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Abstract
A non-enzymatic fluorometric assay is described for the determination of glucose. The method is based on the use of g-C3N4

quantum dots (QDs) that have good water solubility. The QDs were synthesized by a one-step solvothermal process using
formamide as precursor. The QDs possess an average size of ~5 nm, a band gap of 3.0~3.5 eV, and strong blue fluorescence
(with excitation/emission maxima at 400/447 nm). Fluorescence is quenched by glucose (which acts as the electron acceptor) via
an electron transfer mechanism. Comprehensive spectroscopy and density functional theory calculations show that the selectivity
of the fluorescent probe can be attributed to the presence of N-H bonds that are formed between the QDs (mainly at plane edges)
and glucose. The interaction forces lead to the formation of localized states for capturing hot electrons. This results in a decrease
in the band gap and a reduction in fluorescence intensity. The probe is selective over some typical interfering species (such as
cysteine and albumin) which often are present in the urine of diabetics. The method has a linear response in the 0.2 to 5.0 mM
glucose concentration range and a 0.2 mM detection limit.

Keywords Density functional theory calculations . Fluorescent probe . Inorganic nanomaterials . Fluorescence quenching

Introduction

Abnormal glucose levels in the human body can cause harm-
ful effect to human health. Therefore, developing glucose
analysis methods with high reliability and selectivity is impor-
tant for clinical diagnosis and personal diabetes management
[1–4]. For this reason, a number of glucose sensors have been

reported in the literature. Among the sensing approaches,
those based on electrochemical and fluorescence signal trans-
mission are frequently used [5, 6]. The electrochemical sen-
sors for glucose suffer from interferences of other
electroactive species, a large overpotential, and/or the rigorous
experimental environments (e.g. strong alkaline solution) [6].
On top of that, some electrochemical biosensors need addi-
tional reducing/oxidizing agents such as dyes or enzymes,
which makes these electrochemical devices more complicated
[5]. These problems can be circumvented by non-enzymatic
fluorescence methods, which belong to the non-invasive
measurements.

The performance of fluorescent probes is mainly deter-
mined by the design of materials that are specific to
glucose. In general, the photoluminescent properties depen-
dent on the concentration of glucose can be obtained by sens-
ing materials labelled with some fluorophores, or directly by
sensing materials themselves. Among these fluorescent mate-
rials, inorganic zero-dimensional (0D) carbon nanomaterials
have been most extensively investigated due to the tunable
fluorescence emission, good chemical inertness, high water
solubility, and low toxicity [7–9]. These features can effective-
ly guarantee analytical performance, stability and biocompat-
ibility. After foreign element doping, 0D carbon nanomaterials
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can exhibit better fluorescent emission or quantum yield.
Doped carbon nanomaterials as sensing elements can further
improve the sensitivity of fluorescent sensors [7]. For exam-
ple, N-doped carbon dots or 0D graphitic carbon nitride (g-
C3N4) nanomaterials possess excellent physicochemical prop-
erties, such as proper electronic structure (a medium-bandgap
semiconductor), high stability, and visible-light responses [10,
11]. The g-C3N4 quantum dots (QDs) exhibit high quantum
yield (φ) of 0.3~0.9, much better than that of graphene QDs
(φ < 0.2) [8]. Therefore, 0D g-C3N4 is an excellent building
block for fluorescent biosensing and bioimaging [12–14].

Fluorescent probes based on 0D g-C3N4 or N-doped car-
bon nanomaterials have been used mainly for detecting metal
ions [14, 15], riboflavin (RF) [16], and ascorbic acid [17], but
rarely for glucose detection [18]. In this study, a new synthesis
route for g-C3N4 quantum dots (QDs) with high water solu-
bility and stability is given based on a one-step solvothermal
process using formamide as the precursor (Fig. 1). Such
bottom-up synthesis methods based on solvothermal process-
es are usually superior to top-down methods in terms of the
modification process and fluorescence properties [7]. Here, a
non-enzymatic fluorometric assay based on the g-C3N4 QDs
was developed for detecting glucose with high selectivity and
a wide detection range. Spectroscopic analysis and density
functional theory (DFT) calculations were used to investigate
the mechanism of selectively detecting glucose. The results
demonstrate that glucose molecules as efficient quenchers
weaken the fluorescence emission of g-C3N4 QDs. The pro-
cesses comply with the electron-transfer mechanism, because

glucose molecules can selectively adsorb on the plane edges
of g-C3N4 QDs through the N-H hydrogen bonds and the π–π
electron interactions (Fig. 1).

Experimental section

Chemicals

Formamide (≥99.5%), sodium phosphate dibasic (99%,
Na2HPO4), anhydrous sodium dihydngen phoshate
anhydrous (99.0%, NaH2PO4), glucose (≥99.5%, C6H12O6),
albumin (96%, Alb), cysteine (97%, Crst), uric acid (99%,
UA), mannitol (98%, Mnt), arabinitol (99%, Arnt), erythritol
(99%, Ert), L-ascorbic acid (>99.0%, AA), sucrose (Sr),
fructose (99.5%, Ft), lactose (Lt) were bought from Aladdin
Industrial Inc. (Shanghai, China, https://www.aladdin-e.
com/). Phosphate buffer solution (20 mM, pH =7) was
prepared by mixing the stock solution of Na2HPO4 and
NaH2PO4. All solutions in experiments were prepared with
ultrapure water (resistivity >18.2 MΩ· cm, Laikie Instrument
Co., Ltd., Shanghai, China, http://www.okpure.com). Urine
samples without and with glucose were collected from a
clinical laboratory without any treatment. Thereinto, the
concentrations of glucose in the urine samples was
determined as 4.1 mM and 3.0 mM by spectrophotometric
analysis. All other reagents were used without further
purification.

Fig. 1 Schematic presentation of the fabrication of g-C3N4 QDs and the mechanism of selective detection of glucose in urine
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Preparation of g-C3N4 quantum dots

For typical experiments, 30mL of formamide were added into
a Teflon-lined stainless steel autoclave (50 mL) and kept at
180 C for 1.5 h in an electric oven. The increase rate of tem-
perature was set to 10 C·min−1. Finally, a canary-yellow solu-
tion of g-C3N4 quantum dots (QDs) with a concentration of
17.6 mM was obtained (Fig. 1).

Characterization methods

The morphology of g-C3N4 QDs was characterized by trans-
mission electron microscopy (TEM Tecnai G2 S-Twin) with
an accelerating voltage of 120 kV, and atomic force micros-
copy (AFM Agilent PicoPlus). For the TEM characterization,
the g-C3N4 QD solution was added into absolute alcohol and
dispersed by sonication. Then the suspensions were put onto
copper grids using a pipette. The chemical structure informa-
tion was investigated by Fourier transform spectrophotometer
(FT-IR, VERTEX 70, Bruker), X-rays photoelectron spectros-
copy (XPS, VG ESCA LAB 250), X-ray diffraction (XRD)
patterns (Shimadzu Model LabX XRD-6000) with a Cu K a
radiation (1.54056 Å), photoluminescence (PL) spectra
(FL4500), and gas chromatography/mass spectroscopy (GC/
MS) apparatus (7890A/5975C, Agilent Technologies, Santa
Clara, CA, USA). Thereinto, the fluorescence measurements
were performed on a Hitachi F-4500 spectrofluorimeter by
exciting the sample at 400 nm and measuring the emission
at 447 nm if no additional information was given. The slits
for excitation and emission were set at 5 nm and 10 nm,
respectively.

Fluorescence sensing performance

The detection limit and the linear range were evaluated by
detecting a series of different known concentrations of glucose
under optimized conditions. The sample for analysis was com-
posed of phosphate buffer solution (20 mM, pH = 7), g-C3N4

QDs (2.82 mM), and glucose (in different concentrations).
These calibration standard solutions were equilibrated for
the optimum incubation time (10 min). The selectivity was
evaluated by testing the fluorescence emission of g-C3N4

QDs solution with and without interfering species, such as
saccharides and polyols. The concentrations of glucose and
interfering species were all 1 mM. In addition, the urine with-
out glucose was added into g-C3N4 QDs solution by the vol-
ume ratio of 1:1. The changes in fluorescence emission of g-
C3N4 QDs were used to test the selectivity.

Computational details

Using the Gaussian 09 program [19], the glucose molecule was
fully optimized at the B3LYP/6–311 + G (d, p) levels. Its

frequency calculation was accomplished at the same level to
confirm that the optimized geometries have no imaginary fre-
quencies and thus correspond to the ground-state minimum. g-
C3N4 (2 × 2 × 1 super cells, C12N16) with or without glucose
molecule was fully optimized using the CASTEP code under
the general gradient approximation (GGA) expressed by the
Perdew-Burke-Ernzerhof (PBE) functional [20]. This method
has been successfully applied to investigate nonbonding interac-
tion between active organic molecules and 2D layered
nanomaterials. A vacuum thickness of 18 Å was used to avoid
the coupling within the interlayer. The kinetic energy cutoff and
the convergence threshold for energy were set as 500 eV and
10−6 eV, respectively.

Results and discussion

Characterizations of g-C3N4 QDs

The TEM image (Fig. 2a) shows that the morphology of the
QDs. Solvothermal reactions of formamide for 1.5 h result in
spherical quantum dots (QDs) with average size of ~5 nm.
The canary-yellow QD solution is very stable, and can be kept
at room temperature for one year without any change (Fig.
2b). The polycrystalline spherical feature implies that the
growth of QDs is formed by monomer attachment or coales-
cence. Similar growth has been observed for platinum, Pt3Fe,
PbS, or iron oxide [21–23]. GC-MS analysis demonstrates
that the solvothermal reactions of formamide continue from
0 to 60 min. During this time the concentration of 1,3,5- tri-
azine gradually enlarges (Fig. S1 and Fig. S2), indicating that
the growth unit should be the 1,3,5- triazine (s-triazine).
During the condensation or polymerization of formamide,
1,3,5- triazine acts as monomer attachment for the QDs.
According to a previous report where g-C3N4 QDs were pre-
pared by microwave irradiation of formamide [24], it can be
concluded that the resulting product is g-C3N4 QDs.
Moreover, the g-C3N4 QDs with average size of ~5 nm can
exhibit the expected visible-light absorption properties [25].

According to the GC-MS analysis and some related work
[26, 27], the formation of g-g-C3N4 QDs mainly went through
the following processes. Firstly, an excess of formamide
formed tris(formylamino)methane, and then translated into
1,3,5- triazine (basic structural unit) by thermolysis [26].
Similar to the condensation pathways of ammonium
tricyanomelaminate, guanidinium tricyanomelaminate, or
melaminium tricyanomelaminate as the precursor of g-C3N4

[27], 1,3,5- triazine would further generate g-C3N4 by the
thermal condensation while releasing ammonia gas.

Further, the X-ray diffraction (XRD) pattern (Fig. S3)
shows that there is one strong peak at 27.3° (2θ), correspond-
ing to the (002) plane of g-C3N4 [27]. The presence of (002)
plane with an average interlayer distance of approximately
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3.20 Å indicates a characteristic interlayer stacking of the
conjugated aromatic systems, which is similar to g-C3N4

(3.26 Å) synthesized by polymerization of cyanamide,
dicyandiamide, or melamine [28, 29]. In general, the charac-
teristic peak is in well accordance with g-C3N4 with space
group of P-6 m2 and a hexagonal crystal (a = 4.7420 Å, c =
6.7205 Å, the standard JCPDS card no. 01–087-1526). It is
composed of s-triazine, rather than tri-s-triazine. AMF char-
acterizations (Fig. 2c, d) further confirm that the morphology
is spherical QDs. In addition, the thickness of g-C3N4 QDs is
0.35 nm, consistent with the parameters (0.325 nm) of mono-
layer g-C3N4 QDs obtained by theoretical calculations [30].

X-ray photoelectron spectroscopy (XPS) analyses indicate
that the chemical composition is mainly C and N (Fig. S4A).
TheC/N ratio of g-C3N4QDswas determined to be 1.462,which
is consistent with the C/N ratio of triazine-based g-C3N4 [13, 31].
In addition, a tiny signal of O 1 s is observed (Fig. S4A), possibly
because a certain amount of formamide adsorbs on the surface or
plane edges of g-C3N4 QDs. To gain insight into the chemical
bonding between carbon and nitrogen atoms in g-C3N4 QDs, the
high-resolution C1s and N1 s spectra (Fig. S4B and Fig. S4C)
were further deconvoluted into Gaussian-Lorenzian peaks, re-
spectively. The C1s peak at 284.6 eV is typically assigned to
graphitic carbon or sp2 C–N [32]. The band at 286.5 eV (C2)
is attributed to the presence of C(–N)3 (planar trigonal carbon
geometry) [13]. The band at 288.5 eV results from sp2-
hybridized carbon in the aromatic ring attached to the –NH2

group, that is, the sp2-bonded carbon of the tri-s-triazine-based
structure [33]. The N1 s peaks at 398.5 eV is assigned to nitrogen
bonded to sp3-hybridized carbon atoms, and 399.3 eV for the

bridging N atoms in N-(C)3 or N atoms bonded with H atoms
[33, 34]. In general, XPS studies demonstrate that the structure of
our product is s-triazine-based g-C3N4 QDs. Three-dimensional
fluorescence spectra (Fig. S4D) show that the band gap of g-
C3N4 QDs is 3.0~3.5 eV due to the nonuniform size distribution.
The band gap energy is obviously bigger than that of bulk g-
C3N4 (2.7 eV) due to the quantum size effect [35, 36]. On the
other hand, the enlarged band gap of g-C3N4QDs again indicates
that the presence of O is attributed to the adsorption of formam-
ide, rather than the O doping in g-C3N4 QDs. UV-vis absorption
spectra (Fig. S4E) indicate that the adsorption peaks for g-C3N4

QDs are located at 343 and 417 nm due to the varying sizes. This
is consistent with the range of the optical band gap (Fig. S4D).
Thereinto, the adsorption peak at 343 nm is very close to the
experimentally measured absorption peak (at 344 nm) of (g-
C3N4)n QDs [10]. Because the g-C3N4 QD solution contains a
certain amount of formamide, the UV-vis absorption spectrum of
pure formamide as control was investigated. The results show
that there is no adsorption peak for formamide in the same range
of the excitation wavelength. FT-IR spectra (Fig. S4F) suggest
that the product exhibits a new characteristic peak at 804 cm−1.
This is attributed to the adsorption band (the breathing mode) of
1,3,5- triazine (s-triazine) [13]. The result again confirms that
1,3,5- triazine is the building block for g-C3N4.

Possible mechanism of g-C3N4 QD-based fluorescent
probe for glucose

Because urine can be collected noninvasively in large
amounts, it provides an attractive alternative to blood plasma

Fig. 2 a HRTEM image, size analysis b digital image, c AFM image and d corresponding height profile of g-C3N4 QDs
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as a potential source for diabetes biomarkers. Therefore, the
influences of glucose before and after adding urine on the
optical properties of g-C3N4 QDs were investigated. As
shown in Fig. 3a, UV-vis absorption spectra show that the
peak intensity of g-C3N4 QD solution does not change, and
the peak location slightly shifts toward the lower wavenum-
ber. The result indicates that the addition of urine does not
obviously change the surface properties of g-C3N4 QDs, be-
cause the optical responses of g-C3N4 QDs to incident light
are determined by the electronic structure, especially by the
dielectric constant [37]. In contrast, after the addition of glu-
cose, the obvious red-shift of peaks and the decreased absor-
bance can be observed. The phenomena imply the relatively
strong interaction between glucose and g-C3N4 QDs.
Thereinto, the decrease in absorbance is possibly attributed
to the glucose coating on g-C3N4 QDs, which leads to the
transmittance change of g-C3N4 QDs. The changes in struc-
tural parameters, such as size and surface configuration, affect
the optical properties [7]. Similar with the results obtained by
UV-vis absorption spectroscopy, fluorescence spectra (Fig.
3b) show that the addition of urine into g-C3N4 QD solution
results in negligible changes in the intensity and location of
the fluorescence peak. Even though the solution composed of
formamide and urine can exhibit a slight fluorescent emission
at 458 nm by exciting at 400 nm (Fig. S5), the interference
against fluorescent emission of g-C3N4 QDs can be neglected
under this excitation wavelength. In addition, the interference

can be removed with a filter. Conversely, the addition of glu-
cose into the solution containing g-C3N4 QDs and urine leads
to an obvious decrease in the fluorescence intensity with a
bathochromic shift of 18 nm. The phenomena again imply
that the adsorption of glucose changes the electronic structures
of g-C3N4 QDs possibly by chemically interaction. Charge
density differences (Fig. 3c) obtained by density functional
theory (DFT) calculations have demonstrated that glucose
tends to adsorb on some specific sites of plane edges because
of dangling or unsaturated bonds with high surface energy.
The interaction is performed by the N-H bonds, which are
confirmed by strong electron wave overlap between N and
H atoms. The optimized structures of g-C3N4 QDs with and
without adsorbing glucose (Fig. S6) show that the interaction
between g-C3N4 QDs and glucose results in the distortion of
C-N bonds and the six-atom C-N plane (dihedral angle). In
detail, after adsorbing glucose, the C-N bond lengths of g-
C3N4 QDs including R1(C-N) and R2(C-N) become longer
by 0.01 Å, and the six-atom C-N plane exhibits curling up-
ward by 12.03 . The structural distortion changes fluorescence
emission properties of g-C3N4 QDs, which are strongly de-
pendent on the π–π* transition in the aromatic structure [10].
The calculated energy band structures show decrease in the
band gap from 2.36 to 1.26 eV due to the chemical adsorption.
This is consistent with the red-shift in both UV-vis absorption
spectra and fluorescence spectra (Fig. 3a, b). In general, the
calculated band gap of g-C3N4 QDs is smaller than that

Fig. 3 a UV-vis absorption spectra and b fluorescence spectra of g-C3N4

QD solution (curve a), g-C3N4 QD solution after adding urine (curve b),
and g-C3N4 QD solution after adding urine and glucose (curve c). The
concentrations of glucose and g-C3N4 QDs are 2.5 mM and 0.35 mM,
respectively. The fluorescence spectra were obtained at an excitation
wavelength of 400 nm. c The charge density difference between

glucose and g-C3N4 (2 × 2 × 1 super cells, C12N16). d Schematic
representation of the energy level diagram between glucose and g-C3N4

(2 × 2 × 1 super cells, C12N16) for fluorescence emission. Here, CB, VB,
HOMO, and LUMO represent conduction band, valance band, highest
occupied molecular orbital, and lowest unoccupied molecular orbital
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(3.0~3.5 eV) obtained by experiments. The reason is that
GGA/PBE level underestimates the absolute band gap energy
of semiconductors [38]. The adsorption of glucose leads to the
presence of local states at the fermi level of g-C3N4 QDs (Fig.
S6D). These act as the sites for capturing the hot electrons in
the conduction band (CB) of the QDs under light irradiation.
The photoexcitation energy is transferred from a donor
fluorophore (g-C3N4 QDs) to an acceptor molecule (glucose),
as described by the charge-movement processes in Fig. 3d. In
general, fluorescence quenching between donor and acceptor
involves two major mechanisms: energy transfer through
dipole-dipole interactions and electron transfer. In this study,
we observed the later [35]. Due to the formation of N-H bonds
between the plane edges of g-C3N4 QDs and glucose, under
the light radiation the hot electrons of g-C3N4 QDs excited
from valance band (VB) can mainly inject into the highest
occupied molecular orbital (HOMO) of glucose molecules.
As a result, the hot electrons jump into low-energy state, and
the effective number of hot electrons becomes less. This can
be explained by the presence of local states that leads to the
strong recombination between electrons and holes. Therefore,
the obvious red shift of the peak location and the decreased
peak intensity shown in Fig. 3a, b are attributed to the changes
in the energy and number of electrons, respectively.

Optimization of method

To optimize the performance of the fluorescence nanoprobe,
the following parameters were optimized: (a) Sample pH

value; (b) reaction time; (c) concentration of g-C3N4 QDs.
Respective data and Figures are given in the Electronic
Supporting Material (Fig. S7). The following experimental
conditions were found to give best results: (a) Best sample
pH value: 4; (b) Optimal reaction time: 10 min; (c) optimal
concentration of g-C3N4 QDs: 2.82 mM.

Fluorometric determination of glucose

Under the above optimized conditions, the analytical perfor-
mance of the fluorescence nanoprobe was studied. As demon-
strated in Fig. 4a, in the solution state, the fluorescence inten-
sity decreased as the concentration of glucose increased from
0 to 5 mM. The relationship between the fluorescence inten-
sity (FEm) and the concentration of glucose (C[glu cos e]) is plot-
ted in Fig. 4b. A linear range of the fluorescence nanoprobe is
obtained from 0.2 to 5 mM with a linear correlation of 0.998.
The regression equation is

FEm ¼ −1032:4C glucose½ � þ 7951:3

and the limit of detection (LOD) is 0.2 mM. A lower LOD can
be obtained if calculated by the method of a signal-to-noise
ratio (S/N) of 3. The quenching mechanism can be further
investigated by determining the quenching rate parameters
by means of Stern-Volmer (S-V) plots (Fig. 4c), which can
be described by the S-V equation,

F0=F ¼ 1þ KSV Q½ �

Fig. 4 a Fluorescence emission
responses of g-C3N4 QDs in
phosphate buffer solution
containing different
concentrations of glucose
(concentrations of 0 (trace a),
0.2 mM (trace b), 1 mM (trace c),
2 mM (trace d), 3 mM (trace e),
4 mM (trace f), 5 mM (trace g). b
Calibration plot of fluorescence
emission intensity versus glucose
concentration. The excitation
wavelength for the fluorescence
spectra is 400 nm. c Stern-Volmer
plot
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where F0 and F denote the steady-state fluorescence intensi-
ties in the absence and in the presence of quencher, respec-
tively. KSVand [Q] represent the static quenching constant and
the concentration of quencher, respectively. As shown in Fig.
4c, the S–V plots of the fluorescence quenching of g-C3N4

QDs by glucose give a good linear relation. The linearly de-
pendence coefficient R2 is 0.98. The quenching constant KSV

is calculated as 0.34 × 103 L·mol−1, which indicates static
quenching. Compared with most of the reported analysis
methods for glucose (Table 1), the fluorometric assay based
on g-C3N4 QDs not only avoids using noble metals, but also
exhibits relatively satisfying performance. In general, for the
diabetic patients, the fasting glucose level (average value) in
the urine is in the range from 2.2 to 2.7 mM, while the normal
level is about 0.3 ± 0.002 mM [39]. Therefore, the fluoromet-
ric sensor can be used to evaluate whether the glucose metab-
olism in the human body is disordered or not.

Selectivity

To determine the selectivity of fluorometric assays based on g-
C3N4 QDs to glucose, fluorescence emission responses of g-
C3N4 QDs before and after adding glucose or other interfering
species were tested. As shown in Fig. 5a, under same concen-
tration of 1 mM, the presence of albumin, cysteine, erythritol,

uric acid, mannitol, arabinitol, fructose, ascorbic acid, sucrose,
or lactose leads to negligible changes in fluorescence emission
from g-C3N4 QDs. In contrast, the fluorescence emission in-
tensity is significantly decreased after adding glucose. In ad-
dition, the presence of urine without glucose does not result in
any obvious change of fluorescence emission of g-C3N4 QDs.
This demonstrates that the fluorescence nanoprobe based on
g-C3N4 QDs has excellent selectivity to glucose, in spite of
urine as background solution. DFT calculations have proved
that the obvious fluorescence quenching is attributed to the
strong chemical bonds between glucose molecules and g-
C3N4 QDs (structure defects) by charge transfer. In order to
better illustrate the high selectivity, the binding energies (Eb)
between g-C3N4 QDs and glucose or some typical interfering
species were calculated by the equation,

Eb ¼ E g−C3N4 and adsorbing moleculeð Þ−E g−C3N4ð Þ−E adsorbing moleculeð Þ

where E(g-C3N4), E(adsorbing molecule), and E(g-C3N4 and
adsorbing molecule) represent the total energies of g-C3N4,
adsorbing molecule, and their composite, respectively. In the
calculation model, g-C3N4 with 2 × 2 × 1 super cells (C12N16)
was used to represent g-C3N4 QDs. The results (Fig. 5b) show
that the binding energy between g-C3N4 QDs and glucose is
much higher than that between g-C3N4 QDs and sucrose,
mannitol, ascorbic acid, arabinitol, uric acid, lactose,

Table 1 Comparison of different
non-enzymatic sensors for
glucose

Sensing methods Sensing materials LOD Linear range Ref.

Colorimetric assays Au NPs- glucose oxidase 0.55 mM – [1]

Electrochemical detection Au/FGO 1.7 mM – [40]

Electrochemical detection Pt/Ni graphene 0.01 mM 0.01–35 mM [41]

Electrochemical detection CoFe-NG 0.25 mM 0.25–3.0 mM [42]

Paper-based electrochemical detection Glucose oxidase 0.8 mM – [43]

Fluorometric assays g-C3N4 QDs 0.2 mM 0.2–5 mM This work

NPs: nanoparticles; FGO: functionalized graphene oxide; CoFe-NG: cobalt-iron supported N-doped graphene

Fig. 5 a Fluorescence emission responses of g-C3N4 QDs before and
after adding glucose or other interfering species. b Binding energies
between glucose or other interfering species and g-C3N4 (2 × 2 × 1
super cells, C12N16). The inset images are the optimized geometry

structures of interfering species and glucose. Alb, Cyst, Ert, UA, Mnt,
Arnt, Ft, AA, Sr, Lt, Glu, and Uri represent albumin, cysteine, erythritol,
uric acid, mannitol, arabinitol, fructose, ascorbic acid, sucrose, lactose,
glucose, and urine, respectively
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erythritol, or fructose. The difference in their binding energies
are attributed to the steric effects of different target molecules.
This can greatly affect the bond strength between glucose or
interfering species and g-C3N4 QDs. The competitive adsorp-
tion leads to high selectivity to glucose [44]. Such high spec-
ificity can avoid any practical interference in the clinical de-
termination of glucose.

Analysis of glucose in real samples

In order to demonstrate the practical applicability, the contents
of glucose in human urine samples (S1 and S2) were deter-
mined by the g-C3N4 QD-based fluorometric method. The
analytical results are shown in Table 2. It is obvious that fa-
vorable recoveries of glucose are achieved for these sample
matrixes, because the fluorescence emission of g-C3N4 QDs
has excellent selectivity to glucose even in urine (Figs. 3 and
5a). The analysis results of the fluorometric method were in
good agreement with those obtained by the conventional de-
tection method, confirming the feasibility and reliability of the
fluorometric assay. In addition to urine samples, a beverage
sample (S3) was obtained from a local supermarket and used
as the testing sample. The beverage was diluted 200 times by a
phosphate buffer to prepare a testing sample solution of
pH 7.0. Using the fluorescent probe, the concentration of glu-
cose in the beverage was determined as 3.7 mM. The result
matches the value (3.4 mM) obtained by a spectrophotometric
method. Even though this fluorescent nanoprobe is single-
usage and the fluorescent properties are dependent on the
synthesis conditions, it is undeniable that this assay is highly
sensitive and selective for glucose. Furthermore, the method
can be applied in diagnosing andmonitoring diabetes, because
measurements of glucose in urine can add information com-
plementary to measurement of blood glucose.

Conclusions

A non-enzymatic fluorometric assay was developed based on
g-C3N4 QDs with high water solubility for the quantitative
detection of glucose. The g-C3N4 QDs were synthesized by
a one-step solvothermal process using formamide as the

precursor. They possess an average size of ~5 nm and a band
gap of 3.0~3.5 eV, and exhibit strong fluorescent emission.
The fluorescence can be quenched by glucose, and is attribut-
ed to the N-H bonds between g-C3N4 QDs and glucose. The
interactions form the locate states for capturing hot electrons,
and result in a decrease in fluorescent emission. In addition,
the high selectivity is ascribed to the different binding energies
between g-C3N4 QDs and glucose or interfering species due to
steric effects. The analysis method can offer a new route to
glucose detection and possible physiological applications.
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