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John Desmond Bernal  - 1901-1971

The dense random packing DRP model for the structure of liquids.

DRP of A atoms gives a packing fraction of about 66.4% as compared to 74% 

for fcc and hcp packing or a difference of 11.4%.

from The Times Higher Education Suppl. 3 Feb. 2006



-D. Miracle, Nature Materials 2004 - Sheng et al, Nature 2006

- Yavari, Nature Materials 2005 - Yavari, Nature 2006



� European European European European SychrotronSychrotronSychrotronSychrotron Radiation Facility  (ESRF) Radiation Facility  (ESRF) Radiation Facility  (ESRF) Radiation Facility  (ESRF) 
�XXXX----ray diffraction in ray diffraction in ray diffraction in ray diffraction in transmisiontransmisiontransmisiontransmision

�High Energy monochromatic RadiationHigh Energy monochromatic RadiationHigh Energy monochromatic RadiationHigh Energy monochromatic Radiation

Integration of the 2D transmission diffraction pattern
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The variation with temperature, of wave-vector Qmax or angular position of the
diffracted intensity I(Q) below Tg can be treated somewhat as that of a crystal Bragg
peak with the volume expansion of glassy structure represented by:

{Qmax (To) / Qmax (T)}3 = {V(T) / V(To)} = {1 + αth (T – To)}

αth , the volume coefficient of thermal expansion below Tg can thus be obtained from
the temperature slope or derivative of of {V(T) / V(To)}.

Yavari et al Acta Met 2005



Zr55Ti5Cu22Ni8Al7.5Ga2.5 bulk metallic glass,

a) left: isentropic Tg determined calorimetry;

b) right: isochoric Tg determined from diffraction data.















container-less solidification: 
aerodynamic levitation





Levitation environment at ID11. Laser heads (a,b), pyrometer (d), video 
camera (c), levitation chamber (e), Frelon detector (f).

Hennet L. et al, J. Non-Cryst. Solids 354 (2008) 5104





Zr67Cu33 Zr60Cu30Al10

Al addition in Zr-Cu metallic glasses 

• increase the frequency of icosahederal clusters

• enhance their stability through electronic interactions associated with bond 

shortening 

• leading in sluggish kinetics in the supercooled liquid

� enhance glass forming ability. 



Cooling from the melt
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av (liquid) :  6.7 x 10-5 1/K   [Yokoyama et al, J Non Cryst Sol 2009]

av (glass) :  3.15 x 10-5 1/K  [C Fan et al, Intermet 2012]



Structure factor S(Q) of Zr60Cu30Al10 during cooling from 1400 K to 370 K.



the parameter (Q1(To)/Q1(T))3 as a function of cooling temperature.



Reduced atomic pair distribution function G(r) of theZr60Cu30Al10liquid during

cooling from 1400 to 370K, ∆G(r) functions (∆G(r)= G(r)-G(r)1400K) showing

the growing difference between G(r) at 1400K and those at various

temperatures during cooling, close up of the 1st G(r) peak evolution and the

∆G(r)
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� structural evolution

• from 1200oC to ~100oC

� ΔGr = G(r) – G(r)1198 C

• Positive values in local maxima

• Negative values in local minima
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• Negative values in local minima

• More atoms contribute to the 

SRO and MRO

• Less atoms in the “intermediate 

distances” (“link atoms”)

•
• Reinforcement of short and 

medium range order 



Thermal expansion of the 1st nn atomic shell during cooling

wij r (Ǻ) ∆Hmix

(kJ/mol)

Zr-Zr 0.498 3.20

Cu-Cu 0.066 2.56

Al-Al 0.001 2.86

2.88 -23Zr-Cu 0.361 2.88 -23

Zr-Al 0.054 3.03 -44

Cu-Al 0.02 2.71 -1



Total pair distribution functions of the simulated Zr60Cu30Al10 alloy at various 

temperatures in comparison with the experimental data, Representative

clusters in Zr60Cu30Al10 extracted from an MD configuration at 300K: WS: 

nearly perfect, DT: Distorted or Truncated. 





Populations of the various types of clusters as a function of temperature:

Rhombic Dodecahedra (RhD), Icosahedra (ICO) and Cuboctahedra (Cb). RhC

denotes the sum of RhD and Cb.



Density function theory calculations of the effect of Al addition to Cu-Zr glass:
When aluminium atoms are at the center of the cluster, charge transfer of

the Al atoms leads to pd-d interactions with the surrounding Zr shell atoms
resulting in a densely packed cluster.



ViscosityViscosity

Vogel Fulcher Tammann
Equation

ηηηη=ηηηη0 exp (D *T0 / T-T0)

2 < D* <100

D*

C.A. Angell, J. Physical Chemistry 49, 863 (1988)

R. Busch, J. Schroers and W.H. Wang, MRS Bulletin ( 2007)



The 22The 22ndnd International International 
Symposium on Symposium on MetastableMetastable, , 

Amorphous and Amorphous and NanostructuredNanostructured
MaterialsMaterials

ISMANAM 2015

Paris, FranceParis, France

Paris, the cosmopolitan capital of France, is
situated on the Seine River, in the north of the
country, at the heart of the Île-de-France region.
Paris, one of the largest population centres in
Europe with more than 12 million inhabitants, has
the reputation of being the most beautiful and
romantic of all cities, brimming with historic
associations and remaining vastly influential in
the realms of culture, art, fashion, food and
design. Dubbed the City of Light (la Ville Lumière)
and Capital of Fashion, it is home to the world's
finest and most luxurious fashion designers and
cosmetics, such as Chanel, Dior, Yves Saint-
Laurent, Guerlain, Lancôme, L'Oréal, Clarins, etc.
A large part of the city, including the River Seine,
is a UNESCO World Heritage Site.

The city has the second highest number of

Contact infoContact info
Web: http://ismanam.org/ 
euronano@minatec.inpg.fr
Tel:   +33 76826766
Fax:  +33  

Paris, FranceParis, France
1212--17 July 201517 July 2015

The city has the second highest number of
Michelin-restaurants in the world (after Tokyo)
and contains numerous iconic landmarks, such as
the world's most visited tourist site the Eiffel
Tower, the Arc de Triomphe, the Notre-Dame
Cathedral, the Louvre Museum, Moulin Rouge,
Lido etc, making it the most popular tourist
destination in the world with 45 million tourists
annually. For centuries, Paris has attracted artists
from around the world, arriving in the city to
educate themselves and to seek inspiration from
its vast pool of artistic resources and galleries. As
a result, Paris has acquired a reputation as the
"City of Art". Italian artists were a profound
influence on the development of art in Paris in
the 16th and 17th centuries, particular in
sculpture and reliefs.

Paris is a global hub of fashion and has been
referred to as the "international capital of style".
Paris has a large number of high-end fashion
boutiques, and many top designers have their
flagship stores in the city, such as Louis Vuitton's
store, Christian Dior's 1200 square foot store and
Sephora's 1500 square foot store.



ISMANAM 2015ISMANAM 2015
We are welcoming you to the 22nd

International Symposium on Metastable,
Amorphous and Nanostructured Materials
(ISMANAM 2015) will be held at the Maison de la
Mutualité in Paris, France, from 12 to 17 July
2015. The ISMANAM conference series started in
1994, when the 1st Symposium was held in
Grenoble (France). The first event was followed
by the subsequent symposia organized in Quebec
(1995), Rome (1996), Sitges (1997), Wollongong
(1998), Dresden (1999), Oxford (2000), Ann Arbor
(2001), Seoul (2002), Foz do Iguaçu (2003), Sendai
(2004), Paris (2005), Warsaw (2006), Corfu Island
(2007), Buenos Aires (2008), Beijing (2009), Zürich
(2010), Gijón (2011), Moscow (2012), Turin (2013)
and Cancun (2014).

The ISMANAM conference is a
multidisciplinary forum which promotes
international scientific and technological
exchanges on all aspects related to Metastable,
Amorphous and Nanostructured Materials.

OrganizationOrganization

Steering Committee

M. Atzmon, USA
M.D. Baró, Spain
W.J. Botta, Brazil
A. Calka, Australia
M. Chen, Japan/China
J. Eckert, Germany
G.A. Evangelakis, Greece
A.L. Greer, UK
K. Kelton , USA

National Advisory Committee

E. Blanquet CNRS-INP Grenoble
Y. Champion Paris-Est- UMR 7182
J.M. Dubois CNRS-UHP-INPL
K. Georgarakis -INP Grenoble
T. Rouxel, Rennes
M. Pons, CNRS-INP Grenoble
C. Vahlas – ENSIACET
G. Vaughan- ESRF – Grenoble
A.R. Yavari - CNRS-INP Grenoble

The ISMANAM 2015 will be held at Maison de la
mutualite. Located on the banks of the Seine in
the Latin Quarter, the Maison de la Mutualité is
one of the emblems of historic Paris, along with
the Notre-Dame Cathedral, the Pantheon, the
Sorbonne, the Jardins des Plantes and the
Luxembourg Palace.

Conference site Conference site 

Amorphous and Nanostructured Materials.

The conference will cover the following Topics:
• Rapidly quenched alloys
• Nanocrystalline materials and materials with 

submicrometer-sized grains
• Quasicrystalline materials• Thin films and

coatings
• Synthesis techniques and metastable phase 

formation
• Structure and structure analysis
• Theoretical modeling and computer 

simulations
• Phase transformations and thermodynamics
• Advanced analytical tools at both the atomic 

and meso-scale
• All aspects of physical, chemical, and biological 

properties
• Magnetic properties from the nanoscale to 

bulk materials
• Mechanical properties at different length 

scales
• Near and long term applications: energy, 
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