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Abstract

The thesis presents comprehensive theoretical and numerical investigations of regen-
eration of physical patterns through morphological phase separation (MPS). A model
system of thin liquid films on chemically heterogeneous solid substrates undergoing
MPS in a purely apolar force field in the absence of any convection and reaction is
chosen to study the regeneration process. The chemical heterogeneities create spa-
tial boundaries to divide the substrate in “source” and “sink” regions separated by
a “boundary” region. Sink is the most wettable region, the boundary region is least
wettable and the source is region of intermediate wettability. It has been shown previ-
ously that unstable thin liquid films on such substrates can form equilibrium patterns
in the sink and source regions by redistribution of film liquid through MPS. Liquid
flows to the sink from the source by crossing the boundary and fills the sink to its
capacity. The spatial boundaries on the substrate localize the liquid in the sink and
the source once the sink is “full”. The equilibrium patterns in the source as well as
in the sink depend on the volme of liquid in each. The localized liquid in the fully
filled sink forms an equilibrium pattern corresponding to the capacity of the sink.
The equilibrium pattern in the fully filled sink is “unique” as the capacity of the
sink depends on the cross-sectional area of the sink and the equilibrium contact angle
of the film liquid on the sink material. This imparts a “Structural” memory to the
liquid in the sink. In contrast, the equilibrium pattern in the source is dependent on
the amount of left-over liquid which in turn depends on the initial total amount of
liquid and capacity of the sink. The equilibrium patterns in the sink are damaged

by removing liquid and the regeneration process of the damaged pattern in the sink
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is studied based on numerical solution of Thin Film equations. It is shown that the
liquid from the source moves preferentially to regenerate the pattern in the sink and
can regenerate it completely if there is sufficient liquid in the source region. A new
equilibrium pattern is formed in the source corresponding to the remaining amount of
liquid in the source. If the liquid in the source is less than what is required for com-
plete regeneration then only partial regeneration is possible and all the liquid in the
source is used up. Whenever competing sinks of different chemical nature are present
then the regeneration of the pattern in the most wettable sink region is preferred.
The sink next in line with respect to wettability is preferred once the pattern in the
most wettable sink is regenerated completely. This cascading process of regeneration
happens till all the liquid in the source has been used up. The regeneration does
not happen in chemically homogeneous substrates in which divison of source, sink
and boundary is absent. The current study provides a reference point for studying
regeneration processes whereby presence of isolated charges, permanent dipoles, con-
vection and reaction is not required for the regeneration. The study will also provide
a meachanism for fabrication of self-repairing nanodevices, soft nanomachines, and

nanomedicines.
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YASiTad i o Tl Trafiear & Iordr & R afe Fid &3 # uaitd avel & df 28 Y3 a8 § YHAsiiidd e Fehdl
&1 9id # 9T 8 X Sl AT o IIEY Uk 141 Gqal Wiaey did # §-aT | A Jid 7 a8l guf JIecime &
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ing coating thickness in nm. Note that because of the asymmetricity,
the midpoint shifts to more right and lead to metastable regions. The

system parameters are A, = 1.4 x 1072 and A, = —1.4x 1072%. . .. 94

6.2 Morphological evolution of nucleation-initiated phase separation on
caoting thickness 192nm and film thickness 409nm. The lateral view
and top view of the snapshots of the nucleated patterns at non-dimensional

time T" are shown in the left and right panels, respectively. . . . . . . 105

6.3 Plot showing the height of the film along the diagonal corresponding
to Fig. 6.5. In the late stages, holes grow by filling the smaller holes.
This behaviour is different from the conventional hole growth in the
deep inside the spinodal regime (DISR) where small holes merge into
bigger holes and the dynamics proceeds through diffusion in the late
stages. . . .. 106
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6.4

6.5

6.6

6.7

6.8

Morphological evolution of nucleation-initiated phase separation on
coating thickness 112nm and film thickness 467nm. The lateral and
top views of the snapshots of the true MPS patterns at non-dimensional

time T" are shown in the left and right panels, respectively. . . . . . .

Early stage Pattern formation during true MPS of a 487nm homoge-
neous film on 112nm coating which lies close to the spinodal boundary.
The lateral view and top view of the snapshots of the true MPS pat-
terns at non-dimensional time 7" are shown in the left and right panels,

respectively. . . . . . ..o

Late stage Pattern formation during true MPS of a 487nm homoge-
neous film on 112nm coating, which lies close to the spinodal boundary.
The lateral view and top view of the snapshots of the true MPS pat-
terns at non-dimensional time 7" are shown in the left and right panels,

respectively. . . . . ..o

Pattern formation during true MPS of a 510nm homogeneous film on
112nm coating which lies close to the spinodal boundary. The lat-

eral and top views of the snapshots of the true MPS patterns at non-
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dimensional time 7" are shown in the left and right panels, respectively. 111

Plot showing the height of the film along the diagonal for Fig. 6.7. In
the late stages, we observe that the hole of a bigger radius grows by
breaking the boundary between the smaller holes, which are connected.
This behaviour is opposite to that shown in Fig. 6.3. The expansion of
a bigger hole continues until a single hole with a large ridge or plateau
is obtained. This picture is not conventional in DISR. The dynamics
of pattern formation follows different routes in different scenario of

nucleation and growth. . . . . . . ... ... 0oL
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6.9

6.10

6.11

6.12

6.13

Pattern formation during true MPS of a 533nm homogeneous film on
96nm coating which lies close to the spinodal boundary. The lateral and
top views of the snapshots of the true MPS patterns at non-dimensional
time T" are shown in the left and right panels, respectively. . . . . . .
Morphological evolution of nucleation-initiated phase separation on

coating thickness 128nm and film thickness 387nm. The lateral view
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and top view of the snapshots of the nucleated patterns at non-dimensional

time T" are shown in the left and right panels, respectively. . . . . . .
Failure to self-heal in droplets if parts of the system are damaged on
homogeneous substrate (6 = 96 nm, hy = 533 nm) with MPS. The
lateral view and top view of the snapshots of the healing process by
morphological phase separation at non-dimensional time 7" are shown
in panels (a—c) and (d-f), respectively. . . ... ... ... ... ...
failure to self-heal in droplet if parts of the system are damaged on
homogeneous substrate (6 = 192 nm,h = 320 nm) with nucleation.
The lateral view and top view of the snapshots of the healing process by
morphological phase separation at non-dimensional time 7" are shown
in panels (a—c) and (d-f), respectively. . . . .. ... ... ... ...
Self-healing of droplet if parts of the system are damaged on homo-
geneous substrate (0 = 128 nm,h = 427 nm) with nucleation. The
lateral view and top view of the snapshots of the healing process by
morphological phase separation at non-dimensional time 7" are shown

in panels (a—c) and (d-f), respectively. . . . ... ... ... ... ..
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