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Abstract 

Herein, we have developed an efficient green reduction method for the reduction of graphene 

oxide by using seed extract from easily available and cheap plant Punica grantum L. seed 

(Pomegranate). Phytochemical constituents present in the extract are responsible for reduction, 

stabilization and capping of reduced graphene. The number of methods reported for the 

physical and chemical reduction of graphene oxide but the green reduction approach now a day 

become more popular. The Punica grantum L seed extract utilized for the reduction of 

graphene oxide is first time reported. The method is essential because the simple reaction setup, 

less time-consuming, non-toxic and mild reducing agent and very good yield obtained. The 

reduction of graphene oxide is confirmed by the different characterization techniques such as 

Raman spectroscopy, X-ray diffraction, Fourier transform infrared spectroscopy, UV-Visible 

spectroscopy, Thermogravimetric analysis, and its morphology study by using Scanning and 

Transmission electron microscopy. The resultant reduce graphene and graphene oxide 

nanosheets shows the stable dispersion in water and other solvents which implies it to band gap 

study opening in the electronic field application. The reduced graphene oxide shows 

biocompatibility and excellent radical scavenging activity against 2, 

2-diphenyl-1-picrylhydrazyl (DPPH) free radicals. 
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1. Introduction 

Among various carbon-containing materials, graphene has attracted the tremendous attention 

of researchers, because of stable 2D morphology and exceptional electronic properties related 

to its crystal structure. 1–3 Nowadays, graphene opens the new era in the field of 

nanotechnology and having various emerging applications. Some remarkable thermal, 

electrical, and mechanical properties of graphene responsible for exploited in various fields, 

such as sensors, solar cells, 4 nano-electronics, 5 energy storage, 6 functional nanocomposites,7, 

8 biomedicine, 9 and catalysis, 10 etc. Generally, graphene is obtained from graphite, 11 which is 

a natural source of material and widely used from the last few centuries. The report found on 

free-standing single-layer of graphene was first obtained in 2004 by the isolation of graphene 

from graphite via micromechanical cleavage. This attractive approach of formation of 

graphene layers from graphite can only be used for fundamental science and is not suitable for 

the large-scale production of graphene.12 Therefore, to overcome this problem more attention is 

being paid to discover various alternative approaches for the low-cost and bulk production of 

graphene reported till the date.13 In case of production of graphene material, oxidation is the 

first step which is easily carried out by using a chemical oxidizing agent as a cheap source and 

the reduction is another method which can apply variable methods for reductions such as 

mechanical,1 chemical vapor deposition,14 epitaxial growth,15 chemical, 9,16,17 thermal, 4 

electrochemical, photochemical methods, 18, 19 and greener approach etc. 20, 21Out of this the 

chemical reduction of graphene oxide (GO) is considered the most promising route for a 

large-scale production at a low cost.22 In chemical method reducing agents such as hydrazine, 
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sodium borohydride, hydroquinone, hydraulic acid or formamidine sulfonic acid have been 

applied for the reduction of GO to reduced graphene oxide (GR).23-25  But the chemical 

reducing agent, such as hydrazine, is hazardous and harmful to both human life and the 

environment. Many time chemical methods are responsible for “doping” with other elements 

(nitrogen in the case of hydrazine), which results in changing of the electronic properties of 

graphene. 26 The chemically reduced GO sheets have a strong tendency to undergo irreversible 

agglomeration and precipitation due to π-π stacking, which is avoided by the addition of 

chemical stabilizers such as porphyrin, pyrene butyric acid, or poly (oxy alkyne) amines.27, 28 

By considering, above mentioned challenges innovative approach needful to develop that 

makes use of eco-friendly reducing agents for the production and stabilization of reduced 

graphene oxide (GR). Therefore, natural products, including Gallic acid, L-lysine, Melatonin, 

L-ascorbic acid, green tea and wild carrot roots have been developed for the preparation of 

GR.29-32 Plant extracts are relatively easy to handle, readily available, low cost as compared to 

any other source and due to their biocompatibility in the field of nanotechnology, they are 

widely used. In the case of nanoparticles synthesis mostly plant extract was reported as 

reducing and stabilizing agent, 33-39 but in the reduction of graphene oxide is not common. 

In the present work, we highlighted a simple and environment-friendly approach for the 

preparation of GR using an extract of Punica grantum L. seeds this was explained in Figure.1. 

The extract not only acts as bio-reductants but also functionalizes the surface of the GR 

nano-sheets. The preparation of seed extract is simple as compared to other extraction 

processes. The extract applications were reported in the food colorant, medicinal application, 
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dye-sensitized solar cells etc. But in the present work it acts as efficient reducing and capping 

agent provided no need of controlled reaction parameters, the addition of extra chemicals, 

reaction setup is also very simple and results in higher yield. The cost-effectiveness of the 

process, defect-free graphene i.e. no aggregation in the nanosheets, formation of stable 

dispersion are the key features of work. We have also studied the effect of the solvent 

dependent study of the dispersion of GO and reduced GR as well as calculated its band gap. 

Also, the antioxidant study by using 1, 1-Diphenyl-2-picrylhydrazyl (DPPH) assay for GO and 

GR. The nanosheet formation was confirmed by using various characterization techniques such 

as X-ray powder diffraction (XRD), Fourier-transform infrared (FT-IR) spectroscopy, 

Fourier-transform Raman (FT-Raman) spectroscopy, Ultraviolet-visible absorption (UV-Vis) 

spectroscopy, Thermogravimetric analysis (TGA), Fluorescence measurement, Scanning 

electron microscopy (SEM) and Transmission electron microscopy (TEM) with SAED pattern. 

 

2. Experimental 

2.1 Materials 

Pomegranates were purchased from the local market, Concentrated HCl, Ethanol (98%) pure, 

Graphite powder (99.999 %, - 60 mesh), Concentrated sulfuric acid (H2SO4, 98 %), Potassium 

permanganate (KMnO4, 99 %), Sodium nitrate (NaNO3, 99 %) and Hydrogen peroxide (H2O2, 

30 %) and all organic solvents were obtained from Aldrich Chemicals (USA) and used without 

further purification. 
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2.2 Preparation of graphene oxide by Hummers method from graphite 

The 2 g graphite powder was added to 46 mL of concentrated H2SO4 (in an ice bath) 

simultaneously, the addition of 6 g KMnO4 gradually (maintained the temperature of the 

solution to 20 °C). The resulting mixture was stirred for 2 h. The temperature was then allowed 

to increase up to 35 °C and the suspension was stirred for an additional 2 h. In the end, 92 mL 

of deionized water was added slowly to the solution. After 1 h, the mixture was diluted further 

with 280 mL of deionized water. Then 10 mL of H2O2 (30 %) was added slowly which results 

in an appearance of vigorous bubbles and a change in the color of the suspension from deep 

brown to yellow were observed. The suspension could settle for at least one day, after which 

the clear supernatant was decanted, the remaining suspension was filtered and washed with 5% 

HCl solution and acetone, followed by several washes with deionized water to remove the 

traces of acid. The resultant graphene oxide paste was dried for one day.40  

 

2.3 Formation mechanism of graphene oxide 

In the graphene oxide formation mechanism involves, the active species to oxidize graphite is 

diamanganese heptoxide (Mn2O7) which is obtained via the reaction of monometallic tetroxide 

and MnO+
3 as shown in the following reaction (1) and (2). 41, 42 

2

4 2 4 3 3 4KMnO 3H SO K MnO H O 3HSO              (1) 

3 4 2 7MnO MnO Mn O                (2) 

The transformation of MnO-
4 into a more reactive form Mn2O7 will certainly help oxidize 

graphite powder as shown in the reaction below (3).43, 44 
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2

2 7 2 4 3 2 4

C-O-C

Mn O H SO C[graphite] C-OH MnO H O SO

COOH



 
    


 

     (3) 

But the bimetallic form of manganese oxide has been reported to donate electron when 

heated up to 55 °C temperature or when reacted with organic compounds.27 

 

2.4 Preparation of Punica grantum L seed extract 

The pomegranates were washed with tap water and manually separated into seeds. The seeds 

are thoroughly washed with deionized water, crushed with mortar and piston, the pulp formed 

was added in 1% HCl-Ethanol, followed by constant stirring for proper mixing of pulp in the 

system, the vessel containing pulp was covered and kept for 12 h in a freezer. The frozen 

sample was then kept for 20-30 min at room temperature and filtered by using what man filter 

paper. Again, the filtrate was collected and centrifuged at 3000 rpm to remove any solid 

impurity present in the extract. The prepared extract was stored at 4 °C for further experiment. 

To determine the exact phytochemicals, present in the extract the phytochemical screening test 

performed which are responsible for the reduction and capping of graphene oxide shown in 

table no.1. 

 

2.5 Preparation of reduced graphene oxide by Punica grantum extract 

The graphene oxide (200 mg) was first dispersed in 40 mL of deionized water and sonicated 

for 30 min to obtain graphene oxide (GO) sheets. The resulting suspension was heated to 

100 °C; 10 mL of an aqueous solution of the plant extract (0.4 g ml-1) was added to the 

suspension, which was then allowed to stir for 8 h at 98 °C. The Punica grantum L. based GR 
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nanosheet was collected by filtration method using what man filter paper no. 41 as a black 

powder. The collected black powder washed with distilled water several times to remove the 

excess plant extract residue and redistributed into the water for sonication. This suspension was 

centrifuged at 4000 rpm for another 30 min and the final product was collected by vacuum 

filtration. 

 

2.6 DPPH radical scavenging assay 

1, 1-Diphenyl-2-picrylhydrazyl (DPPH) is a well-known stable free radical, the natural 

antioxidant free radical scavenging activity of DPPH assay was determined. 45 GO and GR 

concentrations of (50–200 μg/mL) were added, at an equal volume of a methanolic solution of 

DPPH. The mixture could react at room temperature in the dark for 30 min. Ascorbic acid was 

used as a standard control. The optical density of DPPH radical is monitored. After 30 min, the 

absorbance (A1) was measured at 518 nm and converted into the percentage of antioxidant 

activity using the following equation: 

% = [(A0 − A1) ∕A0] × 100 

Where, Ao-was the absorbance of the control and A1-was the absorbance in the presence of 

composite. 
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3. Characterization of reduced graphene oxide 

3.1 UV-Visible spectroscopy 

A Carrey win (USA) UV-Visible spectrophotometer was used for the optical measurements. 

The analysis was performed in quartz cuvettes using deionized water as a reference solvent. 

UV-Visible spectrums scan in the range of 200-800 nm at room temperature. 

 

3.2 Fourier transform infrared spectroscopy 

Fourier Transform Infrared spectra were measured on a Shimadzu (1700). The samples were 

mixed with KBr powder and pressed into a pellet for measurement. Background correction was 

made using a reference KBr pellet. FT-IR spectrums scan in the range of 400 cm-1 to 4000 cm-1 

at room temperature. 

 

3.3 High-performance liquid chromatography 

Separation and identification of anthocyanin were carried out by HPLC modifications. The 

HPLC system consisted of a SIL-10AD VP auto-injector (Shimadzu), SCL-10A VP system 

controller (Shimadzu), LC-10AT VP liquid chromatograph (Shimadzu). Samples were diluted 

in water and filtered prior to injection. 50 μL of each extract was injected onto a Luna C18 

column, 4.6 -250 mm (Phenomenex, Australia), kept at 25°C, with a binary mobile phase of A: 

9% Acetonitrile, 10% formic acid and B: 36% Acetonitrile, 10% formic acid. Samples were 

eluted under isocratic conditions at a flow rate of 1.0 mL/min and were monitored at 520 nm 

with a run time of 50 min for each sample. 
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3.4 X-ray diffraction 

X-ray diffraction (XRD) patterns were recorded using a Rigaku Rota flex RU-200B 

diffractometer with a CuKα (λ= 1.5418A°) in the scanning angle of 20 to 80 degrees. 

 

3.5 Raman spectroscopy 

Raman spectra were recorded on a Horiba JY Lab RAM HR800 micro-Raman spectrometer 

equipped with 17 mW 632.8 nm laser excitation (He–Ne laser, E laser = 1.96 eV) in the 

backscattering mode. 

 

3.6 Thermogravimetric analysis 

The weight loss of the samples was collected by TGA thermal analyzer (Perkin Elmer 4000) in 

range of temperature from 50 to 900 °C at a heating rate of 10 °C/min in a nitrogen 

atmosphere. 

 

3.7 Fluorescence measurement 

The fluorescence spectra were recorded on a Horiba Jobin Yvon Fluoromax‐4 

spectrofluorometer at room temperature using a 1‐cm sample cell. 

 

3.8 Scanning electron microscopy 

Surface morphological studies were performed by using a scanning electron microscope 

(FE-SEM) unit (S-4800 instrument from Hitachi, Japan) operated at 15.0 kV. 
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3.9 Transmission electron microscopy 

TEM grids were prepared by placing a drop of graphene materials dispersion on a lacy carbon 

support grid and allowing it to dry in air. TEM images and selected area electron diffraction 

(SAED) patterns were also taken. For SAED a 0.5 µm aperture was used, with a small spot size 

and spread beam to increase the electron coherence length at the sample. Low-temperature 

measurements were performed using a liquid nitrogen cooled sample holder. Unless otherwise 

specified, images and diffraction patterns were taken at 200kV. 

 

4. Results and discussion 

In the present work, extract acts as a reducing agent in graphene oxide and the mechanism of 

reduction may follow the given pathway. 

The phytochemicals present in the extract as shown in Table 1 are carbohydrates, 

glycosides, flavonoids, phytosterols, protein etc. which are responsible for the reduction and 

stabilization of GR. 

The visual observations show that GO dispersion was brownish yellow while the 

reduction of GO with Punica grantum L seeds resulted in a black dispersion. This is attributed 

to a result of an increase in the hydrophobicity of the material caused by a decrease in 

oxygen-containing functional groups (removal of most of the functional groups) present on the 

surface of GO sheet materials. 46 
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4.1 Plausible mechanism of reduced graphene oxide by anthocyanin 

In this mechanism the possibility of epoxy groups of GO can be easily attacked by nucleophilic 

reagents, resulting in a nucleophilic substitution reaction to open the epoxy rings.47. It is 

supposed that polyphenols (anthocyanine) donate an electron to graphene oxide (generally 

reducing agent is that can able to donate an electron to an oxidized substance for reduction 

purpose). It opens the epoxide rings and converts to easily/ good leaving group (OH) and 

finally, removal of water molecule takes place, leaving a reduced graphene sheet. To remove 

the OH group it is supposed that anthocyanine donates one proton to the OH group and finally 

dehydrates this mechanism is shown in Figure 2. 

 

4.2 UV-Visible spectroscopy and bandgap calculation 

Graphene oxide reduction was initially monitored by recording UV-Visible absorption spectra 

of graphene oxide (GO), Punica grantum L. seed extract (PE) and reduced graphene oxide 

(GR) as shown in (Figure 3). GO exhibited absorption peak at 230 nm which was attributed to 

the π–π* transitions of the aromatic C–C bonds and a weak shoulder at 301 nm due to n–π* 

transitions of C=O bonds present in GO. However, on a reduction of GO to GR, the 

characteristic absorption band at 301 nm disappeared and the absorption band at 230 nm in GO 

spectrum is red-shifted to 280 nm in GR, which confirms the reduction of GO and the partial 

restoration of π network of GR. The higher redshift in case of GR is attributed to the superior 

degree of reduction compared to GO. The phytochemicals of Punica grantum L. seed extract 

not only reduce the GO but also stabilizes the GR nanosheets. This was confirmed in the 

previous study by the UV analysis of HRG obtained via reduction of GO using Pulicaria 
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glutinosa plant extract. 48 In order to examine the ability of reduction, the UV spectrum of 

Punica grantum L. seed extract was measured, where the absorption maximum appeared at 

~282 nm, which overlapped with the characteristic peak of GR (~280 nm). 

The UV-Visible spectra help to plot the taucs plot which is used for the calculation of 

band gap (Figure.4). The GO shows the band gap value 5.1 eV and GR show the band gap 

value of 4.8 eV. The detailed information provided in the supplementary file. 

 

4.3 Fourier transforms –infrared spectroscopy 

The FTIR measurements were carried out to identify the natural products of Punica grantum L 

seed extract, graphite powder, graphene oxide and reduce graphene oxide. 

The FT-IR spectrum of graphite powder and GO contains several bands that indicate the 

presence of oxygen-containing functional groups like carbonyl, carboxylic, epoxy and 

hydroxyl (Figure 5 a, b). The reduced intensities of the bands at 3259, 1978, 1724, 1605, 1219 

and below 1000 cm-1 associated with these oxygen-containing functional groups indicate the 

reduction of the GO, i.e. the number of oxygen-containing functional groups decreased 

significantly after the reduction (Figure 5c). The complete disappearance of -COOH and –OH 

frequency observed in the GR nanosheets.49-51 However, some of the bands observed in the 

spectrum of GR could be due to the presence of phytochemicals because it stabilizes the 

surface of GR nanosheets. This was confirmed by a comparison of the IR spectra of GR and 

the pure Punica grantum L seed extract (PE) (Figure 5 d). Most of the absorption bands due to 

PE also appear in the FT-IR spectrum of GR. This strongly suggests that the phytochemicals of 

PE not only act as bio-reductants but also act as stabilizers by adsorbing on the surface of GR 
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nanosheets. Notably, the absence of absorption bands at 1392 and 1270 cm-1 associated with 

the phenolic OH groups in the FT-IR spectrum of GR (present in the spectrum of seed extract 

due to phenolic OH) suggest that a possible reduction of GO is carried out by the phenolic OH 

groups of polyphenols and other constituents (anthocyanin). 

 

4.4 High-performance liquid chromatography 

To determine the purity of Punica grantum L seed extract and analysis of phytoconstituents 

present in extract HPLC carried out. In the HPLC results the two major anthocyanins 

corresponding to peaks 1 and 2 (Figure 6) represented about 70.72% and 29.273%, 

respectively, of the total peak area revealed at 520 nm. Retention time observed at 6.329 

minutes is matched with Pelargonidin-3-glucoside.52 Also the broad peak of retention time at 

9.058 shows the presence of 9.2 min was identified as cyanidin 3-O-galactoside and 9.5 

minutes was therefore identified as petunidin 3-O-glucoside.53 from these results we can say 

that the extract is purified no impurity observed in it. 

 

4.5 XRD analysis 

The XRD analysis was performed to confirm the crystallinity of graphite powder to GO and its 

Punica grantum L seed extract-forms de-oxygenation to GR. The graphite powder shows a 

sharp diffraction peak at 2θ = 25.6° (Figure 7 a) corresponds to d-spacing 3.47 Å. However, 

oxidation of graphite powder involves insertion of oxygen-containing groups, mainly 

carboxylic acid at the periphery, epoxide and hydroxyl groups between the planes, which leads 

to an increase in d-spacing to 9.38 Å with the diffraction peak at 2θ = 9.41Å28 (Figure 7 b). 
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The seed extract-induced de-oxygenation of GO makes this peak at 2θ = 9.41Å disappear, 

indicating the complete reduction of GO to GR nanosheet. In the case of plant extract based 

reduced graphene oxide, amorphous spectrum (Figure 7c) observed because of 

phytoconstituents accumulated on the surface of graphene. It is useful to mention here that the 

XRD mainly reflects the inter-plane spacing and hence the term complete reduction refers 

primarily to inter-plane oxygen group formation. 

 

4.6 Raman analysis 

Raman spectroscopy is an excellent tool to distinguish defective and defects free graphitic 

forms. The Raman spectra of graphite powder, GO, GR nanosheet samples are shown in 

(Figure 8). The characteristic peaks of graphitic forms observe in Raman spectra are the G 

band (assigned to the E2g phonon of sp2 carbon atoms) and the D band (assigned to the 

breathing mode of k-point phonons of A1g symmetry). 9 The spectrum of graphite powder 

(Figure 8 a) shows strong G band at 1530 cm-1, a tiny D band at 1293 cm-1 and a sharp 2D 

band at ~2578 cm-1. However, due to stress, the spectra of GO (Figure 8 b) show broadened G 

band 1600 and D band 1335 with the blue shift in Raman frequency as compared to the 

graphite G band. In case of GR (Figure 8 c), the value of G band is again shifted to 1300 

cm-1and D band 1564 cm-1. On the other hand, the intensity of D band in all cases except 

graphite is considerably higher, indicating the decrease in the average size of the in-plane sp2 

domain. It can be inferred that in terms of defects Punica grantum L. extract produces higher 

quality graphene nanosheets from GO as compared to chemical method. This could possibly be 
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attributed to the milder nature of the green processing approach over the aggressive nature of 

the chemical processing. 

 

4.7 Thermogravimetric analysis 

Thermal degradation or stability of the graphite powder (G), graphene oxide (GO), reduced 

graphene oxide (GR) and Punica grantum L seed extract (PE) was investigated by TGA. 

(Figure 9 a) shows that G is thermally stable at a temperature below 600 °C and only exhibits 

one clear step of 4% weight loss above 600 °C. GO was thermally decomposed in the 

following three steps. A significant weight loss observed at 100 °C, responsible for the removal 

of adsorbed water molecules due to the hydrophilic nature of GO. At 200 °C, a notable weight 

loss, responsible for the decomposition of oxygen-containing functional groups present on the 

GO surface, was observed. The weight loss of GO at above 350 °C is attributed to the 

decomposition of more stable oxygen-containing functional groups to CO and CO2. As shown 

in (Figure 9 a), the GR shows very low weight loss as compared to that of GO over the entire 

temperature range (50 °C to 900 °C); however, it is still higher than the weight loss of the G, 

indicating that GR has slightly more oxygenated functional groups than the G, but the fraction 

of oxygen-containing functional groups in GR is much smaller than in GO.54 

In case of Punica grantum L. seed extract (PE) thermal analysis shown in (Figure 9 b) 

that the three different degradation steps observed out of which first is related to the loss of 

water near about 100-200 °C. The degradation between 200-327 °C related to the sugars 

degradation of extract. In case of the last step of degradation from 346.60-594.01 °C remaining 

phytochemicals (polyphenols) completely degraded up to 600 °C. 55 
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4.8 Fluorescence measurement 

The fluorescence/photoluminescence (PL) spectrum of GO and GR nano-sheets shows that PL 

emission maximum peak is at 485 and 480 nm for the excitation wavelength of 220 nm, as 

shown in the figure provided in the supplementary file. The photoluminescence emission of 

GO and GR nano-sheets is observed sp2 these originate from the recombination of 

electron-hole pairs, localized within small carbon clusters sp3 embedded within the matrix.56 

The PL spectrum of nano-sheets shows PL emission in visible range which could be more 

applicable in different branches of science and technology also for fluorescence quenching 

purposely.57 

 

4.9 Scanning electron microscopy 

The morphology of the samples was studied using FE-SEM. As shown in (Figure 10 (a)), 

graphite powder shows the platelet-like crystalline form of carbon. After acid treatment, 

oxidation and ultra-sonication, GO sheets become smaller and transparent in Figure 10 (b). The 

sheet is become very thin in case of reduced graphene oxide by using plant extract that electron 

beam can be passed through the sample. Figure 10 (c) and 10 (d) show the particle size of 

nanosheet of GR in SEM. The folding of nanosheet nature highlighted in the given figure. The 

average particle size in nanosheet is 33 nm calculated and 16.5 nm is also observed in structure. 

Some wrinkles were also detected, due to the randomly aggregated and crumpled thin 

nano-sheets. 58 They rippled and entangled with each other. They were transparent and stable 

under the electron beam, which confirmed the existence of two-dimensional nanosheets of GO. 
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4.10 Transmission electron microscopy 

The morphology and structure of the graphite powder, graphene oxide, and reduced graphene 

oxide were studied by transmission electron microscope (TEM) analysis and selected area of 

the electron diffraction (SAED) pattern of the all respectively presented in Figure 11 (a) shows 

large graphite sheets which can be observed on the top of the lacy grid and SAED pattern 

shows the crystalline nature. Different from bulk GO sheets in Figure 11 (b) these layered and 

aggregated sheets observed and SAED pattern shows the amorphous nature. The reduced 

graphene oxide, GR sheets, are no longer totally flat and smooth but always exhibit some 

corrugation, where they resemble crumpled silk veil waves. Especially, any area of the 

nanosheets shows considerable folding Figure 11 (c) and SAED pattern show again amorphous 

nature. As previously reported, 59 this phenomenon is because the thermodynamic stability of 

the 2D membrane results from microscopic crumpling via bending or buckling. This 

phenomenon also supports the fact that the coarse aggregates have been exfoliated completely. 

The SAED pattern not only shows the nature of materials but also helps in the correlation of 

inter planer structures observed in the XRD spectrum. In case of greener reduction approach 

the morphology, changes are noticeable, thin and less aggregation. 

 

4.11 DPPH radical scavenging activity of graphene oxide and reduced graphene oxide 

1, 1-Diphenyl-2-picrylhydrazyl (DPPH), a stable free radical molecule, with absorption at 518 

nm by UV–Visible spectroscopy, was used for the radical scavenging effects. The antioxidant 

activity of the graphene material neutralized the free radical of DPPH by easily transferring an 
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electron or hydrogen atom to DPPH 60 to become a yellow colored stable diamagnetic 

molecule, another important advantage of DPPH radical is, it cannot be affected by side 

reactions i.e., metal chelation, enzyme inhibition.61 The de-coloration indicated the scavenging 

potential of the graphene material. The radical scavenging activity of the GO and GR was 

determined by the ratio percentage of the sample absorbance decrease, with the absorbance of 

the DPPH solution without a test sample at 518 nm as explains previously. In this study, it is 

proved that graphene material effective at inhibiting the DPPH which is mainly recognized to 

charge transfer of an electron. 62, 63 Figure 12 shows the DPPH free radical scavenging activity 

[%] of GO and GR, along with ascorbic acid as a standard. In this Figure 12, the standard error 

bar with 5% used to explain the antioxidant activity. An inhibition property of GR is more as 

compare to GO because of several functional groups presents on the surface of GO so it slowly 

reacts. The linear relationship in an activity of both shown in the supplementary file Figure (a) 

GO and (b) GR. The regression value and straight-line equation used to calculate the IC5o 

value. The IC50 value of the GO is 142.8 μg/mL and GR is 184.7 μg/mL respectively, the 

graphene material scavenged 50% of the DPPH radical within the minimum concentration, and 

this indicated that GR and GO both are an effective antioxidant. 

 

5. Conclusion 

The Punica grantum L. seed extract employed for the reduction of graphene oxide is very 

simple, cost-effective, less time consuming and eco-friendly in nature. Non-hazardous 

chemicals and solvents used in the synthesis. The seed extract is studied for qualitative and 

quantitative analysis. For the qualitative determination phytochemicals screening performed 
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and quantitative analysis such as HPLC, Thermogravimetric analysis carried out. The bio 

reduction was confirmed by using UV-visible, FT-IR, Raman spectroscopy, 

Thermogravimetric analysis, Fluorescence measurement, XRD analysis, FE-SEM and TEM 

analysis for morphological changes. The morphology obtained in reduced graphene oxide is 

more applicable in the electronic field because new band gap opening observed in the 

dispersions form. Also, the thin nanosheets obtained provides large surface area and acts as 

good antioxidant material against DPPH free radicals, the regression values show it. The 

Punica grantum L. seed extract acts as best reducing and stabilizing agent because no 

aggregation observed in nanosheets morphology. The Raman spectroscopy confirms that the 

present green reduction forms defect-free graphene nanosheets as compare to the chemical and 

electrical method. In the SEM analysis, it is observed that the average size is 33 nm. The 

fluorescence study shows that it can act as a fluorescence quenching agent and bioimaging of 

molecules. Considering the number of merits and properties of reduced graphene oxide and 

simplicity of reaction conditions it can be applied in large-scale production. 
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Table 1. Phytochemical screening of Punica grantum L. seed extract 

 

Sr.no. Type of test Procedure Observation Presence/ 

Absence 

1 Test for Amino acid    

 A] Ninhydrin test Ninhydrin solution + 2ml plant 

extract 

Purple color - 

2 Test for Carbohydrates    

 A] Molish test Plant extract +1-naphthol+ conc. 

sulphuric acid 

Violet ring + 

3 Test for fixed Oils and Fats    

 A] Spot test Spot the drop of plant extract Oil stain _ 

4 

 

 

5 

 

 

 

 

6 

 

 

 

7 

 

 

8 

 

 

 

9 

10 

Test for Glycosides 

A] Borntragers test 

 

Test for Phenolic compound 

A] Ferric Chloride test 

 

B] Lead acetate test 

 

Test for Flavonoids compound 

A] Alkaline reagent test 

 

Test for Phytosterols 

A] Liberman-Burchards test 

 

 

Test for Proteins 

A] Biuret test 

 

 

Test for Saponins 

Test for gum and Mucilage’s 

2ml plant extract+ 3ml of 

Chloroform+ 10% ammonia 

solution 

 

Plant extract + few drops of 5 % 

neutral FeCl3 

Plant extract + few drops of lead 

acetate 

 

2ml plant extract+ ammonium 

hydroxide solution 

 

Plant extract + acetic anhydride+ 

Conc.sulphuric acid 

 

Plant extract + copper sulphate 

solution+ KOH solution 

 

 

Plant extract + distilled water 

Plant extract + ethanol 

Pink color 

 

 

 

Green color 

 

White precipitate 

 

 

Yellow 

Fluorescence 

 

Sharp color change 

 

 

Pink color 

 

 

 

Foam formation 

White precipitate 

+ 

 

 

 

+ 

 

+ 

 

 

 

+ 

 

 

+ 

 

+ 

 

 

 

- 

_ 
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Table 2. Bandgap value of dispersing solvent 

 

Solvents Graphene oxide Reduced graphene oxide 

Ethylene glycol 2.78 2.62 

Ethanol 4.62 4.32 
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Figure 1. Graphical abstract containing Punica grantum L seed extraction and graphene oxide 

reduction 
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Figure 2. A plausible mechanism of reduction of graphene oxide 
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Figure 3. UV-Visible spectra of a] Graphene oxide b] Reduced graphene oxide c] Punica 

grantum L seed extract 
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Figure 4. The band gap of a] Graphene oxide b] Reduced graphene oxide by Tauc plot 

 

 

(a) 

 

(b) 
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Figure 5. FT-IR spectra of a] Graphite b] Graphene oxide c] Reduced Graphene oxide d] 

Punica grantum L seed extract 
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Figure 6. HPLC of Punica grantum L seed extract 
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Figure 7. XRD pattern of a] Graphite b] Graphene oxide c] Reduced graphene oxide 
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Figure 8. Raman spectra of a] Graphite b] Graphene oxide c] Reduced graphene oxide 
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Figure 9. A) Thermogravimetric analysis of a] Graphite b] Graphene oxide c] Reduced 

graphene oxide. B) Thermogravimetric analysis of Punica grantum L. seed extract 

 

 
(A) 

 

(B) 

 

Green Materials 



Accepted manuscript 
doi: 10.1680/jgrma.18.00060 

41 
 

Figure 10. Scanning electron microscopy of a] Graphite b] Graphene oxide c] Reduced 

graphene oxide d] Particle size in nano-sheets of reduced graphene oxide 
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Figure 11. Transmission electron microscopy and Selected area electron diffraction of a] 

Graphite b] Graphene oxide c] Reduced graphene oxide 

 

(a) 

 

(b) 

 

(c) 
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Figure 12. Antioxidant activity of a] Graphene oxide b] Reduced graphene oxide and Ascorbic 

acid 
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Abstract. Nowdays Silver nanoparticles are in increasing commercial demands due to their 
enormous application in wide range of scientific fields, such as medicines, catalysis, electronics, 
chemistry and energy. Herein we have reported a very simple and green approach of chemical 
reduction method for nanoparticle synthesis. The plant extract of Butea monosperma is used as 
reducing agent as well as capping agent. For confirmation of essential phytochemicals present in 
extract screening of phytochemicals such as Proteins, Flavonoids, Terpenoids, Cardiac glycosides and 
Tannins etc. has been carried out in the present study. The UV- Visible spectroscopy has been used 
to determine Surface Plasmon Resonance (SPR) and Infrared Spectroscopy (IR) to confirm functional 
groups. From the Absorbance the band gap values have been calculated which are useful in soft 
electronic devices. 

Keywords: Green approach, capping agent, phytoconstituent, surface plasmon resonance, band gap 

1. Introduction 

The role of plant materials as medicines owing the presence of crucial Phytoconstituent and the specific 
action to cure various diseases without affecting the other organs plays a crucial role in Science, research 
and development. The nanotechnology research focusing on plant materials used to synthesis of 
nanomaterial is on rise. The particles with size were less than 100 nm, Nanoparticles (NPs). Entirely 
novel and enhanced characteristics such as size, distribution and morphology are revealed by these 
particles in comparison to the larger particles of the bulk material from which they can be prepared [1]. 
Nanoparticles of noble metals like gold, silver and platinum are well - recognized to have significant 
applications in electronics, magnetic, optoelectronics and information storage devices [2-5]. One such 
important member of the noble metal NPs are silver (Ag NPs), widely used in shampoos, soaps, 
cosmetics, toothpastes, medicinal and pharmaceutical products [6, 7]. The universal demand of silver 
nanoparticles is larger than the production rate and the pioneering ideas are more promising for 
nanoparticles synthesis such as more economic and sustainable routes (Green methods of nanoparticles 
synthesis). Different approaches available for the synthesis of silver nanoparticles are chemical [8], 
electrochemical [9], radiation [10], photochemical methods [11] and bio based methods [12-14]. All 
mentioned techniques of silver NPs preparation, plant-mediated bio mimetic synthesis of silver 
nanoparticle is considered a widely use technology or rapid production of silver nanoparticles for 
successfully obtaining the excessive need and current market demand and resulting reduction of harmful 
chemicals in synthesis of nanoparticles. Studies have shown that Alfalfa roots can absorb Ag (0) from 
agar medium and able to transport it to the plant shoot in the same state of oxidation [15]. Ag NPs 
were also obtained using Jatropha curcas [16], Aloe Vera [17], Acalyphaindica [18], Garcinia mangostana 
leaf extracts [19], Crataegus douglasii fruit extract [20] as well as wide range of other plant extracts [21] 
as reducing agent. Herein we have developed a rapid, eco-friendly and convenient green method for the 
synthesis of silver nanoparticles from silver nitrate using Butea monosperma plant extract as a reducing 
agent and capping agent merely at room temperature. Ag NPs were characterized and studied in details 
with all of their properties significant to current science and prevailing technologies. Silver nanoparticles 
have attracted more and more attention because of their fascinating electrical, thermal and optical 
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properties. Silver has the highest electrical conductivity (6.3 × 107 S/m) among all the metals, by virtue 
of which Ag Nanoparticles are considered as very promising candidates in flexible electronics [22-24]. 

2. Methods 

Preparation of the leaf extract 
The Indian medicinal plant, Butea monosperma is selected from Maharashtra, India because of its cost 
effectiveness, ease of availability and medicinal properties. Fresh and healthy flowers were collected 
locally and rinsed thoroughly first with tap water followed by distilled water to remove all the dust and 
unwanted visible particles, cut into small pieces and dried at room temperature. About 10 gm. of these 
finely incised flowers of plant type were weighed separately and transferred into 250 mL flask containing 
100 mL distilled water and boiled for about 10 min. The extract was then filtered thrice through 
Whatman No. 1 filter paper to remove particulate matter and to get clear solution which was then 
refrigerated (4°C) for further experiments. In each step of the experiment, sterility conditions were 
maintained for the effectiveness and accuracy in results without contamination. 

3. Phytochemical Analysis 

Qualitative Analysis 
Following standard protocols were used for qualitative analysis of samples to check for the presence of 
Alkaloids, Carbohydrates, Cardiac glycosides, Flavonoid, Phenols, Saponins, Tannins, Terpenoids, 
Quinones and Proteins respectively. 

1. Test for Flavonoids: 2 ml of each extract was added with few drops of 20% sodium hydroxide, 
formation of intense yellow colour is observed. To this, few drops of 70% dilute hydrochloric acid were 
added and yellow colour was disappeared which indicates the presence of flavonoids in the sample 
extract. 

2. Test for Alkaloids: To 1 ml of each extract, 1 ml of marquis reagent, 2ml of concentrated sulphuric 
acid and few drops of 40% formaldehyde were added and mixed, appearance of dark orange or purple 
colour indicates the presence of alkaloids. 

3. Test for Saponins: To 2 ml of each extract, 6 ml of distilled water were added and shaken 
vigorously; formation of bubbles or persistent foam indicates the presence of Saponins. 

4. Test for Tannins: To 2 ml of each extract, 10% of alcoholic ferric chloride was added; formation of 
brownish blue or black colour indicates the presence of tannins. 

5. Test for Phenols: To 2 ml of each extract, 2 ml of 5% aqueous ferric chloride was added; formation 
of blue colour indicates the presence of phenols in the sample extract. 

6. Test for Proteins: To 2 ml of each extract, 1 ml of 40% sodium hydroxide and few drops of 1% 
copper sulphate were added; formation of violet colour indicates the presence of peptide linkage 
molecules in the sample extract. 

7. Test for Cardiac Glycosides: To 1 ml of each extract, 0.5ml of glacial acetic acid and 3 drops of 1% 
aqueous ferric chloride solution were added and formation of brown ring at the interface indicates the 
presence of cardiac glycosides in the sample extract. 

8. Test for Terpenoids: Take 1 ml of extract of each solvent and add 0.5 ml of chloroform followed by 
a few drops of concentrated sulphuric acid, formation of reddish brown precipitate indicates the presence 
of Terpenoids in the extract. 

9. Test for Carbohydrates: Take 1 ml of extract, add few drops of Molish reagent and then add 1 ml 
of concentrated sulphuric acid at the side of the tubes. The mixture was then allowed to stand for 2 to 3 
minutes. Formation of red or dull violet colour indicates the presence of carbohydrates in the sample 
extract. 

4. Preparation of Silver Nanoparticles Using Butea Monosperma Extract  

Aqueous solution (1mM) of Silver nitrate (AgNO3) and leaf extract was added for the reduction of Ag 
ions .The mixture was kept on Magnetic Stirrer for 30 min at room temperature .In the meantime, 
colour change of the mixture from faint light to yellow- brown to colloidal brown was monitored 
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periodically (time and colour change was recorded along with periodic sampling and scanning by UV-
Visible Spectrometer ) for maximum 30 min(Figure 1) .The reaction was carried out in darkness to 
avoid photo activation of AgNO3 at room temperature. After formation of Ag Nanoparticles 
centrifugation was carried at 3200 rpm for 10 min washed twice with deionized water to remove any 
impurities present. 
 

 
Figure 1. Synthesis of silver nanoparticles 

Instrumentation 
Infrared spectroscopy (FT-IR) was measured on a Shimadzu FTIR-8400 spectrometer 400cm-1 to 
4000cm-1 at room temperature. The Ultra Violet-Visible spectroscopy (UV-Vis) absorption study was 
performed at room temperature in the wavelength range of 200–800 nm on a UV-Vis spectrometer 
Shimadzu UV-1700. 

5. Characterization  

UV-Visible analysis (Figure 2 & Figure 3) 

 
Figure 2 UV-visible analysis of silver nanoparticles 
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Figure 3 Band gap calculation of silver nanoparticles 

FTIR analysis (Figure 4) 

 

Figure 4 FTIR analysis of silver nanoparticles 

Phytochemical Screening (Table 1) 

Table 1 Phytochemical screening 

Sr.no. Phytochemicals test Procedure Present /Absent 
1 Carbohydrates Plant extract + 1-naphthol + Conc.Sulphuric acid - 
2 Protein Plant extract + copper sulphate solution + KOH solution + 
3 Alkaloids Plant extract + Meyers Reagent - 
4 Flavonoid 2ml plant extract + ammonium hydroxide solution + 
5 Terpenoids 2ml plant extract+ Chloroform + Conc. sulphuric acid + 
6 Cardiac Glycosidase 2ml plant extract+ 3ml of Chloroform+ 10% ammonia 

solution 
+ 

7 Tannins Plant extract + few drops of lead acetate + 
8 Saponins Plant extract + distilled water - 
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6. Results and Discussion 

In this plant extract performing the various tests for phytochemical screening which indicates existence 
of Proteins, Flavonoids, Terpenoids, Cardiac Glycosidase and Tannins etc. plays more fundamental role 
in bio based nanoparticles synthesis. 

6.1 UV-Visible Spectral Analysis 

The Bio based reduction of Silver in the reaction mixture monitored by periodic sampling at regular 
interval by UV-Visible Spectroscopy. The metal ion solution does not show any change in its absorbance 
also not largest. But the reaction mixture at 15 and 30 min respectively shows 340nm and 420 nm which 
is Characteristic values of Silver nitrate solution and Surface Plasmon Resonance Analysis by 
Spectrophotometer was made up to 30 min. 

6.2 Band Gap Calculation 

The band gap value of Silver nanoparticles can be calculated by using following equation,  

Eg=1240/λ (1) 

The band gap Value comes out which is 4.36 eV. 

6.3 Fourier Transfer Infrared Spectroscopy 

Some functional groups in silver nanoparticles are confirmed by FTIR analysis. The band values at 3398 
cm-1, characteristic of -OH and -NH Vibrational frequencies. Vibrational peaks between 2899 and 2977 
cm-1 were characteristic frequency of -CH Symmetrical vibration of saturated hydrocarbons. The 
Vibrational frequency of C-O observed in the spectra of the extract at 1047 and 1087 cm-1. Deviation 
from this region to higher wavenumber was observed indicating secondary amide. The peaks were 
sharper than the frequency of -OH peaks due to reduction in hydrogen bonds which increased with 
electro negativity. The sharp peak observed below 500 cm-1 indicates presence of silver nanoparticles 
formation. 

7. Conclusion 

In this work extract of Butea monosperma plants carried out and their phytochemical analysis was also 
carried which indicates the presence of Proteins, Flavonoids, Terpenoids, Cardiac Glycosidase and 
Tannins etc. plays more fundamental role in bio based nanoparticles synthesis. The synthesized 
nanoparticles show good optical properties and tailor ability for applications having band gap value 4.36 
eV. It is very simple and less time - consuming method of nanoparticles synthesis. 
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