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In this study, a facile synthesis of fluorescence carbon dots (CDs) from sweet potato was performed through hy-
drothermal treatment. The obtained CDswith quantum yield of 8.64% have good dispersibility due to the soluble
functional groups on their surfaces. The characterization of CDs was carried out and their possible formation
mechanism was also discussed. In addition, the cytotoxicity results showed that the CDs exhibit non toxicity
within 100 μg/mL. At this concentration, the CDs were applied in cell imaging, indicating that they are promising
fluorescent probes for biological imaging. In addition, thefluorescence of CDswas quenchedby Fe3+with a linear
concentration of 1 to 100 μM, associated with the limit of detection of 0.32 μM. Subsequently, the CDs were suc-
cessfully applied for Fe3+ probing in living cells.

© 2017 Published by Elsevier B.V.
Keywords:
Carbon dots
Fluorescence
Biomass
Biological imaging
Fe3+ detection
1. Introduction

Carbon dots (CDs) are a kind of newly emerging nano-materials
with the size less than 10 nm. Since they were discovered
accidently during the separation and purification of single-walled
carbon nanotubes [1], CDs have been proved to have many
excellent properties. One of the important properties is their
valuable photoluminescence. Compared with the traditional
fluorescent dyes, CDs exhibit more superior fluorescence
including photostability, resistance to photobleaching and non-
blinking. Besides, CDs have other fascinating characteristics such as
water-solubility, low toxicity, high chemical stability, easy
functionalization [2,3] and satisfying biocompatibility [4–6]. Thus,
CDs are explored to be applied in bioimaging [7–9], photocatalysis
[10], sensing [11–14] and light-emitting devices [15–17].

Due to the excellent properties and extensive application of CDs,
much research has focused on the synthesis of CDs [18–28]. Recently,
many efforts have been devoted to the hydrothermal synthesis using
bio-resource as precursor [29–33]. For hydrothermal synthesis, it has a
great many advantages such as simple preparation, easy control of reac-
tion, and low energy-consumption. Especially, hydrothermal synthesis
can make the CDs self-passivated without any post-treatment.
Employing bio-resource as precursor is not only due to its abundance,
low cost and non toxicity but also because of its Green Chem nature. It
is well known that bio-resource has plenty of carbohydrates such as
sugar, starch, and polysaccharides. Besides C element, carbohydrates
are composed of O, and H elements which facilitate the synthesis of
CDs with functional groups (e.g. OH, COOH) on their surface. These
functional groups are benefit to improve water-solubility and
fluorescence of CDs. Much research has successfully prepared CDs by
hydrothermal synthesis using carbohydrates from bio-resource as
precursors. Liu [34] and Basu [35] employed starch from different
biomass as raw material to synthesize CDs for bioimaging and fluoride
ion detection, respectively. Zhou et al. [36] developed a facile one-step
approach towards amphibious CDs based on the hydrothermal
carbonization of polysaccharide from peach gum. The obtained CDs
exhibit excellent solubility and strong photoluminescence both in
water and organic solvents. Since bio-resource is abundant in
carbohydrates, many researchers directly use bio-resource as precursor
instead of the corresponding carbohydrates. Mehta et al. [37] employed
apple juice to fabricate CDs for imaging of mycobacterium and fungal
cells. Meanwhile, this research group also developed a hydrothermal
synthesis ofmulticolor emission CDs frompotato for HeLa cells imaging.
Prasannan and Imae [30] described the hydrothermal carbonization of
orangewaste peels to prepare CDs,which has great potential in catalytic
system. Although using bio-resource for synthesis of CDs has been
confirmed to be effective strategy, it is still a challenge to explore new
bio-resource to prepare the CDs with satisfying properties.
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Recently, the CDs are widely employed as fluorescent probes in
sensing. With the extensive development of CDs prepared from bio-
resource, the corresponding applications have been explored. For in-
stance, the CDs respectively prepared from eggshell membrane [38],
prawn shells [39] and bamboo leaves [40] have the ability to detect
Cu2+. Meanwhile, using pomelo peel [41], potato and cucumber [42]
as carbon source can produce the CDs for Hg2+ assay. It is reported
that CDs originated from banana peels [43], potatoes [29] can be used
for Fe3+ sensing. These capacities for Cu2+, Hg2+ and Fe3+sensing
are respectively due to amino groups, carboxyl groups and hydroxyl
groups on the surface of CDs [44]. Besides ions assaying, the CDs from
bio-resource for detecting small molecules including methylene blue
[45], tetracycline [46] and glucose [47] are in literatures. In addition,
Hsu et al. [48] found that the CDs synthesized from green tea presented
excellent anticancer features. It is suggested that the specific applica-
tions of these CDs are attributed to the difference of bio-resource,
resulting in the various chemical structures. Although the CDs with
new sensing abilities has been reported continually, the efforts are still
paid on to shed light on the detailed sensing mechanism.

Sweet potato is a worldwide agriculture product with high yield.
Thus, it provides enough raw material to fabricate CDs in large scale.
Previously, Zheng et al. [49] has employed sweet potato to prepare
CDs by pyrolysis carbonization at 800 °C. Herein, the sweet potato was
carbonized by hydrothermal treatment which is more convenient and
eco-friendly (Fig. 1). The microstructure and chemical composition of
the CDswere analyzed. Furthermore, the CDswere applied in cell imag-
ing, showing that the CDs are promising multicolor fluorescent probes
in biological field. The selectivity and sensitivity of the CDs for Fe3+

assay was performed and this detection was successfully applied in im-
aging of living cells.

2. Experimental section

2.1. Materials

Fresh sweet potato was purchased from local market. 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and
quinine sulfate were purchased from Sigma, USA. Dulbecco's modified
eagle's medium (DMEM) was obtained from Gibco, USA. Fetal bovine
serum was purchased from Sijiqing, China. All other chemical reagents
were purchased from Sinopharm Chemical Reagent Co., Ltd.

2.2. Preparation of CDs

The fluorescent CDs were synthesized by hydrothermal treatment
using the extraction from sweet potato as carbon source. Briefly, 100 g
fresh sweet potato was cut into small pieces and was added 350mL de-
ionizedwater. Themixturewas blended by high speed tissue blender to
crush the cells of sweet potato. Subsequently, themixturewas heated at
Fig. 1. Illustration of the formation of CDs from sweet potato.
80 °C for 3 h under magnetic stirring. Then themixture was centrifuged
at 8000 rpm for 20 min to discard precipitation. The obtain supernatant
was transferred into an autoclave and heated constantly at 180 °C for
18 h. After heating, the autoclave was cooled down to room tempera-
ture naturally. The obtained dark solution was centrifuged at
10,000 rpm for 15 min, then filtered through a 0.22 μm microporous
membrane to remove large particles. The CDs were dialysed for 48 h
against deionized water.

2.3. Quantum yield calculation

The quantum yield (QY) of CDs was determined by comparing the
integrated photoluminescence intensities (excited at 360 nm) and the
absorbance values (at 360 nm) of CDs, using quinine sulfate as a refer-
ence. The QY was calculated as follows:

QYS ¼ QYST IS=ISTð Þ AST=ASð Þ ηS=ηSTð Þ2

where I refers to the integrated photoluminescence intensities, A repre-
sents the absorbance value, η denotes the refractive index of the solvent
(both are 1.33). The subscript “S” and “ST” refer to CDs and quinine sul-
fate, respectively. The quinine sulfate was in 0.1 M H2SO4 with QYST of
54%. In order to minimize the reabsorption effect, the absorbance
value was recorded below 0.05.

2.4. Characterization methods

UV–Vis absorption spectra were recorded by a TU–1991 UV–Vis
spectrophotometer. Photoluminescence (PL) measurements were per-
formed on a Shimadzu RF–5301 spectrofluorimeter. Fourier transform
infrared spectroscopy (FTIR)wasmeasured by aNicolet 6700 FTIR spec-
trophotometer. The morphology and microstructure of CDs were char-
acterized using JEM–2100 transmission electron microscope (TEM)
with an accelerating voltage of 200 kV. X-ray diffraction (XRD) pattern
was obtained by a Bruker D2-phaser diffractometer. X-ray photoelec-
tron spectroscopy (XPS) measurements were carried out on a VG
ESCALAB 220i-XL surface analysis system. The cell viability was
detected on a Multiskan MK3 auto enzymelabeled meter. Cell imagings
were performed on a Carl Zeiss 510 LSM laser scanning confocal
microscope.

2.5. Cell culture

The human epithelial carcinoma (HeLa) and human
hepatocarcinoma cells (HepG2) were obtained from Shanghai Institute
of Biochemistry and Cell Biology, Chinese Academy of Science. The cells
were cultured in DMEM medium supplemented with 10% fetal bovine
serum, 100 U/mL penicillin, and 100 mg/mL streptomycin in a humidi-
fied 5% CO2 atmosphere at 37 °C.

2.6. Cell viability assay

The cell viability assay was performed by MTT method. Briefly, cells
were adjusted to 7 × 104/mL with DMEM complete medium. 100 μL of
cells were seeded into 96-well plates and cultured for 24 h at 37 °C in
5% CO2. The supernatant was removed and the cells were treated with
different concentration of CDs (150 μL/well) for 24 h. The controls
were treated with medium only. Then 15 μL of 5 mg/mL MTT was
added into each well. After 4 h incubation, the medium was removed
and 150 μL DMSO was added to dissolve the formazan crystals. The
absorbance was measured at 490 nm on auto enzymelabeled meter.
The cell viability was expressed as follows:

cell viability %ð Þ ¼ A490 of sample
A490 of control

� 100%



Fig. 2. (a) TEM image of CDs; (b) particle size distribution of CDs.
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2.7. Cellular imaging

The cells were seeded in 6-well plates with a density of 1 × 104 per
well. After incubation for 24 h, the cells were treated with 100 μg/mL
CDs for 4 h. Then the cells were washed 3 times by phosphate buffered
saline (PBS) to removemedium and the free CDs. As for Fe3+ detection,
200 μM of Fe3+ was added into the CDs treated cells for another 2 h.
Then, the cells were washed again by PBS for 3 times. Finally, the cells
were imaged by confocal fluorescence microscopy.

2.8. Fluorescence sensing of Fe3+

In a typical assay, 35mg of CDswas dissolved in 500mLwater. 40 μL
of a certain concentration of Fe3+was added into 5mLCDs solution. The
final concentration of Fe3+ was in the range of 0–500 μM. The fluores-
cence spectra were recorded at an excitation wavelength of 360 nm.
To evaluate the selectivity towards Fe3+, different metal ions with the
concentration of 100 μM were added into CDs solution in a same way.
All the measurements were conducted in triples.

3. Result and discussion

3.1. Synthesis of CDs

The CDswere prepared by hydrothermal synthesis from sweet pota-
to which contains carbohydrates. It is known that carbohydrates act as
various biological roles and exist considerably in cells. In order to obtain
the carbohydrates asmore as possible, it is effective to crush the cells of
Fig. 3. The FTIR spectrum of CDs.
sweet potato, making the cells released carbohydrates. Thus, the sweet
potatomixedwithwaterwasfirstly blended by high speed tissue blend-
er and then heated at 80 °C for 3.5 h to break the cell wall. Consequently,
numerous carbohydrates were released and easily solved in water.
These steps above are similar to those that preparing crude polysaccha-
rides from sweet potatowith high yield [50], confirming that it provides
enough carbon-based precursor.

Besides carbohydrates, the cells from bio-resource also contain
other biological molecules like proteins. Recently, it is proposed
that doping with N element on CDs can effectively improve and
tune their fluorescence properties. Many researchers have selected
proteins as N source and successfully synthesized N-doped CDs [51,
52]. In this study, we employed sweet potato as precursor, expecting
to prepare the CDs that contain both C and N elements. However, the
following results showed that no N element takes part in the synthe-
sis. Since the sweet potato juice was heated at higher temperature
for several hours, probably resulting in the denaturation of proteins.
Subsequently, these proteins were precipitation and removed to-
gether with pulp. In addition, other bio-resource like apple [37],
Saccharum officinarum [53] and potato [29] was treated without
heating process, but still no or little amount of N element was detect-
ed by analysis. Obviously, it is implied that no or just less proteins
participate in the reaction. It may be explained that there are no ap-
propriate functional groups of carbohydrates for proteins to make
their N element connected on their surface. It is suggested that to
dope with N element on CDs prepared from carbohydrates, choosing
small molecules as passivated agent is an effective approach [54].

Up to now, a lot of CDs with different synthetic methods and raw
materials have been reported. Previously, the CDs were obtained by
cutting mass carbon based materials which is called as “top-down
methods”. However, these methods commonly need expensive and
complicated equipment, tedious processes and hash reaction condi-
tions. Furthermore, the QY and biocompatibility of the resulting CDs
are not satisfying. Meanwhile, “bottom-up approaches” for CDs syn-
thesis have been reported in literatures, such as hydrothermal treat-
ment and microwave synthesis [55]. It is found that hydrothermal
treatment which was employed in this study is more efficient than
microwave synthesis, especially using bio-resource as carbon source.
Hydrothermal treatment is an easily controlled conventional heating
method. It can provide continuous heating energy even up to high
temperature that benefits the carbonation of bio-resource. As for mi-
crowave synthesis, the heating effect is originated from electromag-
netic energy. In addition, it is difficult to control irradiation power
and absorption properties of precursors [56], resulting in poor repro-
ducibility, as well as low quality of CDs from bio-resource. Besides
synthetic methods, the raw materials and reaction conditions also
play an important role in carbonation and surface passivation during
the formation of CDs. Subsequently, it is contributed to the different
CDs with various chemical structure and properties including optical
properties.



Fig. 4. (a) XPS survey spectrum, (b) C 1s and (c) O 1s high resolution XPS spectra of CDs.
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Although the mechanism of the formation of CDs from carbohy-
drates has been extensively investigated, the detailed pathway of syn-
thesis is still unknown. It may be explained that the carbohydrates
from sweet potato is initially hydrolyzed into monosaccharides such
as glucose. Sun et al. [57] suggested that the growth of carbon spheres
prepared fromglucose conforms the LaMermodel [58], and the temper-
ature is higher than 140 °C. In our experiments, the reaction was per-
formed at 180 °C which is benefit to form the carbon spheres.
Subsequently, the monosaccharides are dehydrated into furfural inter-
mediates. These intermediates further turn into aromatic compounds
and oligosaccharides due to the polymerization step. As the reaction so-
lution reached a critical super-saturation, a single burst of nucleation
formed. This step is ascribed to the dehydration of linear or branchlike
oligosaccharides, or other macromolecules. Then the nuclei grows uni-
formly and isotropically during the solute diffused towards the particle
surface. At last, the grown carbon substances are oxidized to improve
their properties such as water solubility. However, in the processes of
hydrolysis, dehydration and polymerization, it is still a great challenge
Fig. 5. XRD pattern of CDs (a) and the standard spectrum of C60 (b).
to characterize the intermediates in every step, consequently leading
to the undefined formation of CDs from carbohydrates.

3.2. Characterization of CDs

The morphology and size distribution of CDs were characterized by
TEM. As shown in Fig. 2(a), the CDs are spherical in shape andwell sep-
arated fromeach other. Fig. 2(b) displays the size distribution of the CDs
which are mainly in the range of 2.5–5.5 nm. The average diameter of
the CDs is 3.39 nm. To identify the chemical structure of CDs, FTIR spec-
troscopywas performed. As it can be seen in Fig. 3, a broad band around
3291 cm−1 is ascribed to the stretching vibrations of\\OH. A peak at
2925 cm−1 is assigned to the stretching vibrations of C\\H. A peak at
1695 cm−1 indicates the existence of C_O. A peak at 1608 cm−1 is
the result of the stretching vibrations of C_C. A peak centered at
1388 cm−1 is corresponding to the bending vibrations of C\\H. A
peak at 1145 cm−1 is assigned to the stretching vibrations of C\\OH.
A peak at 1022 cm−1 is originated from the stretching vibrations of
C\\O. XPS provides the information about the elemental composition
and chemical bond of CDs. The XPS survey spectrum in Fig. 4(a) implies
that the CDs contain two kinds of elements: C and O elements. The
atomic ratio of C to O is 78.6/19.9, implying that the CDs are mainly
composed of C element. Fig. 4(b) and (c) shows the high-resolution
XPS spectrum of C1s and O1s, respectively. The spectrum of C1s of
which binding energy is 284.98 ev is divided into three peaks. These
peaks centered at 284.78, 286.28 and 288.83 ev are respectively corre-
sponding to C_C, C_O, and O\\C_O bonds. The O1s occurs at the
peak of 532.78 ev and its spectrum is fitted with two peaks centered
at 533.03 and 531.78 ev. These peaks represents the C\\OH and C_O
bonds. It is obvious that the analysis of XPS spectrum is in good agree-
ment with that of FTIR spectrum, confirming that the CDs contain OH
and COOH groups. The presence of the two functional groups above im-
proves thewater-solubility of CDs. The XRD pattern in Fig. 5(a) presents
a broad peak indicating that the CDs have the amorphous nature. In ad-
dition, the small sizes of CDs results in a broad diffraction peak width.
Compared with the standard XRD pattern (Fig. 5(a)), the conformation



Fig. 6. (a) UV–Vis spectrum of CDs, inset picture shows the CDs under daylight (left) and UV light at 365 nmwavelength (right). (b) PL excitation and emission spectra, (c) PL emission
spectra of the CDs different excitation wavelengths.
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of CDs is mostly similar to that of fullerene (C60), implying that the CDs
have non plane structure but own sp2 and sp3 carbon clusters.

3.3. Optical properties of CDs

The UV–Vis spectrum of CDs is shown in Fig. 6(a). The CDs have an
optical absorption in UV region, with a tail extended to the visible re-
gion. The absorption peak at 266 nm is assigned to the π-π⁎transition
of C_C. This is the characterization of the CDs prepared by the carbon-
ization of carbon based materials [30]. As it can be seen in Fig. 6(b), the
maximum emission peak of CDs is 442 nm as it is excited at 360 nm.
Excitation-dependent PL behavior is typical and common in carbon
fluorescent materials. This phenomenon is also observed in
Fig. 6(c) that the PL emission peak of the CDs is shifted from 406 to
486 nm with the excitation wavelength varied from 300 nm to
410 nm. The reason why the PL emission peak is red-shifted as the
Fig. 7. The cell viabilities of He
corresponding excitation wavelength increased is not very clear. The
plausible explanations are ascribed to the different particle size and
the distribution of various emissive sites on the CDs surface. Conse-
quently, it results in the fact that the particles with smaller sizes get ex-
cited at lower wavelengths while the larger size of particles are excited
at higher wavelengths [37]. In this study, the QY of CDs is calculated at
8.64% using quinine sulfate (0.1MH2SO4 as solvent; QY=54%) as a ref-
erence. As for the mechanism of photoluminescence, there exists two
plausible theories. One of the theories is defect state emission, the
other is intrinsic emission [59]. In addition, it is suggested that the oxi-
dation of CDs affect their PL properties. The CDs with higher oxidation
degree own more surface states, leading to the PL emission with varied
energies at different excitations [60]. Thus, dopingwith O element is an
efficient way to control PL emission and increase QY.

Employing bio-resource as precursor provides a new pathway to pre-
pare CDs with idea biocompatibility. However, the resulting CDs are
La (a) and HepG2 (b) cells.



Fig. 8. Laser scanning confocalmicroscopy images of HeLa cells (a–d) andHepG2 cells (e–h). I, brightfield; II, excited at 330–388 nm; III, excited at 450–480nm; IV, excited at 510–550 nm.
(For interpretation of the references to color in this figure, the reader is referred to the web version of this article.)
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confronted with lower QY than those synthesized from compounds in
most cases [42,53,61]. As discussed above, bio-resource is a mixture that
contains various kinds of carbohydrates, leading to different carbonation
in a certain reaction condition. Furthermore, the QY of CDs synthesized
from bio-resource depends on the content of effective components
which produce high QY. Lu et al. [62] suggested that they synthesized
CDs from sweet potato by hydrothermal treatment had the QY of 2.8%,
lower than ours. This difference may be ascribed to the pretreatment of
the sweet potato. In this study, the sweet potato experienced the cell-
wall crushed treatment, releasing more carbohydrates that may produce
the CDs with high QY. In addition, the sweet potato juice was filtered to
discard large particles, making the insoluble components dispersed well
in water. On the contrary, Lu et al. [62] directly added sweet potato into
water, probably resulting in the inhomogeneous carbonation and subse-
quently decrease the QY. Nowadays, with the deep exploration of bio-
resource to synthesize CDs, the CDs with high QY have been described
continuously. It is obvious that these CDs have been doped with hetero-
atoms such as N and S elements [63–65]. The introduction of these
Fig. 9. Fluorescence responds of CDs towards different metal ions (100 μM).

Fig. 10. (a) The fluorescence response of CDs towards addition of different concentration
of Fe3+; (b) The relationship between (F0-F)/F0 and concentration of Fe3+, inset: a
linear relationship with the concentration of Fe3+; ranged from 1 to 100 μM.
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elements on the surface of CDs can generate additional energy lever be-
tween π and π* of carbons, thus improving QY [66].

3.4. Cellular toxicity

The toxicity of CDs is always received great attention in biological ap-
plication. Fig. 7 demonstrates the cell viabilities of HeLa and HepG2 cells
which were treated with CDs for 24 h. As it can be seen in Fig. 7(a) the
CDs promoted HeLa cells growth as the concentration of CDs increased
to 100 μg/mL. The maximum cell viability of HeLa cells was 156% when
the concentration of CDs was up to 50 μg/mL. However, the viability of
HeLa cells decreased with the concentration of CDs continuously increas-
ing. As forHepG2 cells (Fig. 7(b)), the relationship between concentration
of CDs and cell viability is quite similar to that for HeLa cells. The viability
of HepG2 cells initially exceeded 100%with the concentration of CDs from
0 to 100 μg/mL. Especially, the cell viability of HepG2 cells was as high as
171% at the concentration of CDs of 25 μg/mL. As the concentration of CDs
Fig. 11. Confocal images of Hela (a)–(f) and HepG2 (g)–(l). (a)–(c) and (g)–(i) are the cells
fluorescence images were obtained at 405 nm. (For interpretation of the references to color in
increased up to 150 μg/mL, the viability of HepG2 cells began to decrease.
In a word, the CDs improved cell viabilities of both HeLa and HepG2 cells
within the concentration of 100 μg/mL, showing that the CDs has no tox-
icity. As the concentration increased, the CDs gradually exhibited low tox-
icity and finally toxicity to the two cells. Thus, it is worth noting that
applying CDs in biological field should be taken their safe concentration
into account.

In the previous paragraph, it is found that the conformation of CDs is
mostly like that of fullerene. It has been reported that the fullerene sup-
pressed HepG2 cells growth at a very low concentration [67]. Therefore,
it may be speculated that the fullerene-like conformation lead to the
CDs have cytotoxic property.

3.5. Cell imaging

Fig. 8 presents the confocal imaging of HeLa and HepG2 cells which
were treated with CDs at the concentration of 100 μg/mL for 4 h. It is
incubated with CDs; (d)–(f) and (j)–(l) are the cells incubated with CDs and Fe3+. The
this figure, the reader is referred to the web version of this article.)
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shown that the CDs are successfully penetrated into the two cells because
of the small sizes and hydrophilic functional groups on their surfaces.
These cells emitted blue, green, and red fluorescence under ultraviolet
(330–388 nm), blue (450–480 nm), and green (510–550 nm) light exci-
tation, respectively. It is indicated that theCDs are biocompatible and suit-
able to be served as probes for cell imaging.

3.6. Selectivity and sensitivity for Fe3+ detection

Fig. 9 depicted thefluorescence responds of CDs in the presence of dif-
ferent metal ions. It is shown that Fe3+ had obvious fluorescent
quenching effect while other ions had slight or no interference to fluores-
cence. Thus, it is indicating that the CDshave satisfying selectivity for Fe3+

assay. The mechanism of fluorescence quenching by Fe3+ is ascribed to
the charge transfer and restrained exciton recombination [44]. It is pro-
posed that the hydroxyl groups on the surface of CDs interacted with
Fe3+, leading to the electronic structure of CDs change. Moreover, Lu
et al. [61] found that their synthesized CDs from sweet potato by hydro-
thermal treatment have high fluorescence selectivity towards Hg2+. As
they predicted that this fluorescence quenching is ascribed to strong af-
finity of Hg2+ to carboxylic group. In spite of using same carbon source
and synthetic method, the obtained CDs have quite different property in
ion sensing. Actually, the property of CDs is dependent on their chemical
structure. As discussed above, themain species of functional group on the
surface of CDs affect their specific recognition of foreign ions. It is nodoubt
that the two kinds of CDs prepared from sweet potato are different in
chemical structure. The reason can be explained that the diverse pretreat-
ment of sweet potato and reaction condition contribute to the difference
of carbonation that affects the final structure.

The sensitivity of CDs for Fe3+ detectionwas estimated in this study.
As Fig. 10(a) shown that, the fluorescent intensity of CDs decreased as
the concentration of Fe3+ increased. Fig. 10(b) presents the relationship
between fluorescent quenching ratio (F0-F)/F0 and Fe3+ concentration.
As the concentration of Fe3+was varied from 1 to 100 μM, a good linear
was observed with the correlation coefficient square (R2) of 0.9967. In
addition, the limit of detection (LOD) was evaluated as 0.32 μM based
on a signal-to-noise ratio of 3. According to the guideline limit of Fe3+

concentration (5.36 μM) proposed by World Health Organization
(WHO), the LOD for Fe3+ detection in this study was much lower,
showing that the CDs are promising in detecting trace amount of Fe3+.

3.7. Fe3+ detection in living cells

The confocal images of Hela and HepG2 cells treated with CDs were
performed for Fe3+ monitoring. As Fig. 11 indicated, both Hela and
HepG2 cells only incubated with CDs (100 μg/mL) emitted strong blue
fluorescence. However, as the Fe3+ (200 μM) penetrated into cells, the
fluorescence faded dramatically. In total, it is indicated that the CDs
have potential to monitoring Fe3+ in living cells.

4. Conclusion

In this study, a green and facile synthesis of CDs from sweet potato
was developed. The CDs are spherical in shape with the average diame-
ters of 3.39 nm. In addition, the characterization of CDs showed that
they have oxygen containing groups on their surface which are benefit
to the improvement of water solubility and fluorescence. The obtained
CDs have good fluorescence with QY of 8.64%. Furthermore, the CDs
were also applied in cell imaging at their non toxic concentration, indi-
cating that they are promising multicolor fluorescent probes in biologi-
cal imaging. In addition, it is shown that the CDs have satisfying
selectivity and sensitivity for Fe3+ detection. The linear range of Fe3+

concentration was varied from 1 to 100 μM with a limit of detection as
low as 0.32 μM. Furthermore, the application of Fe3+ detection was
employed in living cells, showing that the CDs are promising as fluores-
cent sensors to detect Fe3+ in biological system.
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