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SI: The effect of KCl Concentration on Growth Parameters
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Figure. S1 Plot of calculated a.) the reaction rate in equilibrium Kc and the variable of Gibbs free

energy level (AG") versus KCl concentration and b.) the h-ZnO'’s nanoplatelet sizes’ plotted with AG’

This section of supplementary materials discusses the role of KCl and annealing temperature
in h-ZnO growths . As shown in Figure S1.a.), the relativity of thermodynamic equilibrium constant
(Kc) was calculated via equation (2) and plotted versus the concentration of KCl in our experimental
range (0.1M-0.5M) to gain further insights on its effects on the growth of h-ZnO. In this investigation,
the concentration of KCl is used as primary variable to figure out other parameters. Kc is then
calculated to determine the reaction rate in equilibrium based on the final concentration .As for the
results, ZnO grown from 0.1M, 0.2M and 0.3M had reaction rate at 0.55, 0.6955 and 0.879 respectively.
Since all Kc were determined to be less than unity, it means the reaction remains sub-equilibrium
while in 0.5M case the Kc was determined to be 1.2678, whilst, this behavior is consistent with CV
results from earlier.

Zn(NO,), + 2KCl = ZnCl, + 2KNO, (SI1)

Ke = [ZnCI,][KNO3]?

"~ [zZn(NO3),]IKCI (SI2)

Typically, in growing homogeneous and large flakes, it’s more preferable to stay well under

equilibrium kinetically so that the thermodynamic can have sufficient time to kick in to the reaction,

Nanomaterials 2017, 7, x; doi: FOR PEER REVIEW www.mdpi.com/journal/nanomaterials



30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

53

54
55

56
57
58
59
60
61
62
63
64
65
66
67

Nanomaterials 2017, 7, x FOR PEER REVIEW 2 of 5

which will be discussed in the next section of the supplementary materials, and such is why 0.1M of
KCI was determined to be optimal for growing (0001) ZnO crystal in our case.

When discussing thermodynamics of the h-ZnO crystal growths, Gibbs free energy of the
reaction in equilibrium (AG’) can be used to determine the favorability of nucleation in h-ZnO with
an electrochemical process which it defined the lowest energy to excited for reaction .This Gibbs free
energy term was implicated with the reaction rate constant shown in equation (3):

AG’ = —RTInK¢ (SI3)

Where R is gas constant Jmol'and temperature (T) The considered AG’ in equilibrium system
contributed to mechanism or nucleation of ZnO in solution as equation (4) which this relation was
included AG’ of nucleation surface (AGsuface) and AG” of nucleation volume.

In order to determine the spontaneity of the reaction, AG’ was calculated using equation (SI3)
through the calculated K. values of the corresponding case as shown in Figure SI1. Based on our
resultsat 0.5M of KCIAG® is -0.627 kJmol! making the reaction spontaneous while for 0.1M,02M and
0.3M of KCI composition had AG" for 1.58 k] mol* 0.96 k] mol! and 0.34 k] mol respectively (as
shown in Figure .S1). Moreover, since in 0.1M -0.3M cases, AG’ > 0, this reaction required another
parameter to excitation process with either applied voltage or annealing temperature. Furthermore,
based on our growths and annealing of h-ZnO flakes at different conditions shown in Figure 4.f.),

presented in Figure SI2 is the calculated AG™ for each flake sizes via equation (3).

Generally, nucleation atom was assumed to sphere shape, therefore, AG’ innucleation atom

in ZnO as defined in equation (5)

AG = AGgyrface T AGyolume (514)

AG’ = 4mi(r)?y + 2 T(r')*AG, (SI5)
-

r'= AGy (SI6)

Where vy is the surface area of the nucleating atom, the AG,, is the term of the free energy of the
bulk crystaland r* is the critical radian of nucleation as shown in equation (6).

AG’in nucleation mechanism has the direct proportionality with radian of nucleation (r) e.g.
the nucleation radian was extended as the AG™ increases. Another parameter is r* which is strongly
correlated to the size of atomic nucleation to the bulk crystal. Generally, the r has direct change with
AGgyrface and the maximum of AGgyface iS1* point which this point showed the highest of AGgyrace
and on the other hand the AGyoume has indirect change with r extended consequently, AG’ in this
mechanism was combined with AGguface and AGyoume which the saturated point of both
parameters is r* point (reitic of Figure 7 (c) from Choopun et al, 2010 ') that meaning at r* is the stable
state of nucleation atom (highest of AGgyrface and lowest of AGyoume) and ready to grow for bulk
crystal.

AG" = AGsyrtace + AGyolume (S17)
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Therefore, this growth mechanism favored r* in determining the probability of the bulk
crystal grown. When r > r+ the nucleation atom can perform to bulk crystal, however, if r <1" the

nucleation of bulk crystal is considered thermodynamically less preferred. 6.

1800 sec

Figure.S2 SEM image of grown h-ZnO flakes on the electrode at a.)30 seconds, b.) 120 seconds, c.) 300
seconds and d.) 1800 seconds into the growth.

In conclusion, the two-step of h-ZnO flakes growth were determined with reaction rate via
electron transfer of electrode surface and electrolyte in primary growth process which the low
reaction rate as 0.1M of KCl was the reasonable condition to nucleation ZnO crystal after that using
secondary growth was the coalescence effect to fusion nucleation grains of ZnO in primary growth

for the improved and relatively larger h-ZnO flakes’ size in this work.
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SII: ZnO electrical measurements
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Figure S3. lllustration of a.) the device fabricated for deposited ZnO flakes, b.) I-V curve of the ZnO
nanoflakes device with [KCl] = 0.5 M and c.) the calculated conductance of ZnO device vs [KCl] used
in the synthesis.

To further demonstrate the capability of the grown material for applications for our proposed
growth method, ZnO electrical measurements were conducted. The alumina substrate was
lithographed with Au deposition as demonstrated in Figure S3.a.) prior to ZnO deposition via sol-
gel process on the prepared substrate. A series of I-V test was conducted on samples annealed at 100
and 300 °C while prepared from various KCl concentration for comparison. The example of our I-V
result is shown in Figure S3.b.) where the device demonstrate linear contact with Au. This
demonstrates the effectiveness of ZnO prepared via this method as electron collection layer for
temperature sensitive Perovskites 7. From extracted conductance in Figure S3.c.), it is very notable
that devices made of flakes annealed at 100 °C has higher conductance compared to the 300 °C ones,
this is likely due to the conductance from Cl- ions remnant which are more available at lower
annealing temperature. Although 300 °C annealing should improve crystallinity of the h-ZnO flakes
89, with less dopant available in the band gap potentially lowers the conductance given the improved

crystallinity. This becomes evident in 0.5M case where Cl- ions become more dominant prior to
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growth but are later eliminated when annealed at higher temperature potentially resulting in more

defective channel when used as source and drain contacts.
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