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Carbon nanodots (C-dots), as a class of heavy-metal-free fluorescent nonmaterial have drawn
increasing attention due to their strong photoluminescence (PL), good biocompatibility and low
toxicity. Herein, we synthesize nontoxic fluorescent C-dots by hydrothermal treatment of the
mixture of glucose and taurine, in which process the formation and the surface passivation of C-
dots take place simultaneously. The influence of reaction temperature, reaction time and feed
ratio of glucose to taurine on the PL property of C-dots is studied. As the C-dots exhibit sensitive
pH and iron ion dependent PL property, they can be used for pH and Fe3* sensing in solutions.
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1. Introduction

During the past decades, luminescent quantum dots
(QDs) have attracted considerable interests due to
their unique optical and electronic properties.'™
The traditional semiconductor QDs such as CdS
QDs and CdSe QDs, more or less, suffer from the
problems of toxicity and hydrophobicity, limiting
their practical applications.” Fluorescent carbon
dots (C-dots) have attracted great attention due
to their favorable luminescent properties, low tox-
icity, biocompatibility and easy functionaliza-
tion.”® They have found many applications in
biology imaging, medicine delivery and biosensing
areas. Until now, many synthesis strategies of
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C-dots have been reported, such as laser ablation,
arc discharge, hydrothermal treatment and micro-
wave methods,”'* Among these methods, hydro-
thermal synthesis route based on water system has
been widely used due to its unique advantages of
easy-operation, low cost and high efficiency.'?
Using the hydrothermal synthesis method,
C-dots with various PL properties and applications
have been prepared.'”'® For instance, Qu et al.
fabricated carbon nanoparticles (CNPs) via a hy-
drothermal synthesis route, which were used for
Fe?* and dopamine sensing.'® Tong et al. fabricated
N and S co-doped carbon QDs for the detection
of Fe3t and L-cysteine.!” Guo and co-workers
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prepared carbon dots (C-dots) with tunable emis-
sions ranging from blue to near-infrared region using
polythiophene derivatives.?’ It’s believed that
compounds containing both amino and carboxyl
groups are beneficial to synthesize C-dots with high
PL quantum yield.?! However, to some extent, the
usage of some materials containing amino groups
might cause toxicity of the products. Based on this
consideration, materials abundant in amino groups
may be a suitable precursor. Taurine, as a kind of
humans’ essential amino-acid, is helpful in promot-
ing the development of nervous system and en-
hancing the cardiovascular function. Due to its
intrinsic features of abundance in amino groups,
nontoxicity and easy access, taurine can be a po-
tential candidate to prepare nontoxic luminescent
C-dots.

In this work, we have developed a simple and
green approach to synthesis the C-dots through
hydrothermal treatment of glucose and taurine. The
influence of reaction temperature, reaction time and
mass ratio on the PL property of C-dots is studied.
The optical properties and chemical structures are
characterized by UV-Vis absorption spectroscopy,
PL, Fourier transform infrared (FTIR) spectrosco-
py, X-ray photoelectron spectroscopy (XPS) and
transmission electron microscope (TEM). As these
C-dots exhibit pH- and iron ion-sensitive PL prop-
erty, their potential applications in pH and Fe3*
sensing of solutions are demonstrated.

2. Experimental

C-dots are prepared by hydrothermal treatment of
the mixture of glucose and taurine. About 2mg
glucose and taurine with different ratios are added
into 30 mL distilled water, and then mixed uni-
formly by ultrasonic treatment. The mixture is then
moved to a 50 mL Teflon-lined autoclave and heated
in an oven for reaction at 150°C for 1-3h. After
that, the obtained brown-yellow solution is natu-
rally cooled down to room temperature, and then
centrifuged at 12000rpms for 10min to remove
the black precipitates. Finally, the yellow superna-
tant is collected for further characterizations and
applications.

A typical procedure for the detection of Fe?* is
described as follows: Different amounts of Fe3* ions
which are added into 2 mL of the C-dots solution to
obtain mixtures with concentrations ranging from
1uM to 700 uM. The fluorescence spectrum of

pristine C-dots is examined and the intensity is
recorded as Fj, while those for the mixture with
Fe3t are recorded as F. The ratio changes of F to F
(F/F,) are plotted as a function of the Fe3* con-
centrations. To confirm the selectivity of Fe3*
sensing, the influence of other metal ions (Mg?*,
K+, Ca?t, Cu?t, Zn?*, Ag*, Nat, Ni?t, Pb?*,
Sn?*) on the PL intensity are studied.

For pH sensing, a series of standard pH buffers
are prepared with distilled water by adding different
amount of NaOH or HsPO,. Then, the C-dots
solutions are mixed with the buffer solutions with
varied pH values. The final mixture keeps the same
volume to reduce the error of dilution ratio. After
shaking, the fluorescence spectra are recorded at
varied pH values. All the detection experiments are
carried out under the same conditions at room
temperature.

3. Results and Discussions

Figure 1(a) shows the TEM and high-resolution
TEM (HRTEM) images of the C-dots. The as-pre-
pared C-dots distribute on the copper grid homo-
geneously, and no large aggregations are observed,
indicating that the C-dots are well dispersed in
water. The mean size of the C-dots is estimated to
be about 3nm [as shown by the inset of Fig. 1(a)].
The HRTEM image of the C-dots shows well-re-
solved crystal lattice fringes with a spacing of
0.21nm, which is very close to the (100) facet of
graphite carbon.” Figure 1(b) shows the UV-Vis
and fluorescence spectra of the C-dots solution. It is
seen that there is a wide absorption tail above
260nm, which could be attributed to the 7o
transition of aromatic sp2 domains and n—7* tran-
sition of C=0 band.?” The C-dots exhibit a fluo-
rescence peak at 410 nm under 340 nm excitation as
shown by the red line in Fig. 1(b).

To find the optimal reaction conditions, we in-
vestigate the influence of reaction temperature, re-
action time and feed ratio of glucose to taurine on
the PL property of C-dots. Figures 1(c)-1(e) show
the PL intensity under 340 nm excitation at differ-
ent reaction temperature, reaction time and mass
ratio, respectively. The reaction temperature is one
of the most important factors on the formation of
the C-dots during the hydrothermal reaction. As
shown in Fig. 1(c), with increasing the reaction
temperature, the fluorescence of C-dots is gradually
heightened, and the optimum takes place at 150°C.
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spectra. The dependence of PL intensity on (c) reaction temperature, (d) reaction time, and (e) mass ratio. (f) FTIR spectra of the as-

prepared C-dots with different mass ratio (color online).

When the temperature exceeds 150°C, the fluores-
cence of the C-dots declined rapidly, which may be
related to the nonluminous functional groups.?’
Hence, 150°C heating is employed in the following
experiments. Similarly, the PL intensity is opti-
mized when the reaction time is adjusted to 2 h, and
the ratio of glucose to taurine is adjusted to 4:1. The
quantum yield of the C-dots prepared in the opti-
mum conditions is estimated to be 11%.

Figure 1(f) shows the FTIR spectra of C-dots
prepared with different feed ratio. Stretching
vibrations of N-H bond at 3360 cm~!, C-H bond at
2900 cm !, bending vibrations of CH, at 1470 cm 1,
vibrational absorption band of C=0/0-H bond at
1630cm~! and the C-O bond around 1000-
1200cm~! are observed.?” The results reveal that
there are abundant functional groups such as amino
and carboxyl groups on the surface. By comparing
the FTIR spectra under different mass ratios, we
find that the amount of the functional groups
increases with increasing taurine. Because the PL
emission of C-dots arises mainly from the radiative
recombination of electron and holes located at the
surface energy traps, the amount of the function

groups plays an important role on the PL intensi-
ty.>* When the ratio changes from 12:1 to 4:1, the
increase of the luminescent functional groups will
cause the enhancement of PL intensity. However,
when the amount of taurine is further increased, too
many nonluminescent functional groups will be in-
duced and the PL intensity decreases due to the
competition of the radiative and nonradiative re-
combination processes. The influence of the reaction
time on the PL intensity can be also interpreted
using this mechanism, in which longer reaction time
will increase the luminescent groups, while too long
time will introduce too many nonluminescent
groups decreasing the PL intensity.

To further confirm the compositions of the
C-dots, XPS survey is performed. As shown in
Fig. 2(a), the XPS spectrum shows three peaks at
284.74eV, 398.80eV and 532.67eV, which are at-
tributed to Cls, N1s and Ols, respectively. The
high-resolution C1s spectrum [Fig. 2(b)] shows three
peaks including C=C/C-C at 284.3eV, C-O at
285.6 eV and C—N at 287.2 eV. The deconvolution of
high-resolution N1s [Fig. 2(c)] spectrum indicates
the presence C—-N-C peak centered at 398.4eV
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Fig. 2. (a) XPS spectra of the C-dots. High-resolution XPS spectra of (b) C 1s, (¢) N 1s and (d) O 1s peaks of the C-dots,
respectively (color online).
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Fig. 3. (a) PL spectra of the C-dots at different pH. The dependence of PL intensity on (b) pH and (c) Fe3* concentration. (d)
Comparison of PL intensity in the presence of various metal ions (color online).
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and N-H peaks at 401.6eV. C-0O, C-O-C and
N-O peaks can be seen in the Ols spectrum
[Fig. 2(d)], which is centered at 533.2eV, 530eV
and 531.9eV, respectively. Consistent with the
analysis of FTIR spectra, the XPS spectra also con-
firm the presence of a huge number of multiple ox-
ygen and amine groups on the surface of the C-dots.

To demonstrate the ability of pH sensing of the
C-dots, we measure the fluorescence spectra at dif-
ferent pH values. The PL intensity decreases with
increasing the pH from 2.86 to 12.05 as shown in
Fig. 3(a). Figure 3(b) depicts the PL intensity as a
function of the pH values. It shows that the emission
intensity decreases slowly from pH = 2.86 to
pH = 6.97 and then decreases dramatically from
pH = 7.8 to pH = 12.05. The lowest detection limit
is estimated to be less than 0.33 based on our ex-
perimental results. The pH dependence of the PL
intensity could be attributed to the aggregation of
C-dots. With increasing pH value, the C-dots are
easily aggregated to larger particles due to some
noncovalent molecular interactions, such as hydro-
gen bonds between the carboxyl groups. The ag-
gregation of C-dots will cause the red shift of the
absorption peak and thereby the decrease of the PL
intensity in the blue light region.?

Figure 3(c) shows the influence of the Fe3* con-
centration on the PL intensity of the C-dots. To
evaluate the sensitivity of Fe® sensing, we examine
the fluorescence intensity ratio (F'/F,) change for
different Fe3t concentrations. By increasing the
Fe?* concentration from 1 M to 700 uM, the value
of 1 — F/F, increases almost linearly. The fitted
solid curve in Fig. 3(c) shows a correlation coeffi-
cient of 0.993, and the limit of detection is estimated
to be less than 1 uM. To evaluate the selectivity of
this sensing system, we examine the PL intensity
changes in the presence of different metal ions in-
cluding Ag*, Na*t, Ni?t, Pb2*, Sn?*, Ca2*, Mg?t,
Zn?*t, K* and Cu?* under the same conditions. As
shown in Fig. 3(d), Fe3* ions show the greatest
quenching effect on fluorescence among the metal
ions, indicating the excellent Fe3" sensing properties
of the C-dots. The fluorescence quenching by Fe3*
ions is ascribed to nonradiative electron transfer in-
volving partial transfer of electrons in excited state to
the d orbital of Fe3*.?° Due to the nontoxic feature of
as-prepared C-dots, their high sensitivity to pH and
Fe3* can be used in the some biosensing areas such as
in-vivo imaging and human hemoglobin detection.

4. Conclusions

In summary, we report a simple and green approach
to synthesize the C-dots through hydrothermal
treatment of glucose and taurine. The influence of
reaction temperature, reaction time and feed ratio
of glucose to taurine on the PL property of C-dots is
studied. As these C-dots exhibit pH and iron ion-
sensitive PL property, their potential applications in
pH and Fe?* sensing of solutions are demonstrated.
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