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A novel composite of In,O; nanorods (INR) hybridized with reduced graphene oxide (RGO) was
fabricated by a facile UV-assisted photoreduction method. The as-prepared samples were systematically
characterized by X-ray diffraction, scanning electron microscopy, transmission electron microscopy,

10 Raman spectroscopy, X-ray photoelectron spectroscopy and UV-vis diffuse reflectance spectroscopy
techniques. The one dimensional INR with high surface-to-volume ratio anchored on the surface of RGO

homogeneously, resulting in a nice interfacial contact between INR and RGO. The photocatalytic
activities of the INR-RGO composites were investigated for 4-chlorophenol (4-CP) degradation under
UV-vis or visible light irradiation. The photodegradation yield of the optimized photocatalyst reached

15 91.6% which was about 1.9 times as high as that of INR under visible light irradiation (> 400 nm). The
enhanced photocatalytic activity of the INR-RGO composites can be ascribed to the efficiently interfacial
charge transfer from INR to RGO, which resulted in the prolonged lifetime of the photoinduced charge

carriers.

1. Introduction

20

In recent years, graphene shows great applications in
photocatalysis and energy conversation fileds due to the unique
sp® hybrid carbon network, high carrier mobility, large theoretical
specific surface area and excellent thermal conductivity.'®
Generally, graphene oxide (GO) and reduced graphene oxide
25 (RGO) exhibit many physicochemical properties similar to those

of graphene. RGO can be prepared by reduction of GO, which
improves greatly the electron conductivity of the materials.”
RGO has been considered as an ideal support and an electron
mediator to construct novel photocatalysts. Very recently,
30 semiconductor/RGO photocatalysts were proved to possess
extended the absorption in visible light region and promoted
photocatalytic performance.”'” Numerous attempts have been
made to combine RGO with semiconductor nanomaterials, such
as TiO,, Fe,0;, and WO;.>'%!® An et al. reported that the WO;-
35 nanorods/RGO composites demonstrated significantly enhanced
photocatalytic activity because of the improved separation

efficiency of the photogenerated charges.'® Various o-

Fe,0s/graphene nanocomposites have also been synthesized by

Parida’s group and the optimized composite catalyst showed
40 much higher photoactivity than that of the a-Fe,O5 nanorod.'*?

However, for further improving the photocatalytic activity,

designing and synthsizing novel graphene-based photocatalysts

are still needed.
Indium oxide (In,Os) has been regarded as a nice candidate
45 of photocatalysts for water splitting to produce hydrogen or
organic pollutants decomposition owing to its narrow band gap

energy (ca. 2.8 eV), stable physicochemical properties and low
toxicity. >’ Despite the substantial merits, a major drawback of
In,O5 is the fast recombination of photoexcited electron-hole
50 pairs, leading to a relatively low photoactivity. Generally, well-
crystallized nanocrystals with controlled size and shape as well as
with the increased density of active sites are favourable for the
electron transfer and photocatalytic reaction.®*' Recently,
various In,O; nanomaterials, such as nanowires, nanaocubes and
55 nanorods, have been synthesized and used as photocatalysts
because of their unique one dimensional nanostructure and
promising functions.**** Zhao et al. verified that In,O; nanorods
(INR) with high surface-to-volume ratio and single crystal
structure could provide a direct path for the photoinduced charges
60 transfer, resulting in enhanced photocatalytic activity.** However,
to the best of our knowledge, the investigation about the
composite prepared by hybridizing the one dimensional INR with
RGO and its application for visible-light-driven photocatalysis
has not been reported.

Herein, we report fabrication, characterization and
photocatalysis of a novel hybrid composed of In,O; nanorods
(INR) and reduced graphene oxide (RGO). The nanohybrid
(INR/RGO) was prepared through a two-step method:
hydrothermal reaction for preparing In,O; nanorods and UV-
70 assisted reduction GO to RGO and then coupling with INR. The

one dimensional INR was uniformly anchored on the surface of
RGO and the two moieties of the composite exhibited nice
interfacial contacts. In the INR-RGO composite, the RGO moiety
acted as an electron collector and transporter synergistically
775 enhanced electron transfer from INR to RGO and decreased the

65
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recombination of electrons and holes, resulting in a greatly

enhanced the photocatalytic activity of the degradation of 4-

chlorophenol. Our research demonstrates a potential application

of INR-RGO composite as a novel photocatalyst to remove
5 environment contaminants.

2. Experimental
2.1. Materials.

InCl;3-4H,0 (A.R., 99.99%), urea and graphite powder (Alfa
Aesar, 325 mesh, 99.9995%) were purchased and used without
10 further purification.

2.2. Synthesis of INR-RGO.

In,0; nanorods were prepared via hydrothermal method. In
a typical procedure, 50 mL of InCl; (0.25 mol L") solution was
mixed with 50 mL of urea solution (2.4 mol L") under magnetic
15 stirring. Then the mixture was transferred into a 150 mL Teflon-
lined stainless steel autoclave, and heated at 130 °C for 12 h. The
solid was collected by centrifugation and washed with distilled
water and ethanol for several times, dried at 80 °C for 24 h in air,
then annealed in air at 350 °C for 3 h, resulting in In,03 nanorods
20 (INR). Graphene oxide (GO) were synthesized using graphite
powder as the starting material by a modified Hummers-
method.*
INR/RGO nanohybrid was fabricated via an UV-assisted
reduction and coupling method. In a typical experiment, a certain
25 amount of GO solution (0.5 g L), 0.2 g of INR and 50 mL of
ethanol were added into a 100 mL cylindrical quartz glass vessel.
The mixture was sonicated for 30 min, then, irradiated by a 500
W high pressure Hg lamp with the main wave crest at 365 nm for
8 h under magnetic stirring. After UV light irradiation, it was
30 found that the color of suspension had changed into greyish-
black, indicating the successful chemical reduction of GO to
RGO. Finally, the mixture was filtered and the solid was rinsed
by deionized water several times, and dried under vacuum at
room temperature. The resulting samples were labelled as INR-
35 RGO-x, where x stands for the weight percentage of RGO in the
composite, which may vary from 0 to 5, depending on the ratio of
the starting materials in the synthesis. For comparison, RGO was
also prepared using the same UV-assisted reduction method.

2.3. Characterization.

40 X-ray diffraction (XRD) patterns of as-prepared samples

were obtained on a Philips diffractometer using Ni-filtered Cu Ka
radiation operating at 40 kV and 40 mA. The patterns were
recorded in the range 10-80° (20). The samples for XRD analysis
were prepared by dropping the suspension of the sample on a
45 glass plate, which was dried under vacuum to form a thin film.
Transmission electron microscopy (TEM) observation was
conducted on a Philips TECNAI-12 instrument. The samples for
TEM analysis were ultrasonically dispersed in EtOH for 30 min
and ca. 3 pL of the resulting suspension was dropped onto carbon
50 coated Cu grids, then allowed to air dry. Field emission scanning

electron microscopy (FESEM) measurements were taken using a
Hitachi S-4700 microscope. The Energy-dispersive X-ray (EDX)
analysis was performed on a KEVEX X-ray energy detector. X-
ray photoelectron spectroscopy (XPS) measurements were
carried out an AXIS Ultra DLD system (Kratos Analytical Inc.)
using monochromatic Al Ka radiation. All binding energies (BE)
were referenced to the Cls peak at 284.6 eV. Fourier transform
infrared (FTIR) spectra of the samples were obtained with
Thermo Scientific Nicolet 6700 instrument. The solid samples
60 were dried in vacuum at room temperature for 2 h, and then
dispersed in KBr and compressed into a thin disk for the
measurement. Raman spectra of the samples were measured with
a JobinYvon HR-800 spectrometer using a He-Ne laser (A = 633
nm, spot size ~ 1 mm). UV-vis diffuse reflectance spectra (DRS)
65 of the samples measured on a UV-1800 SPC
spectrophotometer. Photoelectrochemical measurements of the
samples were carried out on a CHI 660 B potentiostat/galvanostat
electrochemical analyzer in a three-electrode system consisting of
an indium tin oxide (ITO) glass covered with the sample, a
70 platinum wire, and a Ag/AgCl electrode. The ITO covered the
sample acted as a working electrode, the platinum wire as the
counter electrode, and Ag/AgCl as reference electrode. The
electrodes were immersed in 1 M of Na,SO, solution. The
working electrode was irradiated with a 150 W GY-10 xenon
75 lamp during the measurement. A 400 nm cut-off filter was set
between the lamp and the working electrode for the visible light
irradiation. The electrochemical impedance spectroscopy (EIS)
were carried out using a similar system for the measurement of
photoelectrical response under the perturbation signal of 5 mV
80 over the frequency range from 10 to 10 MHz.

55

were

2.4. Measurements of Photocatalytic Activities.

The photocatalytic degradation of 4-chlorophenol (4-CP)

was carried out in a 50 mL quartz photochemical reactor

85 containing 50 mL of 4-CP (25 mg L") and the catalyst (Ceaa=1.0

g L"). A water-cooling system was used to maintain the solution

at the room temperature. The pH value of the system was

adjusted by addition of hydrochloric acid or sodium hydroxide

solution. The system was stirred continuously with air bubbling

90 into the reaction solution and irradiated by a 150 W Xe lamp at

298 K and atmospheric pressure. The visible light irradiation was

obtained from the xenon lamp equipped with a UV cut off filter

(A > 400 nm). During irradiation, ca. 1.5 mL of the suspension

was taken from the reactor with a syringe at a regular time

95 interval for analysis. The sample taken out of the reactor was

centrifuged to separate the solid photocatalyst from the

suspension. The solution was analyzed with a high pressure

liquid chromatograph (P680ALPG4) equipped with a UVD170U
analysis detector and a C18 column.

100 3. Results and discussion

3.1. Structure and Morphology of the Samples

2 | Journal Name, year, vol, 00—00
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SEM and TEM were taken to analyze the morphology and
the microscopic structure of INR and INR-RGO-2, and the results
are displayed in Fig. 2. It can be observed from Fig. 2A that the
INR with a well-defined morphology are successfully

20 synthesized. The as-prepared In,O; demonstrated a rod-like shape
S 3 with a diameter of ca. 200 nm and a length about 1.5~2.5 um. As
k )\ A A LSRGy for INR-RGO-2 composite, the addition of RGO during the
synthesis process did not affect the morphology of INR
obviously. It can be seen from Fig. 2B that the INRs have

(222)
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(440)
22)

Intensity(a.n.)
%l 1)
(6

l l 25 homogeneously anchored on the RGO sheets, and the two-
. ) A INR . . . . .

A A A A ] dimensional structure of RGO sheets with obvious wrinkles are

10 20 30 40 50 60 -0 30 still retained after the UV-assisted photoreduction treatment. The

2 Theta (degree) SAED pattern (inset Fig. 2C) recorded on the marked area of Fig.

Fig. 1 Wide-angle XRD patterns of INR and the INR-RGO 2B reveals that INR possesses single crystal structure. As

composite. 30 observed in the HRTEM (Fig. 2D), the measured lattice fringe

spacing of 0.275 nm in INR-RGO-2 composite corresponds to
The crystalline phase and structure of the as-prepared the cubic INR.** Chemical composition analysis of INR-RGO-2
5 samples were examined by powder X-ray diffraction (XRD). The composite by EDX spectroscopy shows the presence of In, O and
XRD patterns of INR and the INR-RGO-2 composite are shown C elements in the composites (Fig. 2E), confirming that the

in Fig. 1. The peaks at 21.4°, 30.5°, 35.4°, 50.9° and 60.5° 35 obtained composite consists of RGO and INR.

correspond to the (211), (222), (400), (440) and (622) planes of .
the cubic InO; (JCPDS No.71-2194) Furthermore, mo > P> Analysis
10 characteristic diffraction of carbon species has been detected

from INR-RGO-2, which may attribute to the relatively low A
amount and weak intensity of RGO in the composite.*’ 2
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Fig. 3 XPS spectra of the (A) survey spectra of the INR and INR-

Energy (V) RGO composite; (B) C s peaks of the GO and INR-RGO

Fig. 2 SEM image of INR (A) and TEM image of INR-RGO composite and (C) In 3d peaks of the INR and INR-RGO
composite (B, C); the selected area diffraction (SAED), HRTEM 40 composite.

15 image (D) and EDX spectra of INR-RGO (E) composite. The XPS analysis was further employed to determine the

This journal is © The Royal Society of Chemistry year Journal Name, year, vol, 00-00 | 3
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composition and the surface electronic state of the as-synthesized
samples. Survey XPS spectrum (Fig. 3A) indicates that the INR-
RGO-2 composite consists of C, In, and O elements. To
investigate the degree of reduction of the RGO sheets in the
5 composites, the high-resolution Cls spectrum of GO and INR-
RGO are shown in Fig. 3B. Obviously, the Cls spectrum of GO
can be deconvolved into four peaks corresponding to carbon
atoms in different functional groups: the non-oxygenated ring C
(284.6 eV), the C atom in the C—-O bond (286.5 eV), the carbonyl
10 C (C=0, 288.3 ¢V) and the carboxylate C (O—C=0, 289.1 eV).**
After the hybridization with INR and the photoreduction
treatment, the intensity of the C-O peak is dramatically
decreased, indicating the GO have been reduced to RGO sheets.
Fig. 3C shows the In 3d core level photoelectron spectra of INR
15 and INR-RGO-2. The spectrum of INR sample may be fitted with
two peaks corresponding to In 3ds, centered at 443.7 eV and In
3d;, at 451.1 eV, indicating the presence of In*".!° Furthermore,
the peak corresponding C—O in INR-RGO-2 composite (Fig. 3B)
exhibited an obvious shift to lower binding energy position
20 compared with that of the GO. Simultaneously, the fact that both
the peaks of In 3ds,, and 3d;/, have a shift of 0.4 eV to the higher
bonding energy (Fig. 3C) demonstrates chemical bonding
between INR and RGO in the hybrid.*® The chemical interaction
between GO and INR may be attributed to the formation of In-O-
25 C chemical bond. The similar phenomenon was also observed
from TiO,-RGO systerm.*

3.3. FTIR and Raman Spectra.

GO
= 1719 1578 1048
g RGO
=
& ( -
B 1576
o
E INR-RGO
=
1388 1062
1642 o
L} Ll T T L} L T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 4 FTIR spectra of GO, RGO and INR-RGO composite.

131 —RGO
——INR-RGO

—INR

132 1502

Intensity (a.u.)

900 1200 1500 1800

Raman shift (cm™)

300 600

30 Fig. 5 Raman spectra of RGO, INR and INR-RGO composite.

The FTIR spectra of the samples are shown in Fig. 4. The
characteristic absorption bands of GO are observed at 1048 (C—
OH), 1578 (C=C) and 1719 cm™ (C=0). For the photoreduced
RGO, the intensity of the absorption bands corresponding to C—

35 OH and C=0 groups decreases significantly, and the absorption
band corresponding to C=C vibration slightly red-shifts to 1576
cm’!. For the INR-RGO-2 hybrid, the broad IR band at low
frequency reflect the stretching vibration of In-O-In bonds, and
the bond at 556 cm” might be assigned to In-O vibration.*'

40 Moreover, the peaks corresponding to C=0 and C—OH vibrations
at 1719 and 1048 cm™ in the INR-RGO-2 composite are not
observed and a new absorption band appeared at 1642 cm™,
which might be attributed to the skeletal vibration of the RGO
sheets.*” These results indicate that the oxygen functional groups

45 in GO were removed and GO was reduced during the formation
of INR-RGO-2 composite.**

The interaction between INR and RGO was confirmed by
the Raman spectral analysis (Fig. 5). For INR, the five distinct
peaks located at 131, 308, 367, 497, and 630 cm™ could be

50 detected. As is expected, RGO displays two prominent G and D
bands, which are generally assigned to the E,, photon of sp*
bonds of carbon atoms, and a breathing mode of k-point phonons
of A, symmetry, respectively.** Compared with RGO sheets, it
could be observed that the D- and G-band of INR-RGO-2 slightly

55 up-shifts to 1351 cm™ and 1601 cm™, respectively, which
provides another evidence of superior interactions between INR
and RGO.

3.4. Optical and Photoelectrochemical Properties of the
Samples.
A —INR
N\ ——INR-RGO-1
= \ ——INR-RGO-2
3 ——INR-RGO-5
=
S
&
2
=
<
200 300 400 500 600 700 800
Wavelenght (nm)
B
S
>
<
M=
>
=
)
B —INR
——INR-RGO-2
2.71
2.0 2.5 3.0 35 4.0
hv(eV)

60 Fig. 6 (A) UV-vis diffuse reflectance spectra of the as-prepared
INR, INR-RGO-1, INR-RGO-2 and INR-RGO-5 composites. (B)
The plots of (ahv)’ versus energy hv for INR and INR-RGO-2
composite.
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experiments conducted with the bare ITO electrode do not

The UV-vis diffuse reflectance spectra of INR and INR- produce photocurrent. It is found that the INR electrode
RGO-x composites with various contents of RGO are shown in 30 demonstrated prompt but weak photocurrent responses under
Fig. 6A. It can be seen that the absorption intensity of INR-RGO- visible light irradiation. However, obviously enhanced

5 x composites increases with the augment of RGO content. The photocurrent responses for INR-RGO electrodes are detected. As
red-shift of the absorption edge of INR-RGO-x composites may the content of RGO in the INR-RGO composites increased from
be ascribed to some restoration of the m-n conjugation network of 1% to 2 wt%, the corresponding the photocurrent density

the RGO in the hybrid.* Moreover, Fig. 6B shows the plots of 35 increased from 1223 to 1541 mA cm?® The order of
(athv)? versus photon energy, which show that the band gap of the photocurrent response is INR-RGO-2 > INR-RGO-1 > INR-
10 INR is 2.71 eV, whereas the band gap of the INR-RGO-2 RGO-5 > INR. The maximum photocurrent density for INR-
composite has been consequently reduced to 2.37 eV. The RGO-2 electrode is ca. 6 times as high as that of INR electrode
narrowing of the band gap in the case of INR-RGO-2 composite under the same irradiation conditions, suggesting that positive
was attributed to the interaction between INR and RGO. 40 synergetic effect between INR and RGO components in the
Therefore, hybridization of INR and RGO to form a composite hybrid. The enhancement of the photocurrent for INR-RGO
15 may also change band gap and light absorption property of the electrodes indicates higher charge separation efficiency and the

materials. prolonged lifetime of the photogenerated electrons and holes.
With the extensive two-dimensional 7m-m conjugation structure,
45 RGO serves as an acceptor and transporter of the electrons
n off p P
generated from the In,O; semiconductor, which enhances the
o 154 ' o W remy < photogenerated charges separation.*®
o { [ ( ( ’ b Electrochemical impedance spectrum (EIS) is another
E powerful tool to study the charge transfer process. As shown in
} 10 5 50 Figure 8, the radius of the Nyquist curve of INR-RGO-2 is much
g smaller than that of INR, indicating the fast interfacial electron
= transfer between INR and RGO and efficient hindrance of the
;:: charge recombination in the hybrid.*’
= 54
5 3.5. Photocatalytic Activity.
o/
&h& ﬁ& a
p
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Fig. 7 Photocurrents of (a) INR, (b) INR-RGO-1, (c) INR-RGO-2 ’ =
and (d) INR-RGO-5 under visible light irradiation (A > 400 nm) ol /
at 1.2 V. The power of the lamp with a 400 nm cut-off filter is ca. %
20 100 mW/cm?. 044 —s—INR
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Figure 8 Nyquist plots of electrochemical impedance spectra 2 1 Tim: ® 2 *
(EIS) for the electrodes covered with INR and INR-RGO-2
composites in 0.5 M Na,SO, electrolyte. 55 Fig. 9 Photodegradation 4-CP yields over the as-prepared INP,
INR and INR-RGO-x composites under UV-vis light (A) and
25 The results of photoelectrochemical experiments performed visible light (B) (A > 400 nm) irradiation. Reaction conditions:

under visible light illumination are shown in Fig. 7. Under visible Megayse = 50 mg, T = 298 K, pH = 3,light source:150 W Xe lamp
light irradiation (A > 400 nm) and 1.2 V applied voltage, blank (a cut-off filter (1 > 400 nm) used for visible light irriadiation).

This journal is © The Royal Society of Chemistry year Journal Name, year, vol, 0000 | 5
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The photocatalytic degradation of 4-CP was investigated
under UV-vis and visible light (>400 nm), respectively. From
Fig. 9A we can see that the 4-CP photodegradation yield of INR
is 58.1% after 2 h UV-vis light irradiation. However, the 4-CP

5 photodegradation yields of INR-RGO-1 reached 91.9%. In
addition, along with the increase of RGO in the composite, the
photocatalytic activity of INR-RGO composites reached to a
summit then decreased. The optimized RGO content in the INR-
RGO composite is ca. 2 wt% and the 4-CP degradation yield of

10 the catalyst under 2h UV-vis irradiation is 96.2%, which gives
approximately 38% increase compared with that of INR in the
same conditions.

In order to further investigate the photocatalytic properties
of the as-prepared samples, analogous experiments are conducted

15 under visible light irradiation (A > 400 nm). As shown in Fig. 9B,
the 4-CP photodegradation yield of INR-RGO-2 under 4 h
visible-light irradiation is ca. 91.6 %, which is ca. 1.9 times as
high as that of INR under the similar conditions. These results
demonstrate that the INR-RGO composites possess very nice

20 visible-light photocatalytic activity for photodegradation of 4-CP.

In general, the enhancement of photocatalytic activity of
INR-RGO under UV-vis or visible-light irradiation for 4-CP
degradation could be attributed to the excellent electronic
conductivity and large specific surface area of RGO,’ which

25 enhances the photoinduced electrons transport from INR to the
RGO sheets, thus, inhibits the recombination of photoinduced
electrons and holes.

1.0
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0.6
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Fig. 10 Effect of the pH values on photodegradation of 4-CP
under visible light (A) and Cycling measurements of the yields of

30 4-CP degradation under visible light irradiation (B) by INR-
RGO-2 composite. Reaction conditions: Meqayy = 50 mg, T =
298 K, pH = 3, light source:150 W Xe lamp with cut-off filter (A
> 400 nm).

20

35 Fig. 10A shows the effect of the pH values on the

photodegradation yields of 4-CP under visible light irradiation.
The pH value of the system influences the photodegradation
yields of 4-CP dramatically. When pH value varies from 1 to 7,
the maximum average photodegradation yield of 4-CP was
40 achieved at a pH of 3. The reason that organic contaminants
photodegradation should occur at an optimized pH may be
attributed to that the concentration of H' in the solution may
influence the transfer of photoinduced electrons and redox
potential of the contaminant, thus, affect the photocatalytic
45 activity of the catalyst.*®*

The stability of INR-RGO-2 composite for the
photodegradation of 4-CP is shown in Fig. 10B. The results of
five cycles of photocatalytic experiments demonstrated that the
INR-RGO-2 composite is very stable and thus suitable for

50 treatment of organic contaminants in wastewater.

Visible light

<

/ I 1 I 1 I (T g 1 1 1 1 \ \ \ \
Scheme 1 Schematic photoexcited electron transfer and 4-CP
degradation over the INR-RGO photocatalyst under visible light
irradiation.

|

55 According to the above results, the photocatalytic
mechanism is illustrated in Scheme 1. Photodegradation of 4-CP
is believed to be initiated by ‘OH radicals. In the presence of O,,
the ‘OH radicals are generated in the following photochemical

reactions:

In,0; + hv — In,0; (¢ +h") (1)
In,0; (¢) + RGO — Iny0; + ¢ (RGO) @)
e +0;,— 0y (3)
20, +2H,0 — H,0, + 0, +20H" “)
H,0, — 2-OH (5)
65 h"+H,0 — -OH+H" (6)
h'+OH — -OH (7)
4-CP + -OH — CO, +H,0 ®)

Under UV-vis or visible light illumination, electrons (¢”) can

be excited from the valence band (VB) to the conduction band
70 (CB) of INR, producing the same amount of holes (h*) in the VB
of the semiconductor. The photogenerated electrons in the
conduction band of INR transfer to RGO and then react with
oxygen molecules the yield
superoxide ‘O, and finally form -OH, which may play a major

75 role in the photodegradation of 4-CP.**’! Meanwhile, 4-CP

dissolved in solution to

6 | Journal Name, year, vol, 00—00
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molecules may also be oxidized by the holes immigrating to the
surface of INR.

4. Conclusions

In summary, the INR-RGO composite, as a novel
5 photocatalyst, was successfully prepared by a facile UV-assisted
photoreduction method. Importantly, with the one dimensional
INR anchored uniformly on the RGO sheets, the as-synthesized
INR-RGO composites displayed effective interfacial contact
between INR and RGO, resulting in excellent photocatalytic
10 activity for the degradation of 4-CP. The enhancement of
photocatalytic activity can be attributed to INR with high surface-
to-volume ratio providing a direct path for photoinduced charge
transfer as well as the unique properties of RGO, which acts as an
electron collector and transporter synergistically enhanced
15 electron transfer from INR to RGO and suppressed the
recombination of electron-hole pairs, leading to a enhanced the
photocatalytic activity of the degradation of 4-CP. The present
study provides an example for designing and preparation of
graphene-based hybrid materials for the photodegradation of
20 organic pollutants.
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