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Abstract

In this original research, the synthesis of carbon nanodots (CDs) from two different solvent extracts of Nerium oleander by the
thermal method was investigated under various physical conditions such as pH, reaction temperature, ionic strength, and surface
passivation agent (polyethylene glycol, PEG) presence in the reaction media. The effects of extract types and physical conditions
on CDs formation were characterized by UV-Visible spectrophotometry, fluorescence spectrophotometry, Fourier transform
infrared spectroscopy and dynamic light scattering analysis. Fluorescent CDs were obtained from PEG included reaction media.
Additionally, the enhanced fluorescence intensity correlated with ascending reaction temperature was reported. The hydrody-
namic particle size of CDs in aqueous solution was determined between ~1 and 235 nm with negative surface potential in the
range of =6 mVand —28 mV. Moreover, CDs synthesized from aqueous extract mostly resulted in smaller size than that of ethanol
extract based ones. The impact of surface passivation with PEG on the fluorescence feature of CDs was verified. For the relevant
extracts of Oleander, CDs synthesized from PEG included formulations at pH 5 and NaCl free reaction media found as better
alternatives than CDs synthesized under other conditions taking account their effect on fluorescence feature, hydrodynamic size
and etc.
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Introduction

Carbon nanodots have been researched due to their superior
physical properties as thermal and electrical conductivity, high
mechanical strength, optic and fluorescence features,
photostability and etc. since the first report on their synthesis in
2004 [1-12]. Carbon nanoparticles can be used in bio-imaging,
drug delivery, optoelectronics, solar cells, photocatalyst, photo-
detectors and other biological applications [8, 13—23]. There are
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31], ultrasound [32-34]. Besides, the methods like thermal [3,
35, 36], hydrothermal [27, 37, 38] and microwave/microwave
assisted [27, 39—41] synthesis are fast, easier, cheaper and envi-
ronmentally friendly alternatives. To minimize the utilization of
chemicals during CDs synthesis and to decrease the process
costs, the utilization of organic materials as a carbon source has
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been preferred. Nanoparticles synthesis from natural sources
have been reported widely for years [38, 42—45] and recently,
the studies on the synthesis of CDs from plants have been pro-
ceeding [6, 37, 46-52].
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The photoluminescence is one of the most remarkable fea-
tures of CDs. CDs have considerable photostability along with
the sustained excitation and this makes them excellent candi-
dates for bio-imaging. Despite CDs are similar to inorganic
fluorescent semiconductor nanoparticles, optical properties
and chemical/photochemical stability of CDs provide advan-
tages against semiconductor quantum dots, and these features
that make them better alternatives for in vitro and in vivo bio-
imaging [53, 54]. Also, while toxic heavy metals were using
for the synthesis of semiconductor nanoparticles, it is possible
and practicable to synthesize CDs from non-toxic sources.
Nevertheless, the luminescence of CDs should be enhanced
to achieve the luminescence of semiconductor based-quantum
dots and CDs with higher quantum yields should be synthe-
sized to compete with commercial alternatives [53, 55].
Meanwhile, the fluorescence behavior of CDs are sensitive
to pH. Therefore, photoluminescence of CDs can switchable
by changing pH [56]. Additionally, fluorescence ability of
CDs provides sensing properties to CDs [57]. The appli-
cations in drug delivery and gene transfer by CDs also
reported due to their transport capacity, and the fluores-
cence feature of CDs gives a chance to monitor the trans-
fer process [57]. The opportunity of designing CDs as
charge convertible gives them superior advantages for
drug delivery like reducing the side effects by preventing
the drug uptake by untargeted cells [58].

Nerium oleander (Oleander), is a member of the
Apocynaceae family. It’s a sempervirent toxic shrub with
generally white or pink flowers and narrow long green
leaves. The chemical constituents of Nerium oleander
vary as cardiac glycosides, triterpenes, flavonoids glyco-
sides and etc. [59-64]. Thermal synthesis of CDs is based
on the principle of using saccharides and their derivatives
as a carbon source. The polysaccharide content of
Oleander seems to be proper for carbon nanodot synthe-
sis. Besides, the effects of the carbon sources on CDs
synthesis due to the chemical content of the plant extracts
can vary depending on the solvent type used in the ex-
traction step which needs to be investigated.

In this original research, the effects of the extract types
and synthesis conditions on CDs structure were investi-
gated in combination with the physical conditions of re-
action media and the synthesis temperature. Two different
Oleander extracts were utilized as carbon source, and CDs
were thermally synthesized under various conditions con-
sidering pH, ionic strength and surface passivation agent
addition to the reaction media for each combination of the
extraction method and the synthesis temperature. The re-
lationship among the investigated parameters and CDs
features were evaluated by characterization studies using
UV-Vis spectrophotometry, fluorescence spectrophotome-
try, Fourier transform infrared spectroscopy (FTIR) and
dynamic light scattering analysis (DLS).
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Experimental Study
Materials
Plant Material

Nerium oleander leaves were collected from Esenler, istanbul
(41°01"37.7°“ N, 28° 53* 32.1” E) at 82 m, in May 2016 and
were booked in Izmir, Ege University Faculty of Pharmacy
Herbarium (IZEF) with number 6056.

Chemicals

Ethanol (EtOH), hydrochloric acid (HCI), sodium hydroxide
(NaOH), sodium chloride (NaCl) and polyethylene glycol
(PEG) 10,000 N were purchased from Sigma-Aldrich.

Equipments

Elma, TI-H 5 ultrasonic bath was used over the extraction
process. Thermal synthesis of CDs was accomplished at
Nuve muffle furnace. The characterization studies of CDs
were performed at Shimadzu UV-1800 UV-Vis spectropho-
tometer, Agilent Cary Eclipse fluorescence spectrophotome-
ter, Malvern Zeta Sizer Nano ZS, and Perkin Elmer Frontier
FTIR.

Methods
Preparing Plant Extracts

Oleander fresh leaves were collected from nature, washed
three times with distilled water and dried in an oven at
70 °C for two days. Dried leaves were ground to enhance their
surface areas. Ethanol and water solvent extracts of Oleander
leaves (12.5 g) were prepared in an ultrasonic bath at room
temperature for 5 h with ethanol and ultra-pure water
(100 mL), respectively. Finally, extracts were centrifuged at
5000 rpm for 15 min to remove redundant and clear extracts
were kept at 4 °C.

CDs Synthesis

The preparations of PEG included and PEG free formulations
of both extracts were represented in Fig. 1.

CDs were thermally synthesized in a muffle furnace for
45 min at various temperatures to investigate the effect of
temperature on CDs formulation. After synthesis, residues in
the crucibles were dissolved with 6 mL ultra-pure water and to
obtain clear solutions, samples were centrifuged at 6000 rpm
and 13,500 rpm for 20 min, respectively. Purified supernatants
were kept at 4 °C. CDs were coded due to the extraction
method (E: ethanol, W: water) and PEG inclusion as CDg,
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Fig. 1 Schematic view of CDs formulation

CDgereg, CDw, CDwepiG- In this case, CDg represents CD
synthesized from Oleander ethanol extract, CDg@prg repre-
sents CD synthesized from Oleander ethanol extract in exis-
tence PEG, CDyy represents CD synthesized from Oleander
aqueous extract and CDwepgg represents CD synthesized
from Oleander aqueous extract in existence PEG.

According to the hydrodynamic particle size, surface zeta
potential and fluorescence feature of the particles; CDg@prg
and CDwepgg synthesized at 300 °C were chosen for the
evaluation of the impact of the other physical conditions on
CDs formation (Fig. 2). To adjust pH and ionic strength of
reaction media, 0.1 M HCI - 0.1 M NaOH solutions and in the
range of 0—1 M NaCl solutions were used, respectively.

2 mL

@S Aqueous extract
lg @ Ethanol extract
(for PEG included
formulations) Ultra-pure water

Ethanol
PEG 10000N

CDg and CDyggprg

Characterization

Characterization studies were performed as reported Simsek
et al. [52]. CDs samples were prepared by adding 50 pul of
CDs solutions, mentioned in Section 2.2.2 which were stored
at 4 °C, to 3 mL ultra-pure water. Optical characterization
studies of CDs synthesized were performed by
photoluminescence spectroscopy and the UV absorption spec-
tra of CDs were recorded on a UV-spectrophotometer by using
a 1 cm path length cuvette [65]. Fluorescence emitted from
CDs were searched with a UV lamp at 365 nm wavelength.
Particle size distribution and surface zeta potential of CDs
synthesized were measured with DLS technique. About
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Fig. 2 Flow diagram of the present study
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1 mL of CD solution was transferred to a disposable zeta cell,
and the measurements were made in three replicates each with
12 zeta runs for particle size distribution. Mean particle size
and standard deviations were calculated. Similarly, for surface
zeta potential measurement, ~1 mL of CD solution was trans-
ferred in a disposable zeta cell. Three replicates each with 20
zeta runs were performed for analysis with dip cell. The FTIR
spectrum of CDs with a resolution of 4 cm™' was collected
over the range of 450-4000 cm ' on FTIR spectrometer. All
measurements were performed in the ambient atmosphere and
room temperature.

Results and Discussion

Effects of the Extract Types and Surface Passivation
on CDs

Optic feature of nanoparticles can be investigated by UV-
Vis spectroscopy [65]. Original carbon nanoparticles give
a broad peak at 365 nm [66]. The peaks among 300-
400 nm can be related with n-7* transition of C=0
[41, 67-71] and peaks among 240 and 300 nm can be
related to the 7-7* transition based on C=C units [20,
41, 69, 70, 72, 73]. These original peaks at 240—-300 nm
and 300-400 nm were determined for all synthesized
CDs (Supporting Information Figure S1). In comparison
to PEG free formulations, the dramatic increases on ab-
sorption were observed for PEG included CDs (Fig. 3a).
These increases at around 370 nm could be associated
with the increase of surface energy level in CDs [74].
The effect of the extract types on the optical feature of
CDs can be followed in Figure S1. In general, the UV-
Vis profile of the particles were similar to each other
with respect to extraction types. Other parameters
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investigated should be more effective than the extraction
type on the optical features of CDs.

Fluorescence emissions were investigated at various
excitation values in the range of 365-550 nm. Higher
intensity values were mostly obtained at 365 nm excita-
tion, and further studies were sustained at this excitation
(Supporting Information Figure S2). Also, fluorescence
luminescence of CDs was visualized under 365 nm UV
light by the naked eye and photographed (Fig. 4). A
strong relationship was determined between the fluores-
cence luminescence and PEG inclusion in the reaction
media which can be explained with the surface passiv-
ation effect of PEG (Fig. 4, Supporting Information
Figure S3) [3]. Also, the superior fluorescence values
of the CDs mostly were obtained from ethanol extract
originated CDs and the impact of the extraction types
on the fluorescence feature was evinced (Figure S3).

Particle size has key importance on CDs
photoluminescence feature and their applications in optoelec-
tronics and biomedical [25, 75]. Hydrodynamic particle size
was in the range of ~1 and 235 nm (Table 1) while increased
temperature resulted in variations in size. Nevertheless, the
average sizes of CDs were mostly determined under 50 nm.
CDs synthesized in the presence of PEG showed smaller par-
ticle sizes than PEG free formulations. The size decreasing
effects of surface modification were found compatible with
the previous reports (Fig. 5) [76]. Besides, Nerium oleander
aqueous extract based CDs showed smaller size than ethanol
extract based ones in general, i.e. while PEG included formu-
lations of aqueous extract CDweprg found as about 2 nm,
ethanol extract based ones (CDg@ppg) found as around
15 nm (Fig. 5a). This difference may be explained by the
variety of chemical compounds in the extracts that act as a
passivating agent which stabilize dangling surface groups.
The main principle of the thermal process is condensation of
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Fig. 3 UV-Vis spectra of CDs; a Effect of surface passivation agent, b Effect of pH
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the carbonaceous building blocks induced by high tempera-
ture and crystallization of the graphitic core [54]. Because of
the higher polarity value of water than ethanol, the aqueous
extract may have more saccharide derivatives than ethanol
extract. The carbonization of the saccharide derivatives during
thermal synthesis step may induce the formation of smaller
particles.

The surface potential of all CDs was found as negatively
charged, and the range of surface zeta potential was deter-
mined between —6 and =31 mV depending on the changes in
physical conditions and carbon sources (Table 1, Figure S5).
The surface zeta potential values of unmodified CDs with
PEG were found to be decreased from —20.2 to —24.4 mV
and from —28.4 to —31.1 mV for CDg and CDyy, respectively,
due to the temperature increase from 200 to 250 °C. But, CDs
modified with PEG showed significant increases on the sur-
face zeta potential values from —28.6 to —6.77 mV and from
—21.2to—11.6 mV for CDgeprg and CDw eprg, respectively.
The surface potential of aqueous extract based CDs had higher
negativity on their surfaces than ethanol extract based ones
while the overall average surface zeta potential of ethanol
extract based CDs was calculated as —16.38 mV, aqueous
extract based CDs’ overall average surface zeta potential
found as —21.10 mV. Under various pH values of reaction
media, CDgeppg may be qualified as having an increasing
profile on the negativity of surface zeta potential till pH 7.4,
and then, the surface zeta potential may be evaluated as stable
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with a small change. While surface zeta potential of
CDweprg may be regarded as stable for pH 2, 5 and 11; a
significant increase on the surface zeta potential at pH 7.4 was
determined from —23.5 to —14.4 mV. For the effects of ionic
strength of the reaction media on surface zeta potential of
CDs, an increasing profile was observed except at 0.4 and
1 M NaCl concentrations for CDg@prg and 0.4 and 0.8 M
for CDwepgg- For the surface passivation agent inclusion to
the reaction media, PEG free CDs were mostly found as more
negatively charged due to the occurrence of the more acidic
surface which is rich in -COOH. When the surface modified
with PEG, the dangling bonds on the surface stabilized, and
the number of carboxyl groups decreased due to the impact of
surface passivation [3, 76]. It was reported by Shaik et al. [77]
in their study that the negatively charged nanoparticles caused
less DNA damage than the positively charged samples. Also,
the surface potential of nanoparticles affects the cytotoxicity
and the biophysicochemical interactions between nanoparti-
cles and biological systems [78, 79]. Therefore, the reporting
on the changes of the surface charges due to the variation in
carbon source, surface passivation agent inclusion, reaction
temperature and physical conditions of reaction media pro-
vides important know-how.

The change of the surface functional groups due to the
parameters investigated was determined by FTIR spectra.
While the general profile of FTIR spectra similar both for
PEG free/PEG included formulations and extract types, minor
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Table 1

Hydrodynamic particle size and surface zeta potential data of CDs

Formulation & Reaction Conditions

Hydrodynamic Particle Size

Average Surface Zeta Conductivity Mob

(Ry) £ Std. Dev. (nm) Potential ( -Pot) £+ Std. Dev. (mV) (mS/cm) (umem/Vs)
CDg 200 °C pHS 45.95+6.84 -20.2+1.92 0.0242 —1.58
250 °C 148.85+20.58 —24.4+231 0.0239 -191
300 °C 234.87+31.15 —17.9+5.67 0.0115 —1.403
CDgereG 200 °C 15.88+1.36 —28.6+0.96 0.0256 —2.241
250 °C 13.70+1.24 -6.77+£1.32 0.1670 —0.5304
300 °C 16.22+1.33 —17.84+0.42 0.0543 -1.392
CDw 200 °C 3.07+0.44 —28.4+3.29 0.0310 —2.226
250 °C 31.49+2.23 =-31.1£1.75 0.0271 —2.441
300 °C 22.86+2.22 —25.7+1.11 0.0243 —2.015
CDwerEeG 200 °C 2.57+0.35 —212+1.72 0.0404 —1.659
250 °C 1.99+0.19 -11.6+0.90 0.0714 —0.9059
300 °C 2.05+0.22 —23.5+6.21 0.0499 —1.84
CDgerrG 300 °C pH 2 32.46+2.30 —14.74+£2.95 0.0560 —1.155
pH 5 16.22+1.33 -17.8+£0.42 0.0543 -1.392
pH 7.4 44.48 +2.75 —25.1+4.92 0.0260 -1.967
pH 11 24.24+1.72 -23.7£1.29 0.0414 —1.863
CDwaepEG pH 2 1.06£0.10 —25.44+4.90 0.0349 -1.99
pH 5 2.05+0.22 —23.54+6.21 0.0499 —1.84
pH 7.4 240+0.22 -14.4+2.49 0.0319 -1.132
pH 11 1.69+£0.17 -23.6+6.21 0.0411 —1.853
CDgerrg 300 °CpH 5 NaCl free 16.22+1.33 —17.8+0.42 0.0543 -1.392
0.2 M NaCl 12.7+£1.18 —12.84+2.36 0.1550 —1.005
0.4 M NaCl 11.98+1.03 -14.8+0.91 0.3200 —1.156
0.6 M NaCl 11.68+0.95 -9.34+1.67 0.4520 —0.7334
0.8 M NaCl 75.69 +4.99 —6.41+0.70 0.5870 —0.055
1.0 M NaCl 61.06+5.53 -11.7+1.04 0.7343 -0.9164
CDwereG 300 °CpH 5 NacCl free 2.05+0.22 —23.5+6.21 0.0499 —1.84
0.2 M NaCl 22.04+1.77 —22.2+4.71 0.1430 —1.743
0.4 M NaCl 44.50+4.43 —28.07+1.44 0.3410 —2.2007
0.6 M NaCl 3.77+0.53 -11.17£1.33 0.4480 -0.876
0.8 M NaCl 21.46+1.70 -17.9+£2.01 0.6570 —1.404
1.0 M NaCl 2.3+0.19 —6.33+£0.64 0.7350 —0.496

differences in peaks and/or intensities were observed for each
condition (Figure S6). For example, all CDs at pH 5 had C-H
stretching bands around 2880 and 2980 cm™ ! at each synthesis
temperature while the peaks were sharper for CDyw and
CDweprg formulations than ethanol extract based CDs
(Figure S6) [80—-82]. The detailed analysis of surface function-
al groups can be followed in Section 3.2 and Section 3.3.

After the evaluation of data collected from characterization
studies of CDs which were synthesized from different carbon
sources (ethanol and aqueous extracts of Oleander leaves)
with or without surface passivation agent addition, it was de-
cided to pursue the further studies with PEG included formu-
lations of both carbon sources due to their fluorescence feature
and smaller size (Fig. 2).
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Effects of the Synthesis Temperatures on CDs

The effects of synthesis temperature on CDs formation can be
followed from Supporting Information Figure SI. Strongly
absorbed peaks at ~230 nm and ~290 nm were connected with
the 7-7* transition of the non-bonding electrons [65]. For
PEG included CDs formulations, the increases observed on
the absorbance at around 370 nm may be related with the
increase of surface energy levels [74].

The only non-fluorescence CDs of PEG included formula-
tions were observed at 200 °C. Lower temperatures were re-
ported as carbonization ratio may be insufficient for the sur-
face passivation of carbon quantum dots leading non-
fluorescent particles [83]. While an increment was observed
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Fig.5 Particle size distribution of CDs; a Effect of surface passivation agent, carbon source and synthesis temperature, b Effect of pH and ionic strength

of the reaction media

on the fluorescence intensity of CDs with ascending temper-
ature, the unexpected fluorescence behavior of CDs synthe-
sized at 250 °C may be related with the aggregation of smaller
particles (Figure S3) [83].

No apparent correlation with the hydrodynamic particle
sizes and surface charges of CDs and synthesis temperature
has been observed. Although, the impact of the synthesis tem-
perature on the hydrodynamic particle size and surface zeta
potential of CDs may be followed in Fig. 5a and Figure S5,
respectively.

According to FTIR spectra of CDs given in Figure S6, in
all temperatures, CDs showed stretching and bending pulse of
-CH; and -CH, groups occurred at ~3000 cm™ ' sharply and
~1400 cm ' [82]. Reaction temperature did not show a signif-
icant impact on the surface functionalization of CDs in the
case of usage of aqueous extract of Oleander as a carbon
source (CDyw and CDw@pgg)- On the other hand, FTIR spec-
tra of ethanol originated CDs (CDg and CDg@prg) Were same
for 200 and 250 °C, a dramatic change on the surface was
observed at 300 °C (Figure S6). O-H/N-H stretching peaks
were identified at ~3660 cm ' for CDyw, CDweprG.
CDgerrg at different reaction temperatures, and H bonded —
OH stretching at around 3200 cm ' was observed for CDy at
300 °C (Figure S6) [8, 48, 73, 80, 81, 84-86].

Taking account the results obtained, CDs synthesized at
300 °C were chosen for the further studies due to their smaller
size and high fluorescence emission features.

Effects of pH and lonic Strength

Effect of solution pH on the physicochemical properties of
synthesized CDs was analyzed at the range of pH 2 and
pH 11. According to the absorbance spectra of CDs due to
the pH change of the reaction media, the increases on

absorbance values at pH 5 and 11 were observed for
CDgeprg- Similarly, for CDweprg, at pH 5 and 7.4, absor-
bance values were higher than the others (Supporting
Information Figure SI). These increases at around 370 nm
can be associated with the increase of surface energy level in
CDs [74]. Although no significant correlation between the
ionic strength and absorbance was determined, the effect of
pH on absorbance can be observed in Fig. 3b.

As can be seen in Figure S3, an alteration in the fluores-
cence intensity values due to the variation of physical condi-
tions as pH and ionic strength of the reaction media was clear-
ly observed. Even though, Goncalves et al. performed another
procedure as using mercapto succinic acid to functionalization
of carbon nanoparticles which were synthesized by laser ab-
lation, the relevant changes obtained in our study on the fluo-
rescence feature of CDs due to pH change were found com-
patible with their results [28]. The superior fluorescence in-
tensities in the variety of pH and ionic strengths changes of the
reaction media were obtained from the CDs at pH 5 and 2, and
NaCl free and 0.4 M NaCl including medium for CDgeprg
and CDwepgg, respectively.

For the hydrodynamic particle sizes of CDs due to pH and
ionic strength of the reaction media, a significant correlation
between investigated parameters and CDs size could not be
determined. However, the size distribution of the particles
with respect to changes in pH and the ionic strength of the
reaction media can be followed in Fig. 5b and Fig. S4.

Due to the change at the pH and ionic strength (for
CDwapig from 0.6 M NaCl to 1 M) of the synthesis media,
the aliphatic C-H bands disappeared (Figure S§). Stretching
bands at around 1070, 1150, 1250 and 1370 cm ' were attrib-
uted to asymmetric bridge oxygen and C-O vibrations
(Figures S7, §8) [8, 10, 16, 38, 81, 86, 87]. For CDgepgG at
pH 2 and 7.4, C=0 stretch, C-O stretch, and C-H bend were
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detected at ~1735, ~1215 and ~1360 cm™ ", respectively [438,
88]. At pH S and 11, while C=0 band disappeared, O-H/N-H
stretching peak formed at ~3660 cm™'. Also, while C-O
stretching between 1000 and 1300 cm ™' and C-H stretching
at 2875 and 2982 cm™ ' were observed at pH 5, for the same
formulation, these peaks were missing at pH 11 (Figure S7)
[84, 85]. For CDw@pgg, While the FTIR profiles of the parti-
cles at pH 2, 7.4 and 11 were similar to each other, the surface
functional groups were dramatically changed at pH 5. Such
that for CDwepgrg synthesized at pH 5, O-H/N-H, C-H, C-O

@ Springer

stretches were observed around 3661 cm™!, 2891-2885 cm™!
and 1070-1380 cm ', respectively. However, CDw@prg Syn-
thesized at the other pH values of reaction media, broad H
bonded —OH stretching and weakening of C-O stretches were
determined at about 3280 cm ! and 1080-1280 cm_l, respec-
tively. For pH 2 and 11, C=C bending at 1645 cm ' may be
associated with the aromatic structures in CDs by combining
the UV-Vis data which was indicated with 7-7t* transition at
around 260 nm (Fig. 4b, Fig. 6b) [84, 87]. Then, the existence
of the aromatic structures in CDs may be discussed.
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While investigating the effects of the variance on the ionic
strength of reaction media on CDs, FTIR profiles of CDg@prg
at various ionic strengths were found similar to each other for
0.2 M NaCl to 1 M NaCl. CDgeprg synthesized at various
ionic strengths 0.2 M NaCl to 1 M NaCl showed C-O
stretching between 1000 and 1400 cm™', C-H stretching at
around 28802980 cm ' and O-H/N-H stretching at around
3660 cmﬁl, respectively. However, NaCl free formulations of
CDgeprg showed a little bit different FTIR profile. While C-
O stretching between 1000 and 1400 cm ' and C-H stretching
at around 2880-2980 cm ' peaks were weaker than the other
formulations, broader O-H/N-H band was determined at
3637 em ' (Figure S8). For CDwapgg, up to 0.6 M NaCl
inclusive formulations, O-H/N-H, and C-H stretching peaks
were identified at ~3660 cm™ ! and ~2880-2980 ¢cm ', respec-
tively. Nevertheless, for higher NaCl concentrations, almost
all of the peaks disappeared or a significant weakening was
determined for CDweprg formulations, and they may be de-
fined as infrared inactive. This case may be related to polar
bonds or asymmetrical molecules whose electrical dipole mo-
ment is zero (Fig. 6¢) [87].

According to the data obtained from characterization stud-
ies of CDs synthesized at various pH, it was determined that
CDs synthesized at pH 5 had a smaller particle size, and there-
fore, ionic strength studies were performed at pH 5. Similarly,
the smaller hydrodynamic particle sizes were obtained from
NacCl free formulations in general.

Conclusions

This original paper is the first report on the investigation of the
effects of the solvents used in the extraction process and the
synthesis conditions on CDs formation by using Nerium
oleander leaves extracts as a carbon source. According to
the findings, it was concluded that the extract type has con-
siderable significance on the surface chemistry, size and sur-
face zeta potential of carbon nanoparticles formed. Due to the
extract types and synthesis conditions, nanoparticles smaller
than 5 nm were successfully obtained. Besides, it was verified
that the PEG addition in the reaction media has a great impact
on the fluorescence feature of the particles. Moreover, the
effects of the modifications on the synthesis conditions and
formulations were examined to determine the CDs fluores-
cence feature and their physicochemical properties.
Eventually, for the relevant extracts of Oleander, CDs synthe-
sized from PEG included formulations at pH 5 and NaCl free
reaction media seems like better alternatives than the CDs
synthesized under other conditions taking account their effect
on fluorescence feature, hydrodynamic particle size, and etc.
Nevertheless, the surface charges of nanoparticles have great
importance on cytotoxicity and the biophysicochemical inter-
actions between nanoparticles and biological systems.

Therefore, it will be better to choose any CDs due to their
application purpose. Consequently, determining the relation-
ship between the physical factors and CDs feature has impor-
tance due to the goal-directed synthesis of CDs for desired
applications.
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