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Abstract: A colloidal gold solution was prepared by the methods of ethylene glycol reduction, ascorbic acid reduction, trisodium citrate
reduction, and sodium borohydride reduction and supported on XC-72 substrate. Results of X-ray diffraction (XRD) showed that the catalyst
prepared by the four methods contained obvious characteristic peak of Au. The Aw/XC-72 diffraction peak prepared by sodium borohydride
reduction method was the most gradual. Results of transmission electron microscopy (TEM) indicated that the Au NPs prepared by the sodium
borohydride reduction method achieved a particle size of less than 5 nm and revealed a uniform distribution on the surface of XC-72. The Au
NPs prepared by the other three methods presented larger particle size agglomeration. These catalysts (Au/XC-72) were modified on glassy
carbon electrode (GCE) and used for electrochemical oxidation of L-cysteine (L-CySH). The results showed that the preparation of Au/XC-72
modified GCE by sodium borohydride reduction exihibited the best electrocatalytic activity of L-CySH in pH 2 PBS. The L-CySH oxidation
was a diffusion-controlled process. It showed a good linear relationship ranging from 1 mM to 10 mM. The sensor constructed by Auw/XC-72
modified GCE with high electrocatalytic activity and small particle size has great potential in practical applications.

Key words: Au/XC-72 catalyst; electrocatalytic oxidation; cyclic voltammetry; sensor

FEIRE N SR E IR 2 V2 B 1 U 25 1)
EEHRE Ty, Z 52 AN B ALy
Yris HEA: 2019-03-20
E&TE: EREAMNFESAE LB (31671870); ["HREAmEMFSEE
HERETESTE (20168020203001); M TRETRITHBEx MRS

JE, ARy EE B T SR AT T A RS R A A
PEA B EATE I, SRR RE

Wz S TR TR AR B S AT
U2, FEIER AT, WU R & B e
AR BSIRANEE I RR I 1 o R AV AE,

1E1tXI (201807010102); JINTHERIRHSFE LI (201610010105)
EBRN: XEHE (1993-), &, MLiARE, FRAE: EREARKS
BIES: FVAE (1983-), 8B, &1, %, HRAE: RREARLE
5&%

144

SRS R, SOl E R A R AT
CARSI AR AT LA A BOIRAS, FTWis . &
FARB PR R T

H AT A 2RISR TR e, aEE



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.5

I HVK. BRI, S . O B RE A
WA XL ARG R R ] Wt RIEEE T K
FERREED, TR R B A G E S8, A
PREE S T R S, FLI R A2 AR 2R F AR ST
AR AR L R A, (EATAE I R
B, RN 2 NKREFIE SR, thh, Bl
ARG BEAALES S I BON B B, AR T E NPk
R, ek B R B REE R OB
Tol5 F ARSI A, & TR RS B A
I J i 1 A A A R A o B TR B oK L
(AuNPs) X L-CySH At N EA R UF T H S
P, 7E Au R EIME A T i Har 1%
U, XC-72 fE A% FE AR, B RmE N
HLF& SRR, E AR s gk AE
W B B R T AT LA S

AW HIRI 4 R =8, PR
AR A B A SR ek Sl ™', 3L
T XC-72 #fk FIEE AWML, 5 Nafion
IR A S G 1B T 3eh itk b 8w Rk
RAE, R H A 28I AR 2 B0 T A% 8 A R
L-CySH HJHEAEAIE 14 S FHA L] o

1 HRSES

L1 AR5 A

XC-72 WFRiE: ChED BEARAR:; &4
R APIERR =8N PURINIR. £ FE K H 255 4]
2R AR AT L-CySH 3 [E Sigma: 5%
Nafion A% H 35 E DuPont; Ar <, (99.999%). N,
K(99.999%) TN EIESMAFRAFR M. BrE
HoAth Al SR A all, BT S B R Al K T .

1.2 & 5%

AN AT WK sr e FE it (Perkin Elmer Lambda
650) A TR &R I s X 5 26 A7 55X
(TD-3500X) HTFriil Akl & @ n s Il B9+
BT (JEM-2100) F T Friill 4K A RO S0 1 4
KR R ST 20 Hr: CHI 660E HAL - TAESE ( iR
AR ATD AT AR BRI,
FIT A BRI R F = AR R RAE R SRS S A
T

1.3 ey

1.3.1 XC-72 #9%h fiedb
PREC—5E [ XC-72 T-#EE T, 80 Chn#diiH ]

it 120 min J5, FEAUKIREERH, BT B
TR 120 CHN#AEFEREI 8 h, FEHesk 2 1,
PE it 52 TR 4%,

132 =B RiEH4 AwXC-72 1B

IR XC-72 73 #35 5 Ja , I HAuCl,
W 8%, FH NaOH 77 pH % 13 5L R 3 min
Jei, FIERERVEY pH 2 2, Peikdhie, JEMHET UV-vis
R, B S TR % U,

1.3.3  A7ALER = 4N R ik 44 AwXC-72 #E1k
il

HU HAuCly 0N A0S 5 I e =44, 25 s
JEARTE S, 70 s G, FEEERRE i R
30 min. HEINEEIL XC-72 UGS, SEIAESES,
R pH, BEEHMIE, JERHAT UV-vis K001, F£5
HAS TR LS U,

134  FSRABRE JRIEH)E Au/XC-72 HHALF]

HU HAUCly~ Ko COs FIFTHAR I BV T SR VU S
H, FEMRARE IR 10 min, AHEINEBAIKE
JERRRA ] . BUIhREAL XC-72 23 B8 5T, k4 S
SIHGRIR A, ERIRIA pH, PeikddiE, JERHET UV-vis
R, RS S TR S R o
1.3.5 ANAAANT R %5 & Au/XC-72 HEALF]

1 HAuCL, VBRI IRIR =R >, FFpRadtin—
€ NaBH, ¥A T, fFltatass f5itE 2 ho BIhRetbn
XC-72 FHEM R BI85 B IAR 4 510 BOmiR 2]
Je SRR pH BHRE o PRRHHIE, JEHAT UV-vis K&
T, AR B TR R A
13.6 M ZBALeH|&

R (GC) 1 0.05 pum AlLOs ¥y7E e 3
I, MRIRAETCK CBERIRB AR PSS, BT
. # 10.0 mg 1) AwXC-72 4L FITE 1.0 mL Nafion/
LB L PRV E ST 88N 4.0 uL JKK
T GC HAREM, =i FB AR, e
IR JFIE R Aw/XC-72 AR, FrEL HAuCl, FTK
PRV LA S BTN XC-72 ¥fE 52
1.3.7 VAR,

—HRAE RS, TAEEICH AwXC-72 BRI
B LR, X FELRRORIT 3 L R 2 31 DR 4 PR R AL RN H 7R F
W (SCE). HMRBONBERRZEM, MRARTE N, B
iR, WRIRREER 25 C.

1.3.8 #dBLitoatr

% H Microsoft Excel 2010 (Microsoft, USA) #f
Origin 8.5 (OriginLab, USA) #7415
PrE1ERE.

145



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.5

2 HZR5WE

2.1 AWXC-72 18 0.5 By %) & R L FAE

2.1.1 AR F ik &t IR R SN 5 bl
B

S AR R T 52 BN ST G 5 i i 7= 2
BT 23608, 7 520 nm AT WG A H B4 T A
FIR (SPR), HRIEHTAR RFVRAR R NFIAE,
R ERAE H/NBI R KRBT R AR, A et H
PO BRERWINR . AR —Hr i, Wik
HIB e AT AHRS AL T SRR N e L A ETIR
. PURIER . TSN I 770 20 S A5 R R A
SR IE 1 R, R 2 FEIRE R 4L
B, RHER T HRIIH & . R LA
eSS e L MEA R S VS REA o NSt ib S T AT DA
2178 10~20 nm, 11 HAth 7 i HI1S AR S35 2 B0
BURIIEE LI, BRI I AR I R0,

B 1 ARG ERIERE SRR
Fig.1 Preparation of colloidal gold solution by different

methods

E: ar LZBRRRK; b AR EZANERE, o K
B Rk, d: ANEAANE Rk,
2.1.2 AT BN (UV-vis) 97

2 9 1% HAuCLy R« ARG T S VY FPAS [F)
LR AT S B8] UV-vis . 1% HAuCL ¥
£ 282 nm A BHE CIIa) Au® B RS R i, i
AT A TE R AR, VAT R I Au® 4
O . RN ARG VRAE 520 nm Ao A5 A R,
T PEREIB A R SC e, i B A 4 Y P R R R A A
SE4r, WHET XC-72 B o Rk, PUFP 7%l
ML AwXC-72 ' AuNPs #EAH I, 5 I
MR A AERE R R S Al b B SRk 3 A

146

_‘ﬁo
08 —— HAUCI /K il
#8exm —— AR

i — Z R
8 = B L
2 —— PR M ERIE I
g o4r A L 2
=y

02F

00 P =

1 1 1 ]
300 350 400 450 500 550 600 650

Wavelength / nm

& 2 HAUC iR R EIRiR R IR 75 s B AL TR
" U-vis [E
Fig.2 Uv-vis images of HAuUCI, solution, colloidal gold solution
and filtrate of catalyst prepared by four different methods

2.1.3 XRD o 47

3 NDIRE XC-72 B PUMASRDE SR 7 A3 1)
AWXC-72 AT XRD AT S . Frd fEALTITE
38°. 44°F1 65°35 7 W 1) Au FEAEATHTIE, F3 B
T (fee) 19 Auff 111, 200 BAK 220 i,
RHIHIH) Au NPs [ RIFAiRSEE . tAh, Tl
BV S5 25 ) Aw/X C-72 (A FRIT ST IA A o HLASUI,
RAIIRARELN,  Foh =770 26 (A 7T S 06
BLH®, 9 AuNPs fokzEoRM,

Intensity / a.u

- uv'w i

u.u., ,\,,,
m.L
pedilil |

vt

Jm&ﬂ:xc 722%0 a

20 30 40 50 60 70 80 90
2 theta (degree)
&l 3 IhEetrh XC-72 RIUFHAE] 75 5EH &Y Au/XC-72 B XRD
TgEE
Fig.3 XRD spectra of the Functional XC-72 and Au/XC-72

catalyst prepared by four different methods

2.1.4 TEM 547

4 EHIEDURE AwXC-72 MEHAE S T B
G, K 4a. b e R, GHUR Au NPs Kiff
R, BRARAAYS], AFET R BIRILA
FEZ T, BEANIE VAR Au NPs (& 4d)
Fife/N DB BRI BERILR, APRHY S M S A E A
b, X5 XRD W8 KRB NMBOILIR 5
TEBSERAIE ST, TATERIR —ANIE JF2 S S 1,
i TR A, BE L SR Re Jo5, n) TP



MR BRI

Modern Food Science and Technology

2019, Vol.35, No.5

R, SRR XC-72 LERTIFECR, 684 Au
Ky H S BR8], (RN D REAL XC-72 2R 5
NEEERRL AR THORBRLNHE, TR
ANIOE R S WA R oA = S VAR S TVANG RN S a1
TIREE, MG IMEACRIRIE A S, 27T
HEALERE

& 4 REREFIFIE Au/XC-72 TEM &
Fig.4 TEM images of Au/XC-72 prepared by four different
methods

E: oar LZBRLRE; b APRBEZAERE; o IR
BRI Rk d: AIEAART R,

22 WK ERE AwXC-T2 SAR AT

L-CySH f# 16 A6 895 %

5 AN AwXC-72 4 0.1 M PBS ¥ (pH=2)
IR 2R 2k, BT, DO LIS 7E
0.40~0.65 V [ HEA X [ A H Bl — N8 T L-CySH 1
AL, PEIIATRE L-CySH ¥4 —Etbintt. o
SALEIE S 1) AwXC-72 BA B R A LI,
AR (=300 pA) ZETHE 3 Mk s

(=100 pA), BEEABIE LA JF LRI & AwXC-72
AR IMEAEE, X EHRAREUN, i 20
PR BT 43

a 3001 41 2~ REEE % AwXC-T2
___pH2 0.IMPBS
200F — pH2 0.IM PBS+2mM L-CySH

gl

E 100 ‘“\\h_ —
o

0 -
_100 | N | I

1 1
-0.2 0.0 0.2 0.4 0.6 0.8
Potential / V vs. SCE

b 3007 g Frkime =i A4 AwXC-T2
—_pH2 0.IMPBS
200 - pH2 0.IMPBS+2mM L-CySH

Current /pA
=
=

[=1
T

=100

—0'.2 0.0 sz 0?4 0.6 0.8
Potential / V vs. SCE

C 300 4ur Hibh i Bk 5 1% AwXC-72

___pH2 0.IMPBS

200 pH2 0.1M PBS+2 mM L-CySH

-

Current / pA
=
[=1]

[=1
T

=100

1 1
-0.2 0.0 0.2 0.4 0.6 0.8
Potential / V vs. SCE

d 300 gup BRAUMHIE L 4 AwXC-T2
___pH2 0.IMPBS
200 pH2 0.IM PBS+2 mM CyS —
— ,I

=100 L—_——_,__
1 ]

-0.2 0.0 0%2 0,I4 0.6 0.8
Potential / V vs. SCE
E5 M7 sEFIER Au/XC-72 LTINS RAYERAR RS L-CySH i
HEALRIBIMA R hZ
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