLIZATION BEHAVIOR OF SOME ZINC
BORATE GLASSES CONTAINING GADOLINIUM IONS
P. Pascuta1,*, G. Borodi2, S. Rada1, M. Bosca1, L. Pop1, E. Culea1
1
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Physics Department, Technical University, 400641 Cluj-Napoca, Romania
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Zinc borate glasses exhibit low melting temperatures, so they are of technological interest
owing to their applications in different fields of electronic products [1-4]. This is due to the fact
that the higher the polarizability of an ion, the lower the melting temperature of the substance.
Low melting glasses have been widely used for lowering the sintering temperature and
optimizing coefficient thermal expansion in the field of electric devices such as multi layer
ceramic capacitor, low temperature co-fired ceramics, plasma display panels, cathode ray
tube, electric modules, etc [1-4].
Glasses in the system (Gd2O3)x·(B2O3)(60-x)·(ZnO)40 (0 ≤ x ≤ 15 mol%) have been prepared by
the melt-quenching technique. The crystallization behavior, structure, and thermal expansion
behavior were investigated by Differential thermal analysis (DTA), X-ray diffraction (XRD) and
Fourier transform infrared (FTIR) spectroscopy. Compositional dependence of the glass
transition (Tg), crystallization (Tc) and melting (Tm) temperatures were determined by DTA
investigations in the temperature range between 100 and 900 °C with the heating rate of 20
°C/ minutes. Crystallizing phases for each composition were characterized by XRD and their
activation energies (Ea) were determined from the dependence of the Tg on the heating rate
(a). FTIR spectroscopy data suggest that the gadolinium ions play the network modifier role
in the studied glasses.
[1] D.W. Kim, D.G. Lee, K.S. Hong, Mater. Res. Bull. 36 (2001) 585.
[2] S.G. Lu, K.W. Kwok, H.L.W. Chan, C.L. Choy, Mater. Sci. Eng. B 99 (2003) 491.
[3] G.N. Raju, M.S. Reddy, K.S.V. Sudhakar, N. Veeraiah, Opt. Mater. 29 (2008) 1467.
[4] L. Zhou, H. Lin, W. Chen, L. Lua, 2008 J. Phys. Chem. Solids, 69 (2008) 2499.
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ORIENTATION OF SILVER NANORODS IN MESOSTRUCTURED SILICA
FILMS STUDIED BY POLARIZED ABSORPTION AND LOW- FREQUENCY
RAMAN SPECTROSCOPY
D. Vouagner1,*, L. Bois2, E. Nardou1, S. Sirotkin1, B. Champagnon1, A.
Mermet1, F. Chassagneux2
1Université de Lyon, Université Lyon 1, CNRS, UMR5620, Laboratoire de Physico-Chimie des
Matériaux Luminescents, F-69622 Villeurbanne Cedex, France
2Université de Lyon, Université Lyon 1, CNRS, UMR5615, Laboratoire des Multimatériaux et
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A novel class of materials with anisotropic optical properties can be prepared by the
alignment of nanorods in a host matrix. Such materials constituting arrays of noble
nanostructures have unique optical properties induced by the collective oscillation of
conduction electrons of nanoparticles interacting with an electromagnetic wave and called
Surface Plasmon Resonance (SPR) [1,2]. Mesostructured sol gel films of silica with block
copolymer can be used to control the growth of silver nanoparticles because their spatial
organization is determined by that of the block copolymer [3]. Silver nanorods with a common
orientation can form by the coalescence of spherical nanoparticles leading to potential
applications of these films in the field of optics.
In this work, we study silver nanorods orientation in the silica film using polarized absorption
spectroscopy which is a very sensitive method to evidence nanorods alignment by means of
the plasmon band splitting into the transverse and longitudinal modes. Investigations are also
performed on films containing nanorods annealed at different temperatures with varying
annealing atmospheres. Silica films are studied by low-frequency Raman spectroscopy as
well. Moreover, thermally poled nanostructured films are analyzed in order to detect whether
the application of an external electric field can enhance the diffusion and coalescence of
spherical particles and consequently the alignment of nanorods.
[1] Alignment of rod-shaped gold particles by electric fields, B.M.L. Van der Zande and al., J.
Chem. Phys.B, 103 (1999) 5754-5760
[2] Optical properties of elongated noble metal nanoparticles, A. L. Gonzalez, J.A. ReyesEsqueda, C. Noguez, J. Chem. Phys. C, 112(19) (2008) 7356-7362
[3] L. Bois, F. Chassagneux, S. Parola, F. Bessueille, Y. Battie, N. Destouches, A. Boukenter,
N. Moncoffre, N. Toulhoat, Journal of Solid State Chemistry, 182(7) (2009) 1700-1707
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STRUCTURAL ORIGIN OF THE THERMALLY INDUCED DENSIFICATION IN
GeO2 GLASS: AN O K-EDGE INELASTIC X-RAY SCATTERING STUDY
G. Lelong1,*, L. Cormier1, G. Ferlat1, V. Giordano2, G.S. Henderson3, G.
Calas1
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3
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In the past decade, the notion of polyamorphism in glassy systems has been proposed to
explain the existence of several disordered states when they are placed under extreme
conditions. Vitreous GeO2 shows dinstinct amorphous states in its P-T diagram when
relatively high-pressure is applied. The glass structure changes from a distorted quartz-type
structure at ambient pressure to a distorted rutile-type structure at about 10 GPa [1], the
germanium coordination changing from 4 (GeO4) to 6 (GeO6). However, it is not clear yet if
this transition is a linear combination of the two structures or if it occurs through an
intermediate state such as the five-coordinated GeO5 polyhedra as suggested by molecular
dynamics simulations [2]. Since the signature for O belonging to four- coordinated (GeO4),
five-coordinated (GeO5) and six-coordinated (GeO6) polyhedra is significantly different in
germanate crystals [3], O K-edge spectroscopy is a tool of choice to probe such entities. We
have recently carried out in-situ inelastic X-ray scattering spectroscopy (ID16) on vitreous
GeO2 at the O K-edge at high pressure using panoramic diamond anvil cell (DAC). This study
demonstrated the feasibility of such experiments and the possibility to obtain O K-edge
spectra of good quality showing a clear modification of the oxygen environment as pressure
is increased.
[1] J.P. Itié, A. Polian, G. Calas, J. Petiau, A. Fontaine, H. Tolentino, Phys. Rev. Lett. 63, 398
(1989).
[2] M. Guthrie, C.A. Tulk, C.J. Benmore, J. Xu, J.L. Yarger, D.D. Klug, J.S. Tse, H-K. Mao,
R.J. Hemley, Phys. Rev. Lett. 93, 115502 (2004).
[3] D. Cabaret, F. Mauri, G.S. Henderson, Phys. Rev. B 75, 184205 (2007).
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GLASSES AND CERAMICS IN THE SYSTEM Bi2O3-TiO2-SiO2-Nd2O3
S. Slavov, E. Kashchieva*, Y. Dimitriev, A. Afify
University of Chemical Technology and Metallurgy, 8 Kl. Ohridski Blvd., 1756 Sofia, Bulgaria

In our previous works [1, 2] the phase formation in the system Bi2O3-TiO2-SiO2 was
investigated. It was established that the introduction of SiO2 stimulates partially the
amorphization from fast quenched melts and allows modification of the microstructure. The
aim of the present study is to obtain glasses and ceramics in the system Bi2O3-TiO2-SiO2Nd2O3 using different cooling rates of the melts.
Starting with the ternary system Bi2O3-TiO2-SiO2, amorphous samples were synthesized in
wide composition range above 15 mol% SiO2 and below 50 mol% TiO2 applying press
quenching of the melts (1400oC). At the same conditions glasses were obtained in the four
component system Bi2O3-TiO2-SiO2-Nd2O3 in the section containing 10 mol% Nd2O3. The
structure of the amorphous samples was studied by IR spectroscopy. It was established that
the increasing of the TiO2 content up to 40 mol% preserves the bridging bonds Si-O-Si and
Si-O-Ti with formation of TiO4 units. The increased Bi2O3 amount instead of SiO2 leads to
reduce polymerization of the silicate network and to formation of isolated SiO4 units
stimulating the crystallization ability. The introduction of Nd2O3 up to 10 mol% does not
change the amorphous network.
Heat treatment was additionally applied in order to control the crystallization of bismuthtitanate phases. The phases Bi4Ti3O12, Bi2O3 polymorphs and TiO2 were identified by XRD
analysis. The SEM observations showed that depending on the heat treatment, oriented
microstructure containing elongated crystals appears.
All investigated samples are dielectric materials with conductivity 10-9 - 10-13 (Ω.cm)-1,
capacitance 10-11 - 10-12 F and dielectric losses tgδ 200.10-4 – 999.10-4.
These results are promising basis for obtaining of new generation high temperature
ferroelectric materials.
[1] M. Krapchanska, Y. Dimitriev, R. Iordanova, J. Univ. Chem. Technol. Met. 43 (2006) 307.
[2] E. Kashchieva, M. Krapchanska, S. Slavov, Y. Dimitriev, Processing and Application of
Ceramics 3 [4] (2009) 171.
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FIRST-PRINCIPLES SIMULATIONS OF LIQUID AND VITREOUS B2O3
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The structure of vitreous boron oxide has been a longstanding controversial issue regarding
the existence and proportion of six-membered rings, the so-called boroxol rings. The debate
has been recently revived with the apparition of first-principles molecular dynamics (FPMD)
simulations [1]: while the fraction of boron in such rings was found to be low (f ~ 9%) from the
obtained configurations, strong indications were given that the true value should be much
higher (f ~ 75%). However, this claim has been immediately criticized [2] arguing that there
were up to now no boroxol-rich (BR) models able to simultaneously reproduce the
experimental Raman spectra and static structure factors at the glass density.
Using FPMD simulations and different starting models (containing either few or large
amounts of boroxols), we show straightforwardly that only BR models are able to reproduce
the whole gamut of experimental data (structure factors, heat capacity, infra-red, Raman, 11B
and 17O NMR spectra). This study [3] clearly evidences the extent to which these
observables are sensitive or not to the medium range-order and solve the apparent
contradictions in the literature. In addition, the exploration of the energetics confirms the
existence of a boroxol stabilisation energy (the obtained value being in very good agreement
with previous experimental derivations). We shall discuss the role played by the boroxols
along the liquid-glass transition and we will propose a scenario for this transition.

[1] - P. Umari and A. Pasquarello, Phys. Rev. Lett., 95, 137401 (2005)
[2] - J. Swenson and L. Börjesson, Phys. Rev. Lett., 96, 199701 (2006)
[3] - G. Ferlat, T. Charpentier, A. P. Seitsonen, A. Takada, M. Lazzeri, L. Cormier, G. Calas,
F. Mauri, Phys. Rev. Lett., 101, 065504 (2008)
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DISTRIBUTION FUNCTION OF
AMORPHOUS GERMANIUM BY X-RAY DIFFRACTION OF
MEMBRANES MADE BY ION IMPLANTATION
S. Roorda1,*, M. Droui1, C. Martin2, S. Kycia2, J.C. Pothier1, L.J. Lewis1
‐ 262 ‐
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We have made amorphous germanium membranes of very high purity by self-ion
implantation of crystalline germanium and analysed these samples by high energy x-ray
diffraction. A five-element energy dispersive detector was used to distinguish elastic and
inelastic scattered x-rays and thus obtain a reliable structure factor from 0.1 to 55.5 Å-1. Two
samples were measured: one "as-implanted" which received no further treatment and one
"relaxed" which had been thermally annealed at 350 °C in order to induce structural
relaxation. Comparing the RDFs of these two samples, and comparing those to RDFs
measured earlier on similarly prepared a-Si samples [1], reveals new information, some
expected and some surprising. To aid the interpretation of the experimental data, a molecular
dynamics simulation of an energetic (3 keV) Si recoil into a 105 atom large model of a-Si was
performed.
(1) The coordination number of a-Ge is slightly smaller than that of a-Si
(2) The 2nd peak, measured at high resolution, reveals a fine structure which will require
detailed modelling for a full understanding.
(3) Structural relaxation leads to ordering, measurable in the RDF, beyond 6 Å and thus
much beyond the 2nd nearest neighbour. Small but significant changes can be seen in both
sets of measurements as well as in the simulations.
[1] K. Laaziri et al., Phys. Rev. B 60 (1999) 13520.
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