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Facile Preparation of Graphene Dots Functionalized Au Nanoparticles and
Their Application as Peroxidase Mimetics in Glucose Detection

Guo, Ying* Li, Wuwu Zheng, Minyan Huang, Yi
(College of Chemistry & Chemical Engineering, Xianyang Normal University, Xianyang 712000)

Abstract Based on the reducing property of graphene dots, we developed a facile strategy to synthesize well-stable gra-
phene dots functionalized Au nanoparticles (denoted as GQD@AuNP) by one-step process at low temperature without added
protecting agent. The prepared GQD@AuNP were characterized by transmission electron microscopy (TEM), X-ray photo-
electron spectroscopy (XPS) and UV-vis absorption spectra. It was found that the as-prepared GQD@AuNP are spherical and
monodisperse with an average diameter of ca. 10 nm. Graphene dots not only act as a mild reductant to reduce HAuCly, but
also as a capping agent to endow the GQD@AuNP with good stability in aqueous solvent and monodispersity and restrains
the Au crystal growth, making the particles have narrow size distribution. Furthermore, the as-prepared GQD@AuNP
showed an excellent intrinsic peroxidese-like activity, which could catalyze oxidization of 3,3',5,5'-tetramethylbiphenyl
(TMB) by H,0, to produce a colour variation. Using TMB as substrate, we systematically studied the effect of a series of
conditions, such as temperature and pH, on the catalytic activity of the as-prepared GQD@AuNP. Results of electron para-
magnetic resonance (ESR) suggest that the catalyse-mimic activity of the GQD@AuUNP like HRP and effectively catalyzed
the decomposition of H,0, into ‘OH radicals. On this basis, a highly sensitive and rapid colorimetric and visualization
method was developed for glucose in blood samples, when combined with glucose oxidase (GOx). Under optimum condi-
tions, the proposed method allowed the detection of glucose in the range of 2.0X10° to 4.0 X10> moleL " with detectable
glucose as low as 3.0X10™7 moleL™". Furthermore , another three sugars existing in the human serum, including maltose,
fructose and lactose were detected by this method, which indicated the little disturbance by maltose and fructose, while no
remarkable signals were observed for the lactose. This proposed method has been successfully applied to detect glucose in
serum samples with good accuracy and precision.

Keywords graphene dots; Au nanoparticles; peroxidase mimetics; glucose
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Figure 1 (a) UV-vis spectra of GQD@AuNPs; (b) XPS spectra of GQD@AuNPs; (c) High-resolution Au4f peaks of GQD@AuNPs; (d) TEM image of

GQD@AUNPs (bar: 10 nm); (¢) TEM image of GQD (bar: 20 nm)
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Figure 2 XPS spectra of Cls on (a) GQD and (b) GQD@AuNPs
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Figure 3 The absorption spectra of GQD@AuNPs and PVP-AuNPs
catalyzed H,O, and TMB
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Figure 4 Effect of pH (a) and temperature (b) on peroxidase-like activ-
ity of GQD@AuUNPs. Experiment condition: (a) 50.0 pL GQD@AuNPs
with 1.00 mmolsL™" TMB and 0.0300 mmol-L™' H,0, as substrate at
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RSN FERELTIE

N T 7R GQD@AUNPs It 55 A WAL B 1) 4 Je
FHLER, 5338 S 2L AR 3 o TMB I HyO, W FEI 3 T
SR N AR A B ) S, AR 8 1 R Ak 7
W, B AL S N IETE LR ) Michaelis-Menten 2] ) 275
X (B 5). I Michaelis-Menten {8 1 J5 %
(Lineweaver-Burk plots): 1/V=(Ku/Vinax(1/[S]+ 1/K)i2:
RIS I R A S YL IR R B ) 27 B8 B KA RN
HAR (V) R RE H(K ) (R ). R 1 a5,

25

716

http://sioc-journal.cn

F1 GQD@AuNP 5 HRP K HAMAF QKA EHE A i A AP G
BN J) 2 S B

Table 1 Comparison of the kinetic parameters of the GQD@AuNP,
HRP and other nanoparticles as peroxidase mimics

K/ Vinay/

Catalyst Substance Reference
(mmolsL ™) (10 molsL 'ss™")*
GQD@AuUNP TMB 0.033£0.029 4.1£0.034 This work
H,0, 3.3940.047 7.48+£0.041
HRP TMB 0.434 10.00 [27]
H,0, 3.70 8.71
MWCNTs TMB 0.077£0.032 3.04£0.65 [27]
H,0, 33.1+5.6 0.56%0.12
Fe;04NPs TMB 0.098 3.44 [28]
H,0, 154 9.78
Co0304NPs T™MB 0.037 6.27 [29]
H,0, 140.07 12.1
Carbon dots TMB 0.039 3.61 [30]
H,0, 26.77 30.61

“Mean£S.D (n=3).

GQD@AuNPs XJ J- Pl JEE4) TMB 1 H,0, ] Ko 1% T
HRP. K., fHHN, 15 W EEH A (R F v B, X4

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 6 ESR spectra of hydroxyl radical generated via the reaction of
DMPO probe in the GQD@AuNPs-H,0, systems
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Figure 7 Possible mechanism for the GQD@AuNPs-TMB-H,0, system
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Table 2 Comparison of colorimetric detection of glucose with different
nanomaterials as peroxidase mimics

Detection limit/ Linear range/

Catalyst ~ Substance Analytes (umol-L ) (umolL ) Reference
Fe;04 NPs TMB  Glucose 30 50~1000 [28]
Carbon NPs TMB  Glucose 20 — [31]
Co304NPs TMB  Gucose 5 10~1000 [29]
MWCNTSs TMB  Glucose 8 8~100 [27]
(+)AuNPs TMB  Glucose 4 18~1100 [7]
Co;04/RGO  TMB  Glucose 1 1~100 [27]

GQD@AuUNP TMB  Glucose 0.3 2~40 This work

Bk, B9 L TAEMIFI AT, HAt B M RE S Ay
TP AT 1 mmoleL ' %5 B, 5 mmoleL ' HLpE
5 mmolsL ' FLKEFT 5 mmoleL ' 22 204 A I B kS
I ERE

20

15 /
S i
57 %
0 %,V/] LAzz7n,
1 2 3 4
Glucose  Maltose  Fructose Lactose

B9 H R IR P AR U 4 5 Py 2 PR SE B (A ZE A2 1 mmoleL ™
%0, 5 mmoleL ' 22 258, 5 mmoleL ™' SEMEAI 5 mmoleL ' FLH)

Figure 9 Selectivity analysis for glucose detection by monitoring the
relative absorbance (from left to right: glucose, maltose, fructose and
lactose)

BT 4 ST 1R 7 906k N A L7 A W e T 4 1)
BEAT AN, S8R5 F3 3, LAREAHTHRAEEE Be il &
A AR (), BARIE P=90%, £t K5, e sk
KGR MAAEAE B T 22, BN A RE i)
IS FH - SI2 B A it v 2 25 B (R 43 A
3 M DA

Table 3 Determination of glucose in human serum sample

) . This method”/
Sample Official method”/(mmoleL ") . t 02
(mmol*L ")£+SD
Serum 1 3.93 3.81%+0.13 1.73 2.92
Serum 2 5.26 5.41%0.17 1.52 2.92
Serum 3 4.90 4.584+0.22 2.51 2.92

“Value from the Hospital of Shaanxi Normal University; ” This method mean
+S.D (n=3)
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4 HWERS
41 FERAFESKIIE

AR, AR A LB, TMB 6T BRIk
FIABRA ] BRI A RS T Sigma-Aldrich A #;
HAUC(_F [ 2545 AL AR50 BRA 7). SEE FHZK R
‘B4l K (Millipore 18.2 MQecm). [LIEFE LK H B2 PG ITTE
KA .
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PRIAE XPS (Kratos Analytical Ltd.) 3k 7.

42 GQD H#l&

GQD il & (48 LL R0 3 ()5 A7 55445 1 161
%02 FREL 2.5 g K,S,05 H12.5 g P,Os JIIAE] 12 mL ¥k
H,SO, H, In#E i, FnA 3.0g A58, 80 C R
N 4.5 h. WHIF =R 500 mL B4iKFRE, AR H
JEVEUR, BREFRHMBRAMARE T, ST T 5Ae 2T
AT A S B AEEALII A SN E] 120 mL ¥ H,SO,
o UK RN 15 ¢ KMnO,, HARWIEE, #5058
KMnO, &7, ¥ARTHEZ 35 CRM2h ARG
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1210 MM EEER Mot =4 5 PR KK e 20 h i, i
JE K= o AT A K T, o 3500 [RENTEE
BENTIHER T R1F BIRE (AA S5 AR K. (2) GQD (1)
il %, DU A S0 A s, R R A - K kil T
GQDP. B IRANR, ¥ 23.3 mg kAT SR HULE
12 mL #B4liKep, B/ 4 h, 1] NaOH 55 pH 4 8, ¥
WS 2 RV O R, 200 C W 10 h, A4
FIF G, 75 15000 r/min %38 T 2.0 30 min, 41521
L EEWOENT 2, RIS 2] GQD 17K 2 B
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4.3 GQD@AuNPs By#I&

TR A GQD 10.0 mL (0.20 mgemL )
20 min J5, B TRHFEES LT 100 CF IR 10
min. ¥ 500 pL (0.5%)) HAuCl, i #41) GQD 43 #&
W, R INFAEEE 50 min, VEBIIEAS WL, B
DR LR GQD. Frikf3if GQD@AuNPs H 4
e AR T 4 CIRAT.
4.4 BERENE

HABE I 2 WL OFF 20.0 puL (5.0 mgemL ')
AR AL B (GOX) R 100.0 wL /S[R3 B2 (1) 7% 25 Bl b
HEHBIMAE] 200.0 uL PBS ZE ¥ #i(pH 7.00, 20 mmole
L "), 37 C/K#E 30 min. @FFAEIZJE A 200.0 uL
TMB (2.50 mmoleL "), 50.0 pL GQD@AuNPs F1 630.0
uL HAc-NaAc ZE¥%(pH 3.50, 0.20 molL "), #iE&
WAL 40 C FWEE 10 min 5, T 652 nm LI HI G
JEE. I3/ HH R 2 A TR 52 15 56 FH 5000 Da Amicon Cell 4
FEHLT 8000 r/min FEEYE 30 min. JEWFGRE 10 £, LAFG
TS R MR A R LR T B b U Y A T S5
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