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Abstract

In this work, determination of aspartic acid by N-doped carbon dots (N-CDs) was studied at optimum condition. Characterization
and morphology of surface of N-CDs were carried out by FT-IR and HRTEM. N-doped carbon dots size was 10 nm. Quenching
was very fast after addition of aspartic acid that is an important property of this sensor. Optimum conditions for pH and excitation
wavelength were 8 and 360 nm, respectively. Linear dynamic range and limit of detection for aspartic acid were 0.5-50 uM and
90 nM, respectively. This method was used for aspartic acid determination in human serum and sport supplement powder as real
samples. Performance of this sensor was also compared with other fluorescent sensors.
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Introduction

Amino acids are very important organic compounds because
of their basic function in proteins, neurotransmitters and bio-
synthesis [1]. Aspartic acid, an aliphatic amino acid, contains
a-amino group (as protonated form -NH3™) and o-carboxylic
acid group (as deprotonated form —COQO™) under biological
conditions. Aspartic acid can be synthesized in body from
oxaloacetate [2]. Aspartic acid is found especially in sugar
cane and sugar beets. It has an overall negative charge and
plays an important role in the citric acid and urea cycles and in
the synthesis of other amino acids such as asparagine, argi-
nine, lysine, methionine and isoleucine [3]. Aspartic acid
plays a key role in supplements for sportsman because lead
to increasing muscle size and enhancing strength with testos-
terone and luteinising hormones increase [4].

Several methods were used for separation and determination
of amino acids, such as ion exchange chromatography [5],
capillary electrophoresis mass spectrometry [6], HPLC-MS,
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HPLC-UV [7] and GC-MS [8]. Most of common amino acids
have not any chromophoric group and their derivatives with
fluorescent dyes used in high performance liquid chromatogra-
phy with laser-induced fluorescence. However, HPLC methods
need to long analysis time, expensive instrumentation, sample
pretreatment procedures, expensive material and complicated
preparation process [9, 10]. Thus, it is essential to develop new
methods to overcome these drawbacks.

Carbon dots have interesting properties including moderate
reaction temperature, low toxicity, solubility in water, unique
optical properties such as high quantum yield,
photoluminescence, broad excitation spectrum, narrow emis-
sion bandwidth and size-dependent tunable [11]. Various syn-
thesis techniques like physical and chemical vapor deposition,
hydrothermal, electro templating and solvothermal methods
can be used for CDs synthesis. These techniques need to long
reaction times and post processing of the prepared samples
[12]. A simple and easy technique is microwave-assisted
method. Microwave-assisted method has many advantages
such as environmental friendliness, energy saving, high yield
and uniform size distribution of carbon dots [13, 14].

In this work, a selective and sensitive sensor based on N-
doped CDs was used for cheap and easy determination of
aspartic acid. N-doped CDs were synthesized by microwave-
assisted method and used for aspartic acid determination in
human serum and sport supplement powder as real samples.
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Experimental Section
Reagents

All chemicals with highest purity available were obtained
from Merck. Stock solutions (10 mM) of aspartic acid and
interferences were prepared from their salts and deionized
water. Universal buffers (0.01 M) were used for pH
adjustment.

Synthesis of Nitrogen-Doped Carbon Dots

A solution containing citric acid, 1 g, urea, 1 g and 10 mL
deionized water was radiated at 450 W for 5 min in micro-
wave oven. Obtained brown color solid was dissolved in
10 mL water, centrifuged and dried at room temperature.
Dried solid was dissolved in water (final concentration was
20 mg/mL).

Characterization

UV-Vis (Varian Cary 300 Bio UV/Vis), FT-IR (Vertex 70 FT-
IR) and fluorescence (Varian Cary) spectra were used for N-
CDs characterization. HRTEM (MC30; Philips) was used for
size and morphology determination of the N-CDs.
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Fig. 1 a UV-vis absorption, excitation and emission spectra of CDs in
aqueous solutions (0.05 mg mL ™), Aex =360 nm and Ay, =450 nm. (b)
FL spectra at different excitation wavelength
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Fig. 2 a The typical HRTEM image (B) FT-IR spectra before (a) and
after (b) addition of aspartic acid to N-CDs
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Analytical Method

At initial N-CDs concentration, fluorescence intensity was
very high, thus it was diluted 10 fold. A typical aspartic acid
measurement was performed as follow. 75 uL of N-CDs were
added to 3 mL of Britton—Robinson universal buffer (pH =8,
0.01 M). Different concentration of aspartic acid was added to
mixture and fluorescence intensity was measured (A, =
360 nm, A, =450 nm, slit widths 5 nm).

Real Samples

Real samples were human serum (central lab, Ilam, Iran) and
sport supplement powder (Super-size, Apex Company,
Isfahan, Iran). 1 mL aliquot of plasma was placed into a cen-
trifuge tube and 60 pL of 0.2 M HCI was added. Then, 1 mL
of acetonitrile was added in order to precipitate proteins. The
solution was centrifuged for 20 min and the supernatant solu-
tion was transferred into a 25-mL volumetric flask and diluted
to the mark with water [15].

Sport supplement dry powder (1 g) was dissolved in 10 mL
of deionized water and sonicated up to 20 min at 300 W and
37 KHz (ultrasonic waves help to better dissolving and
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Fig.3 Effect of pH (a) and time (b) on the relative florescence intensity in
the presence of 25 uM aspartic acid
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Fig.4 a Fluorescence emission spectra of the N-CDs in aqueous solution
after addition of various concentrations of aspartic acid (from top to
bottom: 0, 0.5, 1, 2, 5, 10, 15, 25, 40 and 50 uM). b Stern-Volmer plot

dispersion of sample powder in water). Then, 20 mL of chlo-
roform was added to sample solution. The suspension was
centrifuged at 5000 rpm for 15 min and the liquid phase sep-
arated and analyzed [16, 17].

Result and Discussion
Characterization

As shown in Fig. 1a (UV-Vis absorption spectrum of the N-
CDs), there are two absorption peaks at 250 and 350 nm.
These peaks are related to the 1 — 7* and n — 7v* transitions
of aromatic system and non-bonding electron of nitrogen.

As shown in Fig. la, when N-CDs are excited at
360 nm, strong fluorescence emission peak is observed
at 450 nm. As shown in Fig. 1b, fluorescence intensity
of the N-CDs also changes with the change of excita-
tion wavelength from 360 to 400 nm (with low shift at
maximum peak from 445 to 460 nm). Thus, optimum
wavelength for excitation is 360 nm.

High resolution transmission electron microscopy
(HRTEM) image is used for morphological study and particles
size determination of the synthesized N-CDs. As shown in
Fig. 2a, the diameter of N-CDs is 10 nm.

Fourier transform infrared spectroscopy (FT-IR) can be
used to investigate N-CDs functional groups. The FT-IR spec-
tra of N-CDs before and after addition of aspartic acid are
shown in Fig. 2b. As shown in Fig. 2b, there are clear band
shifts and intensity changes in O—H and N—H vibrations bands
at 3200-3400 cm ™', while the sharp peak at 2100 cm™ ' repre-
sents azide group. Vibrations at 1722 ¢cm™' were confirmed
the existence of the carbonyl C=0 groups. C-N stretching had
medium absorption band at region 1201-1411 cm™' [18].

Effect of pH and Time

One of the most important analytical parameters is pH. Effect
of pH on the fluorescence quenching of N-CDs in the pH
range of 2-10 in the presence of 25 uM of aspartic acid is
shown in Fig. 3a. First, quenching increases and reaches to
maximum value at pH 8 and then decreases at higher pHs. It
could be emphasized that in acidic medium (pH=2 to 5),
there is little effect but in neutral and basic medium (6 to 9)
fluorescence is highly affected. The effect of pH in this region
is due to deprotonation of the functional groups (carboxyl and
amine) on the surface of N-CDs and aspartic acid which leads
to change in fluorescence intensity. Interactions reach to max-
imum value at pH = 8 and the highest quenching is observed.

Figure 3b shows effect of response times in the range of 1
to 30 min on the fluorescence intensity of N-CDs at room
temperature and pH 8. Quenching is very fast after addition
of aspartic acid. It is an important property of this sensor.
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Table 1 Comparison of different fluorescence sensors for aspartic acid
Sensor Detection Linear Ref.
limit range
(HM) (M)
Dansyl Hydrazine Dextran - 1002500 [18]
Conjugate
Supramolecular binary ensemble 0.6 40-200  [19]
based on an
imidazolium-modified
cationic dansyl derivative/
anionic surfactant (SDS)
2-(2-Pyridyl) benzimidazole 10 10-300 [20]
based Co(II) complex
Polythiophene—gold 0.032 0.075-6  [21]
nanoparticles composite
Glucosamine modified - 0.1-10 [22]

near-infrared cyanine
fluorescent probe
Co* * complex of triazole 2.5 - [23]
linked imino-phenol based
calix[4]arene conjugate
N-CDs 0.09

0.5-50 This study

Calibration

At optimized conditions, the fluorescence intensity of
the N-CDs is gradually decreased due to fluorescence
quenching by aspartic acid in the range of 0.5-50 uM
(Fig. 4a). As shown in Fig. 4b, Stern-Volmer plot (Fy/F
versus aspartic acid concentration) is Fo/F =0.0234 Cyp
(uM) + 1.0622, R?=0.99. The limit of detection (LOD)
for aspartic acid is 90 nM using LOD=30/s.
Comparison of detection limit and linear range of vari-
ous fluorescence methods for aspartic acid is presented
in Table 1. Most of the reported sensors [18-23] have
complex structure, complicated preparation process and
need to expensive material, while our synthesis method

Table 2 Tolerance of diverse ions on the fluorescence intensity of
25 uM aspartic acid
Materials Tolerance*
Arginine, Sucrose, Glucose, Proline, Urea, L-Phenyl 500
Alanine,
Glycine, Melamine, Cysteine, Leucine,
Methionine, Lysine, Serine
Mg** Na*, K*, Ca®*, T’ 100
Ag', Fe™* 50
Fe’*, Tyrosine 10
Glutamic acid 5

*The tolerance limits were determined based on maximum error of 5% in
fluorescence intensity

is green, easy, fast and cheap. Advantage of the new
sensor is very fast response time with respect to previ-
ous sensors. 2-(2-Pyridyl) benzimidazole based Co(Il)
complex [20] has 2 h reaction time. Glucosamine mod-
ified near-infrared cyanine fluorescent probe [22] need
to 20/80 ethanol/water solvent. Good water solubility,
low detection limit and acceptable linear dynamic range
are another advantages of this sensor.

Selectivity

Fluorescence turn off synthesized N-CDs after addition of
various cations, anions and molecules is shown in Fig. 5. As
shown, F/F, ratio decreases in present of aspartic acid, but
other ions and molecules have no remarkable effects.
Electron transitions of nonbonding pair electron in the carbon
dots structure cause fluorescence emission. Aspartic acid, as
an acidic amino acid (with pK,; = 1.92 and pK,, =3.87) acts
as an electron withdrawing group, can attract free electrons,
and lead to fluorescence quenching of carbon dots.

Fig. 5 Fluorescence responses of
N-CDs system to different ions
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Table 3  Determination of aspartic acid by the suggested fluorescence

sensor in real samples

Samples Added Found Recovery RSD
(uM) (uM) (%)

Human serum 0 8.0 - -
10 18.5+£0.13 105.0 1.2
25 35.0+0.43 108.0 1.6
50 59.5+0.98 103.0 1.9

Sport supplement 0 18.0 - -

powder 10 28.9+0.22 109.0 2.1

25 46.5+£0.75 114.0 2.6
50 745+1.70 113.0 3.0

Interference Effect

The interference effect of other ions on aspartic acid determi-
nation (25 uM) is presented in Table 2. No remarkable inter-
ferences from ions including: Sn**, Sn**, Cd**, Ni**, Co**,
Sb**, Ti**, Ba™, Li*, W®', Na*, K, Cu**, Zn™*, Ca™*, Li*,
AP*, Fe’*, Fe*, Pb**, Bi*, Mo®, La’*, Ba>*, Ag" are ob-
served. Only Glutamic acid has significant interferences, be-
cause it has acidic properties (pK,=4.1) similar to aspartic
acid and can attract free electrons and lead to fluorescence
quenching.

Real Samples

Real sample analysis is carried out in order to investigate
efficiency of new methods in complicated matrix. Recovery
of aspartic acid in human serum and supplement powder is
presented in Table 3. As shown, this sensor has suitable re-
coveries, thus has good ability for analysis of aspartic acid in
real samples.

Conclusions

Application of N-CDs as amino acid sensor is cheap, fast, easy
and environmental friendly. N-CDs can be synthesized by
microwave method and characterized by FT-IR and HR-
TEM. Aspartic acid can be determined in human serum and
sport supplement powder as real samples by turn-off fluores-
cence sensor at optimum conditions (pH 8 and excitation
wavelength of 360 nm).
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