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Abstract

Anodic oxidized TiO, nanotube arrays are promising materials for application in photoelectrochemical solar
cells as the photoanode, because of their attractive properties including slow electron recombination rate,
superior light scattering, and smooth electrolyte diffusion. However, because of the opacity of these nanotube
electrodes, the back-side illumination is inevitable for the application in solar cells. Therefore, for the fab-
rication of solar cells with the anodic oxidized nanotube electrodes, it is required to develop efficient and
transparent counter electrodes. Here, we demonstrate quantum dot-sensitized solar cells (QDSCs) based on
the nanotube photoanode and transparent counter electrodes. The transparent counter electrodes based on Pt
electrocatalysts were prepared by a simple thermal decomposition methods. The photovoltaic performances
of QDSCs with nanotube photoanode were tested and optimized depending on the concentration of Pt precursor

solutions for the preparation of counter electrodes.
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Fig. 1 Schematic device structure of quantum dot-
sensitized solar cells employing a TiO, nanotube
electrode with a semitransparent Pt counter electrode.

Zn(NO;),'6H,0 ©] oleh& & [77F T
3, o]F 0.05 M Na,S 9o We2/S/H

1:1) & 127k @A 8t ZnS TS FH
[5]. °1&$t SILAR 542 23] WHE3ldth.
gk Pt AiA=S AFstr] flaEl FTO #87]%
Hell 5~50 mM H,PtCl, ¢] isopropanol &<}
ojzmdl F F7] FollA 158 F9F 400°C EAHPE
Zegsidnt. o] E382F €& (Surlyn, F7I: 60 um)
= ARt WefH 5] BAEa, 1M S, ]
M Na,S ¢ T/FF &9 dsd=2 FYsict. #

ol
-

)
n xg <
wE R ol &L R

tlo &

i

AAE FEsA

TIO, W=fEe] % 3 pt = B9HS +
AP AL &ul7 (scanning electron microscope; SEM,
Carl Zeiss SUPRAS5VP)S Sall #2393t Pt 4
=9 F3Z== UV-vis spectroscopy (Agilent
8453) 0.2 Attt A& A A8 HE
Aol AFUE-A} (J-V) EAL solar simulator
(XIL model 05A50KS, 500 W A= X ALSH)E
g83lo] AM 1.5G, one sun 7oA A3 T
Tk d71sket dIds $42 Solartron 1287
potentiostat¥}  Solartron 1260 frequency-response
detectors AF8-3}% bias potentialS 7}FSHA] 3L 4=
Y31 TE 10 mVe] sinusoidal perturbation 715+
o FuE 0.1~100 kHzolA £41319] o).

3. 47t o 1

I9 2 EAF FEAsE & dAElE AR Tio,



Jae-Yup Kim/J. Korean Inst. Surf. Eng. 52 (2019) 1-5

Fig. 2 SEM images of the surface of (a) one-step anodic oxidized TiO, nanotube electrode, (b) pre-treated Ti
substrate, and (c) two-step anodic oxidized TiO, nanotube electrode. (d) Cross-sectional SEM image of two-step

anodic oxidized TiO, nanotube electrode.
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Fig. 3 (a) Photographs of the Pt precursor solutions and Pt-coated FTO glasses according to the concentration of Pt
precursor solution. (b) Specular transmittance of Pt-coated FTO glasses according to the concentration of Pt

precursor solution.
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Fig. 4 Surface SEM images of (a) bare FTO glass and (b)
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Fig. 5 (a) electrochemical impedance spectra and (b) photocurrent density-voltage (J-V) characteristics of Pt
counter electrodes according to the concentration of Pt precursor solution. The inset in (a) shows the equivalent

circuit model.
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Table 1. Summary of J-V characteristics for quantum
dot-sensitized solar cells with Pt counter electrodes
according to the concentration of Pt precursor
solution.

Concentration of Jae Vor FF

Pt n
solugii;nzrrigl) (mA/em®)| (V) (%) (%)

5 9.65 0.410 18 0.71
10 10.08 0.389 19 0.75
20 8.64 0.398 20 0.69
50 6.98 0.345 22 0.53
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