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Abstract

We have studied the phase separation kinetics of polymer fluids using the dissipative
particle dynamics (DPD) simulation. In chapter 1, we have discussed the basic concepts
on phase separating binary (AB) fluids, including the fundamental observables required
to characterize the evolution morphology. We have explored mainly the following systems,
simple binary fluid, polymer blend, and block copolymer (BCP) melt. The fundamental
concepts of DPD simulation are also discussed, including the potential energies and
details of simulation parameters used in further chapters.

In Chapter 2, we examine the phase segregation of a BCP melt system in 3d under
external stimuli such as light. The bonds joining incompatible beads in BCP chains are
considered photo-sensitive. We start with a homogeneous system and rapidly quench
it to a temperature T' < T, where T, is the critical temperature. Simultaneously, we
apply alternating on- and off-light cycles to the system. During the on-light cycles,
bond-breaking reactions of the photo-sensitive bonds generates two corresponding active
radicals. These active beads undergo recombination reactions in off-cycles, regenerating
the original BCP chains. During the on-light cycles, macrophase separation occurs
due to the breaking of stimuli-sensitive bonds, causing the two blocks to separate and
behave as polymer blends. Conversely, off-light cycles result in microphase separation
due to bond constraints between incompatible blocks. The study is divided into two
sets: set 1 begins with an off-light cycle, while set 2 starts with an on-light cycle. We
monitor domain evolution, scaling functions, and growth laws during each cycle. The
characteristic length scale follows a power law growth R(t) ~ t?, where ¢ is the growth
exponent. Our simulation shows that the length scale follows all three regimes: diffusive

(¢ ~ 1/3), viscous hydrodynamic (¢ ~ 1), and inertial hydrodynamic (¢ ~ 2/3) growth.
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The time variation of the number of bonds broken and recombined demonstrates that

our model accurately reproduces the first-order kinetics of photo-sensitive reactions.
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Fig. 1: Effect of on- and off-light cycles on the phase separation kinetics of BCP melt
systems.

In chapter 3, we further explore the phase separation kinetics of polymer fluids using
DPD simulations. We apply random photo-illumination to study its impact on the
evolution of polymer blend and BCP melt systems. The polymer blend system has
active radicals at one end of its each chain, while the BCP melt has light-sensitive
bonds joining the incompatible blocks. The initial homogeneous mixture is quenched
to a temperature below its critical value to induce phase separation. Simultaneously,
the system is exposed to random photo-illumination, leading to two concurrent random
events: (a) bond recombination reactions of the active radicals during the off-state of
light and (b) breaking of photo-sensitive bonds in BCP chains when the light is on. The
variation in the intensity of illuminated light is simulated by adjusting the bond-breaking
probability P,. The characteristic domain growth follows the typical power-law behavior
R(t) ~ t?. With varying P,, the length scale transitions from microphase to macrophase
separation at specific transition probabilities for both systems. The bond recombination
probability is set to its maximum value P, = 1, making microphase separation kinetics
dominant at low P, values. The excellent overlap in scaling function data indicates the

formation of statistically similar domains across all probabilities. This study enhances
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the understanding of phase separation kinetics in polymer fluids under external stimuli,

affecting the fundamental properties of the system.

Fig. 2: Random photo-illumination on polymer blend systems.

In Chapter 4, we investigate the effect of external shear on the phase separation
kinetics of BCP melt system. We consider a critical diblock copolymer melt system
confined along the z-direction between two parallel solid walls at the top and bottom of
the system. Initially, we quench the homogeneous mixture to a very low temperature and
simultaneously apply external shear by moving the walls in specific directions. Our study
is divided into four scenarios based on wall motion: (i) Both walls are fixed, (ii) Only
the top wall moves with a constant velocity in z-direction, (iii) Both walls move in the
same z-direction with the same velocity, (iv) The top wall moves in z-direction, while
the bottom wall moves in opposite direction. We monitor the effect of external shear
on domain coarsening, scaling functions, growth laws, anisotropy, and other relevant
parameters. The characteristic length scale follows the usual power law behavior with
diffusive growth at the early stage, which saturates at late times. However, with the
application of shear, significant deviations are observed in the length scale data due to the
formation of well-ordered structures. To minimize the effect of shear, domains rearrange

themselves in a particular direction. Consequently, lamellar morphology forms much
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earlier than in typical BCP melt systems, especially in scenario (iv), where a well-ordered
lamellar structure is observed within specified time intervals. The viscosity plot shows
shear-thinning behavior upon the application of shear for all cases. Overall, our study

highlights the influence of shear rates on the microphase separation kinetics of BCP

/y:o.o

melts.
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Fig. 3: Effect of external shear on the phase separation kinetics of BCP melts.

In Chapter 5, we examine the phase separation kinetics of a polymer blend system
under the application of external shear. This study explores the effects of shear on
both critical and off-critical polymer blend systems. Two rigid walls are placed at the
top and bottom of the system, and shear is applied by moving these walls in specific
directions. We again explored the four scenarios related to the shear generated by the
wall motion, as expressed earlier for chapter 4. We monitor the effect of external shear
on various properties such as morphological evolution, scaling functions, domain growth,
radial distribution function, velocity profile, and viscosity. To counteract the effect of
shear, the domains rearrange in a particular direction, forming organized structures. The
characteristic length scale follows the typical power-law behavior: R(t) ~ t?, where ¢ is

the effective growth exponent. Initially, the length scale exhibits viscous hydrodynamic
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growth (¢ ~ 1), transitioning to inertial hydrodynamic growth (¢ ~ 2/3) later on. At
high shear rates, we observe anisotropy in the system due to domain flow in the direction
of shear, resulting in more stable structures. As the shear rate increases, shear viscosity
decreases, indicating shear-thinning behavior in all cases. In the off-critical mixture
(case 4: when both walls are moving in opposite directions), cylindrical domains form at
high shear rates, this is not observed in other cases within the same time interval. This
study provides insights into how shear influences phase separation kinetics and domain

organization in polymer blend systems.
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Fig. 4: Impact of external shear on critical and off-critical polymer blend systems.
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shown with glowing cyan and glowing orange. . . . . . . ... ... ...
(a-d) Domain evolution snapshots of polymer blend system for different
bond breaking probabilities at ¢ = 3.0 x 10%. Blue and yellow colors
represent A and B beads, respectively. (e) Time variation of the normalized
cumulative number of bonds broken (n;) at various P, values. (f) n; vs.
P, at two different time intervals ¢ = 2.0 x 10? and 3.0 x 103 plotted with
black and red curves, respectively. Inset plots the n, vs P, on log-log scale
at higher P, values. (g) Scaling of the normalized cumulative number of
bonds broken at low P, values (0.01 — 0.1). Corresponding scaled data is
denoted as nps. The scaling at higher P, values (0.2 — 1.0) is shown in (h).
Legends at the top represent the different P, values depicted with various
symbol types. . . . . ...
(a) Radial distribution function, gap(r), at P, = 0.5. Different symbol
types in the legends represent different time intervals. (b) Comparison of
gap(r) vs, r at different P, values at a late time ¢t = 3.0 x 103. . . . . ..
Spherically averaged scaled correlation function C(r,t) vs. r/R(t) at
different time intervals are plotted with different symbols at P, = 0.01 in

(a) and P, = 0.5 in (b). The solid black line represents the zero-crossing.
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3.5

3.6

3.7

(a-b) Scaled correlation function C(r,t) vs. r/R(t) for different bond-
breaking probability P, = 0.01, 0.1, 0.5, and 1.0 plotted with black, red,
green, and blue curves respectively for ¢ = 1.2x10% in (a), and ¢t = 3.0 x 103
in (b). Corresponding evolved morphologies are displayed in Figs. 3.2(a)-
3.2(d). (c-d) Plots for the structure factor along z, y, and z direction at
t = 3.0 x 10% are displayed in (c¢) for P, = 0.01 and (d) for P, = 0.5 to
discuss the anisotropy developed within the system. . . . . . . . ... ..
(a) The characteristic length scale R(t) vs. t for different bond-breaking
probabilities P, € (0.0,1.0) at a fixed bond recombination probability
P. =1.0. The solid lines represent the growth laws followed by the system
(1/3 for the diffusive growth and 2/3 for the inertial hydrodynamic growth).
For a reference case, the length scale of pure BCP melt and pure polymer
blend is plotted with the black and magenta curves. (b) Plots for R(t)
vs. P, at different time intervals are depicted with various symbol types
in the legends. (c) ¢ess vs. 1/t for different bond-breaking probabilities
plotted with various symbols given in the legends. . . . . . . . . ... ..
(a-d) Domain evolution of BCP melt system at different light intensities:
(P, =0.01,0.1,0.5, and 1.0) at t = 1.2 x 10*. (e) Time-dependent behavior
of ny, at different bond-breaking probabilities. (f) n, vs. P, at two different
time intervalas: ¢ = 1.2 x 103 (black curve) and ¢t = 1.2 x 10* (red curve).
Inset plots the data at high P, values representing the power law growth.
(g) and (h) plot the n, vs. t data after scaling with the power law equation

with the unit and lower growth exponents, respectively. . . . . . . . . ..
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3.8

3.9

3.10

4.1

(a-b) Comparison of the scaled correlation function and structure factor
for P, = 0.01 at various time intervals, depicted by different symbols. In
(a), C(r,t) vs. r/R(t) curves are plotted on a linear scale, while (b) shows
S(k,t) vs. kR(t) on a logarithmic scale. (c-d) The same quantities are
plotted for P, =0.5. . . . . . . .
(a-b) Comparison of the correlation and the structure factor curves for
different bond-breaking probabilities P,: 0.01 (black), 0.1 (red), 0.5 (green),
and 1.0 (blue), at a late-time regime, t = 1.2 x 10*. . . . . . . ... ...
(a) The characteristic domain size, R(t) vs. t on a logarithmic scale for
various P, values. The length scale for a pure BCP melt system is plotted
with a black dashed curve for a reference case. The inset of (a) represents
the plots for R(t) vs. P, at different time intervals indicated by various
symbol types in the legends. (b) The effective growth exponent, ¢.ss is

plotted as a function of 1/t corresponding to the length scale presented in

(a) Plots of the average velocity profile, (v,) vs. z, at a high shear rate
(4 = 1.56 x 1072), with different symbols representing the various scenarios.
(b) Plots of shear viscosity, (n), vs. % at the late time step (t =5 x 10%)

for all three scenarios, each indicated by distinct symbols. . . . . . . . ..



List of figures

XXVii

4.2

4.3

4.4

4.5

(a-c) Plots for the velocity profile, (v,) along z-direction. (a) (v,) vs. z
at different shear rates mentioned in the legend at a fixed chain length,
N, = 32. (b) Effect of BCP chain length on (v,) vs. z at a fixed shear
rate, 7/ = 1.56 x 1072. The three black, red, and green curves represent the
data for chain length NV, = 8, 16, and 32, respectively. In (a) and (b), The
height of the box is fixed at L = 64 in a cubic simulation box. We vary
the height of the box in (¢) and compare the velocity profile by keeping
the box length (L = 64) fixed in 2- and y-directions at 4 = 1.56 x 1072
and N, = 32. In (d-f), the velocity profiles are plotted for case 3 with the
variation of the same set of parameters as discussed in (a-c). . . ... ..
Plots for average velocity profile against time for all three cases of applied
shear are mentioned at the top. (a-c) Plots for (v,) vs. t for different shear
rates mentioned in the legends. Data is taken at a plane near the top wall.
In (d-f) (v,) is plotted at different zy-planes for a moderate shear rate
4 = 7.8 x 1073, (g-i) plots the same data set as in (d-f), for high shear
rate ¥ = 1.56 x 1072, . . . . .
(a), (c), and (e) represent the time-dependent average bond length (I,)
for cases 2-4 mentioned at extreme right. Various symbols in the legends
represent the different shear rates applied to the system. In the second
column (b), (d), and (f), we plotted the instantaneous temperature over
time for the same cases as in the first column. . . . . ... .. ... ...
Comparison of late stage morphology of phase separating critical BCP
melt for (a) N, = 8, (b) N, = 16, and (¢) N, = 32. The second right

frame shows the corresponding isosurfaces. . . . . . . . . . ... ... ..
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4.6

4.7

4.8

(a) Plots for the radial distribution function gag(r) vs. r for BCP chain
length N, = 32 for case 1. Different symbols types mentioned in the
legends represent the various time intervals. (b) Average number density
distribution function pa(y) vs. y of A-type beads, corresponding to the
same time intervals as in (a).. . . . . . . ... L.
(a-b) Spherically averaged scaled correlation C(r,t) vs. r/R(t) and corre-
sponding structure factor S(k,t) vs. kR(t) are plotted for different time
intervals with various symbols mentioned in the legends. The solid black
line in (a) represents the zero crossing of correlation function. The struc-
ture factor curves follow Porod’s law: S(k,t) ~ k=* at k — oo represented
by a solid black line with slope —4. (c¢) The characteristic length scale over
time for case 1. The solid black line with slope 1/3 represents the diffusive
growth at early times which saturates later. (d) Plots for the effective
growth exponent ¢.rr vs. 1/R(t) correspond to the length scale plotted in
(c). The solid black line illustrates the reference value of ¢.;; ~ 1/3 for
early diffusive growth. . . . . . . . .. ... oL
Morphology evolution of BCP melts system for case 2 for three different
shear rates (a) ¥ = 1.56 x 1073, (b) 4 = 7.80x 1073, and (c) ¥ = 1.56 x 1072
The snapshots are taken at two different time intervals: ¢t = 1.2 x 102
(first column) and ¢ = 5.4 x 10% (second column). The direction of the
wall motion is shown with a magenta arrow. In the third column, the

isosurfaces are plotted, corresponding to the evolution shown in the second



List of figures

XXix

4.9

4.10

4.11

4.12

(a) and (b) represents the plots of gap(r) vs. r and p(y) of A-beads along
y-direction, respectively for case 2. These data sets are computed at a
fixed shear rate of 4 = 7.80 x 1072 for different time intervals mentioned

in the legends. (c) gap(r) vs. r for different shear rates at a fixed time

interval of t = 5.4 x 103. (d) p(y) versus y for the same data set as in (c).

The characterization functions are plotted at a fixed time step t = 5.4 x 103
for different shear rates for case 2. The scaled correlation function C(r,t)
versus r/R(t) is displayed in (a), While the corresponding structure factor
S(k,t) versus kR(t) on a logarithmic scale is shown in (b). (c) The
characteristic length scale is plotted against time for given shear rates. To
calculate the growth exponent, we display the ¢.r; as a function of 1/R(t)
in (d). . ...
The evolution snapshots for case 3, where both walls move in the same
direction. Snapshots are plotted at two-time steps t = 1.2 x 10? and
t = 5.4 x 103. The shear rates applied to the system is varied as: (a)
4 =1.56 x 1073, (b) ¥ = 7.80 x 1073, and (c) ¥ = 1.56 x 1072, The third
column represents the isosurfaces corresponding to the snapshots in the
second column. The magenta arrows display the shear direction. . . . . .
Case 3: Both walls are moving in z-direction with similar velocities. (a)
Plots the gap(r) versus r, and (b) the average number density profiles
of A-type beads in y-direction at ¢t = 5.4 x 10? for different shear rates;

related morphologies are shown in Fig. (4.11) . . . . .. ... ... ...
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4.13

4.14

4.15

4.16

4.17

(a) Spherically averaged C(r,t) vs. r/R(t) for different shear rates; related
morphologies are illustrated in Fig. 4.11. The corresponding S(k,t) versus
kR(t) curves are plotted in (b) on a log-log scale. (c¢) R(t) versus ¢ for
different sher rates. (d) Plots for related effective growth exponents ¢y
versus 1/R(E). . . . . o
Plots for the unidirectional structure factor S(k,, k,, k.) versus k, (black
curve) and k, (red curve) to discuss the structural anisotropy in the
system. The data is calculated at a fixed shear rate of ¥ = 7.80 x 1072 and
plotted for case 2 in (a) while for case 3 in (b). The inset represents the
S(ky, ky, k.) versus k, along diagonal and cross-diagonal directions with
green and blue curves, respectively, in yz-plane. . . . . . . ... ... ..
Case 4: The evolution snapshots at two different time steps t = 1.2 x 102
and t = 5.4 x 103 for different shear rates (a) ¥ = 1.56 x 1073, (b)
4 = 7.80 x 1073, and (c) ¥ = 1.56 x 1072. To see the bulk structures,
we have plotted the isosurfaces in column three corresponding to the
snapshots at t =5.4 x 103, . . . . . .. . ...
Case 4: (a) Comparison of gap(r) versus r, (b) p(y) versus y of A-type
beads, (c) C(r,t) versus r/R(t), and (d) S(k,t) versus kR(t) at t = 5.4x 103
for different shear rates mentioned in the legends. (e) The characteristic
average domain size R(t) vs. ¢ for the evolution displayed in Fig. 4.15. (f)

Plots for the effective growth exponents ¢ ;¢ vs. 1/R(t) for different shear

We plot the unidirectional structure factor S(k, ky, k.) versus k, (black
curve) and k. (red curve) for different shear rates of ¥ = 0.0 in (a),
4 =1.56 x 107 in (b), 4 = 7.80 x 10~ in (c), and 4 = 1.56 x 102 in (d)

to analyze the structural anisotropy developed in the system. . . . . . . .
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4.18

4.19

4.20

4.21

4.22

Time variation of anisotropy parameters, D,,, D,., and D, are plotted
in (a-d). (a) represent the reference case 1 (¥ = 0.0). (b-d) plots the same
data for case 2 for different shear rates, ¥ = 1.56 x 1073, 7.80 x 1073, and
1.56 x 1072, respectively. Time variations of D,, are compared in (e) and
(f) for case 3 and case 4 at different shear rates depicted by various symbol
TYPES. . . e e
Effect of shear on the BCP melt system with a smaller chain length of
A4B,. We plot the late time evolution, and related isosurfaces of BCP melt
for all three scenarios 2-4 at a fixed moderate shear rate of 4 = 7.80 x 1073

and time step t = 5.4 x 103. Corresponding snapshots for 4 = 0.0 is shown

The evolution snapshots and related isosurfaces for a BCP melt system
with a smaller chain length of AgBg. The shear is applied with cases 2-4
with a moderate shear rate of ¥ = 7.80 x 1072 and time step t = 5.4 x 103,
Corresponding snapshots for 4 = 0.0 is shown in Fig. 4.5(b). . . . . . ..
Domain evolution for asymmetric BCP melt system confined between two
parallel rigid walls. (a) Evolution snapshot and related isosurface plot of
BCP melt system with the ratio of 1:3 between A and B beads, at the

time step t = 5.4 x 10? for zero shear rate. (b) Snapshot at the same time

109

and zero shear for the BCP melt system with a 1:7 ratio of A and B beads.110

Comparison of the effect of shear in different cases 2-4 in BCP melt system
with 1:3 ratio of A and B beads. The evolution snapshots are taken at two
different time intervals plotted in the first two columns at t = 1.2 x 102
and t = 5.4 x 103, respectively. The third column plots the isosurface

related to the snapshots at the late time. . . . . . . . . . ... ... ...
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4.23 Evolution snapshots of BCP melt system with 1:7 ratio of A and B

0.1

5.2

5.3

beads for cases 2-4. The first two columns represent the morphology at
t =1.2x 10% and t = 5.4 x 103, respectively. The third column depicts

the isosurface corresponding to the evolution shown in column two.

(a) Variation of average velocity profile (v,) along z-direction for all cases
mentioned in the legends. The data is plotted for a fixed shear rate
4 =156 x 1072 at t = 1.2 x 10>. (b) Comparision of shear viscosity (n) as
a function of 4 at t = 1.2 x 103. (c-e) (v,) vs. z for different shear rates
for cases 2-4, respectively. . . . . ..o
The evolution snapshots are shown at t = 0 in (a) and ¢ = 1.2 x 10% in (b);
the red, yellow, and olive colors represent the A, B, and wall-type beads,
respectively. (c) The spatial intensity variation of S(k,, k,) at t = 1.2 x 103
along zz-plane. . . . .. .
(a) The RDF gap(r) vs. ris compared at different time steps for zero shear
rate. (b) The scaled correlation function C(r,t) vs. r/R(t). The solid black
line represents the zero crossing. (c¢) The characteristic domain growth
R(t) against time is plotted after averaging along x, y, and z directions,
as shown in the legends. The inset figure represents the spherically
averaged length scale, R(t) vs. t. Solid black lines with slopes 1 and
2/3 represent the viscous and inertial hydrodynamic growth laws. (d)
The unidirectional structure factor S(k,,k,,k.) as a function of k,, k,,
and k,. The inset correspond to S(k,, ky, k) vs. k, along diagonal and

cross-diagonal directions. . . . . . . . . ... oL
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5.4

5.5

5.6

(a-c) The evolution snapshots and corresponding zz-cross section are
displayed for case 2 with different shear rates: (a) ¥ = 1.56 x 1072, (b)
4 =7.80 x 1073, and (c) ¥ = 1.56 x 1073. Related isosurfaces are also
provided in the inset of (d). (d) and (e) show C(r,t) vs. r/R(t) and R(t)
vs. t, respectively, for different shear rates at t = 1.2 x 103. The solid
black lines in (e) represent the growth laws followed by R(¢). . . . . . . .
The evolution snapshots for case 3 and corresponding xz-cross-section plots
at t = 1.2 x 103 is dispayed in (a-c) with different shear rates mentioned
alongside them. Related isosurfaces are also provided in the inset of (d).
Data for C(r,t) vs. r/R(t) and R(t) vs. t are plotted in (d) and (e),
respectively, for different shear rates shown in the legends at ¢t = 1.2 x 103.
The solid black lines in (e) represent the growth laws followed by R(t).

(a-c) The evolution morphology and corresponding xz-cross section plots
for the middle layer (y = 32).These are the snapshots at the late time
intervals ¢t = 1.2 x 103 for different shear rates mentioned alongside them.
(d) gap(r) vs. r for different 4 values. Inset represents the isosurfaces
corresponding to the evolution pictures given in (a-c). (e) C(r,t) vs.
r/R(t) is plotted for the same data set as in (d). The respective plots for
R(t) vs. t averaged along the radial direction are illustrated in the inset of
(e). (f-g) The average length scale along different directions is plotted for
various 7 values. Solid lines with slopes 1 and 2/3 represent the viscous

and inertial hydrodynamic growth laws followed by the system. . . . ..

. 128



List of figures

XXXiv

5.7
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5.10

(a-d) The spatial intensity variation of the structure factor S(k,, k.) along
xz-plane for different 4 values at t = 1.2 x 10%. To see the structural
anisotropy, the unidirectional structure factor S(k,, ky, k,) vs. k, (black
curve), k, (red curve), and k, (green curve) is plotted in (e), (f), and
(g) for 4 = 1.56 x 1073, 7.80 x 1073, and 1.56 x 1072, respectively. The
magenta and blue curves demonstrate S(k,, ky, k,) vs. k, along diagonal
and cross-diagonal directions. . . . . . . ... ..o
The evolution snapshots are shown at ¢ = 0 in (a) and ¢ = 1.2 x 10? in
(b). (c) The spatial intensity variation of S(k,, k) at t = 1.2 x 10? along
rz-plane. . ..o
Off-critical polymer mixture with ratio A: B =3:1: (a) gag(r) vs. r
at various time steps mentioned in the legends. (b) Plots for C(r,t) vs.
r/R(t) for the same data set used in (a). (c¢) Characteristic length scale
R(t) vs. t is represented along different directions with various symbol
types in the legends. Inset plots the time-dependent spherically averaged
domain length. (d) Plots for S(k,, k,, k.) as a function of k,, k,, and k.,
representing the anisotropy along different directions. In the Inset, the
magenta and blue curves plot S(k,, ky, k) vs. k, along diagonal and cross
diagonal directions on xz-plane. . . . . . .. ... .. L.
(a-c) Domain evolution and 2d cross-section plots along xz-plane for the
case 2. These pictures are related to different shear rates mentioned at left
for the late time ¢ = 1.2 x 10%. Related isosurfaces are also plotted in the
inset of (d). (d) Scaled correlation as a function of r/R(t) for the same
case as in (a-c). The corresponding time-dependent average domain size

is plotted in (e). R(t) curves follow the viscous and inertial hydrodynamic

growth represented by solid black lines with slopes 1 and 2/3, respectively. 136
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5.11

5.12

5.13

6.1
6.2

(a-c) Evolution snapshots and corresponding zz-cross section plots for
y =32 at t =1.2 x 10%. Related isosurfaces are also shown in the inset of
(d). (d) Comparison of Scaled correlation C(r,t) vs. r/R(t) corresponding
to the evolutions plotted in (a-c). (e) R(t) vs. t for different shear rates
mentioned in the legends. Solid black lines with slope 1 and 2/3 represent
the growth laws followed by R(¢). . . . . . . ... ... ... . ... ...
(a-c) Plots for the late-time domain evolution and corresponding xz-cross
section plots for y = 32 at different shear rates. (d) The RDF plots
for different 4 values at ¢t = 1.2 x 103. Inset represents the isosurfaces
corresponding to the evolution pictures displayed in (a-c). (e) C(r,t) vs.
r/R(t) for different shear rates, same as in (d). A solid black line depicts
zero crossing. Inset represents the plots for R(t) vs. t for different 4 values.
(f-h) R(t) vs. t averaged along x, y, and z directions for different shear
rates given in each figure. R(t) curves show a cross-over from viscous to
inertial hydrodynamic growth represented by solid lines. . . . . . . . ..
(a-d) The intensity variation of the structure factor along zz-plane for
different shear rates at ¢ = 1.2 x 10®. Unidirectional structure factor
S(ky, ky, k2) vs. kg, ky, and k, is compared for ¥ = 1.56 x 1073 in (e),
4 =7.80 x 1073 in (f), and ¥ = 1.56 x 102 in (g) at t = 1.2 x 10>. The
inset of each picture depict the variation of structure factor as a function

of k, along diagonal and cross-diagonal directions. . . . . . . ... .. ..

Phase separation kinetics of different systems inside hydrogel. . . . . . .
Mixing and de-mixing in the dimer melt system on the application of

alternate on-off light cycles. . . . . . . ... ... ... oL
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