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Abstract

Electrochemical and Spectroscopic Study of Electron
Transfer in Hybrid Systems of 11-VI Nano Semiconductors

and Redox Proteins

Hybrid systems of II-VI semiconductor material and redox protein, because of
their special physical and chemical properties, attract more and more attention and
have significant application value in fields of photoluminescence, photovoltaics, and
sensors. During past years, with in-depth study, information of interaction between
II-VI semiconductor material and redox protein is extremely valuable. The study of
electron transfer in hybrid systems not only shows the mutual influence and the
interplay mechanism, but also provides fundamental basis for constructing relevant
sensors and photoelectrical devices.

In this thesis, hybrid systems were fabricated with nano-structured ZnO or CdS
and Cytochrome c (Cyt c¢), and explored by electrochemical, spectroscopic and
photoelectrochemical methods. The work mainly include the following aspects: (1)
ZnO nanorods modified electrodes were prepared by one-step cathodic
electrodeposition; these ZnO nanorods modified electrodes were used to detect the
direct electron transfers of Cyt ¢; ZnO nanorods modified Au electrode with absorbed
Cyt ¢ were used to explore the amperometric response to H,O, and fabricate the
sensor.  (2) Photo-induced electron transfer was explored within the CdS
nanoparticles-Cyt ¢ hybrid system. The spectroscopic and the photoelectrochemical
behavior of the hybrid system were characterized and the process and the mechanism
of the electron transfer within the hybrid system were discussed.

The main results are shown below:

1. Electrochemical Behavior of Redox Proteins at ZnO Nanorods Modified Electrodes

(1)We prepared ZnO nanorods modified ITO, Au, GC electrodes by one-step

cathodic electrodeposition method. Scanning electron microscopy (SEM) was used to

I
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observe the morphology of the ZnO nanorods. X-ray diffraction (XRD), UV-Vis and
fluorescence (FL) spectra were used to analyse the crystal phase and spectral
characteristics of the ZnO nanorods.

(2)These ZnO nanorods modified electrodes were further exploited to detect the
direct electron transfer of Cyt c. The common mechanism of direct electron transfer of
Cyt ¢ was employed to explain the electron transfer process between ZnO nanorods
and Cyt c¢. The ZnO nanorods modified Au electrode was also found successful in
obtaining the direct electron transfer of horse radish peroxidase.

(3) Hydrogen peroxide sensor was fabricated on the basis of Cyt ¢ absorbed
ZnO nanorods modified Au electrodes. Electrochemical data demonstrate that a linear
amperometric response to hydrogen peroxide could be observed.

2. Photo-induced electron transfer between CdS nanoparticles and Cyt c

(1) In this part, we synthesized CdS nanoparticles dispersed in aqueous phase
and CdS nanoparticles deposited on FTO conducting glass, respectively.. SEM, EDS,
XRD, UV-Vis and FL were used to characterize the morphology, crystal phase and
spectral characteristics of CdS nanoparticles.

(2) We used CdS nanoparticles in aqueous media and CdS nanoparticles on
FTO to fabricate CdS NPs / Cyt ¢ hybrid system, respectively. The electron transfer
process between CdS nanoparticles and Cyt ¢ was explored by photoelectrochemical
and spectroscopic methods.

First of all, UV-Vis and FL spectra of aqueous CdS nanoparticles were detected.
We found fluorescence quenching of CdS nanoparticles was aroused by adding of Cyt
¢ (IIT). Meanwhile, the UV-Vis spectra showed that Cyt ¢ (III) in the hybrid system
was reduced to Cyt ¢ (II) after the illumination.

Furthermore, the deposited CdS nanoparticles — Cyt ¢ hybrid system were
analyzed by transient photocurrent responses, FL spectra, FL lifetime decay and
UV-Vis spectra. It is demonstrated that photo-induced electron transfer from CdS
nanoparticles to Cyt ¢ (III) happened and caused the fluorescence quenching.

From band theory of semiconductor and direct electron transfer mechanism of
Cyt ¢, we proposed the photo-induced direct electron transfer from Cyt ¢ to CdS

v
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nanoparticles to explain the phenomenon of the hybrid system.

Keywords: Cytochrome c; ZnO nanorods; CdS nanoparticles; Direct Electron transfer;

Photo-induced electron transfer.
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