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Abstract

Biomass carbon material (PCMC) was prepared with carrot as carbon source and potassium hy-
droxide as activator. The PCMC modified electrode was prepared for the determination of aceta-
minophen. The results showed that the concentration of acetaminophen showed a good linear re-
lationship with the current in the range of 0.01 uM~50 pM, and the detection limit was 6.18 nM. It
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might be ascribed to the reaction between activator potassium hydroxide and biomass carbon,
which increased the specific surface area of the material and the number of binding sites, thus
enhanced the electrochemical response to acetaminophen.
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1. 518

TR — ARG 254, L E R X LR B (APAP), W TR A LE
MIACe RZRAISCTT REAEFIE[L]. HRIR0E, LR BERAMES IR S UH AR APAP K% 3~3.5
JiWiZz 2% . ST, SR AE APAP PHEHEK N, SBUMEMIKIGR2]. EEMERERR, KKK
BRFER P EAERET, NMEBRAZSI RS E S, REXSBNE. sisiditk M
T2 i, APAP JEIE KM ™ A2 1 4-Z IR0 B IE A 2 H AR M &, BB 2 SECRMERIE[3]. Bk,
X NSRRI EE 117 APAP (R G- NRAE R . H AT AN R H R BTk (4], W€ [5]. HRIK[6]. &
ROBAREIE[7] ALZ2RO6[8] HALZA [ AL AL AR AR [10] 5 . IR LT rh, WAL AR BGR T3
TR ARBAS B4 RO/ T AT 5 R

fERL AR AR M I R, B AR A RRE R+ . @R MR GER. )8
AW SFHESWEAR PRI [11]. Campos %5 [12]f#]# T RHBKIIRRER 7, A5 X LEpIR5EI)
SRRSO AR b, TR T v R P S AR SRS ATV VBRI BRIV B APAP, 45 R4 N i
Kushwaha (R ZH[13]5R HI 578 SR L BUR IR i U B AL BRI ST AN A SR LA 22 A . RPEVE R
UM~100 uM, PRy 5.7 uMo  EIRFE T4 102 SLBAP R R ANVES, (B — SRk, adgse tEm
HIMERZ . EEHIRE R, XIMRE S BAmUlseE . RAYUKBR IR SR 1 Dhe
Ve R AR SRR [ 14]

ATAE, DLEHE DOSBRATIRAR, RAIE2AE i % 10 2 LBk PCMC. & 4L5772 KOH, UL 5Bk
S, ZIER A AR, PR R KoCOs FFANEIE, 70 2E CO, FEBNIE L, M9 7 AR LR AN . il
UL, 133 T —FRERITI APAP HILL A B LK .

2. SCIGERSy
2.1, A BALEE

X OB FE I G TR 4 T AR A F o SR A A S e b A, R A . SRERid AR
H £ 877Kk B UIUPURE (UPC-I-10T) &4 .

SEIGAE 2 i iR4E CHIG60E HLAL 5= TAER: . 7E= i (£ 300 K), 75 10 mL PBS %l
RS AT . SRR = RS, TAE OB EUE I I3 AR (LI R4, d = 3 mm), X HIARIEHL
Witz SRR R k. F pH-3c 207 pH T (i 5 BE) I 222 pPii i pH . X St 1
R (XPS)TEFAHE X S 26 MR 4T PHI Quantera 11 (Ulvac-PHI, INC)A C60 46 I #E47 . FH X SR AT MY (XRD,
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Bruker-D8-advance, Cu k a #&5} k = 0.15418 nm) A4z 2 Yt 11X (Raman, Renishaw invia)iff 7t 7 5. H
FH B 7 B (SEM, Gemini SEM 300)F1i% & HiL 7 2445 (TEM, je-2100hn) 5 H LSt AT 7 R AL BET
= [ TriStar 11 3020 Version 3.02 (Micromeritics Instrument Corporation) #4417 .

2.2. 1SR AREHIE

WA MURIB DI 1 3L 7 RS /N, TN 120°C T 36 ho TS N TR
e, bR . AREC—E R KOH B ERE, $% IR & L KOH:C = 3:1 M E /R &S, TERSR
T, &b # T EEEmL . THREE N 5°C min™, ZAUHIFE MY 15 mL min . BRALSERAEE A 2
M HCI FB 4K BE 3 Ik, T 24 ho 46| % k4 kldr 4 9 PCMC, BU5 mg #7573 # %] 5 mL DMF H1.
AL, AEREERN S pL. BEHIEREAL, KA KOH fil#3 Mt BHL/E ARG PCMC.

¥ 5 UL ¥REEA 1 mg mL™ ¥ PCMC 3450 Bl 24006 5 1Bk ms s il b, s BT H

3. &R 51He
3.1. PCMC BY&{E
1a). E1b) Al vAatinsa S EHmER. B2 PCMC 2 FRER .

Figure 1. (a) SEM and (b) TEM of PCMC
1. PCMC HY(a) FIHERIRH(b) ESTERR

FAH B IR T DL BRI (AR ARG, ARG R Z5 R AT R T B AR 734 M G2 v i i B
BRI R, ES RGN PCMC N EA ZAIRSKAEHSIGH. XFMEHA R HER IR,
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Figure 2. (a) N, adsorption-desorption isotherms; (b) Pore size distribution

B 2. (a) RS - BIRFRLM; (b) FLEST
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K 2(a), MBS R LRE, TIE 5T, YN, MRUEALEE - . K 2(b)
NALAR A B R T FLAR 23 1 1.82 nm AT 1.12 nm. EL R AR 23 51 A 251.51 mPg A1 640.12 m°g L,
EL R AR AT RE 2 TN EBE A B, fRIE TS5t tt, oG8 T 2 40 Pt e, 3 uE
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PCMC FIR7EfL PCMC 17 XRD #hZeunl& 3 fio~. WERIEAR, 347 KOH fInA, X} PCMC
#J 002 A1 100 ST FEMA K. PR LA N E .

— RiHFLPCMC
002
(002) (00) —POMC

Intensity (a.u.)

10 20 30 40 50 60 70 80
20/degree

Figure 3. XRD patterns of PCMC and unactivated PCMC
[ 3. PCMC FAK5E{L PCMC #9 XRD [Ei%
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Figure 4. (a) XPS spectra of PCMC; (b) XPS C 1s spectra of PCMC; (c) XPS O 1s spectra of PCMC
4. (a) PCMC BY XPS [&l; (b) C 1s B/ UIEEF(c) O 1s B IEE
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3.2. FEIRBHIBLFITAMR

DAPEFRMR 205 (CV)IE 78 T APAP EAN A FEAR bty Bk 22ma 5 . il 5(a) s, APAP #E4 GCE EH
AR R R 5506 (1 2k @), PCMC 1&1fiff) GCE RILH — Xt I (b IE SR, XFRF APAP [% L
(0.35 V)FIIEJR.(0.25 V) (H1Zk ¢), 1841 5 FARAEAS & APAP ] PBS %A (T (it B (HH 28 b). BbAh, 4
% 1) PCMC #4813 GCE RIS, 10 4 Ab I i 06 fry e it AR R R i, HLfS Sty — e fs
FERIIE N, XATRER T PCMC KR HARFIE 4 1 L5238 . PCMC Rt — 2 190 APAP [ FLH S S )
R EER BT WA . B4, APAP fE PCMC/GCE L, W RER AR H AT N5 52 i 45 & it
o Bk, PCMC A] LLTE BB R THI W B B8 2 117 APAP 431, AT 3RS 58 s I R B [15]. Hk, #% PCMC
SN HLRR R TH AT LLOd I 7E 2 FLAR A APAP 43 -2 [ TE BGHE 43 T L A W) SR $ ey A R BB [16]. [RI L,
PCMC/GCE JyX APAP ] B4k 2%l 44 1 — AN R i B 51
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Figure 5. (a) Cyclic voltammetry of the PCMC/GCE and GCE in PBS containing 50 uM APAP; (b) Nyquist plots of im-
pedance spectra of different electrodes
5. (a) 1&5HEE4% PCMC/GCE 5#2 4% GCE 7E 50 uM APAP f PBS il CV [El; (b) FAEIERIRENARETTE

{5 FH BRAY 22 BHATIR(EIS), 7E4 5 mM Fe [(CN)6]* ™ 19 0.1 M Sk #A W, BF5L T # GCE 1 PCMC/
GCE WH-F# a1, Wil 5(b)fi~, 5 GCE M AHEL, PCMCIGCE K Ry fEHIAEH /N, XFEERREHN
PCMC ghKAt kL BB LL R THAR, DT B A e s R T35 A% R

3.3. pH BB

6(a)’y PCMC 1&/fift] GCE, fEA[E pH [ PBS ¥4 (6.3~7.8)"#, APAP [flEIffkzciizk. "LLE

B, B pH EMIGIN, APAP [RSENANE R AL #R 1A%, X W] APAP ¥ HLAL 22 S NV J 5t 11K 3% 7%
s 6(b) s, WAL S pH 2R RERE H:

E,. =—0.05110 pH+0.7416 R* =0.9982 1)

E, =-0.06424 pH+0.7388 R’ =0.9955 @)
HALRME S Nernst 75 FISE AR H B2 [17], R APAP LB R R — AN E a5 25 5 1Al

SEHLT R A, 5] 6(c) BT T ARAL I LIS pH B[R] I8 R oV FITAE 6.3~7.2 Z (I3 T, £E 7.2~7.8
IR/ R, EFE pH = 7.2 KIIE APAP.
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Figure 6. (a) CVs of PCMC/GCE in 0.2 M PBS with different pH containing 50 uM APAP; (b) Effect of pH value on the
peak potentials; (c) Effect of pH value on the peak currents. Scan rate: 100 mV s *
6. 7EA[E pH B9 0.2 M PBS i&i&H, (a) 50 uM APAP #£ PCMC/GCE &Y CV Hhi%k; (b) pH {ExTIEEBRRIHIZNE; ()
pH {EXHIEHE AN ; FHER: 100mVs?

3.4. APAP BEERN

T W9 PCMCIGCE HIfE MRS, AR DPV HHT BT & 7(0) AEERMAL I SZIR S 5T,

ANIEHE APAP £ PCMC/GCE FHIEAIEE S . i 7(b)fiw, MERIAGTFEN:
| =29.83c-1896 R?*=0.9996 0.01uM ~1uM

| =3.076c+2454 R?*=0.9991 1puM ~50uM
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Figure 7. (a) DPVs of APAP with different concentrations from 0.01 uM to 50 uM; (b) The

linear relationship between peak current and concentration of APAP

& 7. (a) NEI3RE APAP 7£ PCMC/GCE _EHY DPV BliZk; (b) E|LIEERSRERMXR
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g 7R 0.01 uM~50 UM YERI A 1) APAP ¥R fE 2 4> Br 2tk &R #5 LoD = 3 S/m iH 5% 7 VA
MFRA 6.18 nM. MR 7 R BV AT BE- S5 MRS A 250 DL = L S G o0, SR B A RIZR THI R A 384 0
4 SEREAE R IN[18]. 2 & W E R T, PCMCIGCE ] {E A%t APAP & &0 HT i Hifh 2L il s .

35. RAEMFIEREYE

N7 AIE PCMCIGCE i B PEAIFa e P, 464 50 uM 1 0.2 M PBS (pH = 7.2)¥ i H #E4T CV T2 .
I I 50 uM APAP AT FHEES T 1) CV AALIEE 5, UL A XTREEERY . & RmE. wH B
FOE L X IR AR APAP A R (14 8(a)).

38 345 R — HUB 6 50 uMl APAP 4T 60 RE TN, WAL T LM (K 8(b)). R ABL, I
HITAE HLIAL IR S R A AR R R e o [, J8 I 20 5 50 uM APAP (¥ LRt )87, U fii J L% T .
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Figure 8. (a) Effect of different interferents; (APAP, Acetaminophen; VA, Vanillin; Gly, Glyphosate; Tri,
Trichlorfon; BPA, Bisphenol A; p-NP, p-nitrophenol; HQ, Hydroquinone); (b) The cyclic voltammetry
curves for 60 cycles of PCMC/GCE in 0.2 M PBS containing 50 pM APAP

8. (a) 50 uM APAP I A R4 R ALK E (APAP, W ZEHEEE); VA, H=E; Gly, BE
¥4 Tri, ES; BPA, WEY A; p-NP, XWREEE}; HQ, XE_E); (b) PCMC/GCE £ &% 50 uM APAP
f9 0.2 M PBS j& & #1348 60 REY CV BhZk

4, Z5ig

ATARCAEIE D OuBRIE, A ST, H18& VB BRA RN (PCMC) . XIRARH TS K He 4 Ky 2t
17 7 RAL. LL PCMC IR BERR AR, T3 LB K ME . 458K 7£ 0.01 uM~50 uM JEE A,
X BRI IR S I R I B e R &, RIIR DY 6.18 nM. PCMC/GCE I#it T-HLRE 1 F BoA
BUF R, VRS, PRILATVE AR RNS Z B S A% 0 — P ANEE B B AT 6

E&H
A I K22 R 2R AT I 2R H 55 8))(202310304174H)
Bk

[1] Przybyta, G.W., Szychowski, K.A. and Gminski, J. (2021) Paracetamol—An OIld Drug with New Mechanisms of Ac-

DOI: 10.12677/japc.2023.124026 252 WAL A


https://doi.org/10.12677/japc.2023.124026

Wik 2

[2]

(3]
[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

tion. Clinical and Experimental Pharmacology and Physiology, 48, 3-19. https://doi.org/10.1111/1440-1681.13392

Wang, W., Chen, M., Wang, D., Yan, M. and Liu, Z. (2021) Different Activation Methods in Sulfate Radical-Based
Oxidation for Organic Pollutants Degradation: Catalytic Mechanism and Toxicity Assessment of Degradation Interme-
diates. Science of the Total Environment, 772, 145522-145540. https://doi.org/10.1016/j.scitotenv.2021.145522

Ogemdi, 1.K. (2019) A Review on the Properties and Uses of Paracetamol. International Journal of Pharmacy and
Chemistry, 5, 31-35. https://doi.org/10.11648/j.ijpc.20190503.12

Shiea, J., Bhat, S.M., Su, H., Kumar, V., Lee, C.W. and Wang, C.H. (2020) Rapid Quantification of Acetaminophen in
Plasma Using Solid-Phase Microextraction Coupled with Thermal Desorption Electrospray lonization Mass Spectro-
metry. Rapid Communications in Mass Spectrometry, 34, e8564. https://doi.org/10.1002/rcm.8564

Chen, Y., Zhu, Y., Zhao, Y., Wang, J. and Li, M. (2021) Insight into CuX (CuO, Cu,0, and CuS) for Enhanced Per-
formance of CuX/g-CsN, Nanocomposites-Based Acetaminophen Electrochemical Sensors. Microchemical Journal,
163, 105884-105893. https://doi.org/10.1016/j.microc.2020.105884

Abdollahi Aghdam, A., Majidi, M.R., Veladi, H. and Omidi, Y. (2021) SU8/Glass Microchip Capillary Electrophoresis
Integrated with Pt Electrodes for Separation and Simultaneous Detection of Phenylephrine and Acetaminophen. Bio-
Impacts, 11, 263-269. https://doi.org/10.34172/bi.2021.35

Mpayipheli, N., Mpupa, A. and Nomngongo, P.N. (2021) Vortex-Assisted Dispersive Molecularly Imprinted Poly-
mer-Based Solid Phase Extraction of Acetaminophen from Water Samples Prior to HPLC-DAD Determination. Sepa-
rations, 8, 194-213. https://doi.org/10.3390/separations8100194

Xiao, Y., Wang, G., Yi, H., Chen, S., Wu, Q., Zhang, S., Deng, K., Zhang, S., Shi, Z.Q. and Yang, X. (2022) Electro-
generated Chemiluminescence of a Ru (bpy)s>*/Arginine System: A Specific and Sensitive Detection of Acetamino-
phen. RSC Advances, 12, 3157-3164. https://doi.org/10.1039/D1RA09371A

Wei, M., Lu, W., Liu, G., Jiang, Y., Liu, X., Bai, L., Cao, X., Jia, J. and Wu, H. (2021) Ni,P Nanosheets: A High Cat-
alytic Activity Platform for Electrochemical Detection of Acetaminophen. Chinese Journal of Chemistry, 39, 1849-1854.
https://doi.org/10.1002/cjoc.202100043

Mohammadzadeh kakhki, R. and Yaghoobi Rahni, S (2022) A Sensitive Photoelectrochemical Sensor Based on a
Green Nano-Cu,;V,0g-Modified Graphite Pencil Electrode for Determination of Acetaminophen. Journal of Materials
Science: Materials in Electronics, 33, 1798-1806. https://doi.org/10.1007/s10854-021-07317-z

Namsheer, K. and Rout, C.S. (2021) Conducting Polymers: A Comprehensive Review on Recent Advances in Synthe-
sis, Properties and Applications. RSC Advances, 11, 5659-5697. https://doi.org/10.1039/DORA07800J

Campos, A.M., Raymundo Pereira, P.A., Mendonca, C.D., Calegaro, M.L., Machado, S.A. and Oliveira Jr., O.N. (2018)
Size Control of Carbon Spherical Shells for Sensitive Detection of Paracetamol in Sweat, Saliva, and Urine. ACS Ap-
plied Nano Materials, 1, 654-661. https://doi.org/10.1021/acsanm.7b00139

Kushwaha, C.S. and Shukla, S. (2020) Electrochemical Sensing of Paracetamol Using Iron Oxide Encapsulated in
Chitosan-Grafted-Polyaniline. ACS Applied Polymer Materials, 2, 2252-2259. https://doi.org/10.1021/acsapm.0c00239

Pandey, N., Shukla, S. and Singh, N. (2017) Water Purification by Polymer Nanocomposites: An Overview. Nano-
composites, 3, 47-66. https://doi.org/10.1080/20550324.2017.1329983

Fu, L., Lai, G. and Yu, A. (2015) Preparation of -Cyclodextrin Functionalized Reduced Graphene Oxide: Application
for Electrochemical Determination of Paracetamol. RSC Advances, 5, 76973-76978.
https://doi.org/10.1039/C5RA12520K

Devi, R.K., Muthusankar, G., Gopu, G. and Berchmans, L.J. (2020) A Simple Self-Assembly Fabrication of Tin Oxide
Nanoplates on Multiwall Carbon Nanotubes for Selective and Sensitive Electrochemical Determination of Antipyretic
Drug. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 598, 124825-124835.
https://doi.org/10.1016/j.colsurfa.2020.124825

Zhang, X., Zhang, S., Yang, Y., Wang, L., Mu, Z., Zhu, H., Zhu, X., Xing, H., Xia, H. and Huang, B. (2020) A Gener-
al Method for Transition Metal Single Atoms Anchored on Honeycomb-Like Nitrogen-Doped Carbon Nanosheets.
Advanced Materials, 32, 1906905-1906913. https://doi.org/10.1002/adma.201906905

Zheng, X., Han, X., Cao, Y., Zhang, Y., Nordlund, D., Wang, J., Chou, S., Liu, H., Li, L. and Zhong, C. (2020) Identi-
fying Dense NiSe,/CoSe, Heterointerfaces Coupled with Surface High-Valence Bimetallic Sites for Synergistically
Enhanced Oxygen Electrocatalysis. Advanced Materials, 32, 2000607-2000618.
https://doi.org/10.1002/adma.202000607

DOI: 10.12677/japc.2023.124026 253 YERAL i


https://doi.org/10.12677/japc.2023.124026
https://doi.org/10.1111/1440-1681.13392
https://doi.org/10.1016/j.scitotenv.2021.145522
https://doi.org/10.11648/j.ijpc.20190503.12
https://doi.org/10.1002/rcm.8564
https://doi.org/10.1016/j.microc.2020.105884
https://doi.org/10.34172/bi.2021.35
https://doi.org/10.3390/separations8100194
https://doi.org/10.1039/D1RA09371A
https://doi.org/10.1002/cjoc.202100043
https://doi.org/10.1007/s10854-021-07317-z
https://doi.org/10.1039/D0RA07800J
https://doi.org/10.1021/acsanm.7b00139
https://doi.org/10.1021/acsapm.0c00239
https://doi.org/10.1080/20550324.2017.1329983
https://doi.org/10.1039/C5RA12520K
https://doi.org/10.1016/j.colsurfa.2020.124825
https://doi.org/10.1002/adma.201906905
https://doi.org/10.1002/adma.202000607

	对乙酰氨基酚在PCMC/GCE上的电化学行为和直接检测
	摘  要
	关键词
	Electrochemical Behavior and Direct Detection of Acetaminophen on PCMC/GCE
	Abstract
	Keywords
	1. 引言
	2. 实验部分
	2.1. 试剂及仪器
	2.2. 修饰电极的制备

	3. 结果与讨论
	3.1. PCMC的表征
	3.2. 不同电极的电化学行为研究
	3.3. pH的影响
	3.4. APAP的定量检测
	3.5. 稳定性和选择性

	4. 结论
	基金项目
	参考文献

