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Self-Assembling TiO, Nanorods on Large Graphene
Oxide Sheets at a Two-Phase Interface and Their
Anti-Recombination in Photocatalytic Applications

By Jincheng Liu,* Hongwei Bai, Yinjie Wang, Zhaoyang Liu, Xiwang Zhang,

and Darren Delai Sun*

TiO, nanorods are self-assembled on the graphene oxide (GO) sheets at the
water/toluene interface. The self-assembled GO-TiO, nanorod composites
(GO-TiO, NRCs) can be dispersed in water. The effective anchoring of TiO,
nanorods on the whole GO sheets is confirmed by transmission electron
microscopy (TEM), X-ray diffraction (XRD), Fourier transform IR spectros-
copy (FTIR), and thermogravimetric analysis (TGA). The significant increase
of photocatalytic activity is confirmed by the degradation of methylene blue
(MB) under UV light irridiation. The large enhancement of photocatalytic
activity is caused by the effective charge anti-recombination and the effec-
tive absorption of MB on GO. The effective charge transfer from TiO, to GO
sheets is confirmed by the significant photoluminescence quenching of TiO,
nanorods, which can effectively prevent the charge recombination during
photocatalytic process. The effective absorption of MB on GO is confirmed by
the UV-vis spectra. The degradation rate of MB in the second cycle is faster
than that in the first cycle because of the reduction of GO under UV light

irradiation.

1. Introduction

Developing high efficiency and stable photocatalytic mate-
rials for the elimination of global air and water pollution has
attracted increasing amount of attention during the past dec-
ades. TiO, is the most studied photocatalytic material due to its
chemical stability, non-toxicity and high photocatalytic activity
in the removal of pollutants in water and air.l!! During the pho-
tocatalytic process, the electrons are excited from the valence
band (VB) of TiO, to the conduction band (CB).[23 Hence, the
effective electron-hole pairs are generated.*?] However, excited-
state conduction-band electrons and valence-band holes can be
recombined and dissipated as heat easily within a few seconds
before they arrive at the photocatalyst surface,l which results in
the loss in the efficiency of photocatalytic activity. Many methods
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of preventing the electron-hole recombi-
nation have been reported, such as using
TiO, composites with noble metals,>~!
metal oxides,®1% and carbon nanotubes
(CNT).'"1 Compared with noble metals
and metal oxides, functionalized CNT can
be effectively chemically bonded to TiO,,
which provides more effective charge
transfer from TiO, to CNT to prevent the
charge recombination for gaining higher
efficiency of photocatalytic activity.

In comparison with CNT, graphene has
perfect sp*hybridized two-dimensional
carbon structure with better conduc-
tivity and larger surface area as unrolled
CNT.'>1 Furthermore, graphene is easy
to produce from natural graphite through
chemical oxidation-dispersion-reduction
procedure at a low cost’”l Through
chemical oxidation, natural graphite can
be effectively oxidized and exfoliated into
graphene oxide (GO) with the introduc-
tion of oxygen-containing functional groups.'’] The presence
of oxygen-containing functional groups in GO and reduced
graphene makes them as excellent supporters to anchor inor-
ganic nanocrystals for enhancement of wide applications.!'8-21]

To date, there are only a few reports in the synthesis and
application of graphene-TiO, nanocrystalline composites.?>~2°]
Williams et al. produced GO-TiO, nanocrystalline compos-
ites by sonicating the dispersed TiO, nanoparticles and GO
in ethanol?? and found the photocatalytic reduction of GO
by TiO, under UV light irridiation. Wang et al. and Lambert
et al. reported the synthesis of graphene-TiO, nanocrystalline
composites by a one-step hydrothermal process.?*?* Zhang et al.
produced graphene-P25 TiO, composites through hydro-
thermal reaction and investigated its application in photocata-
lytic degradation of methylene blue.?’! However in their work,
only several P25 nanoparticles were anchored to the graphene
sheets on the edge. As we know, the one-dimensional TiO,
nanocrystals with small size have large surface area and high
quantum size effect, which makes it an ideal candidate for
the photocatalytic and optoelectronic applications.??’] Hence,
it is important to create these self-assembling TiO, nanorods
with small size on the whole large GO sheets to achieve high
efficiency photocatalytic application.
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Scheme 1. Schematic presentation of self-assembly at the two-phase interface.

In this work, we assembled TiO, nanorods on large GO
sheets at a water/toluene interface to produce GO-TiO, nanorod
composites (GO-TiO, NRCs) for high efficiency photocatalytic
application. TiO, nanorods stabilized by oleic acid (OLA-TiO,)
were synthesized by a low-temperature hydrolysis approach in
advance.?® The GO sheets oxidized by Hummers’ method were
exfoliated and dispersed in DI water.?”! The toluene solution of
OLA-TiO, and the aqueous solution of GO were then mixed and
stirred for 24 h. The self-assembly of TiO, nanorods on the large
GO sheets occurs in the water/toluene interface (Scheme 1).
The large GO sheets act as excellent supporters and stabi-
lizers for the TiO, nanorods. The charge transfer from TiO, to
GO and the adsorption of methylene blue (MB) by GO were
investigated. The photocatalytic application
for the degradation of MB was examined.
To our knowledge, it is the first time that
the graphene-TiO, nanocrystal composites
are produced through a two-phase approach.
The two-phase self-assembling procedure
is facile and reproducible, and it can also
be widely used for self-assembling other
nonpolar organic soluble nanocrystals on
large GO sheets easily.

2. Results and Discussion
2.1. Characterization of GO-TiO, NRCs

The as-prepared anatase TiO, nanorods
of 2-4 nm diameter and 20-30 nm length
(Figure 1a) were dispersed in toluene for fur-
ther self-assembly process. The GO sheets
was dispersed in deionized (DI) water with
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the size of 1 um (Figure 1b). As shown in
Figure S1.1 (Supporting Information), GO
and TiO, nanorods were dispersed in water
and toluene separately at the start. After stir-
ring for 24 h, GO and TiO, nanorods were
combined together at the water/toluene
interface.

The morphology of GO-TiO, NRCs shown
in Figure 1c-f. In Figure 1c, the single layer
and double layer GO sheets are entirely cov-
ered by TiO, nanorods. Figure 1d shows
a single sheet of GO-TiO, NRCs. It can be
observed that TiO, nanorods exist homo-
geneously in the whole GO single sheet
without obvious aggregation. Both the edge
of graphene and the nanostructure of the
TiO, nanorods are clearly observable in the
higher magnification image of Figure le.
Figure 1f gives the high-resolution transmis-
sion electron microscopy (HRTEM) images
of GO-TiO, NRCs. The clear lattice of TiO,
nanorods indicates that the TiO, nanorods
are of high crystallinity. The transmission
electron microscopy (TEM) analysis con-
firms the successful self-assembling TiO, nanorods on the
whole large GO sheets. After adding the strong base, NaOH,
into the aqueous solution of GO-TiO, NRCs, TiO, nanorods
can be detached with the GO sheets (Figure S1.2, Supporting
Information).

Figure 2a shows the X-ray powder diffraction (XRD) patterns
of the starting graphite (natural graphite flake), GO obtained
by Hummers' method, GO-TiO, NRCs, and OLA-TiO,. The
diffraction pattern of GO has a peak centered at 26 = 11.9°,
corresponding to the [001] interlayer spacing of 7.43 A% The
XRD pattern of GO-TiO, NRCs shows clearly diffraction peaks
of anisotropic anatase TiO,,13!] which are without any change
in comparison with OLA-TiO,. However, the [001] reflections

Figure 1. TEM images of TiO, nanorods, GO, and GO-TiO,; NRCs.

Adv. Funct. Mater. 2010, 20, 4175-4181
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nanorods due to the catalysis effect of TiO,.
The 62% residue is associated with the TiO,
nanorods. According to the TGA analysis
(Figure 3), the mass ratio of GO:TiO, nano-
rods is 0.45.

The TEM, XRD, FTIR, and TGA analyses
confirm the effective self-assembly of TiO,
nanorods at large GO sheets at the water/
toluene interface. The reason for the effec-
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200) Wavelength (em™)

Figure 2. a) XRD patterns of OLA-TiO,, GO-TiO, NRCs, GO, and graphite. b) FTIR absorption

spectra of GO-TiO, NRCs, OLA-TiO,, and GO.

of GO are not observed in the XRD pattern of GO-TiO, NRC
sample because the regular stack of GO was destroyed by the
intercalation of TiO, nanorods.?%32l The XRD analysis further
confirms that TiO, nanorods have been effectively intercalated
into the GO stacks.

Figure 2b shows the Fourier transform infrared (FTIR)
spectra of GO, GO-TiO, NRCs, and OLA-TiO,. As shown in
Figure 2b, the FTIR spectrum of GO reveals that the C=0 and
C-O stretching vibration bands of COOH groups are at 1730
and 1039 cm.B% This indicates that the graphite was suffi-
ciently oxidized into hydrophilic GO with hydroxyl and carboxyl
groups. For the FTIR of OLA-TiO, and GO-TiO, NRCs, the
broad bands from approximately 950 to 800 cm™! results from
the characteristic vibrations of the inorganic Ti—O-Ti network.>
The FTIR spectrum of OLA-TiO, shows the doublet bands at
2854 and 2923 cm™!, which are attributed to the antisymmetric
and symmetric C-H stretching vibrations from oleic acid.]*’!
The doublet bands (at 1525 and 1432 cm™) are assigned to the
COO™ antisymmetric and symmetric stretching vibrations com-
plexed with surface Ti centers.]®l After combined with GO, the
FTIR spectrum of GO-TiO, NRCs shows doublet bands of the
COO™ antisymmetric and symmetric stretching vibrations at
1521 and 1426 cm™!, respectively. Moreover, the lack of the C-H
stretching vibrations at 2854 and 2923 cm™! indicates that the
oleic acid ligands are completely removed. The complete clear-
ance of oleic acid will further expand the application of TiO,
nanorods. Gutiérrez-Tauste et al. reported the bidentate coordi-
nation between the phenolic hydroxyl groups of dopamine and
Ti0,.?”] Similar to the dopamine molecular, GO has large quan-
tity of phenolic hydroxyl groups, which can coordinate with
TiO, nanorods. Although most carboxyl groups are on the edge
of GO,1*¥ TiO, nanorods are located in the whole GO sheets
because of the coordination between phenolic hydroxyls and
TiO,, which is in accordance with our TEM observations.

Thermogravimetric analysis (TGA) is an effective analytical
technique to evaluate the ratio of GO/TiO,. From Figure 3, the
TGA curve of GO-TiO, NRCs shows 12% weight loss from
30 to 100 °C, which is due to the loss of water or some organic
solvent molecular. The mass loss from 200 to 530 °C is 26%
and belongs to the decomposition of oxygen group and carbon
oxidation from GO.B® Compared with GO, which shows
the complete decomposed temperature of carbon at 710 °C,
GO-TiO, NRCs shows a significant lower temperature at 530 °C,
to fully decompose the carbon of GO. This suggests that the
thermal stability of GO is decreased after composited with TiO,

Adv. Funct. Mater. 2010, 20, 4175-4181
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tive self-assembly by the two-phase method
is that TiO, nanorods immediately leave the
organic phase after adhering to GO sheets.
The prerequisite of successful self-assembly
is the good dispersion of both TiO, and
GO. For comparison, GO (45 mg) and Degussa P25 (100 mg)
are used to fabricate GO-P25 composites. Because P25 is not
dispersed in deionized (DI) water very well, only some of the
P25 nanoparticles are anchored to the GO sheets (Figure S1.3,
Supporting Information). Moreover, in the two-phase self-
assembly process it is easy to control the GO/TiO, ratio by
decreasing the TiO, quantity.

2.2. Photocatalytic Application of GO-TiO, NRCs in the
Degradation of MB

The photocatalytic activity of GO-TiO, NRCs is evaluated by
the degradation of MB (10 ppm) under UV light irradiation (A =
254 nm, 11 W, and the light intensity of 5.4 mW cm™2). The
photocatalytic degradation of MB is monitored by the UV-vis
absorption spectra of MB in aqueous solutions. The real-time
concentration of MB during photocatalytic degradation is
proportional to the normalized maximum absorbance. As shown
in Figure 4a, MB in water shows a strong absorption band
centered at 602 nm, which is assigned to the dimer of MB.1*’l
After photocatalytic degradation with P25 and OLA-TiO,, the
relative intensities of absorption band at 602 nm significantly
decrease to 32% and 30%, respectively. The absorption bands of
MB dimer at 602 nm has disappeared after photocatalytic deg-
radation by GO-TiO, NRCs and GO-P25 composites under UV

——OLA-TiO,
ol - GO-TiO, NRCs
rrrrrrrr Go
ok
1 " 1 1 1
200 400 600 800

Temperature (°C)

Figure 3. TGA curves of OLA-TiO,, GO-TiO, NRCs, and GO.
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Figure 4. a) UV-vis absorption of MB and MB after photocatalytic degradation by P25, OLA-
TiO,, GO-TiO, NRCs, and GO-P25 composites under UV light (A = 254 nm) for 15 min.

b) MB degradation rate (%) under UV light (A =254 nm) for 15 min.

light irradiation for 15 min. Detailed MB degradation rate by
P25, OLA-TiO,, GO-TiO, NRCs, and GO-P25 composites are
given by Figure 4b. It can be seen that the photocatalytic activity
on MB degradation significantly increases after self-assembling
TiO, nanorods or P25 on GO sheets.

The adsorption of contaminant molecule is helpful for the
increase of photocatalytic activity. The UV-vis absorption spectra
were tested for investigating the adsorption and desorption of MB
on GO. As shown in Figure 5a, the disappearance of the absorption
bands of MB at 602 nm suggests that MB is well-absorbed by GO
sheets. Because of similar conjugated aromatic cycles, the interac-
tion of m-conjugated and the ion-dipole interactions between GO
and MB will take place, which leads to the adsorption of MB by
GO sheets. However, the interaction of m-conjugated and the ion-
dipole interactions can be destroyed by adding the strong base,
NaOH. As shown from Figure 5a, the absorption band centered
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Figure 5. a) UV-vis absorption of 1) original MB solutions (10 ppm),

o e Tytic activity in the degradation of MB.

The absorption of the bonding GO-TiO,
NRCs plays an important role in the photocata-
lytic activity. As shown by Figure 5b, the OLA—
TiO, shows the absorption onset at 325 nm,
which indicates a strong quantum size effect
in TiO, nanorods of small diameter. After combined with GO,
the absorption onset of GO-TiO, NRCs has a significant red
shift to 400 nm, which is caused by the bonding effect between
GO and TiO,. Similar results were reported by Williams et al.
and Zhang et al.?2% However, the absorption onset of GO-P25
composites shows only a weak quantization of red shifts com-
pared with P25 due to fewer P25 nanoparticles anchored to the
GO sheets. The extended absorption is important for the photo-
catalytic application of GO-TiO, NRCs under visible light.

The efficient charge separation and transfer are crucial for
the enhanced photocatalytic activity of GO-TiO, NRCs. The
photoluminescence (PL) spectra of OLA-TiO,, GO-TiO, NRCs,
P25, and GO-P25 composites excited at 280 nm are given in
Figure 5¢ (The OLA-TiO, and GO-TiO, NRCs are dispersed
in tetrahydrofuran (THF) solution while the P25 and GO-P25
composites are dispersed in DI water, [TiO,] = 0.5 mol L.

=
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——GO-TiO, NRCs
——P25
——GO-P25

Norminized Intensity (a.u.)

200 400 600 800
Wavelength (nm)

d)
—0o—the first cycle by GO-TiO, NRCs
—0—the first cycle by GO-P25
—24—the second cycle by GU-TiOzNRCs
—wv—the second cycle by GO-P25
]
o

Time (min)

2) centrifuged upper clear solution of MB (10 ppm) and GO mixture (0.5 mg mL™"),

3) the centrifuged upper clear solution from MB (10 ppm), GO (0.5 mg mL™') and NaOH (0.5 mg mL™"), and 4) the solution (3) neutralized by
2 drops of 36.5% HCI, b) UV-vis absorption spectra of OLA-TiO,, GO-TiO, NRCs, P25, and GO-P25 composites. c) PL spectra of OLA-TiO,,
GO-TiO, NRCs, P25, and GO-P25 composites. OLA-TiO, and GO-TiO, NRCs were dispersed in THF for UV-vis absorption and PL testing while
P25 and GO-P25 composites were dispersed in DI water for UV-vis absorption and PL tests. d) Cyclic photocatalytic degradation experiments of MB
(50 ppm) by GO-TiO, NRCs and GO-P25 composites under UV light irridiation (4 =254 nm).
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Scheme 2. The mechanical illustration of high photocatalytic activity for GO-TiO, NRCs.

The OLA-TiO, shows a strong PL emission band at 345 nm,
which is assigned to the direct transition from X1b to X2b.[*!
After combined with GO, the PL spectrum of GO-TiO, NRCs
is completely quenched, which is caused by the electron
transfer from the CB of TiO, to GO. However, the percentage
of PL quenching for GO-P25 is only 70%. This is because only
part of P25 nanoparticles are anchored with the GO sheets.
According to the modified mechanism proposed by Hoffmann
et al.,*?l the remaining hole in TiO, nanorods can take part in
the redox reactions in the photocatalytic process. Yu et al. and
Kuo reported the electron in the CNT could react with absorbed
0, to form «OH.'"*I Since GO has the similar structure to
CNT, we speculate that the electron can transport along the GO
sheets and then react with the absorbed O, to form «OH for
the further photocatalytic degradation of MB. The schematic
illustration of the charge transfer and enhanced photocatalytic
activity by GO-TiO, NRCs is summarized in Scheme 2. The
effective charge transfer can reduce the charge recombination

4

C-0 c.c
'

286.8
284.7

Intensity (a.u.)

300 295 290 285 280
Binding energy (eV)

Figure 6. High-resolution XPS spectra in the Cls region a) GO,
b) GO-TiO, NRCs, and c) the DI water washed photocatalyzed mixture of
GO-TiO, NRCs (73 mg) and MB (5 mL, 0.010 mg mL™") under UV light
irradiation (A =254 nm) for 15 min.
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and increase the photocatalytic activity of
TiO, nanorods.

For investigating the long-term stability of
GO-TiO, NRCs under UV light irradiation,

H,0 the photocatalytic activities of GO-TiO, NRCs

(73 mg) on the degradation of MB (50 ppm)
under UV light irradiation during the photo-
catalytic degradation cycles were tested. For
comparison, the photocatalytic degradation of
MB by GO-P25 (73 mg) with the same GO/
TiO2 ratio was studied. As shown in Figure 5d,
the photocatalytic reactions apparently
obeyed first-order kinetics and the photo-
catalytic reaction can be simply described by
dC/dt = kC, where C is the concentration of
MB and k denotes the overall degradation
rate constant. The k (min™!) constants for
GO-TiO, NRCs at first cycle, GO-P25 com-
posites at the first cycle, GO-TiO, NRCs at
second cycle and GO-P25 composites at the
second cycle are 0.263, 0.197, 0.855, and 0.630, respectively. It
is apparent that the photocatalytic degradation rates of MB by
GO-TiO2 NRCs are faster than that by GO-P25 composites
during two cycles, which is due to the better contact between
GO and TiO2 nanorods and the more effective charge transfer
from TiO2 nanorods to GO sheets. It also can be seen that the
photocatalytic degradation rates of MB during the second cycle
are faster than that of the first cycle for both GO-TiO2 NRCs
and GO-P25 composites. During the photocatalytic process,
the GO sheets can be reduced by TiO, under UV light irradia-
tion.?2l As shown from the X-ray photoelectron spectroscopy
(XPS) spectra in Figure 6, the respective O:C atomic ratios for
GO, GO-TiO, NRCs, and GO-TiO, NRCs after the photocata-
lytic degradation of MB are 0.236, 0.213, and 0.164. It is clear
that the photocatalytic application of GO-TiO, NRCs under UV
light resulted in an evident decrease in oxygen content, which
will further enhance the conductivity of GO sheets. According
to the mechanism by Hoffman et al.*!l the higher conductivity
leads to more effective charge separation and more effective
antirecombination during photocatalytic process. Consequently,
the photocatalytic activity of GO-TiO2 NRCs will be improved
after the first photocatalytic cycle. The GO-TiO, NRCs with
high photocatalytic activity are promising for further applica-
tions in water treatment and dye-sensitized solar cells.

3. Conclusions

In summary, we have developed a water/toluene two-phase
process for self-assembling TiO, nanorods on the whole large
GO sheets. The GO-TiO, NRCs have much higher photocata-
lytic activity than GO-P25 and the original TiO, nanorods.
We also demonstrated the effective absorption of contaminant
MB by large GO sheets and the effective charge transfer from
TiO, nanorods to large GO sheets, which is the mechanism of
anti charge recommendation. Our present study provides an
excellent method for assembling and stabilizing the high-
quality organic soluble nanocrystals on large GO sheets. The
as-prepared stable GO-TiO, NRCs composites can be widely
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applied for water purification as well as optoelectronic applica-
tion at a large scale.

4. Experimental Section

Materials: Sodium nitrate (NaNOs, 99%), potassium permanganate
(KMnO,, 99%), hydrogen peroxide (H,0,, 35%), concentrated sulfuric
acid (H,SOy, 98%), oleic acid (OLA, 99%), concentrated hydrochloric
acid (36.5%), titanium tetraisopropoxide (Ti(OPri), or TTIP, 99%), and
trimethylamino-N-oxide dihydrate [(CH3);NO+2H,0] were purchased
from Sigma-Aldrich (Singapore). Methanol blue was purchased from
Reachin Company (Sweden). Natural graphite (SP1) was purchased
from Bay Carbon Company (USA). All solvents were purchased from
Merck Ltd (Singapore). The DI water was produced by our lab.

Synthesis of Graphene Oxide: The graphene oxide (GO) was
synthesized according to the modification of Hummers’ methods?* and
the process was described previously.[*4]

Synthesis of TiO, Nanorods: OLA-capped anatase TiO, nanorods
were synthesized by hydrolysis of titanium tetraisopropoxide (TTIP)
using oleic acid (99%) as surfactant at low temperatures following the
modified method published in the literature 2%l

Synthesis of GO-TiO, NRCs and GO-P25 Composites: GO (50 mg)
and DI water (100 mL) were added into a blue cap bottle (250 mL).
The mixture was then sonicated for 1 h to obtain clear solution. TiO,
nanorods (100 mg) dispersed in toluene (50 mL) was then added into
the blue cap bottle. The mixture was kept stirring for 24 h at room
temperature to ensure GO coordinated with Ti center on the surface
of TiO, nanorods. The as-prepared GO-TiO, NRCs were purified with
large amounts of acetone and centrifuged for 10 min at 10 000 rpm. The
obtained GO-TiO, NRCs was then washed by THF (100 mL) to get rid of
residual oleic acid thoroughly. The final GO-TiO, NRCs were then freeze-
dried at —50 °C for 48 h. For comparison test, GO (45 mg) and Degussa
P25 (100 mg) were added into DI water (200 mL). After the mixtures
were sonicated at room temperature for 2 h, the aforementioned mixture
were kept stirring for 24 h. The as-prepared GO-P25 composites were
centrifuged and free-dried for 24 h for further application.

Characterization: Transmission electron microscopy (TEM) and high-
resolution TEM (HRTEM) images were obtained using a JEOL 2010-H
microscope (TEM) operating at 200 kV. The samples for the analysis
were prepared by dropping dilute toluene solutions of OLA-TiO,,
dilute water solutions of GO and TiO, NRCs onto 400-mesh carbon-
coated copper grids and leaving the solvent to dry. X-ray powder
diffraction (XRD) patterns were taken on a D8-Advance Bruker-AXS
diffractometer using Cu Kot irradiation. FTIR spectra were recorded on
a Perkin Elmer GX FT-IR system using compressed KBr disc technique.
Thermogravimetric analysis (TGA) was performed under dry air using a
Perkin Elmer Thermogravimetric Analyzer TGA 7 with Thermal Analysis
Controller TAC 7/DX. The samples were heated from room temperature
to 900 °C at a rate of 10 °C min~'. XPS measurements were done by
using a Kratos Axis Ultra Spectrometer with a monochromic Al Ka
source at 1486.7 eV, with a voltage of 15 kV and an emission current
of 10 mA. The UV-vis absorption spectra were recorded by using an
Evolution 300 spectrophotometer, while photoluminescence (PL)
spectra were measured by using a Jobin-Yvon (Fluorolog-3) fluorescence
spectrophotometer.

Photocatalytic Experiments: The degradation of MB dyes under UV light
irradiation (4 = 254 nm, 11 W, and the light intensity of 5.4 mW cm™?)
was observed based on the absorption spectroscopic technique. Typically,
aqueous solution of the MB dyes (1 mL, 0.010 mg mL™) and the
photocatalysts (P25/OLA-TiO,/GO-TiO, NRCs/GO-P25 composites,
with the same TiO, mass of 200 mg) were added into DI water (50 mL)
in a cylindrical quartz vessel (150 mL), and the mixture solution was
diluted into 100 mL to make sure the MB concentration in the mixture
is 10 ppm. For the test of the photocatalytic degradation dynamics of
the MB dyes, aqueous solution of the MB dyes (5 mL, 0.010 mg mL™)
and the photocatalysts (73 mg GO-TiO, NRCs/GO-P25 composites,
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with the same TiO, mass of 50 mg) were used (the MB concentration
in the mixture was 50 ppm). Under ambient conditions and stirring,
the photoreaction vessel was exposed to the UV irradiation produced
by an 11 W high pressure Hg lamp with the main wave crest at 254 nm
and the light intensity of 5.4 mW cm™2. The photocatalytic reaction was
started by turning on the Hg lamp, and during the photocatalysis, all
other lights were isolated. After given time intervals, the photoreacted
solution (5 mL) was analyzed by recording variations of the absorption
band maximum (602 nm) in the UV-vis spectra of MB. All the GO-TiO,
NRCs and GO-P25 photoreacted solutions were centrifuged after adding
NaOH (20 mg) to make the desorption of MB from GO. The clear upper
solutions were then neutralized with concentrated HCl (0.1 mL, 36.5%)
before the UV-vis spectra test.
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