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Abstract
In the present work, we synthesized the carbon quantum dots (CQDs) by one step hydrothermal method using the dried beet
powder as the carbon source without additional chemical reagents and functionalization. The as-prepared CQDs are quasi-
spherical carbon nanoparticles with diameters of 4–8 nm as well as surface functional groups such as carboxyl and hydroxyl
groups, and exhibit good water-solubility, biocompatibility, and strong fluorescence. It is confirmed that amoxicillin (AMO)
could enhance the fluorescent intensity of CQDs, the I/I0 showed a linear correlation between the intensity of fluorescence and the
concentration of AMO in a broad range. These superior properties render a potential application of the CQDs in biomedical.
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Introduction

Amoxicillin (AMO), semi-synthetic penicillins broad-
spectrum β-lactam antibiotics, has been commonly used to
treat the bacterial infections caused by gram-negative and
gram-positive organisms, exogenous febrile disease and other
common bacterial infections of humans as well as of agricul-
tural livestock [1–3]. The chemical structures of AMO is
shown in Fig. 1. Although it is very efficient, excessive use
of AMO is quite harmful to human body, animals, and the
environment, such as the allergy, toxicity, double infection.
Especially, the excessive use of antibiotics in ambulatory prac-
tice has leaded to the emergence and spread of antibiotic-
resistant bacteria [4, 5]. Hence, the development of an effec-
tive analytical approaches for sensitive and selective detection
of trace amounts of AMO becomes essential. So far, several
methods such as high-performance liquid chromatography
(HPLC) [6], low injection chemi-luminescence [7], spectro-
photometric [3], mass spectrometry [8], atomic absorption

spectrophotometry [9], electrochemical techniques [10] have
been applied to the quantification of AMO. However, most of
the methods suffer from some limitations including low sen-
sitivity, high cost, complicated operating process, and not hos-
pital friendliness of some instruments. Therefore, it is urgent
to develop a simple, effective, convenient, economical, and
eco-environment detective strategy to quantitatively detect
the amount of AMO in blood sample.

The carbon quantum dots (CQDs) [11], once discovered,
have been intensively studied in the areas of catalysis [12, 13],
bioimaging [14], medical diagnosis [15], and sensor [16, 17].
In particular, CQDs have been used as the biosensor to detect
some cations, anions and organics such as Fe3+ [18–20], Cr5+

[21], Mo6+ [22], Co2+ [23], Hg2+ [24, 25], I− [26], ONOO−

[27], testosterone [28], hyaluronidase [29], selenite [30], glu-
tathione [31] and tetracycline [32], taking advantage of its
strong photoluminescence (PL), easy synthesis, excellent wa-
ter solubility, biocompatibility, low toxicity, photobleachin re-
sistance and environmental-friendliness [33–35].

Beet, on the other hand, is readily available, inexpensive,
rich in sucrose and other carbohydrates, and mainly used for
producing granulated sugar, which is suitable for be precursor
of CQDs. Herein, we report the novel strategy to prepare the
CQDs utilized the beet as the carbon source without adding
additional agents for hydrothermal preparation. In addition,
AMO can effectively enhance the PL intensity of as-
prepared CQDs, and the I/I0 and concentration of AMO has
a certain linear reaction in a broad range.
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Experimental

Materials

Beet was purchased from the local market in Astana,
Kazakhstan. Amoxicillin(98%) were obtained from
Shanghai Yuanye Biological Technology Co., Ltd..
Phosphate-buffered saline(PBS) (PH = 6.8) were purchased
from Shanghai Hongbei Reagent Co., Ltd.. Sucrose, glucose,
ascorbic acid, tryptophan, aspartic acid, L-cysteine, KBr,
Ca(NO3)2, NaF. All regents used were analytically pure
(AR) and as received without further purification. Deionized
water was prepared with a Milli-Q-Plus system(18.2 MΩ).

Characterization

Transmission electron microscopy (TEM) analyses were car-
ried out using a JEOL JEM2100 instrument operating at
200 kV. The samples for TEM analysis were prepared by
dropping a droplet of the ethanol solution of the product onto
carbon-coated copper grids and drying at room temperature.
Fourier transform infrared spectroscopy (FTIR) spectra were
measured on a Nicolet AVATAR 360 FT-IR spectrophotome-
ter. X-ray diffraction (XRD) analysis was carried out using a
Shimadzu XRD-6000 spectrometer. PL and UV-vis spectra of
the as-prepared CQDs were taken at room temperature in wa-
ter. The PL spectra was performed with a LS-55 spectropho-
tometer (PerkinElmer, USA) and UV-vis spectra were obtain-
ed using a UV-2102PC spectrophotometer (Unico, USA). All
optical measurements were carried out at room temperature
under ambient conditions.

Synthesize of CQDs

The CQDs were prepared using the hydrothermal method,
which we have reported previously [36]. Briefly, 1 g of the
dried beetroot powder was added into 50 mL water. Then the
mixture was transferred into a 100 mL Teflon-lined autoclave
and heated at 200 °C in air dry oven for a period of 5 h. The
crude product was obtained by filtration through a 0.22 μm
millipore membrane and then dried in the oven at 60 °C.
Thereafter, the crude product was re-dissolved in ethanol,

filtrated by 0.22 μm millipore membrane. Finally, the CQDs
was obtained by evaporating ethanol and further dried under
vacuum oven. The as-prepared CQDs stored at 4 °C before use.

AMO Detection Using CQDs

To demonstrate sensing capability of the as-prepared CQDs, the
sensing study was done with PL spectroscopy using different
concentrations of AMO (0–400 μM). To affirm the stability of
CQDs under high ionic strength conditions, their PL intensities
were measured under high ionic strength conditions. To verify
the selectivity, some common ions and small molecules were
studied. All the PL intensity detections were carried out with an
excitation wavelength at 380 nm (CQDs, 5 μg·mL−1). All the
measurements were performed under the same conditions at
room temperature, and repeated at least 3 times.

Results and Discussion

The Synthesis and Characterization of CQDs

Figure 2a displays the TEM patterns of the as-prepared CQDs.
These CQDs are well dispersed and display uniform diameters
in the range of 4–8 nm. Figure 1b shows the XRD spectrum of
the as-prepared CQDs. The diffraction peak is at 23° is ob-
served, suggesting that the CQDs are formed by highly disor-
dered carbon atoms. Fourier transform infrared (FTIR) mea-
surement was used to confirm the as-prepared CQDs and in-
vestigate the functional group in surface of these CQDs. As
shown in Fig. 2c, the broad peak centered at 3419 cm−1 rep-
resents O-H bonding, and the absorption at 2929 cm−1 is at-
tributed to C-H stretching vibrations. Two bands located at
1588 and 1384 cm−1 can only be assigned as the asymmetric
and symmetric stretching vibrations of the carboxyl anions,
respectively. It turns out the O-H group identified through the
band at 3419 cm−1 is not necessarily the hydroxyl in carbox-
ylic acids and the O-H group and carboxyl anions stay inde-
pendently on the surface of CQDs. Therefore, the CQD pre-
pared in the present work shows high water solubility.

The surface composition of the as-prepared CQDs were
further confirmed by XPS. The full range XPS analysis
(Fig. 3a) showed three peaks at 285.08, 401.08, and
533.08 eV corresponding to C1s, N1 s, and O1s, respectively.
Figure 3b displayed the C1s spectrum which exist three peaks
at 284.7, 285.7 and 286.8 eV, representing C1s states in C-C/
C-H/C-O, C-N and C=O functionalities, respectively. The
XPS spectrum of O1s exhibited three apparent peaks centered
at 532.0 eV, 532.6 eVand 532.7 eV, which were related to the -
OH, O-C/C-OH/O-C-O and C=O bond (Fig. 3c.). The high-
resolution spectrum of N1 s can be assigned to two surface
components in the as-prepared CQDs, corresponding to N-H
at binding energy of 400.2 eV, as well as C-N at 402.4 eV (Fig.

Fig. 1 The chemical structures of AMO
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Fig. 3 XPS survey scan of (a) as-prepared CQDs; bHigh-resolution of C1s peaks; cHigh-resolution of O1s peaks and (d) High-resolution of N1 s peaks

Fig. 2 TEM image (a); XRD pattern (b); and (c) FTIR spectra of the as-prepared CQDs
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3d). Although lacking the evidence from FTIR, the XPS re-
sults indicate there is certain nitrogen containing in beet,
which makes beet a great starting material for the synthesis
of CQDs. On the other hand, the existence of hydroxyl and
carboxylic groups on the surface of as-prepared CQDs is sup-
ported by XPS test.

The UV-vis absorption spectrum shows three bands at
219 nm, 265 nm, and 330 nm as in Fig. 4a. While the band
at 219 nm is corresponding to the π-π* transition of C=C, the
absorptions at 265 nm and 330 nm represent n-π* transition of
C=O bonds.

In order to further explore their PL properties, the PL var-
iation of CQDs with different excited wavelength was inves-
tigated. Aqueous solution of the as-prepared CQDs exhibits
excitation-dependent emission, as shown in Fig. 4b, the emis-
sion peaks are red shifted from 438 nm to 456 nm for the as-
prepared CQDs as the excited wavelength moves from 340 to
400 nm. Moreover, the intensity of the emission peaks be-
comes strong and thenweak with the increasing excited wave-
length. This intrinsic property is duo to the different particle
sizes and considerable distribution of emissive trap sites on the
as-prepared CQDs, which has been reported previously [37].

Although the mechanism of the PL of CQDs remains un-
revealed, the PL is known highly correlated to the states, dis-
tribution, and their association of the functional groups on the
surface [38]. The effect of pH on the PL intensity of the as-
prepared CQDs were studied under various pH solutions (1.0
to 14.0) (HCl and NaOH was used to adjust the pH of the
system). A slight pH dependence was revealed and the opti-
mized PL intensity of CQDs was achieved at pH = 6 (Fig. 5a).

The dependence of ionic strength of the fluorescent prop-
erty of the as-prepared CQDs was estimated in the NaCl so-
lution with the concentration from 0 to 1.0 M. As shown in
Fig. 5b, interestingly, the PL intensity barely showed any de-
pendence on the ionic strength. This is particularly an advan-
tage for themeasurement under high ionic strength conditions.
This finding ensures that CQDs have great potential for sens-
ing applications under more complicated conditions and phys-
iological conditions.

Determination of AMO

Taking the advantages above, the as-prepared CQDs were
utilized as a fluorescent sensor for sensitive and selective de-
tection of AMO. Figure 6a depicted the change of PL intensity
of the as-prepared CQDs in the presence of PBS and different
concentration of AMO (0, 25, 50, 75, 100, 125, 150, 175, 200,
225, 250, 275, 300, 325, 350, 375, 400 μM). Clearly, the
fluorescence was enhanced gradually with the increase in the
concentration of AMO. Meanwhile, the I/I0 showed a good
linear response with the concentration of AMO in the range
of 0–400 μM (Fig. 6b). The linear equation was I/I0 =
0.99618 + 0.01352[AMO] (R2 = 0.99946, I and I0 were
the PL intensity in the presence and absence of AMO, re-
spectively.), which suggests that the detection of AMO is
completely feasible using the as-prepared CQDs. The lower
limit of measurement of AMO was identified as 0.475 μM
in the present work.

Figure 6c displays the stability of the PL intensity of the
CQDs solution added AMO. The PL intensity of CQDs at
380 nm was enhanced immediately when the AMO was
added into the solution. The PL intensity of the solution re-
mains stable during the 6 min after mixing. The result implies
that the enhancement of AMO to the CQDs occurs in a short
period of time and the resulting fluorescence is stable within a
period of time when the detection can be well arranged. This
promises a fast, convenient and stable sensing of AMO using
the as-prepared CQDs. To evaluate the selectivity of the as-
prepared CQDs, some potential interfering compounds, in-
cluding sucrose, glucose, ascorbic acid, tryptophan, aspartic
acid, L-cysteine, KBr, Ca(NO3)2, NaF (250 μM for each)
were investigated under the same conditions. As shown in
Fig. 6d, the potential interferes caused minor signal fluctua-
tions, while the PL intensity change caused by AMO could be
clearly distinguished. Hence, the detection of AMO using as-
prepared CQDs is highly selective. High sensitivity, fast re-
sponse, high stability, large ionic strength duration, along with
high selectivity makes the sensing system established in the
present work fairly remarkable.

Fig. 4 a The UV-vis absorption spectrum of the as-prepared CQDs, and (b) the PL spectra of the as-prepared CQDs under a series of excited wavelength
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The possible mechanism for the enhancement of the fluo-
rescence will be further discussed below. Both FTIR and XPS
indicate abundant hydrophilic groups (carboxylic and hydrox-
yl groups) are distributed on the surface of the as-prepared
CQDs. While these functional groups promote the water
solubility of CQDs, they also provide many potentials for
the hydrogen bonding with AMO. Even though we do not
know how exactly the hydrogen bonding with AMO chang-
es or at least intervenes the electronic structure of the sur-
face of CQDs, the binding with AMO in the present work

certainly enhances the PL intensity [39]. On the other hand,
the electrostatic repulsion between the AMO adsorbed on
the surface of the CQDs would increase the distance be-
tween the CQDs, which would effectively separate the
CQDs from each other, and further reduces the nonradiative
decay. In addition, the attachment of AMO could potential-
ly vary the surface defects of the CQDs, leading to the
enhancement of PL intensity [40]. Nevertheless, the exact
mechanism of enhancing fluorescence requires further
study.

Fig. 6 a PL spectra of CQDs dispersion in the presence of different
concentrations of AMO from 0 to 400 μM. CQDs, 5 μg·mL−1, b the
linear plot of I/I0 versus AMO concentration in the range from 0 to
400 μM, c Time-dependent PL response of CQDs in PBS (pH 6.8).

CQDs, 5 μg·mL−1, d the PL intensity of the as-prepared CQDs
(5 μg·mL−1) in the presence of various common ions and small
molecules (250 μM for each). Data are presented as average from three
independent measurements (N = 3)

Fig. 5 a Effect of pH on the PL intensity of the as-prepared CQDs; b PL intensity of as-prepared CQDs in NaCl aqueous solution (pH = 7) against the
ionic strength
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Conclusion

In this work, CQDs were synthesized using beet through a
one-step hydrothermal process without any other chemical
agents and further functionalization, a fast, green, low cost
and convenient method to prepare fluorescent CQDs in large
scale. It could be concluded that the as-prepared CQDs exhibit
excellent water solubility and strong PL. The PL intensity I/I0
showed a linear response with the concentration of AMO in a
broad range 0-400 μM with a lower limit of detection of
0.475 μM. With all the virtues of CQDs prepared in the pres-
ent work, a fast response, stable, highly sensitive and selective
detecting method has established for the quantitative measure-
ment of trace amount of AMO.
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