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Although heteroatom doping is widely used to promote the optical properties of carbon dots for biological
applications, the synthesis process still has problems such as multi-step process, complicating the setting of
instrument along with uncontrolled products. In the present study, some elements such as boron, nitrogen,
sulfur, and phosphor were intentionally doped into citric acid-based carbon dots by furnace- and
microwave-assisted direct and simple carbonization processes. The process produced nanoparticles
with an average diameter of 5-9 nm with heteroatoms (B, N, S, and P) placed on the core and surface of
carbon dots. Among the doped carbon dots prepared, boron-doped carbon dots obtained by the
microwave-assisted (B-CDs2) process showed the highest photoluminescence intensity with a quantum
yield (QY) of about 32.96%. All obtained carbon dots exhibit good stability (at pH 6-12 and high ionic
strength concentrations up to 0.5 M), whereas cytotoxicity analysis showed that all doped carbon dots
are low-toxic with an average cell viability percentage above 80% up to 500 pg mL~. It can be observed
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percentage, but also might accelerate the Hela uptake on it and produce strong carbon dot emission at

DOI: 10.1039/d0ra09403j the cytoplasm of the cell. Thus, the proposed synthesis process is promising for high-potency

rsc.li/rsc-advances bioimaging of Hela cancer cells.

weight,' resistance to photobleaching and photodegradation,?
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Introduction

Carbon-based nanomaterials have been widely used owing to
their non-toxic attribute accompanied by the nanotechnology
development on early cancer detection. Carbon dots (CDs) as
a group of carbon nanomaterials have attracted much atten-
tion in the past few years due to their molecular size and

“Department of Chemistry, Universitas Airlangga, Surabaya 60115, Indonesia. E-mail:
m.zakki.fahmi@fst.unair.ac.id;  aswandi.wibrianto-2016@fst.unair.ac.id; ~ satya.
sakti@fst.unair.ac.id; Fax: +62-31-5922427; Tel: +62-31-5922427

*Institute of Tropical Disease, Universitas Airlangga, Surabaya 60115, Indonesia.
E-mail: siti.qamariyah.khairunisa-2019@fk.unair.ac.id

‘Supramodification Nano-Micro Engineering Research Group, Universitas Airlangga,
Surabaya 60115, Indonesia

“Department of Chemistry, Faculty of Science and Data Analytics, Sepuluh Nopember
Institute of Technology, Keputih, Sukolilo, Surabaya 60111, Indonesia. E-mail:
yatimnikmah@gmail.com

‘Department of Medical Physiology, Faculty of Medicine Universitas airlangga,
Surabaya 601131, Indonesia. E-mail: bambang-purwanto@fk.unair.ac.id

T Electronic supplementary information (ESI) available: Image of doped CDs;
molecular structure of pyrene; 3D conformation of AFM; XRD and XPS data of
B-CDs2; stability images at varied pH and NaCl concentration; CCs, plot of
CDs2; CLSM image at varied incubation time; QY table; XPS composition table;
and cytotoxicity table. See DOI: 10.1039/d0ra09403j

1098 | RSC Adv, 2021, 11, 1098-1108

excellent stability, high biocompatibility, and excellent low
cytotoxicity compared to quantum dots and polymer dots.?
CDs can be synthesized from both synthetic and natural
materials, such as citric acid, ascorbic acid, amino acids,
glucose, and glycerol at high temperatures,* via two common
approaches, namely, the top-down method and the bottom-up
method.” The top-down method generally gives products with
high yields but has many disadvantages including the
complicating instrument, high cost, and uncontrollable
morphology and size distribution of product yields.*” These
limitations guide researchers to use the bottom-up method
that was more promising with regard to size and shape.® The
bottom-up method consists of pyrolysis-based, template,
chemical oxidation, thermal oxidation, reverse micelle and
ultrasonic methods.® One group of pyrolytic method, the
carbonization based process through hydrothermal, micro-
wave and ultrasonic methods has been mostly used. Although
these methods yielded well-identified CDs, they still have
disadvantages related to the complexity design, high cost and
low luminescence intensity.>'® Therefore, simple and low-cost
strategies for overcoming these limitations need to be devel-
oped to intensify the optical properties of CDs.

© 2021 The Author(s). Published by the Royal Society of Chemistry


http://crossmark.crossref.org/dialog/?doi=10.1039/d0ra09403j&domain=pdf&date_stamp=2020-12-28
http://orcid.org/0000-0002-7746-7405
http://orcid.org/0000-0001-5430-9992
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra09403j
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA011002

Open Access Article. Published on 04 January 2021. Downloaded on 5/20/2021 8:55:25 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

Furthermore, to enhance the fluorescence intensity of
CDs, several efforts were made, one of them being the surface
modification involving heteroatom doping. Doping is suit-
able to increase the quantum yield (QY) in CDs, as it can form
n-type (extra electron) and p-type (extra-hole) carriers, even
simultaneously, so that the electronic structure of CDs can be
changed.' Several elements such as boron,"'> nitrogen,*
sulphur,** and phosphor were proposed as doping agents on
CDs." Nitrogen- and sulphur-doped CDs were applied for the
detection of Fe®" ions and bioimaging.** N-doped CDs (N-
CDs) produce good visuals as excellent drug loading and
delivery systems compared to the effects of cancer therapy
such as chemotherapy.* Boron, nitrogen, and sulphur doped
into quantum dots (BNSQDs) produce a specific site in bio-
imaging cancer cells in the liver (HEPG2)."* Boron-doped
carbon dots (B-CDs) can improve the nonlinear optical
properties compared to carbon dots."” Sulphur-doped carbon
dots (S-CDs) are highly negatively charged particles because
they contain sulphur and oxygen. This enables S-CDs to easily
bind to the DNA-PEI complex. Therefore, S-CDs can be
applied as bioimaging agents.'® Although there are many
reports focusing on the nitrogen, boron, sulphur, and phos-
phor doping effects on CDs, the integrative evaluation and
direct comparison studies of the effect of these elements on
CDs applied as cancer staining agents are still limited. It will
be a crucial aspect regarding the advantages promised by
CDs.

Principally, the pyrolytic process accentuates carbonization
that is first accompanied with dehydration of the CD source and
prevents massive attraction of oxygen. This has made the
pyrolytic method need a special set up as shown in hydro-
thermal, ultrasonic and microwave-assisted method. However,
the way of minimizing the complicating design and simplifying
the reaction step will be interesting to be discussed. In our
previous work, we promoted the preparation of CDs via direct
pyrolysis of the carbon source from both organic and
commercial materials, which proved the effectiveness of the
process and the excellent applicability of CDs.*** Motivated to
prepare attractive doped CDs, in the present study, we report
a strategy to simplify the synthesis of CDs with direct carbon-
ization of citric acid and the doping source simultaneously.
Commercial chemicals such as boric acid, nitric acid, sulphuric
acid, and phosphoric acid were used as boron, nitrogen,
sulphur and phosphor sources, respectively. For improved
results, we used the carbonization process of CDs by giving
furnace- and microwave-assisted treatments. Furthermore, the
best doped CDs, based on their synthesis process, are applied as
staining agents of HeLa cancer cells. This study utilized several
characterization techniques including UV-Vis spectrophotom-
etry, photoluminescence (PL), Fourier transform infra-red
(FTIR) spectroscopy, X-ray diffraction (XRD), and atomic spec-
trum force microscopy (AFM). In vitro investigation to prove the
cytotoxicity of CDs and its capability on HeLa markers was
conducted by a CCK-8 assay along with confocal laser scanning
microscopy (CLSM), indicating the potential use of CDs as HeLa
staining agents.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Experimental

Materials

Citric acid (CA, 99.5%), boric acid (H3BO3), nitric acid (HNO3,
65%), sulphuric acid (H,SO,4, 95-97%), phosphoric acid (HzPOy,,
85%), dimethyl sulfoxide (DMSO, 99.7%) and sodium hydroxide
(NaOH) were purchased from Sigma-Aldrich (Germany).
Ethanol (C,Hs;0H, 94-96%) was purchased from J. T. Baker
(Malaysia). Hydrogen chloride (HCl, 37%) was purchased from
Merck (Germany). Cell Counting Kit-8 (CCK-8), a cytotoxicity kit,
was purchased from MedChemExpress (USA). All chemicals
were used directly without further purification.

Synthesis of doping carbon dots by furnace- and microwave-
assisted methods

The doped CDs were fabricated by following the latest work with
some modifications.®**** The bare CDs as well as boron-,
nitrogen-, sulphur- and phosphor-doped CDs were prepared by
combining citric acid (88.9 mg) with boric acid, nitric acid,
sulphuric acid and phosphoric acid following the composition
given in Table 1, respectively. For the furnace-assisted method,
each mixture was calcined at 300 °C for 2 h in an isolated
reactor. For the microwave-assisted method, the mixtures
(following on Table 1) were placed into a microwave reaction
system with 600 watt power and high temperature for 2 hours.
For all samples, after the samples were naturally cooled down to
room temperature, the dark brown CDs were obtained as
a stacked precipitate on the bottom of the reactor. To prepare its
colloidal solution, the doped CDs with adjusted concentration
were first prepared by dissolving in a NaOH solution (0.1 M),
and the pH was set at a neutral value. The solution was then
further dialyzed on the membrane with a molecular weight cut
off (MWCO) of 1 kDa to specify the CD size distribution and
exclude the by-product.

Viability cell assessment

The cytotoxicity test of doped CDs was performed in HeLa
cancer cells by a cell counting kit-8 (CCK-8) assay (MedChe-
mExpress, New Jersey, USA). HeLa cell lines were first cultured
at a density of 2.5 x 10" cells per well in a 96-well plate con-
taining Dulbecco's modified Eagle's medium (DMEM) and

Table 1 Composition of the N- B-, S-, and P-doped CDs

Mol
Sample ID Method CA H;BO; HNO; H,SO, H,PO,
CDs1 Furnace-assisted 0.46 — — — —
B-CDs1 0.46 0.2 — — —
N-CDs1 0.46 — 0.2 — —
S-CDs1 0.46 — — 0.2 —
P-CDs1 0.46 — — — 0.2
CDs2 0.46 — — — —
B-CDs2 Microwave-assisted 0.46 0.2 — — —
N-CDs2 0.46 — 0.2 — —
S-CDs2 0.46 — — 0.2 —
P-CDs2 0.46 — — — 0.2
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incubated for 24 h. Then, phosphate-buffered saline (PBS) was
added to wash the cells. The cells were further incubated in 100
uL of DMEM with different concentrations of doped CDs (10 pL)
for different durations. Once the adjusted time was reached, the
reaction was continued by adding 1 mL of CCK-8 reagent
(500 mg mL™") followed by incubation for 4 h. The absorbance
of formazan on each plate correlated with the living cell was
analyzed using a microplate reader at 450 nm. The cytotoxicity
effects of doped carbon dots were assessed at half the cytotoxic
concentration (CCs,) and fixed using the Origin software.

CLSM imaging assessment

For preparation, HeLa cells were cultured in a 6-well plate
containing 2 mL Dulbecco’s modified Eagle's medium (DMEM)
and incubated for 24 hours. Each doped CD (400 pL) was further
added and incubated for 1 h. The cells were then washed three
times with PBS and fixed with 70% alcohol for about 10 min.
Fluorescence images of doped carbon dots in HeLa cells were
captured for immersion of 63 x 1.32 NA oil using confocal TCS
SP2 (Leica Microsystems, USA) equipped with an inverted
microscope and inline Ar (488 nm) and He-Ne (503-680 nm and
588 nm) laser.

Other characterizations

The synthesized products were characterized by several tech-
niques. Fourier transform infra-red (FTIR) spectra were recor-
ded wusing Infrared (IR) Tracer-100 (Shimadzu, Japan).
Ultraviolet-visible (UV-Vis) spectra were recorded using a UV-
Vis Shimadzu 1800 spectrophotometer (Shimadzu, Japan). The
photoluminescence of doping carbon dots was collected using
a LS 55 fluorescence spectrometer (Shimadzu, Japan). The PL of
the doped CDs was determined comparatively by referring
rhodamine 6G (R6G, QY (95%)); the % QY of doped CDs was
calculated using the following equation:

QY = QYrscUcns/Ire6)(Acnsd Ar6G) Mwater Methanol)

OH

+ HO\B/OH 3000(:, 2h o/B\ou

HO OH | =l [
o\

B-CDs

Scheme 1 Schematic on the mechanism of doped carbon dots (B-CDs).
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where I, A, and 7 are the integral PL intensity, UV absorbance
and the optical density and reflective index of the solvent,
respectively. Atomic force microscopic (AFM) images were
acquired using a Nanoscan type AFM (Bruker, Germany).

In silico assessment

To represent all doped CDs with sp> and sp® features, we
adopted pyrene-based systems with the doped elements and
hydroxyl groups.”*** The band gap was determined from the
vertical electronic transition state data from each doped pyrene
model that fully optimized using the density functional method
with B3LYP?® and orbital basis set at 6-31G + (d,p). The B3LYP/6-
31G + (d,p) was chosen due to its proven capacity to generate the
precise recurrence predictions.”” The Hyper Chem 8.0 software
program was used throughout this work.

Statistical analysis

The 50% cytotoxic concentration on cell viability (CCs,), was
determined using the dose-response mode (nonlinear fitting)
of the Origin software (version 8.0724, OriginLab Inc., North-
ampton, MA). All data were obtained in triplicate, with the
sample ¢-test on some data.

Results and discussion

The CDs were synthesized by simply treating citric acid with
doping sources by a furnace and microwave-assisted method
(Schemes 1 and 2). Basically, both methods were carried out
over thermal treatment that allows dehydration and carbon-
ization at low and high temperatures, respectively, which allows
the rearrangement of the structure as well as its integration to
form a graphene-like structure. However, this restructuring
process is initiated by hydrogen bonds formed by doping with
citric acid and between citric acids itself (as shown in Scheme
1).*® Further carbonization will be performed for CDs with
graphene oxide (GO) structures on some parts. The formation of
CDs was proven by luminescence of those CDs under UV light

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Schematic of the synthesis reaction of each doped carbon
dot.

(Fig. S1, ESIt). This phenomenon came surely from electron's
movement on the orbital state of CDs. However, the detailed
mechanism of this fluorescence emission is still a subject of
debate.

Besides size confinement and solvent effects, the emission of
CDs mainly resulted from the synergic effects of confined sp”
conjugation on the core of CDs and functional groups attrib-
uted on the surface of CDs.>?° Thus, addition of different
elements composing CDs will be an interesting aspect to be
explored, also relating its consequence on the resulting band
gap and adsorption-emission mechanism as well. To resolve
these questions, we first investigated the absorption spectra of
doped CDs (Fig. 1). By utilizing the furnace-assisted method,
the maximum absorbance of bare CDs (CDs1) was founded at
226 nm with a shoulder peak at 289 nm. B-CDs1, N-CDs1, S-
CDs1 and P-CDs1 have maximum absorbance at 228, 222,
224, and 222 nm, and the second absorption as shoulder peaks
at 288, 288, 281, and 288 nm, respectively. Furthermore, the
microwave-assisted method resulted in CDs2 with maximum
absorbance at 229 nm wavelength with a shoulder peak at
322 nm (Fig. 1b) and doped B-CDs2, N-CDs2, S-CDs2 and P-
CDs2 with maximum absorbance and shoulder peaks, respec-
tively at 229 and 322 nm; 223 and 322 nm; 227 and 326 nm; 233
and 323 nm; 223 and 326 nm. From these data, the absorption
band at wavelengths less than 300 nm indicates the m-m*
transition of the conjugated C=C bond associated with
a carbon core (carbogenic core). The absorption band at wave-
lengths over 300 nm signified the existence of n—m* transitions
from C=O0O bonds or other groups such as NH,.** Although
maximum absorption and its shoulder peak are quite similar in
each method, the adsorption peaks are relatively different in
both furnace- and microwave-assisted methods. These bring
a tendency that the furnace-assisted method will yield a partic-
ular structure of doped CDs that is different from that yielded by
the microwave-assisted method. To prove this, we further use

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 UV-Vis spectra of doped carbon dots by (a) pyrolysis and (b)
microwave-assisted methods. Inset: Tauc plot of each doped CD with
its band gap measured.

the Tauc plot from the UV-Vis spectra data and find that the
band gap values are varied (from 4.52 to 5.37 eV) depending on
the doping and the method used (inset in Fig. 1). The sequence
of the band gap in the furnace method is B-CDs1 < S-CDs1 <
CDs1 < N-CDs1 < P-CDs1, while that in the microwave method is
P-CDs2 < S-CDs2 < CDs2 < N-CDs2 < B-CDs2. These band gap
differences are probably due to the complicating aspect to
control the precise and homogenic structure of the proposed
CDs. However, to get explanation for these phenomena, we
further analogize proposed CDs with functionalized pyrene
(Fig. S2, ESIT) and perform molecular modelling on pyrene to
track the band gap that resulted with and without doping CDs
(Fig. 2). The pyrene-based system was used for CD modelling
based on the previous study. This computational modelling
shows that the band gap energy of bare CDs and doped CDs
follow a pattern in the microwave-assisted method, whereas B-
CDs show the highest band gap compared with undoped CDs.
These data indicated that the thermal induction from the
microwave instrument can set carbonization, in which the
position of doped atoms precisely matches with the proposed
structure. In principle, microwave allows effective and fast
heating of material via direct energy transfer and minimizes the
dissipation of over-energy causing massive destruction that is
common in the conventional heating process.*> Moreover, the

RSC Adv, 2021, 11, 1098-1108 | 1101
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Fig.2 Occupied (blue) and unoccupied (green) molecular orbitals of pyrene and doped pyrene as analogue structures of CDs and doped CDs,
respectively. Energy level gap between HOMO and LUMO are described as double-line arrows with its energy value.

mechanism of heat transfer by the microwave treatment is
considered by Joule heating from the conductive region of the
T-system, which is the main part or any graphene-like structure
including CDs; thus, this energy can accelerate and support
effective carbonization to form CDs.*® Furthermore, higher and
lower band gaps on doped CDs are perhaps caused by doping
type of proposed elements. Unlike boron, nitrogen, and phos-
phor that mostly pretend as n-type, sulphur acts as a p-type
upon CDs and other graphene-like structures, which is
supposed to constrict the original band gap of CDs.**3¢
Continuing on the optical properties investigation of doped
CDs, we further evaluate the photoluminescence (PL) spectra of
doped CDs1 (Fig. 3a-f) and doped CDs2 (Fig. 4a—-f). With Ae, =
360 nm, the emission fluorescence of all samples occurred at
around 410-445 nm, which indicates strong blue fluorescence
emission in aqueous solutions.? The PL spectra also exhibit two
overlapping peaks attributed to the w-m* transition of C-C on
the sp> domain of CDs (high electron transition) and the n-m*
transition as edge band transition of surface or doped groups
(low electron transition). For most of the obtained CDs, the
wavelength of emission (A.p) shifted to a higher wavelength
following the wavelength of excitation (A.) exposure with
a lower emission intensity. This excitation-dependent emission
phenomenon commonly occurs in CDs by creating a new orbital
trap known as the defect state due to the oxygenated group on
CDs.*”?® It was well reported that all the doping elements have
the potency to drive red-shift emission on a higher excitation
wavelength;***° however, on B-CDs2 and N-CDs2, the PL spectra
perform excitation-independent emission by wavelength
maximum consistent at 455 nm (for A.x 360-400, Fig. 4b) and at
467 nm (for A 380-420, Fig. 4c), respectively. Among other
doped CDs, carbon dot doped with H;BO; by the microwave-
assisted method (B-CDs2) shows the highest fluorescence

102 | RSC Adv, 2021, 11, 1098-1108

intensity. This is also indicated by the quantum yield (QY) value,
in which the B-CDs2 value reaches 32.96%. For the quantum
yield (QY) calculation, rhodamine 6G (R6G) was used as the
reference (QY = 95%).** Separately, the QY values for CDs1, B-
CDs1, N-CDs1, S-CDs1, and P-CDs1 were sequentially 31.30%,
31.92%, 31.44%, 31.30%, and 31.37%; while for CDs2, N-CDs2,
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Fig. 3 PL spectra of (a) CDsl, (b) B-CDs1, (c) N-CDs1, (d) S-CDs1, and
(e) P-CDsl at varied Aoy. (f) PL spectra of all CDs prepared by pyrolysis
method at Aex 360 nm.
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Fig.4 PL spectra of (a) CDs2, (b) B-CDs2, (c) N-CDs2, (d) S-CDs2, and
(e) P-CDs2 at varied Ay. (f) PL spectra of all CDs prepared by pyrolysis
method at Aex 360 nm.

S-CDs2, and P-CDs2, the values were 31.17%, 32.49%, 32.59%,
and 32.09%, respectively (Fig. 4). The QY data obtained for CDs
are comparable with previous studies, which indicates good
optical properties of CDs (Table S1, ESIt). Based on these data,
it can be concluded that the application of a direct carboniza-
tion process through furnace and microwave treatment is
favorable. Moreover, the addition of doping to CDs effectively
enhances the emission intensity.**

FTIR analysis was then carried out to confirm the functional
groups produced on doped CDs (Fig. 5). All the prepared CDs
have broad absorption peaks at 3638 to 3223 cm™*, which are
attributed to the stretching vibration of O-H and at 2959 cm ™"
attributed to the stretching vibration of C-H of benzene.*®
Wavenumbers at 1738 to 1767 cm ' verify the presence of
a carbonyl group (C=O0) of CA and the wavenumber at
1531 em ™" from C=C groups of the benzene-like structure.
Wavenumbers at 1207 to 1020 cm ™" confirm that there is a C-O
group.®* The successful doping process into CDs was also
revealed by CDs, where a stretching vibration at 1450 cm™*
indicates the presence of the B-O group,” while C-N vibration
give an FTIR signal at 1436 cm™ *.** The S=C vibration appears
at 1075 cm " (ref. 44) and P-O-C vibration at 904 cm ™~ ".** All the
above bands prove that the doping agents can be attached on
CDs by both pyrolysis and the microwave-assisted synthesis
process. Furthermore, a morphology study of CDs was per-
formed by AFM demonstrating the distribution and particle

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 IR data of doped carbon dots by (a) pyrolysis and (b) micro-
wave-assisted methods, including CDs (blue line), B-CDs (Green line),
N-CDs (red line), S-CDs (yellow line), and P-CDs (orange line). The
particular purple-dot lines indicating B-O (i); C—N (ii); S=C (iii) and
P-O-C (iv).

sizes of doped carbon dots (Fig. 6). Moreover, the 3D topog-
raphy of each doped CD is shown in Fig. S3 (ESIf). From this
figure, the pyrolysis treatments produce mostly small-sized
CDs. For further improvement on AFM data, we use Image]
software to adjust the size distribution of the obtained CDs,
where B-CDs1, N-CDs1, S-CDs1, and P-CDs1 have the average
diameter sizes of about 8.63, 7.47, 8.97, and 7.60 nm, respec-
tively, and B-CDs2, N-CDs2, S-CDs2, and P-CDs2 have average
diameter sizes around 9.35, 9.11, 8.06, and 5.04 nm, respec-
tively. All of the doped carbon dots are classified as carbon dots
owing to the diameter size below 10 nm with mostly spherical
shape.>** The XRD analysis (Fig. S4a) (ESI{) showed broad
(amorphous) peaks in the range of 26 from 15° to 50°, which
signified a carbon structure in the diffractogram of B-CDs2
samples. The amorphous peaks exhibited a graphitic crystal
structure confirmed by JCPDS26-1076."> Sharp peaks at 27.77°
indicated the presence of boron in the carbon dots, which was
confirmed by JCPDS 06-0297.47*

RSC Adv, 2021, 11, 1098-1108 | 1103
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Fig. 6 AFM 2D topography images of (a) B-CDs1, (b) N-CDs1, (c) S-CDs1, (d) P-CDs1, (e) B-CDs2, (f) N-CDs2, (g) S-CDs2, and (h) P-CDs2. Inset:

histogram data of distribution sizes.

B-CDs2 carbon dots were investigated even further by X-ray
photoelectron spectroscopy (XPS) in order to acquire the exis-
tences of atoms including boron (B 1s), carbon (C 1s), and
oxygen (O 1s) (Fig. S4bt). Table S21 shows the relative amount of
carbon, oxygen, and boron, which were calculated as 56.85%,
39.63%, and 3.52%, respectively. The XPS C 1s spectrum is
shown in Fig. S4df displaying the presence of carbon signals at
285.1 (i) and 286.4 eV (ii), which indicated the existence of
benzene and methoxy groups (C-0).*® Then, the carbon spec-
trum at 289.6 eV (iii) clarified the presence of -C=0 (ester) of
boric acid (H;BOj3) conjugated to carbon dots.*> High-resolution
XPS shows O 1s spectra (Fig. S4et) with peaks at 531.1 (iv), 532.2
(v), and 533.3 eV (vi), which were assigned to the presence of H-
O, C-0, and B-O groups in carbon dot B-CDs2. Further
measurements on the B 1s spectrum (Fig. S4ct) at 193.0 eV (vii)
showed the presence of B-O groups in the sample."”

Stability evaluation of the doped-carbon dots

Colloidal stability analysis of the doped CDs was improved
against different pH and NaCl concentrations (Fig. 7). This
analysis is considered as stability data are important aspects for
using nanomaterials in clinical applications. We first set doped
CDs with a pH value ranging from 3 to 12 and observe that no
precipitation nor agglomeration appeared by all of the doped
pH (Fig. S5, ESIt). The stipulation of the pH range used in this
investigation is based on the consistency of the pH value at
intracellular areas of cells at pH 4.5 and pH 8 in the pancreas;*
a previous study also reported that the optimal pH in the
intracellular environment is from pH 4.5 to pH 7.5." However,
B-CDs2 shows instability with significant precipitation at pH 3-
4 and slight precipitation at pH 5 after 24 h, and it also happens
in N-CDs2 at pH 3. These stability data toward the varying pH
indicate that all of the doped CDs can be safely transferred at
pH 6-12 to a human body without any harmful degradation.

104 | RSC Adv, 2021, 11, 1098-T108

Further, stability analysis was focused on the endurance of the
CDs at different salt concentrations (from 0.1 M to 0.5 M),
covering the normal ionic strength concentration (from 0.015 M
to 0.14 M).** Similar to its stability over pH, Fig. S6 (ESIT) proves
that the doped CDs are quite resistant in facing the ionic effect
of NaCl, even at high concentrations and over 24 h. To improve
visual observation data of this stability, we next inspect the
turbid value of each solution (Fig. 7). These considered as the
colloidal system was once destructed, a precipitate would be
produced and it could be tracked by increasing the turbidity
level. The turbidity data on Fig. 7a inform its consistency with
visual observation data, where all doped CDs perform good
stability (=4,88 NTU) on facing varied pH except pH 3-5 that is
mostly greater than 6 NTU. The increasing of turbidity value on
low pH condition occurred on all of the doped CDs. As well
predicted before, CDs acts with abundant functional groups
such as hydroxyl and carbonyl groups disposing as electroneg-
ative sites, forming hydrogen bonds intensely in an acidic
atmosphere. This bonding will attract other CDs leading to CD
accumulation and resulting in precipitate formation. However,
the general turbidity of CDs on average is 4 to 5 NTU. Moreover,
at different NaCl concentrations (Fig. 7b), all of the doped CDs
show no significantly different turbidity level compared with the
control (zero NaCl concentration). These data indicate that the
doped CDs show good stability performance. This finding is
supported by previous studies where the carbon dot modified at
MnFe,0, was stable at a salt concentration of 0.5 M.*® Hence, all
doped CDs have potential to be wused in biomedical
applications.

In vitro assessments

The simple synthesis and doping method proposed in this
study was further directed to biomedical application by
observing its capability in staining HeLa cancer cells. Although

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 7 Turbidity data of B-CDs1 (Orange); N-CDs1 (Bright Green); S-
CDsl (Purple); P-CDsl (Yellow); B-CDs2 (Blue); N-CDs2 (Magenta); S-
CDsl (Green); P-CDs1 (Deep Sky Blue) at different (a) pH and (b) NaCl
concentrations after 24 h. All data are expressed as mean + SD (n = 3).

boron doping on CDs was nominated as the best optical prop-
erty (exhibit high % QY), the in vitro investigation on all of
doped CDs are important to be revealed, due to comparable
data. Cytotoxicity test by a CCK-8 assay was first carried out to
discover the toxicity of the doped CDs. These methods use WST-
8 or 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disul-
fophenyl)-2H-tetrazolium monosodium salt, resulting in water-
soluble formazan upon reduction process with mitochondrial
dehydrogenases in living cells. Thus, the concentration of
produced formazan is correlated with number of living cells.
The CCK-8 results in Fig. 8 showed that the HeLa cell viability
decreases with the increase in doped CD concentration after
24 h incubation. However, the viability was still greater than
80% on all doped CDs at 250 pg mL ™", and it could first suggest
the low-toxic property of doped CDs. Based on ISO 10993-5, the
cell viability range of 120-80% indicates the low-toxic effects on
cells.*>** Improvements on these cytotoxicity data have been
done by determining 50% cytotoxicity concentration (CCs,) of
each doped CDs1 (Fig. 9) and CDs2 (Fig. S7, ESIT). The data
shows that the CCs, of B-CDs1, N-CDs1, S-CDs1, P-CDs1, B-
CDs2, N-CDs2, S-CDs2, and P-CDs2 are: 5289.15, 9217.56,
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Fig. 9 Cell viability plot of HelLa cancer cells after 24 h incubation (a)
B-CDsl, (b) N-CDsl, (c) S-CDsl1, and (d) P-CDsl by the microwave-
assisted method. CCsq values were plotted on the red fitted curves that
resulted from the dose response mode on the Origin software. All data
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bars represent 30 pm.

3725.18, 6710.52, 2444.72, 1945.04, 3218.58, and 40 318.13 g
mL ", respectively. The results, all over 1000 ug mL ™", strongly
indicated the low-toxic property on all doped CDs. The low-toxic
statement in the present study can be recognized, while
compared with other CDs reported from a pervious study (Table
S3, ESIf). Thus, all doped carbon dots are safe to be used in
biological applications because these carbon dots have low
toxicity in cells.

Further in vitro analysis was directed to discovering the
capabilities of CDs as bioimaging agents using CLSM analysis.
The CLSM results in Fig. 10 show that doped CDs can work well
as HeLa markers compared with untreated cells (control). The
figure also confirms that doped CDs can be effectively inter-
nalized to the cytoplasm of HeLa cells after 24 h incubation via
the endocytosis process. To prove the entering mechanism, we
captured the CLSM images of HeLa cells incubated with B-CDs1
for 10 min (Fig. S8, ESIt) that furnished low emission on the cell
cytoplasm, whereas high emission on its membrane. These
imply that the insertion of CDs occurred via the membrane-
mediated endocytosis process. Although the cellular uptake of
the doped CDs works through a passive targeting way (non-
chemical interaction), the existence of boron elements allows
the insertion of CDs via endocytosis mediated by sialic acid
receptors overexpressing abundantly on the cell membrane of
HeLa cells. Thus, it opens up the possibility of an active tar-
geting process of CD cellular uptake, encouraging massive
insertion as well as increased strong emission of the CDs in the
cytoplasm of HeLa cells.”® Moreover, it was previously reported
that nitrogen, sulphur and phosphor elements assist in the
cellular uptake due to the emerging additional attraction of
these elements with the cellular membrane.**** The CLSM
results proved the above statements supporting that the dop-
ping elements encourage CDs to perform strong emission
feature. Moreover, this finding indicates the good potential of
the doped CDs to be applied on cancer cell staining agents.

Conclusions

In summary, carbon dots can be synthesized from citric acid by
doping boron, nitrogen, sulphur, and phosphor atoms by

106 | RSC Adv, 2021, 11, 1098-T108

a furnace- and microwave-assisted carbonization process.
Several characterizations proved the successful doping of CDs,
that is strengthened by in silico data. All doped CDs exhibited
good colloidal stability, with the B-CDs2 compounds showing
the highest optical property (QY value 32.96%), stable at pH 6-
12 as well as ionic strength up to 0.5 M. The cytotoxicity
assessment revealed that all the doped CDs are low-toxic with
CCs, values on the upper grade comparing some previous study.
The CLSM study showed the potential application of doped CDs
as staining agents, and the doping elements on CDs facilitate
the cellular uptake of CDs passing through the cellular
membrane, thus performing significant CD emission in the
cytoplasm.
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Abbreviations

CDs Carbon dots

QY Quantum yield

CDs1 Furnace assisted carbon dots
CDs2 Microwave assisted carbon dots

B Boron

N Nitrogen

S Sulphur

P Phosphor

UV-Vis Ultra violet-visible

PL Photoluminescence

FTIR Fourier Transform Infra-Red

AFM Atomic spectrum force microscope
CCK-8 Cell counting kit 8

CLSM Confocal laser scanning microscope
CA Citric acid

H;BO; Boric acid

HNO; Nitric acid

H,SO, Sulphuric acid

H;PO, Phosphoric acid

DMSO Dimethyl sulfoxide
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NaOH Sodium hydroxide

C,H;0H Ethanol

DMEM Dulbecco's Modified Eagle Medium
PBS Phosphate-buffered saline

CCsg Cytotoxic concentration

R6G Rhodamine 6G
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We are delighted to announce the start of an Emerging Investigators series! This series will showcase some of the best
research from scientists in the early stages of their independent careers. The series will be guest edited by Professor James
Batteas (Texas A&M University), and articles in the series will be accepted and published throughout the year. In addition, an

Editorial article featuring recent researchers in the issue will be published annually.

Read more about this series +

Outstanding Student Paper Awards

We are delighted to announce RSC Advances Outstanding Student Paper Awards in 2021. These awards recognise
outstanding work published in the journal, for which a substantial component of the research was conducted by a student.
Winning papers will be selected by the Editorial Board and Associate Editors in 2022. Winning students receive a framed
certificate and will be invited by RSC Advances to give a virtual talk about their research to an international audience.

Read more about these
awards
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Dear Mr Fahmi:

Manuscript ID: RA-ART-11-2020-009403.R1
TITLE: Comparison method effect on synthesize B, N, S, and P-doped carbon dots with high photoluminescence
property on HelLa tumor cells

Thank you for your submission to RSC Advances, published by the Royal Society of Chemistry. | sent your revised
manuscript to one of the original reviewers and | have now received their report which is copied below.

After careful evaluation of your manuscript and the reviewer's report, | will be pleased to accept your manuscript for
publication after revisions.

Please revise your manuscript to fully address the reviewer's comments. When you submit your revised manuscript
please include a point by point response to the reviewer's comments and highlight the changes you have made. Full
details of the files you need to submit are listed at the end of this email.

Please submit your revised manuscript as soon as possible using this link:

*** PLEASE NOTE: This is a two-step process. After clicking on the link, you will be directed to a webpage to confirm.

*kk

https://mc.manuscriptcentral.com/rscadv?URL_MASK=a30941b84e49494aba51dd29a8707357

(This link goes straight to your account, without the need to log in to the system. For your account security you should
not share this link with others.)

Alternatively, you can log in to your account (https://mc.manuscriptcentral.com/rscadv) where you will need your case-
sensitive user ID and password details.

You should submit your revised manuscript as soon as possible; please note you will receive a series of automatic
reminders. If your revisions will take a significant length of time, please contact me. If | do not hear from you, | may
withdraw your manuscript from consideration and you will have to resubmit. Any resubmission will receive a new
submission date.

Supporting our community through Covid-19

While our publishing services are running as usual, we also know that this is a very challenging time for everyone, for
many different reasons. If any aspect of the publishing process is worrying you — for example you think you may
struggle to meet a pre-determined deadline — please let us know, and we will work out an answer together.

RSC Advances is a gold open access journal. If accepted, your manuscript will be published open access and the
appropriate article processing charge (APC) will apply. Discounted APCs and full APC waivers for corresponding
authors in certain countries are available. All authors are given the option to apply for a waiver after signing the open
access licence - please see the following URL for more details: https://www.rsc.org/journals-books-databases/about-
journals/rsc-advances

RSC Advances strongly encourages authors of research articles to include an ‘Author contributions’ section in their
manuscript, for publication in the final article. This should appear immediately above the ‘Conflict of interest’ and
‘Acknowledgement’ sections. | strongly recommend you use CRediT (the Contributor Roles Taxonomy from CASRAI,
https://casrai.org/credit/) for standardised contribution descriptions. All authors should have agreed to their individual
contributions ahead of submission and these should accurately reflect contributions to the work. Please refer to our
general author guidelines http://www.rsc.org/journals-books-databases/journal-authors-reviewers/author-
responsibilities/ for more information.

The Royal Society of Chemistry requires the submitting author to provide their ORCID iD when they submit a revised
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manuscript. This is quick and easy to do as part of the revised manuscript submission process. We will publish this
information with the article, and you may choose to have your ORCID record updated automatically with details of the
publication.

Please also encourage your co-authors to sign up for their own ORCID account and associate it with their account on
our manuscript submission system. Please note that we are unable to do this on behalf of your co-authors. For further
information see: https://www.rsc.org/journals-books-databases/journal-authors-reviewers/processes-
policies/#attribution-id.

I look forward to receiving your revised manuscript.

Yours sincerely,
Dr Alexey M Glushenkov
Associate Editor, RSC Advances
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REVIEWER REPORT(S):
Referee: 2

Recommendation: Accept

Comments:
Regarding the molecular modeling, the references need to cited in the main article. The specific details need to be
provided in the Experimental part.

Additional Questions:
Does the work significantly advance the understanding or development in this field?: Yes

Is this work of relevance to the chemistry community?: Yes

Are the conclusions of the work convincing and sufficiently supported by experimental evidence?: Yes
Is the experimental section sufficiently detailed to allow others to reproduce the work?: Yes

Are the reported claims adequately discussed in the context of the literature?: Yes

Are the number of tables and figures in the manuscript appropriate and clear?: Yes

*kkkkkkkkkkk

FILES TO PROVIDE WITH YOUR REVISED MANUSCRIPT:

IMPORTANT: Your original files are available to you when you upload your revised manuscript. Please delete any
redundant files before completing the submission. Please carefully check the spelling and format of all author names,
affiliations and funding information. If your paper is accepted for publication, it is important this information is
accurate to ensure your article is correctly indexed, which may affect citations and future funding evaluation.

. A point-by-point response to the comments made by the reviewer(s)

. Your revised manuscript with any changes clearly marked (.doc(x) or.pdf file)

. Your revised manuscript as a .doc(x) file including figures, without highlighting, track changes, etc. (If providing
in TeX format instead, please also provide a final PDF version including figures). Please note that we cannot proceed
with publication using a .pdf file only.

. A table of contents entry: graphic maximum size 8 cm x 4 cm and 1-2 sentence(s) of text, with a maximum of
250 characters, highlighting the key findings of the work. See our Author Guidelines for more details:
https://www.rsc.org/journals-books-databases/author-and-reviewer-hub/

High quality figures

EITHER

embedded in a doc(x) file

OR

as numbered figures in separate files in .tif, or .eps format, with a resolution of 600 dpi or greater and structures
preferably as ChemDraw files. Chemwindow files (.cwg/.cw2), ISIS/Draw exported in sketch format (.skc) and
ChemSketch exported in ChemDraw format (.cdx) may also be supplied.

AND

* Your revised Electronic Supplementary Information (if any)

* Your revised CheckCIF reports (if any). Please ensure that any revised cif files have been deposited with the
Cambridge Crystallographic Data Centre (CCDC) via https://deposit.ccdc.cam.ac.uk/ before you submit your revised
manuscript.

For Feature Articles/Review-type articles only:
* A photograph and biography of yourself and your co-authors. Separate photographs of each author may be supplied
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or if you prefer, a group photograph, saved as a .tif, .pdf or .jpeg file. The resolution of the photographs should be 600
dpi or higher. The dimensions of the photograph in the printed journal will be 4 cm wide x 5 cm high (individual
photograph) or 8.3 cm wide x 5 cm high (group photograph). Individual photographs should be accompanied by a
maximum of 100 words; a group photograph by a maximum of 200 words. There can be a maximum of 6 individual
biographies per article.

* Copies of permissions required from other publishers to reproduce figures. Please ensure that necessary
permissions are acknowledged in the figure captions in accordance with the publishers’ instruction. Information on
how to obtain permissions and rights that we require are given on our website at
https://lwww.rsc.org/journals-books-databases/journal-authors-reviewers/licences-copyright-permissions/

*kkkkkkkkkkk

If you need to contact the journal, please use the email address advances@rsc.org
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DISCLAIMER:

This communication is from The Royal Society of Chemistry, a company incorporated in England by Royal Charter
(registered number RC000524) and a charity registered in England and Wales (charity number 207890). Registered
office: Burlington House, Piccadilly, London W1J OBA. Telephone: +44 (0) 20 7437 8656.

The content of this communication (including any attachments) is confidential, and may be privileged or contain
copyright material. It may not be relied upon or disclosed to any person other than the intended recipient(s) without
the consent of The Royal Society of Chemistry. If you are not the intended recipient(s), please (1) notify us
immediately by replying to this email, (2) delete all copies from your system, and (3) note that disclosure, distribution,
copying or use of this communication is strictly prohibited.

Any advice given by The Royal Society of Chemistry has been carefully formulated but is based on the information
available to it. The Royal Society of Chemistry cannot be held responsible for accuracy or completeness of this
communication or any attachment. Any views or opinions presented in this email are solely those of the author and do
not represent those of The Royal Society of Chemistry. The views expressed in this communication are personal to
the sender and unless specifically stated, this e-mail does not constitute any part of an offer or contract. The Royal
Society of Chemistry shall not be liable for any resulting damage or loss as a result of the use of this email and/or
attachments, or for the consequences of any actions taken on the basis of the information provided. The Royal
Society of Chemistry does not warrant that its emails or attachments are Virus-free; The Royal Society of Chemistry
has taken reasonable precautions to ensure that no viruses are contained in this email, but does not accept any
responsibility once this email has been transmitted. Please rely on your own screening of electronic communication.

More information on The Royal Society of Chemistry can be found on our website: www.rsc.org

Mochamad Zakki Fahmi <m.zakki.fahmi@fst.unair.ac.id> Fri, Dec 4, 2020 at 1:25 PM
To: aswandi wibrianto <aswandi.wibrianto-2016@fst.unair.ac.id>
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Best Regards,

Mochamad Zakki Fahmi, Ph.D GRZRE)

Associate Professor, Department of Chemistry

Universitas Airlangga

Phone : +62-838-32901697

Email : m.zakki.fahmi@fst.unair.ac.id
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Decision on submission to RSC Advances - RA-ART-11-2020-009403.R2

1 message

RSC Advances <onbehalfof@manuscriptcentral.com> Sun, Dec 6, 2020 at 5:22 PM
Reply-To: advances@rsc.org
To: m.zakki.fahmi@fst.unair.ac.id, zakkifahmi@gmail.com

06-Dec-2020

Dear Mr Fahmi:

Manuscript ID: RA-ART-11-2020-009403.R2

TITLE: Comparison method effect on synthesize B, N, S, and P-doped carbon dots with high photoluminescence

property on HelLa tumor cells

Thank you for submitting your revised manuscript to RSC Advances. After considering the changes you have made, |
am pleased to accept your manuscript for publication in its current form.

You will shortly receive a separate email from us requesting you to submit a licence to publish for your article, so that
we can proceed with publication of your manuscript.

RSC Advances is a gold open access journal. Your manuscript will be published open access and the article will be
subject to the appropriate article processing charge (APC). Discounted APCs and full APC waivers for corresponding
authors in certain countries are available. All authors are given the option to apply for a waiver after signing the open
access licence - please see the following URL for more details: https://www.rsc.org/journals-books-databases/about-
journals/rsc-advances

We are offering all corresponding authors who are not already members of the Royal Society of Chemistry one year’s
Affiliate membership as part of their APC. If you would like to find out more please email membership@rsc.org,
including the promo code OA100 in your message.

Learn all about our member benefits at https://www.rsc.org/membership-and-community/join/#benefit

We will email you information on how to access your RSC Advances article proofs shortly.

As an author you are entitled to a 25% discount on books published by the Royal Society of Chemistry. To receive this
discount, enter the promotional code JLTH25 when purchasing from our online bookshop (pubs.rsc.org/bookshop).
Please contact booksales@rsc.org if you have any problems.

Discover more Royal Society of Chemistry author services and benefits here:

https://www.rsc.org/journals-books-databases/about-journals/benefits-of-publishing-with-us/

Thank you for publishing with RSC Advances, a journal published by the Royal Society of Chemistry — connecting the
world of science to advance chemical knowledge for a better future

With best wishes,

Dr Alexey M Glushenkov
Associate Editor, RSC Advances
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If you need to contact the journal, please use the email address advances@rsc.org

DISCLAIMER:
This communication is from The Royal Society of Chemistry, a company incorporated in England by Royal Charter

(registered number RC000524) and a charity registered in England and Wales (charity number 207890). Registered
office: Burlington House, Piccadilly, London W1J OBA. Telephone: +44 (0) 20 7437 8656.
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The content of this communication (including any attachments) is confidential, and may be privileged or contain
copyright material. It may not be relied upon or disclosed to any person other than the intended recipient(s) without
the consent of The Royal Society of Chemistry. If you are not the intended recipient(s), please (1) notify us
immediately by replying to this email, (2) delete all copies from your system, and (3) note that disclosure, distribution,
copying or use of this communication is strictly prohibited.

Any advice given by The Royal Society of Chemistry has been carefully formulated but is based on the information
available to it. The Royal Society of Chemistry cannot be held responsible for accuracy or completeness of this
communication or any attachment. Any views or opinions presented in this email are solely those of the author and do
not represent those of The Royal Society of Chemistry. The views expressed in this communication are personal to
the sender and unless specifically stated, this e-mail does not constitute any part of an offer or contract. The Royal
Society of Chemistry shall not be liable for any resulting damage or loss as a result of the use of this email and/or
attachments, or for the consequences of any actions taken on the basis of the information provided. The Royal
Society of Chemistry does not warrant that its emails or attachments are Virus-free; The Royal Society of Chemistry
has taken reasonable precautions to ensure that no viruses are contained in this email, but does not accept any
responsibility once this email has been transmitted. Please rely on your own screening of electronic communication.

More information on The Royal Society of Chemistry can be found on our website: www.rsc.org


http://www.rsc.org/

Ve . . . . .
2 Mochamad Zakki <m.zakki.fahmi@fst.unair.ac.id>
unNn<~ir e

UNTUK INDONESIA ADIL & BERADAB

Your manuscript has been transferred - RE-ART-11-2020-000422

1 message

RSC Advances <onbehalfof@manuscriptcentral.com> Thu, Nov 5, 2020 at 5:46 AM
Reply-To: advances@rsc.org
To: m.zakki.fahmi@fst.unair.ac.id, zakkifahmi@gmail.com

04-Nov-2020
Dear Mr Fahmi:

TITLE: Comparison method effect on synthesize B, N, S, and P-doped carbon dots as dual high photoluminescence
and selective to HelLa tumor cells

Thank you for approving the transfer of your manuscript to RSC Advances, published by the Royal Society of
Chemistry. The files are now in the Author Centre of the submitting author. Please check the submission details and
upload any revised files to continue your transfer.

To do this, please log in to the RSC Advances Author Centre (https://mc.manuscriptcentral.com/rscadv) of the original
submitting author, where you will find your manuscript listed under ‘Transferred Unsubmitted Manuscripts’.

When you submit your transferred manuscript, please provide revised files if required, see the list at the end of this
email for details.

RSC Advances is an international, gold open access journal publishing high-quality research from across the
chemical sciences, including multidisciplinary and emerging areas. RSC Advances has a 2015 impact factor of 3.289
and publishes a single primary research article type (paper) as well as review articles. By publishing in RSC
Advances, authors benefit from immediate page number assignment on publication and sophisticated topic modelling
technology to ensure the visibility of their research.

RSC Advances is a gold open access journal. If accepted, your manuscript will be published open access and the
article will be subject to the appropriate article processing charge (APC). Discounted APCs and full APC waivers for
corresponding authors in certain countries are available. All authors are given the option to apply for a waiver after
signing the open access licence - please see the following URL for more details: https://www.rsc.org/journals-books-
databases/about-journals/rsc-advances

The Royal Society of Chemistry requires the submitting author to provide their ORCID iD when they submit a revised
manuscript. This is quick and easy to do as part of the revised manuscript submission process. We will publish this
information with the article, and you may choose to have your ORCID record updated automatically with details of the
publication.

Please also encourage your co-authors to sign up for their own ORCID account and associate it with their account on
our manuscript submission system. Please note that we are unable to do this on behalf of your co-authors. For further
information see: https://www.rsc.org/journals-books-databases/journal-authors-reviewers/processes-
policies/#attribution-id.

Please contact us if we can be of any assistance.

Yours sincerely,
RSC Advances Editorial Office
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FILES TO PROVIDE WITH YOUR TRANSFERRED MANUSCRIPT:

IMPORTANT: Your original files are available to you when you upload your revised manuscript. Please delete any
redundant files before completing the submission. Please carefully check the spelling and format of all author names,
affiliations and funding information. If your paper is accepted for publication, it is important this information is
accurate to ensure your article is correctly indexed, which may affect citations and future funding evaluation.

. A point-by-point response to the comments made by the reviewer(s)

. Your revised manuscript with any changes clearly marked (.doc(x) or.pdf file)

. Your revised manuscript as a .doc(x) file including figures, without highlighting, track changes, etc. (If providing
in TeX format instead, please also provide a final PDF version including figures). Please note that we cannot proceed
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with publication using a .pdf file only.

High quality figures

EITHER

embedded in a doc(x) file

OR

as numbered figures in separate files in .tif, or .eps format, with a resolution of 600 dpi or greater and structures
preferably as ChemDraw files. Chemwindow files (.cwg/.cw2), ISIS/Draw exported in sketch format (.skc) and
ChemSketch exported in ChemDraw format (.cdx) may also be supplied.

AND

+ A table of contents entry: graphic maximum size 8 cm x 4 cm and one sentence of text, maximum 20 words,
highlighting the novelty of the work

* Your revised Electronic Supplementary Information (if any)

* Your revised CheckCIF reports (if any). Please ensure that any revised cif files have been deposited with the
Cambridge Crystallographic Data Centre (CCDC) via https://deposit.ccdc.cam.ac.uk/ before you submit your revised
manuscript.

For Feature Articles/Review-type articles only:

* A photograph and biography of yourself and your co-authors. Separate photographs of each author may be supplied
or if you prefer, a group photograph, saved as a .tif, .pdf or .jpeg file. The resolution of the photographs should be 600
dpi or higher. The dimensions of the photograph in the printed journal will be 4 cm wide x 5 cm high (individual
photograph) or 8.3 cm wide x 5 cm high (group photograph). Individual photographs should be accompanied by a
maximum of 100 words; a group photograph by a maximum of 200 words. There can be a maximum of 6 individual
biographies per article.

* Copies of permissions required from other publishers to reproduce figures. Please ensure that necessary
permissions are acknowledged in the figure captions in accordance with the publishers’ instruction. Information on
how to obtain permissions and rights that we require are given on our website at
https://lwww.rsc.org/journals-books-databases/journal-authors-reviewers/licences-copyright-permissions/
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DISCLAIMER:

This communication is from The Royal Society of Chemistry, a company incorporated in England by Royal Charter
(registered number RC000524) and a charity registered in England and Wales (charity number 207890). Registered
office: Burlington House, Piccadilly, London W1J OBA. Telephone: +44 (0) 20 7437 8656.

The content of this communication (including any attachments) is confidential, and may be privileged or contain
copyright material. It may not be relied upon or disclosed to any person other than the intended recipient(s) without
the consent of The Royal Society of Chemistry. If you are not the intended recipient(s), please (1) notify us
immediately by replying to this email, (2) delete all copies from your system, and (3) note that disclosure, distribution,
copying or use of this communication is strictly prohibited.

Any advice given by The Royal Society of Chemistry has been carefully formulated but is based on the information
available to it. The Royal Society of Chemistry cannot be held responsible for accuracy or completeness of this
communication or any attachment. Any views or opinions presented in this email are solely those of the author and do
not represent those of The Royal Society of Chemistry. The views expressed in this communication are personal to
the sender and unless specifically stated, this e-mail does not constitute any part of an offer or contract. The Royal
Society of Chemistry shall not be liable for any resulting damage or loss as a result of the use of this email and/or
attachments, or for the consequences of any actions taken on the basis of the information provided. The Royal
Society of Chemistry does not warrant that its emails or attachments are Virus-free; The Royal Society of Chemistry
has taken reasonable precautions to ensure that no viruses are contained in this email, but does not accept any
responsibility once this email has been transmitted. Please rely on your own screening of electronic communication.

More information on The Royal Society of Chemistry can be found on our website: www.rsc.org
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Decision on submission to RSC Advances - RA-ART-11-2020-009403

2 messages

RSC Advances <onbehalfof@manuscriptcentral.com> Mon, Nov 23, 2020 at 7:30 AM
Reply-To: advances@rsc.org
To: m.zakki.fahmi@fst.unair.ac.id, zakkifahmi@gmail.com

23-Nov-2020
Dear Mr Fahmi:

Manuscript ID: RA-ART-11-2020-009403
TITLE: Comparison method effect on synthesize B, N, S, and P-doped carbon dots as dual high photoluminescence
and selective to HelLa tumor cells

Thank you for your submission to RSC Advances, published by the Royal Society of Chemistry. | sent your
manuscript to reviewers and | have now received their reports which are copied below.

| have carefully evaluated your manuscript and the reviewers’ reports, and the reports indicate that major revisions
are necessary. In particular, you can see that the referee suggest that the novelty of the work needs to be outlined
and the results need to be discussed in the context of the field.

Please submit a revised manuscript which addresses all of the reviewers’ comments. Further peer review of your
revised manuscript may be needed. When you submit your revised manuscript please include a point by point
response to the reviewers’ comments and highlight the changes you have made. Full details of the files you need to
submit are listed at the end of this email.

Please submit your revised manuscript as soon as possible using this link:

*** PLEASE NOTE: This is a two-step process. After clicking on the link, you will be directed to a webpage to confirm.
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https://mc.manuscriptcentral.com/rscadv?URL_MASK=7133d37cdd6046c9bfa8398cdfcaf5a3

(This link goes straight to your account, without the need to log on to the system. For your account security you
should not share this link with others.)

Alternatively, you can log in to your account (https://mc.manuscriptcentral.com/rscadv) where you will need your case-
sensitive user ID and password details.

You should submit your revised manuscript as soon as possible; please note you will receive a series of automatic
reminders. If your revisions will take a significant length of time, please contact me.

Supporting our community through Covid-19

While our publishing services are running as usual, we also know that this is a very challenging time for everyone, for
many different reasons. If any aspect of the publishing process is worrying you — for example you think you may
struggle to meet a pre-determined deadline — please let us know, and we will work out an answer together.

RSC Advances is a gold open access journal. If accepted, your manuscript will be published open access and the
appropriate article processing charge (APC) will apply. Discounted APCs and full APC waivers for corresponding
authors in certain countries are available. All authors are given the option to apply for a waiver after signing the open
access licence - please see the following URL for more details: https://www.rsc.org/journals-books-databases/about-
journals/rsc-advances

RSC Advances strongly encourages authors of research articles to include an ‘Author contributions’ section in their
manuscript, for publication in the final article. This should appear immediately above the ‘Conflict of interest’ and
‘Acknowledgement’ sections. | strongly recommend you use CRediT (the Contributor Roles Taxonomy from CASRAI,
https://casrai.org/credit/) for standardised contribution descriptions. All authors should have agreed to their individual
contributions ahead of submission and these should accurately reflect contributions to the work. Please refer to our
general author guidelines http://www.rsc.org/journals-books-databases/journal-authors-reviewers/author-
responsibilities/ for more information.

The Royal Society of Chemistry requires the submitting author to provide their ORCID iD when they submit a revised
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manuscript. This is quick and easy to do as part of the revised manuscript submission process. We will publish this
information with the article, and you may choose to have your ORCID record updated automatically with details of the
publication.

Please also encourage your co-authors to sign up for their own ORCID account and associate it with their account on
our manuscript submission system. Please note that we are unable to do this on behalf of your co-authors. For further
information see: https://www.rsc.org/journals-books-databases/journal-authors-reviewers/processes-
policies/#attribution-id.

I look forward to receiving your revised manuscript.

Yours sincerely,
Dr Alexey M Glushenkov
Associate Editor, RSC Advances
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REVIEWER REPORT(S):
Referee: 1

Recommendation: Reject

Comments:

In this work by Wibrianto et al. the authors prepare several CDs with various dopants and compare their optical
properties. They use boron doped CDs in deeper studies including aqueous stability measurements at different pH
and ionic strengths and test these CDs with HeLa cells for viability and imaging capability. The authors’ comparison of
different dopants and methods is a good idea, but there is not much new information obtained. Additionally, the use of
CDs with cells appears promising, but this is not a new phenomenon for CDs. Some comments to improve the
manuscript are below:

1. The wording and grammar throughout the manuscript should be revised for clarity purposes. This revision
should begin with the title as the use of the words “dual” and “selective” are not clear.

2. The caption for Scheme 1 refers to “internalization into HelLa cells”, but this is not seen anywhere in the figure.
3. The abstract mentions the dopant atoms are on the surface and in the core of the CDs, but evidence for the
location of these atoms does not seem to be present in the manuscript. Scheme 2 suggests they are just located on
the surface.

4.  Why is a pyrene-based model used for modeling of CDs computationally?

5.  The emission plots should be plotted in a consistent order! (e.g. low excitation wavelength to high excitation
wavelength).

6. Infigure 4a, d, and e, there should be a check for the Raman solvent peak. These spectra have a significantly
different shape, so this may be a possible reason for that.

7.  Why is Rhodamine 6G used as a reference for quantum yield? This molecule absorbs and emits above 520 nm
and is not suitable for the blue emitting CDs in this work. Quinine sulfate, the most common standard for CDs, would
be a better choice.

8.  Considering the typical error associated with quantum yield measurement for CDs, there is basically no
difference between all the samples. This is not believable, since the intensities in the in the PL plots are very different
(although concentration is not reported). The poor choice of reference standard may contribute to this similarity.

9. The AFM images in Figure 6¢, d, and h show repeating shapes throughout the images suggesting that the tip
may have been dirty when these measurements were acquired and may not be reliable.

10. AFM measurements are able to reliably show z-axis information for CDs, but because they are so small AFM
does not measure x,y-axis information. TEM is needed for this, so the CDs cannot be declared as spherical from AFM
alone.

11.  The sharp XRD peaks look more crystalline than amorphous. The peaks at 27 degrees comes from a graphitic
structure. It does not necessarily show evidence for the presence of boron as the authors state.

12. It would be good to integrate the XPS data to show the relative amounts of C, O, and B in the tested CDs.

13.  What is the connection between sialic acid and boron? Why would CDs cross through this receptor?

14. Forall CDs, is a passive diffusion believed to be the mechanism? Only the abovementioned pathway is
suggested for boron, but the other element-doped CDs also enter into the cell.

Additional Questions:
Does the work significantly advance the understanding or development in this field?: No

Is this work of relevance to the chemistry community?: Yes

Are the conclusions of the work convincing and sufficiently supported by experimental evidence?: Yes
Is the experimental section sufficiently detailed to allow others to reproduce the work?: Yes
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