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ABSTRACT

A one-step, simple preparation of plant extract mediated reduced graphene oxide nanocomposite
(Bi,0,@RGO) is performed by using an aqueous extract of flowers of Aerva javanica. The reduction of
metal and graphene oxide for nanocomposite preparation is done in a single step where the metab-
olites present in A. javanica played a significant role as reducing and stabilizing agents to prevent
agglomeration. UV/Vis, X-ray diffraction, and Fourier transform infrared analysis confirmed the
anchoring of bismuth oxide nanoparticles on RGO sheets with an average particle size of 12 nm
calculated by Scherrer’s formula. The as-prepared nanocomposite displayed significant potential
as photocatalyst in solar-driven photodegradation of industrial dyes, that is, Alizarin yellow (Al-
Y), Methylene blue (MB), and Lissamine green (LG). The results indicated that 25 mg of synthe-
sized material was able to perform 32.51%, 41.50%, and 52.89% degradation of Lissamine green,
Alizarin yellow, and Methylene blue, respectively, in 1.5-2 h using sunlight irradiation. Bi,0,@RGO
is found more efficient for the photodegradation of MB and photo-degradation of all dyes obeyed
pseudo-first-order kinetics. Furthermore, this work was encouraging, as plants extract mediated
nanocomposite was found to be useful in mg amount for environmental protection applications.
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1. Introduction

Rapid growth of industries is the leading cause of
water pollution as industries are persistently releasing
poisonous waste to the water bodies [1]. Organic dyes, fre-
quently employed in textile industries, are major sources
of water pollution. These dyes are poisonous and creates

* Corresponding author.

severe problems for aquatic life along with the human
beings and their removal is very difficult as they are
non-biodegradable [2]. A class of the organic dyes known
as Azo dyes containing azo group (-N=N-) in their struc-
ture, are responsible for coloring a vast variety of articles
such as leather, carpets, and cloths. About 10%-50% of
these dyes remain unreacted when released in water and
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are scientifically proven to be highly carcinogenic and poi-
sonous [3]. In order to ensure the safety of the environment,
the disposal of the dyes is of utmost importance.

Several methods have been adapted for the eradica-
tion of the dyes from different water bodies. In the recent
years’ photocatalysis has been frequently researched for
the mitigation of water pollution due to its economical
and environment friendly nature [4]. Photocatalysis is the
process in which solar energy is harnessed by group of the
substances and utilized for various processes, for example,
water purification technologies [5], for the removal of bacte-
ria and various other organic pollutants [6]. The method of
photocatalysis utilizes catalysts along with light to support
a chemical reaction. Generally, semiconductors fill in as a
facilitator because when photons with greater band gap
energy than that of semiconductor’s attack the semicon-
ductor substance, the electrons of valence band transfer to
the conduction band generating electron-hole pairs. These
pairs start redox reactions, where progressive reduction
and oxidation reactions are finished by these electrons and
holes. Photocatalysis mainly relies upon the catalyst size,
where small size attracts large number of atoms toward
the surface due to enhanced surface area to volume ratio
[7]. Metal nanoparticles and their nanocomposites have
been used as efficient heterogeneous photo-catalysts for
the management of polluted water owing to large surface
area [8]. To establish environment-friendly synthetic pro-
cedures for metallic NPs preparation by means of vari-
ous biological materials, plant extracts have gained much
attention as reducing as well as stabilizing agents due to
their inexpensive and comparatively handy nature [9]. In
plant extracts, the biogenic reducing agents comprising
the water-soluble plant metabolites, for example, flavo-
noids, alkaloids, terpenoids, phenolic compounds, and
co-enzymes are found that reduce metal ions to nano sized
particles by one-step green synthesis method [10]. Joseph
and Mathew [11] reported the microwave aided green
synthesis of gold and silver nano catalysts by using leaf
extract of A. lanata as a stabilizing and reducing agent.
They checked the catalytic activity of freshly prepared
nanocomposites against NaBH, assisted reduction of
4-nitrophenol to 4-aminophenol. They observed that gold
and silver nano catalysts have shown excellent reduction
ability towards reductive degradation of 4-nitrophenol [11].

Bismuth oxide nanocomposites are getting significant
attention as promising photocatalysts owing to their rel-
atively narrow band gaps [4]. These nanocomposites have
some disadvantages, for example, they exhibit small sur-
face area for the attachment of substrate molecules and
recombination of the photo-generated electrons and holes
[12], that cause reduction in their practical application as
efficient photocatalysts. In order to eliminate these issues
and to improve the efficiency of bismuth-based nanocom-
posites, various approaches have been utilized including
different carbon-based materials, employed as a support
material, to synthesize bismuth oxide nanocomposites.

Various carbon-based supporting materials exist, for
example, carbon nanotubes, carbon dots [13], graphene,
graphene oxide (GO), etc. Among these materials’ graphene
oxide is a remarkable substrate for preparation of metal
oxide nanocomposites for water decontamination in visible

and ultraviolet lights [14] owing to their unique proper-
ties such as fast electron mobility, high conductivity, and
greater surface area [15]. Composite substances comprising
of GO and RGO (reduced GO) are frequently used for the
removal of contamination and dyes from polluted water
[16]. Although their photocatalytic activity is somewhat
lower on account of wide band gap, however, a mixture
of graphene and metal oxide nanoparticles is very helpful
in reducing the gap between the bands. One such attempt
was made by Safardoust-Hojaghan et al. who prepared and
employed N-GQDs/TiO, nanocomposites for photodegra-
dation of MB and confirmed that by addition of N-doped
graphene QDs to TiO, NPs, photodegradation efficiency
enhanced from 40% to 85% as compared with pure TiO, [17].

Current study is centered on the way to control and
oversee the properties of reduced graphene oxide (RGO)
by fastening bismuth oxide nanoparticles for photocata-
lytic degradation of organic pollutants. Some reports are
accessible on bismuth semimetal-based nanocomposites,
for example, Bi,O,/RGO nanocomposite fabrication was
reported by chemical oxidation of graphite into graphene
oxide followed by a solvothermal method and has been
utilized to check the degradation of a model organic dye
molecule Methylene blue (MB) [18]. Das et al. [19], reported
the synthesis of Bi,O,@GO nanocomposite by sonochem-
ical method and this nanocomposite was employed for
adsorption and removal of RhB (cationic organic dyes)
from industrial wastewater. They studied the effect of dif-
ferent parameters such as temperature, contact time, pH,
and amount of adsorbent on the adsorption potential. The
percentage removal for the photo-degradation of RhB by
utilizing GO and Bi,0,@GO was found 64% and 80.7%,
respectively [19]. The multi-component nanocomposite of
RGO stacked with Bi,WO,/Bi,O,, prepared by the solvo-
thermal method has been applied for photocatalytic deg-
radation of RhB [20], Bi,WO,-RGO nanocomposites have
been synthesized by hydrothermal technology and used
for photocatalytic decomposition of ecological contam-
inant bisphenol A, Cr(VI) and benzyl alcohol, a similar
material has likewise been utilized for the decomposition
of 4-nitrophenol. Rajagopal et al. [21] investigated the pho-
tocatalytic ability of Bi,WO,-rGO nanocomposite against
the degradation of rhodamine B with excellent results.
They improved the catalytic potential of the catalyst by
enhancing their surface area and reducing the recombining
ability of electron and holes by introduction of rGO.

In another attempt, the photocatalytic activity of
B-Bi,O,/graphene nanocomposite was evaluated by degrad-
ing Methylene blue as a model reaction under visible light
irradiation where nanocomposites showed enhanced pho-
tocatalytic activity as compared to bare (3-Bi,O, nanopar-
ticles [22]. The fabrication of nanocomposite consisting of
BiVO,, Ag, and rGO was reported and its catalytic ability
was evaluated to degrade rhodamine B dye. As compared
to the bare BiVO, and BiVO,-rGO nanocomposite, the pre-
pared composite showed increased visible light activity
and higher degradation efficiency of rhodamine B dye [23].

So far, no effort has been made to fabricate photocat-
alytic Bi,0,@RGO nanocomposites by green techniques.
An endeavor was made to get Bi,O,@RGO by utilizing
aq. concentrate of flowers of Aerva javanica, a medicinal
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plant of genus Aerva and Amaranthaceae family (Fig. 2).
A. Javanica is known to be enriched with flavonoids [24],
polyphenolics, and sugars [25]. In the current study, the
plant effectively contributed to a single-step reduction of
graphene oxide and metal. The prepared nanocompos-
ite displayed promising photocatalytic activity towards
Alazarine yellow, Methylene blue, and Lissamine green
dyes under sunlight. To the best of our knowledge, photo-
catalytic degradation of the above-mentioned dyes by using
PM-Bi,0,@RGO is not reported in the literature.

2. Experimental
2.1. Materials

For the preparation of plant-mediated Bi,O,@RGO nano-
composite, graphite powder (C, 99.9%), sulfuric acid (H,SO,,
99.99%,), bismuth chloride (BiCl, >98%), and potassium
permanganate (KMnO,, 299%) were purchased from Sigma
Aldrich, Germany. Other reagents such as sodium nitrate
(NaNQO,, >99%) were purchased from Bio World and hydro-
gen peroxide (H,0, 3 wt.%) was acquired from Duskan
Reagents, Korea. For all solution preparations deionized
water was utilized.

OH CHs
Alizarin Yellow GG

Methylene Blue

2.2. Fabrication of RGO

Flowers of A. javanica were obtained from desert area
of Pakistan (Cholistan). The flowers were dried in shade;
10 g of flowers were soaked into 100 mL de-ionized water
and heated with a magnetic stirrer for 1 h not exceeding
the 45°C-50°C. After cooling at room temperature, the con-
centrate was filtered and centrifuged for the removal of
suspended particles. Afterwards, it was stored at 4°C.

In the current study, Hummers procedure [26] was
employed with little modifications for the preparation of
graphite oxide from graphite. At first, graphite (powder)
and sodium nitrate were taken in three neck flask and
sulfuric acid was added to the mixture and stirred in ice-
cold water. Afterwards 9 g of KMnO, was added gradu-
ally with continuous stirring for 5 d. 200 mL of 5% by wt.
sulfuric acid was added to the mixture and it was stirred
for 2 h. Later on, an aqueous solution of H,0, was added
and the mix was agitated for another 2 h. The mixture was
washed afterwards with 3% sulfuric acid and 0.5% hydro-
gen peroxide. Additionally, the mixture was washed with
deionized water. After washing the dispersion was centri-
fuged at 9,000 rpm for 2 h in deionized water. Finally, it
was washed again with de-ionized water several times and

H3C\N/CH3

Fig. 1. Structures of dyes used as model pollutants in degradation experiment.

Fig. 2. (a) Flowers and (b) plant of Aerva javanica.
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brown-black dispersion of graphite oxide was obtained.
It is a consecutive procedure in which graphene oxide is
made from graphite oxide. The initial stage involves the
distribution of graphite oxide in distilled water. Secondly,
the mix was allowed to sonicate for 30 min. Later on, aque-
ous plant extract (density = 0.1 g mL™) was added in it and
the whole dispersion was allowed to stir at 98°C for a day.
Dark powdered rGO was obtained as the product. It was
washed for many times with distilled water so as to elim-
inate unnecessary plant concentrate. It was re-dispersed in
water by sonication. The final product was collected after
centrifugation of the mixture for 30 min at 4,000 rpm.

2.3. Fabrication of plant-mediated Bi,0 @RGO

Nanocomposite were prepared by using the reported
protocol [8]. BiCl, and RGO were used for manufacturing
of plant-mediated nanocomposite, that is, PM-Bi,O,@RGO.
RGO dispersion in water was made via sonication. This
highly rGO suspension and aqueous extract of A. javan-
ica was added along with 0.5 mM of BiCl, and the mixture
was stirred at 90°C for a day. The reaction was halted after
24 h and resulting product was washed and centrifuged
at 12,000 rpm and was dried at 80°C, as a result, the black
powdery product was obtained. An attempt was also made
by synthesizing bismuth oxide nanoparticles separately
and then utilizing them for nanocomposite fabrication
with rGO.

2.4. Photocatalytic activity of PM-Bi,0,@RGO

Photocatalytic degradation of dyes (Al-Y, MB, LG) was
monitored by a UV-visible spectrophotometer. To carry
out experiments, 25 mg of PM-Bi,0O,@RGO photocatalyst
and 20 mL of 1 ppm aqueous solution of dye was taken
in a vial and kept under sunlight with constant stirring.
After constant time interval 2 mL of reaction mixture was
added to the cuvette, and the spectra were scanned within
a range of 200-800 nm using HALO DB-20 (double beam
spectrophotometer).
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2.5. Characterization

Fourier transform infrared (FTIR) spectra were recorded
by using ALPHA (PLATINIUM-ATR) FTIR-spectrometer
having range 375-4,000 cm™ with 4 cm™ resolution.
UV-visible spectra were scanned by using HALO DB-20
(double beam spectrophotometer) within a range of 200-
800 nm. Photocatalytic activity of PM-Bi,O,@RGO was also
monitored by using HALO DB-20 (double beam spectropho-
tometer). X-ray diffraction (XRD) pattern of prepared mate-
rials was taken through XPERT PRO XRD diffractometer
(PANalytical, UK). Cu ka (154 A)and Mo ka (0.71 A) are used
as source of X-ray in this diffractometer and © varies 5°-80°.

3. Results and discussion

The efficacious development of RGO and Bi,0,@RGO
nanocomposites was determined by FTIR, UV-vis absorp-
tion spectrophotometer, and XRD analysis. UV-Vis analysis
was done to determine the electronic absorption of RGO
and intermediates prepared by the extract of the plant.
Graphite oxide was synthesized by the oxidizing graphite
powder via adjusted Hummers procedure [26] and after-
wards, the graphene oxide (GO) sheets were made by
sonication [27]. UV-Vis analysis of all products and inter-
mediates was made via their dispersion in water. Fig. 3a
depicts the UV-Vis graph of GO dispersion in water, GO
showed two absorption peaks (A__) at 305 nm (C=0) and
228 nm (C=C). After the reduction of the oxide, the C=O
absorption peak vanishes and C=C absorption peak is noted
at 240 nm (Fig. 3b) [28]. Absorption bands of Bi,O,@RGO
nanocomposite were observed at 211, 254, and 350 nm
with a shoulder at 445 nm. As discussed in experimental
section that bismuth oxide nanocomposite was prepared
via two methods, in the first method reduction of metal
ion and graphene oxide occurred in single step while in
second method Bi,O, nanoparticles were prepared first
and then utilized for nanocomposite fabrication. UV-Vis
absorption spectra of BiCl, solution showed bands at
373 nm and 234 while for bismuth oxide NPs solution, the
absorption of Plasmon peak depicts Bi® formation by the
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Fig. 3. UV/Vis spectrum of (a) graphene oxide and (b) PM-reduced graphene oxide.
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reduction of Bi** which was apparent due to the presence of
plasmon adsorption peak around 397 nm (Fig. 4).

Fourier transform infrared-attenuated total reflec-
tance (FTIR-ATR) spectra were recorded in the range of
375-4,000 cm™. FTIR spectroscopy is commonly used to
provide information on different functional groups in the
molecular structure. This technique is valuable for iden-
tifying the chemical bonds on the surface of graphene
oxide (GO) and rGO. When graphite flakes are oxidized
by employing strong oxidizing agents, the carbon atoms
layer of graphite is decorated by oxygen-containing
groups. These oxygen-containing groups were identified

—— Bi,0,-NP
3.0 29

——BiCl,

——RGO-Bi,0,
251 —~ RGO

2.0 4

154

Absorbance

1.0 4

0.5

0.0 1

v ) ' I v ) N I v 1 ' 1
200 300 400 500 600 700 8C
Wavelength (nm)

Fig. 4. UV/Vis spectrum of (a) reduced graphene oxide,
(b) Bi,O,@RGO nanocomposite, (c) aqueous solution of BiCl,
(1 mM), and (d) Bi,O, NPs using 1 mM of BiCl,.

by FTIR spectroscopy. For RGO, some of these absorption
peaks are absent or the intensity of them is decreased,
which confirms the reduction of graphene oxide.

No oxygen-containing functionality was observed in
crude graphite powder but after the oxidation, the oxide
of graphite is produced with several oxygen-containing
functional groups like OH, COOH, epoxy, etc., as depicted
in Fig. 5. These functional groups were identified as O-H
stretching vibration (3,167 cm™); C=O stretching vibra-
tion and C=C from un-oxidized sp?> C-C bonds at (1,718
and 1,605 cm™); C-OH stretching (1,161 cm™) and C-O
vibrations (~855 and 829 cm™). After the reduction pro-
cess, these functional groups reduced significantly as is
evident from Fig. 5. In ATR spectra of Bi,0,@RGO nano-
composite (Figs. 6a and b), the intensity of oxygenated
peaks is decreased more indicating a further reduction of
GO. Along with reduction, a peak shift of C=O from 1,712
in RGO to 1,625 in nanocomposite was observed indicat-
ing attachment of metal on the surface of RGO sheets.
The vibrational frequencies of metal-oxygen bond appear
in the range of ~375-600 cm™, peaks ~490-500 cm™ are
assigned to Bi-O bond stretching whereas peaks in the
range of ~826; 1,027; and 1,399 cm™ are supposed to assign
to of Bi-O bond bending vibration and bond of bismuth
oxide with oxygen functionalities of RGO [29,30].

The XRD analysis of RGO and Bi,O,@RGO nanocom-
posite is shown in Figs. 7a and b, respectively. In Fig. 7a,
peak at 20 = 9.8° is showing presence of graphene oxide
and a broad shoulder at 20 = 22.8° due to reduced GO.
For the Bi,O,@RGO (Fig. 7b), peaks correspond to that
of monoclinic a-Bi,0, [19]. Average particle size was
calculated 12 nm by Scherer’s formula, that is:
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Fig. 5. ATR-FTIR spectra of (a) graphite oxide, (b) graphene oxide, and (c) reduced graphene oxide.
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Fig. 6. (a and b) ATR-FTIR spectra of Bi,O,@reduced graphene oxide nanocomposite.

where d is the depth of crystallite, K is the constant reliant
on crystallite shape, A is the incident X-ray wavelength,
B is the full width at half maximum, 0 is the diffracted
angle. Partial reduction of graphene oxide is also confirmed
by XRD analysis.

4. Photocatalytic activity of Bi,0,@RGO nanocomposite

The photocatalytic ability of prepared nanocompos-
ite was assessed by determining the photodecomposi-
tion of different dyes like Alizarin yellow, Methylene
blue, and Lissamine green. For this purpose, conditions
were optimized for concentration of catalyst to be used

for the experiments taking Lissamin green as model pol-
lutant. After maintaining equilibrium, experiments were
conducted by using increasing amount of catalyst, that
is, 5, 10, 15, 20, 25, 30, and 35 mg of catalyst, keeping all
other parameters constant. An increase in % photodegra-
dation efficiency was observed with increasing concen-
tration upto 25 mg after which no significant change was
observed (Fig. 8). All other photodegradation experiments
were conducted by using 25 mg of catalyst.

To predict photodegradative potential of prepared
material, an aqueous solution of individual dye along
with the catalysts (RGO- and Bi,0,@RGO nanocompos-
ites in different experiments) was placed in dark (absence



146

250

N

(@)

o,
o

:

Intensity (a.u)
g

T T T T T T T T T T T T
10 20 30 40 50 60 70

2 theta (degree)

S. Igbal et al. / Desalination and Water Treatment 216 (2021) 140-150

500

(b)

400

w
8
1

Intensity (a.u.)
[]
8
1

o)

0 —
20 30 40 50 60 70

2 theta (degree)

Fig. 7. XRD patterns of (a) RGO and (b) Bi,0,@RGO nanocomposite.
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Fig. 8. Optimization of photocatalytic degradation of Lissamine
green by using 5, 10, 15, 20, 25, 30, and 35 mg Bi,0,@RGO.

of sunlight) so as to ensure the establishment of adsorp-
tion/desorption equilibrium. Afterwards the mixture was
placed under the sunlight for photocatalytic degradation.
The absorbance of the mixture was determined after half
an hour by UV-vis spectrophotometer. Afterwards the reac-
tion mixture was again kept in the daylight for 2 h with
unceasing stirring, so to determine the photocatalytic deg-
radation of the dyes. Progress in the degradation of the
dyes was determined by taking the UV spectrum after fix
intervals of the time.

For Lissamine green, similar experiment was executed
with 1.0 ppm aqueous solution of dye, 25 mg of nano-
composite as the photocatalytic degradation material in
different experimentation. The experiment was performed
in intense sunlight at 11:00 a.m. to 2:00 p.m. The adsorption—
desorption equilibrium of the dyes was allowed to estab-
lish in the dark before the execution of the experiment and
the dark adsorption values were recorded. Subsequently,
the mix along with the catalyst was placed in daylight with
unceasing stirring. The dye absorbance was determined

to be 664 nm via UV-Vis spectrophotometer after every
15 min for one and half hour (Fig. 9a). The data depicted
that with the increase amount of catalyst there is increased
degradation of the dyes. The photocatalytic efficiency of
nanocomposites was determined by devising the graph
between time period and % dye removal (Fig. 9b). The % deg-
radation of the dyes was determined from following relation:

Initial absorbance — Final absorbance

&)

Initial absorbance

Concentrations and the absorbance were found to be
varying directly with each other, so the results were deter-
mined relative to the concentrations. Catalyst was the cause
of degradation of the dye, as there is no decline in the con-
centration of the dye in the solution without catalyst (blank).

For Alizarin yellow GG, the experiment was con-
ducted with a dilute solution of the dye and the 25 mg of
the catalyst under the previously described conditions.
The dye showed maximum absorbance at 372 nm. The
absorbance of the dye was noted after every 15 min for the
total period of 90 min (Fig. 10a). The photocatalytic abil-
ity of the nanocomposite was determined by developing
the graph time and the percentage dye removal (Fig. 10b).

Similar experiment was adopted for degradation of
Methylene blue only with different amount of catalyst
(25 mg). Spectrophotometric analysis was made at 663 nm
(Fig. 11a). Intriguingly better results were achieved for the
degradation of MB and the photodegradation was found
to be 50% in 90 min (Fig. 11b). Comparative analysis has
been made to determine the strength of prepared photocat-
alyst toward the degradation of MB with respect to already
prepared bismuth and graphene oxide-based materials
(Table 1). As far as Lissamine green and Alizarin yellow
are concerned, no photodegradation studies are reported
with prepared nanocomposite, to the best of our knowledge.

The catalyst initiates the decomposition of the dyes in
sunlight. Most intriguingly, the light stimulated decompo-
sition of all dyes by Bi,0,@RGO nanocomposite was found
to be more effectual when compared to decomposition done
only by RGO. The mechanism for this photo-degradation



S. Igbal et al. / Desalination and Water Treatment 216 (2021) 140-150

3.0
254 @
2.0
£}
&
g 1.5 —— 0 min
S — 15 min|
) .
§ i — 30 min|
< 10 — 45 min|
| [~ 60 min
054 —175 m¥n
— 90 min|
0.0 .
T T T T T T
300 400 500 600 700 800
Wavelength (nm)

147

35
30 ()
25 -
20

154

10

Photodegradation (%)

B —
0 10 20 30 4 5 6 70 8 9D

100

Time (min)

Fig. 9. (a) UV/Vis spectra of photodegradation of Lissamine green via 25 mg PM-Bi,0,@RGO nanocomposite and (b) a plot between
% photodegradation vs. time (minutes) for photodegradation of Lissamine green.

Table 1

Comparison of photocatalytic degradation of Methylene blue (MB) in aqueous solution by graphene-based Bi,O, nanocomposites

with literature

Photo-catalyst Size/shape of Amount of % degradation of Reduction Reference
Bi,O, NPs photocatalyst (mg) Methylene blue time (min)

PM (A. javanica)-Bi,0,@RGO 12 nm/spherical 25 52.89 90 Our system

Bi,O,-RGO Needle like 10 98 240 [18]

B-Bi,0,/GR 100 nm/oval 500 65 240 [22]

Bi,0,-RGO 10-40 nm/cube 2,000 96 240 [31]

involves when dye molecules are exposed to sunlight, the
photons strike the nanoparticles in the colloidal mixture and
due to this interaction, the electrons at the surface of the par-
ticle are excited. These excited electrons (e”) move from the
valence band to conduction band of Bismuth, hence form-
ing holes in valence band resulting in the formation of elec-
tron-hole pairs [1]. These electrons, from the nanoparticles
surface, transfer promptly to the peripheral area of graphene
because of close contact between the RGO surface and Bi,O,
nanoparticles, this results in a significantly enhanced active
period of the electron-hole pair. Owing to high charge car-
rier kinesis of graphene, RGO serve as electron transporter
and acceptor so as to avert the recombination of photogene-
rated electron-hole pairs. These electrons are responsible for
the conversion of dissolved oxygen molecules of the reacting
medium into the oxygen anion radicals. Simultaneously the
holes react with the adsorbed water and generate hydroxyl
radicals ("OH). These newly generated radicals cause the
cleavage of the dye molecules and cause their degradation.
The same mechanism was observed in literature [32].

5. Kinetics of photodegradation of dyes

Catalytic activity of Lissamine green, Alizarin yellow,
and Methylene blue was investigated by using Bi,0,@RGO

nanocomposite. Reduction was performed with the assis-
tance of light radiations. Lisamine green, Alizarin yellow,
and Methylene blue are UV-vis active and exhibit absorp-
tion peaks at 633, 373, and 664 nm, respectively. Hence,
photocatalytic degradation was monitored by using ultra-
violet-visible spectrophotometry. The typical reduction in
peak intensity at 633 nm for Lissamine green, at 373 nm
for Alizarin yellow and at 664 nm for Methylene blue was
observed in the presence of Bi,0,@RGO nanocomposite,
which shows that this material exhibit excellent catalytic
activity for photocatalytic degradation of dyes.
Photodegradation of Lissamine green, Alizarin yellow,
and Methylene blue follows the pseudo-first-order kinet-
ics, because rate of reaction depends upon the concen-
tration of used dye, while sunlight is used in large excess.
Pseudo-first-order reaction integrated equation is given as:

A
lng =In—t=—k 1t
Co A PP

0

®)

where C/C, is the ratio of dye concentration at any time
t to the concentration of dye at time zero. Concentration
of the species is directly related to the absorbance so, this
ratio can be replaced by A /A, at wavelength maxima and
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Fig. 10. (a) UV/Vis spectra of photodegradation of Alizarin yellow via 25 mg PM-Bi,0,@ RGO nanocomposite and
(b) a plot between % photodegradation vs. time (minutes) for photodegradation of Alizarin yellow.

k., is pseudo-first-order evident rate constant for cata-
lytic reduction of dyes. It is obvious from the figure that
intensity of absorption peak at wavelength maxima of
respective dye by exposure to sun light was decreasing
with the passage of time, which shows that dye is degrad-
ing with time. Direct photodegradation of dyes was not
observed without using catalyst. This observation depicts
that the total degradation of the dye mixture is not fin-
ished after 1.5 h of the sunlight exposure and the decom-
posed products of the dye still exists in the solution;
hence, for complete eradication of the dye the exposure
of the mixture to the sunlight should be increased.

A classic plot of InA/A; vs. time is shown in Fig. 12
for photodecomposition of azo dyes. The apparent rate
constant was found to be 0.004, 0.005, and 0.007 min™ for
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Lissamine green, Alizarine yellow, and Methylene blue,
respectively. These experimental results show that photo-
catalytic decomposition of dyes obeys pseudo-first-order
reaction. The apparent rate constant value is greater for
photodegradation of Methylene blue as compared to Alizarin
yellow and Lissamine green which shows that this catalyst is
more efficient for photodegradation of Methylene blue (Table 2).

6. Stability of BFO material

Post-structural stability of Bi,0,@RGO nanocompos-
ite was investigated by comparing the XRD peak pattern
after application in photocatalytic degradation experi-
ment. The XRD peak patterns were found to be similar as
obtained before application for photocatalytic degradation
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Fig. 11. (a) UV/Vis spectra of photodegradation of Methylene blue via 25 mg PM-BiO,@ RGO nanocomposite
(b) a plots between % photodegradation vs. time (minutes) for photodegradation of Methylene blue.
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Table 2

% Photodegradation and apparent rate constant values for catalytic photodegradation of dyes by using 25 mg catalyst dose

Catalyst Dye % Photodegradation Apparent rate
dose constant (min')
25 mg Lissamine green 32.51 0.004
25 mg AYGG 41.50 0.005
25 mg Methylene blue 52.89 0.007
01+ 350
0.0 _-L\ —&— Lissamine Green )
_\\\'\\\\1 —e— Alizarine Yellow GG 300
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Fig. 12. Values of In(A /A as a function of time for photode-
gradation of dyes with 25 mg catalyst dose.

as shown in Fig. 13. It could be extracted from results that
prepared nanocomposite is stable and resistant for any
physical and chemical damages during the experiment.

7. Conclusion

In the current study, highly active Bi,O,@RGO material
was manufactured by a simple green technology, based on
the use of aq. extract of flowers of A. javanica as a reducing
as well as capping agent. UV/Vis and FTIR spectroscopic
results, in comparison with reported literature, confirmed
the successful synthesis of the final product. The photo-
catalytic efficiency of the fabricated photocatalytic sub-
stances was evaluated for the degradation of industrial
dyes under the exposure of sunlight. The results of the pho-
to-decomposition studies showed that the rate of photo-
decomposition strongly depends on the radiation exposure
and the concentration of catalyst as no degradation were
observed in the absence of the catalyst. The results indi-
cated that 25 mg of synthesized material was able to per-
form 32.51%, 41.50%, and 52.89% degradation of Lissamine
green, Alizarin yellow, and Methylene blue, respectively,
in 1.5-2 h using sunlight irradiation. The apparent rate
constant values for the photocatalytic degradation of
Lissamine green, Alizarin yellow, and Methylene blue
was found to be 0.004, 0.005, and 0.007 min™, respectively.
PM-RGO/Bi,O, was found more efficient for photocatalytic
degradation of Methylene blue as compared to other dyes.

Fig. 13. Post-XRD spectrum for Bi,O,@RGO nanocomposite (after
photolytic degradation application for Lissamin Green dye).
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