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Kuang Cheng Yu, Li Fu Zhi

Abstract:

In this study, we proposed a facile synthesis, low cost, and environmentally
friendly glucose detection system. The methodology employed is measuting the
fluorescence intensity of a developed Fe (II) carbon quantum dot.complex (Fe
(I1)-CDs) to assess glucose level, where the fluorescence of-Fe (II)-CDs is
quenched by the production of hydroxyl radicals via Fenton‘reaction between Fe
(IT) and H,0O,, which is produced by the reaction between glucose and glucose
oxidase. Hydrothermal treatment is employed forearbon dot manufacture using
citric acid and urea as precursors. TEM,~XPS; FTIR and zeta potentials are
measured to characterize the as-prepared Ee<(11)-CDs. Hydroxyl radicals destruct
Fe (I)-CDs’ structure is supposed “to be the quenching mechanism. The
developed glucose detection“system was analyzed with H,O, and glucose
respectively. A linear range, (0.005 to 1.25 mM) and a detection limit (1.42 uM)
for glucose detection|is obtained. The analyzation of glucose level in serum

sample demonstrated the developed system’s potential in diabetes diagnose.
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1. Introduction

Millions of people in the world is diagnosed with diabetes. A WHO study claims that there are
300 million diabetes diagnosed patients in 2013, and they are expecting this number to be
doubled by 2030 ['l. The disease is caused by insulin deficiency and therefore patient’s blood
glucose level is usually high ?1. Diabetes often accompanied by fearful late complications like
blindness, visual impairment, renal failure, stroke, and amputation 341 Therefore, it is vital'te
diabetes patients’ life quality to design and develop an effective and efficient analytical strategy.
Clinical diagnosis of diabetes requires frequently monitoring the patient’s plasma‘glucose level
(4151 For this reason, the determination of the concentration of blood glucose-with selectivity
and sensitivity is of great importance. A healthy individual’s blood glucose level is between
3.9-6.1 mM in whole blood and between 3.9-6.9 mM in plasma, (whereas for a diabetes
diagnosed patients, their whole blood glucose level is more than 6.1 mM or 7 mM in plasma
61 Due to the complicated blood composition 1, it is necessary-to dilute blood plasma before
glucose detection. Considering the relatively low percentage glucose takes in blood, it is
necessary for a sensitive glucose detection system ta’be developed.

Recently, numerous efforts have been made to detect blood glucose levels and various
techniques has been utilized, which® includes but not limited to electrochemistry ], mass
spectrometry °!, surface-enhanced\Raman scattering 1%, colorimetry ['!!, chemiluminescence
(121 and fluorescence 3], Partieularly, fluorescent nanomaterials demonstrate great potential in
sensing applications as_they’ own a high level of sensitivity and simple modification

characteristics.

Carbon quantum dot (CDs), usually referred to carbon dots, is a kind of label-free fluorescence
nanomaterialthat researchers have shown great interest in. It has been considered as a potential
candidate for sensing, drug delivery and imaging applications. In comparison with other
quantum dots, such as semiconductor quantum dots, CDs stands out owing to its’
biocompatibility, the ability to form a homogeneous solution, and plentiful edge sites for

functionalization ',

Herein a kind of CDs with a high quantum yield (QY) of 18.87% is developed with
characteristics of low cost, nontoxic, and label-free. A glucose detection system is designed

utilizing the developed CD. The detection process involves mixing serum sample and CDs and



glucose level is detected by measuring CDs’ fluorescence intensity. Series of chemical
reactions take place within the detection system: First, H>O> is produced by the reaction
between glucose and glucose oxidase (GOx). Then, Fe (II) and H2Oz react to produce hydroxyl
radicals via Fenton reaction. Finally, destructions on CDs structure is caused by hydroxyl

radicals, which cause fluorescence quenching.

One of the advantages of the developed system is that environmentally friendly chemicals -
urea and citric acids — are employed as precursors. Either of them has become oneof the
common recipes used in food, pharmaceuticals, cosmetic, and dietary supplements. For this
reason, this type of fluorescent material is suitable for biologically related researches. In light
of the above-mentioned reasons, the developed glucose detection system jhas potential in
further developments in detection applications, in this case, glucose/measurement in human

serum sample.



2. Experimental

2.1 Instrumentation

Table 1 Instrumentation

Instrument Type Manufacturer
FT-IR spectrometer PE Spectrum One PE, USA
Electron spectrometer Thermo ESCALAB Thermo, USA
250X1
Transmission electron Tecnai G2 F30 FEI, USA
microscope
Fluorescence F-7000 Hitachi, Japan
Spectrophotometer
Spectrophotometer U-3900 Hitachi,"Japan
Zetasizer 7S 90 Malvern panalytical, UK
Fluorescence FLS980 Edinburgh Instruments Ltd., UK

Spectrometer




2.2 Materials

Table 2 Materials (All chemicals were analytical reagent grade.)

Materials Manufacturer

IFN-y Sigma

Thrombin Sigma

Lactose Sigma

PDGF-BB Sigma

Urea Sigma

Citric acid Sigma

Fluorescence Spectrometer Sigma

Glucose Sangon Biotech.Co. Ltd.
BSA Sangon Biotech €o. Ltd.
Glucose oxidase Sangon Bietech Co. Ltd.
H>02 (20%) Sinopharm Chemical Reagent Co., Ltd.
FeSO4 -7H20 Xilong Chemistry Co. Ltd.
NaCl Xilong Chemistry Co. Ltd.
CaCl; Xilong Chemistry Co. Ltd.
MgClz 6H20 Xilong Chemistry Co. Ltd.
FeCls Xilong Chemistry Co. Ltd.
KCI Xilong Chemistry Co. Ltd.

NaOH Xilong Chemistry Co. Ltd.




2.3 Experimentation

2.3.1 Preparation of CDs

A domestic microwave oven with 750 W is employed for heating the a solution - which was
consisted of 1.5 g citric acid, 3.0 g urea and 20 mL water - for approximately 4 minutes (with
no cover to prevent water evaporation). The initial colorless solution then darkened its color
and eventually solidified into a dark solid. After that, the solid - which is the CDs formed - was
re-dissolved using ultra-pure water. It was then filtered (0.22-um pore diameter) to remove
aggregated particles. Further purification was done by dialysis in water using _a membrane
(MWCO = 1000 KD Shanghai Yuanye Biological Technology Co., Ltd.). After that, a

transparent, light-yellow CDs solution was obtained. It is then freeze dried for-further use.

2.3.2 Synthesis of Fe (II)-CDs
Fe (II)-CDs was prepared by simply mixing FeSO4 (0.5 mM) aqueous solution and 2.5 mg/mL
CDs suspension together, which is then stirred for 40 minutes’in room-temperature. After that,

the product produced was dialyzed in deionized water for'4 h.

2.3.3 H20: detection

H>0: detection has been done in a 100 ulb mixture, which contains 20 pLL H>O> with different
concentrations, 10 mM PBS (pH-6.0);,and 10 pL 1.4 mg/mL Fe (II)-CDs. An incubation was
performed for the mixture at 37°C for 20 minutes. After that, a fluorescence spectrum was then

recorded on F-7000 fluoréscence spectrophotometer.

2.3.4 Pretreatment for human serum
We took human serum sample from the local hospital. 250 L human whole blood samples were
taken and centrifuged in a 1.5 mL centrifuge tube (1.2x10* r/min at 4 °C for 20 min). Then a

refrigerator is used for storing the supernatant at 4 °C for later use.

2:3.5 Glucose detection

Glucose detection was operated as the following: mixtures consist of 5 pL GOx (3.0 mg/mL),
35 uL of PBS solution (10 mM, pH 6.0), and 20 uL of glucose solution with different
concentrations were prepared. They were then added into a 0.6 mL centrifuge respectively. The
product was incubated at a temperature of 37 °C for 25 minutes. Finally, 10 pL of Fe (II)-CDs

with a concentration of 1.4 mg/mL and 30 puL of PBS solution with a concentration of 10 mM,



pH 6.0 was added into the solution. After well mixed the solution, the fluorescence spectra

were recorded.

3. Result and discussion

3.1 Characterization of CDs and Fe (II)-CDs

The as-prepared CDs’ and Fe (II)-CDs’ exterior were observed. An image was taken with.the
use of transmission electron microscopy (TEM) for CDs and Fe (II)-CDs (figure la.and 1b),
which show that both CDs and Fe (I1)-CDs are uniformly distributed in the solution, indicating
they have the potential to form a homogeneous mixture in serum sample. The distance between
each CDs and Fe (II)-CDs in the solution is approximately 4-5 nm. The inserted images in both
figure la and 1b are their own HRTEM respectively. They demonstrate that in each ball-like
structure, there are evenly distributed crystal lattices inside. The distance between each lattice
is 0.33 nm in average. Owing to the similar fluctuation in diameter, the size distribution of both
CDs and Fe (II)-CDs are both illustrated in figure 1¢. It can be inferred that the diameters
fluctuate in the range of 2.50-4.00 nm, and the. majority of them concentrated in the range of

3.25-3.75 nm.

The CDs’ and Fe (II)-CDs’ spectral_characteristics are recorded, which includes Fourier
transform infrared spectroscopy (FTIR), X-ray photoelectron spectroscopy (XPS), and

ultraviolet—visible spectroscopy (UV-vis).

25 3.0 35 4.0 45 5.

SR T LSRR : Diameter (nm)

Figure. 1 TEM, HRTEM (inset) image of the CDs (a), Fe (I1)-CDs (b). The diameter distribution of CDs
and Fe (I)-CDs (c).




The full-scan XPS spectrum (figure 2a) exhibits three peaks at 284.97, 389.97, and 530.97 eV,
which represent C 1s, N 1s, and O 1s respectively. Figure 2b is the full-scan XPS spectrum of
Fe-doped CD where three major peaks at 283.97, 398.97, 530.97 eV pointed out the existence
of C Is, N 1s, O 1s. In addition, an element ratio is analyzed for CDs is 53:23:24 (C:N:O) and
for Fe (II)-CD is 54:17:26:3 (C:N:O:Fe). Furthermore, figure 2¢, which is an enlarged segment
of figure 2b, has two peaks at 711.17 and 725.12 eV, which proved the ferric ion on CDs is Ee
(IT). Meanwhile, the HRXPS spectra of CD’s C 1s (figure 2d) can be well assigned into four
surface components: C-C (sp2)’s binding energy at 284.62 eV, C-C (sp) at 285.22 eV, C40' at
286.62 eV and C=0 at 288.57 eV. Considering carboxyl group and hydroxyligroup are in
included in citric acids and amino group is included in urea, it is supposed that phenolic
hydroxyl group (hydroxyl groups), amino groups, and carboxyl groups exists on the CDs and
Fe (I)-CDs. In addition, the well dissipative in water of CDs and Fe (I1)-CDs can attribute to

the presence of hydroxyl groups.

FTIR spectra were recorded at room temperature for both\CD and Fe (II)-CD complex (figure
3a). For Fe (II)-CD complex, the broad peaks at 6982079 and 3402 cm™ ascribed to C-H, R-

12000 {(2) 0 (1s) 80000 (b) 0 (1s)
1000004 5p
S
600004 Fe (II)-CDs
) 80000 - "
bt b
= N (1s) ] C (1s)
g 60000 o c = 40000 4 N (1s)
S (1e) 3 Fe (2p)
40000 -
20000 -
20000 -
0+ 91
200 0 200 400 600 800 1000 1200 1400 200 0 200 400 600 800 1000 1200 1400
B.E. (eV) B.E. (eV)
6000 14000
(c) (d) Total
12000 —— Fitting
CDs Background
10000 C-C (sp2)
o 1] ——C-C(sp)
+= 5000 4 c —c-0
c 8000
S 3 —c=0
3 o
(&} 6000
4000
4000 4
2000
’ v v ' v 0 v v v
700 710 720 730 740 280 285 290 295 300
B.E. (eV) B.E. (eV)

Figure. 2 The XPS survey spectrum of CDs (a), Fe (I)-CDs (b), and Fe 2p XPS spectrum (c), C 1s XPS

spectrum of the as-prepared Fe (I1)-CDs (d).



C=C-H, and O-H / N-H stretching vibration respectively, whereas the other two peaks at 1639
and 2374 cm™! can be assigned to C-O and O=C=O stretching. Similarly, for CD, the stretching
frequencies at 692, 1639, 2086, 2376, and 3429 cm! indicates the existence of C-H, C=0, R-
C=C-H, O=C=0, and O-H / N-H bonds. The above-mentioned analytical results further
confirmed the existence of amino groups, carboxyl groups and phenolic hydroxyl group

(hydroxyl groups) on both CDs and Fe (II)-CD complex.
3.2 Optical properties of CDs and Fe (ITI)-CDs

The as-prepared CDs’ and Fe (I1)-CDs’ UV-vis absorption spectrums are obtained (figure 3b),
which displayed two shared absorption peaks (one on 220 nm and another oné.on 345 nm), and
these peaks may represent the p-n* and n-n*electron orbital transition that Correlates to C=C

bond > and C=0 bond ['®' respectively.

The emission spectrum of as-prepared CDs is shown in figure 3c. Despite that there are some
variations in terms of the emission intensity, the wavelength of fluorescence emission peak
does not change with the adjustment of the wavelength of the inducing ultra-violet light. An
ultra-violet ray with wavelength of 360 nm can induce the highest fluorescence intensity at
around 445 nm, which can be viewed as_a‘blue light (inset of figure 3c¢). This shows a broad
stokes shift of 85 nm 7). Additionally; the/as-prepared CDs also demonstrate an excitation-
dependent behavior: the intensity of'the emission spectrum decreases with the red-shift (lower
energy emission) of the excitation UV wavelength. The quantum yield (QY) is measured, and
the result calculated was 18.87 %, which is competitive among other CDs made through similar

hydrothermal methods [!3-2%,
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Figure. 3 FTIR spectra (a), UV/Vis absorption spectrum (b), and the luminescent of Fe (IT)-CDs at excitation
wavelength within the range of 310-360 nm, the inset within is the photo of CDs (the one in visible light and
the one under UV light) (c).



3.3 As-prepared CD’s stability test

For the sake of the examination on the feasibility of the as-prepared CDs in terms of its glucose
detection applications, the as-prepared CDs’ photostability is analyzed. The CDs’ fluorescence
intensity is obtained in solutions of different pH levels and NaCl concentrations. Figure 4a
demonstrated that the CDs’ fluorescence intensity fluctuates little in different pH environment
ranging between 4-8 pH. This shows the relatively high resistance to protonation and
deprotonation to the surrounding of the as-prepared CDs %1, In consider of the large amounts
of sodium element existing in the human serum, it is vital for CDs to remain stable-in NaCl
solutions with different concentrations . Figure 4b illustrates that the fluorescence intensity
of CDs fluctuates around 750 a.u. with a variety of NaCl concentrations ranging between 0-2
mM, which displays the as-prepared CDs’ relatively high photostabilityin"NaCl solution 241,
In light of these two results, we believe that the as-developed-glucose detection system

possesses the potential to be applied on human serum glucose level detection.

3.4 Fluorescence mechanism

The mechanism for blue fluorescence is explained in the following section. The fluorescence
mechanism of CDs is similar to that'of'the{UV-vis spectroscopy. To illustrate, as demonstrated
in figure 5, the photon that is fertilized by the ultra-violet emitter hit the surface of the CDs and
induced a series of electron transitions. The energy that the photon carries can transfer to the

electron that can be found-in either p or o orbitals as long as it exceeds the energy in the energy
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Figure 4 The CDs’ fluorescence intensity in 5 distinct pH environment (a). The CDs fluorescence
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band gap between that electron’s exited state and it ground state. The electrons which stays on
their highest occupied molecular orbital (HOMO) may be excited and transfer to their lowest
unoccupied molecular orbital (LUMO). While the electron is returning from its LUMO to its
HOMO, there can be the emission of electromagnetic radiation, and some may be emitted as
visible light. Besides, since the © to n* bond transfer on the carbide core and the n to n* bond
transfer on the functional groups is considered as the CDs’ crucial fluorescence sources.
Therefore, the structure of the carbide core and functional group on CDs’ surface is vital-te
CDs’ properties, especially that of optical [23. To demonstrate, the increase in terms of thesize
of CDs’ core will lead to the red-shift of emission because the increased level of sp2 hybridized
orbital will decrease the bandgap of the CDs 2], The size of our CDs is mainly in the range of
3.25-3.75 nm (figure 1c), which belongs in the visual light emission range **! In addition, a
higher surface oxidation level may also cause a red-shift emission. This'is’because the electron
may shift into a lower energy emissive site first with no electromagnetic radiation emission 27),
Then, when the electron transferred onto its HOMO, there ean be.fluorescence. For this reason,
the wavelength of the fluorescence of the oxidized CDs becomes higher in comparison with
that of the normal CDs as the bandgap for fluorescence is smaller 1281, It is possible for CDs to
emit electromagnetic radiation that has a low wayelength and high frequency, which can be out
of the visible range. According to the XPSrand FTIR spectrum, which demonstrates the high
level of oxidation of our as-prepared CDs,-it is reasonable to infer that the as-prepared CDs

may emit visible light, for example, having a blue emission peak.

energy

|
*

Figure 5 CDs fluorescence mechanism



3.5 Fluorescence quenching mechanism

This section will first discuss several possible quenching mechanisms that we supposed
existence in our experiment: Inner Filter Effect (IFE), Photoinduced Electron Transfer (PET)
and Oxidative Quenching (OQ). Then, it will be demonstrated why it is supposed that OQ plays

the most role.

Figure 6a provided supports in terms of speculating potential quenching mechanisms as it
lists possible chemical combination scenarios that can occur during our experiment."'We can
infer that among various chemical combinations, the groups for Fe (II)-CDs and H>O> stands

out as this group displays the lowest fluorescence intensity.

Numerous assays have reported different metal ions’ quenching ability on CDs. It is worth

noting that Fe (III) is the best fluorescence quenching candidate as it displays outstanding
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quenching ability 23!, Therefore, it is reasonable to conclude that ferric ion is a possible
quencher for the as-prepared CDs. Owing to the existence of Fenton reaction, which is proved
existence by figure 6b 2139 it is assumed Fe (III) ions, hydroxyl radicals, and hydroxide ions

exist in our experiment.

Since in figure 6¢ the fluorescence lifetime of as-prepared CDs has no obvious change either
when Fe (II) is present or absent, dynamic (collisional) quenching have a bigger impact 32133,
The ultra-violet absorption spectrum (figure 3b) also supports this view because there is'no
apparent variation between CDs and Fe (II)-CDs absorbance signal 3!, It is well.known that
Fe (III) ion trends form a complex with amino, carboxyl, and hydroxyl (phenolic hydroxyl)
groups, which is considered to promote charge transfer, restrain excited eléctson and therefore
leading to fluorescence quenching 343, Figure 6d indicates that Fe (I)-CDs has a higher zeta
potential, which represents a complex is formed between the-functional groups that possess
negative charges and the Fe (II) ions that has positive charges. For this reason, it is supposed
that one of the factors contributing to the as-prepared CD’s fluorescence quenching is PET, for
there is a complex exists between the quencher and/thé-fluorophore 21, However, Figure 6a

implies the as-prepared CD has slightly quenched+by iron ions and therefore PET should not

have a big impact on CD fluorescence quenehing.

Furthermore, the absorption spectrum of hydroxyl radicals is in the 200-300 nm region whereas
that of the as-prepared CDs is approximately in it 294-386 nm region (figure 3b) 7). Moreover,
the absorption spectrum of hydrogen peroxide is 210-350 nm %], For this reason, the three
overlapping spectrums are the evidences for the occurrence of the IFE that contribute to the
fluorescence quenching of the as-prepared CD !, However, H>O> and hydroxyl radicals may
only exert anegligible effect and it should not be a dominant fluorescence quenching factor.
According torthe Fenton reaction, Fe (II) reacts with H>Oz to produce hydroxyl radicals which
have ultrahigh oxidation potential. It is supposed that reactions will happen between the
oxidative hydroxyl radicals and the reductive functional groups, which composed CDs’ surface
structure. This can lead to changes in the structure of the CDs 24!l Tt is mentioned before that
CDs’ structure is crucial to its fluorescence ability, the damage caused by hydroxyl radicals on
surface functional groups causes the intense level of fluorescence quenching illustrates in

figure 6a.
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3.6 Glucose detection system

As mentioned before, the developed glucose detection methodology can be split into three steps.
First, glucose oxidase (GOx) oxidize glucose and produce H>O». After that, the H>O» produced
reacts with Fe (II) and produce hydroxyl radicals. Fially, the hydroxyl radicals destruct CDs

structure and therefore cause fluorescence quenching.

Figure 8a demonstrates that the fluorfescence/intensity falls with the raise in H>O; concentration.
First, the optimum reaction condition for H2O: including Fe (II) concentration and
environmental pH levels is analyzed. We first measured the optimum Fe (II) addition when
preparing Fe (IT)-CDs from CDs. It is observed from figure 7a that the fluorescence intensity
reaches its peak with the conditions of 5 mM of Fe (II), which represents the optimum
concentration for the developed system. Figure 7b demonstrate the fluctuations of the Fe-CDs’
fluorescence-intensity with 6 distinct pH levels, which reveals an ideal pH condition of 5 for
Fe (I)-CDs to have a maximum fluorescence emission. Furthermore, it can be observed that a
340.nm’ ultra-violet light induced the highest level of fluorescence (Figure 3c). To sum up, an

optimum detection environment for H>O» detection is composed with SmM Fe (II) addition

when preparing Fe (II)-CDs, a pH condition of 5, and a 340nm ultra-violet light exposure.

The detection limits as well as the linear range for H.O> detecting system is also obtained.
Figure 8a depicts that while the concentration of H,O> stays within 0-95uM, the H20:

concentrations is inversely proportional to the fluorescence intensity. Thus, within a 3 signal-
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to-noise ratio, 1.00 and 0.043 uM is measured as the linear gradient‘and the limit of detection
for this system respectively, which show a competitive accuracy with other common H20-

detection methods 244,

The feasibility of glucose detection system is analyzed within a condition that is similar to the
above mentioned one (figure 7a and 7b). It is,demonstrated that Fe (11)-CDs accompanied by

Glucose and GOx can cause dramatic fluorescence quenching (figure 10a).

The optimum reaction condition.for glucose detection is investigated. The optimum amount of
GOx addition is obtainéd-Figure 9a shows the glucose fluorescence intensity of Fe (I) after
the addition of different amounts of GOx ranging from 0-15 U/LM. It is analyzed that a
maximum fluorescence intensity is gained when 5U/ml of GOx is added. The optimum reaction
time is also measured. With the addition of 5U/ml of GOx, it is observed that the fluorescence
intensity is maximized after 30 min from the start of the reaction (figure 9b). In conclusion, a
condition of 5U/ml of GOx addition accompanied with 30 min reaction time is the optimum

condition for the developed glucose detecting system.

The linear relationship as well as the limit of detection for this glucose detecting system is
therefore been measured. Figure 10b demonstrates that a decrease in terms of the Fe (I[)-CDs’
fluorescence intensity will be observed when an increase amount of glucose is added into the

solution. The linear range of the as-developed system is measured to be in the range of 0.005-
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1.250 mM (R=-1.0) (figure 10c) and 1.42 uM, which is obtained-under the 3 signal-to-noise

ratios, is the measured value for the limit of detection.

In comparison with several reported fluorescence-utilized glucose detection methods listed
(table 3), the as-prepared glucose detection system'displays a wider linear range and a relatively
lower limit of detection. Additionally, compare to’other traditional quantum dots - for instance
the traditional metal quantum dots - catbon quantum dots display high stability, low cost,
environmentally friendly, great biocompatibility, water dispersibility, versatility as well as its

label-free ability
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Figure. 10 The fluorescence spectrum of Fe (II)-CDs, Fe (II) CDs + Glucose, Fe (II)-CDs + GOx and Fe (II))CDs +
Glucose + GOx (a). The fluorescence spectrum of the H>O, dependent fluorescence intensity variations’in the
glucose detection system (b). The data that shows the linear calibration between the Fe (I1)-CDs’ fluorescence
intensity and the amount of glucose addition (0-1.25 mM) (c).

Table 3. A comparison of the detection limits and linear range of different glucose detection system using
fluorescence nanomaterials

) Detection ]
Detection methods o Linear range Reference
limit

Gated mesoporous silica hanobiosensor for glucose sensing 175x105nM 1x105 NM-1x107 nM 49
Fluorescent nanostructured glucose biosensor chip utilizing 5x105nM 5x105nM-1.6x105nM 50
glucose oxidase
Nanostructured ﬂuores<_:en_ce resonance energy transfer 4x10'nM 4x10'nM-4x10°"M 51
nanobiosensor for monitoring tear glucose
FRET quenching sensor 3x107 nM 3x107 nM-3x10° nM 52
Single-walled carbon nanotube nanobiosensor 2.5x10° nM 2.5x10° nM-5x107 nM 53
Upconverting nanomaterials-based fluorescent glucose

. 6.4x10 nM 1x10%nM-5x10° nM 54
nanobiosensor
UCP-GO biosensor 2.5x10 nM 5.6x10% nM-2x10°nM 55
Fluorescent silver nanocluster as biosensor 1x10*nM 5x10%nM-1.7x10° nM 56
Ferrous lon Immobilized Carbon Dots Fluorescent Sensing 1.42x103nM 5x103-1.25%10° nM This study

Platform for Homogeneous Glucose Detection based on
Fenton Reaction




property 481, These desirable features make the as-designed glucose detection system owns

more potential in biological researches.

In order to examine the as-proposed glucose detecting system’s feasibility in real human serum,
the selectivity of the Fe (II)-CDs (figure 11) is examined in several common substances that
exist in serum, including glucose, IFN-Y, lactose, PDGF-BB, NaCl, CaCl,, MgCl,, thrombin
and BSA %471 where the Fe (II)-CDs fluorescence quenching happened dramatically in,the
presence of glucose while it had no apparent change with other substances listed. This result

shows a high selectivity of the Fe (II)-CDs in serum.

Moreover, the developed glucose detection system has been used in human serum samples
(table 4). Different glucose solution at different concentrations was added to a 2.5% diluted
human serum sample. The intensity of fluorescence in the solution demonstrated a decreasing
trend. Furthermore, this standard recovery rate of glucose,in human serum samples that are

analyzed shows a fluctuation between 97.8-105.5% with an RSD value lower than 5.0%.
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Figure. 11 A bar chart illustrates the fluorescence intensity of Fe (11)-CDs in various substances that are

common in serum (glucose, IFN-Y, lactose, PDGF-BB, NaCl, CaCl2, MgCI2, Thrombin, BSA, where

their concentrations are 1 uM, 2 uM, 2.5 uM, 2.5 uM, 2.5 uM, 5 uM, 5 uM are 5 uM respectively.)



Table 4. The glucose standard recovery test in human serum samples

Added Found RSD
Samples Recovery (%)

(mM) (mol/L) (%, n=3)

1 0 0.0038 3.1 -

2 0.005 0.0087 4.0 97.8

3 0.02 0.0249 3.6 105.5

4 0.1 0.1022 2.9 98.4

5 1.0 1.0288 3.2 102.5

4. Conclusion

In conclusion, an easy-manufacture Fe (I[)-CDs complex that is low-cost, label free,
environmentally friendly and has a high level'of stability is developed. A serum glucose level
detection methodology is then constructed utilized the Fe (II)-CDs complex. It has been
demonstrated that the glucose detection system has a high level of sensitivity, selectivity and
reproducibility. Possible fluoreseence and quenching mechanisms were studied by ultra-violet
absorption spectrum, fluorescence emission spectrum, FTIR, XPS, and zeta potential. The
dominant quenching mechanism correlates to the oxidative quenching caused by the Fenton's-
reaction created hydroxyl radicals. For this reason, it can be applied to H20: and hydroxyl
radical deteetiont. In light of the above-mentioned experimental results, the developed detection

systemiowns potential in human serum glucose level detection.
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