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Abstract − Nitrogen-rich carbon dots (NDots) were synthesized by using uric acid as carbon and nitrogen sources.

The as-synthesized NDots showed strong dual emissions at 420 nm and 510 nm with excitation at 350 nm and 460

nm, respectively. The physicochemical analyses such as X-ray photoelectron spectroscopy, Transmission electron

microscopy and Fourier transform infrared spectroscopy were used to analyze the chemical, physical and

morphological structures of NDots. The as-synthesized NDots exhibited wide linear range (0-100 µM) and very low

detection limit (124 nM) in Ag+ ion sensing. In addition, Ag+ saturated NDots could be used as an EDTA sensor by

the EDTA induced PL recovery.
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1. Introduction

Carbon-based materials such as carbon nanotube, fullerene,

graphene or graphene oxide (GO) have been widely studied due to

their unique properties according to the various morphologies and

structures [1,2]. As a new member of carbon nanomaterials,

fluorescent carbon dots (CDs) have attracted increasing attention

in the fields of chemistry, physics, materials, etc. Due to their

unique optical, electrical properties and ecofriendly feature, CDs

are considered as one of the most promising materials in many

application areas, including optoelectronic devices [3,4], catalysts

[5,6], biosensors [7,8], and bio-imaging [9,10]. Generally, the

common carbon sources to create the CDs are sodium citrate

[11,12], glucose [13], graphene oxide [14,15], citric acid [16,17] or

natural bio-sources like milk [18], fruit juice [19,20], hair fiber

[21], konjac [22], coffee [23], and the PL phenomena of various

CDs are totally different according to their sources. Recently,

adjusting their compositions and structures by doping of CDs with

other non-metallic elements such as nitrogen [18,22], sulfur

[21,24], boron [25,26], etc. to endow specific properties to CDs,

has been tried extensively. In particular, a dopant dopant such as

nitrogen can inject electrons into carbon-based material and thus

the electronic properties and local chemical reactivity of CDs can

be highly enhanced. Based on previous studies, the nitrogen doped

CDs were synthesized by using different nitrogen sources such as

aqueous ammonia [27], amino acids [28], ammonium citrate [29]

or milk [18], combined with other chemicals to make CDs emit

various colors including blue, green, and red. However, these

processes are complicated, time-consuming, toxic, or the resulting

CDs exhibit low quantum yield, which makes them difficult to use

in practical applications.

In this work, we prepared highly photoluminescent nitrogen-rich

CDs (NDots) from uric acid which can act as a nontoxic carbon

and nitrogen source by a large scalable hydrothermal synthesis.

The as-synthesized NDots showed a strong dual fluorescence with

a high quantum yield of 69% of blue emission and 61% of green

emission. When they were used as a fluorescent probe for the

detection of silver ion, they exhibited a wide linear range and very

low detection limit. In addition, they also could be used as highly

sensitive EDTA sensor by the recovered PL after EDTA addition to

the Ag+ saturated NDots.

2. Experimental

2-1. Reagents

Uric acid (C5H4N4O3, ≥ 99%), quinine hemisulfate salt monohydrate

(C20H24N2O2·0.5H2O4S·H2O, ≥ 98.0%), fluorescein sodium salt

(C20H10Na2O5, ≥ 95.0%), L-cysteine (L-cys), glutaric acid (GA),

glutamic acid (GtamA) and dopamine (DP) were purchased from

Sigma–Aldrich Co. (USA). All the metal ion precursors such as

AgNO3, CaCl2, CoCl2·6H2O, CuCl2·2H2O, FeSO4·7H2O, FeCl3·6H2O,

KCl, LiCl, MgCl2·6H2O, Mn(CH3COO)2·4H2O, NaCl, NiCl2·6H2O,

Pb(NO3)2, SnCl2·2H2O, ZnCl2 were obtained from Daejung Chemical

Co. (Korea) and metal ion solutions were prepared in deionized

water from the respective salts. Glycine (Gly), ascorbic acid (AA),

citric acid (CA), glucose (GC), sucrose (Suc), maltose (Mal) and

ethylenediaminetetraacetic acid (EDTA) were also purchased from

Daejung Chemical Co. (Korea). All the chemicals were used as received

without further purification.
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2-2. Synthesis of NDots

The NDots were prepared by hydrothermal process. 100 mg of

uric acid was dissolved in 20 ml distilled (DI) water and sonicated

for 30 min. Then, the solution was transferred to a Teflon-lined

autoclave with a stainless-steel shell. The autoclave was kept at

180 ℃ for 5 h and cooled room temperature slowly. The resulting

solution was washed with ethanol and centrifuged at 9,000 rpm for

30 min. Finally, the NDots were collected and re-dispersed into DI

water.

2-3. Instrument analysis

The chemical and physical structures of the NDots were investigated

using transmission electron microscopy (TEM, JEOL JEM-2100F,

USA). X-ray photoelectron spectra were obtained using a X-ray

photoelectron spectroscope (XPS, K-Alpha, Thermo Fisher Scientific

ESCALAB 250Xi, USA) with an Al Kα X-ray source (1486.6 eV)

and the UV-Vis spectra were recorded using double-beam UV-Vis

spectrophotometer (Analytik Jena, Specord 210 Plus, German).

Fourier transform infrared spectroscopy (FTIR) study was conducted

with a Nicolet iS5 instrument (Nicolet Instrument, Thermo Company,

USA). Fluorescence excitation and emission spectra were collected

with a Cary Eclipse fluorescence spectrophotometer (Agilent

Technologies, USA).

2-4. Quantum yield measurement

Due to the dual emission properties of NDots, the quantum yield

of NDots was calculated using two standard references of quinine

hemisulfate salt monohydrate (dissolved in 0.1 M H2SO4, excited at

350 nm, QY = 0.54) [30] and fluorescein sodium salt (dissolved in

0.01 M NaOH, excited at 460 nm, QY = 0.92) [31] according to the

following equation: 

(1)

where the subscripts “dot” and “st” refer to the NDots samples

and the standard reference fluorophore, respectively; Q is the

quantum yield; I is the integrated intensity, OD is the optical den-

sity of the samples at the excitation wavelength, and η is refrac-

tive index of the solutions.

2-5. Spectrofluorimetric measurements

0.3 mL of NDots (50 μg/mL) was diluted by 2.5 mL DI water

and then an appropriate volume of Ag+ solution was added. The

fluorescence was measured in a quartz cuvette at 430 nm and 520 nm

with excitation at 350 nm and 460 nm, respectively. All the experiments

were performed at room temperature. The selectivity for Ag+ ion

was confirmed by adding other metal ion solutions instead of Ag+

ions in a similar way.

2-6. Detection of Ag+ ion in real sample

The sensing performance of NDots for real sample was examined

by tap water that was collected from the lake in our city. The lake

samples were filtered and centrifuged for 30 minutes to remove the

all visible residuals before use.

3. Results and Discussion

3-1. Characterization of NDots

The NDots fabrication process is illustrated in Fig. 1a. A

transparent bright green solution is obtained after hydrothermal

Qdot Qst

Idot

Ist
-------

ODst

ODdot

--------------
ηdot

ηst

---------
⎝ ⎠
⎛ ⎞

2

=

Fig. 1. (a) The schematic representation of the NDots preparation.

(b, c) the TEM image of NDots.

Fig. 2. Normalized PL intensity of NDots according to (a) reaction temperature and (b) reaction time.
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synthesis. The morphology of NDots was characterized by TEM

image and shown in Figs. 1b and 1c. The size of NDots is 7-10 nm

with spherical morphology. 

As shown in Fig. 2, the optimal reaction temperature and time are

180 ℃ and 5h, respectively, which are used to synthesize all NDots

used in this study. The aggregation of NDots at too high temperature

or too long reaction time may decrease the PL emission intensity. 

The chemical composition of NDots was investigated by XPS.

The three strong peaks shown in XPS survey spectra (Fig. 3a) are

originated from graphitic C1s (~284 eV), O1s (~532 eV) and N1s

(~400 eV), which indicates that a huge amount of nitrogen atoms

are incorporated in NDots. High resolution C1s and O1s spectra

shown in Figs. 3b and 3c reveal that there are many oxygen related

functional groups including carbonyl, hydroxyl, and carboxylic acids

are present in NDots [32]. The high-resolution XPS N1s spectrum

shown in Fig. 3d shows three peaks at 398.0-399.0, 400, and 401 eV

which can be assigned to pyridinic, pyrrolic and graphitic nitrogen,

respectively [33]. The abundant pyrrolic N indicates the high defect

density in NDots fabricated in this study, which can result in strong

and multicolor PL emission.

The functional groups of the NDots were analyzed by FTIR. As

shown in Fig. 4, NDots show various functional groups. The peaks

shown at 1505 and 3410 cm-1 can be attributed to the C=C stretching

vibration and O-H stretching vibration. The other peaks shown at

892 and 1124, 1333, and 1411 cm-1 can be ascribed to N-H bond and

ring vibration, the C-N bond vibration, and N-H bond vibration,

respectively [34-38], which indicates a high nitrogen content in the

NDots fabricated in this study. 

The UV-Vis. absorption spectra are shown in Fig. 5a. The intense

peak at 285 nm can be attributed to π–π* transitions of C=C and

C=N groups [32] and the peak at 325 nm corresponds to n–π*

transition of C=O groups on the surface of NDots [39]. Furthermore,

the broad peak at 460 nm indicates the existence of aromatic

structure of the NDots [40].

Fig. 3. (a) The XPS survey spectra of NDots. (b) High resolution XPS spectra of (b) C1s, (c) O1s and (d) N1s.

Fig. 4. FT-IR spectra of Uric Acid and the NDots.
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The stability of NDots was investigated according to the ionic

strength, pH of solution and the UV exposure are shown in Figs. 5b-d.

The stable PL emission of NDots even at various ionic strength and

wide pH range (4-10) indicates that NDots can work in the practical

applications. In addition, the emission intensity is preserved up-to

80% to original value even after 5 h UV exposure, which indicates

the excellent stability of NDots fabricated in this study. 

The excitation wavelength-dependent emission behavior of the

NDots was investigated by varying the excitation wavelengths from

300 to 500 nm. As shown in Fig. 6a, at low excitation wavelength

Fig. 5. (a) UV–vis absorption of the NDots and NDots in aqueous solution under white illumination (inset), (b) Effect of ionic strengths on the

fluorescence intensity of NDots (controlled by various concentrations of NaCl), (c) Effect of pH on the fluorescence intensity of NDots

and (d) dependence of fluorescence intensity on UV excitation time for NDots. 

Fig. 6. The photoluminescence (PL) spectra of NDots: (a) recorded for progressively longer excitation wavelengths from 300 to 500 nm in a

10-nm increment; (b) the photoluminescence excitation and emission spectra of NDots in aqueous solutions (0.1 mg/mL), λex= 350 nm

with λem= 420 nm for blue color and λex= 460 nm with λem= 510 nm for green color. Insets are corresponding photograph images.
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(300 to 330 nm) both a blue emission and green emission can be

obtained. However, at medium (330 nm to 400 nm) and high excitation

wavelength (400 nm to 500 nm), only the blue emission (~420 nm)

and only the green emission (~510 nm) are observed. No fluorescent

emission is recorded above 500 nm excitation wavelength. As

shown in Fig. 6b, the bright dual fluorescence emission of the NDots

in the visible region of the spectrum at different excitation wavelength

is clearly observed by the naked eyes, which can be attributed to the

abundant nitrogen atoms on the NDots surface. The origin of blue

and green emission can be attributed to electron-hole recombination

or intrinsic state emission, and the defect state emission, respectively.41

The quantum yields of NDots are 69% for the blue fluorescence

emission and 61% for the green fluorescence emission, which are

some of the highest values ever reported [18,27,29,32].

3-2. Ag+ detection by NDots by the PL quenching

Various metal ions including Ag+, Ca2+, Co2+, Cu2+, Fe2+, Fe3+,

Hg2+, K+, Mg2+, Mn2+, Na+, Ni2+, Pb2+, Sn2+, Zn2+ and Li+ were added

in the NDots solution (5 μg/mL, pH=7) and the sensitivity calculated

by F0-F/F0 (ΔF/F0) of each sample, where F0 is fluorescence intensity

of pure NDots and F is that after metal ion addition.

As shown in Fig. 7, among all ions tested, NDots exhibits especially

Fig. 7. F/F0 value of aqueous N-CQDs solution in the presence of 500 μM of various metal ions at (a) λex=350 nm and (b) λex= 460 nm. F0 and

F correspond to the fluorescence intensity of NDots in the absence and presence of metal ions, respectively.

Fig. 8. (a) The PL spectra and (b) ΔF/F0 of the NDots in aqueous solution upon addition of various concentrations of Ag+ (excitation wave-

length = 350 nm). (c) The PL spectra and (d) ΔF/F0 of the NDots in aqueous solution upon addition of various concentrations of Ag+

(excitation wavelength = 460 nm). Insets of (a) and (d): ΔF/F0 of the NDots at very low Ag+ concentration (0~1 mM). F0 and F corre-

spond to the fluorescence intensities of NDots in the absence and presence of Ag+ ions, respectively. 
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very high sensitivity towards Ag+ ion, which can be due to the strong

binding of Ag+ ion on the surface of NDots [38]. Ag+ ion acts as the

soft acid while nitrogen atom (pyridinic N, pyrrolic N and graphitic N)

acts as the soft base. When the conjugation of Ag+–NDots complex

is established, the release of recombination fluorescence decreases

because of the inhibited the non-radiative electron and hole transfer

[38]. Hg2+ ion can also restrain the radiative recombination of excitons,

leading to fluorescence quenching [32,39]. In addition, a strong

affinity of Hg2+ towards carboxylic, hydroxyl and amino groups on

the surface of the NDots can be the reason for the relatively high

fluorescence quenching of Hg2+ [32,39,42,43].

As shown in Fig. 8, NDots exhibit excellent sensitivity for Ag+ at

both excitation wavelengths of 350 and 460 nm. The linear range is 0

to 100 μM and the limits of detection (LODs) are 124 nM and 158 nM

for blue emission and green emission, respectively. As compared in

Table 1, NDots fabricated in this study exhibit one of the lowest

LOD values ever reported values with a wide linear range.

To see the possibility of real applications, first, a precalculated

amount of Ag+ ions was dissolved in tap water and lake water that

contains some amount of minerals. Then the concentration of

Ag+ ion was determined and compared with the precalculated

values. As summarized in Table 2, the accuracy of the Ag+ ion

sensing by NDots for tap water and lake water is over 97%, which

indicates the excellent sensitivity and selectivity of NDots fabricated

in this study for the Ag+ ion detection even for the real samples.

3-3. The detection of EDTA by the Ag+ ion saturated NDots

The quenched CDs can be regenerated by using proper chemicals,

which can enable CDs sequential monitoring of multi chemicals by

the “Turn-off” and “Turn-on” mechanisms [44,48-50]. As shown in

Fig. 9a, significant enhancement of PL is observed especially when

the EDTA is added to the Ag+ saturated NDots, which can be

attributed to the role of capping agent for Ag+ ion. The EDTA, known

as a metal chelator, can work as a clamped system to remove the Ag+

ion by forming the cage-like structure around the Ag+ ion [51].

The quicker recovery of green emission than that of blue emission

can be due the position of PL emission. As the positions of green and

blue emission are located at the surface and core of NDots, respectively,

Table 2. The sensing accuracy of NDots for Ag+ ion in the tab water

and lake water

Added Ag+ (µM) Measured Ag+ (µM) Accuracy (%)

Tap water

0

5

10

50

100

-

4.981±0.173

9.901±0.166

49.75±0.21

99.87±0.16

-

99.62

99.51

99.50

99.87

Lake water

0

5

10

50

100

-

4.872±0.204

9.864±0.186

49.18±0.13

97.63±0.29

-

97.44

98.64

98.36

97.63

Fig. 9. (a) PL recovery (F1/F) of Ag+ saturated NDots after addition of various chemicals, where F and F+ correspond to the fluorescence inten-

sities of Ag+ saturated NDots in the absence and presence of different species, respectively. (b) The PL recovery (F1/F) of Ag+ saturated

NDots versus EDTA concentration. The excitation wavelengths of blue and green emissions are 350 and 460 nm, respectively.

Table 1. Comparison of the Ag+ sensing properties of NDots with those of previous studies

Detection probe Mechanism Detection Limit (nM) Linear Range (µM) Reference

Amine-terminated GQDs fluorescence quenching 3,060-9,270 - [44]

Luminescent carbon nanoparticles fluorescence quenching 386 - [45]

Fluorescent CQDs hydrogels fluorescence quenching 510 7-185 [46]

N-doped C-dots fluorescence enhancement 1,000 1-100 [47]

N-doped GQDs fluorescence quenching 168 0-40 [38]

NDots fluorescence quenching
124 (Blue Emission)

158 (Green Emission)
0-100 this work
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the green emission can be more easily recovered than that of blue

emission by the EDTA. Therefore, low concentration of EDTA can

be monitored by the green emission and high concentration by the

blue emission, which makes Ag+ saturated NDots wide detection

range for the EDTA detection (Fig. 9b). 

As shown in Fig. 10, the PL recovery of Ag+ saturated NDots by

the EDTA is as high as 93.04 and 87.12% for the green emission and

blue emission, respectively. 

4. Conclusions

Highly fluorescent NDots were synthesized using uric acid as a

novel precursor by a facile, low-cost, ecofriendly and one-pot

hydrothermal synthesis. The as-synthesized NDots exhibited blue and

green dual emission with very high quantum yields of 69 and 61%

for the blue and green emission, respectively. When the as-

synthesized NDots were used as Ag+ ion sensor, they exhibited a

wide linear range of 0-100 μM and very low detection limit of

124 nM. In addition, Ag+ saturated NDots can effectively monitor

the EDTA level by the recovery of PL intensity.
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