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Preparation of petal-like copper cobalt sulfide and its application in

electrochemical detection of ascorbic acid
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Abstract: CuCo,S, catalyst is prepared through solvothermal method, and modified on the surface of the glass-
carbon electrode by drip coating,which is used to detect ascorbic acid.The prepared CuCo,S, catalyst is characterized by
means of XRD and SEM, and the electrochemical properties of the electrodes modified by CuCo,S, are evaluated by
cyclic voltammetry ( CV).Experimental results show that the mass concentration of ascorbic acid shows a good linear
relationship with the response current and the regression equation coefficient R*=0.999 8 when the applied voltage is

0.30 V,and the mass concentration of ascorbic acid is in the range of 2—110 mg-L™".The oxidation mechanism of

electrocatalytic ascorbic acid is deduced by means of infrared spectroscopy.

Key words: CuCo,S,; detection of ascorbic

bimetallic catalyst

PUIR ML R ( AA) J2& — btk 25 A9 7K 9 4 2 A=
R RANRE SR A AT B E
RITIR MU E FRAN TS T Z AP AE TR R G
B G SRR o SR i R e — T
A RO SR RG>0 RS R P2 PR,
TELFHEALI LY G i 5 AR 40 R KR B 40 1 A
R SRR 1 I R R HEAE T AR o R
A AA WATRES R B AGE ETS (20K 45 A1 M
BR AR PRI, 7 B A R b ST —
R R E U RS E PR AR I AA BT 3k
BAHEERE L, HAT, 72X AA B o ffe
Tk A BRI O R R AR S
PR32 T AA fyilEt

GRFLYRA B R AR T ALY
(O HAL TR TR IR B P R AR
UTARSR S HR AR AP IR R AR 2 B | R ARG E PR

electrocatalytic  oxidation; solvothermal method;

AR A T 2 E AL o =0 CuCo,S,
HA i S A AR TS M A 7 B3 B T
HL AR, 1 I E A2 A R A A I R
TEAS T 28 T A B AR v, BB B AR ( GCE ) PR A AR il
LR R TR N U S e
I, B —FR LT CuCo,S, 151 )3 Bk FL A 114
BIARIEAS 0T AA BIDNSE , AL AR R B R4
AT TE . JfE s AA AL A SRR RS
FEYIRILLANE P AT T AA )R ALHLEE,

1 SEIRESH

1.1 RFIF{L =S

IR, AR BRIR N, N- " H L iR
IKCBE AR 5 N B DS 4528 4 B 2, KT K
B AE P PR IR , 46 R 99% , AR AL il
A BR A v A 7 5 SE i K ¥ o 258 1K

%5 B #A.2021-08-23; i€ B H #i:2022-07-29

E&WE . HE HRPARRSTHEI4S (21503137) ;1L TAPHEHRIT H (2017230001)
YEB BN A EU(1996-) , & WL 0T A BF5E 7 [l S B AL 2 AL BER | 1484843398@ qq.com; E EIME (1965-) , 55, -1, B4 BE 52 7 1l A

LA B AR AR A 18 THEE RN, wegsh—lyc@ 163.com,,



2022F 108 GFHF LIIK CuCo,S, BVRIEREA BN T MERPEIN - 127 -

FI A4 T A4 (JSM—-6360LV %I, H ACHL
TR e b Az 7™ ) X il B 4 il 10 45 44 30 36 47 43
B U X SRS (D-8 Y 7 [ Bruker 42 7%)
XoF A it A R AL B AT 43 AT 5 R R A2 TAR
i (CHIG60E T | i JRAR{U AR A FRA R A7) 5%
28 A5 i JUT A 1 L AR 1 L 27 1 i 5 AR R L 41
ANETEAL ( PerkinElmer %Y, 32 [E] ¥ 4 5 /R BR A A AR
7 ) SEWT LA AL B TR IR 1) S AL LB
1.2 CuCo,S, W& B ELFIHH &

F IR PGERI 45 CuCo,S, XA IRAEILHN, &
SEE L2 mmol 75 KA BR 4 1 mmol = 7K il & 4l
9 mmol FRIRINAF] 250 mL HepRh; FH-n A 50 mL
KRB (AR 1:1) IR GV, i bk 2
ARV B S A AR KR ) 4k 22 B FE 30 min,
ZJEHATHE 30 min, 8 7 5 R L RS A K #AR
RiEEH B TRIE R 180°C A Ty rp JBbE 24 h itk
TR o N2 o S B T A 7= M it A 850 Y Ve
W, B BRI PO 40°C B8 T AR
i 2 h, #i15 CuCo,S, X4 B ML,

1.3 CuCo,S, & 1imIEHxEBR K Fl &

K P8 07 20K CuCo, S, 16 i 78 3 A v # 22
[fi, K 10 mg CuCo,S, 4 HLE] £ BEF Nafion JE¥ I
PR 1T R R LA A 5T, RS WA L 3.5 L
BRI AE AR PR S AT, S5 JR A TR T8 1 b,
1533 CuCo,S, MRS AL , 1L/ CuCo,S,/GCE,
1.4 CuCo,S, &I RR R A B MM T %

TE =R R T LA CuCo,S, 11 o B Bk H 4
o TAERAR R ATH SR AR AVE S L s AR, 40 ke
Mo FIHPEFMR L (CV) g Fodu e fb PEBE , 434
HEEA 50 mV/s, % BN R FE7E-0.8~0.6 V,
L4 0.25 mol/L KCLAEAy Ha AW, F L it AA L E
A 100 me/ L BFFINIRL, BT A A5 25 A 38 e & Ui
TR

2 SRS

2.1 CuCo,S, W& EEMNFA XRD FKIE
VRF P ) 45 1Y CuCo,S, W 4x Ja il 1k 571 1Y
XRD RAEZRANE 1 s, B 1 el DA, 24
it Jade BAE4IHT AT 50 5451 PDF K 42-1450 DLfC,
7260 9 26.8 31.9 38.3 .47. 2° 1 50. 2, 54. 9° kb 13
BT CuCo,S, Y HEAE AT 55 W, 43 5 X B (022) |
(113) .(004) ,(224)  (115) F1(044 ) fh i , 22 W
I CuCo,S, X4 J f 1h 7] 2 Gl AH 1), & 44 A4 7Y

100

80

60

40

SRBF /a.u.

20

0

1 CuCo,S, W4 B/ A M X 4 & 474 E

2.2 CuCo,S, W& EEMFIK SEM FR1E

FI VA R ATE S & 1Y CuCo,S, W4 R ALY
MU SRR 2 R AN 2 s, AWK 2 Rl LA
CuCo,S, HEALFI ALK B A I 58 % | 17 2
UK A EL R = 42 R i HHAR T S TR AR
IXFREE R AT BT 1 o 32 A A0 700 00 R A AL T 14 A
CER o

B2 CuCo,S, W4 BMHENME A EFE R

2.3 AA EHHHRERI CuCo,S, EIFIERE R £
RIEBLFITH
AA BERAE GCE B Ml CuCo,S,/GCE HL )% 1)
TEIRR Z R E 3 i, mE 3 haf LA, 7
0.25 mol/L KCI Y L B it AA AW, AA
TE GCE HLil (HhER 1) PEER R 2 B 1o H B AR b 0
IM7E CuCo,S, BMEBE M ML I (HHZE 2) B TS SLHLIR
A F SR HAE 0.28 V b H PR B A E Ak, %
] CuCo,S, 1EH 1%) 3 fi FEL AR L AT R 47 1) 3 L, i
SESEPEB] AA KT AA BT HL A A R E— 2B
15}
10f

5k

HLIL /A

or
=5F
-10F

-1.0-038 0.6 -04-02 00 02 04 06 0.8
S/ V

1—BE B LB ;2—CuCo, S, IEHRBL AR o
B3 B AR CuCo,S, 154 3 5t AR
E AA ER PR % A




- 128 - A AL T

] CuCo,S, &ML RR FE AR REAE FLAEfL A Ik AA T
Pl AR E A AA
2.4 TIEBAIxtEL MR RNT

ASTRIE LA AA I A5 6 o 17 FEL 3 il 2 0
K4 fra, K4 Mg 1 ol IE W HE A R
0.25 VI 0.5 mL 1.0 g/L AA T3 % Ak £
rv ] 7 FE A e A e e R A LR M ] L 9
i) 2502 ) G 88 AN RS, DA TR I A B33 i 22565 4 7%
AA Wi 37 L Y R R FE R Z97E 6.6 wA F . H
Kl 4 Mgk 2 ] LIE 1 fERALH 0.3 VI L 5
M2k 1 B AL B P 3o 344 e 34 (R W & R T
R i 2k 2 1R S PR I ) A 5 1 T 3 B S 3 R
MARTENIN AA B INZEEE 4 55 AA TR N L I B A A
IRERAFE 7.4 pA LT, HIREEL N 12.5 pA
T, HE4 &3 bl LI  fERA R 0.35 V
I 0 FEL 30 5 SR e RE A8 S 0 A 2 s 4 e A
FEL 8 2 T 14 B0 4 O 8, R L i 7 P 98 1) 2%
FE, FILHE 0.3 V EBAE AL AA Al
AL,

150 200 250

sFiE) /s

50 100

1—1fHELA 0. 25 V;2—fHEL{7 0. 30 V;3—HHEA7 0.35 V
B4 AR BR A AT B B o R LR i o &

2.5 PAEEERIIAME BN FIT AR
CuCo,S, M5 Y BBk P AR 7 AN [] 41 4 3 31 %o
AA FHRIEIMRZEHZ (CV) Wik S froR. ml&l S
TR LI H, AA FE CuCo,S, B I3 fi L AR 1 0 Pl
UL 1 5 A AN W7 T s T R AA IR T

20
15r
10+
5k
oF
-5F
10+
-15+

HLJL/pA

|
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
SMImALIE/V

1—10 mV/s3;2—20 mV/s;3—30 mV/s;4—40 mV/s;
5—50 mV/s;6—60 mV/s;7—100 mV/s;8—200 mV/s

E'5  CuCo,S, B4 3 #k w4 100 mg/L
15 L B VA 0 IR % b &

F42BFE 108

AL FLUEE H A B IO A #S 2, ZE A AR
TN AN [l R 17 5 AR 56N Y AA D FL AT
Z I R R LA R R 1= 1.352v +
0.744(R*=0.989 9) , % H] AA 7F CuCo,S,/GCE H
W b i A AR A S 0 A2 ) O R A
2.6 CuCo,S, & ifiZh fix BB # XT A~ [5] iR BE HL oA I B8
Ey A gLl

CuCo, S, M3 e EL B 7E AN [) Jo 122 VK B2 1) AA
PR - 2 & 6 B o AE A I S5 R f
FEARZ RSO T, TAER KN 0.3 V, & 50 s [
0.25 mol/L KCI H fi# 5T %5 W r1 iRk i £l o v ok B 1Y)
AA VETR BN 13 Wk, R 650 s, Sl vk Y
AA W R AR R ) AA VREE il AA AU
FERBREREAE I S b 73 FOF . BBl 6 Th AT LUE 1 Fifi
BN AA TR FE B 3G O M 1 H, 3 A B I
PR g, R S L B A st 1 A8 Ak R B L 1 HR
T RE A PR IR B RS RS R I R i R S,
VLI AA VEWRBERETE CuCo,S, 18 At B B oL W 26 1
itk Ak, B AA 7 CuCo,S,/GCE Hi % b (1) )i
HLU S R B R C R

8r

110.237mg
v
[ 82.286mg
e
6F 67.095mg
| [

49.825mg

|
35.545mg/
4+ 17,452,458 2mg [eemmea
12.5087:49208 et
8.625mg OmE
26520,212m8 C puwanad
652005, "8 e
S

2

I /pA

0 100 200 300 400 500 600 700
i) /s

B 6 CuCo,S, 43 B B A% A 1 Bl oKk &
AA FEIRE i—t th %

2.7 CuCo,S, IRk ALMTER 51 H R

ANFE TR AA 1E CuCo,S, A BL Bk B I
BRI R L 1, AR e R ZR AN IR 7 i, LT el LA
F i AA I A I R E O 1 S R B AR R

LR, HAMERIH T 1,=0.0515p+2. 288,
8 -
361
ES
B ,|
2020 80 100 120

4[0 60
C/(mg-L™Y)
K7 FEJRERE AA FE CuCo,S, 5113 8
B AR b B R LA 1, BR R B



202F 108 BEEF: BIPIK CuCo,S, MIFIEREAB SN FIAMERPHIN A - 129 -

FIRMEZRE R =0.999 8, Kt FR A 0. 20 mg/L,
CuCo, S, B B Ak FL AR FT LASC X AA ¥ W 1)
DU, i L 2R R 3 v R R AT
2.8 CuCo,S, f&If R ENL IR MESV IR AR X
H 7SS CuCo,S, M L M 1L AA HLEE,
X AP FEL AR A £k TR B A AL S B AA SR AT 21 A DU
R AR 8 s, HIE 8 ik 1 hATLIAE &
FERIFE 1 640 cm™ ARIFRIF C=C XU 4A IR Bl
177 FH B 8 152 2 vl LU Y e A ik AR S 1)
WA B U558, HLAZE 1 090 em™ Ab A7 75 HIGH ) fif
AEPRNFFAEE , i L HE T AA A9 C—=C XUEEW 44
HITIR 7 1400 em™ AEIF R T C=0 B4k
g X AR 0T OBt 7R R R AR
WA (BT A 8 35, Pl ML SR IRT AA Bl SRS AT B 3 ) R
AR, I LT AN AT T AR AA AL
JEORUEHE (1 W7 24 5 58 5 7 1) 35 5 o 2 B ) L 1)

©

T=Ceoo =0

B %

4000 3500 3000 2500 %obql;5b6 1hb0 500
1—4%UbAT 2—% ks
W8 F LAl & I I o BR 6 2 4 K i 1A
25 R, AA B S AL B R I B AR A B 2
AEAFE R R, A E AA B N L R E 9
s

HO HO
AN O o
HO” &
HOT | g
HO' OH o o

Ko AAWEMERER

g

3 &y

A I v R Pk R £ T A4 B CuCo, S, AL,
KR IEN CuCo,S, B T Bt A R M, H T
HLAE 2Rl AA 25 5K BH |, CuCo,S,/GCE HLH X
AA BA R0 S R 0 B RE 7 5 X BB ik FRL A
CuCo,S,/GCE FLH f) HEL 378 WA 07 A5 B . 38 ik, 24 T4
ML AR SR 0.3 V I, BRA5 AA VIR i— th4 s
IR BT R, AA R ERIE (p) 508
MLV (1) BYZRPEJC R BAF K PR 0. 20 mg/L, &

il

HIAE AA JI5E Y CuCo,S,/GCE H B H A7 A6 BR AR |
LRPEE T | AT PR A RS P i AR R
SRR, X T AA BT AE , CuCo,S,/GCE HM HAT
RAFPERE 517, RIS SN AA (1) R BRI

S 3k

[1] B8 P R P R AR C HEWE kst R ],
IR T, 2020, (8) - 18-20.

[2] Cort W M. Antioxidant activity of tocopherols, ascorbyl palmitate,
and ascorbic acid and their mode of action[ J ].Journal of the Amer-
ican Oil Chemists’ Society,2019,51(7) :321-325.

[3] sRER 4R CTEHLO M REPW ERRT [ )] B Ie A
,2020,11(16) ;78-79.

(4] BRiRM B8, DL 2%, 5. i Al 2 20 I 8808 15 i R T 00k
MR (AA) BRI ] .37 B 27 B 740, 2022,41(2) :55-58.

[5] DaMAMOF,De CRM,De AMV O B,et al. Ascorbic acid in
the prevention and treatment of cancer[ J].Rev Assoc Med Bras,
2016,62(7) :680-686.

[6] Ghanbari M H,Mashhadizadeh M H, Norouzi Z.Introducing a novel
nanocomposite consisting of TiO, nanoparticles@ copper oxide/re-
duced graphene oxide for the electrocatalytic sensing of ascorbic
acid[ J].Iran Chem Soc,2021,18:1329-1341.

[7] Donp,Luga A,Dacko A,et al.Treatment of vitiligo with broadband
ultraviolet B and vitamins[ J].International Journal of Dermatology,
2010,45(1) :63-66.

[8] Jin L H, Zhang Z H, Zhuang Z H, et al. PdPt bimetallic alloy
nanowires-based electrochemical sensor for sensitive detection ofas-
corbic acid[ J].RSC Adv,2016,6:42008-42013.

[9] ZEAME. dEA R C mIm R BT [J]. b B A DX BE O 255 bl
2010,36:6.

[10] X217 2o, 220 AL E AR BB RE BE 25 s i v (0]
o = AR 2525 ,2011,28(3) :211-215.

[11] Wu Y,Yun Y,WU L,et al.A facile construction of porous g-C;N,/
poly (3,4-ethylenedioxyt-hiophene ) composite modified electrode
for ascorbic acid determination[ J ].Journal of the Electrochemical
Society,2018,165(3) :B118-126.

[12] Tashkhoupian J, Valizadeh H, Abbaspour A.Ascorbic acid determi-
nation based on electrocatalytic behavior of metal-organic framework
MIL-101-( Cr) at modified carbon-paste electrode [ J ]. Journal of
AOAC International ,2019,102(2) :625-632.

[13] HRGERk, X T, 5 4, 55 4 B B AL 4 i f AL R e — S fb ik v
fer B AT TR (1], A ARG, 2020,42(1) :27-36.

[ 14] Z5ER FRA 4 Jm i Ak 0 1 S e 0 Hb e A 390 T 284 M /K 1 F 5
[ D] R, bk, 2020.

[15] Jianhua, Tang, Yuancai, et al. Facile synthesis of CuCo,S, as a
novel electrode material for ultrahigh supercapacitor performance
[J].Chemical Communications,2016,52:1509-1512.

[16] Jin Y Y,Sun S H,Cui Y W, et al.Bulk superconductivity and Pauli
paramagnetism in nearly stoichiometric CuCo,S, [ J ]. Physical
Review Materials,2021,5:074804.

[17] Bai Z,Li R,Hou W et al.Synthesis of bimetallic sulfide CuCo,S,
and its application in lithium-sulfur batteries[ J].Huagong Xuebao/
CIESC,2020,71.4282-4291.

[ 18] Baptayev B, Mustazheb D, Abilova Z, et al.Nanostructured flower-
shaped CuCo,S, as a Pt-free counter-electrode for dye —sensitized
solar cells[ J].Chemical Communications,2020,56:12190-12193.

(197 J5 %8 BT B e vl A 3 A8 i oy o S R [ 7] A A
1.,2014,41(20) :89-91.1



