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Fig. 1 SEM images of (A) RGO and (B) the as-prepared
TiO,NPs/RGO
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Fig. 2 (A) Nyquist plots and (B) cyclic voltammogras of bare GCE, TiO,NPs/GCE, RGO/GCE, TiO,NPs/RGO/GCE in the solu-
tion of 5mmol - L [Fe(CN)s]***. Numbers in (B) refer to bare GCE (a), TiO,NPs/GCE (b), RGO/GCE (c) and TiO,NPs/RGO/

GCE (d) at a scan rate of 50 mV-s?.
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Fig. 3 (A) CVs of bare GCE (a), TiO,NPs/GCE (b), RGO/GCE (c) and TiO,NPs/RGO/GCE (d) in the PBS solution (pH = 6.0)
containing 20 wmol - L* 4-NP with a scan rate of 50 mV -s?; (B) DPV responses of bare GCE (a), TiO,NPs/GCE (b),
RGO/GCE (c) and TiO,NPs/RGO/GCE (d) in the PBS solution (pH = 6.0) containing 300 wmol - L* 4-NP. Amplitude: 20
mV; Increment: 5 mA; Pluse period: 200 ms; Pluse width: 100 ms; Scan rate: 50 mV-s™,
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Fig. 4 (A) DPV responses on TiO,NPs/RGO/GCE in 0.067 mol - L PBS (pH = 6.0) containing different concentrations of 4-NP.
Amplitude: 20 mV; Increment: 5 mA; Pluse period: 200 ms; Pluse width: 100 ms; Scan rate: 50 mV-s*; (B) Correspond-
ing calibration plot for the DPV curves of 10 ~ 350 wmol - L™,
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Modified electrode Linear range/(p.mol - L) Detection limit/(umol - L) Reference
pCu-GPE 50~850 1.91 [18]
Nano-gold/GCE 10~1000 8 [19]
HA-NP/GCE 1~300 0.6 [20]
TiO,NPs/RGO/GCE 10~350 0.13 This work
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Fig. 5 (A) DPV responses of TiO,NPs/RGO/GCE in the PBS solution (pH = 6.0) containing 300 wmol-L* 4-NP and(a)100
pmol-L*, (b)120 pwmol-L?, (c)140 pmol-L*, (d)160 wmol - L* 2-nitrophenol; (B) Peak current vs. storage time plot for
TiO,NPs/RGO/GCE electrodes in PBS (pH = 6.0) with 4-NP concentration of 100 wmol - L™
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Electrochemical Detection of 4-Nitrophenol Based on Glassy Carbon
Electrode Modified by TiO,NPs/RGO Composite

JIU Lin-na, CHENG Yong-giang”
(MicroNano System Research Center, Key Lab of Advanced Transducers and Intelligent Conirol System of

the Ministry of Education & College of Information and Computer, Taiyuan University of
Technology, Jinzhong 030600, China)

Abstract: 4-nitrophenol (4-NP) has become factitious pollution, and presented a serious threat to the nature and human health. It
is necessary to develop a convenient and fast detection method. In this work, the glassy carbon electrode modified by titanium diox-
ide nanoparticles (TiO,NPs)/reduced graphene oxide (RGO) composite as an electrochemical sensor was studied for the trace detec-
tion of 4-NP. The morphology of the composite was characterized by scanning electron microscopy (SEM). The homogeneous
mixing of titanium dioxide nanoparticles and reduced graphene oxide increased the specific surface area of the composite, and facil-
itated the electrochemical reaction of 4-NP. The electrochemical characteristics of the composite electrode were analyzed by cyclic
voltammetry (CV) and electrochemical impedance spectroscopy (EIS) in the solution of 5 mmol-L* [Fe(CN)¢]**, showing excellent
electrochemical performance. In 0.067 mol - L* phosphate buffer solution with a pH of 6.0, differential pulse voltammetry was used
to detect trace amounts of 4-NP. This method was satisfactory for the determination of 4-NP due mainly to the higher catalytic ac-
tivity of TiO,NPs/RGO complexes for 4-NP. The current peak value and concentration of 4-NP showed a good linear relationship.
The detection range was 10 pmol -L* ~ 350 pwmol - L* and the detection limit was 0.13 pmol - L™ Interferences of other pollution
compounds, such as 2-nitrophenol, did not impact the sensing to 4-NP. In addition, the electrochemical sensor exhibited excellent
repeatability and stability (The TiO,NPs/RGO/GCE electrodes retained 90.2% of the initial response current after two weeks). Com-
pared with some other electrochemical sensors reported, this sensor had the advantages of a large detection range, low detection
limit, stable operation, repeatable test, low cost, simple and rapid analysis, and based on these characteristics, the
TiO,NPs/RGO/GCE electrochemical sensor can provide an efficient detection for 4-NP.
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