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aspect from boron-doped carbon
nanodots as a bifunctional agent in cancer therapy†

Aswandi Wibrianto, a Dinar F. Putri,a Satya C. W. Sakti,ab Hwei V. Lee c

and Mochamad Z. Fahmi *ab

In this present study, boron–carbon nanodots were synthesized by the hydrothermal method. Boron–carbon

nanodots were prepared by varying the concentration ratios of boronic acid and citric acid: 1 : 25, 2 : 1, and

25 : 1, respectively. The precursors were then poured into a Teflon autoclave and heated at 240� for 4 h. This

research aims to synthesise and evaluate the potential of boron–carbon nanodots as a bioimaging agent and

naproxen delivery carrier. An X-ray diffractogram showed that the boron–carbon nanodots were amorphous.

To analyse the functional groups, FTIR and XPS analysis was carried out. Spectrofluorometric analysis (lex 320

nm) showed that the formulation of boron–carbon nanodots 2 : 1 (BCD 2 : 1) has the most ideal fluorescent

properties at lem 453 nm, whereas UV-vis analysis showed lmax at 223 nm, with a quantum yield of 52.29%. A

confocal laser scanning micrograph and toxicity test (MTT assays) showed that boron–carbon nanodots

delivered naproxen efficiently with loading amount and loading efficiency of naproxen 28% and 65%,

respectively. Furthermore, it induced an anticancer effect in HeLa cells. This result indicated that boron–

carbon nanodots can be used as a bioimaging agent and naproxen delivery carrier.
Introduction

Nanoparticle carbon nanodots (CDS) are nanoparticles that are in
high demand and are developing very rapidly. According to previous
research,1 CDS has high solubility, is non-toxic, and has bright
luminescence, so it can be used for various applications, including
bio-imaging, sensors, drug delivery, catalysts, and photovoltaic
devices.2 CDS can be synthesized from carbon materials such as
carbohydrates, proteins, amino acids,3 and biopolymers with chem-
ical ablation, electrochemical,4 laser ablation, microwave radiation,
hydrothermal,5 solvothermal,6 and pyrolysis methods.7 Synthesized
CDS are possible to utilize directly in various elds without any
modications, such as in the elds of biomedicine,8 photonics,
catalysts, and sensors.9,10 However, the photo-optical properties of
this material do not perform very well. To enhance the optical
properties of CDS, the surface modication precursors should be
combined with other materials to generate better outcomes.

Doped-CDS can be a versatile material for future biomedical and
bioimaging applications with unique uorescence properties,11
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excellent biocompatibility, and high water solubility.12 Besides
acting as a bioimaging agent, CDS can function as a drug delivery
carrier, a substance used in the process of delivering chemical
compounds or drugs to achieve targets or therapeutic effects in
humans.13 The fabrication procedure of doped-CDS is quite simple
and low-cost due to the wide choice of cheap carbon sources.

Heteroatommaterials commonly used in doping CDS are boron
(B), nitrogen (N), sulphur (S), and phosphorus (P) atoms. Boron
atoms are neighbouring elements of atom carbon in the periodic
table that have atomic radii and similar atomic structures.14

Moreover, boron doping on CDS progressively increasing the
quantum yield of CDS owing to the p-type semiconductor effect,
which comes from the boron elements. According to previous
research, boron–carbon nanodots are not widely used in the eld of
bioimaging, but rather are applied in the detection ofmetal ions by
the colorimetric method,15 detections of p-nitrophenol,16 dopamine
examination,17 and sensors for acetone and dopamine.18 Therefore,
this research will report the results of synthesis and characteriza-
tion of CDS nanoparticles doped with boron atoms using the
hydrothermal method as a candidate for bioimaging agents and
naproxen delivery systems in HeLa cancer cells.
Experimental
Materials

Citric acid (C6H8O7; 99.5%; Merck), boric acid (H3BO3; 99.5%;
Sigma Aldrich), sodium hydroxide (NaOH; Sigma Aldrich), nap-
roxen sodium (C14H13NaO3; Sigma Aldrich), Dulbecco's Modied
Eagle Medium (DMEM, 98%; Sigma Aldrich), phosphate buffered
RSC Adv., 2021, 11, 37375–37382 | 37375
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saline (PBS; 99%; Sigma Aldrich), demineralized water and 3- salts
[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT).
All chemicals were used directly without further purication.

Synthesis of doping CDS

The synthesis of boron–carbon nanodots (BCD) begins with mix-
ing citric acid and boric acid with variations in the concentration
ratio of boric acid are citric acid, which is 25 : 1, 2 : 1, and 1 : 25,
respectively. The variation for CDS fabrication was referred to
previous research.19 Citric acid weighed 0.0899 grams each; 0.2667
grams and 0.0101 grams. While boric acid weighed 0.0101 grams
each; 0.1500 grams and 0.0899 grams. Aer that, citric acid and
boric acid are put into a glass vial and 2mL of water is added. This
process produces a colourless solution. Then, the vial is inserted
into a device called a Teon autoclave. Next, the Teon autoclave
was put into theDaihan Scientic furnace for 4 h at 240 �C. Besides
that, BCDS were synthesized using the same method without the
addition of boric acid as a comparison. The products were then
dissolved with NaOH 0.1 N aer the cooling process at room
temperature. The solution then was further dialyzed on the
membrane with a molecular weight cut-off (MWCO) of 1 kDa to
specify the CDs size distribution and exclude by-products.14

Synthesis of naproxen-loaded BCDS (N-BCD)

The synthesis of naproxen-loaded BCDS starts with mixing boron–
carbon nanodots as much as 0.2 grams into 25 mL NaOH. Then
0.02 grams of naproxen were mixed to the solution and stirred for
24 h. Unconnected naproxen further removed from the colloidal
mixture (N-BCD) by dialysis membrane MWCO 1000 Da. Further
the percentage of loading efficiency (LE) and loading amount (LA)
are determined through following equations:

LE ð%Þ ¼ mass of Dox on FA� CD

mass of Dox in feed
� 100% (1)

LA ð%Þ ¼ mass of Dox on FA� CD

mass of FA� CD
� 100% (2)

Cytotoxicity evaluation

The cytotoxicity data BCD and naproxen-loaded BCD was acquired
through MTT assay in HeLa cancer cells. HeLa cells previously
cultured in Eagle's minimum essential medium were placed in
a 96-well plate and incubated for 24 h at 37 �C under 5% CO2. The
proliferated cells were washed with phosphate-buffered saline
(PBS, Biogear Scientic, Netherland) and incubated with samples
for 24 h. It was followed by adding the MTT reagent (1 mL, 500 mg
mL�1) and incubated for 4 h. The absorbance of the formed for-
mazan crystals was measured at 570 nm aer being dissolved in
dimethyl sulfoxide using an ELISA reader (Azure Biosystem). The
absorbance intensity was related to the number of living cells, and
cell viability data was collected.

Confocal imaging observation

HeLa cells were incubated with boron–carbon nanodots (400
mL) samples for 60 min aer being placed in 96-well plates with
37376 | RSC Adv., 2021, 11, 37375–37382
Dulbecco's Modied Eagle Medium (DMEM) media and incu-
bated for 24 h. The treated cells are then washed with a solution
of phosphate buffered saline (PBS) and xed with 70% alcohol
for 10 minutes. Fluorescence images were obtained from cells
for immersion of 63� 1.32 NA oil using TCS SP2 confocal (Leica
Microsystems, USA) equipped with an inverted microscope and
inline Ar (488 nm) and He–Ne (503–680 nm and 588 nm) laser.

Kinetic release assessment

To verify the kinetic release of naproxen, boron–carbon nano-
dots (3 mL) samples were placed in MWCO (40 kDa) dialysis
membrane and immersing the membrane in a buffer solution
of pH 4, 7, and 9 totalling 50 mL. This set is then placed on
a magnetic stirrer at 200 rpm. At the specied time, 1 mL of the
supernatant is taken from outside the membrane and the
volume is maintained at 50 mL with the addition of 1 mL of
demineralized water. The amount of naproxen released was
measured using a UV-vis spectrophotometer by measuring
absorbance at 330.5 nm and adjusting to the calibration curve
for a standard solution of naproxen.

Characterizations

Morphology of boron–carbon nanodots observed using atomic
force microscopy (AFM 5500 M, Japan). The diameter of boron–
carbon nanodots was calculated from AFM images using IMAGE
J. analysis soware. X-ray diffraction (XRD, Rigaku D/Max-2BX,
Japan) was used to determine the crystal structure of the
nanoparticles with Cu Ka radiation at 5–65�. The sample
function group was determined using a Fourier transform
infrared spectrometer (FTIR, Shimadzu IR Tracer-100, Japan).
UV-vis absorption spectra were measured using a UV-vis spec-
trophotometer (SHIMADZU 1800, Japan). Morphology of the
nanoparticles were observed by transmission electron micros-
copy (TEM) instrument (Hitachi HT770, Japan). PL spectra were
measured using a spectrouorometer (PerkinElmer LS 55, USA)
with a 20 kW Xe lamp. Turbidity value of colloidal nanoparticle
were measured by TB1 portable turbidimeter (VELP Scientica,
Italy). The functional groups on the sample surface are deter-
mined using X-ray photoelectron spectroscopy (XPS, Shimadzu
Axis-Ultra DLD, Japan).

Statistical analysis

All data were obtained in triplicate, with a sample t-test on some
data.

Results and discussion

The synthesized BCD are blackish-brown solids as represented
in Fig. S1 (ESI†). The hydrothermal method fundamentally is
based on heating treatment, leads to the carbonization process
at high temperatures. This process generates a rearrangement
of the carbon structure of the citric acid and doping agent to
form a graphene-like structure. Furthermore, a simple step for
BCD synthesis was carried out by comparing the visual solution
with visible light and under UV light. The uorescence
phenomenon's existence due to material emission originating
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 The UV-vis spectra and its photographs of (i) BCD 1 : 25 (red), (ii)
BCD 2 : 1 (orange), (iii) BCD 25 : 1 (green), and (iv) CDS (light purple)
under daylight and UV-light by hydrothermal method.
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from electron transitions in atomic orbitals indicates the
formation of BCD themselves.20 An in-depth analysis of optical
properties, especially on electronic transitions in BCD, will be
discussed further in UV-vis. Based on Fig. 1, UV-vis spectra analysis
exhibited the absorption at wavelength lmax of 221.25 nm in CDS,
whereas in BCD samples 1 : 25, BCD 2 : 1, and BCD 25 : 1 have
lmax of 222.80 nm, which correspond to the core electron/C]C
transition state (p / p*). Furthermore, the shoulder peaks of
CDS, BCD 1 : 25, BCD 2 : 1, and BCD 25 : 1 were showed at 341,
330, 377, and 378 nm, respectively, that recognized as surface state
transition (carbonyl group) of the samples (n / p*).14,21

In order to determine the emission value of each BCD, we
were using photoluminescence analysis with varied excitation
wavelengths at 360, 380, 400, and 420 nm, respectively. The
results of the PL analysis note that CDS emitted a strong blue
Fig. 2 PL spectra of (a) CDS, (b) BCD 1 : 25, (c) BCD 2 : 1, and (d) BCD
25 : 1 at varied excitation wavelength, including 360 nm (red line);
380 nm (orange line); 400 nm (yellow line); and 420 nm (green line).

© 2021 The Author(s). Published by the Royal Society of Chemistry
uorescent at a wavelength of 398.5 nm, BCD 1 : 25, BCD 2 : 1,
BCD 25 : 1 occurs at a wavelength of 434 nm (Fig. 2). Furthermore,
using R6G as a reference,22,23 the relative quantum yield (QY) of
BCD 1 : 25, BCD 2 : 1, and BCD 25 : 1 were 32.49%, 52.29%, and
4.68%, respectively. The abundant element of boron in CDS causes
an electron deciency state due to the high energy for boron to
bind to CDS. Hence, creating a higher red-shied emission in BCD
doping. Therefore, it is necessary to qualify with an ideal variety of
components to avoid defects on the CDS surface.24 Thus, we chose
2 : 1 BCD for further analysis due to the best optical properties and
quantum yield compared to other varieties.

FTIR analysis of BCD 2 : 1 and naproxen loaded-BCD was
carried out for estimating the surface modication and func-
tional groups that possess the CDS. According to Fig. 3, BCD
contained functional groups at 3658, 3023, 1036, 930, 1614, 1020,
1708, 1267, 1230, and 1085 cm�1, that signied to OH, CH
benzene, COC, CO methoxy, C]C–C conjugated benzene, CB, CO
carbonyl, OBO asymmetric, OBO deformation, and BOH respec-
tively.25–29 Moreover, naproxen-loaded BCD displayed predomi-
nantly the same groups as BCD with the addition at 3126 and
2826 cm�1 which identied as CH aliphatic and OCH3 groups.25,30

Further advanced evaluation of surface functional groups of
the samples was convinced by an X-ray photoelectron spec-
trometer (XPS). The collected data was analysed using CasaXPS
soware. The deconvolution spectra of B 1s, C 1s, and O 1s are
available in Fig. 4b and e show BCD and naproxen loaded
boron–carbon nanodots (N-BCD), the typical C 1s spectra are
similar, showing four distinct peaks located at 283.5; 284.7;
285.8; and 288.2 eV, where these peaks indicate the presence of
C–B, C]C/C–C, C–O, and C]O groups, respectively.15 The O 1s
spectrum in BCD (Fig. 4c) showed three peaks, namely at
527.30; 531.20 and 532.5 eV, signifying O]C, O–C, and O–B/C–
O–H, while the O 1s spectrum of N-BCD (Fig. 4f) shows three
peaks at 529.59; 531.22; and 532.50 eV, representing O]C, O–C,
andO–B/C–O–H. TheO 1s spectra display the position of 532.50 eV
representing the O–B or C–O–H bonds.31,32 The B 1s spectrum of
BCD (Fig. 4a) presents two components at 193.20 and 190.86 eV,
Fig. 3 FTIR spectra of BCD 2 : 1 (black line) and naproxen-loaded BCD
(red line).

RSC Adv., 2021, 11, 37375–37382 | 37377
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Fig. 4 XPS survey of BCD for (a) B 1s, (b) C 1s, (c) O 1s and incorpo-
ration of BCD to the naproxen (N-BCD) for (d) B 1s, (e) C 1s, and (f) O 1s
core levels.

Fig. 5 (a) XRD pattern, (b) 2D, and (c) 3D morphological view of BCD.
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associated with B–O and B–C, respectively. In addition, the incor-
poration of BCD into naproxenwas evident by two peaks appearing
at the binding energy of 193.20 and 190.10 eV (Fig. 4d), repre-
senting B–O and B–C groups.33 Therefore, the B–OH bond at
193.20 eV indicated that boric acid could replace the original
ligand and free boric acid appeared on the CDS surface.29

The morphological and crystal structure of BCD was exam-
ined by using X-ray diffraction (XRD) and atomic force micros-
copy (AFM). The diffractogram pattern on the BCD in Fig. 5a
indicates a slightly amorphous solid. This phase shows that the
synthesis of carbon nanodots using either the hydrothermal
method results in dehydration molecules from the surface,
transmitting an amorphous or lower carbonate anhydrous
material. This amorphous anhydrous material then decom-
poses. Furthermore, the BCD pattern was then compared with
the standard on the JCPDS database 01-0646, which was indi-
cated by typical peaks at 2q at 27.80� with the Miller index (002)
and 40.10� with the Miller index (100). Based on the database,
BCD conrmed a graphene-like structure.34–37 The 2D and 3D
morphological structures of BCD showed the spherical size
which identied the carbon dots structure (Fig. 5b and c).14

From the results of AFM characterization, the particle size
distribution of BCD was analysed using the computer program
ImageJ and Origin shown in Fig. S2 (ESI†). The calculation
results show that the average size of BCD in this study is
8.36 nm, which corresponds to the size of the carbon dots,
which is below 10 nm.6,38 Therefore, BCD is promisingly quali-
ed to ow in tissue circulation organs.32
37378 | RSC Adv., 2021, 11, 37375–37382
CLSM image

Confocal laser scanning microscopy test aims to visualize BCD to
cancer cells as a bioimaging agent. From the visual results, BCD
provides a great representation of cells. As demonstrated in
Scheme 1, BCD could very well permeate cells compare to CDS
through a process called endocytosis (Fig. 6). Endocytosis is
a mechanism of material originating from outside the cell to enter
the cell.14 The sialic acid receptor onHeLa cells allows BCD to bind
specically to the cell cytoplasm.39 With its tremendous green
uorescent effect at the excitation wavelength of 488 nm, low
toxicity property, and high selectivity to the HeLa cell lines (aer
24 h observation), BCD is highly potential to be applied as staining
and imaging cancer cells, specically for HeLa cells.
Preparation of BCD and N-BCD

The design of BCD for naproxen delivery was be done by
introducing the drug via physical interaction. The benzene
Scheme 1 Synthesis route of BCD and N-BCD for inducing into HeLa
cancer cell.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 7 The MTT assay of HeLa cells viability (2.5 � 104 cells per well)
with BCD (green) and N-BCD (orange) at varied concentrations after
24 h incubation (37 �C, 5% CO2 inner condition). All data are given as
mean � SD with n ¼ 3.

Fig. 6 CLSM image of HeLa cancer cells with (a) CDS and (b) BCD
compares to the CDS after 1 h incubation under excitation wavelength
at 488 nm. The magnification scale bar showed up to 20 mm.
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structure of naproxen may interact with graphene oxide like
structure of BCD performed on previous XPS and FTIR data
(Fig. 4 and 5) through phi–phi stacking attraction as well as
hydrogen bonding of any polar functional group on both
materials. The above statement was further by TEM observation
on BCD and N-BCD (Fig. S3, ESI†). Through the TEM data, it is
also known that both CD are on nanoparticle with spherical
form (size below 20 nm). Moreover, the addition of naproxen on
N-BCD not change very much on its initial structure. This is
support both AFM data on Fig. 5c and S2,† along with con-
rming conjugation of naproxen not shi the BCD particle
structure dramatically. The investigation on colloidal stability
of obtained N-CDs against varied pH was further observed by
determination its turbidity value (Fig. S4, ESI†). The data inform
stability of BCD against varied pH on 72 h. Higher turbidity
value tend to closely related on aggregate formation and let
precipitation to be happened. On the data, high turbidity value
addressed on low pH (7.56 NTU for pH 3 and 6.34 NTU for pH
4), in which allow hydrogen bonding be formed and intense on
initiate precipitation of BCD. Moreover, incorporation on nap-
roxen on BCD (N-BCD) not disturb its colloidal stability, which
the turbidity level still on similar pattern like BCD. Therefor the
turbidity data support above TEM results on conrming both
BCD and N-BCD perform high stability and incorporation on
naproxen not degrades bare BCD.
Fig. 8 The dissolution test of naproxen-loaded BCD under pH 4 (black
line), 7 (red line), and 9 (blue line) buffer conditions (t¼ 3 h, with� SD n
¼ 3).
In vitro evaluation of BCD and N-BCD

In this analysis, BCD 2 : 1 and N-BCD were carried out to
determine whether naproxen had merged with BCD. In this
study, the cytotoxic activity was tested in vitro against HeLa cells.
© 2021 The Author(s). Published by the Royal Society of Chemistry
These cells are immortal (cannot die of old age) and productive.
Hence, they are suitable for this scientic research.40,41 The cell
viability value was determined from the absorbance of the
treatment group compared to the control group by using MTT
assay. Until the addition of the sample concentration of 500 mg
mL�1, if the cell viability is above 80%, it indicates that the
sample has low toxicity (Fig. 7).29,42 Thus, BCD is low toxic and
nearly non-toxic based on practical concentrations because at
the addition of a concentration of 8111.97 mg mL�1, it can still
maintain cell viability (%) above 80% as conrmed by nonlinear
curve operation using origin soware (Fig. S5, ESI†). The
comparative evaluation of naproxen-loaded BCD was also
examined to gure out the antitumor efficiency from the
loading compound. As the sample concentration increases, cell
viability decreases dynamically to a concentration of 500 mg
mL�1, where cell viability reaches 20% of the total population.
RSC Adv., 2021, 11, 37375–37382 | 37379
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Table 1 Naproxen release kinetics of BCD with varied pH

Formula Parameter Zero order First order Higuchi Korsmeyer–Peppas

N-BCD pH 4 k 0.0047 0.0084 5.3802 6.7556
r2 0.9321 0.9876 0.9806 0.9810
c2 179.6121 60.6533 2.5689 1.3954
n 0.4501

N-BCD pH 7 k 0.0060 0.0169 7.0602 18.3527
r2 0.8812 0.9721 0.9549 0.9597
c2 591.4447 113.1749 33.9511 1.8485
n 0.2883

N-BCD pH 9 k 0.0031 0.0044 3.6973 9.5836
r2 0.6837 0.7263 0.7941 0.8397
c2 378.8021 228.1405 32.2527 5.0484
n 0.2921
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Therefore, the contrast between cytotoxicity of N-BCD and free
naproxen to HeLa cells suggests that N-BCD combinations may
be more effective antitumor efficiency than free naproxen.43

Kinetical release of naproxen-loaded BCD

A dissolution test (release of drug compounds from preparations
that dissolve in solvent media) is conducted to analyse the diffu-
sion of drugs against time in an environment that represents body
conditions. In this study, determine that the LA and LE of nap-
roxen incorporated on BCD was 28% and 65%, respectively.
Through these values we set the naproxen release study.

On the rst step, the pH variations were carried out to deter-
mine the effect of time on drug dissolution kinetics. The pH
variations used in this study were pH 4, which represented acidic
conditions, pH 7 expressed neutral conditions, and pH 9 stated
alkaline conditions. The obtained data from the dissolution test
then matched to the equations of the zero-order, rst-order,
Higuchi, Korsmeyer–Peppas mathematical model. A drug release
mechanism is an important thing to know in drug development.

The dissolution test results illustrate that the kinetic model fol-
lowed by N-BCD at pH 4, 7, and 9 as a whole follows the Korsmeyer–
Peppas kinetic model (Fig. 8). This is based on themagnitude of the
r2 value of the release test at pH 4, 7, and 9 medium is 0.9810;
0.9597; 0.8655, respectively (Table 1). Moreover, the value of chi-
square (c2) acts as a function of statistical error during the study.44

The lowest c2 value indicates the best-tted drug release of kinetics
model.45 The lowest value of c2 is found in the Korsmeyer–Peppas
kinetic model, with the c2 value of the release test at pH 4, 7, and 9
medium is 1.3954; 1.8485; and 5.0484, respectively.

As shown in Fig. S6 (ESI†), the comparison of experimental
and theoretical test plots demonstrated that the N-BCD
completely corresponds to the Korsmeyer–Peppas kinetic
model compared to the 0, order 1, and Higuchi models. The
Korsmeyer–Peppas model derives the relationship relating to
drug release from BCD. The kinetics of the Korsmeyer–Peppas
model also depends on the magnitude of the value of n, the
value of n < 0.45, the drug release is based on the Fickian
diffusion mechanism.46 If 0.45 < n < 0.89 drug release based on
non-Fickian mechanism. The value of n¼ 0.89, the drug release
mechanism follows zero-order or can be called case II transport,
and n > 0.89 drug release is referred to as the super case II
37380 | RSC Adv., 2021, 11, 37375–37382
transport mechanism.47 N-BCD had a value of n < 0.45, which
followed the Fickian diffusion mechanism. Fickian diffusion
states that in some direction, the mass of a solute passing
through an area per unit time is proportional to the solute
concentration gradient in that direction.48

The difference in pH of the release medium affects the value
of k, which inuenced the rate of naproxen release. Medium pH
7 gave the highest k value of 18.3527, followed by pH 9 with
9.5836, and the lowest was pH 4, which was 6.7556. Until the
rst 10 min at pH 7 has been released 31% and pH 9 is 12.98%,
while at pH 4 only 15.96%. In overall observations, the test
membrane on the medium pH 7 has a percentage of 78.55%.
While at pH 9 it was 41.34%, and pH 4 was only 67.76%. The low
dissolution percentage in the medium pH 9 and 4 is possible
because pH 9 and 4 affect the diffusion of the medium solution
entering the BCD to dissolve naproxen to be pretty slow. This
aspect can also explain that naproxen is more dispersed in
a neutral medium. As displayed in Fig. 8, naproxen did not
release 100% due to intermolecular forces with the carrier,
including hydrogen bonds between OH or COOH from CA with
COOH from naproxen. These results indicate that naproxen can
be released more effectively under neutral conditions (pH 7)
than under acidic conditions (pH 4) or in alkaline conditions
(pH 9). The greater the dissolution ability of the drug, the higher
the bioavailability of the material as a drug delivery carrier.49
Conclusions

Boron–carbon nanodots were successfully synthesized from
citric acid using the hydrothermal method. Boron–carbon nano-
dots have structural characteristics similar to an average particle
size of 8.35 nm, the quantum yield of 52.29% has a B (OH) group
that can bind specically to cancer cells, and is not toxic. From the
results of confocal and toxicity tests, boron–carbon nanodots have
proven potential as candidates for bioimaging agents and nap-
roxen delivery systems in HeLa cancer cells.
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U. Vainio, Appl. Surf. Sci., 2010, 256, 6489–6494.

31 B. J. Matsoso, K. Ranganathan, B. K. Mutuma, T. Lerotholi,
G. Jones and N. J. Coville, New J. Chem., 2017, 41, 9497–9504.

32 I. V. J. Feiner, K. R. Pulagam, K. B. Uribe, R. Passannante,
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Emerging Investigators series

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.

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.

Article types

RSC Advances publishes:

Full papers
Reviews
Comments

Read more about this series 

Read more about these
awards 
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SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of
the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

Citations per document

This indicator counts the number of citations received
by documents from a journal and divides them by the
total number of documents published in that journal.
The chart shows the evolution of the average number
of times documents published in a journal in the past
two, three and four years have been cited in the current
year. The two years line is equivalent to journal impact
factor ™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2011 0.000
Cites / Doc. (4 years) 2012 2.707
Cites / Doc. (4 years) 2013 3.942
Cites / Doc. (4 years) 2014 4.136
Cites / Doc. (4 years) 2015 3.688
Cites / Doc. (4 years) 2016 3.391
Cites / Doc. (4 years) 2017 3.167
Cites / Doc. (4 years) 2018 3.251
Cites / Doc. (4 years) 2019 3.261
Cites / Doc. (3 years) 2011 0.000

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published
documents during the three previous years.
Journal Self-citation is de�ned as the number of
citation from a journal citing article to articles
published by the same journal.

Cites Year Value
S lf Cit 2011 0

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations
received by the journal’s documents.

Cit Y V l

% International Collaboration

International Collaboration accounts for the articles
that have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country
address.

Year International Collaboration
2011 26 58

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial
research (research articles, conference papers and
reviews) in three year windows vs. those documents
other than research articles, reviews and conference
papers.

D t Y V l

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 2011 0
Uncited documents 2012 55
Uncited documents 2013 322
Uncited documents 2014 761
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RSC Advances <onbehalfof@manuscriptcentral.com> Wed, Sep 29, 2021 at 8:50 PM
Reply-To: advances@rsc.org
To: m.zakki.fahmi@fst.unair.ac.id, zakkifahmi@gmail.com

29-Sep-2021

Dear Mr Fahmi:

Manuscript ID: RA-ART-08-2021-006148
TITLE: Naproxen release aspect from Boron-doped carbon nanodots as bifunctional agent on cancer therapy

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

I have carefully evaluated your manuscript and the reviewers’ reports, and the reports indicate that major revisions are necessary.

Both reviewers requested additional characterization of the materials. Completely and inequivovcally characterization of novel
materials is a Journal requirement. The original Figures of microscopy must be supplemented.

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. ***

https://mc.manuscriptcentral.com/rscadv?URL_MASK=7592d764471e4115b6da1a3692750cc4

(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.

All RSC Advances articles are published under an open access model, and the appropriate article processing charge (APC) will
apply. Details of the APC and discounted rates can be found at https://www.rsc.org/journals-books-databases/about-journals/rsc-
advances/#charges-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. I
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 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.
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Yours sincerely,
Dr Camilla Abbehausen

Associate Editor, RSC Advances

************
REVIEWER REPORT(S):
Referee: 1

Recommendation: Major revisions

Comments:
In this article, the researchers synthesized boron-carbon nanodots using the hydrothermal method. And according to the results of
confocal and toxicity tests, boron-carbon nanodots have proven potential as candidates for bioimaging agents and naproxen
delivery systems in HeLa cancer cells.  The characterization data is not sufficient, and the description is not very convinced. Maybe
we could considerate after major revision. Here are some detailed suggestions.
1.      Please supplement SEM and TEM of BCD and N-BCD.
2.      Please explain the peak at 1430 cm-1 in FTIR spectra in Fig.3.
3.      Please supplement the cell imaging of BCD in normal cells.
4.      It is confusing, please explain about the following sentence in details based on the data, “The cell selectivity shown by the
Boron-carbon nanodots sample is acceptable, which can be noticed from the image produced under X-ray radiation”.
5.      Please provide data to prove that the cell viability is above 80% with a concentration of 8111.97 μg/ml.
6.      In this paper, BCD loaded with naproxen (N-BCD) was developed. The purpose is to deliver drugs. But the release amount of
naproxen reached 80% at pH=7 within 3h, which showed that N-BCD was unstable under physiological conditions. Please provide
data to prove that N-BCD can achieve the purpose of drug delivery.
7.      All the caption of the figures is too simple, no detailed information. Please revise them according the published paper.
8.      The quantum yield of 0.21% in conclusion is inconsistent with the body part.
9.      The format of references should be unified. e.g. “African Health Sciences.” should be modified to “Afr Health Sci” in the
reference [49].

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?: No

Does the data provided fulfil the journal’s data requirements?

See Journal specific guidelines: <a href="https://www.rsc.org/journals-books-databases/about-journals/rsc-advances/#
Characterisation-of-new-compounds" target="_new">https://www.rsc.org/journals-books-databases/about-journals/rsc-advances/#
Characterisation-of-new-compounds</a>: Yes

Is the experimental section sufficiently detailed to allow others to reproduce the work?: No

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

Referee: 2

Recommendation: Major revisions

Comments:
1. I suggest some more detailed experiments for the characterization of BCD. The STEM image and EDS elemental mapping
analysis could be added.
2. The BCD seems to have agglomeration by photographs observations. How about the colloid stability of BCD? The long-term
colloidal stability of the obtained BCD should be further studied.
3. Why can sialic acid receptors on HeLa cells allow BCD to specifically bind to the cytoplasm?
4. Why is the release efficiency in the first 20 minutes at pH 9 higher than that at pH 7?
5. What is the drug entrapment efficiency of BCD?
6. In conclusion section, the authors said “Boron-carbon nanodots have structural characteristics similar to an average particle size
of 8.35 nm, the quantum yield of 0.21% has a B (OH) group that can bind specifically to cancer cells”, it’s not correspond to this
work, please check it carefully.
7. Please check the reference session. For example, [25] J. Coates, Interpretation of Infrared Spectra A Practical Approach,
Newtown, USA, 2006. [29] M. Z. Fahmi, J.-K. Chen, C.-C. Huang, Y.-C. Ling and J.-Y. Chang, J. Mater. Chem. B, 2015, 3,
5532-5543.
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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?: No

Does the data provided fulfil the journal’s data requirements?

See Journal specific guidelines: <a href="https://www.rsc.org/journals-books-databases/about-journals/rsc-advances/#
Characterisation-of-new-compounds" target="_new">https://www.rsc.org/journals-books-databases/about-journals/rsc-advances/#
Characterisation-of-new-compounds</a>: Yes

Is the experimental section sufficiently detailed to allow others to reproduce the work?: No

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

************
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.  Please note that if you have selected Accepted Manuscript
publication, the author list will appear as provided in the ScholarOne submission details until your Advance Article is published and
this information is updated from your article.

•       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.

High quality images
EITHER
embedded in a doc(x) file
OR
as separate numbered Figures, Schemes or Charts in .tif, .eps or .pdf format, with a resolution of 600 dpi or greater.

AND

• A table of contents entry: graphic maximum size 8 cm x 4 cm and 1-2 sentence(s) of editable text, with a maximum of 250
characters, highlighting the key findings of the work. It is recommended authors make use of the full space available for the
graphic. See our Author Guidelines for more details: https://www.rsc.org/journals-books-databases/author-and-reviewer-hub/
• 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 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://www.rsc.org/journals-books-databases/journal-authors-reviewers/licences-copyright-permissions/
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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> Thu, Sep 30, 2021 at 1:42 PM
To: aswandi wibrianto <aswandi.wibrianto-2016@fst.unair.ac.id>

Aswandi ini ada review dr RSC Advance untuk komentar yang sulit saya yang handle
Best Regards,
-------------
Mochamad Zakki Fahmi, Ph.D (張家其)
Associate Professor, Department of Chemistry
Universitas Airlangga
Phone : +62-838-32901697
Email  : m.zakki.fahmi@fst.unair.ac.id

[Quoted text hidden]

aswandi wibrianto <aswandi.wibrianto-2016@fst.unair.ac.id> Thu, Sep 30, 2021 at 1:51 PM
To: Mochamad Zakki Fahmi <m.zakki.fahmi@fst.unair.ac.id>

Baik pak. Segera saya kerjakan. Terima kasih informasinya pak Zakki.
[Quoted text hidden]

aswandi wibrianto <aswandi.wibrianto-2016@fst.unair.ac.id> Fri, Oct 1, 2021 at 4:38 PM
To: Mochamad Zakki Fahmi <m.zakki.fahmi@fst.unair.ac.id>

Dear Pak Zakki, 

Berikut saya lampirkan revisi manuscript, supporting information, dan response to reviewers. Terima kasih banyak.

Regards,
Aswandi
[Quoted text hidden]
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Decision on submission to RSC Advances - RA-ART-08-2021-006148.R1
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RSC Advances <onbehalfof@manuscriptcentral.com> Mon, Nov 1, 2021 at 8:11 PM
Reply-To: advances@rsc.org
To: m.zakki.fahmi@fst.unair.ac.id, zakkifahmi@gmail.com

01-Nov-2021

Dear Mr Fahmi:

Manuscript ID: RA-ART-08-2021-006148.R1
TITLE: Naproxen release aspect from Boron-doped carbon nanodots as bifunctional agent on cancer therapy

Thank you for submitting your revised manuscript to RSC Advances. After considering the changes you have made, I am pleased
to accept your manuscript for publication in its current form. I have copied any final comments from the reviewer(s) below.

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.

All RSC Advances articles are published under an open access model, and the appropriate article processing charge (APC) will
apply. Details of the APC and discounted rates can be found at https://www.rsc.org/journals-books-databases/about-journals/rsc-
advances/#charges-RSC-Advances

I would like to offer my congratulations on the acceptance of your manuscript. If you would like us to promote your article on our
Twitter account @RSCAdvances please fill out this form: https://form.jotform.com/212705294847058. Alternatively, if you would like
your article to be considered for further promotion via our WeChat channels then please do let us know.

We are offering all corresponding authors who are not already members of the Royal Society of Chemistry one year’s Affiliate
membership. 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 Camilla Abbehausen

Associate Editor, RSC Advances
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Referee: 2

Recommendation: Accept

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

Is this work of relevance to the chemistry community?: Yes
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Are the conclusions of the work convincing and sufficiently supported by experimental evidence?: Yes

Does the data provided fulfil the journal’s data requirements?

See Journal specific guidelines: <a href="https://www.rsc.org/journals-books-databases/about-journals/rsc-advances/#
Characterisation-of-new-compounds" target="_new">https://www.rsc.org/journals-books-databases/about-journals/rsc-advances/#
Characterisation-of-new-compounds</a>: 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
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