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Abstract

Graphene oxide (GO) was synthesized using three techniques and was reduced using two
reducers’ extracts from neem and pumpkin leaves. The obtained GOs and RGOs were
characterized using Fourier infra-red (FTIR) spectroscopy, Raman spectroscopy, UV-visible
spectrophotometry, energy dispersive x-ray spectroscopy (EDX) and scanning electron
microscopy (SEM). Results revealed that all the three methods used are capable of producing
GO with various levels of oxidation. FTIR spectra of RGOs showed that the C=0 signature
of GOs at 1730 - 1740 cm™ were eliminated after reduction. Other characterization results of
the RGOs revealed that both the neem and pumpkin extracts are capable of reducing the
synthesized GO. With all these, it can be concluded that the extracts of neem and pumpkin
are good reducing agents. The neem and pumpkin extracts, which are ecofriendly can replace
the use of hazardous chemicals that are not ecofriendly.
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1.0 Introduction

In recent time, graphene has been widely studied due to its promising applications in
engineering and medicine [1-4]. It has produced an excellent application in the field of thin
film electronics, touch screen, p—n junction materials, flexible thin-film transistors, solar cells
optoelectronics, energy storage and various types of sensors [4-6]. This is as a result of its
exceptional optical, mechanical, heat and electrical properties [5-7]. This called for an urgent
cheaper and safer ways of synthesizing graphene for large scale production that will be

similar to natural graphene.

The most widely used method for synthesizing graphene oxide (GO) is the Hummers’
method which has been used since 1958 [8]. The method is less hazardous as potassium
permanganate (KMnQOas) was used instead of potassium chlorate (KCI10Os3), as oxidizing agent
[9]. Various modifications have been introduced to the Hummers’ method in the process of
oxidation, in order to improve the quality of GO, save time and make the process more
ecofriendly which has led to; modified Hummers method, improved Hummers method,
simplified Hummers method [9-13], among others.

Over the years, several techniques have been used to reduce graphene oxide with cost
effective and bulk production being the main objective [14] Reduced graphene oxide has
similar mechanical, optoelectronic or conductive properties to pristine graphene because it
possesses a heterogeneous structure comprised of a graphene-like basal plane that is
additionally decorated with structural defects and populated with areas containing oxidized
chemical groups [15]. Various chemical methods have been used extensively [15-16]. Most
of the reducing agent used in the chemical methods such as hydrazine monohydrate,
hydroquinone and sodium borohydride are hazardous and can cause various types of harm to
human and environment. They are poisonous when inhaled and corrosive to skin. In view of
this, scientists are gradually tending towards methods that are cost-effective, less hazardous
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and environmentally friendly. This includes, the use of plant extracts rich in antioxidant that
can be used as reducing agent, vitamin C and amino acid [16].

There are so many leaves of plants around us which contain reducing agents such as
flavonoid, tannin, alkaloid, amino acid, and vitamin C [17]. Neem with botanical name of
Azadirachta indica, is a green plant that is common nearly everywhere in the world [18]. The
phytochemical screening shows the presence of alkaloids, steroids, tannins, amino acid,
flavonoid and saponins [19-21]. Pumpkin with a botanical name of Telfairia occidentalis, is
another plant in which the phytochemical screening shows that alkaloids, flavonoids,
saponins, tannins, terpenoids and amino acid are present [22].

In this study, GO was synthesized using three approaches in Hummers’ method:
modified Hummers’ method for ecofriendly GO; improved modified Hummers method for
cost reduction process by removal of a particular chemical; and simplified modified
Hummer’ method for fast method in the production of GO. An attempt was also made to use
the extracts of two plants - neem and pumpkin, as reducing agents in order to overcome
environmental and health hazard posed by harmful hydrazine monohydrate and other harmful
reducing agents.

2.0 Experimental Techniques

2.1 Synthesis of Graphene Oxide (GO)
2.1.1 Modified Hummers’ Method

A mixture of 1.5 g of graphite (44 um, 99.8% carbon, ash color from Asbury Carbon,
New Jersey, USA; Sulphuric acid (98%), Phosphoric acid (85%), Potassium permanganate
(99%), were purchased from Sigma). and 9 g of KMnQ4, was added gradually into a conical
flask containing 200 mL mixture of H2SO4 and H3PO4 in ratio 9:1, placed in an ice bath and
was continuously stirred until a suspension was formed while keeping the temperature below

20 °C. The suspension was then transferred to a hot plate with magnetic stirrer at temperature



of 50 °C and stirred continuously for 11 hours. 500 mL of deionized water was added to the
suspension, and after 5 minutes, 20 mL of hydrogen peroxide (H202) was also added
dropwisely to stop the oxidation reactions. This was then centrifuged to remove the solid part
of the suspension and later washed with 5% HCI repeatedly. Deionized water was then used
to wash the resulting paste until the pH was 7. Finally, the product was oven dried at 60 °C
and milled into powder form. The process was repeated while the stirring period (oxidation
time) was also extended to 12, 13 and 14 hours. Samples were labeled according to the
stirring period as GO11H, GO12H, GO13H and GO14H respectively for easy identification.
2.1.2 Modified Hummers’ Method without Phosphoric Acid

This method is similar to that of modified Hummers’ method reported above in terms
of chemical used but an adjustment was made to the constituents by removing H3POas.
Mixture of graphite powder (2.0 g) and KMnO4 (9.0 g) was added gradually into H2SO4 (70
mL) in a conical flask and was continuously stirred in an ice bath until a suspension was
formed while keeping the temperature below 20 °C, as the reaction is exothermic. The conical
flask containing the suspension was then transferred to a hot plate with magnetic stirrer at
temperature of 50 °C and stirred vigorously for about 30 minutes. Later, 150 mL of deionized
water was added, and the suspension was stirred for another 15 minutes at 95 °C. After the
whole process, 500 mL deionized water was added to dilute the suspension, followed by a
dropwise addition of 15 mL of H20> to terminate any further oxidation. The suspension was
centrifuged to remove the solid part of the suspension and later washed with 5% HCI
repeatedly. Deionized water was then used to wash the paste until the pH was 7. Finally,
product was oven dried at 60 °C and milled into powder. The sample was tagged GONP.
2.1.3 Simplified Hummers’ Method

Mixture of 1.0 g of graphite and 0.6 g of NaNOs was dissolved in 23 mL of H2SO4

and cooled in an ice bath with rapid stirring keeping the temperature below 20 °C. 3.0 g of



KMnO4 was then added gradually while stirring. After 15 minutes, the flask containing
suspension was taken into a water bath at temperature of 35 °C and continuously stirred for
30 minutes. Later, 30 mL of deionized water was gently added to the suspension and stirred
for one hour. After this process, the suspension was diluted with 30 mL of deionized water.
Then, 3 mL of hydrogen peroxide (H202) was added into the suspension to terminate the
oxidation. The suspension was centrifuged to remove the solid part of the suspension and
later washed with 5% of HCI repeatedly. Deionized water was then used to wash the product
until the pH was 7. Finally, the product was oven dried at 60 °C and milled into powder form
and labelled as GOSIM.

2.2 Synthesis of Reduced Graphene Oxide (RGO).

2.2.1 Preparation of Green Extracts.

Neem leaves were washed separately for several times with distilled water. 250 g the
neem leaves was mixed with 1 L of distilled water and heated at 90 °C for 10 minutes until
the water had turned green. After cooling down to room temperature, the extract was filtered
using Whitman filter paper number one and kept in a refrigerator. The process was also

repeated for pumpkin leaves.

2.2.2 Reduction of Graphene Oxide using Extracts from Neem Leaves and Pumpkin Leaves
Before the reduction process, optimization was done for GO11H, GO12H, GO13H
and GO14H, after which only GO12H was chosen for the reduction. In a typical reduction
experiment, dried sample of GO12H, GONP and GOSIM were each added to distilled water
to form a suspension. 700 mg of GO12H was added to 1400 mL of distilled water, 250 mg of
GOSIM to 500 mL of distilled water and 250 mg of GONP to 500 mL of distilled water.
Each suspension was stirred vigorously for 30 minutes on a magnetic stirrer heated at 30 °C.
140 mL of Neem extract was added to GO12H suspension, while 50 mL was added to each of

GONP and GOSIM suspensions. Each of these were kept in a tightly sealed glass bottle and



stirred at 30 °C for 24 hours to obtain a homogeneous suspension. The time is in accordance
with other reducing agents: Hydrazine for 24h at 100°C [23]; Alaline with reduction time of
24h [24]. Then, the suspension was centrifuged at 4000 rpm and washed severally with
distilled water. Finally, a black product was obtained for each of the sample, which was oven-
dried at 60 °C. It was then milled to form a powder and labelled as NRGO12H, NRGONP
and NRGOSIM respectively. This process of reduction was repeated for pumpkin extracts
and the black powder obtained were labelled PRGO12H, PRGONP and PRGOSIM
2.3 Characterization of Samples

The Fourier-transform infrared spectroscopy (FTIR) analysis of the starting material
(graphite), GO and RGO was carried out using SHIMADZU FTIR model 8400S
spectrophotometer. UV-visible analysis of samples was done using UV-visible
spectrophotometer (SHIMADZU Model 6405) with quartz as a cuvette and distilled water
was used as a solvent to dissolve all the samples. The Raman spectroscopy analysis was
carried out using Wintec-alpha 300R" confocal Raman spectrometer (WinTech GmbH). The
laser source used has wavelength of 532 nm and energy of 2.33 eV, through a numerical
aperture of 0.9 and 100x magnification of the spectrometer. Surface morphology of GOs and
RGOs was observed under scanning electron microscope (SEM, JEOL JSM-6010 PLUS/LA)
while elemental composition was determined using energy dispersive X-ray spectroscopy
(EDX) incorporated with the scanning electron microscope (SEM).

3.0 RESULTS AND DISCUSSION

3.1 Graphene Oxide
3.1.1 Fourier Transform Infrared Spectroscopy Analysis of Graphite and GOs.

The FTIR analysis gives the qualitative properties of oxygen containing group in the
GO spectrum [25]. Figure la shows spectrum for graphite and GO11H, GO12H, GO13H

GO14H. In the spectrum of graphite, three prominent peaks were observed: the stretching



and bending vibration of C-OH group at 3437.24 cm™', COOH group at 2357.42 cm™ and
C=C at 1634 cm™! corresponding to the carbon composition of graphite [26-27].The presence
of both C-OH, which is the bound of OH to carbon grid and COOH group, is probably as a
result of water molecules absorbed from the atmospheric exposure and hydrogen of
unextractable water molecule forming a bound as C-OH and COOH, [26, 28]. When the
spectrum for graphite was compared with that of the GOs, the stretching and bending
vibration of C-OH group were also observed for all GO variants at 3415.60 cm™ - 3419.90
cm!. At the middle of the spectra for GOs, a pair of bands was observed, which is the
vibration at 1730 - 1740 cm™! with the stretching modes of C=0 bond and vibration at 1630-
1650 cm’!, the stretching modes of C=C bond that was originated from unoxidized sp? carbon
bond. The stretching modes of C=0 bonds is generally termed as the signature of GO, the
evidence that graphite had been oxidized [29]. When the intensity of the C=O bonds for
GO11H, GO12H, GO13H and GO14H were compared, it increased from GO11H to GO12H,
but with no significant changes when the oxidation time was increased beyond 12 hours (that
is for GOI3H and GO 14H). This implies that the concentration of oxygen at GO11H
increased as the time of oxidation increases, and optimized after 12 hours of stirring for
GOI12H. In the spectra, signature of GO, was also present in GONP and GOSIM (Figure 1b).
When the intensities of GO signature, (the C=0O stretching vibration 1730 - 1740 cm™') were
compared, GO11H, GO12H, GO13H, GO14H exhibited high level of oxidation, followed by
GOSIM and then, GONP. In all, GO was synthesized in all the three approaches with various

level of oxidation.
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Figure 1: FTIR Spectrum of (a) GO11H, GO12H, GO13H and GO14H compared with
graphite. (b) GO12H, GONP and GOSIM compared with graphite.
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3.1.2 Raman Spectral Analysis of GOs Powder

Generally, Raman spectrum of any graphene-based materials are characterized by two
main features, the D and G bands. The D band (at Raman shift of 1350 cm™) represents the
breathing mode of aromatic rings as a result of defect in the samples during oxidation [30,31]
while the G band (at Raman shift of 1575 cm™), emanated from first-order scattering of Ex,
phonons by sp? atom ring, which arises from a breathing mode of j-point photons of Ajg
symmetry [32]. Figure 1 is the Raman spectrum of as-received graphite and it is the standard

for all other prepared samples which only displayed the G band at 1575 cm™'. While in Figure
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2, the G band of each synthesized GO was broadened and shifted to 1596 cm™'for GO 11H,
1594 cm™ for GO12H, 1592 cm!for GO13H and GO14H, 1586cm™! for GONP, and 1579 cm”
' for GOSIM. The D band was observed at 1350 cm™ for GO11H, GO13H and GO14H;
and1357 cm™! for GO12H. It was shifted to a lower region (1347 cm™) for GONP and 1348
cm’! for GOSIM, indicating the destruction of sp? character and the formation of defects in

the sheets due to extensive oxidation. Similar result was obtained by Kudin ef al. (2008) [33].
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Figure 2: (a) Raman spectrum of Graphite (b) Raman spectra of GO11H, GO12H, GO13H,
GO14H, GOSIM and GONP

The intensity ratio of the D band to the G band in Raman spectra measures the
average size of sp? domain as well as the degree of disorderliness [34]. Using Tuinstra—

Koenig relation, the Ip/Ig ratio is inversely proportional to the crystal size (Lp) of sp* domain,

[35].

L _C'()

I L

Ly=C'(HD)™ (1)

Where, C'(Alis the fourth power of the laser wavelength, which is given by

C'(A) = (2.4 x 1071 nm~3) A*[36], A= Raman excitation wavelength.
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Table 1 summarizes the intensity ratio of the respective GOs. For the GOs prepared using the
modified Hummers’ method, there is a reduction in the intensity ratio from 0.938 to 0.915 as
the time of oxidation increased from 11 to 14 hours. This shows an increase in crystal size as
the degree of oxidation increases [37]. However, the value of intensity ratio, Ip/lg for
GO12H, GO13H and GO14H produced no significant changes. From the table, the intensity
ratio of GONP is 0.959, while that of GOSIM is 0.831. This implies that there was an
extensive vibration of crystalline structure leading to the formation of defect with an increase
in crystal size [38-39].The values of the Ip/Ig ratio obtained is similar to what has been
obtained in the literature [38-40].

Table 1: Intensity ratio (In/lg) of GOs

Sample D band (cm™) Ip Gband (cm) I In/lg
GOl11H 1350.66 151.73 1596.66 161.69 0.938
GOI12H 1357.44 172.90 1594.30 187.94  0.920
GOI13H 1352.72 180.42 1592.53 196.70  0.917
GO14H 1350.66 180.63 1592.59 197.34  0.915
GONP 1347.10 24423 1586.94 25494  0.959
GOSIM 1348.37 86.60 1579.70 104.24 0.831

3.1.3 Optical Characterization of GO

Optical analysis of any graphene-based material can manifest an exciting absorption
patterns at the wavelength regions of approximately 230 nm and 300 nm, which correspond
to transitions involvingn - m*transition of the aromatic C=C and n - w*transition of the C=0
electrons band energies [41]. Figure 3a shows a characteristic peak at approximately 231 nm
corresponding to @ - m*band for all GOs synthesized. This is attributed to © - * plasmon of
the C=C bonds which was inherited from graphite. Another shoulder peak observed at
approximately 302 nm was observed for GO11H, GO12H, GO13H and GO14H.This was
attributed to n - n* plasmon of the C=0O bonds, which suggested that the materials were

oxidized. Similar results were also reported by Cao and Emadi (2012) [42]. The value of n -
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n* plasmon for GOSIM is 309.48 nm, while that of GONP is 308.56 nm. Energy band gap
graph in Figure 3¢ shows the plot of square of absorption coefficient (a?) against the energy
of the photon for all GOs. The analysis of the results revealed an energy band gap (Eg)
increase from GOI11H (2.23 eV) to GO12H (2.57 eV). Subsequently, the value began to
reduce for GOI3H (2.35 e¢V) and GO14H (2.14 ¢V). GOSIM energy band gap value is
approximately closed with GO12H at 2.57 eV. GONP energy band gap gave the highest
value of 2.72 eV. These different values obtained may be attributed to the process of

oxidation. Table 2 shows the UV analysis of all GOs.

-
o
T

Absorbance (AU)
&
T

0.0

0 100 200 300 400 500 600 700 800

Wavelenght (nm)

=]
T

Absorbance (au)
(=]
4]

0.0 1 1 1
4] 100 200 300 400 500 600 700 800

Wavelenght (nm)

11



Ll L} Li L]

8§ —GO11H 1
{c) w—G012H
7+ —GO13H
e GO14H
6 ., —GONP
GOSIM

E=2.14(eV)

E (eV)

Table 2: UV analysis of GOs

Sample mn-* (nm) n-it* (nm) Eg (eV)

GOI11H 231.59 302.89 2.23
GO12H  231.19 302.7 2.57
GO13H  231.15 302.7 2.35
GO14H 231.15 302.71 2.14
GONP 231.45 308.56 2.72
GOSIM  231.59 309.48 2.57

3.1.4 Scanning Electron Microscopy Analysis of Graphite and GOs Powder

From the FTIR result, when the level of the intensity of C=0 signature of stretching
vibration (1730 - 1740 cm™) peaks for GO11H, GO12H, GO13H and GOI14H were
compared, there was an increase in value from GO11H to GO12H, but no significant change
in GO12H, GO13H and GO14H. Also, from Raman spectra, the Ip/lg ratio for GO12H,
GO13H and GO14H show no significant changes, compared to that of GO11H to GO12H.
The optical analysis also shows that, n - «* plasmon of the C=0 bond nm for GO11H,
GOI12H, GOI13H and GO14H were observed at approximately the same wave number,
302nm. As a result, for further characterization, GO12H was chosen as a representation of the

GOs from GO11H, GO12H, GO13H and GO14H, along with GONP and GOSIM.
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The SEM micrographs of the graphite and synthesized GOs are given in Figure 4.
Figure 4a shows the micrograph of graphite as received. The flake shape is clearly visible at
the edges and exhibited multiple layers arranged on top of one another. Each sheet can also
be identified from their edges. A similar observation was also reported by Badenhorst (2017),
[43]. For GOI12H in Figure 4b, there is an ultra-thin layer with folded edges, showing a
surface which appeared to be continuous. Individual sheet can be clearly differentiated
through the edges, with wrinkled and kinked areas. They are intercalated with roughed
surfaces, which is the result of structural deformation upon exfoliation and restacking. This
was also observed by Gurunathan et al., (2013) [44]. This is similar to that of GOSIM in
Figure 4d with a slight difference due the level of oxidation. For GONP in Figure 4c, there is
a structure at the center which is similar to that of graphite in Figure 4a, which may be

attributed to the level of oxidation.
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Figure 4: SEM Micrograph of (a) Graphite (b) GO12H (c) GONP (d) GOSIM

3.1.5 Energy Dispersive X-Ray Analysis of Graphite and GOs

Figure 5a shows the typical EDX spectrum of the graphite as received, which was used as the
starting material. The spectrum revealed the presence of carbon at 99.77% atomic
composition, to confirm that graphite is an allotropy of carbon. Figures 5b — 5d show the
spectra of GO12H, GONP and GOSIM respectively. Each spectrum shows the presence of
carbon and oxygen atoms in various proportion depending on the level of oxidation, thereby
confirming the synthesis of GO [43]. From the spectrum in Figure 5b, GO12H contained
43.03% of oxygen to 55.78% of carbon. Figures 5¢ and 5d indicate that, GOSIM and GONP
possessed 36.91% of oxygen to 63.09 % of carbon and32.37% of oxygen to 67.63 % of
carbon respectively. When all GOs are compared, the results confirmed that GO12H contain
more oxygen followed by GOSIM and then, GONP. The presence of chlorine and sulphur
were observed in GOSIM. Cl can be attributed to the HCI used in the washing of the sample,

while the presence of sulphur, is as a result of H2SO4 used for the oxidation process.
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Figure 5: EDX spectrum of (a) Graphite (b) GO12H (c) GONP (d) GOSIM

3.2 Reduced Graphene Oxide (RGO)

GO12H, GONP and GOSIM were selected for reduction using pumpkin and neem
extract. Reduction by neem gave rise to NRGO12H, NRGONP and NRGOSIM, while
reduction with pumpkin gave rise to PRGO12H, PRGONP and PRGOSIM.

3.2.1 Fourier Transform Infrared Spectroscopy Analysis of RGOs

Figure 6a shows the FTIR spectra of graphite, GO12H, NRGO12H and PRGO12H.
Figure 6b shows the spectra of graphite, GONP, NRGONP and PRGONP. Lastly, Figure 6¢
shows the spectra of Graphite, GOSIM, NRGOSIM and PRGOSIM compared. This was
done to compare the spectra of the process of various GOs from graphite and reductions from

the two reducers. In all the spectra compared in Figures 6a-c, the stretching and bending
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vibration of C-OH groups were still observed in the spectra, but there is a slight reduction in
bending of the vibration from 3415.90 cm™ to 3389.29 cm™!. COOH peak appeared again in
the spectra of NRGO12H, PRGONP and NRGOSIM in Figures 6a, 6b and 6¢ respectively.
This may be attributed to air exposure after reduction, since it was not peculiar to one
reduction method alone. Vibration of C=0 of carbonyl groups present at the edges of all GOs
has disappeared or diminished in all the RGOs which confirmed that the GO was successfully
exfoliated to graphene sheets (RGO). Similar results were also reported by Stankovich et al.

(2006) [46] and Olumurewa et al., (2020) [51]
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Figure 6: FTIR Spectrum of (a) Graphite, GO12H, NRGO12H and PRGO12H (b) Graphite,
GONP, NRGONP and PRGONP (c¢) Graphite, GOSIM, NRGOSIM and PRGOSIM

3.2.2 Scanning Electron Microscopy Analysis of RGOs

Figures 7a-f show the surface morphology of all RGOs. It can be seen that all the surfaces
were more refined and smoother than GOs. In the case of GOs (Figures 4 a-d) curved edges
were observed but in all the RGOs sharp edges were observed. This confirmed that graphene
oxide had been reduced. Similar result was obtained by Badenhorst (2017) [43]. Moreover, in
all the RGO samples, corrugated surface was observed. This was due to the escape of

oxygen-containing groups during reduction process [47].
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3.2.3 Raman Spectral Analysis of RGOs Powder

Figures8(a-c) show the spectra for NRGO12H and PRGO12, NRGONP and PRGONP,

NRGOSIM and PRGOSIM. In the Raman spectra, D band occurred at 1351.18 cm™ and
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1352.27 cm’!, while G band occurred at 1591.14 cm'and1589.33 cm™ for NRGO12H and
PRGOI12H respectively. The reduction in the wavenumber of the D peak towards a lower
wavenumber is consistent with previous studies [48, 49]; signifying a considerable reduction
of graphene oxide and Sp® network restoration. The structural properties of rGO can be
observed and analyzed from the relative intensity of the D and G peak of the Raman Spectra
[50,51]. There was a Raman shift in NRGOI12H and PRGOI12H, when compared with
GOI12H in Table 2. This is as a result of removal of the functional groups, the n surface and
structural defects, such as vacancies or rearranged structures of the carbon framework [52].
NRGOI12H showed more shift compared to PRGO12H.Similar results were obtained in
Figure 8b and 8c. Their respective results are summarized in Table 3. Comparing Table 3
with Table 2, there was an increase in intensity ratios (Ip/lg) for all RGOs obtained. This can
be attributed to the removal of oxygen and restoration of the sp? network during the reduction
process [53]. The Ip/Ig ratio obtained is similar to what has been obtained earlier, which
ranges between 0.9 to 1.0 [42,52-54]. This shows that pumpkin and neem are good reducing

agents which can replace the commonly used hazardous chemicals.
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Figure 8: Raman spectrum of (a) NRGO12H and PRGO12H (b) NRGONP and PRGONP (c)
NRGOSIM and PRGOSIM

Table3: Intensity ratio (In/Ig) of RGOs

Sample D band (cm™) Ip Gband (cm™) Ig Ip/lg
NRGOI12H 1351.18 169.93 1591.14 183.04 0,925
PRGO12H 1352.27 248.23 1589.33 271.84 0913
NRGONP 1350.61 134.08 1582.57 141.15 0.950
PRGONP 1351.69 153.51 1582.38 163.37 0.940
NRGOSIM 1350.95 107.07 1577.40 115.05 0.931
PRGOSIM 1350.80 132.34 1584.11 142.47 0.928
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3.2.40ptical Characterization of RGOs

Figures 9a and b show plot of absorbance against wavelength for NRGO12H,
NRGONP and NRGOSIM; PRGO12H, PRGONP and PRGOSIM. The & - ©* plasmon peak
of the C=C bond which appeared at approximately 231 nm for GOs, red-shifted to
between258 -265nm for RGOs. This is as a result of an increase in m - ©* electron
concentration and structural ordering, which is consistent with the restoration of
sp’hybridization carbon and possible rearrangement of atoms through reduction [55]. In
Table 4, there is a slight increase in the red shifting when neem extract was used for reduction
compared to when pumpkin extract was used for reduction. This may be attributed to an
increase in © - m* electron concentration, which represent the reduction level between neem
and pumpkin extract [56]. The n — n* was also red shifted from 302-309 nm to 337-344 nm,
which may be attributed to reduction in sp® carbon [50]. Figures 9c and 9d show a plot of
direct allowed energy band gap for NRGOs, and PRGOs respectively. Their values
experienced an increase in the energy band gap (Egz) which may be attributed to the

constituents of the plant used in reductions. The summary of the result is given in Table 4.
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Figure 9: UV Spectrum of Synthesized (a) NRGO12H, NRGONP and NRGO SIM (b)
PRGO12H, PRGONP and PRGOSIM; Square of absorption coefficient (0%) vs. energy of
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synthesized (¢) NRGO12H, NRGONP and NRGOSIM (d) PRGO12H, PRGONP and
PRGOSIM

Table 4: UV analysis of GOs reduced by neem and pumpkin extracts

Sample n-n* (nm) n-n* (nm)  E, (eV)
NRGO12H 265.02 344.86 2.38
NRGONP 265.63 341.86 3.63
NRGOSIM  264.08 341.54 4.66
PRGO12H 258.57 340.96 2.79
PRGONP 264.81 337.85 3.33
PRGOSIM 263.25 350.25 3.76

3.2.5 Energy Dispersive X-Ray Analysis of RGOs

EDX spectroscopy is a tool used in determining the entity and quantity of the
elements present in the sample. Figures 10 (a — f) show the spectra of NRGO12H, NRGONP,
NRGOSIM, PRGO12H, PRGONP and PRGOSIM. From the spectra analysis, after reduction
process, the compositions of carbon content increase while there was reduction in the oxygen
content in all the RGOs. For instance, in GO12H, there was a reduction in oxygen contents

from 43.07% to 36.00% and 38,60%for NRGO12Hand PRGO12H respectively.
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Figure 10: EDX spectrum of (a) NRGO12H (b) NRGONP (c) NRGOSIM (d) PRGO12H

(¢) PRGONP (f) PRGOSIM

24




4. Conclusion

Graphene oxide was successfully synthesized from graphite flake using three selected
methods — Hummers’ method (with variation in oxidation time), modified Hummers’ method
without phosphoric acid and simplified Hummers’ method. The FTIR results revealed that
the intensity of C=0O stretching vibration (1730 - 1740 cm™') peaks increased with time of
oxidation from 11 hours to 12 hours but no significant changes were observed when time was
increased from 12 hours upwards. The GOs synthesized using Hummers’ method (GO11H,
GO12H, GO13H and GO14) exhibited the highest level of oxidation followed by the one
synthesized by simplified Hummers’ method (GOSIM) and lastly the one by modified
hummers’ method without phosphoric acid (GONP). Raman spectra showed that the Ip/Ig
ratio of all the GOs fell in the range 0.8-1.0. GOSIM showed the lowest value while GONP
showed the highest value. Optical analysis showed that the signature n — n* plasmon of the
C=0 bond occurred at 302 nm for all the GOs prepared by Hummers’ method while it
occurred at 309.48 nm and 308.56 nm for GO synthesized by simplified Hummers’ method
and modified hummers’ method without phosphoric acid respectively. Consequently, in the
case of Hummers’ method, if the time of oxidation is increased beyond 12 hours, the effect
may not be significant. GOs micrographs of all the variants revealed the formation of few
sheets with folded edges, which are intercalated with roughed surfaces, due to structural
deformation upon exfoliation and restacking. From the results obtained all the three methods
used are capable of producing GO of different compositions. For modified Hummer’s
method, 12 hours of oxidation produce good result.

The variants of GOs (GO12H, GONP and GOSIM) were successfully reduced using
two plants extracts (neem and pumpkin leaves) under room temperature. FTIR spectra of
RGOs showed that the C=0 signature of GOs at 1730 - 1740 cm™ were eliminated after

reduction. From the analysis of the Raman spectra, there was an increase in Ip/Ig ratio for all
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the RGOs, which was attributed to the removal of oxygen and restoration of the sp? network.
UV analysis revealed that, the m - n* plasmon peak of the C=C red-shifted to between258-
265nm for RGOs. This was as a result of an increase in @ - ©* electron concentration and
structural ordering. Also, the n - ©* plasmon peak of the C=0 bond red-shifted to between335
-350nm for RGOs as a result of reduction in sp> carbon. The results from SEM micrographs
revealed that, after reduction, the folded edges were turned to sharp edges. With all these, the
two plant extracts of neem and pumpkin are good reducing agents, which can replace the
used of hazardous chemicals that are not ecofriendly.
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