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Abstract: Sulfur-doped graphene quantum dots (S-GQDs) were prepared by the pyrolysis of

citric acid and mercaptopropionic acid. Compared with graphene quantum dots ( GQDs) , the S-
GQDs have improved surface state and chemical reactivity, and thus, exhibited stronger inter-
action with cations. Based on its excellent affinity for cations, a dual preconcentration tech-
nique combining field-amplified sample injection ( FASI) and S-GQDs as multianalyte carriers
was developed for the determination of melamine and dicyandiamide by capillary electrophore-
sis (CE). During the FASI process, a large quantity of analytes was introduced into the capil-
lary and accumulated at the capillary inlet. Concurrently, the S-GQDs migrated to the anode
and captured the analytes on its surface at the boundary of the sample and buffer solution. The
use of S-GQDs allows the capture of abundant analytes, which can amplify the detection signal.
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This new protocol was evaluated by the quantitative determination of melamine and dicyandia-
mide in metformin hydrochloride preparations. The effect of volume fraction of the S-GQDs in
the buffer solution, the composition and pH of the buffer, and the sample injection time on the
preconcentration and separation were investigated. By controlling the pH at 4. 6, the sample
injection time was prolonged to 450 s. A very large amount of melamine and dicyandiamide,
bearing positive electric charges, were injected into the capillary and were captured by S-GQDs.
The assay using FASI preconcentration and S-GQDs as enhancer resulted in a 1.6 x 10°-fold
improved sensitivity compared with that obtained with traditional 10-kV electrokinetic injection
for 10 s. The calibration curves of melamine and dicyandiamide were obtained in the concentra-
tion range from 1.0x10™" to 1.0x10™® mol/L, with correlation coefficients (7°) >0.999. The
detection limits (S/N=3) were 2. 6x10" mol/L for melamine and 5. 7x10""> mol/L for dicyan-
diamide. The recoveries of the two analytes were 95. 9% -102. 4% and 92. 0% —106. 0%, respec-
tively, with relative standard deviations (RSDs) of no more than 5%. The RSD values of peak
height, peak area, and migration time were all less than 5. 6%. This method is reliable, easy,
and exhibits a good separation effect. This proves that the S-GQD-enhanced CE method could
be developed into a new and sensitive technique for the determination of melamine and dicyan-
diamide in different preparations of metformin hydrochloride.

Key words: sulfur-doped graphene quantum dots (S-GQDs) ; capillary electrophoresis (CE) ;

melamine; dicyandiamide
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Fig. 1 (a) Preparation of sulfur-doped graphene quantum dots (S-GQDs) and (b) adsorption of
melamine and dicyandiamide on the S-GQDs
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a. field-amplified sample injection preconcentration; b. pre-
concentration of S-GQDs as multianalyte carriers; c. CE sepa-
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Fig. 3 (a) Transmission electron microscopy (TEM) image, (b)particle size distribution, and
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Fig. 5 Effect of the volume fraction of S-GQDs in the buffer on the analysis of melamine and dicyandiamide
Volume fraction of S-GQDs: a. 0; b. 10%; c. 20%; d. 25%. Peak 1. melamine; peak 2. dicyandiamide.
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a. 50 mmol/L phosphate buffer solution; pH 4. 6. The con-
centrations of both melamine and dicyandiamide were 1. 0x107°
mol/L. Sample injection volume; 10 kVx10 s.

b. Buffer solution ( 50 mmol/L phosphate +25% (v/v) S-
GQDs). The concentrations of both melamine and dicyandia-
mide were 1. 0x107'° mol/L. FASI volume: 10 kVx450 s.

Peaks: 1. melamine; 2. dicyandiamide.
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Table 1 Regression equations, correlation coefficients (r?), linear ranges, LODs,
and precisions (RSDs) of melamine and dicyandiamide (n=5)

. . N linear range/ LOD/ RSDs/%
Compound Regression equation r - . X -
(mol/L) (mol/L) Peak height  Peak area  Migration time
Melamine y=-238.81+3349.1 0.9996 107%-107% 2.6x10713 2.8 2.6 4.3
Dicyandiamide Yy=-219.6x+3074.3 0.9992 10741078 5.7x107" 3.2 3.7 5.6

y: peak height; x. -log c¢; c¢: concentration, mol/L.

*2 SEMNE=RERMNEEN S ENLLE

Table 2 Comparison with other methods for the determination of melamine and dicyandiamide

Detection limits

Method - - — Reference
Melamine Dicyandiamide

LC-MS 54 ng/L 5.4 ng/L [1]
HPLC-MS 0.1 mg/kg 0.4 mg/kg [2]
Tandem dual solid phase extraction cartridges-HPLC-electrospray 1.48 pg/kg 13.61 pg/kg [3]
ionization multi-stage MS
Magnetic surface molecularly imprinted polymers-HPLC 15 pg/L - [4]
FASI+S-GQDs CE 2.6x107" mol/L 5.7x10"% mol/L this work

- undetected.
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Table 3 Spiked recoveries of melamine and dicyandiamide and their RSDs in metformin hydrochloride samples (n=5)
Melamine Dicyandiamide
Sample Original/ Added/ Found/  Recovery/ RSD/ Original/ Added/ Found/  Recovery/ RSD/
(pg/L) (pg/L) (pg/L) % % (pg/L) (pg/L) (pg/L) % %
1* 82.5 80.0 159.2 95.9 33 5.6 5.0 10.2 92.0 2.2
2# 67.9 80.0 149.8 102.4 2.9 1.2 5.0 6.5 106.0 4.4
3# 96.2 80.0 175.1 98.6 4.8 2.9 5.0 7.6 94.0 2.8
. [7] HulL, Krylova S M, Liu S K, et al. Anal Chem, 2020, 92:
3 #Hig 14251
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