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Glassy Systems
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Phenomenology of Supercooled Liquid
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Systems with Glassy Dynamics
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. Rapid increase of relaxation time in
Glass with decreasing temperature is
very similar to the phenomena of
critical slowing down near a continuous
phase transition.

. Possibility of a growing length scale
associated with the dramatic slowing
down in dynamics.

. Static length scale or Dynamic length
scaleNumerous attempts to extract a

growing length scale
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Static Length scale of Amorphous Order

* Different methods for calculating static length scale:
— Point-to-set Correlation function
— Patch Repetition Length Scale

— Curvature of local potential energy minimum (Hessian
Matrix)

— Finite size scaling of relaxation time

All these methods are involved in nature and sometime
require a lot of microscopic details. Thus they are not
practical for real glass forming liquids and are mostly
studied for model liquids in simulations.
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Static Length scale of Amorphous Order

* Experimental determination of this static length scale remained a major
challenge.

GLASS TRANSITION Science 352, 6291 (2016)

Fifth-order susceptibility unvals
growth of thermodynamic
amorphous order in gass-formars

S. Albert,! Th. Bauer,?* M. Michl,? G. Biroli,>* ] .-P. Bouchaud,® A. Loidl,?
P. Lunkenheimer,? R. Tourbot,! C. W iertel-Gasquet,! F. Ladieu't

* Measuring the higher order non-linear dielectric susceptibilities is extremely
difficult as they are many orders of magnitude smaller than the leading
linear contribution. Special experimental techniques were developed to
reliably measure these higher order susceptibilities.



Pinning Susceptibility: A novel method to study Static Length

scale of Amorphous Order
We proposed a new susceptibility : Pinning Susceptibility to extract the static
length scale very easily. This will be also very simple to implement in
experiments.
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Pinning Susceptibility : A Novel Method to
Study Growth of Amorphous Order in
Glass-forming Liquids, R. Das, S. Chakrabarty,
S. Karmakar, Soft Matter 2017.




Pinning Susceptibility

This susceptibility looks very similar to X4 (t) but the main difference is that peak

height of X4 (t]depends on the dynamic length-scale where as peak height of XP (t)
is directly proportional to the static correlation volume in the liquid. There is no
unknown exponent involved in the analysis.

In 2 dimensions

%p(t)

In 3 dimensions



At time much larger than the short time relaxation, Q(c,t) can approximated
very well by stretched exponential function :

t B
T B,

> 1.
% (CT) R

Differentiating this above Eq. with respect to c and then letting T ~ Ty
max B 0T(CT)

Xp (T) ~
enL(cT) adc  |._g

Now for small pinning concentration c, relaxation time obeys the following
scaling function if certain conditions are satisfied :

W(cT)| d

The scaling function f(x) goes to zero as x goes to 0. So in the limit x -> 0,
we can approximatef (X) ~ X

KT (T) = SE(T)




Conditions for Existence of Scaling Function

e First find out if there is an optimum value of the pinning fraction, cp,
at which the temporal peak of the pinning susceptibility takes its highest
value for a given temperature.

e Sct the derivative of x,[c, T, 7. (c, T)] with respect to ¢ to zero.

m—(? LR ((Tc“) . (1)
e Solving this, we get,
T.{cp,T) = A(T) exp [B(T)ep]. (2)

e A corollary to this is that if the peak height of x,(#) for a given tem-
perature is independent of ¢, then the derivative considerced to get the
maximum in the above analvsis vanishes for all values of ¢. In that case,
we get after renaming A(T) and B(T) appropriately,

7o(e,T) = 70(0,T) explegy (T))]. (3)
e Thus it is essential for the existence of the proposed scaling function that

the peak height of x,(t) for a given temperature is independent of the
pinning concentration, c.
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Consistency Check

Pinning Susceptibility does
not depend much even for
larger (5@

Time at which the peak of
pinning susceptibility
appears is proportional to
the (y relaxation time.




Consistency Check

Peak height of Pinning Susceptibility
indeed does not depend even if it is
calculated at different pinning
concentration. This is essential for the
existence of the scaling function.
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Consistency Check
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Pinning Susceptibility without pinning

mgmT =0.450

We actually do not need to pin particles, just adding

40
small concentration of larger particles generates the
30 same effect and picks up the static length-scale.
2 This makes the susceptibility completely portable to

experimentally relevant glass forming liquids.
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Similar consistency checks
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Consistency Checks

30

e Diffusion constant of C particle is
around an order of magnitude smaller
than the solvent particles.

* Pinning Susceptibility does not depend
on the size of the C particles within
the studied size range.




Initial data with Glycerol + Sorbitol Mixture
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Measurements of growing surface tension of
amorphous-amorphous interfaces on approaching
the colloidal glass transition
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q(tn)

Random Pinning Case:

If a box is occupied by a particle then n;(t) = 1 else n;(t) = 0.
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Soft Pinning Case:

q,(r,0)
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Conclusion : Part 1

* Proposed a new susceptibility which is easy to
calculate in experimentally relevant glass
forming liquids.

* The peak height of this susceptibility is directly
proportional to the static correlation volume
without any unknown scaling exponents.

* |nitial experimental results are encouraging
and hope that we will have some idea about
the growth of amorphous order in real glass
forming liquids in near future close to Tg.



Systems with Medium Range Crystalline Order

* Are glass formers with medium range crystalline order generically
same as other glass formers?

 How different length-scales are connected to slowing down in
supercooled liquid for glasses with and without medium range
crystalline order?
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PRL 100, 158002 (2008) 18 APRIL 2008

Direct Observation of Medium-Range Crystalline Order in Granular Liquids Near
the Glass Transition
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Point to set Length Scale
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Dynamic Length-Scale

Four point Dynamics Susceptibility y,(t) S.(q,t) = l(< Q(q,t)Q(—q,t) > —0Q(g,t) >?)
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Hexatic Order

Calculation of hexatic order

parameter: @ 0.80<=hop<1.00
. ©® 0.60<=hop<0.80

i _ n; 60
Ye = n_izm=1 g/o%im 0.40 <= hop < 0.60

. , . © 020<=hop<0.40
The spatial correlation of Y is @ 0.00 <= hop <0.20

calculated as

— Lz *
96(r) = (ZMTN(N_D)ZW ) il

A 1O E LT LTI 00 S W R HaAEh I H\l AWAN W

................. ———] + T=1.000h

1()0? ' . T=1.050f

: e © T=1.100f

- ., T =1.200]]

I F\ 5 . T=1300]]

=

10 T=1.800]

3 : :onoo:

il ;

Ol
\D L
co i
10'3§
10°E

The correlation length of the
hexatic order,é. ,obtain by
fitting the exponential decay
of the peaks of the correlation
function.



S,(q,7) Scaling
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Static and Dynamic Length-scales are same at all temperatures



System without MRCO : 2dR10

Simulation Details:

B. 2d R10 model is a 50:50 binary mixture of particles interacting via
purely repulsive soft sphere potential.

21

10 2

V,gm—ﬁ = €qp i +Zszra—ﬁ Tap<cutoff

a a 4 cuto
Oap Tap £t 7 \Oap

= 0,rqp > cutof f
Parameter of the system:
€qa = 1.0,€45 = 1.0,eg5 = 1.0,044 = 1.0,045 = 1.18, 055 = 1.40.
The interaction potential cut-off 1.38540,4.

p = 0.85.

) : ® 0380<=hop<1.00
No prominent hexatic @ 0.60<= hop < 0.80
order is observed at the 0.40 <= hop < 0.60
lowest temperature ® 0.20<hop<0.40

. 0.00<=hop<0.20
studied. ¢
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Comparison of different Length-scale
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® 0.80<=hop<1.00
©® 0.60<=hop<0.80

0.40 <= hop < 0.60

® 0.20<=hop<0.40
@ 0.00<=hop<0.20

2dIPL

2dIPL model: Density as control parameter
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Polydisperse Model:

V<o2>—<g>2
<o>

Polydispersity (n) =
We choosenn = 11%

The particles interact with Weeks-Chandler-Anderson potential

Dynamical length scale from S,(q, T) for The spatial correlation of Y% for Polydisperse
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Pomt to-Set Length-scale
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Static and Dynamic Length scales are strongly
coupled : Growth of Locally Favored
Structures (LFS) may possibly be the reason.
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Mono-disperse Systems
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Conclusion : Part 2

The growth of different length scales in supercooled liquids with medium
range crystalline order (MRCO) are completely different from the generic
glass forming liqguid where MRCO is not prominent.

Dynamic heterogeneity and relaxation times are controlled by one unique
length scale for glass forming liquids with MRCO.

Systems with no prominent medium range crystalline order, dynamic
heterogeneity and relaxation times are controlled by two different length
scales. Increase in relaxation time with decreasing temperature is
controlled by the static length scale not the dynamic one.

PTS length scale correctly picks up the hexatic order. This is actually order
agnostic.

Metallic glasses seem to have also local crystalline order and thus glass
transition in metallic glasses might be different from the conventional
glass transition.

Extension to this work in other three dimensional models with MRCO/LFS
is in progress and it will be great to see whether similar physics also
applies to those systems.
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