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Fig. 1 XRD pattern of Pd/graphene catalyst
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Fig. 2 SEM image of Pd/graphene catalyst
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Fig. 3 XPS spectrum of Pd/graphene catalyst (A) and partial
enlargement of Pd (B)
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Fig. 4 TEM image of Pd/graphene catalyst
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Fig. 5 Cyclic voltammograms of Pd/graphene/GCE in differ-
ent supporting elctrolytes (scan rate: 50 mV -s”, con-
centration of 4-chlorophenol: 100 wmol -L™") a. K,SO,;
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Fig. 6 Cyclic voltammograms of Pd/graphene/GCE in dif-

ferent pH (A), relationship between pH and E,-pH
(B) and I,-pH(C) (PBS concentration: 0.1 mol -L",

concentration of 4-chlorophenol:100 wmol - L7, scan
rate: 50 mV-s™)

PAHEN ) 4-50 9 7 Pd/f1 8504 /GCE I 19 %8 kit &
N - TR R 4-S B 7E pH < pK, B
HOE S B S T RO R R, SRR B
TR A b, 2 1A,



<492 . W, A%, 2 2015 4F
02 A 1000 Tv-s" 0.02+ Wi@t impurity ons
0.1k 25mvs’ 0.01r
< 000}
< &
£o00} ~ 001t
o1l -0.02 +
-0.03 +
02— : : : : : : 019 016 013 010 -0I.3 -()l.6 -d.9
09 06 03 00 -03 -06 -09 E/V(vs. Ag/AgCl)
E/V(vs. Ag/AgCl)
B 5l 8 Pd/f1#4M/GCE 1EA L T M BT 1 CV £k (100
60 L pmol - L 4-5 By , S H5 AL 0.1 mol -L" pH =
6.8 PBS Wi, 14 I AN 50 mV-s™)
Fig. 8 Cyclic voltammograms of Pd/graphene/GCE in the
i 40r presence or absence of impurity ions (100 wmol-L"
:ﬁ 4-chlorophenol at 50 mV -s™ in 0.1 mol-L" pH 6.8
20+ PBS)
0l [ XY -5 1) CV A7 0 B T 8. 1
V2 8 A, TC TR BT 4-5 M % Ak 04 HL R
0.45LC 0.0134 mA , A T4 Y B i g v i 0.0132 mA, T
P 256 3% WY A6 1 3 vl A X 4- ST 1 ) o7 R A AR
0401 i85 1 1 P A
o 035f Pd/ A7 55 0 16 Wi 1) 30 e Pl A 0 i AL PERE A1) 9
< 30 FER. L9 ST LIS, 22 0.4V 4b PdIfT RN/
GCE Hi 1% [t A7 2 % /GCE H il B AT B i 119 4 1 0
021 FL U, X A AT S 6 0 L 2 7 ELAT A A
0.20+
3.0 315 4.IO 415 il(l S.IS 610 6.IS 710 0.02 — Pdlgraphene/GCE
[l 7 Pd/A7 B 4/GCE 15 IRl 3R 1Y CV HIZE (A) | 0.01F Graphene/GCE
L G0 MXFR(B) Ey 5 Iw 15K (C) (PBS X 0.00L
5 108 W 0.1 mol - L pH 6.8, 4-40 i ¥ 100 5
pmol-L") = -0.01+
Fig. 7 Cyclic voltammograms of Pd/graphene/GCE at dift-
erent scan rates (A), the relationship between /,, and v -0.02
(B) as well as the relationship between E,, and Inv (C) 0,03 L ‘ ‘ ‘ ‘ . .
09 06 03 00 -03 -06 -09

(0.1 mol-L" pH 6.8 PBS, 100 p.mol-L" 4-chlorophenol)

2.5 FHZwmMEImEBRMELERE.EHN

R WAL B 1 . SR MY
JR B LS B B 3K R BE A A 9 T IR . 100
5y CI' NOy SO K" Na*.Zn* Mg* Lk & 50 1

E/V(vs. Ag/AgCl)

[l 9 Pd/f1 #&%5/GCE il 41 82 4%/GCE 19 CV M4k (L F5
W4 0.1 mol-L' pH 6.8 PBS ¥ ¥, 100 wmol -L!
4-50 , Ry S0 mV-sT)

Fig. 9 Cyclic voltammograms of Pd/graphene/GCE and

graphene/GCE (PBS: 0.1 mol-L", pH 6.8; 4-chloro-
phenol: 100 pmol-L"; scan rate: 50 mV-s™)
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Fig. 10 Cyclic voltammograms of Pd/graphene/GCE (PBS:

0.1 mol-L", pH 6.8; 4-chlorophenol: 100 wmol-L";

scan rate: 50 mV-s™; scan times: 10)
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Fig. 11 Cyclic voltammograms of Pd/graphene/GCE in different concentrations of 4-chlorophenol (A), linear relationship be-

tween I, and the concentration of 4-chlorophenols (B) (PBS: 0.1 mol-L", pH 6.8; scan rate: 50 mV -s™)
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Tab. 1 Comparison of 4-chlorophenol electrochemical detection

Electrode Linear range/(pmol - L) Detection limit/(pumol- L) Reference
Pd/graphene/GCE 1.0 ~ 100 0.57 This work
Nafion/MWCNT/GCE 1~25 12.09 [19]
CTAB-MMT/CPE 0.05~10 0.02 [20]
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Application of Pd/Graphene Modified Electrode in
the Detection of 4-Chlorophenol

SHI Peng', WANG Bo-xuan', SONG Quan-lin', WANG Hui", LIU Xin', BIAN Zhao-yong’
(1. College of Environmental Science and Engineering, Beijing Forestry University, Beijing 100083, China;
2. College of Water Sciences, Betjing Normal University, Beijing 100875, China)

Abstract: The Pd/graphene composites were synthesized by a modified Hummers method and NaBH4 reduction process, and
then were characterized using XRD, SEM, XPS, and TEM. The Pd/graphene modified glassy carbon electrode (Pd/graphene/GCE)
was prepared based on this method. Cyclic voltammetry was used to study the optimum operation conditions for the 4-chlorophenol
detection. It was shown that the surface of the graphene was smooth and Pd nanoparticles were uniformly dispersed on graphene.
The average particle size was calculated to be 6.5 + 0.05 nm. These nanoparticles exhibited high catalytic activity and sensitivity to-
ward chlorophenols. PBS with a concentration of 0.1 mol -L" at pH 6.8 was the best supporting electrolyte for the detection of
4-chlorophenol. Peak current and the square root of the scan rate were in a good linear relationship (R? = 0.992). Using the
Pd/graphene/GCE analytical performance with the linear range from 1 to 100 wmol-L"' (R* = 0.967), a detection limit of 0.57
pmol - L' was obtained. The Pd/graphene/GCE had a good reproducibility and stability. Therefore, the Pd/graphene/GCE showed a

high catalytic activity, which provides a simple, quick and reproducible method for the detection of 4-chlorophenol.

Key words: electrochemical detection; chlorophenol; Pd/graphene; modified electrode
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