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Detection of copper ions and glutathione based on off-on fluorescent gra-

phene quantum dots
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"Key Laboratory of Biomedical Functional Materials;* Key Laboratory of Drug Quality Control and Pharmacovigilance, Minisiry of
Education, China Pharmaceutical University, Nanjing 210009, China

Abstract We developed a rapid method to detect Cu’* and glutathione ( GSH) based on the fluorescence
quenching-recovery properties of graphene quantum dots ( GQDs) , which were synthesized by the gentle oxidation
of graphite powder. The results revealed that the fluorescence intensity of GQDs versus concentration of Cu’* and
GSH had good linearity, with the detection limits of 0.01 and 0.1 mmol/L, respectively. The fluorescence
quenching was linearly proportional to the concentrations of Cu’* ranging from 1. 0 to 10. 0 mmol/L; the fluores-
cence intensity was linearly enhanced with the concentrations of GSH ranging from 0. 1 to 1. 0 mmol/L. In addi-
tion, the method was successfully applied to the determination of real samples with recoveries falling between
93% -101% and 96% -107% , respectively. This method is simple, accurate and precise. There was no interference

with other familiar co-existing metal ions and potential materials.
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Figure 1 Characterization of graphene quantum dots ( GQDs)
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A.TEM images of GQDs, Inset: Corresponding size distribution of GQDs; B Fluorescence spectra of GQDs at different excitation wavelengths: (a) 300
nm; (b) 325 nm;(c) 350 nm;(d) 360 nm;(e) 370 nm;(f) 380 nm;(g) 400 nm;C;Excitation spectra (a) and emission spectra (b) of GQDs;D.UV-
Vis spectra of GQDs;E:FT-IR spectra of GQDs;F:Relationship between pH value and fluorescence intensity
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Figure 3 Determination of Cu®* concentration by fluorescence quenching
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Figure 2 Fluorescence spectra of (a) GQDs, (b) GQDs + Cu®* (100
mmol/L) , (¢) GQDs + Cu®* (100 mmol/L) + GSH (1.0 mmol/L)
and (d) GQDs + GSH (1.0 mmol/L)
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A ; Fluorescence spectra of 1 mg/mlL GQDs with different concentration of Cu?* ;B ; Relationship between the fluorescence intensity and the concentra-

tion of Cu®* ,inset ; Linear relationship with the concentration of Cu?* in the range of 1. 0-10. 0 mmol/L (% +s,n=3)
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Figure 4 Determination of GSH concentration by fluorescence recovery
A ;Fluorescence spectra of GQDs with different concentration of GSH. The concentration of GQDs and Cu** were 0. 1 mg/mL and 100 mmol/L;B ; Linear
relationship with the concentration of GSH in the range of 0. 1-1. 0 mmol/L (x +s,n=3)

40 A B
2 1 =
X 20t %% Z
< // =
3 1 3
|
of 1|
NP | PP |

> g* b

?."; [ 6: 1}”5 Q%X\;\éf Q&X P,QXQ o V‘\\"f*

Figure 5 Selectivity of the fluorescence system

2+

A : Quenched fluorescence intensity of GQDs containing different metal ions. The concentration of Cu”* was 10 mmol/L and other metal ions were

100 mmol/L. Al = Fy — F ,Where F;, and F are the fluorescence intensity of the reaction mixture absence and in the presence of metal ions, respective-
ly; B: Changed fluorescence intensity of quenched GQDs containing different proteins. The concentration of GSH was 0. 6 mmol/L and other proteins
were 6 mmol/L. Al =F' — F,’ ,Where F' and F," are the fluorescence intensity of the reaction mixture in the presence and absence of potential interfer-
ing materials, respectively (x £s,n=3)
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Table 1 Determination of Cu®* and GSH in practical samples

Sample Added/ (mmol/L) Found/ ( mmol/L) Recovery/ % RSD/ (% ,n=5)
Copper-aspirin complex 3.0 2.8 93. 33 4.0
5.0 5.3 106. 0 3.2
7.0 7.1 101. 4 3.5
Serum sample 0.30 0.32 106. 7 4.8
0.50 0.49 98. 02 2.5

0.70 0. 67 95.76 3.8
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