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NLE theory for colloidal glass
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Motion of a single particle: r(t)--scalar

DDFT, Local Equilibrium Approximation, Vineyard Closure
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NLE theory for colloidal glass

. Motion of a single particle: r(t)--scalar
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S(q): Static Structure Factor
C(qg): Direct Correlation Function



Dynamic free energy
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Localized, activated hopping dynamics

» Characteristic lengths: r ., R", rg

The “confined” space of the particle’s
motion— “cage size”

Related to the Lindemann length at the
crossover

» Barrier and the relaxation time: Fg, 1,

Structural relaxation <4mm) Escaping the cage <mm) Activated barrier hopping
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e “Shoving”
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Relaxation time
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Kramers first-passage theory:
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Applications of the NLE theory
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@ Colloidal polymers
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Motivation

Features of molecular polymer

e Bond length is not a controllable variable

e Ambiguity of the basic unit

Colloidal polymer as a model system

e Unambiguity of the basic unit
e Flexibility in tuning the architecture,
especially the bond length

Current theoretical and simulation research

e Based on Gaussian or bead-spring chain

* Focus on the influence of chain length
and rigidity
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NLE theory for chain molecules
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Intramolecular correlation function

Koyama distribution for worm-like chain

| . bond length & rigidity  N: chain length
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Intramolecular correlation function
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Intramolecular correlation function
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Structure factor

$=0.57

Bond length: |

Rigidity: ¢

Chain length: N

— =43 |
— =17 | 4

=0, N=10

A

0

=11 5}

— =0
—— =0.4
—— =07

1=4/3, N=10

——N=10
—N=20
——N=100

1=4/3, &0

8 10 12 14 16 18 20 O
qo

2 4 6 8 10 12 14 16 18 20 O

qo

numbers are corresponding to Fig. 1(c)-(e).

Table I. Values of structure factor at the long-wave-length limit and the first peak. The
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Dynamic free energy
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nonmonotonicity

* |=4/3 has the largest barrier height.
 The barrier height increases with the increase of rigidity and
decreases with chain length.



Critical point
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e Critical volume fraction increases with chain length

e Critical volume fraction varies with rigidity significantly for
long chains

e Critical length scale is a weak function of chain length and
rigidity, but depends markedly on bond length
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Local length scales
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Barrier and hopping time
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Universal relationship ...

The Debye-Waller factor <u2>
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Universal relationship ...
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Conclusion

Colloidal polymer is a promising model system to study glassy
behavior of chain “molecules”.

The influence of chain length and rigidity on the local length
scale and activated barrier is encoded in the critical volume
fraction.

In contrast, bond length plays a special role in determining
the behavior of localization length and dynamic barrier.

We find nonmonotonic dependences of structure factor,
barrier height and the universal relationship on the bond
length.
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Simulation as the input

0.57
0.54

hard
sphere

—O—1=1.1, &=0

— =413, =0
—l— /=4/3, «=0.7
—\—1=1.7, &=0

¢C 0.51 -

0.45

0.19

@ (N)/gnt -

1

semiflexible

2 3

4

flexible

N

M P PTTTTTLT PTTATITT I
10 20 30
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1. density-controlled vs
temperature-controlled

2. incomplete
consideration of
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Mechanical response and Active glass
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