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raphene oxide (GO), an atomic thick
G nanosheet of covalently organized
two-dimensional lattice of carbon
atoms whose basal planes and edges are
decorated with various oxygen-containing
groups, has recently received considerable
attention as a novel cousin of graphene.' 3
This is essentially owing to its abundant
oxygen-containing functional groups such
as hydroxyl, epoxide, carbonyl, carboxyl,
etc., which favor its nice solubility in solvents
and provide fertile opportunities for the
construction of GO-based hybrid nano-
composites.' 3 So far, a paramount of GO-
involved nanostructures has been developed
aiming at manufacturing sophisticated ad-
vanced functional materials for potential ap-
plications in electronics and optoelectronics,*
chemical and biochemical sensors,> drug
delivery,® electrochemical pseudocapacitor,”
high efficiency catalysis, etc®~'°
Among various topics, the fabrication of
GO-involved catalysts,® '® especially those
for the photodegradation of pollutants,''®
is currently an important issue with particu-
lar concern. This is substantially promoted
by (i) the excellent transparency, extremely
high specific surface area, locally conju-
gated aromatic system, and unique elec-
tronic properties of the graphene-based
materials, making them ideal candidates
for catalyst carrier or promoter,®~'® (ii)
the severe environmental problem, which
requires highly efficient and durable photo-
catalysts for pollutant abatement. In this
regard, several well-defined hybridized
nanocomposites in terms of GO and con-
ventional semiconductors, typically exem-
plified by GO/TiO,, GO/Zn0, etc., have been
recently developed,’*~'® where the formu-
lated hybrids display enhanced photocatalytic
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ABSTRACT |In this paper, we have reported that well-defined graphene oxide (GO) enwrapped

Ag/AgX (X = Br, Cl) nanocomposites, which are composed of Ag/AgX nanoparticles and gauze-like GO

nanosheets, could be facilely fabricated via a water/oil system. We have shown that thus-

synthesized GO-based hybrid nanocomposites could be used as a stable plasmonic photocatalyst for

the photodegradation of methyl orange (MO) pollutant under visible-light irradiation. Compared

with the corresponding bare Ag/AgX nanospecies, the GO-involved nanocomposites (Ag/AgX/G0)

display distinctly enhanced photocatalytic activities. The hybridization of Ag/AgX with GO

nanosheets causes the nice adsorptive capacity of Ag/AgX/GO to MO molecules, the smaller size

of the Ag/AgX nanoparticles in Ag/AgX/GO, the facilitated charge transfer, and the suppressed

recombination of electron—hole pairs in Ag/AgX/GO. It is suggested that these multifactors,

resulting from the hybridization of GO, contribute to the enhanced photocatalytic performance

observed from Ag/AgX/GO. The investigation likely opens up new possibilities for the development of

original yet highly efficient and stable G0-based plasmonic photocatalysts that utilize visible light as

an energy source.
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performance. Nevertheless, besides the
conventional semiconductors,’”” ™7 it is still
highly desirable to develop unique yet
highly efficient hybridizers for the visible-
light drivable and recyclable GO-based
photocatalysts to provide more varied and
new opportunities for pollutant elimination
and to meet the demands of future envi-
ronmental issues.

Currently, visible-light-triggered plasmo-
nic photocatalysts have been recognized as
one of the most promising alternatives to
the traditional photocatalysts.°~3* It has
recently been demonstrated that several
silver/silver halide-based (Ag/AgX, X = Br,
Cl) nanomaterials could display excellent
plasmonic photocatalytic performance in
the degradation of pollutants under visi-
ble-light irradiation, although AgX species
are traditionally used as the primary source
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Figure 1. Typical picture indicating the preparation of Ag/
AgX/GO hybrid nanocomposites via a water/oil system at
room temperature.

materials in photographic film and are unstable upon
photoillumination.>>~3* Their nice response to visible
light could be attributed to the existence of metallic Ag
nanoparticles, which give rise to distinct plasmon
resonance in the visible region. The boosted photo-
catalytic activities are ascribed to an efficient charge
separation/transfer, which are favored by the existence
of metallic Ag nanoparticles in the system.?> 3% How-
ever, in these cases, tedious synthesis works, including
preparation of Ag/AgX species via ion exchange or
precipitation etc., are necessary. Consequently, a more
facile method is strongly desired.*

In this paper, we have newly fabricated an efficient
visible-light-driven plasmonic photocatalyst in terms
of Ag/AgX/GO nanocomposites, which is excellently
stable and could be facilely assembled via a water/oil
system. In virtue of the incompatibility between water
and chloroform, and by taking advantage of bromide
and chloride anions that existed in the chloroform
solution of cetyltrimethylammonium bromide (CTAB)
and cetyltrimethylammonium chloride (CTAC), respec-
tively, we have shown that Ag/AgBr/GO and Ag/AgCl/
GO hybrid nanomaterials with well-defined morphol-
ogies could be easily assembled via a water/oil
medium at room temperature, as shown in Figure 1.
Importantly, compared with the corresponding bare
Ag/AgX nanospecies, the Ag/AgX/GO hybrid nano-
composites display enhanced photocatalytic perfor-
mance for the photodegradation of methylene orange
(MO) dye under visible-light illumination. As far as we
know, this might be the first report concerning the
assembly of high-performance GO-involved plasmonic
photocatalysts. The investigation might open up new
possibilities for the development of original yet highly
efficient and stable GO-based plasmonic photocata-
lysts that utilize visible light as an energy source.

RESULTS AND DISCUSSION

Experimentally, as shown in Figure 1, our Ag/AgX/
GO hybrid nanocomposites could be facilely fabricated
by adding an aqueous solution of GO and silver nitrate
(AgNOs) dropwise into a chloroform solution of surfac-
tants (CATB or CTAC) successively. The corresponding
Ag/AgX species could also be facilely obtained via an
allied process when only AgNO; but no GO nanosheet
was involved. An opaque system with a yellowish and
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Figure 2. Typical SEM images of the synthesized Ag/AgBr
(A), Ag/AgBr/GO (B), Ag/AgCl (C), and Ag/AgCl/GO (D) nano-
species.

white yellowish color was obtained in sequence, re-
spectively, after the dropwise addition of an aqueous
solution of GO nanosheet and AgNOs into a chloroform
solution of surfactants. This is owing to the incompat-
ibility between water and chloroform and the forma-
tion of the target nanostructures.®® The morphologies
of the produced nanostructures were characterized by
scanning electron microscopy (SEM), as shown in
Figure 2. It can be seen that nanoparticles with an
average diameter of ca. 500 nm could be obtained in
the cases of Ag/AgX nanospecies. Well-defined nano-
spheres, whose average diameter is ca. 200 nm and
whose surface is distinctly enwrapped with gauze-like
GO nanosheets, could be obtained in the cases of Ag/
AgX/GO hybrid nanocomposites. The smaller size of
Ag/AgX nanospheres observed from the Ag/AgX/GO
systems compared with that of the corresponding Ag/
AgX systems might be due to the existence of GO
nanosheets in these systems because it has recently
been demonstrated that GO, an unconventional am-
phiphile, could act as a surfactant in an oil—water
system,*® which might be able to further improve the
dispersibility of water phase in the chloroform solution
of surfactants.

Generally, bare AgX species could only display dis-
tinct absorption in the ultraviolet region but negligible
absorption in the visible region.?>2¢282%3% Thys-pro-
duced nanostructures were subjected to the UV—vis
spectral measurements. As shown in Figure 3, it can be
seen that all of the investigated Ag/AgX-involved
species display strong absorption both in the ultravio-
let and visible regions. This suggests the existence of
metallic Ag species in all of our samples, which could
arouse plasmon resonance absorptions in the visible
region.>>3%** The absorption spectra of Ag/AgX/GO
nanocomposites display a distinct absorption of GO at
ca. 238 nm, confirming the existence of GO sheets in
these systems.?” In order to verify the hybridization of
Ag/AgX with GO in Ag/AgX/GO systems, their Fourier
transform infrared spectra (FT-IR) together with that of
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Figure 3. Typical UV—vis spectra of Ag/AgBr (a), Ag/AgBr/
GO (b), Ag/AgCl (c), and Ag/AgCl/GO (d) nanospecies.
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Figure 4. Typical FT-IR spectra of the powdery GO (a), Ag/
AgBr/GO (b), and Ag/AgCl/GO (c) nanostructures.

powdery GO were measured as presented in Figure 4. It
could be seen that the powdery GO displays several
characteristic bands at 1731, 1625, 1425, 1222, and
1051 cm™', which are ascribed to the C=0 carbonyl
stretching, the vibrations of the adsorbed water mol-
ecules, the skeletal vibrations of unoxidized graphitic
domains, the O—H deformation vibration, and the
C—OH and C—O stretching, respectively.>®3° The
C=0 carbonyl stretching band at 1731 cm ™' observed
from the powdery GO shifts to lower wavenumber,
1704 cm ', for Ag/AgX/GO systems, indicating the
evident interactions between the Ag/AgX nanoparti-
cles and GO nanosheet.*®*' This result confirms the
successful hybridization between Ag/AgX nano-
spheres and GO nanosheets.

The photocatalytic performance of our Ag/AgX-in-
volved nanocomposites in terms of photodegradation
of MO molecules under visible-light irradiation was
investigated. As it is known, the adsorptive capacity
of catalysts for the pollutant molecules is one of
the crucial factors required for nice photocatalytic
activity.'*'**? A dark adsorption was carried out for
30 min prior to the visible-light irradiation to achieve
an equilibrium adsorption state. As shown in Figure S1
in the Supporting Information, compared to the bare
Ag/AgX nanospecies, the corresponding Ag/AgX/GO
hybrid nanocomposites exhibit a higher adsorptive
capacity for MO molecules. This could be attributed
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Figure 5. (A) Photocatalytic activities of Ag/AgBr (a) and Ag/
AgBr/GO (b) nanospecies for photodegradation of MO mole-
cules under visible-light irradiation. (B) Those of Ag/AgCl
(a) and Ag/AgCl/GO (b) nanospecies.

to the hybridization of GO nanosheets in these sys-
tems, which have been proven to facilitate the adsorp-
tion of pollutant molecules, owing to the noncovalent
intermolecular 71— interactions between the pollu-
tant molecules and GO-based hybrids.*'*'® As pre-
sented in Figure S1, the photodegradation of MO was
monitored by measuring its real-time UV—vis absorp-
tion spectra, where it is found that the absorption of
MO at 463 nm decreases continuously with increasing
irradiation time. These results suggest that our Ag/
AgX-involved nanostructures could work as plasmonic
photocatalysts?® >* for the photodegradation of MO
pollutant.

As shown in Figure 5, when the bare Ag/AgX nanos-
pecies are employed as photocatalysts, ca. 25% of MO
molecules are decomposed after being irradiated for
40 min under our experimental conditions. In contrast,
when Ag/AgBr/GO and Ag/AgCl/GO hybrid nanocom-
posites are used as photocatalysts, ca. 85 and 71% MO
molecules are decomposed, respectively, under similar
experimental conditions. Accordingly, it could be seen
that the photocatalytic activities of Ag/AgBr/GO and
Ag/AgCl/GO hybrid nanocomposites are essentially
higher than those of the corresponding bare Ag/AgX
nanospecies by a factor of ca. 3.5 and 2.8, respectively.
This suggests that the photocatalytic performance
of our plasmonic photocatalysts, Ag/AgX, could be
distinctly enhanced via hybridization with GO nano-
sheets. Moreover, the stability of our Ag/AgX/GO-
based plasmonic photocatalysts was evaluated in
terms of performing the MO bleaching reactions
repeatedly five times, as shown in Figure 6. The
photocatalytic efficiency only displays slight decrease
without significant loss of activities after the reaction is
performed consecutively five times. The morphology
of the catalysts does not display significant changes
after the bleaching reactions, as suggested by the SEM
shown in Figure S2 in the Supporting Information.
These results suggest that our Ag/AgX/GO hybrid
nanocomposites are efficient and stable visible-light
plasmonic photocatalysts>>—>* for the photocatalytic

VOL.5 = NO.6 = 4529-4536 = 2011 ACS

N TANKA
NANO

WWww.acsnano.org

J1O1LdV

4531



Figure 6. Five consecutive cycling photodegradation curves of MO dye over Ag/AgBr/GO (A) and Ag/AgCl/GO (B) hybrid

nanocomposites, respectively.
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Figure 7. Typical Raman spectra of the G-band of the pow-
dery GO naonsheets (a), Ag/AgBr/GO (b), and Ag/AgCl/GO
(c) hybrid nanocomposites.

decolorization of MO molecules. The slight decrease of
the activity during the recycling reactions could be
attributed to the loss of some of the catalysts during
the photocatalytic performances since the dosage of
the catalysts is very small, as suggested by other
researchers.*® The loss of the catalysts might also be
due to the nice dispersibility of Ag/AgX/GO species in
aqueous solutions, which is favored by the nice solu-
bility of GO nanosheets in aqueous systems.>>® This
makes it easy for some of the catalyst to be taken away
from the photocatalytic system during the real-time
sampling procedure.

As it is widely known, an efficient charge separation/
transfer is crucial for the enhancement of the photo-
catalytic activities.">"”~'® It has been shown that a
novel hybrid nanocompsite, Ag/AgX/TiO,, could exhi-
bit improved photocatalytic activities, where it is sug-
gested that the facilitated charge separation/transfer,
favors its excellent performance.? In this case, TiO,
and Ag/AgX species work as electron acceptor and
electron donor, respectively. On the other hand, GO/
TiO, hybrid nanocomposites have more recently been
reported to be superior photocatalysts in photodegra-
dation of pollutant molecules. Herein, their excellent
photocatalytic performance has been attributed to
the efficient electron transferring from TiO, to GO
species, where GO and TiO, have been verified to act
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as electron acceptor and electron donor, respec-
tively."? Thus, it is reasonable to assume that a rein-
forced charge separation/transfer might be achieved
in our Ag/AgX/GO hybrid nanocomposites, where GO
and Ag/AgX might act as electron acceptor and elec-
tron donor, respectively.

As known, the occurrence of charge transfer be-
tween GO and the hybridized components could be
verified by the Raman spectra, where it has been
demonstrated that the G-band of GO nanosheets shifts
to lower frequency when GO is hybridized with an
electron donor component, while it shifts to higher
frequency when an electron acceptor component is
hybridized.**~*® The Raman spectra of our Ag/AgX/GO
hybrid nanocomposites together with that of powdery
GO nanosheets were measured. As shown in Figure 7, a
G-band at ca. 1600 cm™', which is typical Raman
features of GO nanosheets, could be observed from
the original powdery GO species.”’ In contrast, the
G-band shifts by 10 cm ™' to a lower frequency at
1590 cm ™' for Ag/AgX/GO hybrid nanocomposites.
This result confirms the occurrence of charge transfer
between Ag/AgX and GO of our GO-based hybrid
nanocomposites, where Ag/AgX and GO species work
as electron donor and electron acceptor components,
respectively.** ¢

Moreover, the X-ray photoelectron spectroscopy
(XPS) of our Ag/AgX/GO hybrid nanocomposites to-
gether with that of the bare Ag/AgX nanospecies was
examined, as shown in Figure 8. For Ag/AgX nanoma-
terials, two bands at ca. 367.5 and 373.5 eV, ascribed to
Ag 3ds,, and Ag 3ds,, binding energies,**~ 28 respec-
tively, are observed. These two bands could be further
deconvoluted into two peaks, respectively, at 367.5,
368.8 eV and 373.5, 374.6 eV, where the bands at
367.5 and 373.5 eV are attributed to the Ag™ of AgX,
and those at 368.8 and 374.6 eV are ascribed to the
metallic Ag®. Similar results are reported by other
researchers.?~2% The calculated surface mole ratio of
the metallic Ag® to Ag™ is ca. 1:16. These results verify
the existence of metallic Ag® in our Ag/AgX species,
as suggested by the UV—vis spectra. In the cases of
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Figure 8. Typical XPS spectra of Ag 3d of Ag/AgX and Ag/
AgX/GO nanostructures.

GO-based hybrid nanocomposites, Ag/AgX/GO, the Ag
3ds,; and Ag 3ds,, peaks shift to higher binding
energies to 368.3 and 374.3 eV, respectively. The
deconvolution of these two bands gives out peaks at
368.3,369.7 eV and 374.3,375.6 eV, respectively. Those
at 368.3 and 374.3 eV could be ascribed to the Ag™ of
AgX, while those at 369.7 and 375.6 eV are ascribed to
the metallic Ag®, all of which display nearly 1 eV shift to
higher binding energy compared with those of the
corresponding bare Ag/AgX species. These results
confirm the existence of metallic Ag® in our Ag/AgX/
GO hybrid nanocomposites, and it further verifies that
the Ag/AgX species of our GO-based hybrid nanocom-
posites might indeed work as electron donor when
hybridized with GO nanosheets.*® Similar to that of Ag/
AgX species, the calculated surface mole ratio of
metallic Ag® to Ag™ in GO-based hybrid nanocompo-
sites is also ca. 1:16.

As shown Figures S3—S6 in the Supporting Informa-
tion, both the Raman spectra and XPS spectra of our
Ag/AgX/GO hybrid nanocomposites only display slight
changes after the photocatalytic performance. These
results further confirm that our Ag/AgX/GO nanocom-
posites have nice stability during the photocatalytic
operations.

On the basis of the above-mentioned experimental
facts and analysis, we could propose an explanation for
the enhanced photocatalytic performance observed
from our Ag/AgX/GO hybrid nanocomposites. The
distinct plasmon absorption in the visible region,
which is aroused by the existing metallic Ag° species,
makes our photocatalysts visible-light drivable.?> 3
During the dark adsorption, MO molecules are inclined
to be adsorbed on Ag/AgX/GO hybrid nanocompo-
sites, through noncovalent 7—z intermolecular
interactions.'*''® This nice adsorptive capacity of

METHODS

Materials. Silver nitrate (AgNOs, Beijing Yili Fine Chemical
Co., Ltd., 99.5%), cetyltrimethylammonium bromide (CTAB, Alfa
Aesar, 99%), cetyltrimethylammonium chloride (CTAC, Alfa

ZHU ET AL.

Ag/AgX/GO to MO molecules might contribute partially
to the enhanced photocatalytic activity of the Ag/
AgX/GO hybrid species, as suggested by other
researchers.'>'*1%42 On the other hand, the size of
Ag/AgX nanospecies in the case of Ag/AgX/GO hybrid
nanocomposites is smaller than that of bare Ag/AgX
nanospecies, which might also contribute partially to a
nice photocatalytic performance.** Moreover, as de-
duced from refs 12 and 32 and suggested by our
Raman spectra and XPS spectra, Ag/AgX and GO
components might serve as electron donor and elec-
tron acceptor, respectively, in the Ag/AgX/GO hybrid
nanocomposites. As a result, the photogenerated elec-
trons could migrate into GO nanosheets through
a percolation process during the photocatalytic
performance.'** This could essentially promote the
charge separation/transfer and thus suppress the
charge recombination of electron—hole pairs, enhan-
cing the photocatalytic performance.'? 62373934 |
could be seen that the hybridization of Ag/AgX with
GO nanosheets favors the nice adsorptive capacity of
Ag/AgX/GO to MO molecules, the smaller size of the
Ag/AgX nanoparticles in Ag/AgX/GO, the facilitated
charge transfer, and the suppressed recombination
of electron—hole pairs in Ag/AgX/GO, which might
conjointly contribute to the enhanced photocatalytic
performance.

CONCLUSION

In summary, we have shown that a unique yet highly
efficient visible-light-driven plasmonic photocatalyst
based on Ag/AgX/GO hybrid nanocomposites with
enhanced photocatalytic activity and excellent stability
could be facilely produced via a water/oil system at
room temperature. It is suggested that the nice ad-
sorptive capacity of Ag/AgX/GO nanospecies to MO
molecules, the smaller size of Ag/AgX nanoparticle in
the GO-involved hybrid nanocomposites, the rein-
forced charge transfer, and the suppressed recombi-
nation of electron—hole pairs in Ag/AgX/GO, which
result from hybridization of Ag/AgX with GO na-
nosheets, contribute to the enhanced photocatalytic
activity. The results indicate that our photocatalysts
have potential application for pollutant abatement. As
far as we know, this might be the first report concern-
ing the assembly of high-performance GO-involved
plasmonic photocatalysts. The investigation opens up
new opportunities for the development of new GO-
involved plasmonic photocatalysts that utilize visible
light as an energy source.

Aesar, 95%), and graphite powder (Alfa Aesar, 325mesh,

99.9995%) were used as received without further treatments.
Preparation of Graphene Oxide (GO) Nanosheets. GO nanosheets

were prepared by chemical exfoliation of the graphite powder
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by using a modified Hummers' method.***! Typically, 1 g of
graphite powder was added to 23 mL of cooled (0 °C), con-
centrated H,S0,, after which 3 g of KMnO,4 was added gradually
under vigorous stirring. During this process, the temperature of
the mixture was maintained below 20 °C using an ice bath. The
mixture was further stirred at 35 °C for 30 min. Subsequently,
46 mL of ultrapure Milli-Q water was slowly added to the system,
and the temperature of the system was increased to 98 °C. The
mixture was maintained at that temperature for 15 min. The
reaction was terminated by adding 140 mL of ultrapure Milli-Q
water, which was followed by 10 mL of 30% H,0, solution. The
solid product was separated by centrifugation and washed
repeatedly with 5% HCl solution until sulfate could not be
detected with BaCl,. Then the sample was dried in a vacuum
oven at 25 °C overnight.

To obtain GO nanosheets dispersed in water, 100 mg of
thus-synthesized dried solid product was added to 50 mL of
ultrapure Milli-Q water, after which the system was treated with
an ultrasonic homogenizer (Ningbo Scientz Biotechnology Co.,
Ltd., Scientz-Il D, frequency = 20 kHz, output power = 400 W) for
1 h. Subsequently, the suspension was repeatedly treated by
high-speed centrifugation (8000 rpm, 5 min) four times to
remove impurities. The mass concentration of the obtained
aqueous GO nanosheet dispersion was estimated to be
TmgmL".

Synthesis of Ag/AgX/GO and Ag/AgX Nanostructures. In a typical
process, a 400 ulL aqueous solutions of GO nanosheet
(1 mg mL™") and a 500 uL aqueous solution of AgNO; (0.1 mol
L") were added dropwise into a 10 mL chloroform solution of
CTAB or CTAC (8.23 x 10> mol L™") successively within 10 min
under magnetic stirring. The vigorous stirring was maintained
for another 20 min, after which a milky dispersion containing
Ag/AgX/GO hybrid nanocomposites was obtained. The result-
ing white yellowish solids were collected by centrifugation
(10000 rpm, 10 min) and washed thoroughly first with ethanol
and then with ultrapure Milli-Q water by repeating centrifuga-
tions. When only AgNO; species but no GO nanosheets were
employed, the corresponding Ag/AgX species could also be
thus synthesized via a parallel process. Note that the above-
mentioned synthesis works were performed without being
protected from the ambient light. On the other hand, we also
carried out our synthesis works in a strictly darkened room,
where there was only a weak infrared lamp on the wall. In these
cases, as shown in Figure S7 in the Supporting Information,
thus-obtained products display almost no plasmon resonance
absorptions in the visible region, suggesting that the genera-
tion of the Ag® species could be nearly forbidden under this
circumstance. This deduction was further confirmed by the XPS
spectra of thus-synthesized catalysts, where only distinct bands
attributed to Ag™ but almost no bands ascribed to Ag® could be
detected, as shown in Figure S8. This result confirms that the
generation of Ag® species in our catalysts might be result from
the ambient light.

Photocatalytic Performance. In a typical performance, photo-
catalysts were dispersed in a 12 mL of aqueous solution of
methyl orange (MO) dye (15 mg L™").The dispersion was keptin
the dark for 30 min for dark adsorption experiment, after which
the photodegradation was carried out. The dark adsorption
time was designed to be 30 min because it was found that,
when a longer adsorption time, say 48 h, was employed, similar
results were obtained. The light source was a 500 W xenon arc
lamp installed in a laboratory lamp housing system (CHF-XM35-
500 W, Beijing Trusttech Co. Ltd., China). Before entering the
reactor, the light passed through a 10 cm water filter and a UV
cutoff filter (>400 nm). Aliquots of dispersion (0.3 mL) were
taken out from the reaction system for the real-time investiga-
tion. For the evaluation of the photocatalytic activities, C is the
concentration of MO molecule at a real-time t, and Cj is that in
the MO solution immediately before it is kept in the dark.2> For
comparison, blank experiments without illumination have also
been carried out. As shown in Figure S9 in the Supporting
Information, negligible degradation of MO molecules could be
observed in these cases.

The amount of our photocatalysts employed for the photo-
catalytic performance was estimated by drying the products at
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room temperature under vacuum for 72 h. We found that the
amount of Ag/AgBr, Ag/AgBr/GO, Ag/AgCl, and Ag/AgCl/GO
was evaluated to be ca. 7.7, 7.4, 7.4, and 7.3 mg, respectively.
Note that the amount of Ag/AgBr/GO (7.4 mg) and Ag/AgCl/GO
(7.3 mg) species was unexpectedly a little bit smaller than that of
Ag/AgBr (7.7 mg) and Ag/AgCl (7.4 mg) species, respectively.
Operationally, during our synthesis process, we found that
supernatant with a white yellowish color was always inevitably
taken out during the washing of Ag/AgX/GO species, no matter
how large the centrifugation speed was. This could naturally
result in a loss of some of the formed Ag/AgX/GO nanospecies.
The loss of the Ag/AgX/GO might be due to their nice dispersi-
bility in aqueous solutions, which is promoted by the good
solubility of GO nanosheets in aqueous systems.>*® This makes
it easy for some of the Ag/AgX/GO species to be taken away with
supernatant during the washing process, resulting in the smaller
amount of the obtained Ag/AgX/GO species. Accordingly, from
this point of view, the photocatalytic activity of Ag/AgX/GO
compared with that of the corresponding Ag/AgX species is
actually at a disadvantage owing to the smaller amount of their
virtual Ag/AgX content, although the GO's content in Ag/AgX/GO
species could not be estimated at the present stage.

Apparatus and Measurements. JASCO UV-550 and JASCO IR-660
spectrometers were employed for the UV—vis and FT-IR spectral
measurements, respectively. The SEM measurements were
performed by using a Hitachi S-4800 system. X-ray photoelec-
tron spectroscopy (XPS) was performed on an ESCALab220i-XL
electron spectrometer from VG Scientific using 300 W Al Ko
radiation. The binding energies were referenced to the C1s line
at 284.8 eV from adventitious carbon. The Raman spectra were
recorded on a Renishaw inVia plus Raman microscope using a
514.5 nm argon ion laser. All of the measurements were carried
out at room temperature.
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