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Abstract

Organic—inorganic photocatalytic hybrid nanocomposites based on titanium oxide
nanoparticle and polyaniline decorated with graphene oxide were synthesized via
in situ chemical oxidative method using ammonium persulphate as an initiator and
different weight percentages of TiO, nanoparticles. The materials were character-
ized by using conventional techniques like UV-vis spectroscopy, FT-IR spectros-
copy and X-ray diffraction. The electrical conductivity of the nanocomposites was
found in the range of semiconducting materials. The nanocomposites possess broad
application prospects covering the field of semiconducting devices, solar cells, sen-
sors, microwave-absorbing materials and so on. The nanocomposites also exhibit
promising photocatalytic activity towards degradation of methylene blue (MB) and
rhodamine B dye in the presence of UV-light radiation. Compared to pure PANI and
TiO, nanoparticles, the GO/PANI/TiO, nanocomposite showed much improvement
in degradation efficiency. Significant photodegradation was observed with the mol-
ecules where 98.9% degradation was noted with 20% of TiO, nanoparticles within
1 h under short-wavelength UV-light.
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Introduction

In the past few decades, air and water pollution by organic dyes has become a
matter of serious concern due to their high toxicity to aquatic creatures and car-
cinogenic and mutagenic effects on humans [1]. The large amount of synthetic/
organic dyes such as rhodamine, caramine, phenolic, thymol blue, eriochrome
black-T (EBT) and methylene blue [2, 3] contained in industrial waste cause seri-
ous water pollution during the manufacture in chemical industries that includes
paper, textile, leather, food, hair dyes, etc. [4]. Removal of these organic dyes
from polluted water bodies is a matter of serious environmental concern, and
the development of new advanced photocatalytic materials capable of effectively
decomposing those dyes can be an amicable solution [5, 6]. Various metal oxides
such as TiO, [7], ZnO [8], Cu,O [9], MnO, [10], Fe,05 [11], WO; [12] and CeO,
[13] are used as photocatalysts for the degradation of organic dyes as well as
in photoelectrochemical water splitting [14]. Among these, TiO, nanoparticles
(NPs) have known photocatalytic effectiveness for such applications. Apart from
catalytic degradation of dye pollutants, structural, morphological and textural
characteristics of TiO, also allow this oxide to be used for several other applica-
tions such as solar cells [15], batteries [16] and sensors [17]. Other important
characteristics of TiO, are high chemical stability, strong oxidizing ability, non-
toxicity, mechanical robustness and low cost. The efficient photocatalytic activity
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under ultraviolet light is often linked with the creation of holes in the valence
band through the promotion of electrons to the conduction bands, which in fact is
responsible for oxidizing and reducing the dye pollutants [18]. Polymeric materi-
als such as polyaniline, polypyrrole, polythiophene and polyacetylene can effec-
tively adsorb many pollutants [19, 20]. The nanocomposites of polyaniline and
polypyrrole modified with TiO, nanoparticles are found better than TiO, nano-
particle in the degradation of organic dyes [21-23]. Graphene oxide, on the other
hand, has attractive optical properties, fluorescence labels, high dispersibility in
various polar solvents and the ability to attach diverse molecular structures on its
surface (e.g. by hydrogen bonding) [24]. These properties facilitate the adsorp-
tion of various molecular structures on its surface, leading to better control of
the size, and the shape of the formed structures. These remarkable properties are
extremely beneficial in making TiO,/GO nanocomposites. The relative hydro-
philicity of GO, due to the highly oxygenated surface, facilitates its interaction
with aqueous dispersions of TiO,, leading to the formation of strong chemically
bonded TiO,/GO nanocomposites [25-27].

Polymeric matrixes encapsulated with metallic nanoparticles generally exhibit
enhanced thermal stability, electrocatalysis, sensing, microelectronic and excel-
lent photocatalytic properties [28]. Present work demonstrates the synthesis of
GO-decorated PANI/TiO, nanocomposites, its structural characterization, inves-
tigation of its application prospect towards photocatalytic degradation of methyl-
ene blue and rhodamine B dye and evaluation of electrical and fluorescence prop-
erties of the materials. The morphological study of such nanocomposites often
reveals important structural information that is suitable for making an under-
standing of their application prospects.

Experimental
Materials

Titanium tetra-isopropoxide, graphene oxide (GO), polyaniline (PANI), ammo-
nium persulfate (APS) and hydrochloric acid were procured from TCI, Japan and
Sigma-Aldrich. Graphene oxide and polymer nanocomposites with different weight
percentages of titanium dioxide (TiO,) NPs were characterized by using spectro-
scopic techniques such as FT-IR spectroscopy, XRD, UV-visible spectroscopy, field
emission scanning electron microscope (FESEM) and thermogravimetric analysis
(TGA). RIGAKU Ultima IV X-ray diffractometer was used for XRD data process-
ing. For the FT-IR spectra single beam, Fourier transform infrared spectrometer
(carry 630 FT-IR) was used at room temperature in the range 400-4000 cm™!. For
the study of photoluminescence properties, Cary Eclipse fluorescence spectrometer
was used. Similarly, for the UV—visible absorption spectra, Carry 100 UV—visible
spectrophotometer was used within the wavelength range of 200-800 nm. Dye deg-
radation was studied under short-wavelength ultraviolet light (250 nm).
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Synthesis of TiO, nanoparticle (sol-gel process)

TiO, nanoparticles were synthesized via the sol-gel method, where titanium
tetra-isopropoxide, Ti[(OCH(CHj;),)], and iso-propanol (CH;),CHOH were used
as precursors without any further purification using reported literature procedure
[29].

Synthesis of polyaniline

Aniline (3.0 mmol) was dissolved in a 50 ml aqueous solution of 1 M HCI and ultra-
sonicated for 30 min to get the homogeneous solution at 50 °C. Ammonium per-
sulphate (APS) (6.0 mmol) was dissolved in 10 ml of 1 M HCI and further added
slowly to the above solution and ultrasonicated it for 2.5 h. After the formation of
the product, the reaction mixture was filtered and washed with 1 M HCI and deion-
ized water and was dried finally at 60 °C in hot air oven [30].

Synthesis of GO/PANI/TiO, nanocomposites

Synthesis of GO-decorated TiO, and PANI-wrapped nanocomposite was performed
by in situ oxidative polymerization of aniline keeping the feed amount of aniline
and GO. Aniline 0.3 ml was dissolved in a 50 ml aqueous solution of 1 M HCI and
ultrasonicated for 20 min. 100 mg of GO was dispersed in this solution and ultra-
sonicated for 20 min. Then, a calculated amount of TiO, nanoparticle (25, 50, 75
and 100 mg) was dispersed in this solution and ultrasonicated for 20 min at 50 °C.
The oxidant solution was prepared by dissolving 1.5 gm APS in 10 ml of 1 M HCL
The solution was added dropwise to the reaction mixture under ultrasonication.
The reaction mixture was ultrasonicated for 2.5 h in a water bath at 50 °C. Finally,
the product was filtered and washed with 1 M HCI (1 x5 ml) and deionized water
(35 ml) and dried in a hot air oven at 60 °C overnight [31].

Results and discussion

In hybrid materials like GO/PANI/TiO, nanocomposites, various inorganic particles
are combined with the conducting polymers via some chemical and/or electrochemi-
cal techniques. Such types of nanoparticles, possessing different sizes and nature,
are used to obtain materials with varying physical properties. GO-based polymer
nanocomposites were successfully synthesized using different percentages of tita-
nium dioxide nanoparticles. Spectroscopic characterization of the materials strongly
supports the formation of these polymeric nanocomposites. Synthesis of the poly-
mer nanocomposites was accomplished by using the reported polymerization tech-
nique for oxidative in situ polymerization of polyaniline.
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FT-IR Spectrum of TiO, nanoparticle

FT-IR spectra of TiO, nanoparticle exhibit strong metal oxide peak at 422 cm™
for O-Ti—O bonding in anatase morphology, as shown in Fig. 1. This observation
confirms the formation of TiO, nanoparticles. The bands centred at 1650 cm™' and
3380 cm™! are the characteristics of surface-adsorbed water and hydroxyl groups,
which are the characteristic of 8-H,O bending and vibration of hydroxyl groups
[32].

XRD pattern of TiO, nanoparticle

In case of TiO, nanoparticles (Fig. 2), the diffraction peaks were observed at 260
values of 25.56°, 37.11°, 38.21°, 48.19°, 54.17°, 55.29°, 62.61°, 69.03°, 70.35° and
75.02° and were identified to originate from (101), (103), (004), (200), (105), (211),
(204), (116), (220) and (215) planes which are matching with the standard JCPDS
data. The crystallite size of the nanoparticles was calculated as 15.91 nm using the
Scherer equation and thus confirms the formation of TiO, nanoparticles. The strong
peak is observed at 26 value of 25.56° confirms the TiO, anatase structure [33].

FT-IR spectroscopy of GO/PANI and GO/PANI/TiO, nanocomposites

FT-IR spectra recorded for GO/PANI and GO/PANI/TiO, nanocomposites with
5, 10, 15 and 20 weight percentages of TiO, NPs are depicted in Fig. 3(1-2). In
the GO/PANI IR spectra, the peak observed at 3205 cm~! is due to N-H stretch-
ing vibrations of the -NH-group of PANI. But for the nanocomposites, this peak
shifted to 3225 cm™'. Another peak at 2659 cm™' in GO/PANI may be due to
the symmetrical and asymmetrical N-H stretching of -NH, group. While for the
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Fig.1 FT-IR spectrum of TiO, nanoparticles
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Fig.3 FT-IR spectra of (1) GO/PANI and (2) GO/PANI/TiO, nanocomposites with a 5%, b 10%, ¢ 15%
and d 20% of TiO, NPs by weight

nanocomposites, a clear shifting of the peak was observed to 2671 cm™'. Simi-
larly for GO/PANI, the peak observed at 1564 cm™' and 1500 cm™' can be attrib-
uted to C=N and C=C stretching vibration of phenazine ring. But for the nano-
composites, the C=N peak also shifted to 1570 cm~!. The reason behind these
shifting is due to the incorporation of TiO, into the polymer matrix. Similarly,
other peaks at 10001200 cm™! can be assigned to the C-N stretching mode of
the benzenoid ring. In addition to the above peaks, the peak at 400-450 cm™!
confirms the incorporation of TiO, into the GO/PANI matrix [34].
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XRD analysis of GO/PANI/TiO, nanocomposites

The XRD spectra of GO/PANI/TiO, nanocomposites for four different weight
percentages of TiO, (5%, 10%, 15% and 20%) are shown in Fig. 4. The small
peak at 20=10.7° corresponds to (0 O 1) crystal plane of graphene oxide. XRD
peaks at 20=25.32°, 37.66°, 48.13°, 53.92°, 55.30° 63.66°, 69.03°, 70.32° and
75.03° are assigned, respectively, to the diffractions of the (1 0 1), (004), (20
0),(105),211),204),(116),(226) and (2 15) crystal planes of anatase
phase based on TiO, nanoparticle. The appearance of the peaks at an identical
position for the four different compositions indicates that the state of TiO, did
not change during the polymerization process [35]. The XRD peak of PANI at
20.72° and 25.23° in the composites becomes less obvious as it is overlapped
with the sharp crystalline peak of TiO, [36]. The average semicrystalline size of
the polymer nanocomposites calculated by the Scherer equation is t=20.36 nm
to 28 nm. XRD pattern comparison shows that there is no significant change in
the crystalline structure of TiO, due to its dispersion in GO and PANI during
polymerization.

UV-visible spectroscopy of GO/PANI/TiO, nanocomposites

The UV-visible spectra of GO/PANI/TiO, nanocomposites are shown in Fig. 5.
From the figure, two major absorption peaks can be observed at 265 nm and
375 nm. The first peak at 265 nm is due to n—n* electron transitions within the
benzenoid and quinoid segments of the polyaniline [37]. The band observed at
375 nm originates from the generation of charged species polaron (polaron —x*
transition).
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Fig.4 XRD analysis of GO/PANI/TiO, nanocomposites with a 5%, b 10%, ¢ 15% and d 20% of TiO,
NPs by weight
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Fig.5 UV-visible spectra of GO/PANI/TiO, nanocomposites with a 5%, b 10%, ¢ 15% and d 20% of
TiO, NPs by weight

Photoluminescence spectra of GO/PANI/TiO, nanocomposites

Illumination with UV or visible light leads to the generation of photons from the
recombination of photoinduced electrons and positively charged holes. Because
of this fact, a substance produces the characteristic PL peak. The photolumines-
cence spectra of GO/PANI/TiO, nanocomposites with different ratios of TiO,
can be depicted in Fig. 6. The broad peak 400-425 nm shown in Fig. 6 falls in
the range of violet emitter. Here we can say that the violet light emitter range of
nanocomposites increases after the addition of TiO, nanoparticle [38]. We have
also observed that the presence of graphene oxide broadens the photosensitization
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band of TiO, and forms the Ti—-O-C chemical bond which will accelerate the
photocatalytic efficiency of the composite.

Thermogravimetric analysis (TGA) of GO/PANI/TiO, nanocomposites

Thermograms obtained for GO/PANI/5%TiO,, GO/PANI/10%TiO,, GO/
PANI/15%TiO, and GO/PANI/20%TiO, nanocomposites are shown in Fig. 7. The
figure indicates three stages of thermal decompositions for all the nanocomposites.
The initial dehydrating stage at 45-100 °C may be due to the desorption of water
and ethanol absorbed in the polymer surface. The second weightloss stage from 180
to 250 °C is due to the degradation of the oligomers or side products present in the
composite materials. The third and final transition is observed from 260 °C onwards
due to the degradation of benzenoid and quinonoid repeating units of the polymeric
backbone of graphene oxide and polyaniline [39]. The thermal stability of GO/
PANI/TiO, nanocomposites increases progressively with an increase in the weight
percentage of TiO, nanoparticles in the composite materials.

FESEM analysis of GO/PANI/TiO, nanocomposites

Surface morphology and adhesion behaviour of the nanocomposites were investi-
gated through FESEM characterization. Field emission scanning electron micros-
copy images of GO/PANI/TiO, nanocomposites with 5, 10, 15 and 20 weight per-
centages of TiO, NPs are represented in Fig. 8a—d. As we have seen from the figure,
the TiO, nanoparticles are homogeneous and crack-free along the whole surface and
show good adhesion to the substrate. We can also distinctly observe that GO/PANI
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Fig.7 TGA spectra of GO/PANI/TiO, nanocomposites with a 5%, b 10%, ¢ 15% and d 20% of TiO, NPs
by weight
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Fig.8 a—d FESEM image of GO/PANI/TiO, nanocomposites with a 5, b 10, ¢ 15 and d 20 weight per-
centage of TiO, NPs

surface is coated with a smooth thin TiO, layer and some regions of the surface of
GO sheets deposited with polyaniline [40].

Electrical conductivity of GO/PANI/TiO, nanocomposites

I-V characteristics for an electrical component generally describe a relation between
the current and the voltage across it. From the I-V characteristic, along with current
respective to voltage, we can also determine breakdown voltage, current of electron-
ics devices, suitable protection, losses and heating of devices (Fig. 9).

Keeping the above facts in mind, the electrical characterization (I-V measure-
ment) of GO/PANI//metal oxide nanocomposites was carried out. From the -V
data, the conductivities were evaluated using bulk resistance (R,) and using the
formula

o = (t/A)(1/R,)S/cm

where ¢ is the thickness of the pellet, A is the area of pellet and R, is the bulk resist-
ance of the pellet.

The conductivity data calculated for GO/PANI/TiO, composites with a different
weight percentage of TiO, nanoparticles from the I-V measurements are shown in
Table 1.
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Fig.9 I-V characteristics of GO/PANI/TiO, nanocomposites with a 5%, b 10%, ¢ 15% and d 20% of
TiO, NPs by weight

Table 1 Conductivity and resistivity of of GO/PANI/TiO, nanocomposites with a 5%, b 10%, ¢ 15% and
d 20% of TiO, NPs by weight

Compound f(cm) A (cm?) Ry, (ohm) Resistivity (ohm-cm) Conductivity (S/cm)
GO/PANI/5% TiO, NCs .1 1.32 6.94%x107° 1.09%x10* 9.1x107°
GO/PANI/10% TiO, NCs .1 1.32 423%107° 1.78x10* 5.6%x107°
GO/PANI/15% TiO, NCs .1 1.32 2.11x107° 3.57x10* 2.8x107
GO/PANI/20% TiO, NCs .1 1.32 7.60x1077 9.80x10* 1.02x1073

From Table 1, the electrical conductivity calculated for the GO/PANI/TiO,
nanocomposites was found of the order of 10~> S/cm. With an increase in the ratio
of metal oxide nanoparticles, the value of conductivity of the nanocomposites
decreases progressively. The reason behind the decrease in conductivity value is that
for the nanocomposites, with the increasing amount of TiO, there was a decrease
in the ratio of PANI/TiO,. It is well established that PANI is more conductive than
TiO,. Therefore, incorporation of metal oxide nanoparticles results in a decrease in
the PANI/TiO, ratio which influences the conducting behaviour of the polymeric
materials.

Evaluation of photocatalytic activity (methylene blue dye degradation)

Photocatalytic activity of the hybrids with different compositions is evaluated
in terms of photodegradation of methylene blue (MB) in aqueous solution under
irradiation with UV-light. Semiconductor materials usually possess good photo-
catalytic efficiency and hence can be used for photodegradation of organic pol-
lutants. Based on this fact, we investigated the photocatalytic efficiency of the
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hybrid nanocomposites. For that purpose, we have investigated the photodegra-
dation of methylene blue (MB) dye using the four hybrid nanocomposites sepa-
rately. We have observed that GO/PANI/TiO, hybrid nanocomposites have much
higher photocatalytic efficiency compared to TiO, nanoparticles and polyaniline
alone. This enhanced photocatalytic efficiency of GO/PANI/TiO, composite
can be attributed to the suppression of electron recombination and the enhance-
ment of mass transportation. Polyaniline upon hybridization with graphene oxide
possesses increased dye absorptivity on the surface due to the z—z conjugation
between methylene blue and aromatic region of graphene oxide. That also reduces
the bandgap leading to extended absorption and significant electron transfer from
polyaniline to GO sheets before recombination [41].

Initially, we have studied the photocatalytic efficiency of TiO, nanoparticles
using 50 ppm concentration MB solution, and the result of the experiment is pre-
sented in Fig. 10a. We have observed that TiO, nanoparticle provides more than
90% photocatalytic degradation efficiency after 3 h. The degradation occurred
due to the electronic transition of TiO, nanoparticles by the high-energy ray of
light. Similarly, the experiment was also carried out with PANI alone. Figure 10b
represents the results of this experiment. It is clearly observed from the figure
that the PANI gives up to 40% photocatalytic degradation efficiency in around
three hours. On the contrary, experiments carried out with hybrid nanocomposites
using the same concentration of methylene blue solution indicate that photocata-
lytic efficiency of GO/PANI/TiO, nanocomposites is much improved compared
to the same for TiO, nanoparticles or PANI. Results of degradation experiment
carried out with methylene blue using the four hybrid nanocomposites are repre-
sented in Fig. 10c—f. It has been observed that the GO/PANI/10% TiO, nanocom-
posite possesses up to 95% photocatalytic degradation efficiency in around 2 h.
In the same way, the GO/PANI/15%TiO, nanocomposite gives up to 98% photo-
catalytic degradation efficiency in around 80 min only. Even for a higher weight
percentage of TiO, nanoparticle, for example for the case of GO/PANI/20%TiO,
nanocomposite, we obtained around 98% photocatalytic degradation efficiency
just in forty minutes. In other words, the hybrid nanocomposites possess superior
photocatalytic efficiency as compared to TiO, or PANI. The measurements were
taken after each 10—20-min interval of time, under the short-wavelength UV—vis-
ible light and wt% were taken as used for the synthesis procedure.

The degradation behaviour of methylene blue (MB) dye concerning the four
hybrid nanocomposites is shown in Fig. 11. It is clearly observed from the figure
that the degradation of MB solution obtained was maximum for TiO,/PANI hybrid
composite with 20 wt% load. PANI acts as an effective photosensitizer in the photo-
catalytic reaction, that can significantly improve the separation efficiency of photo-
excited electron—hole pairs. As PANI is an efficient electron donor, it can even be
stimulated by UV-light. The generated electrons from PANI can be easily transferred
to the conduction band of TiO, when photocatalyst is illuminated with UV-light.
If the electrons are trapped at the interface of PANI and TiO,, the efficient charge
separation of photo-created electron and hole pairs might occur. In this process, the
reactive electrons can reduce O, adsorbed on the surface of nanocomposite to 0%,
which can further transform into H,O, and OH™, resulting in finally the oxidation of
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Fig. 10 a—f Photocatalytic degradation of methylene blue dye by using a TiO,, b PANI and c—f GO/
PANI/TiO, nanocomposites with 5(C1), 10(C2), 15(C3) and 20(C4) weight percentage of TiO, NPs

MB to generate degraded products. As a result, PANI-modified TiO, has enhanced
photocatalytic activity [42].

Evaluation of photocatalytic efficiency for degradation of rhodamine B dye

Motivated by the results with methylene blue dye, we also investigated the photocat-
alytic efficiency of rhodamine B dye (RhB), which is often used as a model dye mol-
ecule for the study of photocatalytic degradation by transition metal oxide. It shows
a major absorption band centred at 553 nm, which is used to monitor the photocata-
lytic degradation of RhB. The photocatalytic efficiencies of the TiO,, PANI and GO/
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Fig. 11 Degradation behaviour of methylene blue (MB) dye for TiO,, PANI and nanocomposites
(5-20%)

PANI/TiO, nanocomposites with different wt% of TiO, were evaluated towards the
degradation of RhB under UV-light irradiation.

Results presented in Fig. 12a—f once again reveal the fact that graphene oxide-
decorated hybrid nanocomposites have much better photocatalytic efficiency as
compared to other components of the nanocomposites, i.e. TiO, and PANI. From
Fig. 12a, which shows the photocatalytic activity of TiO, nanoparticle, we can con-
clude that up to 240 min TiO, showed around 75% degradation of the rhodamine B
dye. Similarly, from Fig. 12b we observe that PANI showed around 55% degrada-
tion in 200 min indicating the superiority of TiO, molecule over PANI with respect
to photocatalytic efficiency. Figure 12c—f shows the photocatalytic activity of GO/
PANI/TiO, nanocomposites (5-20%). From the figure, it is clear that 20% nanocom-
posite is showing the highest activity out of the four composites (5%, 10%, 15% and
20%). The origin of the intense characteristic colour of the RhB dye is due to their
conjugated structures constituted with carbonyl, azo and aromatic groups. After the
degradation, these groups undergo a successful breakage of their conjugation system
in the presence of the GO-PANI/TiO, nanocomposite. GO-PANI nanocomposite
generally exhibits photo-excited electrons that are transferred from the LUMO level
of PANI to the conductive band of the GO. In this way, the GO acts as an acceptor
of the photo-excited electrons from PANI which results in the rapid transfer of elec-
trons to the two-dimensional planar structure of GO. Thus, the photogenerated elec-
trons and holes recombination accelerated the suppression and leaves more charge
carriers to form on the reactive species, which promotes the degradation of dyes.

Plausible photodegradation mechanism of methylene blue (MB) and rhodamine
B (RhB)

The energy levels for lowest unoccupied molecular orbital (LUMO) and highest
occupied molecular orbital (HOMO) of PANI are higher compared to the conduc-
tion band and valence band position of TiO,. Upon excitation with visible light,
PANI transfers the excited electrons from z-orbital to z*-orbital, resulting in the
creation of a hole in GO/PANI fraction. The excited electrons are then moved from
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Fig. 12 a-f Photocatalytic degradation of rthodamine B dye by using a TiO,, b PANI and ¢—f GO/PANI/
TiO, nanocomposites with 5(C1), 10(C2), 15(C3) and 20(C4) weight percentage of TiO, NPs

LUMO of PANI to the CB of TiO,. After that, the positively charged GO/PANI
fraction reacts with water to produce hydroxyl radicals while the electron reacts with
oxygen to produce superoxide radicals. The superoxide radical can further react with
water molecules to produce hydrogen peroxide and hydroxyl radical. These radical
species finally react with the dye component to produce degraded products, and in
this way, the organic pollutants are converted into less toxic materials. Incorpora-
tion of graphene oxide (GO) further enhances the photocatalytic property of the
nanocomposite. The photogenerated electrons from PANI are separated effectively,
which increases the photocatalytic efficiency of nanocomposites [43].
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GO/PANI/TiO, + UV light — GO/PANI(h*) + TiO,(e™)
GO/PANI(h*) + H,0 — GO/PANI + OH" + H*

e +0, > 05

0; +H,0 —» H,0, + OH

OH' + dye - CO, + H,0

Conclusion

In this study, we have successfully described the formation of stable hybrid nano-
composites of PANI with different weight percentages of TiO,, decorated with
graphene oxide. Incorporation of graphene oxide into the hybrid nanocomposites
dramatically improves the photocatalytic efficiency of the nanocomposites towards
the degradation of organic dyes such as methylene blue and rhodamine B, under
short-wavelength ultraviolet light. Best results have been obtained with the nano-
composite having the highest weight percentage of TiO, nanoparticle, i.e. with a
20% weight ratio of TiO, nanoparticles. It apparently establishes the fact that these
hybrid nanocomposites can be employed for degrading toxic organic pollutants to
non-toxic products and therefore can be advocated as a suitable agent for environ-
mental protection. Further, since the observed conductivity of the nanocompos-
ites is well within the range of semiconducting materials, therefore, the nanocom-
posites are also promising materials for application in the field of electronics and
optoelectronics.
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