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K,S,0, 10.0 g P,O, 30 mL  H,S0, 80C 6 ho
60°C o
5.0g 4.0 g NaNO, 184 mL.  H,SO, 0~4C
o 25.0 g KMnO, 10C ; 1h 35C
30 min; 7 400 mL 90°C 15 min H,0,
. HCI(1:10 V/V) BaCl, SO; .
60°C GO,
25 mg GO 5 mL 20 mL HNO,(65% V/V)
200°C 5 min, NaHCO, 0.22 pm
(500 ~1000 MW CO) GQDs.
2.2.2 GQDs/AgNPs 0.5 mg/mL GQDs ( 100 mL)
20 min. 1 mL 50 mg/mL AgNO,
o 100°C 1h GQDs/AgNPs o
0.5 mg/mL GO GQDs GO/AgNPs
2.3 H,O0,
340 L HAc-NaAc (pH 4.0) 100 pL H,0, 12 L TMB (25 mmol/L) 50 pL
GQDs/AgNPs (250 pg/mL) 40 min 652 nm .
100 L GOx 37°C 30 min.
H,0, o
3
3.1 GQDs/AgNPs
AgNO, Ag( NH,) ; —OH
—COOH GQDs ’ . 100C GQDs " Ag( NH,);
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1 GQDs
Fig. 1
and GQDs/AgNPs nanocomposites ( B)

GQDs/AgNPs

Transmission electron microscopic ( TEM) images of graphene quantum dots( GQDs) ( A)
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Fig.2 UV-vis spectra ( A)

X-ray photoelectronic spectroscopic ( XPS) spectra ( B)

Agy, XPS spectra ( C)

and Raman spectra ( D) of GQDs and GQDs/AgNPs nanocomposites

3.2 GQDs/AgNPs

TMB H,0, GQDs/AgNPs
TMB 652 nm GQDs/AgNPs ;
GO/AgNPs o GO/AgNPs  GQDs/AgNPs H,O0, TMB
652 nm o GO/AgNPs  GQDs/AgNPs
e GO GQDs
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GQDs 0.8
GODs/AgNPs TMB
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3 ° - 04 GOAENPs
pH /_,///
0.2f
Blank
4, 25C GQDs/ -
AgNPs % 150 300 450 600
o pH2~4 GQDs/AgNPs t(s)
H H4~6 H
P P P 3 TMB (25 mmol/L) 652 nm -
pH 6
° pH H,0, ° Fig.3 Time-dependent absorbance of 3 37 5 5°etra—
pH 4.0 HAc-NaAc 25%C methylbiphenyl ( TMB) solution (25 mmol/L) at 652 nm
° H,0, © 0.5 mmol/L; GO/AgNPs  GQDs/AgNPs
GQDs/AgNPs 250 pg/mL.
TMB H, O2 Concentration of H,0,: 0.5 mmol/L; Concentrations of GO/Ag—
5A 5B GQDS/AgNPS NPs and GQDs/AgNPs: 250 pg/mL.
125 125
A B
~ 100 ./\.\.’_‘.\. = 100
= B
g z
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= 25t =
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Fig.4 Effect of reaction temperature ( A) and pH ( B) on catalytic performance of GQDs/AgNPs nanocomposites
Concentration of H,0,: 0.5 mmol/L; Concentration of GQDs/AgNPs: 250 pg/mL.

Michaelis-Menten o Lineweaver-Burk
1/v=K,/V_ (1/ S +1/K)) GQDs/AgNPs
Voo . 1 o GQDs/AgNPs T™B H,0, K,
1 GQDs/AgNPs
Table 1  Comparison of the kinetic parameters of GQDs/AgNPs nanocomposites and other materials
Satalvs “anc K., Vinax
Catalyst Substance ( mmol /1) ( 10 mol L-! s’]) Ref.
/ T™MB 0.09 16
GQDs/AgNPs H,0, 0.2758 19 This work
Fe, 0, T™B 0.098 3.44 o
Fe; 0, MNPs H,0, 154 9.78
T™MB 0.077+0. 032 3.04+0.65 20
MWCNTs H,0, 33.1£5.6 0.56x0. 12
T™MB 0.434 10 19
HRP H,0, 3.7 8.7
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Fig.5 Steady-state kinetic analysis using Michaelis-Menten model ( A B) and Lineweaver-Burk model ( C
D) for GQDs/AgNPs nanocomposites
A: TMB 0.6 mmol /L H,O0, . B: H,0, 1.0 mmol/L TMB . C: TMB 0.2
0.4 0.6 mmol/L 0,0, . D: H,0, 0.5 1.0 1.5 mmol/L TMB
A: Fixing the concentration of TMB at 0. 6 mmol/L while varying the concentration of H,0,. B: Fixing the concentration of
H,0, at 1. 0 mmol/L while varying the concentration of TMB. C: Fixing the concentration of TMB at 0.2 0.4 and
0.6 mmol/L while varying the concentration of H,0,. D: Fixing the concentration of H,0, at 0.5 1.0 and 1.5 mmol/L
while varying the concentration of TMB.
3.3
GQDs/AgNPs H,0, o
6A H,O0, o H,O0,
6B H,0, 0.5 ~100 pmol/L
0.18 pmol/L. 2 H,O0, GQDs/
AgNPs N-GQDs GQDs/AgNPs
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GOx H,0, o TA
6 ~200 pmol/L
1.6 pmol /L, 7B 0.2 mmol/L. 2 mmol/L ( Fru) . ( Lac) . ( Sac) .
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6 H,0, (A) H,0, (B)
Fig. 6  Photograph of colored products at different H, O, concentrations ( A) and linear calibration plots for
H, 0, detection( B)

2 H,0,

Table 2 Comparisons of performances in H,0, detection

. Linear range LOD
Nanocomposite ( pwmol /L) ( pmol /1) Ref.
Fe; 0, Fe, 0, MNPs _ 3.0 19
N N-GQDs 20 ~1170 5.3 22
- Reduced GO-Co;0, 0.5 ~100 0.5 23
- GO/Fe; 0, 1~50 0.32 24
- G/CoFe, 0, 2 ~100 0.3 25
/ GQDs/AgNPs 0.5 ~100 0.18 This work
( Cel) ( Mal) o GOx
1.2 1.2
A 1 B
1.0F ll% 1.0p
0.8F 0.8F
= 0.6 < 06f
= -
0.4r 0.4
0.2r 0.2F
0 1 1 1 0 [ ] 1 1 ¢ 1 11
0 50 100 150 200 Fre  Lac Sue  Cel Mal Glu
Ci ( pomol/L)
7 (A) (B)
Fig.7 Linear calibration plot ( A) and selectivity investigations ( B) for glucose detection
Fru: Lac: Sac: Cel: Mal: o
Fru: fructose Lac: lactose Sac: saccharose Cel: cellobiose Mal: maltose.
3
( GQDs) ( AgNPs)
GQDs/AgNPs o GQDs/AgNPs H,0,

T™MB Michaelis-Menten -GQDs



GQDs/AgNPs 3
GO/AgNPs . Table 3 Determination results for glucose in human serum samples
GQDS/AgNPS Sample This method® Official method”
H2 02 ( mmol/L£SD n=3) ( mmol /L)
1 Serum 1 4.45+0.06 4.73
o GQDs
2 Serum 2 4.90+0. 11 4.94
3 Serum 3 5.16+0. 14 5.15
‘ 200 PP
GQDs : o
. Blood samples were diluted 200old for glucose determination; ”. The results
° were provided by the Hospital of Northeastern University with detection by spectro—
photometry
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Preparation of Graphene Quantum Dots/Ag Nanoparticles
Nanocomposites for Colorimetric Detection of
H,O0, and Glucose

XIA Chang' HAI Xin' CHEN Shuai® CHEN Xu-Wei'' WANG Jian-Hua '
'( Research Center for Analytical Sciences College of Sciences Northeastern University ~Shenyang 110819  China)
*( College of Life and Health Science Northeastern University Shenyang 110819 China)

Abstract Graphene quantum dots/Ag nanoparticles nanocomposite ( GQDs/AgNPs) was prepared via in-situ
growth of AgNPs on the surface of GQDs in which GQDs served as both reducing agent and stabilizer. The
as-prepared nanocomposites were mono-dispersed with an average diameter of less than 30 nm. The obtained
GQDs@ AgNPs nanocomposites exhibited excellent intrinsic peroxidesedike activity which could catalyze the
oxidization of 3 3° 5 5 “4etramethylbenzidine ( TMB) by H,0, to produce a colour product. Steady-state
kinetic assays showed that the catalytic activity of GQDs/AgNPs towards H,0, fitted well with typical
Michaelis-Menten kinetic model followed by the ping-pong mechanism. Compared with the horseradish
peroxidase ( HRP)  GQDs/AgNPs showed higher affinity towards TMB and H,O, substrate. Based on the
intrinsic peroxidese-ike activity of GQDs/AgNPs nanocomposites and the production of H,0, after the
oxidation of glucose a colorimetric method was developed for the detection of H,0, and glucose along with
detection limit of 0. 18 pmol/L and 1. 6 pmol/L respectively. The present method was applied to the
detection of glucose in human serum and the obtained results agreed with that obtained by reference method.
Keywords Graphene quantum dots/Ag nanopartides nanocomposite; Peroxidasedike activity; Hydrogen

peroxide; Glucose
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