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Abstract : In this study, CdSe quantum dots (QDs) were grown on mesoporous TiO, films using the
successive ionic layer adsorption and reaction (SILAR) method, and the effect of cationic bath pH on
QD growth behavior and photoelectrode performance was systematically investigated. By introducing
triethanolamine (TEA) into the Cd** precursor solution, the pH was increased above the point of zero
charge of TiO,, inducing a negatively charged surface that enhances electrostatic attraction toward Cd**
ions. As a result, the growth rate and surface coverage of CdSe QDs were significantly increased com-
pared to the case without TEA. The accelerated growth and higher QD density were confirmed by vis-
ible color evolution, UV—-Vis absorption spectroscopy, and transmission electron microscopy.
Photoelectrochemical characterization revealed that the increased CdSe loading leads to substantially
enhanced photocurrent generation in both quantum dot-sensitized solar cells and photoelectrochemical
cells. Notably, the CdSe-sensitized TiO, electrode prepared under basic conditions exhibited approxi-
mately 2.3 times higher photocurrent density during photoelectrochemical oxidation, along with stable
and reproducible hydrogen evolution. These results demonstrate that electrostatic control of cation
adsorption via pH modulation is a key parameter governing SILAR-grown metal chalcogenide QDs,
providing valuable design guidelines for high-performance quantum dot-sensitized photoelectrodes.

Keywords : Quantum dot, Photo-sensitizer, Solar cell, Photoelectrochemical cell, Successive ionic
layer adsorption and reaction (SILAR)
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Scheme 1. A simplified diagram showing how the SILAR
growth of CdSe QDs on the mesoporous TiO; film is done.
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Fig. 1. Photographs of a bare TiO; film (a) and CdSe-
deposited TiO; films by the SILAR process without TEA
(b) and with TEA (c) addition (the repetition numbers of
SILAR process were 1, 3, 5, and 7 from left to right).
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Fig. 2. Absorbance of TiO, film after depositing CdSe QDs by the SILAR process without TEA (a) and with TEA (b)
addition (the repetition numbers of SILAR process were 1, 3, 5, and 7 in the upward direction).
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Fig. 3. TEM images from a bare TiO, film (a) and CdSe-deposited TiO, films by the SILAR process without TEA (b and
c) and with TEA (d and e) addition (b and d were obtained after repeating SILAR process 3 times while ¢ and e were

after 7 times).
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Fig. 4. Current-voltage curves of CdSe-sensitized solar cells prepared by the SILAR process without TEA (a) and with

TEA (b) addition.
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Table 1. Photovoltaic parameters from CdSe-sensitized TiO, electrodes used in Fig. 4

Short-circuit current (mA/cm”) Open-circuit voltage (V)  Fill factor

Conversion efficiency (%)

SILAR 3 (without TEA) 16
SILAR 5 (without TEA) 7.1
SILAR 7 (without TEA) 7.3
SILAR 3 (with TEA) 52
SILAR 5 (with TEA) 9.8

SILAR 7 (with TEA) 112

0.40 0.51 0.33
0.47 0.49 1.64
0.45 0.51 1.68
0.46 0.53 1.27
0.49 0.52 2.50
0.47 0.51 2.68
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Fig. 5. Current-voltage curves of CdSe-sensitized photoelectro-
chemical cells prepared by the SILAR process without TEA
or with TEA addition (under 1 sun illumination and dark
condition).
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