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Effect of polystyrene molecular weight and zinc oxide concentration on
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Abstract

The separation between ultra-thin polymer film on metal oxide substrate is called
dewetting. Dewetting causes the polymer films to loss their stability and other important
properties, for example, the films may short circuit or reduce their transparency. Therefore,
the stability of polymer thin films on substrate need to be improved. Addition of
nanoparticles is one of the most popular technique used to increase the stability of polymer
thin films. The correlation between the different of molecular weight and ZnO
concentration on dewetting behavior was studied in this research. The appropriate
concentration of ZnO on dewetting suppression in each molecular weight was examined.
Furthermore, the variation of dewetting pattern in each molecular weight system was
analyzed. In this research, PS (13K and 30K) solutions mixed with ZnO suspension in
toluene were prepared. The concentrations of ZnO in PS solution were 0-1.0 wt%. All
composite thin films were coated by spin-casting technique and annealed at a temperature
of 100°C in a vacuum oven to induce dewetting behavior. The topographies of annealed
thin films were studied by using Optical microscope (OM) and Scanning electron
microscope (SEM). The thicknesses of thin films were examined by Atomic force
microscope (AFM). The surface energies of PS and PS-ZnO composite films were
measured and calculated by using contact angle measurement. From the results, we found
that addition of ZnO nanoparticles at concentrations 0.7 and 1.0 wt% are the optimum

1. Introduction

Polymer thin film is a film with a thickness of less
than 100 nm. Naturally, thin polymer film coated on
metal-oxide substrate is not stable [1-5]. Polymer thin
film and metal oxide substrate are different material
causing a separation at an interface and hole creation,
this phenomenon is called dewetting [6]. Dewetting
behavior is a significant problem for thin film usage in
industry because when dewetting occurs, the films
lose their stability and essential properties, such as
insulation and transparency. The stages of dewetting
behavior can be divided into 3 stages: early stage,
intermediated stage, and final stage or completely
dewet [7].

Many researchers have studied the inhibition of
dewetting behavior of polymer thin film [8]. There are
3 common methods to inhibit dewetting: interface
modification [9-11], polymer modification [12], and
polymer cross-linking [13-14]. In the last decade, the
new simple method to prevent dewetting behavior
occurs, addition of nanoparticles [15-19]. Barnes et al.
[20] is the first investigator who found that addition
small amount of Cg (fullerene) nanoparticles can
suppress dewetting behavior. In their research, the
inhibition caused by C60 nanoparticles in polymer

concentration for dewetting inhibition of PS13K and PS30K films, respectively.

matrix migrate to the interface between polystyrene film
and substrate. After that, in recent years, the addition
of various nanoparticle into polymer thin film as an
additive for dewetting inhibition have been studied,
such as Ag [21], TiO; [22] and ZnO [23-25].

In 2015, Roy et al. [19] discussed the effect of
surface energy on the movement of nanoparticles for
dewetting suppression. The stable location of
nanoparticles depends on concentration of
nanoparticles which can be divided into 3 regimes. In
their research, surface energy of substrate, surface
energy of nanoparticles, and concentration of
nanoparticle are the three important parameters to
select the mechanism for inhibition dewetting behavior
of polymer thin film [8].

ZnO is one of the materials used to add into polymer
film as a pH sensing [26], antibacterial agents [27] and
antimicrobial agents [28]. These studies confirm that
ZnO has an ability to mix with polymer films. ZnO is
an interesting material due to the fact that it is non-
toxic, has high chemical stability, and has low cost.
Our research group has studied the effect of the ZnO
concentrations on dewetting suppression in polystyrene
(PS) film, recently [24-25]. From the researches, we
found that ZnO nanoparticles showed their ability to
suppress dewetting in PS thin film. Pinning contact
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line effect was expected as a major role of the
inhibition. However, the various ZnO concentration
and film thickness effect dewetting inhibition
property. Small amounts of ZnO in PS film can
suppress dewetting, while higher ZnO concentration may
induce dewetting. Therefore, the suitable ZnO
concentration in each PS system is required for stabilize
PS thin film. Polymer molecular weight is an important
factor affect thin film characteristic. To full fit
discovering the dewetting inhibition knowledge, the
relationship between polymer molecular weight and
additive concentration should be studied. Moreover,
because of chain size difference, the dewetting pattern of
composite film is very attractive for material
fieldwork.

In this research, we were interested in the effect of
PS molecular weight and concentration of ZnO
nanoparticles on the thermal stability of thin film. The
shorten polymer chain were used in this study to
compare with the previous research. Generally, polymer
molecular weight indicates a mobility of polymer thin
film. Base on the pinning contact line effect, we assume
that, the movement of PS chain will affect an ability of
nanoparticle pressing. Therefore, the fit concentrations
of ZnO added in two different PS molecular weights
to increase film stability have been investigated.
Dewetting pattern of all PS-ZnO thin films were
observed by Optical microscope (OM) and Scanning
electron microscope (SEM). Moreover, the dewetting
areas of each PS-ZnO systems at all annealing
conditions were calculated.

2. Experiment
2.1 Materials

Polystyrene (PS13K, My, = 13,000 g/mol, My/Mn
= 1.06 and PS30K, M,, = 30,000 g/mol, Mw/M, = 1.06)
was purchased from Alfa Aesar. The ZnO nanoparticles
(ZnO, diameter < 50 nm) that were used were
agricultural grade. Toluene was used as solvent and
was purchased from Fisher Chemical. Silicon wafers
1x1 cm? were used as substrate and were cleaned by
soaking in piranha acid (H>SO4 70% and H,O, 30%)
at temperature of 80°C for 1 h to remove organic
compounds on the surface. After that, the silicon
wafers were rinsed with DI water and dried by nitrogen
gas. All silicon wafers were checked up on their
cleanness by OM before using.

2.2 Preparation of PS-ZnO films

A solution of PS in toluene solvent was prepared
by mixing PS at 0.5 wt% in toluene. A suspension of
ZnO nanoparticle in toluene was also prepared by
mixing ZnO 0.5 wt% in toluene. After that, the ZnO
suspension was dropped into the PS solution to produce
the composite solutions at concentrations of 0, 0.5,
0.7, and 1.0 wt%. The mixing PS-ZnO solutions were
called PS13K, PS13K-Zn0O0.5, PS13K-Zn0O0.7 and

PS13K-Zn0O1.0, for PS13K system, and were called
PS30K, PS30K-Zn00.5, PS30K-Zn00.7 and PS30K-
Zn01.0, for PS30K system. All of PS-ZnO composite
solutions were homogenized by ultrasonicate bath for 5
min. Droplet of 0.2 ml PS-ZnO solution, in all
conditions, was dropped and coated on a silicon wafer
by spin-casting technique (MTI, VTC-100). Spinning
rate was 1000 rpm for 10 seconds. PS-ZnO films were
dried at room temperature for 24 h.

2.3 Characterization of PS-ZnO films

The surface energies of as-cast films were calculated
by using contact angle measurement between 2 types
of liquids, DI water and diiodomethane, combined
using Owens and Wendt’s equation as shown in
Equation 1 [29]. In Equation 1, y is surface energy,
subscript S, L and V are solid, liquid and vapor,
superscript d and h are polar and non-polar, and 6 is
the contact angle of DI water and diiodomethane.

Yy (1+ cos0) =2 (\/YdSVYdLV * YhvahLV) (1)

Thickness of PS thin film was examined using
atomic force microscope (VEECO, DI 3000). The
surface of PS thin film was scratched by a needle.
After that, the depth profiles of the scratches were
measured, and the thickness was examined. From AFM
analysis, the thickness of PS films at concentrations
0.5 wt% in toluene is 28.32 + 0.6 nm.

The PS-ZnO composite films on the silicon wafer
substrates were then annealed in a vacuum oven
(Binder, VD 23) at a temperature of 100°C under
pressure of 5 mbar for various times, 0-288 h. The
surface morphologies of all PS-ZnO composite films
were observed by using an optical microscope
(Olympus, CX31) at 500 and 1000X magnification. At
lease, three images per sample were taken for average
the dewetting area. A local topography of PS-ZnO
surface were observed by SEM (FEI, Quanta 250) at
10000X magnification. Dewetting areas comparing
with annealing time were analyzed by using the OM
images and an image analysis program. Percentages of
the dewetting area were calculated by using Equation 2.

dewetting area

% dewetting = total area

x100 )

3. Results and discussion
3.1 PS13K-ZnO films

In this part, the system of PSI13K thin films at
different concentrations of ZnO nanoparticles, 0, 0.5,
0.7, and 1.0 wt% are studied. Annealing the films at
100°C in vacuum oven for various times causes the
films to become dewet. Figure 1 shows optical
microscope images of annealed PS13K-ZnO composite
films. From OM images, all as-cast films have smooth
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and homogeneous surfaces. After annealing for 6 h,
many small holes appear on the surface of the films
except the PS13K-Zn00.7. Increasing annealing time to
36 h expands the small holes, dewetting area of pure
PS13K and PS13K-ZnO composite films increase.
However, the film with 0.7 wt% of ZnO presents
smaller holes comparing with the other conditions.
Dewetting area increases almost to 100% in pure
PS13K when annealing time is increased to 144 h, while
the composite films show the dewetting prevention by
ZnO nanoparticle. Though the expanded holes in
PS13K-Zn00.5 and PS13K-Zn0O1.0 cover about 70%
of film surface, dewetting area of PS13K-Zn00.7 film
is less than 40%. From the results, we confirm that
addition of ZnO nanoparticles into PS13K films can
inhibit dewetting behavior. Moreover, the concentration
of ZnO nanoparticles at 0.7 wt% is the appropriate
concentration for dewetting inhibition of PS13K films.

As we expected, the mechanism that ZnO
nanoparticles use to inhibit dewetting behavior is the
pinning contact line effect. This phenomenon may be
confirmed by observation of the holes shape. In pure

PS13K film, most of holes are circular shape.
Conversely, PS13K-ZnO composite films show flower-
liked shape holes. The reason of the different shape of
holes is that the addition of nanoparticles into polymer
films will make the nanoparticles pin the polymer
chain. For PS13K system, which has low molecular
weight, short-polymer chain, and high mobility, the
films are easy and free movement. When the polymer
chains are pressed by the nanoparticles, polymer will
move and expand to the gap between ZnO. Therefore, a
hole shape of composite films is look like a flower. [15].

Because of the limitation of the optical microscope, a
local topography area of the films is not clearly
observed. Scanning electron microscope is used to study
the delicate topography of all PS13K films, as shown
in Figure 2. SEM images shows the surface of PS13K-
ZnO composite films at concentration 0, 0.7, and 1.0
wt% after annealed at 100°C for 72 h. From the
images, we found that, in higher magnification view,
PS13K-Zn00.7 still be the optimum concentration to
inhibit of dewetting behaviour as same as from OM
results.

Concentrations of ZnO nanoparticles (wt%)

0.5

Annealing time (h)

0.7

Figure 1. Optical microscope images of PS13K-ZnO films containing different concentrations of ZnO at 0, 0.5,
0.7, and 1.0 wt%, annealed temperature at 100°C for various time (magnification 1000X).
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Figure 2. Scanning electron microscope images of PS13K-ZnO films, annealing temperature of 100°C for 72 h, (a)
PS13K, (b) PS13K-Zn00.7, and (c¢) PS13K-ZnO1.0 (magnification 10000X).

From OM images in Figure 1, we calculate the
percentage of dewetting area of PS13K films system,
and the results are shown as a graph in Figure 3.
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/ PS13K-ZnO 1.0
0

0 24 48 72 96 120 144 168 192 216 240 264 288
Annealing time (h)

Figure 3. Percentage of dewetting area and annealing
time of PS13K-ZnO films with concentrations 0, 0.5,
0.7, and 1.0 wt%.

Percentage of dewetting area of all as-cast films are
0%. After annealing for 6 h, dewetting area of all films
increase. The dewetting areas of the composite films
at concentrations 0, 0.5, and 1.0 wt% are 16.876%,
11.512%, and 8.295%, respectively, while PS13K-
Zn00.7 composite film shows no dewetting area occur
on the surface. Increasing annealing time to 36 h, the
percentage of dewetting area of all films increase to
39.591%, 40.995%, 21.776%, and 27.555% for
concentrations of ZnO 0, 0.5, 0.7, and 1.0 wt%,
respectively. The dewetting area of pure PS13K film
increases to 90.876% when annealing time go to 288 h.
Conversely, for PS13K-Zn00.5 and PS13K- ZnO1.0
films, the percentages are 70.170% and 84.732%.
Furthermore, the dewetting area of PS13K-Zn00.7
composite films is only 62.657% at the same condition.
From the results, we can approve that the dewetting
area increase when increasing annealing time and the
dewetting area of PSI13K-ZnO0.7 is less when
comparing with the others. In addition, when we focus
on the dewetting rate by observing the slope of the
graph, pure PS film exhibits the highest slope and

PS13K-Zn00.7 exhibits the lowest one. We can
conclude that the addition of ZnO nanoparticles is not
sufficient to completely prevent dewetting behavior
but is able to slow the rate of hole growth.

From the results, the dewetting behavior of pure
PS13K occurs after annealing for 3 h and finally
become completely dewet when time go to 288 h.
PS13K-Zn00.5 and PS13K-ZnO1.0 films also start
dewetting after annealing for 3 h. However, addition
of ZnO nanoparticles less than 1.0 wt% show the
ability to retard dewetting at the parallel annealing
process. PS13K-Zn00.7 film presents the slowest rate
of dewetting. The film is initiated dewetting holes when
heating up to 12 h. And finally, the film is protected for
complete dewetting until 288 h and shows about 40%
higher performance to inhibit dewetting comparing
with pure PS13K.

3.2 PS30K-ZnO films

For higher molecular weight system, PS with
molecular weight of 30,000 g/mol (PS30K) is used as
polymer matrix. PS30K-ZnO composite thin films at
different concentrations of ZnO nanoparticles 0, 0.5,
0.7, and 1.0 wt% are prepared. Annealing the films at
100°C in a vacuum oven for various times causes the
films to become dewet, which is the same method used
for the PS13K system. As-cast films have smooth and
homogeneous surface as shown by OM images in
Figure 4. Annealing for 6 h induces dewetting
behavior. Many small holes are detected on the
surfaces of pure PS30K, PS30K-Zn00.5, and PS30K-
Zn00.7 films. Conversely, PS30K-ZnO1.0 films still
maintain the smooth surface against dewetting at the
same annealing time. There is no hole observed in the
films. After increasing annealing time to 72 h, pure
PS30K, PS30K-Zn00.5, and PS30K-Zn00.7 show the
holes growth and dewetting area increasing, while
PS30K-ZnO1.0 presents a few tiny dewetting holes.
When annealing time is increased to 288 h, the holes
in PS30K film are expanded, they connect with each
other and nearly cover the whole surface as in the
intermediate stage of dewetting. On the other hand, the
size of holes in PS30K-ZnO films are still the same,
all composite films show strong inhibition of
dewetting. Size and number of holes are almost
constant during 72-288 h of heating. The results
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obviously exhibit that ZnO nanoparticles can prevent
dewetting behavior of PS30K system, and the best
concentrations is 1.0 wt%. The addition of ZnO
nanoparticles can inhibit dewetting behavior in PS30K
as well as in PS13K.

From OM images, the holes of all PS30K films are
circular which is different from in PS13K. Since
higher molecular weight, long-polymer chain, and low
mobility, PS30K films are difficult to move. When we
activate dewetting behavior by heat, and the polymer
chains are pressed by the nanoparticles, the long and
restricted movement of polymer chain cannot move
freely. However, the polymers need to release
annealing stress in the films, which means that instead
of hole expansion, they create a new hole. Therefore,
the shape of holes in PS30K-ZnO films are circular,
and we can detect some small holes created in the
composite films after annealing for a long time which
cannot be observed in PS13K-ZnO.

The SEM is also used to study the local surface
topography of the PS30K system. SEM images present
the surface of PS30K, PS30K-Zn00.7, and PS30K-
Zn01.0 after annealing at 100°C for 72 h, as shown in
Figure 5(a), 5(b) and 5(c), respectively. From the
images, at high magnification, even though all
composite films can prevent dewetting, the PS30K-
Zn01.0 is the optimum concentration to inhibit of

dewetting behavior. These results agree with the
previous OM images.

From OM images in Figure 4, we calculate the
percentage of dewetting area of all PS30K films. A
graph representing the percentage of dewetting area
versus annealing time is shown in Figure 6. All as-cast
PS30K films present 0% of dewetting area. After
annealing at temperature 100°C for 6 h, percentage of
dewetting area of PS30K, PS30K-ZnO0.5, and
PS30K-Zn00.7 are increased, which are 16.824%,
4.208%, and 1.060%, respectively while there is no
dewetting area that occurs in PS30K-ZnO1.0 film.
Increasing annealing time to 72 h, the percentages of
dewetting area of all films are increased. Pure PS30K,
PS30K-Zn00.5, PS30K-Zn00.7, and PS30K-ZnO1.0
present dewetting area at 41.905%, 16.452%, 7.544%,
and 2.221%, respectively. The dewetting area of pure
PS30K films increases to 54.533% when annealing
time go to 288 h. Conversely, the percentage of
dewetting area of PS30K-Zn0O0.5, PS30K-Zn00.7,
and PS30K-ZnO1.0 are 28.071%, 7.363%, and
2.803%, respectively. From the results, we found that
the dewetting area increases when increasing annealing
time. Moreover, the percentage of dewetting area of
PS30K-ZnO1.0 is significantly lower than the other
concentrations of the composite films and it is nearly
constant after heating for a long time.

Concentrations of ZnO nanoparticles (wt%)

0

Annealing time (h)
6

72

288

0 0.5 0.7 1.0

Figure 4. Optical microscope images of PS30K-ZnO films containing different concentrations of ZnO at 0, 0.5,
0.7, and 1.0 wt%, annealed temperature at 100°C for various time (magnification 1000X).
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Figure 5. Scanning electron microscope images of PS30K-ZnO films, annealed temperature at 100°C for 72 h-
(a) PS30K, (b) PS30K-Zn00.7, and (c¢) PS30K-ZnO1.0 (magnification 10000X).

In addition, the slope of pure PS30K graph shows
a higher slope which mean higher dewetting rate
comparing with the composite films. For PS30K-
Zn00.5 and PS30K-Zn00.7, the dewetting rate is high
when annealing between 0-24 h and become slower
between 24-288 h. Moreover, PS30K-ZnO1.0 film
show the lowest slope, there is almost no dewetting
rate after 24 h of heating, which indicate that addition
of ZnO nanoparticles at 1.0 wt% strongly suppresses
dewetting in PS30K film. The film has great thermal
stability against dewetting. Therefore, PS30K-ZnO1.0
is the appropriate concentration for inhibition of
dewetting behavior in PS30K films.

100
PS13K
—— PS13K-ZnO 0.5
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Figure 6. Graph show percentage of dewetting area
and annealing time of PS30K-ZnO films with
concentrations 0, 0.5, 0.7, and 1.0 wt%.

All results, OM images in Figure 4, SEM images
in Figure 5, and percentage of dewetting area in Figure
6, exhibit the similarity. For PS30K system, the
dewetting behavior occurs after annealing for 6 h and
become intermediate stage of dewetting when
annealing time is increased to 288 h. PS30K-Zn00.5
and PS30K-Zn00.7 films, show dewetting behavior
after annealing for 6 h and slowly increase dewetting
area when increasing annealing time to 24 h. PS30K-
Zn01.0 starts dewetting at 24 h of annealing and after
that increasing annealing time cannot initiate further
dewetting of this film. Addition of ZnO nanoparticles

at 1.0 wt% in PS30K show a high performance to
extend thermal stability of the PS30K system. The
percentage of dewetting area of PS30K-ZnO1.0 films
is constant at about 2% against heating for 288 h.

Comparing the dewetting behavior of PS13K and
PS30K system, we found that addition of ZnO
nanoparticles can raise thermal stability of the thin PS
films. The optimum concentration of ZnO nanoparticles
to inhibit dewetting are 0.7 and 1.0 wt% for PS13K
and PS30K system, respectively. In addition, for both
systems, the dewetting rate of PS-ZnO is less than of
pure PS; however, there are a few differences between
PS13K and PS30K. In PS13K, though the dewetting
rate of composite film is slower than the pure PS, the
trend of graph is rapidly increasing and can possibly
reach to 100% of dewetting area if annealing time
increased. In contrast, PS30K-ZnO films show no
dewetting rate, and have a constant dewetting area
after heating for 24 h till 288 h. It can be concluded
that addition of ZnO nanoparticles can stop dewetting
behavior in PS30K film system.

From Roy research, when surface energy of substrate
is higher than surface energy of nanoparticles, at all
concentrations, the nanoparticles tend to migrate to the
interface between substrate and polymer film [19].
From literature reviews, the surface energy of ZnO is
about 40-51 mJ-m [30-32] and, in 2018, Narayan et
al. [33] investigates that the surface energies of native
oxides of Si wafer is 53 mJ-m?2. Therefore, in our
system, we assume that ZnO nanoparticles migrate to
the interface between PS film and Si substrate. Due to
the obstruction of polymer matrix, ZnO nanoparticles
will push down on polymer chain which according to
our hypothesis, pinning contact line effect.

The shorten polymer chain, PS13K, is selected in
this study to compare with our previous research [25].
The different of molecular weight indicate the length
of the polymer chain which reflects entanglement and
motion in the polymer film. Normally, the shorter
length of the polymer chain shows less thermal
stability because the polymer chain is short and easily
move. While the higher molecular weight, long chain
polymer, presents limited motion. Base on the pinning
contact line effect, we assume that, the movement of
PS chain will affect an ability of nanoparticle
inhibition. Because of the difference in molecular
weight, the shape of holes in PS13K and PS30K
systems are different. Heating thin films at higher
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temperature than T, activates stress, then polymer
matrix moves to merge and release stress in the film.
For PS13K, short polymer chain and high mobility, the
polymer chains which are pressed by ZnO
nanoparticles, to release stress, they move and expand
to the side of the nanoparticles. Therefore, the holes
that occur in PS13K-ZnO films are flower-like shaped.
On the other hand, for PS30K, long polymer chain and
low mobility, they cannot move through the gap
between nanoparticles. Hence the holes stop expand
and the films create a new hole to release stress
instead. Thus, the annealed PS30K-ZnO films exhibit
small circular holes in every heating time condition.

3.3 Surface energies of PS13K-ZnO and
PS30K-ZnO films

Surface energy is calculated by contact angle
values from contact angle measurement. Two liquids,
deionized water (DI water) and diiodomethane are
dropped on the surface of PS13K-ZnO and PS30K-
ZnO system. After that, the contact angles are
measured between the surface of polymer thin film
with DI water and the surface of polymer thin film
with diiodomethane. The average contact angle of
PS13K-ZnO and PS30K-ZnO films in each
concentration is calculated by using Owens Wendt’s
equation [29].
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PS30K 45.398 45.553 45.126 45.242

Figure 7. Surface energy of PS13K-ZnO and PS30K-
ZnO composite films containing different concentrations
of ZnO at 0, 0.5, 0.7, and 1.0 wt%.

The surface tensions of water (Ywater = 72.7, Yvater
= 21.8 and Y"water = 50.9 mJ-m2) and diiodomethane
(Ydiiodomethane = 'Yddiiodomethane = 50.0 and Yhdiiodomethane =
0 mJ-m2) are used to calculate in equation (1). Figure
7 shows the surface energies of PS13K-ZnO and
PS30K-ZnO films in each concentration. From the
results, we found that the surface energies of PS13K-
ZnO at various concentrations of nanoparticles are
similar, as same as in PS30K system, the result is not
presented here. The surface energies of pure PS and
PS-ZnO composite films indicate there is no
difference in physical properties in the polymer matrix
before and after adding ZnO nanoparticles [24-25].
Therefore, addition of ZnO nanoparticles does not
affect the physical properties of both PS13K and
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PS30K systems. We can conclude that the mechanism
to inhibit dewetting behavior of PS-ZnO film is not the
change of composite film properties. The migration of
ZnO nanoparticles to the PS-substrate film interface
play an important role to suppress dewetting.

4. Conclusions

From the experiment, ZnO nanoparticles can be
used as an additive for dewetting inhibition in both
PS13K and PS30K matrix. The thermal stability of
PS13K and PS30K are increased after addition of
small amounts of ZnO nanoparticles. The
concentrations of ZnO nanoparticles at 0.7 and 1.0
wt% are the appropriate concentration for dewetting
suppression in PSI13K and PS30K, respectively.
However, addition of ZnO nanoparticles does not
change the surface energies of the composite films.
Therefore, the existence of ZnO in PS matrix does not
affect physical properties. Moreover, the surface
energies of Si substrate and ZnO can explain the
migration of ZnO nanoparticles in polymer matrix. We
conclude that the nanoparticles migrate to the
substrate and press down on the polymer chain which
refer to pinning contact line effect. We found that the
difference in molecular weight of PS affects the
dewetting pattern because the shapes of holes in
PS13K-ZnO and PS30K-ZnO are different.
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