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The Puzzling Glass Transition

* G@Glass transition: dynamics becomes progressively
and

central problem in glass research

Crystalline Order Amorphous Order & Five-fold Symmetry

Observation of five-fold local
symmetry in liquid lead

Biroli et al. Nat. Phys. 2009 Reichert et al. Nature (2000)

Tanaka, EPJE, 2012 Charbonneau et al. PRL, 2012




Structure and Dynamical Heterogeneity (DH)

Weeks and Weitz et al. Science 2000
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Dynamical Heterogeneity: “The Book”

Dynamical Heterogeneities

(i Glasaes, Collots and “In this book, we survey

CrunpiabMe s the most recent research

L BTN, G pROLL P B CHAUD dealing with glassy physics
R ... with an emphasis on

Oxford Sci. Pub. 2012

Colloids as Model Systems
to Study Glass Transition

Smith and Tanaka




Colloids Model Systems

Hard sphere

energy

Soft repulsive

distance

Glotzer et al. Nat. Mat. 2011

Colloids: Packing-driven Phase Transition

> Molecular Glass:

» Colloidal Glass:
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Temperature-driven: Microgel Colloid

T=26.7°C
(crystal)

T=28.3°C
(liquid)
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Han et al. PRE (2007)

Experimental Tool & Data Analysis

Video Frames

Image Processing
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The Fundamentals
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Structural and Dynamical Properties
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Dynamics and Dynamical Heterogeneity

Speeds of particles vary in
time and space

* Cooperative and clustering

MD simulation of LJ glass
red-fast particles blue-slow particles




Correlation between Dynamic Heterogeneity and Medium-Range Order
in Two-Dimensional Glass-Forming Liquids
PRL 2009
Takeshi Kawasaki, Takeaki Araki, and Hajime Tanaka
Institute of Industrial Scie /i ¥ € Meguro-ku, Tokyo 153-8505, Japan

Medium Range Order
and
Glassy Dynamics

Confined glassy dynamics at grain PNAS 2012
boundaries in colloidal crystals

K. Hima Nagamanasa®', Shreyas Gokhale*', Rajesh Ganapathy“*, and A. K. Sood™*

Grain boundary
and
Glassy Dynamics

Open Questions

Medium Range Order Grain boundary and Defects

.

ﬁ,% '




Can we learn glassy dynamics from
melting of crystal?

Crystal melting

Lose order and produce defects

Glassy dynamics

® Experiments: T-responsive Colloids

2D sample cell
AR
- Crystal Liquid
Temperature
control * 800 nm microgel particles
e N~ 106 particles, 2D triangular lattice
® MD Simulations

Soft Sphere: v _][

e a =2.5, fits well the interaction of colloids 01

e N~103- 10°particles, 2D triangular lattice, PBC
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2D Melting

 Classical Topic in condensed matter physics
* Debated widely

 KTHNY Theory: Solid-Hexatic-Liquid, two-step melting

(Kosterlitz-Thouless-Halperin-Nelson-Young )

Previous effort Our focus
static structure, orientational glassy dynamics, dynamical
order parameter, order of heterogeneity ...
transition...

Krauth, Phys. Rev. Lett. 2011, 2015

Characteristics of KTHNY 2D melting

Two-step transition: Solid - Hexatic - Liquid
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KTHNY Theory and Orientational Order
Solid->Hexatic->Liquid

Orientational Order Parameter Order Parameter Correlation
W, = Lz /50 8s(r) =< (e, (r,) >
n; k=1

Oi gs(r)l | T T long

.....

Perfect crystal Disorder T/

we =1 W =0

Results: Orientational Correlation Function, gg(r)

Typical 2D Melting Behavior: Solid — Hexatic — Liquid

86(r)

10°

~ -

E T=0.60 (+10%) Ao Melting

g.(r)

—T=1.00 »
| ——T=1.20 5

T=1.35 \

T=1.40 R

——T=145 \

| ——T=1.50 \
T=1.60 .

T=1.80

= 5
10 10

b




Results: Mean Square Displacement

Hallmarks of Glassy Dynamics in the Hexatic Phase
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Dynamical Heterogeneity (DH)?

Spatial - temporal correlation of the dynamics

Weeks & Weitz, Science (2000)

How to quantify DH?




Quantify Dynamical Heterogeneity

Self-overlap function, Q,

Liquid:
Homogeneous Dynamics
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Q, fluctuates: Dynamical Heterogeneity

Quantify Dynamical Heterogeneity:

Four Point Susceptibility —

Mathematically, y, is the fluctuation of overlap function, Q,(At, a):

2,(Aa)= N(<Q2(At,a)2> - <Q2(At,a)>2j

a length scale Af time scale

N number of particles

a [um]

X4 contour plot

At[s)

Phys. Rev. Lett. 95, 265701 (2005); Nature Physics 3, 260 (2007)




Dynamical Heterogeneity in 2D Melting:
4-point susceptibility
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* Strong dynamical heterogeneity at intermediate phase

Connections : Local Structures &Dynamics

Displacement
® u/c

hexatic liquid Local Order
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Colloidal Experiments
Orientational Order and Dynamics

Orientational Correlation Mean Square
Function, g Displacement, MSD

E
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* Power law/expn. decay: * Glassy behavior at
typical 2D melting intermediate phase

Colloidal Experiments

Heterogeneity: Four-point susceptibility
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* Strong dynamical heterogeneity at intermediate phase




Colloidal Experiments
Connections between Dynamics and Local Structures

Crystal Hexatic Liquid

u/c Displacement

Local Order

Summary

* Glassy dynamics: slow, caging dynamics, dynamical
heterogeneity... consistent with AG picture
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* Connections: between defects,
local structures and dynamics
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Future Work: Spatial Correlation and
Length Scale?

5, ==7kyp | (g(r)In g(r)— (g(r) = ))rdr

S, Excess Entropy: L e oy
C,(r= |’7 —% |) =< 5,(7)s,,(7}) >

Dynamics: Cy(r=[i=F|) =< Arar, > /At

Orientational Order: C,(r= |7f - f,|) =<(1=y,(E)NA -y, (7)) >

Tong et al. Phys. Rev. E (2015)
Zheng et al. Nat. Commun.(2014)
Zhang et al. Phys. Rev. Lett.(2013)

Future Work: Spatial Correlation and
Length Scale?




Future Work: Dynamical Length Scale
from DH?
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Thank vyou!
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