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ABSTRACT. Here we develope highly-luminescent carbon nanoparticles as sensor for monitoring of heavy metals in aqueous solutions in microscopic scale objects.
The sensor systems possess selectivity and sensitivity towards the detection of some biologically important metal ions as Fe3*, Zn?*, Ni2+ and etc. To achieve this goal
the nanoparticles were synthesized by microwave assisted pyrolysis. Their quantum yield is over 50 % and with blue photoluminescence peak at 450 nm wavelength.
The nanoparticles at fixed concentration were tested on various soluble metal ions. For first time the observed chemically induced fluorescence was detected by
fluorescence microscope and CCD camera. Thus it is enables to measure the generated signal in microscopic objects by software ImageJ. The results revealed that
the surface of carbon nanoparticles exhibit high sensor affinity to pH of sample solution and some dissolved ions.
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BMCOKO NYMWHWUCLIEHTHW BbIMEPOAHU HAHOYACTULIM KATO BUOCEH30PU 3A MOHUTOPUHI HA TEXKW

METAIN

Monuna Mnaderoea, AnekcaHdbp JlykaHoe, AHamonuii AHzenoe
Jlabopamopus urx. HaHobuomexHonoeus, Kamedpa ,MHxeHepHa 2eoekonoaus’, MuHHO-2e0m0xKu yHugepcumem ,Ce.MgaH

Puncku® - Cogpus, bbneapus

PE3IOME. B o3 goknap ca paspaboTeHi BUCOKO MYMUHUCLIEHTHN BbIMIEPOAHIN HaHOUaCTULM, KAaTO CEH30PM 33 MOHUTOPUHT Ha TEXKW MeTanu BbB BOAHW pa3TBOpK
B MUKPOCKOMWYHM N0 pasmep o6ekTi. CEH30pHUTE CUCTEMM MPUTEXABAT CENMEKTUBHOCT 1 YYBCTBUTENHOCT NPY AETETKLUMATA Ha HAKOM BMONMOTMYHO BaXKHW MeTamnHu
ioHu, kato Fe®*, Zn2*, Ni2* n gp. 3a Aa ce NOCTUrHE Tasu Lien HaHovacTuumMTe Bsxa CMHTE3MpaHW Ype3 MUKPOBBIHOBA Nupomnn3a. TEXHUST KBaHTOB A06MB € Haj
50 % ¥ nuka Ha TAXHaTa CMHS NyMUHUCLEHUMS e C AbMKWHA Ha BbnHaTa 450 nm. HaHovacTuumTe npu dukcupaHa KOHLEHTpauus Bsxa TecTBaHN C pasnuyHm
pasTBOPMMM MeTanHM ioHW. 3a MbpBK MbT HabnofaBaHaTa xumMnyecka MHAyLMpaHa dnyopecueHums belle AeTekTupaHa Ypes dnyopeclieHTeH mukpockon u CCD
kamepa. o TO31 HauMH Ce AaBa Bb3MOXHOCT 3@ M3MEPBAHe Ha reHepupaHns CUrHam B MUKpOCkonyHM 0bekTu upes codtyepa Imaged. PesynTatute nokassar, ye
NMOBBPXHOCTTA Ha HAHOYACTULMTE NPOSIBABA BUCOK CEH30peH apuHuTeT KbM pH Ha npobaTa v koW pasTBOPEHH NOHM

KntouoBu gymu: BbrmeposHn HaHOYACTULM, CEH3OPHW CUCTEMM, (DIyOPECLiEHTHO 130BpassiBaHe

Introduction

Among several methods for biosensing of heavy metals,
fluorescence is a broadly used characterization technique,
because of its characteristics such as high sensitivity, simple
and fast response. Fluorescence is a form of luminescence
which is the light emitted by a substance that absorbed lighjt or
electromagnetic radiation. The observed fluorescence of the
studied carbon nanomaterial is a form of electronic
phenomenon of molecules which contain n-electrons. When
the molecules having conjugated m-electrons absorb light
radiation, the m-electrons firstly jump from the ground state to
gigher energy state. To be capable of fluorescing, the majority
of electrons go from the higher vibrational levels to the lowest
one and are ready for radiative emission back to the ground
state which resulting the emitted fluorescence. The
photoluminescence of the C-dots may be the result of the
optical selection of various nanoparticle size and the emissive
traps on the C-dots surface.
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in the past few years the carbon nanodots, so called C-dots
a kind of novel nanomaterial, that are inspiring increasing
attention among researchers. C-dots are defined as a form of
nanoparticles with features of discrete, quasi-spherical and
size usually below 10 nm. C-dots will be one of the ideal eco-
friendly nanosensors due to their unique advantage of low
cytotoxicity, thus imparting them with favorable property of
biocompatibility. Microwave route has been demonstrated to
be a green and effective synthesis route for C-dots production
and highly studied in the past few years [1,7]. In addition to the
excellent fluorescent activity, the as-prepared carbon nanodots
are also envisioned to be of great sensitivity and selectivity in
tracking and detectiong some metal ions in water [6,8]. In this
study, we established the C-dots fluorescence based
nanosensor, which sense metal ions [2-5,9] in fixed plant cells.
Carboxylate and amine functionalized C-dots are acted as
fluorescence probes for detection of iron ions.



Experimental Procedures

Synthesis of carbon nanodots by microwave assisted
pyrolysis

Citric acid (1 g) was diluted with 10 ml distilled water and
ethylenediamine (0.2 ml, 0.18 g) was injected to the solution
under vigorous stirring. The clear transperant solution mixture
became a yellowish brown gum after microwave irradiation for
3 minutes at microwave oven (750 W), as shown on Fig. 1.
The carbonization proceeded very fast and no inorganic salt or
acid was needed. When cooled down to room temperature, the
obtained yellowish brown solid was dissolved in Milli-Q and
dialyzed against pure water through a dialysis membrane
(MWCO of 100 - 500 Da) for 3 days [5]. Finally, 50 ml red-
brown aqueous solution containing both, reaction precursor
and C-dots was obtained and the nanoparticles were purified
by dissolving in acetone (water : aceetone = 2 : 13) and
centrifuged (2500 rpm, 10 min). Finally, the obtained
precipitate pellets were collected and vacuum-dried at room

temperature.
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Fig. 1. Synthesis of carbon nanodots by microwave assisted pyrolisys

Preparation of cell culture

Tobacoo cells were cultured in Murashige-Skoog (MS)
medium on rotated 110 rpm by rotary shaker. MS medium
contain various ions and vitamins, as shown on Table 1:

Table 1.

Components of MS medium
Micro element Amount (mg/L)
CoCl2.6H20 0.025
CuS04.5H20 0.025
FeNaEDTA 36.70
H3BO3 6.20
K 0.83
MnS04.H,0 16.90
Na:Mo04.2H.0 0.25
ZnS04.7H0 8.60
Macro elements
CaCl 332.00
KH2PO4 170.00
KNO3 1900.00
MgSO4 180.54
NHsNO; 1650.00
Vitamins
Glycine 2.00
Myo-Inositol 100.00
Nicotinic acid 0.50
Pyridoxine HCI 0.50
Thiamine HCI 0.10

Staining protocol

First, the cells were incubated for 4 days in MS culture
medium. After that the obtained suspension was centrifuged
and washed twice with MS medium. Second, such prepared
cells were incubated with each C-dots (20 mg/ml) at ambient
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temperature for several hours. Finally, the labeled cells were
fixed glutaraldehyde and washed with Milli-Q to remove the
excess of C-dots.

Future, the prepared cells were teated with HEPES buffer
solution, which contains iron ions with different concentrations.
Fluorescent and transmission images were takken by light
optical microscope BX53 (Olympus).

Result and discussion
Optical characterization of carbon nanodots

The absorbance and photoluminescence spectra of C-dots
are shown on Fig. 2.
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Fig. 2. Absorbance and photoluminescence specta of bare C-dots,
prepared by microwave assisted pyrolysis

On the absorbance spectrum there is one main peak at 350
nm with a tail extended to 500 nm. This broad peak is
attributed to n —m* transition, which correspond to the
carbonyl / amine functional groups on the nanoparticle surface.
It might shift to longer wavelength depending on the pH of the
solution. Fluorescence spectra of C-dots were recorded at
different excitation wavelength and the resultant fluorescence
spectra obviously represent that C-dots have multi-emission
nature and depending on the excitation wavelengths. Upon C-
dots excitation varying from 320 to 450 nm, the emitted
fluorescence maximum was red shifted from 420 to 520 nm
and higher fluorescence intensity was observed at 340 nm
excitation [2].

Detection of metal ions

The photoluminescence intensity of the C-dots was
significantly quenched when HEPES buffer with Fe3* is applied.
The intensity was found to decrease with increasing
concentration of Fe3* ions, but peaking at the same position
even in the presence of highest iron concentration. The
observed fluorescence quenching of the nanoparticles may be
due to non-radiative electron transfer from the excited state of
the C-dots to the d-orbital of Fe3* ion, as it is shown on Fig. 3.
The quenching rate constant reveals that the high efficiency of
quenching process is in the excited state and it suggesting that
the Fe3* ions plausibly coordinate with -COOH groups on the
carbon nanodot surface. When the concentration keeps
increasing, the relation Stern-Volmer (S-V plot) begins to
deviate from linearity, indicating rhat the observed quenching
process may be due to both dynamic and static process.



Fig. 3. Schematic representation of the quenching of nanoparticle
photoluminescence and the sensing process of metal ions with C-dots

Biosensoring of iron (lll) ions in plant cells
On figures 4 and 5 are shown fluorescence microscopic
images of labeled with C-dots plant cells.
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Fig. 4. Control experiment: labeled plant cells with carbon nanodots,
fixed and washed with Milli-Q. (A) light microscopic image, (B)
fluorescence microscopic image and (C) plot profile of the microscopic
image

The cells are first labeled with carbon nanodots and after that
fixed with 2 % solution of glutaraldehyde. In the control
experiment the labeled cells are future washed with ultra pure
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water. As it is shown on fig. 4 they have very high
photoluminescence under irradiation in light microscope. As it
is shown on fig. 4C the plot profil of the image possess very
high peak (over 200 units). It correspond to the high quantum
yield of the nanoparticles. Nevertheless, if the labeled cells are
treated with solution contains iron (Ill) ions in buffer solution
with concentration 10 mg/L there is a strong quenching of the
photoluminescence, as it is shown on fig. 5. The intensity of
the profil plot on fig. 5C is significantly lower (around 50 units)
in comparison with the control experiment. The reason for this
quenching effect is the interaction between carboxyl groups on
nanoparticle surface with the iron ions and the followed
formation of complex compounds as it was shown on fig. 3.
The decreasing of the photoluminescence in the labeled cells
is linearly depended of the iron concentration. This is an
evidence for the biosensing properties of carbon nanodots for
detection of heavy metals within individual microorganism.
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Fig.5. Biosensing experiment: labeled plant cells with carbon nanodots,
fixed and treated with iron (lll) ions in buffer solution. (A) light
microscopic image, (B) fluorescence microscopic image and (C) plot
profile of the microscopic image



Conclusion

In this report we developed carbon nanodots as biosensors
for detection of heavy metals. Their quantum yield values are
linearly depended from the concentration of the iron (Ill) ions in
HEPES buffer. Due to this reason the concentration of Fe3* in
individual cells can be detected by the correlation between the
obtained fluorescence image and its plot profile produced by
the software ImageJ.
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