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A microscopic picture of the atomic motion during
polyamorphism in an ultra-viscous liquid
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 Dynamical crossover and liquid-liquid transitions
(1 Coherent X-rays and X-ray Photon Correlation Spectroscopy
 Atomic motion in ultra-viscous alloys
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 Dynamical crossover and liquid-liquid transitions
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L v Angell’s big picture

In the investigate cases the LLT and the fragile to strong transition have been observed in
intermediate or strong glass formers at temperatures well above T, even T,

The Big Picture

Fragile strong/Fragile Strong/Fragile
peak below T peak (or T ) < T,, but peak above T,
glass-formers: >Tg, so crystallize glass-formers:
ACp 1-butene, toluene easily: water, Si, Ge Sio, C.A. Angell MRS bulletin 2008

BeF, ===~

strong

Following the “big picture” proposed by Angell in 2008, the LLT is likely to be located at too
low temperatures to be observed in a fragile system being hidden by the glass transition.
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Can we see a signature of the fragile to strong
dynamical crossover in fragile systems?
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(1 Coherent X-rays and X-ray Photon Correlation Spectroscopy
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Coherent X-rays

scattering
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Coherent Radiation
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Thomas Young's Double Slit Experiment
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http://micro.magnet.fsu.edu/primer/java/interference/doubleslit/

The intensity fluctuations are
related to the constructive and
destructive interference
between the two waves
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X-Ray Photon Correlation Spectroscopy
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Information on the dynamics can be obtained by measuring a series of speckles
patterns and quantifying temporal correlations of intensity fluctuations at a given
wave-vector g

Siegert relation
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A. Madsen, A. Fluerasu and B. Ruta, XPCS, Springer, 2015
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The intermediate scattering function

Vs

The intermediate scattering function monitors the decay of the density fluctuations
on the scale 2rt/Q
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The intermediate scattering function

S

The intermediate scattering function monitors the decay of the density fluctuations
on the scale 2rt/Q
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 Atomic motion in ultra-viscous alloys




® L Dynamics in the supercooled liquid phase (XPCS)
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Quasi-static cooling: rate of 0.1 K/min
Au,,Cu, ;Si,; ;A8 Pd, 5 - and isothermal steps of AT=0.5 K

8000

(=]

6000 41.025

11.020

t, (s)

4000 _

(2,(Q.b)-1)/e

S
=

2000

(=]
(]

2000 4000 6000
t, (s)

(=]
(—]

®)Lyon 1 @
S. Hechler, et al. Phys. Rev. Mat. (2018) ©lLyon



The supercooled liquid phase (XPCS+DMA)

S
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Q=278 A

S. Hechler, et al. Phys. Rev. Mat. (2018)
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e L The supercooled liquid phase (XRD)

T-step with long isotherms
b ok ' ' '
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2 XRD experiments
- Same thermal protocol as XPCS
- Continuous cooling with 1.5 K/min
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The supercooled liquid phase (XPCS+DMA+XRD)
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Volume, Enthalpy

The liquid-liquid transition

INSTITUT LUMIERE MATIERE ’

Temperature




INSTITUT LUMIERE MATIERE

L

The liquid-liqu

id transition
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Fragile-to-strong liquid-liquid transition

S
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The liquid-liquid transition: a slow process
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The equilibration at the expected T,
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Nature of the dynamics in the strong liquid
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Slow down of the dynamics at the maximum
of the S(Q) = reminiscent of the de Gennes
narrowing of high temperature liquids.

Sub-diffusive particle motion
- heterogeneities at low Qs.

A

and large

4

1 )T(Q)

(r(@) = F(ﬁ(Q) Q)

‘@{Lyon 1 @



INSTITUT

General sub-diffusive particle motion ?
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Theoretical models:
Discontinuous hopping of caged
particles : B=constant<l & 1= q!

p=0.99.T=280
p=1.06.T=263
p=1.14.T=247

p=1.27,T=229
-1.8

log, ,(t(q))
w
S
I
T

FIG. 1. The « relaxation timescale 7(g) plotted as a function of g at differ-
ent densities and temperatures. The {g) values are scaled such that at ¢
=8.6 they have similar values. 7(¢) shows a weaker ¢ dependence as the
temperature is lowered.

Batthacharryya et al. J. Chem. Phys. 2010
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General sub-diffusive particle motion ?
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General sub-diffusive particle motion ?
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Sodium silicates
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Horbach et al, Phys. Rev. Lett. (2002)

—

Meyer et al, Phys. Rev. Lett. (2004)

» Metallic glasses: influence of chemical short range order

» Silicates: fast ion diffusion in a slow relaxing mat

rix
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i L Take home message
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LLT in ultra-viscous metallic glass-formers

J Competition between glass transition and LLT

O LLT is a slow, time consuming process involving changes of the local
order not affecting the density

[ Direct link between LLT and fragile-to-strong dynamical crossover

d Complex particle motion suggesting hopping of caged particles j

Thank you for Your attention!!!

Open post-doc, PhD positions (metallic glasses & chalcogenides)
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Nature of the dynamics in the strong liquid
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WAXS geometry
8/21 keV: peak at 15°- 45°
deg.
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Progresses of last years on WA-XPCS on glasses at ESRFJ
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2011: First measurements of atomic
motion in glasses (= 3-5h/curve)
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There’s still room for improvement...
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Wave vector Q (A)

. new ground for XPCS

¢ 4 orders of magnitude faster times

e 100 times larger signal to noise ratio

\_e Extension into hard x-rays (> 10 keV) / > Brillouin é’
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Dynamic

Light
» ESRF - EBS : already upgraded scattering

» APS-U: upgrade starting in 2022

10° 10° 10* 10° 102 10° 10°

» Petra IV: upgrade foreseen for 2024 Length scales (A)

Courtesy of M. Sprun
» & many other national synchrotrons (Max IV, v of M. Sprung

etc..)
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2 ‘L Dynamics in the supercooled liquid phase (XPCS)
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Quasi-static cooling: rate of 0.1 K/min

Au,,Cu, ;Si,; ;A8 Pd, 5 L and isothermal steps of AT=0.5 K
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S. Hechler, et al. Phys. Rev. Mat. (2018)



The glass transition: a dynamical process

Jhe glass transition: 2 dynamical process

A normal liquid B glass
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L.M.C. Janssen Front. Phys. 2018



