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A green synthesis of high fluorescence nitrogen-doped graphene 

quantum dots for the highly sensitive and selective detection of 

mercury (II) ions and biothiols 

Zhengyu Yan, Xincheng Qu, Qianqian Niu, Chunqing Tian, Chuanjian Fan
 
and Baofen Ye

* 

A facile and environment-friendly strategy to prepare nitrogen-doped graphene quantum dots (N-GQDs) with high 

quantum yield of 28.10% was reported. The obtained N-GQDs exhibited strong blue fluorescence emission with the 

maximum emission and excitation at 450 nm and 355 nm, respectively. Taking advantage of the effective quenching effect 

of Hg
2+

 to N-GQDs, such N-GQDs was developed for the efficient and sensitive detection of Hg
2+

 with a relatively low 

detection limit of 0.032 μM. Based on the selective coordination of biothiols and Hg
2+

, the fluorescence of the N-GQDs/Hg 

system was recovered with the addition of biothiols. This fluorescence “Off-On” process showed a sensitive response to 

biothiols with a detection limit of 0.036 μM for cysteine and 0.034 μM for glutathione. Most importantly, the N-GQDs-

based fluorescence method was successfully used to monitor Hg
2+ 

in real water samples and biothols in serum samples. 

Introduction 

The accumulation of heavy-metal ions in the environment has 

generated considerable concern because of their strong toxicity, 

bioaccumulation, and a health risk even at a very low concentration1. 

Mercury (II) ions (Hg2+), one of the most toxic heavy metals, are 

well-known bioaccumulative and nonbiodegradable pollutants in the 

ecosystem. The accumulation of Hg2+ in the organisms can cause 

severe health problems such as nervous damage, kidney failure, and 

liver disorder2. Therefore, routine detection of Hg2+ is of great 

necessity. Conventional analytical techniques for Hg2+ detection 

include atomic absorption3, ICP-MS4 and so on. Although these 

methods are very sensitive and selective, they usually require 

expensive instrument, complicated sample preparation or 

sophisticated operations which limited their application in rapid and 

user-friendly routine Hg2+ monitoring5. Thus, it is still highly 

desirable to develop a simple, sensitive, and selective method for 

Hg2+ detection. 

On the other hand, low-molecular-weight biothiols, for example, 

cysteine (Cys) and glutathione (GSH) play crucial roles in the 

biological processes such as reversible redox reactions and cellular 

functions6, 7. Abnormal levels of biothiols in human serum and urine 

are linked with many disease including developmental retardation, 

encephaledema, skin lesions, and liver injuries, etc8-10. Therefore, 

increasing attention has been drawn to sensitive and selective 

detection of biothiols for human health. Conventional analytical 

methods, such as the electro-chemical11, colorimetric12, 

fluorometric13, high-performance liquid chromatography(HPLC)14, 

surface enhanced Raman scattering (SERS)15 and mass spectrometry 

techniques16, have been developed to determine Cys and GSH over 

the years. Much effort has been made to develop fluorescence 

sensors because of its simple operation, high sensitivity, and 

adaptability for in-field measurement17. A number of novel biothiol 

fluorescence sensor based on advanced materials have also been 

developed in recent years.  

More recently， two kinds of emerging carbon nanomaterial, 

graphene oxide (GO)18, 19, and graphene quantum dots (GQDs)20-

22,have drawn increasing attention in sensor application. especially 

GQDs, a type of graphene sheet with a size less than 100 nm23, have 

attracted remarkable interest as a promising nanomaterial for 

fluorescence sensing of Hg2+ and biothiols24. Compared to 

traditional semiconductor quantum dots, GQDs are superior in terms 

of high biocompatibility ,low toxicity, chemical inertness, and 

aqueous solubility25. Various strategies such as mechanical carving 

from graphene26, electrochemical synthesis27 and chemical 

oxidation28 have been developed for the synthesis of GQDs. In 

general, these processes need multi-step operations and post-

treatments. Recently, Dong’s group reported a simple and economic 

bottom–up method for the preparation of GQDs using citric acid 

with a quantum yield of 9.0%29. Shen et al proposed a facile 

graphene oxide reduction with PEG surface passivation method for 

the preparation of GQDs with a quantum yield of 7.4%26. However, 

low quantum yields of the as-synthesized GQDs is still remained to 

be solved. Heteroatom doping is a well-known route to tune the 

intrinsic properties of carbon nanomaterials. Nitrogen-doped 

graphene quantum dots (N-GQDs) was firstly reported by Qu et al in 

201130 by a simple electrochemical approach. Since then, nitrogen 

atom doping have received significant attention because the quantum 

confinement and the edge effect of the nitrogen atom can 
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Scheme. 1 The schematic illustration of the mechanism of the N-GQD based detection process for Hg2+ and biothiols. 

 

significantly enhance their fluorescence properties. Recently, several 

routes have been proposed to doping chemically bonded nitrogen 

atoms into GQDs frame work. Li et al applied the solution chemistry 

approach to synthesis of N-GQDs, which required strict anhydrous 

condition and sophisticated operations31. Cai et al used a relatively 

simple but time-consuming method to synthesis of N-GQDs32. 

Therefore, it is still necessary to further develop simple and low-cost 

methods for N-GQDs with high quantum yields and novel 

applications.  

Herein, we report a relatively facile and environment-friendly one-

pot method to prepare water-soluble N-GQDs by using citric acid 

(CA) and glycine (Gly) as carbon and nitrogen sources respectively. 

The as-prepared N-GQDs have a size around 1~4 nm and exhibit 

blue fluorescence with a high quantum yield of 28.1 %, which is far 

higher than the quantum yield of GQDs simply prepared by citric 

acid (CA).  Meanwhile, owing to the coordination occurring between 

Hg2+ and functional groups on surface of N-GQDs, the fluorescence 

of N-GQDs was quenched efficiently (Scheme 1). This fluorescence 

“turn-off” process makes it possible to label-free sensitive and 

selective detect Hg2+ with a detection limit of 0.032 µM. With the 

addition of Cys and GSH, the fluorescence of the N-GQDs/Hg2+ 

system is recovered gradually because of their selective affinities 

with Hg2+ through Hg-S bonding interactions. Correspondingly, the 

fluorescence “turn-on” process takes place. The application of N-

GQDs in the detection of Hg2+ and biothiols in real samples is also 

successfully demonstrated.  

2 Experimental 

2.1 Materials 

Citric acid monohydrate(CA), glycine(Gly), cysteine, Larginine, 

alanine, serine, isoieucine, proline, leucine, glutamic acid, 

phenylalanine, valine, histidine, sliver nitrate, sodium dihydrogen 

phosphate and disodium hydrogen phosphate were obtained from 

Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). 

Glutathione reduced was obtained from Aladdin Chemistry Co., Ltd. 

(Shanghai, China). Mercury perchlorate trihydrate was obtained 

from Alfa Aesar China (Tianjin,China) Co., Ltd. Iron choloride 

hexahydrated, zinc chloride, cupric sulfate, calcium chloride 

anhydrous, magnesium sulfate anhydrous were obtained from 

Nanjing Chemical Reagent Co., Ltd(Nanjing,China). Barium 

chloride, lead nitrate, cadmium acetate, cobaltous chloride, nickelous 

sulfate, aluminum chloride were obtained from ShangHai  LingFeng 

Industry Co., Ltd (Shanghai,China). Phosphate buffer solutions 

(PBS) of various pH were self-prepared. All other reagents were of 

analytical reagent grade and used as received. 

2.2 Apparatus 

Fluorescence spectra were recorded on a RF-5301 spectrofluorimeter 

(Shimatdzu China Co., Ltd., Beijing, China) with an excitation 

wavelength of 355 nm. Excitation and emission slit widths were 5 

nm. Quartz cuvettes with 1-cm path length were used for 

fluorescence and UV-vis spectra measurements. UV–vis absorption 

spectra were recorded on a UV-2100 UV–vis spectrometer (Beijing 

Beifen-Ruili Analytical Instrument Group Co., Ltd., Beijing, China). 

pH measurements were achieved by a pHS-25 pH meter (Shanghai 

Leici Chuangyi Apparatus & Instrument Co., Ltd. Shanghai, China). 

Transmission electron micrograph (TEM) images were recorded by a 

JEOL-2010 electron microscope (JEOL Ltd, Tokyo, Japan) 

operating at an accelerating voltage of 200 kV. X-ray photoelectron 

spectroscopy (XPS) measurements were performed on PHI 5000 

Versa Probe (ULVAC-PHI, Ltd, Japan). 

2.3 Synthesis of the N- GQDs 

N-GQDs were prepared by the pyrolysis of CA and Gly following a 

reported procedure29. The reported procedure used CA as carbon 

source individually and the quantun yield of the obtained GQDs was 

relatively low. In order to improve the quantum yield, nitrogen 

doping was applied and Gly was used as nitrogen source 

simultaneously. Briefly, CA (2.0 g) and Gly (0.5 g) were placed in a 

25 ml round bottom flask. The flask was heated to 200 °C by using a 

heating mantle under stirring. The mixture was melted within 5 min 

and the color of the melt turned from colorless to yellow, orange and 

then dark brown for about 20 min. The dark brown product indicated 

the formation of N-GQDs. Then the obtained liquid was added 100 

ml of 10 mgmL-1 NaOH drop by drop with vigorous stirring and 

adjusted the pH of the N-GQDs solution to 7.5. The final obtained 
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N-GQDs solution was stored in the dark at 4 °C for further 

characterization and use.  

2.4 Fluorescence Quantum yield (QY) measurement 

The QY of N-GQDs was measured according to an established 

procedure. Quinine sulphate (literature QY 0.54 33) was chosen as 

the standard sample for the determination of the QY of N-GQDs. 

The value of QY was calculated according to the following equation: 

Where Y is the quantum yield, F is the measured integrated emission 

intensity, n is the refractive index of the solvent (1.33 for water), and 

A is the optical density. The subscript “S” refers to the reference 

standard with known QY and “u” for the sample. 

2.5 Detection of Hg2+ by N- CQDs 

The detection of Hg2+ was performed in PBS buffer solution (10mM, 

pH 7.5) at room temperature. In a typical process, different amounts 

of Hg2+ were added into the mixture of 3 µL N-GQDs (0.24 mg mL-

1) and 1800 µL PBS buffer (10 mM, pH 7.5). The solution was 

diluted with water to 2.0 mL with the final Hg2+ concentration of 0-

10 µM and mixed thoroughly. After incubating at room temperature 

for 20 min, the fluorescence measurements were carried out. 

2.6 Real water sample preparation 

To evaluate the N-GQDs-based sensor for Hg2+ detection in an 

artificial system, the performance of the present method for real 

water sample analysis was examined by three kinds of water 

samples. Pure water was obtained from Hangzhou Wahaha Group 

Co., Ltd, tap water sample was obtained from our lab and the lake 

water was collected from Ming Lake in China Pharmaceutical 

University campus. All the water samples were first centrifuged at 

8000 rpm for 10 min, and then the clear supernatant layer was 

filtered through a 0.45 µm Millipore filter21. The resultant water 

samples were spiked Hg2+ at different concentration levels and then 

analyzed with the proposed method. 

2.7 Detection of biothiols by the quenched N-GQDs 

Different amounts of biothiols (Cys or GSH) were added into the N- 

GQDs/ Hg2+ solution (the Hg2+ concentration is 77.0 µM). After 

incubating at room temperature for 20 min, the fluorescence 

     (1) 

Table. 1 QY of the N-GQDs 

Gly (mg): 

CA (mg) 

Fluorescence 

intensity (I) 

Abs 

(A) 

QY 

(%) 

0:0 472.551 0.054 4.52 

8:1 823.464 0.044 14.21 

8:2 725.002 0.058 28.10 

8:4 357.489 0.051 27.23 

8:6 221.890 0.044 25.80 

8:8 549.027 0.054 22.92 

 

Figure. 1 TEM image of the obtained N-GQDs. Inset: Particle 

size distribution histogram. 

 

 
Figure.2 XPS (A), N 1s (B), C 1s (C) and O 1s spectra (D) of the 

obtained N-GQDs. 

 

 

 
Figure. 3 UV-vis and fluorescence spectra of the N-GQDs. 

Inset: photographs taken under day light (left) and 365 nm UV 

light (right) 
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measurement were carried out. 

2.8 Human serum sample preparation 

Fresh human serum samples were supplied from three healthy adult 

volunteers at a local hospital and stored frozen until assay. In order 

to eliminate the interferences of proteins, acetonitrile were added in 

serum samples (CH3CN: serum=1:1). After vortexing for 2 min, the 

mixture was centrifuged at 10000 rpm for 10 min. Then the 

supernatant layer was filtered through a 0.45 µm Millipore filter for 

further analysis24. The assay solution were spiked with known 

concentration of Cys following the standard addition method. The 

total quantities of Cys recovery, the recovery rate and the standard 

deviation values were obtained. All the experiments were performed 

in compliance with the relevant laws and institutional guidelines, and 

approved by the relevant institutional committees (Ethics Committee 

of China Pharmaceutical University). Informed consent was obtained 

for all experiments involving human subjects. 

3 Results and Discussions 

3.1 Characterization of N-GQDs 

In the present study, the water dispersible N-GQDs were prepared by 

a one-pot pyrolysis of CA as carbon source and Gly as nitrogen 

source at 200 °C. The morphology of the N-GQDs was characterized 

with TEM. As shown in Figure. 1, the obtained N-GQDs are fairly 

uniform and well dispersed. 22 N-GQD particles were randomly 

selected to measure the particle size and the particle size distribution 

histogram was shown in Figure. 1 inset. The as-prepared N-GQDs 

exhibit an average size of 2.2± 1.5 nm, which is closed to that of the 

reported GQDs in literature34.The composition of the N-GQDs was 

then investigated by XPS measurement. The full range XPS analysis 

of the N-GQDs sample clearly showed the presence of C 1s, N 1s 

and O 1s (Figure. 2A). The C 1s, N 1s and O 1s peaks centered at 

283.9 ev 399 ev and 530.3 ev, respectively. This confirmed the 

successful nitrogen doping of GQDs35. The peak at 495.0 ev was 

attributed to Na 1s which is from NaOH. The high resolution C 1s 

XPS spectra of N-GQDs (Figure. 2C) indicated that there were three 

peaks at 283.8 ev, 287.1 ev and 288.1 ev, which were corresponding 

to C=C/C-C bonding in graphene, C=N/C=O and C-N groups, 

respectively22. The high resolution N 1s spectra of the N-GQDs 

(Figure. 2B) exhibited three peaks at 398.7 ev, 399.1 ev and 399.7 ev,  

which were attributed to the pyrrole like C-N-C, and graphitic N-

(C)3 and N-H groups, suggesting that nitrogen atoms were 

incorporated into the carbon-carbon bonds of the graphene34. The 

high resolution O 1s spectra of the N-GQDs (Figure . 2D) was 

deconvoluted into three peaks, which were assigned to C-OH at 

529.8 ev, C=O at 530.5 ev and C-O-C at 531.5 ev and indicated that 

the N-GQDs were rich in hydroxyl, carbonyl and carboxylic acid 

groups on the surface and edges36. The composition of the obtained 

N-GQDs was also evaluated by the elemental analysis. The results 

 
Figure. 5 Relative fluorescence intensity at maximum excitation 

wavelength 355 nm of N-GQDs solution in the presence of 10.0 µM 

of various metal ions. Inset: Photographs of the N-GQDs containing 

100.0 µM of various metal ions under UV light. 

 

Figure. 4  (A) Fluorescence emission spectra of the N-GQDs in 

PBS (pH 7.5) upon addition of various concentrations of Hg2+ 

(from top to bottom: 0 µM, 0.5 µM, 1 µM, 1.5 µM, 2.0 µM, 2.5 

µM , 3.0 µM, 3.5 µM, 4.0 µM, 5.0 µM, 6.0 µM, 7.0 µM, 8.0 µM, 

9.0 µM and 10.0 µM), excitated at 355 nm. Inset: Photographs of 

the N-GQDs containing of various concentration of Hg2+ under UV 

light. (B) The linear relationship between (I0-I)/ I0 with the Hg2+ 

concentrations in the range from 0 to 5.0 µM. I0 and I are the 

emission fluorescence intensities of N-GQDs at 450 nm in the 

absence and presence of Hg2+, respectively. 

 

 
Table. 2 Determination results of Hg2+ in real water samples 

Samples 
Added 

(µM) 

Found 

(µM) 

RSD 

(%, n=3) 

Recovery 

(%) 

Pure   
water 

1.00 

2.00 

3.00 

0.93 

1.79 

3.00 

0.7 

2.8 

1.3 

93.0 

89.5 

100.0 

Tap 
water 

1.00 

2.00 

3.00 

0.96 

1.95 

2.59 

3.5 

2.7 

7.7 

96.0 

97.5 

86.3 

Water of 

Ming lake 

1.00 
2.00 

3.00 

0.83 
2.17 

2.92 

2.3 
5.9 

0.5 

83.0 
100.8 

97.3 
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(62.19 Wt% C, 3.03 Wt% N and 34.78 Wt% O) were in good 

agreement with the XPS test.  

The prepared N-GQDs were readily water-dispersible due to the 

presence of hydroxyl and carboxylic groups on the surface and edges, 

which was confirmed by FT-IR measurement (Figure. S1). N-GQDs 

exhibited absorption of carboxyl group and hydroxyl group clearly. 

The absorption band at 3429 cm-1 was assigned to O-H and N-H 

stretching vibration. The absorption band at 1704 cm-1 was belonged 

to C=O stretching vibration of carboxyl group. The strong 

absorption band at 1597 cm-1 was belonged to C=O stretching 

vibration of acyl amino group. The peak at 1388 cm-1 was assigned 

to C–N stretching vibrations21, 37. All these results again confirmed 

that nitrogen atoms have been successfully doped into N-GQDs.  

In order to further explore the optical properties of N-GQDs, UV-

vis absorption and fluorescence spectra were recorded. Figure. 3 

showed a typical absorption peak at about 353 nm in UV-vis 

absorption spectra of N-GQDs, which suggested the formation of a 

graphitic structure in N-GQDs29. The maximum excitation peak of 

N-GQDs was almost the same as the UV-vis absorption peak with 

the maximum emission at 450 nm. The inset image in Figure. 3 

showed the photographs of the N-GQDs under daylight and 

excitation at 365 nm by a UV lamp. The N-GQDs solution was pale-

yellow, transparent under daylight, while emitted strong blue 

fluorescence under 365 nm. The strong fluorescence of N-GQDs 

may result from the emissive traps of nitrogen-doped surface32. The 

effect of mass radio of Gly to CA on the fluorescence emission of 

the N-GQDs was investigated. By using quinine sulfate as a 

reference, the QY of different doping extent N-GQDs were shown in 

Table. 1. When the mass radio of Gly to CA was 8:2, the 

fluorescence QY of the obtained N-GQDs was determined to be 

28.10%, which was about 7 times higher than that of GQDs. This 

implied that doping nitrogen to GQDs significantly enhanced the 

fluorescence QY of GQDs38.  

3.2 The effect of pH on the fluorescence of N-GQDs  

The fluorescence intensity of N-GQDs was also dependent on the 

solution pH. To obtain the optimal analytical conditions for the 

proposed method, we explored the effect of pH, in the range of 4.0–

11.0 on the fluorescence intensities of the N-GQDs in the absence 

and presence of Hg2+ and the kinetic behavior of the reaction. As 

shown in Figure. 2S, in the absence of Hg2+,an obvious enhance in 

the fluorescence intensity of N-GQDs was observed with a pH 

increase in the range of 4.0 to 7.0 and the fluorescence intensity of 

N-GQDs kept smooth in 7.0 to 10.0. The fluorescence intensity of 

N-GQDs decreased when the pH was above 10.0. The pH dependent 

character of N-GQDs implied that the protonation state of N-GQDs 

played an important role in the fluorescence intensity39. The optimal 

fluorescence sensing condition based on N-GQDs was in the pH 

range of 7.0 to 10.0. However, the quenched fluorescence intensity 

of the N-GQDs was pH-dependent in the presence of Hg2+, the 

quenching    efficiencies increased strictly with pH from 4.0 to 7.5, 

then reached maximum at pH 7.5, and then decreased smoothly from 

pH from 7.5 to 11.0. Thus the experimental condition that followed 

was set at pH 7.5. 

3.3 Selective and sensitive detection of Hg2+ ions 

The high QY renders N-GQDs a possible type of promising 

fluorescence probe. So we explored the feasibility of using the N-

GQDs for Hg2+ detection. The N-GQDs in PBS buffer (10 mM, pH 

7.5) displayed strong blue fluorescence, which could be quenched by 

Hg2+. The fluorescence intensity of N-GQDs gradually decreased 

with the increasing concentrations of Hg2+ and the fluorescence was 

 

Figure. 6 Fluorescence emission spectra of the N-GQDs/ Hg2+ in 

PBS buffer (pH 8.0) upon addition of various concentrations of Cys 

(A) and GSH (C) excitated at 355 nm. (from bottom to top: 0 µM, 

0.5 µM, 1.0 µM, 1.5 µM, 2.0 µM, 2.5 µM, 3.0 µM, 3.5 µM, 4.0 µM, 

5.0 µM, 6.0 µM, 7.0 µM, 8.0 µM, 9.0 µM) Inset: Photographs of 

the N-GQDs/Hg2+ containing various concentration of biothiols 

under UV light. B and D: The linear relationship between (I-I0) / I0 

with the Hg2+ concentrations. I0 and I are the emission fluorescence 

intensities of N-GQDs at 450 nm in the absence and presence of 

biothiols, respectively. 

 

Figure. 7 Relative fluorescence intensity at maximum excitation 

wavelength 355 nm of N-GQDs solution in the presence of 10.0 

µM of various amino acids. Inset: Photographs of the N-GQDs 

containing 100 µM of various amino acids under UV light.
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quenched about 89% by Hg2+ at 10 µM (Figure. 4A). The 

fluorescence intensity change showed a good linear relationship with 

Hg2+ concentration range from 0 µM to 5.0 µM with a liner equation 

of (I0-I)/I0=0.00447+0.132[Hg2+] (R2=0.9987) (Figure. 4B). The 

detection limit was calculated to be 0.032 µM with a signal-to-noise 

ratio (S/N) of 3, which is relatively lower than those previously 

reported40-42. These results showed that our method based on N-

GQDs might be useful in environmental applications for Hg2+ 

detection. 

To investigate the selectivity of this sensing system, we tested the 

fluorescence intensity change of N-GQDs in the presence of 

representative environmentally relevant metal ions (Ag+, Ba2+, Ca2+, 

Cd2+, Co2+, Cu2+, Fe3+, Pb2+, Ni2+, Mg2+, Zn2+, Al3+) and Hg2+ under 

the same conditions. 10.0 µM of various ions was added into the N-

GQDs solution and the fluorescence response was then recorded. As 

shown in Figure.7, significant fluorescence quenching effect was 

observed with the addition of Hg2+, while the other metal ions 

showed only a slight quenching effect and the influence was almost 

negligible. The high selectivity of N-GQDs for Hg2+ was ascribed to 

the fact that Hg2+ ions have a strong affinity towards the carboxyl 

groups on the surface of N-GQDs than other ions20, 22, 42. The high 

selectivity of our sensing system for Hg2+ indicated the possibility of 

its application in real samples.  

3.4 Assay for real water samples 

To demonstrate the practical value of our sensing system, it was used 

for detecting Hg2+ in three real samples. The water samples after 

pretreatment was spiked with Hg2+ at different concentration levels 

and analyzed with the proposed method. The recovery of Hg2+ and 

the relative standard deviation values were obtained and listed in 

Table. 2. The result concentrations of Hg2+ were in good agreement 

with the amount of Hg2+ spiked. The average quantitative recoveries 

were 83.0-100.8% with the RSD lower than 7.70%, showing the 

good accuracy and precision of the established sensing system. 

Despite the possible inference from the numerous organics and 

minerals existing in water of the Ming Lake, these results indicated 

that the proposed method had excellent applicability for Hg2+ 

detection in real samples. 

3.5 Selective and sensitive detection of biothiols 

On the other hand, the s-donor atoms originated for biothiols such as 

Cys and GSH exhibits high affinity to Hg2+ 20, 43-45. Hence, upon 

addition of biothiols in the above N-GQDs/Hg2+ system, Hg2+ was 

released from the surface of N-GQDs and the fluorescence of the N-

GQDs was recovered. Herein a highly selective fluorescence turn-on 

method for the detection of biothiols based on N-GQDs/Hg2+ was 

introduced. With the biothiols concentration increasing, a gradual 

fluorescence increase at 450 nm was observed (Figure. 6A and C). 

The sensor system displayed the similar response to Cys and 

GSH.The relationship between the fluorescence intensity and the 

concentration of Cys (Figure. 6B) showed a liner correlation from 0 

µM to 5.0 µM ((I-I0）/I0= -0.129+0.528 [Cys], R2=0.998) with a 

detection limit of 0.036 µM estimated at S/N=3.. The relationship 

between the fluorescence intensity and the concentration of GSH 

(Figure. 6D) showed a liner correlation from 0 µM to 4.5 µM ((I0-

I)/I0=-0.313+0.566[GSH], R2=0.992) with a detection limit of 0.034 

µM estimated at S/N=3, which are both lower than those previously 

reported24, 43, 46. 

To investigate the selectivity of N-GQDs/Hg2+ system for biothiols, 

the fluorescence response to various relevant interference amino 

acids (glycine(Gly), cysteine(Cys), arginine（Arg）, alanine(Ala), 

serine-(Ser), tryptophan(Try), isoleucine(Ile), proline(Pro), 

leucine(Leu), glutamic acid(Glu), phenylalanine(Phe), valine(Val), 

histidine(His)) were tested at the amino acid concentration of 100µM. 

As shown in Figure. 7, no significant fluorescence recovery 

appeared with the addition of other common amino acids, except for 

Cys and GSH, which implied its potential as a selective analytical 

method for biothiols. 

3.6 Assay for real serum samples 

In order to evaluate the feasibility of the proposed method in real 

samples detection, the detection of biothiols in human serums was 

performed. Generally, the treated serum samples were first diluted 

200-fold to fall into the linear range of our method and to enable a 

quantitative recovery of the spiked biothiols. The total biothiol 

content in human serum was determined by the standard addition 

method using Cys as the standard. The obtained biothiols levels were 

within the reported normal range. In addition, known amounts of 

Cys were added to the diluted serum samples and the recovery 

results were ranged from 97.5% to 107.4% with satisfactory RSD 

Table. 3 Determination results of biothiols in real serum samples 

Samples 

Reference 

substance 

 

Determined 

biothiols 

（µM） 

Added 

(µM) 

Found 

(µM) 

RSD 

(%,n=3) 

Recovery 

(%) 

1 Cys 428.9 

300.0 

400.0 

600.0 

753.0 

824.7 

926.3 

7.5 

0.9 

2.0 

103.0 

99.4 

99.2 

2 Cys 448.8 

300.0 

400.0 

600.0 

741.2 

850.5 

959.0 

1.5 

3.2 

1.3 

97.5 

100.4 

102.0 

3 Cys 407.3 

300.0 

400.0 

600.0 

718.9 

828.5 

931.1 

1.8 

2.6 

7.5 

103.8 

105.3 

107.4 
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lower than 7.5, indicating a convenient and promising analytical 

performance for biothiols in serum samples. 

4 Conclusion 

In summary, high fluorescence N-GQDs were obtained via one-pot 

pyrolysis using CA and Gly as carbon and nitrogen source 

respectively with QY of 28.10%. Taking advantage of the excellent 

fluorescence properties of N-GQDs, a label-free, selective detection 

method for Hg2+ and biothiols was established. The fluorescence 

“turn-off” sensor for Hg2+ was based on the selectively coordination 

between Hg2+ and the functional groups on the surface and edge of 

N-GQDs. Subsequently, this sensor system was also utilized to 

detect biothiols (Cys or GSH) based on the high affinity of the sulfur 

atoms of biothiols to Hg2+. The fluorescence “turn-on” detection was 

achieved with the addition of biothiols. Both assay (Hg2+ and 

biothiols) exhibited high selectivity, and sensitivity with the 

detection limits for Hg2+, Cys and GSH to be 0.032 µM, 0.036 µM 

and 0.034 µM, respectively. We envision that this simple, low-cost 

synthesized N-GQDs could be further applied in biological and 

environmental sensing.  
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