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ABSTRACT: The work aims to develop a rapid electrochemical determination method of pentachlorophenol (PCP) in
cigarette paper. Based on the same unit cell parameters and isomorphism of ZIF-8 and ZIF-67, the three-dimensional na-
noporous carbon (NGPC) was prepared with ZIF-8@ZIF-67 as a template. Considering the advantage of the large specific
surface area and high electron transfer efficiency of NGPC, the constructed sensor (named NGPC/SPCE) had a good re-
sponse to PCP. At the detection potential of 0.86 V, the sensor had a high sensitivity (2.452 pA-cm >-L-mg ") with good
selectivity. Besides, the sensor possessed good accuracy and precision for detection of PCP. The recovery results of the
three concentration gradients were between 95.7%-98.6%. Additionally, the relative standard deviation of the six consec-
utive test results was 2.07%. The sensor had good long-term stability for detection of PCP. After 25 days of continuous
detection, the sensor can still maintain 88.1% of the initial sensitivity. Thus, the sensor developed in the work is suitable
for detection of PCP in cigarette paper with a satisfactory result.
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it B mR e ik, A EZST PCP B A
TR RN, (EU ) 2021/277 #5E PCP K JLEh i
BERAEYI G . RGPS P EAET S mg/ke;
AR S G SR AR BR A 25 2 U231 oeko—tex Fi
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Fig.1 TEM images of six materials
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Fig.2 XRD patterns and Raman patterns of three materials
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CV H I E A LL S EIS B AR AT 1845 FL A 19 ' F
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{8/ NGPC/SPCE M e AN FL SR . 5] 4
%Y NGPC/SPCE 7E4JC PCP I AYIERMR 24T R, Kl 4
H0 Ve A AR TR U i T 2 I Dl i L AR SHL AR £
g, MR 4 mg/L (%) PCP J&, 7E 0.7~0.9 V HLi]
I~ e AR A, RIS 1 G HL NGPC/
SPCE X} PCP HATRGFAIE N, HEXT PCP #1474 .

2.4 FHMRULK PCP HEE®RN

7E F NGPC/SPCE Hi A} 52 2 #6210 PCP ij % B bz %)
G0 E, 57 FI G s W) pH (E A TG AL o
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Fig.4 Cyclic voltammogram of NGPC/SPCE in
0.1 mol/L phosphate buffer solution (pH=6.0)
e HALE A H-0.6~1.0 Vi 334 50 mV/s;
PCP itk 25 4 mg/L.

T, %F NGPC/SPCE H M ARG H (57 i A TR AL
MIEL 5 19 PCP A Ak o A7 BT 1A 7 FL AV 26 45, 7E.0.70
0.74. 0.78. 0.82. 0.86. 0.90 V 6 iz F I 1t
FARM 2 PCP, 45 ULIE 5a. NGPC/SPCE &/ Hi i
X} PCP fmie o7 F Yt 52 0 SE 3G K5 W N ta e, A
HAMEN 0.86 V BFiAEIHA7IE(E, ik, PCP B
A HL AV A 0.86 Vo

By, ZE AR PBS 1Y pH (EUEF AL, 1EHL
4.0.6.0.7.0.8.0.10.0 1 5 FAR[H] pH {EHE 4 0.1 mol/L
) PBS % th i WA Sl v AR IO, A Tt B AR ARG
PCP Wy, 155455 WK Sb, Bl %% s pH (A
I K, NGPC/SPCE HL X+ PCP F) i 1 H, Ui 5%
PR e KRN, IFAE pH {EH 8.0 B ik F]
KA. HIFERJELM pH 2040 F, HERB IR
AN FIIEEAE, 380 U FIEfETE ; Aokt
= R M7 5 A Bl W SR B T 5 AR R
AU R R AR B AR I AR, 280X
PR A K ) H SR W . 27 LTk, 5 2250 fi
FH 0.86 V A M#G IR A7, 0.1 mol/L %) PBS (pH 8.0)
Vi TRAE Ry G I A5

TR 0T, X AR T E 6
M, 7£ 0.1 mol/L PBS (pH 8.0) 1, LN A [H B
HIRE PCP (0.2, 0.4, 0.7, 1.0, 1.6, 2.2, 42, 6.2,
9.2, 12.2, 16.2, 22.2, 30.2 mg/L) =k fyitaf
TN (KU EL A A 0.86 V vs. Ag/AgCl) Ay 4E R I
Kl 6a, WEFH HE R E R, 2GR
FALH TR Z R, Hm BB /N T 5 s X HER
T3 (%) e B 5 i) o7 P 3 /N EA T B (LR 6b ), AR
w2l 2 Bt Hoh 5 1 Bl 2.2~30.2 mg/L,
552 BEYU N 0.2~2.2 mg/L, %GRS 1E M2 1 T R
P RABEE N 2.452 pA-em > Lomg ', XA ARG I FR
4 0.010 mg/L ( S/N=3 ),
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Fig.5 Potential optimization and pH optimization of NGPC/SPCE sensors
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Fig.6 Chronoamperometric responses of NGPC/SPCE sensors and relationship between response current and PCP

mFE 1 Pran, SHAb—2 PCP AR L,
NGPC/SPCE £/284% He A H rGO #J # 1Y PCP £ /2 4% L.
A HEE R ¥ ; NGPC/SPCE & /E&+#% ELAIH MnO,
A 8 ) A% R EL A AR AR HE BR 38 A R S IR
B 1) PCP kil ; NGPC/SPCE f% %45 L A AL — 4
TRk A R ) A% SRS HL A T 58 A R RV TR, i
JEAN [V FEE AR ot A

2k B R NGPC/SPCE Hi ML RE % 52 B % A R
W R ARz, BRI AEF . NGPC/SPCE HIMK I Z
FLES MR F & GRS, B EEER, TR
A2 SR 2% 00 I3 L3 K /)y s NGPC/SPCE 1Y H, T 1 1 AR

K, A AL R B B AL T R R S BT
NGPC/SPCE HL S H LAY, A M T4 L& K
Ty 55 Fe B BT AL ) F T Bl DN R e AR TR S N 1)
R

25 HBEEmTitE. EEHE. BREWEITMY

ffi 1 200 mg/L [ LiCl 1 CuSO, %k, 1 mg/L
M 1,2- SR . LR R . W EER R 1740
M Z5 R 7, AL TR T, m It
A 58 A8 Ak, 150 B S T I I A X SRR 1 1 A
FEAETE, B, AR A B TR

* 1 AEMERFIT PCP Ay Nt &E L&
Tab.1 Comparison of analytical performance of various sensors for PCP sensing
s br RIYE/(nA-em™L-mg ) Hz 1 BR/(mg L) YL/ (mg L) 275 SCHk
rGO 0.933 6 0.032 0.6~9.6 [7]
MnO, 0.028 0.1~80 [8]
AL E A G AR 0.007 0.26~1.121 [31]
NGPC 2.452 0.010 2.2~30.2 L
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e 6 MR A —HEYR Y NGPC/SPCE HLMAE R TAE
M, HELEMA 3 R E N 0.5 mg/L ) PCP,
A5 2 0 I A FL AT e, o Pl 8 RTHT, 3K 6 R EEL R 14 e
R/ NZE RN, MR R 2ZE N 2.07 %, £
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Fig.8 Current response of six
NGPC/SPCEs to 0.5 mg/L PCP
T L AR, 1d 5% [ —# NGPC/SPCE &
ML BERR 2 d X PCP (0.5 mg/L ) #EATIIHA A 45
LB 9. 7E 25 d J&, IZFARORT L EUAR 1 e 10 H i
HIRIFTEIFIE Y 88.1%, RUIIZAL A HA R
RSt

2.6 SEBRAFE Y NARE Y LI

Bt 2 4R BURTR &9 5 mL, [0 KR A 0.2.,0.4
0.6 mg/L [ PCP ¥ ¥& , fifi 1 1-t £ R i 5% NGPC/SPCE
X} PCP fym N A5, Frfs IR 5h 96.5% .
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