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Nanostructured ZnO Photoelectrode grown on Seedless Flexible Substrate
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[Introduction] Recently, ZnO nanostructures have been a growing interest for their potential applications
infabricating electronic, and electrochemical devices, such as, solar cell, sensor, light-emitting diode,
nanogenerator, ultraviolet laser, and piezoelectronic devices [1]. Because, ZnO is an important and versatile n-
type semiconductor with wide bandgap (3.37 eV), high electron mobility (115-155 cm?V *s™!) and a very large
exciton binding energy (60 meV) at room temperature [2]. The various methods have been reported for the
synthesis of ZnO nanostructures, such as, catalytically vapor-liquid-solid process and catalyst-free metal-organic
chemical vapor deposition [3]. These methods produce high crystalline ZnO nanostructures. However, the strict
requirement of the high crystallinity of seed layer on the substrate and the high deposition temperature seriously
limit the compatibility of these methods for the applications in flexible electronics. Compare to above
mentioned methods, hydrothermal synthesis is an attractive, alternative and cost-effective method because it
could be carried out at a relatively low temperature around 50-90°C, and could allow for polycrystalline/
amorphous substrates.

[ Experimental ] At first, the PET (polyethylene terephtalate)/ITO
(indium tin oxide) substrates were cleaned by the ultrasonic system in
acetone, then distilled water, and then dried in pure N, steam flow. The
ZnO nanostructures were fabricated by simple and inexpensive
unocovered hydrothermal method [4] at different temperature of 55, 65,
75, and 85°C. A 50 mM of zinc nitrate hexahydrate was dissolved in 50
ml of deionized water (Millipore Milli-Q Plus purification system, 18.2
M-Q-cm) water, and then 50 mM of HMTA was dripped under constant
stirring at room temperature to ensure well dispersion of the reactant.
After completion of deposition process, the ZnO nanostructures coated
flexible-substrates were removed from the solution, then immediately
rinsed with deionized water to remove any residual salt from the surface,

and dried at 150°C in air for 30 min. The structural, optical, and surface e)
morphological properties of ZnO films were investigated. =1 =

[Results and discussions] Figures 1 (a)-(d) show the field emission £ fVO/\E" 2\ g 2 83 g'c
scanning electron microscope (FE-SEM) images of ZnO films with > M e
deposition temperatures of 55, 65, 75, and 85°C, respectively. The g T4 e
nanoparticles are found on the surface of ZnO films with 55°C. The = I l\ )
hexagonal nanorods-like structures are observed with 65°C of ZnO ) o
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sample. The 20-30 nm width of nanoflakes has been showed on the Diffraction angle 20 (deg.)

surface of ZnO films prepared with 75 and 85°C. Figure 1 (a) shows the _. .

x-ray diffraction (XRD) pattern of ZnO photoelectrode. Several sharp Fig. 1 FE-SEM images of Zfo
. . - . . photoelectrode prepared with (a) 55°C,

peaks are observed, which are in agreement with the typical wurtzite (b) 65°C, () 75°C, (d) 85°C: () XRD

structure of ZnO films. The sharp peaks especially (100) and (101) peaks pattern for ZnO prépared with different

of the aligned ZnO films indicate good crystallinity. temperatures

[Conclusions] Nanostructured ZnO photoelectrodes were successfully prepared on seedless flexible PET/
ITO substrate by simple and inexpensive hydrothermal method with different deposition temperatures of 55-
85°C. This prepared ZnO films can be used as photoelectrode for the application of perovskite solar cell.
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