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Figure 1 (A) Current density-voltage (J-V) spectra; (B) IPCE spectra; (C) UV-vis absorption spectra; (D) photoluminescence spec-

tra (excited wavelength at 325 nm) for photovoltaic cells based on CdSe nanowires by ECD, SLS and CdSe nanoparticles, the active

area is 1 cm?3, (color on line)
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Figure 2 (A) Current density-voltage (J-V) spectra; (B) IPCE spectra; (C) UV-vis absorption spectra; (D) Photoluminescence spec-

tra (excited wavelength at 320 nm) of the CdS quantum dots electrode and ZnO nanorods array film before and after different depo-

sition cycles of CdS quantum dots composite electrodes, the active area is 0.1 cm?.. (color on line)
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Figure 3 (A) Electroluminescence spectra of the assembled diode at 25 V; (B) UV-Vis absorption spectra; (C) photoluminescence

spectra (excited wavelength at 320 nm); (D) photocurrent responses irradiated with 340 nm light under a potential of 0.2 V (vs. SCE)

for ZnO nanotubes and ZnO nanorods®?. (color on line)
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Figure 4 (A) Electroluminescence spectra of the assembled diode at 25 V; (B) UV-Vis absorption spectra; (C) photoluminescence
spectra (excitation wavelength at 320 nm); (D) Photocurrent responses irradiated with 340 nm UV light under a potential of 0 V (vs.
SCE) for ZnO nanorods and ZnO nanrods/CuSCN filmEY, (color on line)
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Figure 5 (A) UV-Vis absorption spectra; (B) photoluminescence spectra (excitation wavelength at 385 nm); (C) photocurrent re-

sponses irradiated with 385 ~ 390 nm light under a potential of 0.3 V (vs. Ag/AgCI (sat. KCI) ); (D) photocurrent responses irradiated
with 460 ~ 470 nm light, under a potential of 0.3 V (vs. Ag/AgCI (sat. KCI) ) for TiO, and Ag-TiO, nanocomposites.(color on line)
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Combined Applications of Photocurrent Spectroscopy,
Photoluminescence Spectroscopy and UV-Vis Spectroscopy for
Nano-Semiconductor Based Photoelectric Devices

Si-Da Bian, Jian-Zhang Zhou", Zhong-Hua Lin
(Department of Chemistry, College of Chemical Engineering, State Key Laboraiory of Physical Chemisiry of
the Solid Surface, Xiamen University, Xiamen 361005, Fujian, China)

Abstract: The electronic structures and properties of nano-semiconductors are quite different from those of bulk semiconductors
due to the nano-size effect (such as quantum size effect). Moreover, when the nano-semiconductor materials are deposited onto the
substrate to construct a device, their electronic properties are also affected by the substrate or other components, which may lead to
different performances of nano-semiconductors based photoelectric devices, and consequently, different corresponding
characterization methods are needed. The combination of photocurrent spectroscopy, photoluminescence spectroscopy with UV-Vis
absorption spectroscopy can provide a more comprehensive characterization for the electronic properties and photoelectrochemical
performances of nano-semiconductors in photoelectric devices. Our research group has long devoted to the studies in the
preparations and characterizations of different nano-semiconductors for photoelectric devices. In this review, we firstly introduce
the main different features in electronic properties of nano-semiconductors and the corresponding characterization methods, and
then describe how to combine the abovementioned three spectroscopic methods to investigate the electronic properties and
photoelectrochemical performances of the nano-semiconductors for photovoltaic cells, electroluminescent diodes, and other
photocatalytic systems by detailed examples. Photoluminescence spectroscopy is a common method to characterize the surface
states of the semiconductors, while photocurrent spectroscopy can provide the supplementary information of surface states.
Especially, the photoluminescence efficiency is low for the nonradiactive recombination dominated materials such as
indirect-bandgap semiconductors. The results of photocurrent spectroscopy are more useful under these circumstances. Furthermore,
the combined characterization in surface states of the nano-semiconductors by photocurrent spectroscopy with photoluminescence
spectroscopy is specially discussed. The combined applications of these three spectroscopic methods for the nano-semiconductors in
photoeltric devices are not only beneficial to obtain intensive understanding the electric properties and the photo-induced charge
transfer mechanism at the interface of the nano-semiconductors, but also useful to guide the preparation of nano-semiconductor
materials for photoelectric devices and optimal to the photoelectrochemical performances.

Key words: photocurrent spectroscopy; photoluminescence spectroscopy; UV-Vis absorption spectroscopy; nano-semiconduc-
tors
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