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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Synthesis of CDs from folic acid as 
Doxorubicin Delivery through simple 
steps. 

• Comparison FACDs properties prepared 
from furnace and microwave assisted 
methods. 

• The release of Doxorubicin follows 
Korsmeyer-Peppas kinetics model and 
accelerate on acid condition. 

• All FACDS perform low cytotoxicity and 
can work on delivering the drug well.  
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A B S T R A C T   

The usage of folic acid as source carbon dots is an excellent way to promote its efficient and specific target to 
folate receptor expressed cells, even the most methods serve on the complicated procedure. This research was 
conducted by synthesizing folic acid-based carbon dots (FACDs) through furnace and microwave-assisted 
methods to offer a simple and effective process. Thermal treatment belongs to the methods that allow both 
dehydration and carbonization of folic acid to produce graphene oxide-like structure carbon dots. The successful 
synthesis process was convinced with some characterization data, like diameter size of FACDs was below than 6 
nm sizes and photoluminescence at emission 481 nm. Further FTIR, Raman, and XPS analysis demonstrated 
potency formation of graphene oxide-like structure on CDs within a non-polar feature. In vitro assessment 
through CCK-8, flow cytometry, and confocal microscopy revealed that all of the prepared FACDs perform low- 
toxicity and work well on HeLa cancer staining by folate receptor-mediated endocytosis into the cell cytoplasm. 
On the good agreement with diagnostic capability on the cell, FACDs produced by both methods also perform 
excellent therapeutic capability on doxorubicin delivery with its kinetical release follow the Korsmeyer-Peppas 
model. All the findings confirm that the methods were excellent ways to perform good FACDs as theranostic 
agents for biological applications.   
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1. Introduction 

In biomarker application of the tumor cell, the constraints of effec
tiveness, complicated design, scarce price, and selectivity to target cells 
are still important aspects that need to be investigated even further. 
These issues drive several studies to develop nanomaterial attributed 
with targeting to sites overexpressing on cancer cell, such as folate [1,2], 
CD44 [3], integrin [4], transferrin [5], glycoprotein-based [6], growth 
factor-based receptors [7], to promote effectiveness on its clinical pur
pose. Compared with the other existing targeting agent, folic acid was a 
commercial compound that facile founded on the membrane of some 
cancer cells such as in the cervix, brain, eyes, liver, and lungs [8]. 
Moreover, folic acid (FA) is a promising ligand due to its high biocom
patibility and great affinity (Kd ~ 10− 10 M) in both hydrophilic and 
hydrophobic solutions [9,10]. These fascinating properties made FA 
becomes a promising agent as a detector of particular folate receptors in 
order to recognize clearly cancer cells location [11]. Recently, many 
researchers have developed nanoparticles conjugated with folic acid for 
fluorescence optimization higher selectivity in targeting of cancer cells 
[12,13]. However, recent studies on folic acid conjugated nanoparticles 
still emerge several obstacles to be solved, like the multi-step synthesis 
method [14], a large number of reagents used, the unpromising optical 
properties [15], and hardly binding to a specific region of targeting 
cancer cells [16]. 

Among several kinds of nanomaterial performed for cancer therapy, 
carbon dots (CDs) have been developed massively regarding optical and 
non-toxic properties associated with, that profoundly required as 
biomarker agent on biological applications [17]. Even commonly made 
from graphene or graphene oxide derivates, some researches also proved 
successful synthesis of CDs from organic small compounds and natural 
products [18]. Moreover, several studies have found interesting ideas on 
using folic acid as a precursor in carbon dot synthesis and its utilization 
as a biomarker of cancer cells [15]. The methods in folic acid carbon dot 
synthesis are generally classified into two ways, namely: top-down and 
bottom-up methods [19]. The top-down method is a physical synthesis 
method including laser arc discharge method [20], ablation method 
[21], and plasma treatment [22], while the bottom-up method is a 
chemical synthesis method that includes electrochemical, hydrothermal 
[23], pyrolysis [24], and microwave-assisted methods [25]. Various 
kinds of research on the synthesis of CDs have been carried out with 
different methods. Based on the previous study, abundant folic 
acid-based carbon dots (FACDs) synthesized by the hydrothermal 
method showed complicated treatment for the fabrications process, 
identified by further sonication, centrifugation, and precipitation after 
heated in the hydrothermal state [26]. Besides, the microwave method is 
a method that is carried out by heating using microwaves. The resulting 
microwaves can simplify and speed up the synthesis process. Another 
technique that involves a heating process is furnace-assisted. The 
method is classified as a simple synthesis process owing to its 
oxygen-free heating principle [27]. As pursued in previous studies, a 

simple approach for the formation of fluorescent CDs that target cancer 
cells by folic acid as the carbon precursor in CDs fabrication has been 
conducted [15,28]. The CDs were synthesized in a simple single-step 
process without conjugating folic acid with the prepared CDs. Howev
er, the synthesized CDs still exhibit a low QY value. 

Therefore, it is necessary to perform simple synthesis (one-pot) and 
excellent photoluminescence effect and accurately targeted cell delivery 
drugs in biomedical applications. This study was applied to compare the 
FACDs synthesis process that has never been explored before, with a 
furnace-assisted and microwave-assisted approach. A favorable FACDs 
were examined by optical and physical properties, equipped by UV–Vis, 
Photoluminescence, Fourier transform infrared, Raman, X-ray photo
electron Spectrophotometer, X-ray diffractometer, and Atomic force 
microscope. CCK-8 assay was utilized to evaluate the toxicity of CDs and 
using CLSM test to capture the FACDs ability as a staining agent for the 
HeLa cancer cell supported by kinetic release study. 

2. Experimental 

2.1. Materials 

Folic acid (FA, ≤97%), sodium hydroxide (NaOH), and methanol 
(CH3OH, 96%) were purchased from Merck (Germany). Dimethyl sulf
oxide (DMSO, 99.7%) were purchased from Sigma-Aldrich (Germany). 
Ethanol (C2H5OH, 94–96%) was purchased from J.T. Baker (Malaysia). 
Hydrogen chloride (HCl, 37%) was purchased from Merck (Germany). 
Cell Counting Kit-8 (CCK-8) cytotoxicity kit was purchased from Med
ChemExpress (USA). DOX was purchased from Tokyo Chemical Industry 
Co., Ltd. (Tokyo, Japan). These chemicals were used directly in the 
research and without any further purifications. 

2.2. Synthesis of folic acid carbon dots by furnace and microwave- 
assisted 

The CDs were obtained by heating folic acid (10.0 mg) following the 
composition in Table 1, respectively. For the furnace-assisted method, 
each sample was calcined at 270 ◦C on the isolated reactor. For the 
microwave-assisted method, the folic acid was dissolved in 300 μL 
NaOH 0.1 M and (following in Table 1) settled into a microwave reac
tion system with 600-W power and high temperature. For all of the 

Abbreviation 

Carbon dots (CDs) 
Quantum yield (QY) 
Furnace-assisted carbon dots (FACDs-P) 
Microwave-assisted carbon dots (FACDs-M) 
Folic acid (FA) 
Ultra violet-visible (UV–Vis) 
X-ray diffraction (XRD) 
X-ray photoelectron spectroscopy (XPS) 
Photoluminescence (PL) 
Fourier Transform Infra-red (FTIR) 

Atomic spectrum force microscope (AFM) 
Cell counting kit 8 (CCK-8) 
Confocal laser scanning microscope (CLSM) 
Doxorubicin (DOX) 
Dimethyl sulfoxide (DMSO) 
Sodium hydroxide (NaOH) 
Ethanol (C2H5OH) 
Dulbecco’s Modified Eagle Medium (DMEM) 
Phosphate-buffered saline (PBS) 
cytotoxic concentration (CC50) 
Rhodamine 6G (R6G) 
Propidium iodide (PI)  

Table 1 
Composition of the folic acid based CDs.  

Sample ID Method Time 

FA min h 

FACDs-P1 Furnace-assisted 0.10 2 – 
FACDs-P2 0.10 – 2 
FACDs-M1 Microwave-assisted 0.10 2 – 
FACDs-M2 0.10 – 2  
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samples, after the samples were cooled down to room temperature 
naturally, the dark brown CDs were obtained by collect stacked pre
cipitate on the bottom of the reactor. To prepare its colloidal solution, 
the FACDs with adjusted concentration are first prepared by dissolving 
on NaOH solution (0.1 M) and set the pH on neutral value. The syn
thesized solution was further dialyzed on the molecular weight cut-off 
membrane (MWCO) of 1000 Da to specify the size distribution of the 
CDs and to exempt unwanted particles [29]. 

2.3. Preparation of DOX-loaded folic acid-based carbon dots (FACDS- 
DOX), drug release, and kinetic evaluation 

To prepare DOX-loaded folic acid-based carbon dots (FACDs-DOX), 
DOX solution (10 mL; 1000 mg/mL) was combined into FACDs and 
rapidly stirred at 30 ◦C (24 h). After that, the loading FACDs-DOX was 
dialyzed on deionized water for 2 h using a membrane (MWCO 1000 Da; 
Cellu Sep H1, Orange Scientifique, Belgium) to remove the free DOX 
from the FACDs mixture. The DOX concentration in FACDs was deter
mined by measuring all samples absorption at 485 nm and matching it to 
a standard calibration curve. The loading amount and efficiency of DOX 
are calculated based on equations (1) and (2) as follows: 

Loading ⋅ Amount⋅(%)⋅ = ⋅
mDOX

mFACDs
× 100 (1)  

Loading ⋅ Efficiency⋅(%)⋅ = ⋅
mDOX

mFACDs− DOX
× 100 (2) 

Determination of the exact concentration of released DOX was ac
quired with these following equations: 

Ct ⋅ = ⋅Cm +
v
V

∑t− 1

0
Cm (3)  

where Ct (ppm) and Cm are the exact and the measured concentration at 
time t (s), v and V are the taken volume and total volume of the DI water 
(mL). 

The DOX release mechanism was fitted by analyzing its dissolution 
outline with two models of kinetic study, particularly Higuchi, and 
Korsmeyer-Peppas, that offer as Equation (4) – (5), respectively.  

FH = KH.t1/2                                                                                   (4) 

where FH is the released DOX fraction in time t and KH is the constant of 
Higuchi release (s− 1/2). 
mt

m∞
⋅ = ⋅KKP⋅tn (5)  

where Mt and M∞ are the amount of DOX released at time t and ∞, 
respectively, KKP is the costant of Korsmeyer-Peppas release and n is 
DOX release exponent. Fickian diffusion is signified by n value (n ≤ 0.5), 
non-Fickian diffusion (0.5 < n < 1) and release kinetic time indepen
dence (i.e. zero-order model) is implied if n ≥ 1. 

2.4. Viability cells assessment 

The cytotoxicity test of FACDs was detected in HeLa cell lines by Cell 
Counting Kit-8 (CCK-8) assay (MedChemExpress, New Jersey, USA). 
HeLa cell lines were first cultured at a 96-well plate with 2.5 × 104 cells 
per well containing Dulbecco’s Modified Eagle Medium (DMEM) and 
incubated for 24 h. Then, phosphate-buffered saline (PBS) was added to 
wash the cells. The cells were further incubated on 100 μL of DMEM with 
varied concentrations of FACDs (10 μL) and varied times. Once the 
adjusted time was reached, the cell was continued by adding one mL of 
CCK-8 reagent (500 mg/mL) and incubated for 4 h. The absorbance of 
formazan on each plate correlated with the living cell was analyzed by 
using a microplate reader at 450 nm. The cytotoxicity effects of doped- 
carbon dots were assessed at half the cytotoxic concentration (CC50) and 
fixed using Origin 2018 software. 

2.5. CLSM imaging assessment 

For preparation, HeLa cells were cultured at 96 well-plate containing 
2 mL Dulbecco’s Modified Eagle Medium (DMEM) and incubated for 24 
h. Each FACDs (400 μL) was further added and incubated for 1 h. Then, 
the cells were rinsed by PBS three times and then fixed with 70% alcohol 
for about 10 min. Fluorescence images of FACDs in HeLa cells were 
captured from cells for immersion of 63 × 1.32 NA oil by confocal TCS 
SP2 (Leica Microsystems, USA) equipped with inverted microscopy and 
inline Ar (488 nm) and He–Ne (503–680 nm and 588 nm) laser. 

Scheme 1. Schematic mechanism for formation of FACDs on furnace (FACDs-P1 and FACDs-P2) and microwave (FACDs-M1 and FACDs-M2) assisted methods.  
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2.6. Flow cytometry assessment 

For 24 h, approximately 3 × 105 HeLa cells were cultured in a cell 
flask T75 with a 5 mL medium. A 5 mL fresh medium, later on, replaced 
the last medium containing various concentrations of samples, sup
ported by PBS-treated cells as a control. The treated cells were rinsed 
with PBS, trypsinized, centrifuged, and suspended in the binding buffer 
after 1 h incubation. The cells were then stained with a 5 μL Annexin V- 
FITC for 15 min, washed with binding buffer, and stained with a 10 μL 
propidium iodide. The samples were analyzed on a Guava easyCyte Flow 
Cytometer supplied by an argon laser (488 nm). 

2.7. Other characterizations 

The synthesized products were characterized by several instruments. 
Fourier Transform Infra-red (FTIR) spectra were measured by Infrared 
(IR) Tracer-100 (Shimadzu, Japan). Ultraviolet–visible (UV–Vis) spectra 
were exhibited by using spectrophotometer UV–Vis Shimadzu 1800 
(Shimadzu, Japan). Zeta Potential Values of FACDs were determined by 
PALS Zeta Potential Analyzer (Brookhaven, USA). The photo
luminescence of doping carbon dots was collected by LS 55 fluorescence 

spectrometer (Shimadzu, Japan). The PL of FACDs was determined 
comparatively by remarking rhodamine 6G (R6G, QY (95%)), the %QY 
of FACDs were determined by this following equation:  

QY = QYR6G (ICDs/IR6G) (ACDs/AR6G) (ηwater/ηethanol)2                          (6) 

where I, A, and η are the integral PL intensity, UV absorbance, and the 
optical density and reflective index of the solvent, respectively. Atomic 
Force Microscopy (AFM) images were acquired by Nanoscan type AFM 
(Bruker, Germany). X-ray photoelectron spectroscopy (XPS) spectra of 
FACDs were obtained from X-ray photoelectron spectrometer Ulvac-PHI 
supported by Al-Kα X-ray source and a monochromator. XRD patterns 
were investigated by Philips source X-ray diffractometer set by Cu Kα1 
line (λ = 1.54 Å). 

2.8. Statistical analysis 

The 50% cytotoxic concentration on cell viability (CC50), was 
determined by the dose-response model (nonlinear fitting) of Origin 
software (version 8.0724, OriginLab Inc., Northampton, MA). All data 
were acquired in triplicate, with sample t-test on some data. 

3. Results and discussion 

The FACDs were synthesized by merely handling folic acid through a 
furnace and microwave-assisted method (Scheme 1). Even mechanism 
synthesis of CDs does not fix yet, dehydration and carbonization pro
cesses occur theoretically during thermal treatment on both methods, 
respectively [30]. Then, this condition will initiate rearrangement of the 
folic acid structure as strong as its combination to form a graphene 
oxide-like structure. Nevertheless, this reassembling process was initi
ated by hydrogen bonds occurring between folic acid itself (as displayed 
on Scheme 1) [31]. According to equation (2), the drug loading capacity 
of DOX on FACDs was calculated at nearly 62%. The high loading ca
pacity could be related to the electrostatic interaction (non-covalent 
bonding) between DOX and FACDs [32]. The conjugate may become 
more biocompatible by surface modification using a linker, i.e. bovine 
serum albumin (BSA) [13]. Furthermore, the formation of FACDs-DOX 
Graphene oxide (GO) structure will be obtained in CDs core due to 
further carbonization which was confirmed by performing luminescence 
of FACDs under UV light. 

The absorption pattern was shown in FACDs-M1 and FACDs-M2 in 
Fig. 1a resulted in two absorption peaks, namely at 259 nm and 280 nm, 
respectively. The absorption peak of 259 nm indicates the occurrence of 
an electron transition π→π* and the absorption peak of 280 nm signifies 
an electron transition of n→π* of moiety on the FACDs [33,34]. The 
FACDs-M1 and FACDs-M2 have almost the same wavelength, namely in 
the 256–280 nm range. Nevertheless, the FACDs-M2 delivered greater 
absorbance compared to the FACDs-M1, due to the carbonization pro
cess using the microwave method in FACDs-M2 lasts longer, so the 
process of synthesizing carbon dots is better when compared to 
FACDs-M1, whereas, in the carbon dots samples FACDs-P1 and 
FACDs-P2, the absorption pattern formed in the furnace-assisted method 
had one absorption peak at 259 nm which demonstrates the electron 
transition π→π* (core). In the graph of the furnace-assisted method on 
FACDs-P2, the carbon dots structure in surface state form did not reveal 
its absorption peak. However, the peak of the surface state was still 
there, it is just that when the UV–Vis test was carried out, the peak was 
unreadable owing to the carbonization process formed on carbon dots 
was too high. Further investigation by analyzing Doxorubicin (DOX) and 
loading FACDs-DOX was shown a specific region at 485 nm which 
symbolized a presence of DOX in loading FACDs-DOX [35,36]. The 
bandgap of FACDs, represented by Fig. 1b, indicated all samples are in 
similar sizes [37]. 

The image of all FACDs in Fig. 2a–f were light yellow in daylight and 
exhibited strong blue luminescence under UV light [38]. Folic acid and 

Fig. 1. UV–Vis spectra of (a) FACDs using microwave and furnace-assisted 
methods, Doxorubicin (DOX) (dark blue), and loading FACDs-DOX (brown). 
(b) Tauc plot of FACDs by microwave and furnace-assisted methods. (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 
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carbon dots excitation were analyzed at 320 nm and an emission 
wavelength range from 340 to 400 nm. FACDs-M1 and FACDs-M2 in 
Fig. 2a and b displayed emission at 447 nm and 487 nm, respectively, 
whereas FACDs-P1 and FACDs-P2 Fig. 2c and d showed emission 
wavelengths of 434 nm and 481 nm, respectively. Pure folic acid, as 
shown in Fig. 2e showed emissions at 398.5 nm. From these data, folic 
acid has a low emission intensity, nevertheless, carbon dots exhibit 
higher emissions due to the formation of conjugated ℼ-domains (carbon 
core) of carbon dots structure [39,40]. Further investigation to over
come the quantum yield (QY) of each FACDs was analyzed by LS 55 
fluorescence spectrometer (Shimadzu, Japan) [41,42]. Furthermore, 
using R6G as a reference (QY = 95%% in 0.1 M ethanol, λex = 320 nm), 
the quantum yield (QY) of folic acid carbon dots in samples FACDs-P1, 
FACDs-P2, FACDs-M1 and FACDs-M2 contributed 55.7%, 3.6%, 9.5%, 
2.8%, respectively. The QY data form obtained FACDs are comparable 
with previous studies, which is exhibit excellent optical properties of 
CDs (Table S1). FTIR spectra of FACDs, as displayed in Fig. 3, presented 
the appearance of varied functional groups. Folic acid (FA) had a broad 
absorption at 3358.06 cm− 1 and 2918.29 cm− 1 which symbolized a 
stretching vibration of O–H and C–H. The 1652.99 cm− 1 corresponded 
to the presence of a carbonyl group (C––O) of carboxylic acid. stretching 
(C––C) of benzene was indicated at 1558.14 cm− 1, and stretching (C–N) 
at wave number 1338.59 cm− 1 [43]. FACDs-P1 has a similar functional 
group, including O–H stretching, CH stretching, C––O carboxylic acid, 
C––C benzene, and C–N at 3365.78 cm− 1, 2891.29 cm− 1, 1705.07 cm− 1, 
1429.25 cm− 1, 1093.63 cm− 1, respectively [44]. Moreover, FACDs-P2 
demonstrated O–H stretching, C–H stretching, C––O carboxylic acid, 
C––C benzene, and C–N at 3450.65 cm− 1, 2891.29 cm− 1, 1705.07 cm− 1, 
1591.27 cm− 1, and 1226.72 cm− 1, respectively. In addition, FACDs-M1 
showed stretching vibration of O–H, C–H, C––O (carboxylic acid), C––C 
benzene, and C–N particularly at 3381.21 cm− 1, 2918.29 cm− 1, 
1658.78 cm− 1, 1598.98 cm− 1, 1409.96 cm− 1, 1145.71 cm− 1 [25], 
whereas FACDs-M2 also emitted O–H stretching functional groups, 
C––O carboxylic acid, C––C benzene, and C–N at 3246.19 cm− 1, 
1656.85 cm− 1, 1419.60 cm− 1, 1143.78 cm− 1, respectively [45]. 

Further 2D morphology study of CDs is performed by AFM demon
strating the distribution and particle sizes of FACDs in Fig. S1. Further 
improvement on AFM data by using ImageJ software to adjust size 

distribution of the obtained CDs, where all FACDs, as shown in Fig. S1a, 
FACDs exhibited average diameter sizes under 6 nm. The height of the 
particles also distributed homogenously displayed in Figs. S1b and c, 
which are classified as carbon dots owing to the diameter size below 10 
nm with a mostly spherical shape [46]. FACDs-P and FACDs-M in Fig. 4a 
and e carbon dots were investigated even further using X-ray photo
electron spectroscopy (XPS) to acquire the existence of the atom, 
including, carbon (C1s), oxygen (O1s), and nitrogen (N1s). The XPS C1s 
spectrum of FACDs was shown in Fig. 4b displayed the presence of 
carbon signals at 284.5 (i), 285.7 (ii), and 288.6 eV (iii), respectively, 
corresponding to the existence of C––C (benzene), C–N/C–O, and a 
carboxyl group. Besides, three peaks in the C1s region were yielded from 

Fig. 2. PL Spectra of (a) FACDs-M1, (b) FACDs-M2, (c) FACDs-P1, (d) FACDs-P2, (e) FA, and (f) Photographs of doped CDs under daylight and UV-light prepared by 
furnace and microwave-assisted methods. 

Fig. 3. Infra-Red spectra of folic acid (FA) and carbon dots FACDs-M1 (green); 
FACDs-M2 (aqua); FACDs-P1 (blue); FACDs-P2 (red) by microwave-assisted and 
furnace-assisted methods. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the Web version of this article.) 
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FACDs-M in Fig. 4f at 284.6 (iv), 285.3 (v), and 288.3 eV (vi) corre
sponding to C––C, and C–N, and C––O, respectively [47,48]. The O1s 
region of FACDs-P in Fig. 4c has two peaks at 530.9 (vii) and 532.1 eV 
(viii), symbolizing C––O and C–OH/O––C–OH, respectively [49]. In 
Fig. 4g, The O1s spectra of FACDs-M presented the existence of C––O 
and O––C–OH at 530.2 (ix) and 534.2 eV (x), respectively. The N1s 
spectrum of the FACDs-P is represented by two peaks, at 399.4 (xi) and 
400.7 eV (xii), associated with pyrrolic N and graphite N, respectively 
[50]. Moreover, the N1s spectrum of the FACDs-M exhibited C–N/C––N 
and –NH2 peaks at 399.3 (xiii) and 400.4 eV (xiv), respectively [51]. The 
predominance of hydroyl and carbonyl groups over others functional 
groups also well-revealed by the XPS data, which XPS intensity of 

oxygen element was higher than other elements, exclude carbon 
element. This condition support the stability of the CDs upon polar 
solvents. Zeta potential values supported the XPS data, which FACDs-P1; 
FACDs-P2; FACDs-M1; FACDs-M2 show zeta potential on quite similar 
values about − 19,28; − 21,21; − 20,60; − 21,82, respectively, referring 
hydroxyl and carbonyl groups majorly exists on the CDs. Further Raman 
spectra of carbon dots were exhibited in Fig. 5a, the FACDs-P1 spectrum 
showed the D and G band peaks at 1329.79 cm− 1, 1519.39 cm− 1, 
FACDs-P2 displayed the D and G bands at 1335.19 cm− 1, 1566.72 cm− 1, 
respectively [52,53]. Additionally, the FACDs-M1 spectra presented D 
and G bands at 1229.25 cm− 1 and 1437.30 cm− 1. Moreover, the D and G 
band peaks of the FACDs-M2 are shown at 1313.55 cm− 1 and 1556.23 

Fig. 5. (a) Raman scattering spectra of FACDs-M2 (green), FACDs-M1 (blue), FACDs-P2 (dark brown), and FACDs-P1 (red). (b) XRD Diffractogram of folic acid and 
carbon dots FACDs-M1; FACDs-M2; FACDs-P1; FACDs-P2. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version 
of this article.) 

Fig. 4. XPS spectra of FACDs-P (a) full scan, (b) C1s, (c) O1s, and (d) N1s by microwave-assisted method. (e) Full survey scan of FACD-M, (f) C1s, (g) O1s, and (h) 
N1s regions using furnace-assisted method. 
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cm− 1, respectively [54]. The D band is related to the deficiency of the 
carbon structure that reverses structural defects and is associated with 
the part of the sp3 conformation obtained due to the amorphous for
mation of graphite within the process of oxidation whereas the G band 
comes from vibrations in the sp2 carbon atomic plane. The smaller the D 
and G band (ID/IG) intensity ratio, the better the formation of CDs. This 
is observed by the reduced sp3 conformation content on carbon, higher 
levels of graphitization, and a more uniform surface state [55]. Among 
the FACDs, the intensity ratio of D and G band (ID/IG) particularly from 
lowest to higher are FACDs-M2<FACDs-P2 <FACDs-M1 <FACDs-P1, 
respectively. The D and G band (ID/IG) intensity ratios are very sus
ceptible to structural changes in the carbon matrix which can be influ
enced by several factors such as substrate. defects, and doping [56]. The 
diffractogram pattern of FACDs-P1, FACDs-P2, FACDs-M1, FACDs-M2 in 
Fig. 5b revealed amorphous solid. The synthesis of carbon dots utilizing 
either furnace or microwave-assisted methods results in the process of 
dehydration from the surface of the solid, leaving a lower amorphous or 
carbonate anhydrous material. Furthermore, the pattern analysis results 
are compared with JCPDS 01–0646 database, which corresponding to 
graphene-like structure [57,58]. Further investigation of FACDs-P1, 
FACDs-P2, FACDs-M1, FACDs-M2 resulted in d-spacing of 0.6453 nm, 
0.1876 nm, 0.76567 nm, and 0.7356 nm, respectively. 

3.1. In vitro drug release activities 

Incorporation of DOX upon FACDs was served through van der Waals 
and π-π attraction between polybenzene performed on both FACDs and 
DOX. This attraction considered more benefit to give facile releasing of 
the drug on the target. However, release pattern of DOX that just 
physical binding with FACDs became critical issue. The DOX release 
over time was examined and the results are displayed in Fig. 6. The 
dissolution of DOX of loading FACDs-DOX was investigated at varied pH 
buffers (pH = 5.5, 7.4, and 9.0). The fastest release of DOX was attained 
at pH 5 (approximately 65.7%) of the loaded DOX was released toward 
the buffer within 48 h. The dissolution percentage of loading DOX de
creases with increasing pH in buffer solution (pH 7.4 and 9.0), inferring 
a pH-triggered release pattern. The pH-sensitive releasing ability of DOX 
is remarkable, owing to tumor/cancer cells (pH 4–5) and tumor tissue 
(pH 6.8) are found in an acidic environment [59]. Thus, DOX loading 
could be released rapidly release in cancer cells and tissues. 

The dissolution evaluation in Fig. S2 showed that the kinetics model 

resulted by FACDs-DOX at pH 5.5, 7.4, and 9.0 followed the Korsmeyer- 
Peppas kinetics model. This is based on the quantity of the R2 value of 
the release test on pH 5.5, 7.4, and 9.0 medium is 0.97; 0.98; 0.98, 
respectively, which can be observed in Table S2. Moreover, the Chi- 
square value (χ2) was used as a function of statistical error during the 
study [60]. The lowest Chi-square (χ2) value indicates the best-fitted 
model of drug release kinetics [61]. According to Table S2, the lowest 
value of χ2 was found in the Korsmeyer-Peppas kinetics model, with χ2 

release test on pH 5.5, 7.4, and 9.0 medium signifying 6.876296; 
6.320155; and 1.800886, respectively. Contrasting with the Higuchi 
model, which explains the drug release from the common drug matrix, 
the Korsmeyer-Peppas model is formed of drug release particularly from 
a polymeric system, where the drug needs to overwhelm the polymer 
interference through the process of release [62]. Moreover, DOX release 
follows Fickian diffusion due to the n value of Korsmeyer-Peppas of all 
FACDs-DOX are under 0.5. This is verified based on the DOX release 
formation of concentration gradients. Furthermore, pH greatly affects 
the release rate of DOX which can be observed from the K value of each 
FACDs-DOX. The k FACDs-DOX values (pH 5.5, 7.4, 9.0) were 1.731988, 
1.482661, and 0.371576, respectively. From these data, there are major 
interaction of DOX and carbon dots by hydrogen bonding (-OH⋅⋅⋅O and 
–CH⋅⋅⋅O-) and also van der Waals interactions. According to the previous 
study, the protonation of the amine group (-NH2) was higher in an acidic 
environment (pH 6.4) that supported the process of diffusion toward 
higher solubility. Surprisingly, the extracellular pH of tumor cells is 
acidic (~6.5–6.9) that could be more favorable for cancer therapy [63]. 

3.2. In vitro assessments 

CCK-8 assay was applied to assess the cytotoxicity of the FACDs by 
using HeLa cells. The varying concentrations of FACDs are from 0 to 400 
mg/mL for 24 h. The cell viability was noticed from Fig. 7, which were 
perceived that the cells survival rates were above 80% even though the 
concentration is up to 500 μg mL− 1. Furthermore, the CC50 value of 
FACDs-P2 in Fig. S3 showed a high concentration up to 71878.14 μg 
mL− 1. It confirmed that the FACDs were non-toxic and great biocom
patible with HeLa cells, which could be a potential agent in the field of 
bioimaging application [64]. The CLSM of the FACDs shown in Fig. 8 for 
fluorescence imaging of cancer cells is dependent on the extent of folate 
receptor expression in HeLa cancer cells. HeLa cells exhibit specific 
characteristics owing to their surface is abundant in folate receptors [8, 

Fig. 6. The DOX dissolution rate in loading FACDs-DOX at varied pH condition. 
The data mesure as average of three replications. 

Fig. 7. Cell viability histogram of HeLa cancer cells after 24 h incubation by 
varying concentrations of furnace-assisted method FACDs-P and microwave- 
assisted method FACDs-M. All data displayed as mean ± SD with n = 3. 
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65]. Moreover, Confocal Laser Scanning Microscopy (CLSM) data 
demonstrated the outstanding cell selectivity of FACDs as well as con
sistency in surface binding and absorption of FACDs by cells. The results 
indicated that the FA sites on CDs could facilitate intracellular folic acid 
uptake via receptor-mediated endocytosis. Endocytosis is a common 
mechanism by which various extracellular materials that internalized 
into cells as shown in Scheme 2. Furthermore, the Z stacking mode in 
CLSM was also used in proving FACDs in the cell cytoplasm. From the 
data in Fig. S4, the accumulation of FACDs in cells constitutes an active 
targeting package as well as an endocytosis process to make them exist 
in the cell cytoplasm. 

Further in vitro analysis involved doping CDs on HeLa cells by 
measuring flow cytometry. Flow cytometry tests are performed to 
quantify and identify the fluorescence of accumulated material toward 
HeLa cells. Annexin V-FITC and propidium iodide (PI) were both applied 
for cell staining. In phosphatidylserine, high affinity is shown by 
Annexin V-FITC which can be transferred to the outward layer of the cell 
membrane within the apoptosis process. The cell necrosis can be iden
tified by PI (flow cytometry kit) through RNA and DNA interaction in the 

cells [66]. For the controlled group (untreated HeLa cell) in Fig. 9, the 
live cells identified in nearly 100%. Otherwise, the cells which 
co-incubated by FACDs-P1, FACDs-P2, FACDs-M1, and FACDs-2 were 
slightly decreased to 98.26%, 93.05%, 97.25%, and 93.1%, respectively. 
Furthermore, all FACDs showed early apoptosis under 3.50%, which 
indicated the low toxicity of each FACDs in the HeLa cell and proof the 
CCK-8 assay measurement. In contrast, the FACDs-P1/DOX percentage 
of the cells dramatically declined to 43.33%, whereas the early and late 
apoptosis cells dramatically raised to 27.56% and 16.22%, respectively. 
Apoptosis is a phenomenon in which cells die due to external interfer
ence, in this case, DOX, which destroys the DNA conformation in the cell 
[18]. Therefore, the FACDs-P1/DOX can strongly detect HeLa cells, 
deliver drugs, and destroy the targeted cancer cells. 

4. Conclusion 

As result, Carbon dots can be fabricated from folic acid-based by the 
process of a furnace and microwave-assisted carbonization. Some 
characterizations confirmed the successful FACDs with the highest 

Fig. 8. Photograph CLSM images of HeLa cells after 1 h incubated with folic acid-based carbon dots by excitation at 488 nm. The scale bars represent 20 μm.  
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Fig. 9. The histogram representing the flow cytometry data of each FACDs; live cell (LT orange); early apoptosis (LT green); late apoptosis (LT purple); early necrosis 
(LT yellow). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

Scheme 2. Internalization schematic route of the FACDs–DOX conjugate into a HeLa cell lines.  
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optical property (QY value 55.7%), the cytotoxicity evaluation unveils 
that all FACDs are non-toxic. CLSM study increased the potency appli
cation of FACDs as bioimaging agents. Distinctly, the DOX release rate 
was higher in the acidic pH state than in the neutral or basic state, due to 
protonation that was initiated by hydrogen bonding and van der Waals 
interactions. The DOX release of the CDs matches the Korsmeyer-Peppas 
kinetic model. 
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IMPORTANT: Your manuscript - MA-ART-12-2020-000958 
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Materials Advances <onbehalfof@manuscriptcentral.com> Tue, Dec 8, 2020 at 12:57 AM
Reply-To: materialsadvances@rsc.org
To: m.zakki.fahmi@fst.unair.ac.id, zakkifahmi@gmail.com

07-Dec-2020 

Dear Mr Fahmi: 

TITLE: Simple and fast design of folic acid-based carbon dots as theranostic agent and its drug release aspect 

Thank you for your submission to Materials Advances, published by the Royal Society of Chemistry. 

I have been unable to contact your co-author Satya Sakti at the email address provided. Please can you send me an
alternative email address for your co-author as soon as possible? 

Yours sincerely, 

Allison Holloway 
Publishing Assistant – Journals 
Royal Society of Chemistry 
Thomas Graham House 
Science Park, Milton Road 
Cambridge, CB4 0WF, UK 

If you need to contact the journal, please use the email address materialsadvances@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 0BA. 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> Tue, Dec 8, 2020 at 7:19 AM
To: materialsadvances@rsc.org

Dear Editor, thank you for the email. The alternative email of Dr. Satya Email is
satya.c.w.sakti@gmail.com

Best Regards, 
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Mochamad Zakki Fahmi, Ph.D (張家其) 
Associate Professor, Department of Chemistry
Universitas Airlangga
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Publication of your article [MAC_124596] in Materials Chemistry and Physics is
on hold due to file problems 
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A.Achuthan@elsevier.com <A.Achuthan@elsevier.com> Thu, Apr 15, 2021 at 10:47 PM
To: m.zakki.fahmi@fst.unair.ac.id

--------------------  
Our reference: MAC 124596 
Article reference: MAC_MATCHEMPHYS-D-21-00064 
Article title:  Simple and fast design of folic acid-based carbon dots as theranostic agent and its drug release aspect 
To be published in: Materials Chemistry and Physics 
--------------------  

Dear Professor fahmi, 

Congratulations on having your article accepted.  

We have now received your manuscript in production and would like to begin the typesetting process. 

Unfortunately we have encountered a problem with the electronic files you provided and cannot process your article
further until the following issues are resolved: 

*  We have received citation for table(2), but the corresponding table is not supplied, kindly check and provide table in
editable ms doc format. 

We would be grateful if you could kindly address the problem as quickly as possible, ideally within 48 hours, by
replying to this message. 

Further information on acceptable file formats can be found at http://www.elsevier.com/guidepublication. 

Please quote the reference for your article, MAC 124596, in all of your messages to us.   

Thank you for your help with this issue; I look forward to hearing from you soon. 

Kind regards, 

A Achuthan 
Data Administrator 
Elsevier 
E-Mail: A.Achuthan@elsevier.com 

--------------------  
HAVE QUESTIONS OR NEED ASSISTANCE?  

For further assistance, please visit our Customer Support site, where you can search for solutions on a range of
topics, such as Open Access or payment queries, and find answers to frequently asked questions. You can also talk
to our customer support team by phone 24 hours a day from Monday-Friday and 24/7 by live chat and email.  

Get started here: http://service.elsevier.com/app/home/supporthub/publishing  
--------------------  
Copyright © 2015 Elsevier B.V. | Privacy Policy http://www.elsevier.com/privacypolicy  
Elsevier Limited, The Boulevard, Langford Lane, Kidlington, Oxford, OX5 1GB, United Kingdom, Registration No.
1982084

Mochamad Zakki Fahmi <m.zakki.fahmi@fst.unair.ac.id> Fri, Apr 16, 2021 at 1:14 PM
To: A.Achuthan@elsevier.com

Dear Editor,

We thank to your previous information about our paper and we are sorry for the
mistake. The sentence referring to Table 2 performing as " The QY data form obtained FACDs

http://www.elsevier.com/guidepublication
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are comparable with previous studies, which is exhibit excellent optical properties of CDs (Table 2)."  It should
be changed to " The QY data form obtained FACDs are comparable with previous studies, which is exhibit
excellent optical properties of CDs (Table S1)."  please help us to do the modification. Thank you

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 
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To: Mochamad Zakki Fahmi <m.zakki.fahmi@fst.unair.ac.id>

Dear Dr.Fahmi ,

Thank you for your email. This is to confirm you that we have received response for your article.

Will get back to you in case of any further assistance required.

Regards,
Vishwa (on behalf of Arivalagan Achuthan)
Data Administrator
ELSEVIER | Research Content Operations
E-Mail: A.Achuthan@elsevier.com 

From: Mochamad Zakki Fahmi <m.zakki.fahmi@fst.unair.ac.id> 
Sent: 16 April 2021 11:44 
To: Achuthan, Arivalagan (ELS-CON) <A.Achuthan@elsevier.com> 
Subject: Re: Publica�on of your ar�cle [MAC_124596] in Materials Chemistry and Physics is on hold due to file
problems
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Lia Stanciu <em@editorialmanager.com> Fri, Mar 5, 2021 at 9:33 AM
Reply-To: Lia Stanciu <lstanciu@purdue.edu>
To: mochamad zakki fahmi <m.zakki.fahmi@fst.unair.ac.id>

Ms. Ref. No.:  MATCHEMPHYS-D-21-00064 
Title: Simple and fast design of folic acid-based carbon dots as theranostic agent and its drug release aspect 
Materials Chemistry and Physics 

Dear authors, 

Reviewers have now commented on your paper. You will see that they are advising that you revise your manuscript. If
you are prepared to undertake the work required, I would be pleased to reconsider my decision.   

For your guidance, reviewers' comments are appended below.

If you decide to revise the work, please submit a list of changes or a rebuttal against each point which is being raised
when you submit the revised manuscript.  Your revised manuscript should be submitted within 30 days. 

To submit a revision, please go to https://www.editorialmanager.com/matchemphys/ and login as an Author.  
Your username is: m.zakki.fahmi@fst.unair.ac.id  

If you need to retrieve password details, please go to: https://www.editorialmanager.com/matchemphys/l.asp?i=
1164609&l=8ESNTPZ7  

NOTE: Upon submitting your revised manuscript, please upload the source files for your article. For additional details
regarding acceptable file formats, please refer to the Guide for Authors at: http://www.elsevier.com/journals/materials-
chemistry-and- physics/0254-0584/guide-for-authors 

When submitting your revised paper, we ask that you include the following items: 

Manuscript and Figure Source Files (mandatory) 

We cannot accommodate PDF manuscript files for production purposes. We also ask that when submitting your
revision you follow the journal formatting guidelines.  Figures and tables may be embedded within the source file for
the submission as long as they are of sufficient resolution for Production.For any figure that cannot be embedded
within the source file (such as *.PSD Photoshop files), the original figure needs to be uploaded separately. Refer to
the Guide for Authors for additional information. 
http://www.elsevier.com/journals/materials-chemistry-and- physics/0254-0584/guide-for-authors 

Highlights (mandatory) 

Highlights consist of a short collection of bullet points that convey the core findings of the article and should be
submitted in a separate file in the online submission system. Please use 'Highlights' in the file name and include 3 to
5 bullet points (maximum 85 characters, including spaces, per bullet point). See the following website for more
information  
http://www.elsevier.com/highlights 

Graphical Abstract (optional) 

Graphical Abstracts should summarize the contents of the article in a concise, pictorial form designed to capture the
attention of a wide readership online. Refer to the following website for more information: http://www.elsevier.com/
graphicalabstracts  

On your Main Menu page is a folder entitled "Submissions Needing Revision". You will find your submission record
there.  

For guidelines on how to submit your revised manuscript please go the following address: For guidelines on how to
submit your revised manuscript please go the following address: http://help.elsevier.com/app/
answers/detail/p/7923/a_id/91 
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Note: While submitting the revised manuscript, please double check the author names provided in the submission so
that authorship related changes are made in the revision stage. If your manuscript is accepted, any authorship
change will involve approval from co-authors and respective editor handling the submission and this may cause a
significant delay in publishing your manuscript. 

Please note that this journal offers a new, free service called AudioSlides: brief, webcast-style presentations that are
shown next to published articles on ScienceDirect (see also http://www.elsevier.com/audioslides). If your paper is
accepted for publication, you will automatically receive an invitation to create an AudioSlides presentation. 

Materials Chemistry and Physics features the Interactive Plot Viewer, see: http://www.elsevier.com/interactiveplots.
Interactive Plots provide easy access to the data behind plots. To include one with your article, please prepare a .csv
file with your plot data and test it online at http://authortools.elsevier.com/interactiveplots/verification before
submission as supplementary material. 

NOTE: Upon submitting your revised manuscript, please upload the source files for your article. We cannot
accommodate PDF manuscript files for production purposes. We also ask that when submitting your revision, you
follow the journal formatting guidelines. For additional details regarding acceptable file formats, please refer to the
Guide for Authors at: http://www.elsevier.com/journals/<slugified journal title>/<issn>/guide-for-authors

MethodsX file (optional) 

If you have customized (a) research method(s) for the project presented in your Materials Chemistry and Physics
article, you are invited to submit this part of your work as MethodsX article alongside your revised research article.
MethodsX is an independent journal that publishes the work you have done to develop research methods to your
specific needs or setting. This is an opportunity to get full credit for the time and money you may have spent on
developing research methods, and to increase the visibility and impact of your work.  

How does it work? 
1)      Fill in the MethodsX article template: https://www.elsevier.com/MethodsX-template 
2)      Place all MethodsX files (including graphical abstract, figures and other relevant files) into a .zip file and upload
this as a 'Method Details (MethodsX) ' item alongside your revised Materials Chemistry and Physics manuscript.
Please ensure all of your relevant MethodsX documents are zipped into a single file.  
3)       If your Materials Chemistry and Physics research article is accepted, your MethodsX article will automatically
be transferred to MethodsX, where it will be reviewed and published as a separate article upon acceptance. 
MethodsX is a fully Open Access journal, the publication fee is only 520 US$.  

Questions?  Please contact the MethodsX team at methodsx@elsevier.com.  Example MethodsX articles can be
found here: http://www.sciencedirect.com/science/journal/22150161 

Include interactive data visualizations in your publication and let your readers interact and engage more closely with
your research. Follow the instructions here: https://www.elsevier.com/authors/author-services/data-visualization to
find out about available data visualization options and how to include them with your article. 
MethodsX file (optional) 
We invite you to submit a method article alongside your research article. This is an opportunity to get full credit for the
time and money you have spent on developing research methods, and to increase the visibility and impact of your
work. If your research article is accepted, your method article will be automatically transferred over to the open
access journal, MethodsX, where it will be editorially reviewed and published as a separate method article upon
acceptance. Both articles will be linked on ScienceDirect. Please use the MethodsX template available here when
preparing your article: https://www.elsevier.com/MethodsX-template. Open access fees apply. 

Yours sincerely, 

Lia Stanciu 
Editor 
Materials Chemistry and Physics 

Data in Brief (optional):  
We invite you to convert your supplementary data (or a part of it) into an additional journal publication in Data in Brief,
a multi-disciplinary open access journal. Data in Brief articles are a fantastic way to describe supplementary data and
associated metadata, or full raw datasets deposited in an external repository, which are otherwise unnoticed. A Data
in Brief article (which will be reviewed, formatted, indexed, and given a DOI) will make your data easier to find,
reproduce, and cite. 

You can submit to Data in Brief when you upload your revised manuscript. To do so, complete the template and follow
the co-submission instructions found here: www.elsevier.com/dib-template. If your manuscript is accepted, your Data
in Brief submission will automatically be transferred to Data in Brief for editorial review and publication. 
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Please note: an open access Article Publication Charge (APC) is payable by the author or research funder to cover
the costs associated with publication in Data in Brief and ensure your data article is immediately and permanently free
to access by all. For the current APC see: www.elsevier.com/journals/data-in-brief/2352-3409/open-access-journal 

Please contact the Data in Brief editorial office at dib-me@elsevier.com or visit the Data in Brief homepage
(www.journals.elsevier.com/data-in-brief/) if you have questions or need further information. 

MethodsX (optional) 

We invite you to submit a method article alongside your research article. This is an opportunity to get full credit for the
time and money spent on developing research methods, and to increase the visibility and impact of your work. If your
research article is accepted, we will contact you with instructions on the submission process for your method article to
MethodsX. On receipt at MethodsX it will be editorially reviewed and, upon acceptance, published as a separate
method article. Your articles will be linked on ScienceDirect.  

Please prepare your paper using the MethodsX Guide for Authors: https://www.elsevier.com/journals/methodsx/2215-
0161/guide-for-authors  (and template available here: https://www.elsevier.com/MethodsX-template) Open access
fees apply. 

Reviewers' comments: 

Reviewer #1: In this manuscript, the author reports the "Simple and fast design of folic acid-based carbon dots as
theranostic agent and its drug release aspect" Herein, the authors prepared CDs from  
folic acid through furnace and microwave-assisted methods. The properties of the CDs and the drug delivery were
well discussed. The authors should address the following minor questions before getting a possible publication. 

1.      Dialysis is an important step for purification of nanoparticle. Did dialysis was done for the purification of CDs? It
is not mentioned in the 2.2 Synthesis section 
2.      The author may provide the TEM image of the CDs. 
3.      The formatting and grammatical errors in the article need to be checked carefully 
4.      The author should write purpose for each test in one/two sentences (in brief) before explaining the results of the
characterization techniques. Therefore, the logic and organization of this part will be enhanced.  
5. The legend of the Figures should be uniform throughout the manuscript. 
6. The photostability of the FACDs should be performed. 
7. What about the zeta potentials of the FACDs? 
8. The authors cited some of the relevant research works that have been conducted in this area however there are a
few that needs to be included (shown below) in the Introduction section: Materials Chemistry and Physics 237 (2019):
121860; Journal of Materials Chemistry B 4.30 (2016): 5119-5126; Research on Chemical Intermediates 45.7 (2019):
3823-3853; ACS Applied Materials & Interfaces 12.46 (2020): 51940-51951; Carbon 114 (2017): 324-333; ACS Appl.
Nano Mater. 2020, 3, 12, 11777-11790 (https://doi.org/10.1021/acsanm.0c02305) 

Reviewer #2: Simple and fast design of folic acid-based carbon dots as theranostic agent 
and its drug release aspect 
Authors have contributed an immense effort to build this novel research study. Despite the conventional folic acid
conjugation on carbon dots surface, this current study describes an innovative concept by synthesizing FACDs via
dehydration and carbonization. However, there are few significant errors that the authors should focus on, 
1) In the introduction, the authors should compare the significance of this current approach with the previously
published folic acid conjugation studies.  
2) Authors were mentioned the FACDs were collected after the centrifugation. However, you should mention the
particular purification method for the CDs. Because, even after the centrifugation, some small debris can be trapped
with the colloidal sample. Thus at least a dialysis purification is needed before the Dox conjugation. 
3) a)For the FACD-Dox conjugation, the 1000 MWCO membrane was used at the purification step. However, the
authors have not mentioned any related mass analysis by MALDI-TOF to confirm why they used specifically the 1000
MWCO membrane. Please indicate the MALDI-TOF analysis or explain the reason behind using the particularly the
1000 MWCO membrane for FACD-dox conjugate purification. 
b) Indicate the solvent you used for the dialysis purification of the Dox conjugates. 
4) Figure 1a Inset is not clear, especially the labeling of the inset 
5)  Doxorubicin loading content of the FACDs-dox should be calculated. 
6) Vertical error bars should be added to each data point in Figure 6 according to the correct standard deviation or
standard error. Also, the authors should mention whether the data in the drug release experiment and cell viability are
reproducible by indicating how many times the experiments were repeated. 
7) Grammatical errors and the English style should be corrected throughout the manuscript by a native English
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speaker. For instance, Page No.02 introduction Line No 29-30. Please avoid using the word spectrometer in each
spectroscopic technique.  

Reviewer #5: The folic acid-based carbon dots (FACDs) has been prepared using the bottom-up approach with
thermal treatment and microwave-assisted method. The quality of the FACDs was examined by fluorescence, FTIR,
Raman and XPS analyses. The dots were applied on HeLa cancer cells to understand the diagnostic capability on the
cell line.  
The comments are the following:  
1. P.1, line 47: The great affinity is on what system or molecule(s)? 
2. P.2, scheme 1: The table should refer to a model of the FACDs structure.  
3. P.2, line 41: Why to report a degree of purity of 94-96% knowing that azeotrope is at 96% of ethanol and 4% of
water? 
4. P.2, line 45: What is the degree of purity of DOX? 
5. P.2, line 57: Why the use of NaOH in the microwave-assisted method? 
6. P.2, line 48: FACDs instead of FACDS. 
7. P.2, section 2.3: More details should be given to assure the reproducibility of the preparation in another lab. How
can we have combination between CDs and DOX without using the amidation process "EDC/NHS"? 
8. P.3, line 1: What is the slit width at the excitation and the emission of the spectrofluorimeter? 
9. P.4, line 34: There is no experimental evidence to prove the formation of graphene-like structure. Line 37-40, the
authors should not suggest that graphene oxide is obtained in the core of CDs, what are the experimental evidence to
support this hypothesis? 
10. P.4, line 45 and 56: The interpretation of the absorption band at 259 nm from the core is not supported by an
experimental data. It should also be due to a surface moiety produced during the thermal or microwave process.  
11. P.5, line 20: (Fig 2a to 2f) instead of (Fig. 2f) 
12. P.5, line 32: Carbon core...to revise. 
13. P.5, line 43: Figure 3 instead of Fig. 4 
14. P.5, line 43-58: All the assignments for the FTIR spectra should be identified in the figure with arrows.  
15. P.6, line 25: amortization??? 
16. P.6, line 4: "investigation of of ... to revise 
17. P.6, line 6: What is the % of error in the d-spacing? 
18. P.6, line 5: How is the significant the decimal on the R2 value? See also line 57.  
19. P.7, line 34: Which interaction is the most important or predominant? See also conclusion. 

%ATTACH_FOR_REVIEWER_DEEP_LINK INSTRUCTIONS% 

NOTE: The reviewer(s) may also have uploaded detailed comments on your manuscript as an attachment. To access
these comments, please go to: https://www.editorialmanager.com/matchemphys/ Your username is:
m.zakki.fahmi@fst.unair.ac.id. If you need to retrieve password details, please go to: https://www.editorialmanager.
com/matchemphys/l.asp?i=1164609&l=8ESNTPZ7 

Then Click on 'Author Login'. 

*********************************************************** 
For further assistance, please visit our customer support site at http://help.elsevier.com/app/answers/list/p/7923. Here
you can search for solutions on a range of topics, find answers to frequently asked questions and learn more about
EM via interactive tutorials. You will also find our 24/7 support contact details should you need any further assistance
from one of our customer support representatives. 

__________________________________________________ 
In compliance with data protection regulations, you may request that we remove your personal registration details at
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