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ABSTRACT

Determination of uric acid is very important for the clinical diagnosis of several

diseases correlated with their variations in human serum. In this work, dual-

emission arginine carbon dots (Arg-CDs) were synthesized for the determina-

tion of uric acid (UA). After optimization, the obtained Arg-CD was excited at

360 nm, which exhibited dual-emission fluorescence peaks at 445 nm and

514 nm, respectively. Because of the electrostatic interaction between the sec-

ondary amine group in UA and the carboxyl group on the Arg-CD, the for-

mation of hydrogen bonds between the ketone/hydroxyl group in the UA

molecule and the amino group on the surface of Arg-CD, the mixture could

cause the fluorescent signal to be activated. Particularly, Arg-CD showed a good

line relationship to UA between 330 and 630 lM (the concentration of uric acid

in the serum for healthy people is 240–520 lM), and the lower detection limits

are 7.14 lM. With the high selectivity and sensitivity to uric acid, Arg-CD could

be applied in the UA determination of the human serum samples, whose

accuracy rate was in the range of 98.5–101.5% and relative standard deviation

(RSD) value was lower than 4%. And we also designed a miniaturized device for

UA determination conveniently.

Introduction

In living organisms, uric acid (2,6,8-trihydroxy-

purine, UA), the final metabolite of purines, is

maintained in a dynamic equilibrium in free and

bound forms of the human body. In human urine and

blood, the amount of uric acid is an extremely

important indicator [1]. When the production and

excretion of uric acid are unbalanced, metabolic oxi-

dation of the purine base will result in kidney
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damage, leukemia, hypertension, diabetes, and

hyperuricemia [2]. In recent years, the number of

patients with hyperuricemia has been rising and

becoming more prevalent in younger populations [3].

Therefore, the determination of uric acid with con-

venience and accuracy is strategic in clinical exami-

nation [4]. Although various analytical techniques

have been developed in the past few years, such as

spectroscopy (ultraviolet absorption fluorescence [5]),

electrochemistry (voltammetry [6]), chromatography

[7], light scattering [8], enzyme analysis [9], flow

injection chemiluminescence [10], and isotope dilu-

tion mass spectrometry[11], most of these methods

are complex and time-consuming and often require

special instruments; thus, a precise and efficient

method for UA determination is still urgently

needed.

Carbon dots (CDs) are a type of new material with

a size of less than 10 nm, which stand out in the

carbon family, with their special quantum size effect,

and are characterized by abundant surface functional

groups, uniform dispersion, tunable composition,

good biocompatibility, photoluminescence, etc. [12].

Compared with traditional organic fluorescent dyes,

carbon dots combine the attractive properties of bio-

compatibility, photostability, low toxicity, strong

chemical inertness, and adjustable composition

[13, 14]. For these reasons, CDs have been broadly

applied in cell imaging [15], disease diagnosis [16],

drug delivery [17], and electrochemical analysis [18].

Dual-emission fluorescent probes were very promis-

ing for the highly selective determination of analytes,

which became more appropriate for qualitative or

quantitative analysis in comparison with single-

emission fluorescent sensors [19]. Studies have been

reported about the dual-emission CDs for UA deter-

mination, which was less susceptible to hindrance in

samples and could be more sensitive and selective for

UA.

Nitrogen-doped carbon dots had nitrogen-con-

taining functions and surface defects, which could

significantly improve photoluminescence properties

[20]. Chen et al. [21] synthesized arginine-modified

carbon dots with strong luminescence that could be

used for cell imaging under a common fluorescence

microscope due to the high cellular uptake efficiency.

Zhao et al. [22] reported environment-friendly green-

emitting carbon dots for sweat latent fingerprints,

which were prepared with DL-malic acid and

ethylenediamine. DL-malic acid, as the green and

inexpensive reagent, possesses a hydroxyl group and

two carboxyl groups, and these may render its ideal

molecular precursor for CDs [23].

Herein, we report a facile strategy to prepare dual-

emission fluorescence carbon dots (Arg-CD); L-argi-

nine and DL-malic acid were chosen as carbon and

nitrogen sources through the solvothermal method.

Arg-CD-based optical carbon dots increase the fluo-

rescence intensity considerably, thereby achieving

rapid and sensitive determination of uric acid. The

proposed determination strategy is shown in

Scheme 1.

Experimental

Materials and instruments

The materials and instruments used for the study are

illustrated in Electronic Supporting Information

(ESI).

Synthesis of Arg-CD

A simple solvothermal method was used to synthe-

size Arg-CD under the heating conditions without

complicated chemical coupling modification. As

shown in Scheme 1, L-arginine (1.95 g, 11.19 mmol)

and DL-malic acid (1 g, 7.46 mmol) were dissolved

into the deionized water and ultrasonic for 5 min.

Then, the mixtures were transferred into a 25-mL

polytetrafluoroethylene-lined autoclave and heated

at 195 �C for 2 h. The reaction solution was cooled to

room temperature and diluted with 5 mL of deion-

ized water. Next, the solution was filtered through a

microporous membrane (0.22 lm) and dialyzer

(MWCO 1000 Da) to obtain the Arg-CD solution and

finally freeze-dried to obtain a brown powder.

Procedure for fluorescent determination
of Arg-CD

The Arg-CD was dissolved in deionized water

beforehand to prepare the stock solution (1 mg/

1 mL) and was diluted to certain concentration with a

PBS buffer (pH 7.4, 1.0 mM). Stock solutions

(1.0 mM) of ZnCl2 (Zn2?), AgNO3 (Ag?), CaCl2
(Ca2?), CuSO4 (Cu2?), Co(HAC)2 (Co2?), FeCl2
(Fe2?), FeCl3 (Fe3?), MgSO4 (Mg2?), Pd(HAC)2
(Pd2?), Na2S2O3 (S2O3

2-), NaNO2 (NO2
-),
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NaHCO3(HCO3
-), L-arginine (Arg), L-aspartic acid

(Asp), L-ascorbic acid (AA), L-cysteine (Cys), (Crn),

L-tyrosine (Tyr), cadaverine (Cad), putrescine (Put),

L-glutamine (Glu), glucose, sucrose, L-glycine (Gly),

L-glutathione (GSH), L-histidine (His), urea, hydro-

quinone (HQ), melamine, L-phenylalanine (Phe),

L-proline (Pro), streptomycin (SM), penicillin (PG),

xanthine, adenine (Ade), caffeine, cholesterol (Chol),

uridine 50-triphosphate trisodium salt (UTP), sodium

3,5-cyclic adenosine monophosphate (CMP), cyti-

dine-50-triphosphate disodium salt (CTP), guanosine

50-triphosphate trisodium salt (GTP), adenosine

triphosphate (ATP), adenosine 50-monophosphate

(AMP), adenosine-50-diphosphate (ADP), and uric

acid (UA) were prepared in deionized water. All

spectrum measurements were taken at room tem-

perature and performed in the PBS buffer (pH 7.4,

1.0 mM).

To evaluate the sensitivity of Arg-CD (3 mg/

20 mL) to UA, different concentrations of UA stan-

dard solution were in addition to the Arg-CD solu-

tion and adjusted to the required concentration

(0.0–800 lM). To evaluate the selectivity of Arg-CD

(3 mg/5 mL) to UA (0.42 mM), a series of analytes

(1 mM) were tested, including Zn2?, Ag?, Ca2?,

Cu2?, Co2?, Fe2?, Fe3?, Mg2?, Pd2?, S2O3
2-, NO2

-,

HCO3
-, Arg, Asp, AA, Cys, Crn, Tyr, Cad, Put, Glu,

glucose, sucrose, Gly, GSH, His, urea, HQ, melamine,

Phe, Pro, SM, PG, xanthine, Ade, caffeine, Chol, UTP,

CMP, CTP, GTP, ATP, AMP, ADP, and UA. Each

experiment was performed at room temperature and

was repeated three times.

Human serum sample test

For real sample analysis, human serum samples were

obtained from normal human blood serum samples

donated by Shanghai Sixth People’s Hospital. The

samples of blood serum were diluted 10 times with a

PBS buffer without other pretreatments. The experi-

mental procedures were identical for the determina-

tion of UA in the PBS buffer. UA in human serum

samples was determined by the standard addition

method. In all fluorescence measurements, the exci-

tation is 360 nm and the emission intensity collected

is at 514 nm, which was used for quantification.

Then, the analyses of the actual samples of UA were

performed using the procedure in the section of the

procedure for fluorescent determination of Arg-CD.

Results and discussion

Characteristics of Arg-CD

Morphology of Arg-CD was observed by transmis-

sion electron microscopy (TEM). As shown in Fig. 1a,

Arg-CD is nearly spherical without apparent aggre-

gation. Their diameters mainly distribute in the range
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Scheme 1. Arg-CD synthesis strategy for UA determination and application in the miniaturized device.
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of 3–30 nm with a mean value of about 5.6 nm (inset

of Fig. 1a). Most of the particles can be observed to

have highly discernible crystalline structures with

well-resolved lattice edges. The lattice fringes of Arg-

CD with a spacing of ca.0.31 nm can be observed by

the HRTEM inset images (Fig. 1b), confirming that

the synthesized Arg-CDs were graphite [24].

The photoluminescence properties of C and N co-

doped Arg-CD aqueous solution are shown in

Fig. 1c; the maximum excitation wavelength of Arg-

CD is at 360 nm, which contacted two maximum

emission peaks at 445 nm and 514 nm, respectively.

The emission peak at 445 nm is due to the various

surface states containing both single—and double-

bonded oxygen functional groups on the surface of

carbon dots, and the emission peak at 514 nm is due

to n - p* transition related to the C=O/C=N bond on

the surface of carbon dots. The fluorescence proper-

ties of carbon dots are mainly related to the different

interactions between emission centers and non-ra-

diative transitions caused by distinct functional

groups [25]. Arg-CD showed a bright green color

fluorescence under a UV lamp (inset of Fig. 1c).

When Arg-CD was added to UA, the position of the

absorption band did not change, but the absorption

intensity changed (Fig. S1). According to the Inter-

national Commission on Illumination (CIE) 1931

chromaticity diagrams, the visible spectra can be read

with the aid of the CIE chromaticity coordinate in a

chromaticity diagram [26]. As shown in Fig. 1d, the

CIE coordinates of the emitted green light were

realized at (0.1177, 0.6512).

The spectral property of Arg-CD in an aqueous

solution was investigated. With the wavelength of

excitation shifted from 340 to 380 nm, the fluores-

cence wavelength and intensity exhibited evident

variations (Fig. 1e). The maximum emission wave-

length at around 514 nm and the strongest emission

intensity appeared with excitation at 360 nm, which

was determined as the optimal excitation wave-

length. This excitation-dependent behavior may be

explained by the effect of intrinsic electronic conju-

gate structures of Arg-CD [27].

In the system, different ratios (L-arginine/DL-

malic acid) of carbon dots were synthesized accord-

ing to the above synthesis method and their different

fluorescence emission curves were obtained.

According to Fig. 1f, it can be found that the emission

wavelength varies irregularly along with the

increasing ratio of L-arginine. When the nitrogen

amount is too low, the L-arginine surface groups can

react with fewer DL-malic acid compared to the

available amount in the reaction, resulting in clus-

tering or freeing of DL-malic acid which harms

increasing the active site. On the contrary, when the

nitrogen amount is too high, it leads to nitrogen

accumulation [28]. After optimization, when the

L-arginine and DL-malic acid ratio was 1.5:1 (Fig. 1f),

the reaction temperature was 195 �C (Fig. S2A), the

reaction solvent was water (Fig. S2B), the reaction

time was 2 h (Fig. S2C), and the determination sol-

vent was water (Fig. S2D), Arg-CD performed dual-

emission peak at 445 nm and 514 nm with excitation

at 360 nm. This characteristic means Arg-CD had

good compatibility with the existing instruments. At

the same time, the dual-emission spectrum can pro-

vide more data for internal correction.

Fourier transform infrared (FTIR)
spectroscopy of Arg-CD

To confirm the surface-bound interactions between

Arg-CD and UA, Fourier transform infrared spec-

troscopy was recorded at 400–4000 cm-1. Arg-CD

shows similar characteristic absorption bands of DL-

malic acid [29] and L-arginine [21], which reveal the

existence of raw material-derived functional groups

on the surface of the synthesized Arg-CD (Fig. S3). As

shown in Fig. 2A, the absorption spectrum of—NH2

tensile vibration at 420–505 cm-1 was found and the

peaks at 1398 and 3180 cm-1 were due to N–H tensile

vibration, which indicates the presence of amino

groups on the nitrogen-doped Arg-CD surface. The

peak at 1673 cm-1 was assigned to carbonyl group

stretching or C=N stretching vibrations, while the

peaks located at 3370 cm-1 were ascribed to O–H.

With the vibration of the purine ring in UA [30], UA

displayed a characteristic absorption band at

3009 cm-1 (Fig. 2b). The FTIR for Arg-CD and Arg-

CD ? UA revealed the existence of C–O stretching

vibrations at 1046 and 947 cm-1, implying that they

had a similar skeletal structure. FTIR confirmed the

successful incorporation of a nitrogen atom into the

carbon structures, and a large amount of carboxyl,

hydroxyl, and amino groups on the surface of the

Arg-CD could improve its stability and

hydrophilicity.
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Figure 1 a Arg-CD TEM image with a scale bar of 20 nm, inset:

particle size distribution of Arg-CD; b Arg-CD TEM image with a

scale bar of 5 nm, inset: HRTEM image; c fluorescence excitation

spectrum (blue line) and emission spectrum (red line) of Arg-CD

(1 mg/1 mL), inset: Arg-CD photographs under sunlight and

365 nm UV light; d CIE 1931 chromaticity diagram of Arg-CD;

e fluorescence emission spectra of Arg-CD (1 mg/1 mL)at

different excitation wavelengths; f fluorescence spectra of Arg-

CD (3 mg/2 mL) with different ratios (L-arginine/DL-malic acid),

inset: Arg-CD photographs at different ratios under sunlight and

365 nm UV light. (kex = 360 nm).
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X-ray photoelectron spectroscopy (XPS)
of Arg-CD

XPS is considered a powerful tool for determining

surface-bound interactions and surface purity in

hybrid nanomaterials, which was used to further

study the surface element analysis and functional

groups of Arg-CD [31]. The XPS full-scan spectra

exhibited the presence of peaks for carbon, nitrogen,

and oxygen which was also in line with the results of

elemental analysis (Fig. 2c). After aligned and cor-

rected nuclear-level binding energy using carbon

(1 s), the peaks of good-resolution binding energy for

O1s, N1s, and C1s were found to be located at 531.1,

399.6, and 284.6 eV, respectively. The C1s spectrum

could be consisting of four peaks located at 284.48,

285.2, 286.2, and 288.2 eV indicating C–C, C–N, C–O,

and C=O/C=N bonds, respectively (Fig. 2d). The N1s

spectrum with the better-resolved peaks located at

399.3 and 400.4 eV was attributed to pyridine (C–N–

C)/N–H and pyrrole (C2–N–H), respectively

(Fig. 2e). The peaks of the O1s spectrum at 531.0 and

532.6 eV were corresponded to C=O and C–O–H,

respectively (Fig. 2f). The atomic percentages of C, N,

and O were found to be 52.24%, 18.06%, and 29.7%,

respectively. The results of XPS showed that the

surface of Arg-CD had various functional groups

such as C–N, C=O, N–H, C=O, and C2–N–H. From

the above, we could conclude that a new type of Arg-

CD has been successfully synthesized [32].
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Figure 2 a FTIR of Arg-CD;

b FTIR of Arg-CD and UA

and their mixture; c full-range

XPS spectrum of Arg-CD;

d high-resolution C1s XPS

spectrum; e high-resolution

N1s XPS spectrum; f high-

resolution O1s XPS spectrum.
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Stability of Arg-CD

To further evaluate the stability of Arg-CD, the effects

of time, temperature, pH value, and salt solutions on

the fluorescence intensity of both Arg-CD and Arg-

CD ? UA were investigated.

The fluorescence intensity of Arg-CD and Arg-

CD ? UA remained stable after UV irradiation for

about 1 min (Fig. S4A–B), 10 min (Fig. S4C–D), and

450 min (Fig. S4E–F). In the range of 30–75 �C, fluo-
rescence is still maintained (Fig. S5A–B), and the

fluorescence intensity of both samples remained

stable in pH value from 5.0 to 10.0 (Fig. S5C–D). Even

in Na? (0–200 mM) and K? (0–7 mM) solutions, the

fluorescence intensity of Arg-CD remained almost

constant (Fig. S6A–D). Therefore, Arg-CD displayed

good stability time, temperature, pH, and salt solu-

tions, which provide a good assurance for biological

application.

Fluorescence determination of UA

The reactivity of Arg-CD toward UA was performed

in the PBS buffer (pH 7.4, 1.0 mM) at room temper-

ature. Without UA, the fluorescent intensity of Arg-

CD was weak with excitation at 360 nm. Upon

addition of UA, the Arg-CD showed dual-emission

fluorescence enhancement at 445 nm and 514 nm

(Fig. 3a) and stabilized within 1 min (Fig. S7). The

kinetics data of Arg-CD were collected in the pres-

ence of UA (100 lM) and emission at 514 nm. These

results showed that the Arg-CD has the potential for

real-time determination for UA.

The fluorescence response between Arg-CD and

the concentrations of UA was studied with emission

at 445 nm and 514 nm (Fig. 3b). Fluorescence

response of Arg-CD to UA displayed a good regu-

larity in the range of 20–800 lM and can be expressed

by F445 ? F514 = - 8482.6 C2 ? 11,457.2 C ? 668.7

with the coefficient of determination (R2) of 0.99,

where C refers to the concentration of UA. However,

there was excellent linearity in the physiological

range (330 * 630 lM), satisfying the equation F445-
? F514 = 3250.5 C ? 2509.6 with the coefficient of

determination (R2) of 0.974 (inset of Fig. 3b). And the

limit of detection (LOD) is estimated to be 7.14 lM
(Eq. S1).

The synthesized Arg-CD also kept the dual fluo-

rescent emission when combined with UA. With the

concentration of UA increase, we could find an

obvious fluorescent intensity increase from 430 to

535 nm which performs a dual emission. In this

range, about 105 nm, the amplitude of the signal

strength is almost the same, which means that we can

collect signals arbitrarily in the wavelength of

430–535 nm and maintain high accuracy (Fig. 3c).

This is very important for us to collect signals

through mobile phones in the next experiment. A

comparison between this carbon dot and other

reported carbon dots for UA determination is sum-

marized in Table S1, which showed that the Arg-CD

has a faster response time than most of the reported

probes. These results reported that the Arg-CD could

sensitively and rapidly detect UA under physiologi-

cal conditions.

To investigate the mechanism, UV–Vis absorption

spectra from Arg-CD, Arg-CD ? UA, and UA

(Fig. S1) observed that UA has no absorption within

300–600 nm [33], and Arg-CD absorption increases in

the presence of UA without blue- or redshift, which

may be due to the interaction with Arg-CD and UA

[34]. The similarity of Arg-CD and Arg-CD ? UA

structures was also revealed, which was also con-

firmed by FTIR spectroscopy [35].According to the

exponential function Y(t) fitting formula (Eq. S2), the

average fluorescence lifetime of Arg-CD is 10.98 ns

and that of Arg-CD ? UA is 11.18 ns (Fig. 4a), which

indicates that the lifetime value does not change

markedly [36, 37]. As shown in Fig. 4b, there is

almost no overlap between the UV absorption spec-

trum of UA and the emission spectrum of Arg-CD,

which indicates that there is no effective inner filter

effect or Förster resonance energy transfer between

Arg-CD and UA [38].

The observational results show that FTIR and XPS

confirmed the presence of carboxyl, hydroxyl, and

amino groups on the surface of Arg-CD. As shown in

Fig. 4c, the zeta potential of Arg-CD was ? 4.09 mV,

indicating a positive charge on the surface of Arg-CD,

which was related to the presence of the amino group

on the surface of Arg-CD. And the zeta potential of

Arg-CD changed to - 5.76 mV after the addition of

UA, which was due to the action of UA on the outer

surface of Arg-CD [34]. Under weakly alkaline con-

ditions, the carboxyl group of Arg-CD is negatively

charged, while the secondary amine group in the UA

molecule is positively charged, and there is an elec-

trostatic interaction between them [39] and changes

the distance between them [40]. Uric acid is a dibasic

acid that, at a biological pH, forms a single charged

582 J Mater Sci (2022) 57:576–588



hydrogen or acid urate ion, is deprotonated on

nitrogen atom, and uses a tautomeric ketone/hy-

droxyl group as an electron-absorbing group, the

formation of hydrogen bonds between the ketone/

hydroxyl group in the UA molecule and the amino

group on the surface of Arg-CD [41], the compression

of the electron wave function in the dot, leading to an

increase in the degree of electron localization and an

increase in the surface defects of Arg-CD [33],

resulting in enhanced fluorescence. As shown in

Fig. 4d, when UA is added, UA acts on the surface of

Arg-CD to increase the particle size. Under weak

alkaline conditions, UA is better dispersed, which

promotes the maximum response of Arg-CD to UA

[39, 41].

Selectivity of Arg-CD toward other related
substances

To study the selectivity of Arg-CD toward UA, the

fluorescence response of the Arg-CD was studied in

the presence of various substances at 445 nm and

514 nm, including Zn2?, Ag?, Ca2?, Cu2?, Co2?, Fe2?,

Fe3?, Mg2?, Pd2?, S2O3
2-, NO2

-, HCO3
-, Arg, Asp,

AA, Cys, Crn, Tyr, Cad, Put, Glu, glucose, sucrose,

Gly, GSH, His, urea, HQ, melamine, Phe, Pro, SM,

PG, xanthine, Ade, caffeine, Chol, UTP, CMP, CTP,

GTP, ATP, AMP, ADP, and UA in the PBS buffer

(Fig. 5a). In the presence of UA, Arg-CD displayed

remarkable fluorescence enhancement. On the con-

trary, other substances introduced nearly no fluo-

rescent changes. Selectivity normalization intensity of

these interfering substances is much lower than UA

(Fig. 5b), indicating that the degree of change in the

system fluorescence intensity caused by these inter-

fering substances is negligible. Compared to the
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Figure 3 a Fluorescence titration curve of Arg-CD (3 mg/20 mL)

with different concentrations of UA from 0.0 to 0.8 mM; b regular

relationship between fluorescence factor F445 ? F514 and the

concentration of uric acid at 445 nm and 514 nm, inset:

corresponding linear fitting curve; c a three-dimensional

histogram of the normalized intensity. (kex = 360 nm). F445
represents the fluorescence intensity of Arg-CD in 445 nm; F514
represents the fluorescence intensity of Arg-CD in 514 nm.
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Figure 4 a Fluorescence decay curves of Arg-CD (1 mg/1 mL)

and Arg-CD ? UA; b UV–Vis spectra of UA (1 mM) plotted

against fluorescence emission spectra of Arg-CD (1 mg/1 mL)

(kex = 360 nm); c zeta potential diagram of Arg-CD and Arg-

CD ? UA; d particle size distribution of Arg-CD and Arg-

CD ? UA.

400 450 500 550 600

500

1000

1500

2000

2500

3000

Other substances

).u.a(
ytisn etnI

ecne cseroul F

Wavelength(nm)

UA

0 5 10 15 20 25 30 35 40 45

1

2

3

4

F/F
ytisnetn I

d ezira
mro

N
0

(a) (b)

Figure 5 a Fluorescence emission spectrum changes of Arg-CD

(3 mg/5 mL) ? UA (0.42 mM) mixed with all substances; b the

selectivity normalization intensity of Arg-CD ? UA with

interference substances at 514 nm. (0: Blank, 1: Zn2?, 2: Ag?,

3: Ca2?, 4: Cu2?, 5: Co2?, 6: Fe2?, 7: Fe3?, 8: Mg2?, 9: Pd2?, 10:

S2O3
2-, 11: NO2

-, 12: HCO3
-, 13: Arg, 14: Asp, 15: AA, 16:

Cys, 17: Crn, 18: Tyr, 19: Cad, 20: Put, 21: Glu, 22: glucose, 23:

sucrose, 24: Gly, 25: GSH, 26: His, 27: Urea, 28: HQ, 29:

melamine, 30: Phe, 31: Pro, 32: SM, 33: PG, 34: xanthine, 35:

Ade, 36: caffeine, 37: Chol, 38: UTP, 39: CMP, 40: CTP, 41: GTP,

42: ATP, 43: AMP, 44: ADP, 45: UA). F0 represents the original

fluorescence intensity of Arg-CD; F represents the fluorescence

intensity of Arg-CD with different substances, kex = 360 nm.

584 J Mater Sci (2022) 57:576–588



blank sample (Fig. S8A–D), the relative fluorescence

intensity F/F0 in the presence of UA was unaffected

by the interfering substances, suggesting that the

interference of the coexisted UA was negligible.

These results demonstrated that Arg-CD with the

high selectivity toward UA determination could be

an ideal photoluminescence sensor for UA.

Application of Arg-CD in human serum
samples

To evaluate the practicability of the proposed carbon

dot on actual samples, the preparation method was

applied to determine the concentration of uric acid in

nine human serum samples. For example, the habit-

ual level of uric acid in the serum for healthy people

is 240–520 lM. We used an automated biochemistry

analyzer to measure nine freshly obtained serum

samples.

As shown in Fig. 6, a linear relationship exists

between the Arg-CD normalized standard concen-

tration and the results obtained from the automatic

biochemical analyzer. The linear regression equation

is Y = X ? 2.2 with a coefficient of determination (R2)

of 0.998.

The results of the analysis are shown in Table 1.

The accuracy rate of uric acid in nine human serum

samples is in the range of 98.5–101.5%, and the rela-

tive standard deviations (RSD) of the three repeated

measurements are all lower than 4%, suggesting the

excellent repeatability of this method. These results

indicate that the Arg-CD could be used for UA

determination in human real samples. Therefore, the

results summarized in Table 1 further demonstrated

the practical value of this method for uric acid

determination in human serum.

Checking Arg-CD luminosity with a UV
flashlight

A self-made dark box, a cell phone, and a UV flash-

light were used as miniaturized devices. As shown in

Fig. S9, the pictures of Arg-CD solutions with dif-

ferent concentrations were visible under sunlight, UV

analyzer (365 nm), and UV flashlight. Being com-

pared to the UV analyzer, the fluorescent signals

were much brighter when irradiated by the UV

flashlight. The photographic images were digitally

processed and mapped to the CIE 1931 XY chro-

maticity diagram [42]. Here, we found that the fluo-

rescence variation luminosity of Arg-CD could be

analyzed using the Y part of the CIE 1931 XY color

space. We used an inexpensive miniaturized UV

flashlight to replace the traditional UV analyzer for

rapid fluorescent determination, which verified the

feasibility of utilizing Arg-CD to detect UA by visual

fluorescence changes in daily life.

Conclusions

In summary, arginine–malate-based dual-emission

carbon dots using L-arginine and DL-malic acid as

precursors were prepared by a simple and rapid

solvothermal synthesis method. Due to the substitu-

tion of non-metallic N elements, Arg-CD exhibits

excellent photochemical properties. After mixing

with UA, an obvious fluorescent intensity is

enhanced from 430 to 535 nm and the amplitude of

the signal strength is almost the same. Under the

physical conditions, fluorescence signal and uric acid

concentration had a very good regularity at 445 nm

and 514 nm and the coefficient of determination (R2)

was 0.99 and 0.974. Probe Arg-CD also performed

high selectivity of uric acid to other potential inter-

fering substances. The human serum experiment

proved that Arg-CD showed similar accuracy to

current clinical testing methods. The accuracy rate of

uric acid in nine human serum samples is in the

range of 98.5–101.5%, and the RSD measurements are

all lower than 4%. Meanwhile, we designed a simple,
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low-cost miniaturized device that could realize con-

venient and fast UA determination. The relevant APP

is in preparation, and then the speedy determination

of uric acid can be realized through the mobile

phone.
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