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Determination on Origination of Surface Enhanced Raman Scattering Effect
on Nano ZnO Substrate

Ni, Yuxin Zhang, Chenjie Yuan, Yaxian* Xu, Minmin Yao, Jianlin*
(College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou 215123)

Abstract The promising application of surface-enhanced Raman spectroscopy (SERS) was definitely based on the high
quality substrates which were restricted to the rough noble metals and colloidal nanoparticle materials. However, semicon-
ductor has become a potential substrate for the SERS investigation due to its high stability and reproducibility. It remains
significant challenges in interpreting the enhancement mechanisms. Herein, broom-like ZnO nanoparticles with novel mor-
phology and uniform size was prepared by pyrolysis of (CH;COO),Zn. By using p-nitrophenylthiophenol (PNTP), phenyl-
thiophenol (TP) and p-aminophenylthiophenol (PATP) as probe molecules, the SERS effect on ZnO surfaces was systemati-
cally studied under the irradiation of excitation lines with the wavelength of 532 nm and 638 nm. The different substituents in
p-position of TP allowed to change the energy levels by the electron withdrawing or donating group, it was beneficial to
match the energy level gap between the probe molecules and semiconductor for triggering the photon driven charge transfer.
The surface enhancement factor (EF) of broom-like ZnO nanoparticles were estimated accordingly, and the contribution of
non-resonance and charge transfer to SERS effect was distinguished. The results demonstrated that the surface enhancement
factor was about 10 to 35 times depending on the probe molecules and excitation wavelengths. Therefore, the different en-
hancement origination contributed to the different molecules on the ZnO substrate. For the TP and PATP, the charge transfer
from the HOMO level of molecule to CB of ZnO was achieved by the assistance of the laser photon with the appropriate
energy. Moreover, the higher energy of the photon is, the stronger the SERS enhancement effect. As for the PNTP, the photon
driven charge transfer was absent due to the significant change of the HOMO and LUMO level caused by the electron with-
drawing group of NO,. It revealed that the enhancement effect of PNTP molecule about 10 times was contributed by the
non-resonance enhancement mechanism which was mainly due to the changes in the polarizability caused by the chemical
adsorption. Comparing to the noble metal surface, the enhancement of charge transfer on ZnO was decreased with 1~2 or-
ders of magnitude. The relatively lower rate of charge transfer in semiconductor resulted in the decrease of the charge transfer
enhancement. The preliminary studies provided a novel approach for the preparation and regulation of new semiconductor
SERS substrates.

Keywords surface-enhanced Raman Spectroscopy (SERS); ZnO; surface enhancement factor (EF); non-resonance en-
hancement; photon-driven charge transfer enhancement
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2 #HER5Te
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170 nm. HARYK ZnO ¥ [ EH A2 16.6 nm, KEZ) 570
nm. FE e ATAI, 365 nm AbW % 2] B 551 48 A i b,
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Figure 1 SEM (a), TEM (b) images, UV-Vis absorption spectrum (c) and XRD pattern (d) of as-prepared ZnO nanoparticles
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Figure 2 The N, adsorption-desorption curve of the broom-like ZnO
nanoparticles
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Figure 3 SERS spectra of PNTP, TP and PATP adsorbed on the pro-
cessed ZnO nanoparticles with 532 nm (a) and 638 nm (b) laser excitation
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Figure 4 Raman spectra of 0.01 mol/L PNTP dichloromethane solution,
0.1 mol/L TP dichloromethane solution and 0.1 mol/L PATP dichloro-

methane solution under 532 nm (a) and 638 nm (b) laser irradiation
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Table 1 Surface enhancement factor of three probe molecules on ZnO
nanoparticles under different lasers
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