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Abstract

Studies on the deposition of ZnO nanosheets grown vertically and perpendicular to conductive substrates have been
conducted to obtain tall-type nanosheets (approximately 15 um in height). However, some applications require short-
type nanosheets with a height of about 1jum or less. In this study, short-type ZnO nanosheets were electrodeposited on
indium-doped tin oxide substrates under galvanostatic (constant current) mode for a short deposition time. Then, the
key parameters to form nanosheet layers with a height in the micrometer order and with good coverage were evaluated.
Deposition was performed at 1 mA/cm? for 60 s. Ar gas was initially bubbled into the electrolyte solution during
electrodeposition to remove oxygen. Then, the solution was compared with solutions that did not undergo bubbling.
Various electrolyte compositions (various concentrations of acetate and nitrate) were observed in solutions under the
non-Ar bubbling condition. Moreover, the oxygen in the solution remarkably affected the morphology of the nanosheet,
which became much denser and taller. Therefore, altering electrolyte composition affects morphology, although the
effect is not as significant. Electrolyte composition must be optimized to produce the desired short and dense
nanosheets because a low concentration of each anion leads to the production of a non-nanosheet layer, whereas a high
concentration causes reduction in the density coverage of the nanosheet. A complete discussion of this phenomenon is
presented in this study.

Keywords: electrolyte composition, galvanostatic electrodeposition, gas bubbling, short deposition time, zinc oxide
nanosheet

Introduction higher pressure and can then produce a more robust
piezoelectric.
ZnO nanosheets are 2D materials that have attracted

considerable attention because the material has been In the examples mentioned above, typical tall-type
proposed as an interesting alternative to a more nanosheets are required (approximately 10-20 pm in
commonly used types of nanostructure such as height). Thus, studies on the deposition of ZnO
nanoparticle or nanorod in several device applications. nanosheets have focused on tall and dense nanosheets.
For example in dye-sensitized solar cells [1,2], ZnO However, some applications require short-type
nanosheets have been considered to be an alternative to nanosheets that can maintain good coverage over a
widely used mesoporous or novel 1D structures, such as substrate. For instance, in perovskite solar cells, the
nanorods and nanowires. These nanosheets retain the metal oxide layer used for the electron transport layer
beneficial features of the two structures (high surface (ETL) must have a thickness of about 1 pum or less.
area of mesoporous structures and high electron Perovskite solar cells are a new type of solar cell that
transport properties of 1D structures) to some extent and has undergone tremendous improvement in efficiency in
reduce their negative properties (low electron transport less than a decade [5]. Naturally, these cells received
properties of the mesoporous structures and low surface wide attention from the research community as the most
area of 1D structures). Another example as piezoelectric promising to achieve the goal of the 3"-generation solar
material [3,4], these 2D nanosheets have higher ductility cells, which are cheap and efficient and contain
compared with its 1D counterpart; thus, it can receive nonprecious elements. The ETL is an important part of
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the solar cell to extract the photoelectrons produced by
the perovskite layer under illumination [6]. The electron
and hole diffusion length in the mixed halide perovskite
(CH3NH3Pbl3.Cly) can be greater than 1 pm, whereas
the triiodide counterpart (CH3NH3Pbls) can be ~100 nm
[7]. Therefore, the synthesis of nanostructured ETL in
the order of 1 um or less has become crucial; thus, its
deposition method is interesting to be explored further.

To obtain this nanosheet structure, this study used the
electrodeposition method. This method has several
advantages over other methods, such as hydrothermal
[8] and chemical bath deposition [9]; these advantages
include strong attachment of the deposited film to the
substrate, readiness for an upscale, relatively easy
process, and good reproducibility. Previously, we have
studied the electrodeposition of ZnO nanosheets under
galvanostatic (constant current) mode and observed the
limit of the deposition on the higher end of the
properties by monitoring the effect of current and
deposition time on the nanostructure [10]. By using
galvanostatic electrodeposition for an adequate period, a
unique double-layer structure, which comprises a
nanosheet grown on top of a specific underlayer where
the nanosheet forms a major part of the total height, was
obtained[10]. Such characteristic is in contrast to that of
structures formed under potentiostatic mode [2]. To
obtain short-type nanosheets under galvanostatic mode
in the order of a single micrometer height, short-time
deposition (1 minute or less) could be used. However,
even though a pure nanosheet structure could be
obtained, the short nanosheet was grown scarcely, and it
was not dense enough to be suitable for the perovskite
solar cell’s ETL layer. To the best of our knowledge, no
study has discussed this specific type of short ZnO
nanosheet; thus, its density/coverage issue has yet to be
addressed. Therefore, the deposition method is further
improved in this study by evaluating key deposition
parameters.

To grow ZnO via electrodeposition, zinc and nitrate
ions are essential in the electrolyte solution. During
electrodeposition, the supplied electron is used to reduce
nitrate and produce hydroxide (Eq. 1). Moreover, the
oxygen contained in the electrolyte can produce
hydroxide (Eqg. 2) [11]. The hydroxides then react with
the zinc ions to produce ZnO eventually (Eqg. 3). In our
previous study [10], the hydroxide formation route was
only from nitrate reduction (Eg. 1) in which the oxygen
contained in the electrolyte solution is removed using
Ar bubbling. In the present study, the presence of
oxygen is one of the parameters evaluated.

NOs+ H,0 + 267> NO; + 20H" 1)
O, + 2H,0 + 4e> 40H- @)
Zn2*+ 20H> Zn(OH), > ZnO + H,0 (3)
Makara J. Sci.

ZnO has a wurtzite hexagonal structure in atmospheric
pressure and temperature and has a preferred growth
orientation at (002) direction. The facet at this direction
ends with Zn?* atoms, making it a polar surface. By
contrast, the facet at the direction perpendicular to it
(e.g. (100)) ends with equal amounts of Zn?* and O%*
atoms, making them a nonpolar surface. A certain
nanostructure can be obtained by manipulating the
crystal growth at a specific orientation. For example,
promoting the growth at (002) can lead to the formation
of a nanorod or nanowire, whereas suppressing it can
lead to a nanosheet. Xu et al. [12] observed the
formation of a hexagonal ZnO column vertically grown
with a (002) orientation perpendicular to the ITO
substrate via electrodeposition using Zn(NOs),-based
solution as the electrolyte. A column with a thinner
diameter (i.e. nanowire) was obtained by adding
hexamethylenetetramine in the electrolyte solution. The
HTM addition resulted in the formation of Zn(OH)?%™,
which then gathered at the polar (002) facet, promoting
ZnO growth at this orientation and eventually producing
a nanowire with a high aspect ratio. By contrast, a
nanosheet structure was obtained when Cl-was added.
In this case, Clsimilarly gathered at the polar (002)
facet, thus hindering growth at this orientation and
eventually promoting growth at directions perpendicular
to it (e.g. (100) producing a nanosheet structure). In
addition to CI[12,13], other anions have been used as
shaping agent to form nanosheets; these anions include
S042[14], acetate [2,15], Br[16], or high concentrations
of nitrate[17]. However, the addition of the extra anions
can cause the production of side products other than the
ZnO shown in Eq. 3. In the present study, the anions
contained in the electrolyte solution are acetate and
nitrate. The side products that can be formed due to the
presence of these two anions are Zns(CH3COO);
(OH)g2H20 (Eqg. 4) [15] and Zns(OH)s(NOs)2+2H,0
(Eq. 5) [17], respectively.

5Zn* + 2CH;COO+ 80H+ 2H,0 =
Zns(CH3C00)2(0OH)g*2H,0 4)
5Zn* +  2NOs+  80H+ 2HO0 >
Zns(OH)s(NO3)2+2H,0 5)

Our previous study [10] has shown that for short
deposition times (1 minute or less), the nanosheet
formed contains two side products apart from ZnO. This
result indicates that the presence of these two anions is
important in the nanosheet formation at the initial
deposition state; thus, their variation of concentration
must be studied to improve the coverage of short-type
nanosheets. Based on the above considerations, this
study improves nanosheet deposition by evaluating the
effect of the introduction of oxygen (from the air),
coupled with the variation in acetate and nitrate
concentrations. To the best of our knowledge, this study
is the first to evaluate the effect of these deposition
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parameters for short-type ZnO nanosheet structures. The
effect of the key parameters on short-type ZnO
nanosheets suitable as an ETL for perovskite solar cells
is discussed in detail.

Methods

Materials were used as received. ZnO electrodeposition
was performed under galvanostatic mode, with a two-
electrode electrochemical system using indium-doped
tin oxide (ITO) (7 Q/a, MTI-USA) as the working elec-
trode and zinc wire (99.995%, XL Alloy) as the counter
electrode (Figure 1). The electrolyte was made from an
aqueous solution of Zn(NOa3)2.4H.O (Merck) and
CH3;COOK (Himedia) with various concentrations. The
default concentration was 0.05 M Zn(NOs), + 0.05 M
CH3;COOK. To observe the effect of Zn(NO3)2.4H0
concentrations, the solution was varied from 0.03, 0.05,
and 0.07 M while maintaining the CH3COOK concen-
tration at 0.05 M. Similarly, to observe the effect of
CH3COOK concentrations, it was varied from 0.01,
0.03, 0.05 and 0.07 M while maintaining the
Zn(NOs)2.4H20 concentration at 0.05 M. The pH of the
solution was controlled at approximately 6 by adding
0.1 M CH3COOH to the solution dropwise. Electrodep-
osition was performed under galvanostatic mode using
an applied current of 1 mA/cm? for 1 hand 60 s. For 1 h
deposition, Ar gas was bubbled inside the electrolyte
(20 ml/min.) for 30 minutes before and during electro-
deposition to prevent the oxygen from the environment
from mixing in the electrolyte. The same procedure was
implemented for the 60 s deposition; then, the solution
was compared with those without Ar introduction (open
condition) to allow oxygen to remain in the electrolyte
solution. The open condition was then maintained for
the varied concentration experiments. The temperature
during electrodeposition was kept at 60°C. After elec-
trodeposition, the coated 1TO sample was rinsed in dis-
tilled water and dried naturally. This as-deposited sam-
ple was then annealed at 400°C for 1 h to transform it
into ZnO completely.
Working Electrode

Counter Electrode (Zn wire)

Ar gas ﬂ Thermometer

)

or open
(O, from air)

Water Bath

60°C

Electrolyte solution

s —————— —

Heat 1{5 £lement

Figure 1. Schematic of the Experimental Setup
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The as-deposited and annealed samples were then char-
acterized via XRD (Rigaku Smartlab), SEM (Keyence
VE-7800), and FE-SEM (Multibeam Focused lon Beam
JFIB 4610) to observe the crystal structure and mor-
phology, respectively. ImageJ software was used to pro-
cess the FE-SEM images to quantify the density of the
nanosheet. Pictures at 5,000 x magnification were used,;
nine horizontal and vertical lines were drawn on them.
Each time a top part (peak) of the nanosheet was inter-
sected with the drawn line, an intersection point was
marked on the image. The points were then counted; the
greater the number of intersection points, the larger the
density/coverage of the nanosheet film.

Results and Discussion

Figure 2 shows typical SEM images of tall-type of ZnO
nanosheets electrodeposited for a long time (in this case,
using 1 mA/cm? current for 1 h). The double-layer mi-
crostructure, which consists of a nanosheet (approxi-
mately 9.8 um in height) grown on a dense underlayer
(approximately 2.2 um in height) obtained under gal-
vanostatic mode, is shown in the inset in Figure 2a. The
nanosheet forms a major part of the total structure, a
unique feature in galvanostatic electrodeposition [2,10].
The crystal growth mechanism has been discussed in
detail in our previous study [10]. In short, at the initial
stage, nanosheet growth was driven by the formation of
the Zns(OH)s(NO3)22H,O (or ZNH) [17] and the
Zns(CH3COO),(OH)g*2H,O (or ZAH) [15]. The ZNH
then disappeared after prolonged deposition because it
competed with hydroxide production (Eg. 1). After suf-
ficient time, the ZnO underlayer was formed together
with the further growth of the ZAH nanosheet, the par-
tial condensation of the ZAH to form ZnO [18], and the
formation of the more complex form of the ZAH, i.e.
Zny(CH3COO)y(OH),»nH,O (or ZAHH) [15,18]. The
XRD of the as-deposited film (Figure 3a) shows the
presence of ZAH, ZAHH, and ZnO. The response of
ZnO here was mainly contributed by the dense under-
layer where the (002) peak is the tallest [10]. Annealing
at 400°C for 1 h was then performed to the as-deposited
sample to transform the ZAH (and ZAHH) to ZnO (Eq.
6 and 7) [19]. After annealing, the ZAH and ZAHH
were completely transformed to ZnO (XRD in Figure
3b), and a porous sheet was obtained (Figure 2b).

Zns(CH3CO0)2(0OH)g*2H20¢) = Zns(CH3COO) o) +
Zn0Og) + H20(g) (6)

ZI’]5(CH3COO)2(S)+H20(9) > ZI’]O(S) + CH3COOH(9) (7)

Tall-type nanosheets as shown in Figure 2 are beneficial
for certain applications, such as dye-sensitized solar
cells or photocatalysts where a high surface area is
desired. However, for other applications, such as perov-
skite solar cells, which require a relatively shorter
nanosheet structure (in the order of 1 um or shorter)
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Figure 2. SEM Images of Typical Samples Electrodeposited at 1 mA/cm? for 1 h (a) Before and (b) After Annealing. The

Inset Shows a Cross View of the Sample
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Figure 3. XRD of Samples Electrodeposited at 1 mA/cm?
for 1 h (a) Before and (b) After Annealing. The
Intensities are Normalized Against the 1TO
Peak at 20 = 35.4°.

with good coverage, adjustments must be made. The
first attempt to achieve such structure was performed by
reducing the deposition time (only 60 s). While shorter
nanosheets could be achieved (less than 1 pm as de-
sired), the coverage density of the nanosheet was com-
promised (see Figure 4a). To improve the coverage, the
first deposition parameter that was evaluated was the
presence of oxygen in the electrolyte solution. The Ar
gas previously bubbled in the solution was removed,
thus allowing oxygen from the air to mix in the electro-
lyte solution. The result of the electrodeposited sample
in the presence of oxygen is shown in Figure 4b. The
nanosheet became denser and taller due to the extra hy-
droxide production route (Eq. 2). This result suggests
that the hydroxide production route via oxygen reduc-
tion (Eq. 2) is easier than that via nitrate reduction (Eq.
1). Oxygen tends to cover larger areas of the ITO sub-
strate compared with the nitrate ions; thus, more nuclea-
tion sites are formed, resulting in a denser nanosheet.
However, the height of the nanosheet for the sample
without Ar bubbling was approximately 2.6 um, which
is much taller than the desired height (~1 um or less).
Therefore, the effect of different components of the

Makara J. Sci.

electrolyte solution must be further evaluated. Zabreska
et al. [11] previously reported the formation of a
nanosheet structure in electrodeposition using a deaerat-
ed solution of 0.1 M Zn(CH3COOQ), as the electrolyte
(potentiostatic, at —1.2 V vs. Ag/AgCl at 25°C). Elec-
trodeposition was then compared using the same solu-
tion containing oxygen and found that the oxygen pre-
sent in the electrolyte disturbs the formation of the ini-
tially well-distributed sheet-like structure and produces
an extra 3D structure on top of a nonuniform 2D
nanosheet. Even though the specific microstructure
changes due to the presence of oxygen is different with
the current report (which may be due to the different
electrodeposition mode or electrolyte composition),
nevertheless, it support that the oxygen in the electrolyte
can affect the microstructure that results from the elec-
trodeposition method.

A previous study has reported that at early deposition
time, nanosheet formation is driven by the formation of
ZNH and ZAH, which are products of the presence of
nitrate and acetate, respectively [10]. Therefore, varying
both concentrations in the electrolyte used for
electrodeposition can be an important factor in
controlling crystal growth for deposition in a short time.
The variations of the electrolyte composition and the
respective codes of the samples produced from
electrodeposition are presented in Table 1.

The first set of variation evaluated is the acetate
concentration. Zn(NOgz), concentration is kept at 0.05 M.
The FE-SEM images are shown in Figure 5. When the
concentration of the acetate is 0.01 M (A1N5), the
electrodeposited sample observed is not a nanosheet but
a particle-like layer. This result shows that an extremely
low concentration of acetate leads to the failure to form
a nanosheet structure. Moreover, it signifies the
importance of acetate ions in forming the nanosheet
structure because a sufficient concentration is needed to
control crystal growth effectively during electro-
deposition.

September 2020 | Vol. 24 | No. 3
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Figure 4. SEM and FE-SEM Images of the Electrodeposited Samples (a) bubbled and (b) Not Bubbled with Ar Gas,
Respectively, During Electrodeposition. Deposition was Performed at 1 mA/cm? for 60 s, with an Electrolyte Con-
taining 0.05 M CH3COOK and 0.05 M Zn(NOs)2. Insets are the Respective Cross Views

Table 1. Sample Codes and their Respective Electrolyte Compositions

Sample code

Electrolyte composition

AINS
A3N5
A5N5
ATNS
A5N3
AS5N7

0.01 M CH3COOK + 0.05 M Zn(NOs)2
0.03 M CH3COOK + 0.05 M Zn(NOs)2
0.05 M CHsCOOK + 0.05 M Zn(NOs)2
0.07 M CH3COOK + 0.05 M Zn(NOs)2
0.05 M CH3COOK + 0.03 M Zn(NOs)2
0.05 M CHsCOOK + 0.07 M Zn(NO3s)2

- VARG \ |
Figure 5. FE-SEM Images of the As-deposited Samples using Electrolytes with Zn(NQOz)2.4H20 Concentrations at 0.05 M

and Different Concentrations of CHsCOOK: (a) 0.01 M (A1N5), (b) 0.03 M (A3N5), (c) 0.05 M (A5N5), and (d) 0.07
M (A7N5). Insets are the Corresponding Cross Views

Makara J. Sci.
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A similar result has been reported by Kung et al. [2] for
potentiostatic electrodeposition using an extremely low
concentration of acetate as the additive shaping agent (0
and 0.01 M). An extremely low concentration or the
absence of acetate in the Zn(NOs).-based electrolyte
solution leads to the growth of ZnO with a non-
nanosheet structure. Increasing the concentration of
CH3COOK to be 0.03 M (A3N5) is the minimum value
observed in this study to form the desired nanosheet
effectively. For samples electrodeposited using an
acetate concentration of 0.03 (A3N5), 0.05 (A5N5), and
0.07 M (A7Nb5), nanosheets that look well distributed
and cover the ITO substrate are observed. The three
samples seem to have morphology profile differences.
For instance, the A3N5 seems to have more nanosheets
with a narrower gap compared with A5N5. In other
words, A3N5 seems to be denser than A5N5. To
provide a quantitative judgment, we performed image
processing (using ImageJ software) to the top view of
the FE-SEM images of all samples (three images for
each sample) at the same magnification (at 5,000 x).

The example of the image processing for the A5N5
sample is shown in Figure 6d. Nine horizontal and
vertical lines were drawn on each of the pictures; each
time the tips of the nanosheet were intersected with the
lines, it was marked and then counted. A denser/larger
coverage of the nanosheet can thus be indicated by the
large number of intersection points. The result of the
average counted intersection points, as well as the error
bar of one standard deviation of each sample, is
presented as graphs in Figure 7. The height of the
nanosheet of each sample (average from 10 lines in 1
image) is also measured and presented in Figure 7. The
height of the three samples is not significantly
increased, but the tendency to increase by increasing the
acetate concentration can still be observed. On the other
hand, the number of intersection points of A3N5 sample
(low acetate concentration) is the largest compared to
A5N5 and A7N5 samples. These results show that
increasing the acetate concentration to more than 0.03
M results in the tendency to grow the height of the
nanosheet rather than increasing the coverage. This
result further suggests that low concentrations of acetate
are more effective in producing denser and shorter
nanosheets. In the evaluation of the XRD of these
samples (Figure 7A), the crystal observed is only the
zinc acetate hydrate one, without the presence of any
ZnO peaks. This observation shows that the ZAH
species were grown (Eq. 4) directly into nanosheet
structures during electrodeposition at the period used in
this study. Therefore, large amounts of acetate ions are
expected to provide more chances for new nucleation
sites to emerge, eventually growing into new nanosheets
and producing a larger substrate area that is covered by
the nanosheet (i.e. denser nanosheet film). However, the
results show the opposite; low concentrations of acetate
ions produce the densest films probably because by
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increasing the acetate concentration, more acetate ions
were available at the vicinity of the ITO substrate,
competing with the nitrate (and probably the oxygen as
well) and reducing the possibility of an effective
cathodic reaction (Egs. 1 and 2). The expected
formation of new nucleation sites is hindered at the
substrate site where these acetate ions were
located/adhered because of the absence of the hydroxide
needed at that particular site.

The result of the nitrate variation also shows a similar
trend. When the Zn(NOs), concentration is small (0.03
M, the A5N3 sample), the coverage is denser, and the
height is shorter. However, changing the Zn(NOs),
concentration to 0.01 M produces a particle-like layer
similar to those observed for the ALN5 sample but with
the initial formation of nanosheets in some parts (data
not shown). This result suggests that a sufficient amount
of nitrate ions is needed to grow nanosheet structures
effectively. Similar to acetate variation, the AB5NS3,
A5N5, and A5N7 samples seem to have morphology
profile differences. ASN3 seems to be denser than
AB5NS. Thus, image processing was also performed. The
result of the counting of the intersection points shows a
significant increase in the number of intersection points
for the low nitrate sample (A5N3) compared with the
other two (A5N5 and A5N7). This finding shows that
better coverage/higher density is obtained by the sample
with a smaller amount of nitrate ions. This result is un-
expected because high nitrate concentrations are sup-
posed to produce more hydroxide where more
nanosheets can be formed. Moreover, the high-enough
concentration of nitrate can also be used as a shaping
agent responsible for the growth of nanosheet crystals
by producing ZNH (Eqg. 5)[17].

Therefore, if a high-enough concentration is used,
increasing the nitrate concentration should lead to a
denser nanosheet. In the evaluation of the XRD of these
samples (Figure 7B), only ZAH is observed, and no
signs of ZnO or ZNH is present. This observation
proves that the increase in the nitrate ion concentration
we performed in this study was not high enough to
make it responsible for the shaping of the nanosheet.
Therefore, the increase in nitrate concentration in this
study was only used to increase the production of the
hydroxide (Eg. 1). However, it should still lead to an
increase in the coverage density because more
hydroxide should lead to more ZAH production and
nucleation site formation. The decrease in the coverage
density as the nitrate concentration was increased
probably occurred because by increasing the number of
nitrate ions nitrate competes with acetate in gathering
around the conducting substrate. Although more
hydroxide can be produced, only a few acetate ions
were available to react at this particular site to form a
new nucleation site. Eventually, a less dense nanosheet
was formed. This result shows that controlling the

September 2020 | Vol. 24 | No. 3
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deposition rate by increasing nitrate concentration is not
the most effective route because of its negative effects.
Instead, carefully controlling the oxygen content in the
solution is probably more appropriate to control the
electrodeposition of ZnO nanosheet. This topic can be
investigated in our future research. Meanwhile, the
height of the nanosheet shows a slight increase when the
Zn(NOz3), concentration is increased (~2.2 pm for

ABN3, ~2.64 um for A5N5, and ~2.45 for A5N7). This
result shows that increasing the nitrate concentration
increases hydroxide production which is mainly used to
grow the nanosheet’s height instead of forming a new
nucleation site. Moreover, it supports the discussion
above and shows that the lower concentration of nitrate
is more beneficial in producing denser and shorter
nanosheets.

Figure 6. FE-SEM Images of the As-deposited Samples using Electrolytes with CHsCOOK Concentrations of 0.05 M and
Different Concentrations of Zn(NOs)2: (a) 0.03 M (A5N3), (b) 0.05 M (A5N5), and (c) 0.07 M (A5NT7). (d) Example
of Image Processing using Image J Software Applied on Sample A5N5 to Quantify the Density of the Nanosheet
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Figure 7. (Circle) Average Number of Intersection Points Between the Line Drawn on the FE-SEM Images and the Tip of
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Figure 8. XRD of the As-deposited Samples (A) using Electrolytes with Zn(NOs). Concentrations of 0.05 M and Different
Concentrations of CHsCOOK: (a) 0.03 (A3N5), (b) 0.05 (A5N5), and (c) 0.07 M (A7N5); (B) using Electrolytes with
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and (c) 0.07 M (A5N7). The Intensities are Normalized Against the ITO peak at 20 = 35.4°

The results obtained above suggest that low amounts of
acetate and nitrate concentration can provide beneficial
effects in producing short and dense nanosheet
morphologies. The combination of low concentration
conditions in one solution (0.03 M CH;COOK + 0.03 M
Zn(NQ3),) and varying the amount of oxygen gas
contained in the electrolyte solution can be further
investigated. The morphology during electrodeposition
for an even shorter time (ex. 30 s or lower) can also be
evaluated to produce nanosheets with a height of less
than 1 um and with various coverage densities. These
topics will be the subject of our future study. These
optimizations are needed in terms of improving the
morphology to meet the required characteristics for the
ETL of perovskite solar cells. However, after annealing,
a porous structure, which is not necessarily important
for this specific application, is obtained. In our previous
study, we observed that porosity is reduced when the
annealing process was performed in an inert Ar
atmosphere. A complete mechanism for this phenomenon
might need further study and confirmation; however, it
might be related to the possibility of the formation of
evaporated gases (Egs. 5 and 6) being hindered in the
inert atmosphere. A comparison of porous and less
porous ZnO nanosheets as ETL will also be an
interesting topic for further study. Recently, researchers
have been discussing about improving the stability of
perovskite solar cells by performing interface
engineering at a certain part of the cells (i.e. parts that
directly interact with perovskite materials); a method
aiming for such improvement includes the oxide surface
modification of ETLs [20,21] or the carbon cathode in
the hole-transport layer free type [22] and even the grain
boundary of the perovskite materials itself [23]. On this
basis, the Zns(CH3COO0)2(OH)s*2H2O nanosheet
observed in this study before annealing can be
considered an oxide modification of ZnO, which may be
beneficial as an ETL. A comparison of the performance
of the nonporous Zns(CHsCOO), (OH)g2H,0
nanosheet and the porous (or less porous) ZnO
nanosheet is also an interesting topic for future research.

Makara J. Sci.

Conclusion

The key parameters for the growth control of short-type
ZnO nanosheets are evaluated. The presence of oxygen
in the electrolyte solution significantly influences the
morphology of the obtained nanosheet. The nanosheet
becomes much denser and taller in the presence of
oxygen. Meanwhile, the effect of varied electrolyte
compositions is not as significant. Nevertheless, the
trend of such effect can still be observed. Improved
results are obtained when the concentration of each anion
is low. However, extremely low concentrations lead to
the formation of non-nanosheet layers. Therefore, the
electrolyte concentration must be optimized. In this
study, relatively denser and shorter nanosheets are
obtained when the concentration of the acetate or
Zn(N03)2 is0.03 M.
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