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Abstract—This study presents a facile synthesis technique to produce few-layer graphene oxide from Cin-
namomum camphora (Camphor L.). Camphor upon carbonization and chemical oxidation leads to the for-
mation of few-layer graphene oxide sheets of around ten layers with a lateral size of 4.14 nm and stacking
height of 3.10 nm. AFM and SEM analysis results reveal the wrinkled morphology of the graphene oxide
sheets formed. The sharp G band and the relative intensity of the defect to the graphitic band in the Raman
spectrum indicate the formation of nanocrystalline graphene oxide sheets with fewer defects. The FTIR spec-
trum and the deconvoluted C 1s XPS spectrum of graphene oxide synthesized reveal the presence of predom-
inant sp? hybridized carbon along with carbon bound to various oxygen functionalities. In brief, the formation
of high-quality few-layer graphene oxide from an abundant, low-cost, and readily available botanical precur-

sor is herein reported.

DOI: 10.1134/82635167621020130

INTRODUCTION

Camphor trees (Cinnamomum camphora) are
widely distributed across the provinces of Southern
and Eastern Asia and are easily and at vast found in
China. The huge agronomy of camphor trees is
located in Yangtze River valley, including the south
zone of China. This broad-leaved tree, which is the
primary source of camphor, belongs to the Lauraceae
family and is grown in many countries as an ornamen-
tal plant [1]. Deep-rooted in its economic and cultural
aspects, this tree is a unique heritage of East Asia, par-
ticularly China and Japan. There are vast plantation
areas in China with different varieties of these trees.
Camphor oil, used in preparing various products like
cream, ointments, and lotions, is derived from the
roots, branches, and barks of the Cinnamomum cam-
phora trees through the distillation process. This spe-
cies has been habitually utilized for medicine, pesti-
cide, timber, ornamental use, pesticide, and a non-
negotiable part of the habitants’ cultural rituals. [2].
Apart from this, this plant species’ pharmaceutical
properties attract global attention as it can be used for
the medication of muscular stresses, rheumatic disor-
ders, etc., in addition to exceptional antibacterial
properties [1, 2].

Multiple studies have been reported on the synthe-
sis of nanoparticles from Cinnamomum camphora.
Mohamed et al. (2020) have reported the synthesis of
silver nanoparticles (Ag-NPs) from Cinnamomum

camphora for the first time from its extract. Ag-NPs
were green synthesized using a simple and eco-
friendly method involving callus extract of C. cam-
phora as stabilizer and reductant [3]. A highly efficient
green synthesis of carbon nanoparticles (CNPs) has
been proposed by Oza et al. [4], where graphitic shell
condensed carbon nanotubes (CNTs) and carbon dots
(CDs) with Camphor (Cinnamomum camphora) is ver-
ified. Similarly, Yang et al. [5] have conveyed single-
pot bio-production of palladium by an easy process
consuming the broth of Cinnamomum camphora leaf.
It was observed that by varying the concentration of
palladium ions, the size of the particles could be easily
controlled from size 3.2 to 6.0 nm.

Investigating the possibility of the synthesis of var-
ious carbon nanoparticles like graphene, CNTs, and
fullerene, etc., from biomaterials is an attractive
research area, considering its easy availability, least
cost of production, and ease of synthesis procedures.
For example, Andrianiaina et al. [6] have reported the
synthesis of graphene via bioprocess using the natural
extract obtained from artemisia species. Due to the
presence of chemical complexes having antioxidant
properties, the sample was testified as an active chelat-
ing agent. This single layer of carbon has acquired tre-
mendous research interest for established researchers,
attributable to their 2D arrangement [7]. Studies
demonstrated that a perfect graphene layer is pro-
foundly arranged and shows remarkable practices,
including high Young’s modulus of 1.0 TPa, extraordi-
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Fig. 1. (Color online) XRD pattern of graphene oxide
derived from Cinnamomum camphora (CS1).

nary surface areas of 2630 m? g~!, high thermal con-
ductivity in the range 5000 W m~! K—! as well as robust
chemical toughness [8].

In this context, we herein report the synthesis of
few-layer graphene oxide prepared from the botanical
hydrocarbon Cinnamomum camphora (Camphor), an
ecologically benevolent source of nanocarbon, taking
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into consideration its abundancy, ease of availability
and biological source.

MATERIALS AND METHODS

Camphor was burnt, and the soot was collected.
Two grams of camphor soot was added to 2 g of sodium
nitrate (NaNO;) and subsequently treated with 50 mL
of concentrated sulphuric acid (H,SO,) in a reaction
vessel, arranged in an ice bath. After 15 min, about 6 g
of potassium permanganate (KMnQ,) was added in
drops with continuous stirring. The mixture was then
let to cool down for half an hour. The mixture was then
stirred continuously for two days. Subsequently, dis-
tilled water, warm water, and 40 mL of hydrogen per-
oxide were added, and the mixture was kept undis-
turbed for 12 h. The precipitate formed was separated
from the solution by repeatedly washing with water
and acetone via centrifugation. The sample was then
sonicated in water for 20 min and evaporated to obtain
graphene oxide (CS1).

RESULTS AND DISCUSSION

X-ray diffraction pattern of the synthesized sample
(CS1) is presented in Fig. 1. The sample shows a dis-
tinct, highly intense peaks at ~25.4° and a broad peak
around 44.3° owing to (002) and (110) planes of
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Fig. 2. (Color online) AFM analysis of graphene oxide derived from Cinnamomum camphora (CS1).
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Fig. 3. (Color online) SEM-EDS analysis of graphene oxide derived from Cinnamomum camphora (CS1).

graphite oxide, with partial reduction [9—13]. The
XRD pattern of CS, when compared to that of pure
graphite, exhibits a broadened (002) peak. This is
because of the effect of disorder in the sp? hybridized
carbon. The sp? sites in the carbon possess both ¢ and
Tt states. The 6-bonded amorphous carbon can be dis-
tinguished from the nt-bonded carbon by the medium-
range ordering. However, when the &t states form pairs
of aligned/six-fold aromatic rings/ graphitic clusters,
m-bonding gets maximized. The existence of a strong
and broadened 1 band in CS1 confirms that CS1 is
composed of nanocrystalline graphitic carbon with
minor defects. The disorder in the sample might arise
due to lattice imperfection in the stacked graphene
oxide sheets [11, 14, 15]. It is also noticed that the lat-
eral size (L,) of CS1 is about 4.14 nm, while its stack-
ing height (L,) is found to be 3.10 nm, with an inter-

600
500+
S 400
m —
E: Dl =G
E) 300+
k=
£200f D3
g D4
& 100} D2 D

1000 1500 2000 2500 3000 3500 4000
Raman shift, cm™!

500

Fig. 4. (Color online) Raman spectrum of graphene oxide
derived from Cinnamomum camphora (CS1).
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layer spacing of 0.34 nm, indicating the formation of
about ten layers of graphene oxide.

Atomic force microscopic analysis. The AFM analy-
sis of the synthesized graphene oxide (CS1) is pre-
sented in Fig. 2. The cross-section height profile anal-
ysis clarifies that CS1 consists of less than ten layers.
Furthermore, the height profile affirms that the
graphene oxide layers formed are either wrinkled or
folded. The topography shows periodicity, confirming
the development of a sheet-like structure. The forward
scan fit displays that the dimension of the synthesized
sample CS1 is in the nanometre range, considering its
height.

Scanning electron microscopic analysis. SEM image
of CS1 displays sheets of graphene oxide, agglomer-
ated in clusters, as presented in Fig. 3. Upon Hum-
mers’ treatment, the laminar structural formation is
observed in the topography. The graphene oxide
sheets are randomly distributed throughout the sam-
ple, forming islands.

Constituent elements present in CS1 were analyzed
and quantified using EDS analysis. The analysis
exposes the predominant presence of carbon with an
infinitesimal amount of oxygen. With the Hummers’
treatment, oxygen groups are incorporated in the car-
bon backbone of the sample. The occurrence of other
elements, namely, Mn, S, and K is from the chemicals
used for the Hummers’ synthesis method.

Raman spectral analysis. Raman spectroscopy pro-
vides valuable information on the defects, crystallite
size, and structure of different carbon nanomaterials
and is considered to be the most important character-
ization tool in the structural studies of graphitic mate-
rials [3, 16—20]. By providing various Raman finger-
prints for single, bi, and few-layer graphitic sheets, this
investigation technique grabs the research interest for
its unique and accurate data analysis properties [21—
26]. In Fig. 4, the peak noticed at ~1602 cm~" is due to
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Fig. 5. (Color online) XPS analysis of graphene oxide derived from Cinnamomum camphora (CS1).

the G band, revealing the presence of high-frequency
E,, first-order mode of graphitic structure. The defect
band D1 is observed at ~1372 cm~'. In addition to G
and D1 peaks, the deconvoluted first-order Raman
spectrum of CS1 exhibits D2, D3, and D4 peaks, aris-
ing due to disorder in the graphitic lattice, presence of
amorphous carbon, and the existence of mixed sp>*—sp?
hybridized carbon in the sample, respectively. The 2D
band is found to be very weak, indicating the stacking
of layers in the graphene oxide sheets. The relative
intensity ratio of the defect to the graphitic band is cal-
culated to be 0.98 for CS1, which is comparable to
other reported results [27—30].
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Fig. 6. (Color online) FTIR spectrum of graphene oxide
derived from Cinnamomum camphora (CS1).
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XPS analysis. The C 1s XPS spectrum of graphene
oxide, depicted in Fig. 5, shows four significant com-
ponents that represent carbon atoms in different states
[31]. The four fitted components, located at 284.5,
285.3,286.4, and 288.7 eV are assigned to the presence
of sp? carbon, sp® carbon, C in C—O bond (bound to
O either as epoxy or hydroxyl) and C in C=0 bond (of
alcohol, phenol, or ether), respectively. The presence
of C—0O and C=0 components reveal the oxidized
state of the CS1 sample synthesized [32—37]. The
inset of Fig. 5 displays the O 1s XPS spectrum, further
confirming the occurrence of diverse bonding struc-
tures of O with the graphitic carbon backbone. The
X-ray photoelectron spectrometry results are in accor-
dance with Raman and XRD results and consistent
with the EDS elemental analysis.

FT-IR analysis. FT-IR spectroscopic analysis
(Fig. 6) was carried out to investigate the occurrence
of oxygen functional groups located at both the basal
plane and the edges of the synthesized graphene oxide.
The FTIR spectrum reveals that the Hummers’ treat-
ment has led to strong infrared absorbance allied with
C=0 and C-O regions. The synthesized graphene
oxide exhibits prominent peaks between 3000—
3700 cm~! due to hydroxyl, carboxyl, and water envi-
ronment [38—44]. The sharp peaks at 3667 and
1491 cm™! are assigned to O—H stretching vibration.
The peak present at 1723 cm~! is because of C=0
stretching of carboxyl groups. The peaks observed at
1337 and 918 cm™! are due to the C—O—H and C—-0O
stretching vibrations. The sharp peak noticed at
1491 cm~! also arises due to the asymmetric C=C
stretching of sp? hybridized carbon. Its intensity relies
on the environment and is attributed to the skeletal
vibrations from graphitic domains.
Vol. 16
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CONCLUSIONS

Few-layer graphene oxide with wrinkled morphol-
ogy is synthesized from the botanical precursor Cin-
namomum camphora. The synthesized graphene oxide
sample is analyzed by AFM, SEM, XRD, Raman
spectroscopy, XPS, and FTIR characterization tech-
niques. AFM results confirm the formation of few-
layer graphene oxide. The formation of about 9—
10 stacking layers of graphene oxide is confirmed by
X-ray spectral analysis. Raman spectral analysis con-
firms the formation of crystalline and graphitized
graphene oxide sheets with few structural disorders.
The FT-IR spectrum discloses the presence of car-
bonyl, carboxyl, and hydroxyl functional groups. The
presence of these functional groups is further verified
using the XPS analysis data. In conclusion, graphene
oxide prepared from abundant, low-cost, and readily
available Cinnamomum camphora exhibits high quality
with carbon-rich few-layered structure and good crys-
tallinity with low defects.
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