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Study on the Influence of Carbon Quantum Dots on Electrogenerated
Chemiluminescence Energy Transfer Sensing System of DNA

Yang, Fan ~ Wang, Lingli ~ Guo, Zhihui*
(Key Laboratory of Analytical Chemistry for Life Science of Shaanxi Province, School of Chemistry and Chemical Engineer-
ing, Shaanxi Normal University, Xi'an 710062)

Abstract The effect of carbon quantum dots on the electrogenerated chemiluminescence (ECL) energy
transfer sensing system for the determination of DNA was investigated. The results showed that the sig-
nal-to-noise ratio of luminol-crystal violet ECL system was increased and its reproducibility was improved
by the addition of carbon quantum dots. The conditions of the detection of DNA were optimized. Under op-
timal conditions, the linear range for the determination of target DNA was 1.0 X 107""~1.0X 10" mol/L,
the correlation coefficient was 0.9881 and the detection limit was 4.0X 10~ '* mol/L. The possible interaction
mechanism between DNA and carbon quantum dots was also discussed. This method was convenient and
showed high sensitivity.

Keywords clectrogenerated chemiluminescence; carbon quantum dots; DNA detection; luminol; crystal
violet
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Figure 2 The ECL motivated by cyclic voltammetry method

ECL sensing system of DNA: Luminol (9.0X10 ¢ mol/L)+Crystal violet
(9.0X 10 ® mol/L)+DNA (3.6 X10 " mol/L), the volume of CDots solution
(appropriate size and dilution ratio) added to the system was 0.2 mL. The
scanning potential: 0~0.6 V; the scanning rate: 100 mV/s
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Figure 1 The ECL motivated by step pulse method
ECL sensing system of DNA: Luminol (9.0X 10 mol/L)+Crystal violet
(9.0X10 ® mol/L)+DNA (3.6X10 " mol/L), the volume of CDots solution
(appropriate size and dilution ratio) added to the system was 0.2 mL. The

scanning potential: 0~0.6 V; the scanning rate: 100 mV/s
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Figure 3 The influence of potential range on ssDNA and
dsDNA ECL system
ECL sensing system of DNA: Luminol (9.0X10 ¢ mol/L)+Crystal violet
(9.0X 10 ® mol/L)+DNA (3.6 X10 " mol/L), the volume of CDots solution
(appropriate size and dilution ratio) added to the system was 0.2 mL. The

scanning rate: 100 mV/s
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Figure 4 TEM image of carbon quantum dots
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Figure 5 The influence of carbon quantum dots of 70 s synthe-
sis time on the ECL system
ECL sensing system of DNA: Luminol (9.0X10 ¢ mol/L)+Crystal violet
(9.0 10 ® mol/L)+DNA (3.6X 107 mol/L), the volume of CDots solution
(70 s synthesis time and appropriate dilution ratio) added to the system was 0.2
mL
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Figure 6 The influence of carbon quantum dots of 90 s synthe-
sis time on the ECL system
ECL sensing system of DNA: Luminol (9.0X10 ¢ mol/L)+Crystal violet
(9.0X10"® mol/L)+DNA (3.6X10 7 mol/L), the volume of CDots solution
(90 s synthesis time and appropriate dilution ratio) added to the system was 0.2
mL
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Figure 7 The influence of carbon quantum dots concentration
on ssDNA and dsDNA ECL system
ECL sensing system of DNA: Luminol (9.0X 10 mol/L)+Crystal violet
(9.0X10 ® mol/L)+DNA (3.6X10 7 mol/L), the volume of CDots solution

(70 s synthesis time and various dilution ratio) added to the system was 0.2 mL
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Figure 8 Calibration curve of target DNA
ECL sensing system of the probe DNA: Luminol (9.0 X 10 ¢ mol/L)~+Crystal
violet (9.0X 10 ® mol/L)+DNA (1.09X 10 ¢ mol/L), the volume of CDots
solution (70 s synthesis time and dilution five times) added to the system was
0.2 mL. The concentration of target DNA was 1.0X 10" mol/L, 1.0X10 '
mol/L, 1.0X 10 ° mol/L, 1.0X 10 ® mol/L, 1.0X 10~ mol/L, respectively
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Figure 9 Schematic diagram of the influence of carbon quan-
tum dots (CDots) on the luminol-crystal violet-DNA-ECL energy
transfer sensing system
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