IS APPLIED MATERIALS

Research Article

INTERFACES

www.acsami.org

Facile Synthesis of One Dimensional AgBr@Ag Nanostructures and
Their Visible Light Photocatalytic Properties

Bo Li, Hua Wang,* Bowei Zhang, Pengfei Hu, Chang Chen, and Lin Guo*

School of Chemistry and Environment, Beihang University, Beijing 100191, People’s Republic of China

© Supporting Information

ABSTRACT: In this work, we successfully prepared one
dimensional (1D) AgBr@Ag nanostructures in high yield by a
facile wet chemical method, and the plausible growth
mechanism was discussed. The synthesis of as-prepared
AgBr@Ag nanostructure is a dissolution and recrystallization
process, and the PVP and DMSO have a synergistic and
competitive effect on the preparation of 1D AgBr@Ag
products. Moreover, the AgBr@Ag nanorods exhibit excellent
photocatalytic activities under visible light illumination, which
may be attributed to their large surface area as well as superior
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charge separation and transfer efficiency compared to AgBr@Ag particles.
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B INTRODUCTION

Progress in the synthesis of nano- or microstructures with
controlled morphology has led to their intriguing properties
and attractive applications, as well as industrial and environ-
mental benefits. Among various nano- or microstructures, one
dimensional (1D) nanostructures, including nanowires, nano-
rods, nanotubes, and nanobelts, have received especially
intensive research interests owing to their unique electronic,
optoelectronic, and electromechanical properties.' ™ Facing the
increasingly serious energy crisis and environmental pollution
issues, using solar energy in water splitting and degradation of
organic pollutants have received much attention.®”'* In
addition to the traditional photocatalyst TiO,, people showed
a growing number of interest in some new and visible-light-
responsive photocatalysts, such as BiVO,,"> AgX (X = (I,
Br),"*" (Ga,_,Zn,)(N,_,0,),*° Ag3PO4,21’22 AgZCrO4,23 and
so on. AgBr, as a high-quality photosensitive material for
photography traditionally, has attracted researchers’ attention
recently because of its excellent visible-light-response photo-
catalytic performance. However, the synthesis of AgBr
nanostructures with special morphologies has been rarely
reported.”* >’ Recently, we reported the successful synthesis of
AgBr polyhedra and nanoplates using simple wet chemical
methods, and investigated the morphological and facet effect on
its photocatalytic performance.'’™'**® Ye and colleagues have
developed an effective synthetic method for the preparation of
AgBr 1D materials via an in-situ oxidation method, and found
that AgBr core-shell nanowires revealed enhanced photo-
catalytic activities for MO degradation under visible light
illumination.*

In this work, we reported the synthesis of 1D AgBr@Ag
nanostructures in high yield by a facile wet chemical method
and proposed a plausible growth mechanism. In addition, the
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high efficiency of as-prepared AgBr@Ag nanorods for
degradation of organic contaminants under visible light
irradiation has been demonstrated.

2. EXPERIMENTAL SECTION

2.1. Preparation of AgBr@Ag Nanocrystals. In a typical
precipitation reaction synthesis, 54 mg of polyvinyl pyrrolidone
(PVP) (average MW 58000, K29-32, Acros) and 45 mg NaBr were
added into 30 mL dimethyl sulfoxide (DMSO)/distilled water (10/20,
V/V), fully dissolved. Then 10 mL CH;COOAg water solution (57
mg) was dropped to the prepared mixture solution under magnetically
stirring and kept for 30 min at 60 °C. The mixture placed in a 45 mL
Teflon-lined stainless steel autoclave for hydrothermal synthesis, which
was conducted at 130 °C for 12 h in an electric oven. The product was
washed with distilled water and dried at 60 °C under vacuum
condition.

2.2. Characterization. The products were characterized by SEM
(FEI Quanta 400, S KV), XRD (Rigaku Dmax 2200 X-ray
diffractometer with Cu Ka radiation), DRS (Pitachi U-3010
spectroscopy with BaSO, as reference), and BET (NOVA 2200e
surface area analyzer).

2.3. Photocatalytic Experiment. The potocatalytic degradation
of Rhodamine B (Rh B) and methyl orange (MO) dyes was carried
out in an aqueous solution at ambient temperature. A 0.1 g portion of
as-prepared photocatalyst was suspended in a 100 mL Rh B (33 mg/
L) or MO solution (33 mg/L). Prior to irradiation, the suspensions
were magnetically stirred in the dark for 30 min to establish an
adsorption/desorption equilibrium. The visible light source system
consisted of a 300 W Xe lamp with UV cutoff filter (providing visible
light with 4 > 400 nm).
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Scheme 1. Schematic Illustration for the Formation of the AgBr@Ag Nanorods
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3. RESULTS AND DISCUSSION

Using DMSO and H,O as solvents, PVP as a surfactant, we
prepared 1D AgBr@Ag nanocrystals by a two-step ion-
exchange process. As can been shown from Scheme 1, the
first step was carried out under low temperature, and the AgBr
nanocrystallines were obtained as seeds for the following
hydrothermal process. Figure 1A and B are typical scanning

Figure 1. Typical scanning electron microscopy (SEM) images of the
as-prepared AgBr@Ag nanorods at (A) low and (B) high
magnifications and AgBr@Ag nanowires at (C) low and (D) high
magnifications.

electron microscopy (SEM) images of the as-prepared AgBr@
Ag products, which show that the products are composed of
nanorods, which are 1.5-3 pm in length and 90—120 nm in
diameter. By minor changing the experiment control, the 1D
AgBr@Ag nanowires can be obtained, with length more than 6
pum and diameter smaller than 200 nm, as shown in Figure 1C
and D.

By adjusting the amount of DMSO, PVP, and reaction time,
we tried to study the possible growth mechanism of as-prepared
AgBr@Ag nanorods. Without hydrothermal process, only
irregular AgBr polyhedrons can be obtained, as shown in
Figure 2A. Whereas with the increment of hydrothermal time,
the AgBr polyhedrons will firstly turn small, suggesting that the
AgBr crystals are dissolved. As we know, DMSO is a strong
solvent that may dissolve the AgBr products, which has also
been reported in other groups.’® As reaction proceeds, the
dissolved AgBr will recrystallize and form 1D AgBr@Ag
nanostructures, as shown in Figure 2B—F. So the process is
just a dissolution and recrystallization process, like the Ostwald
ripening growth mechanism in the synthesis of other inorganic
nanomaterials.

Figure 2. SEM images of AgBr@Ag nanorods with different reaction
time: (A) without hydrothermal process; (B) 1; (C) 2; (D) 6; (E) 10;
(F) 14 h.

Supporting Information Figure SI1 shows the typical SEM
images of as-prepared products with different amount of added
PVP. It shows that with the increasing amount of the PVP
added, the ratio of AgBr nanoplates with exposed {111} facets
to the nanorods increased, suggesting PVP with an easily
polarized functional group “—C=0" in its repeated unit can
selectively adsorb on {111} facets, which is consistent with our
previous report.'”?" Thus, for obtaining good 1D AgBr
morphologies, suitable amount of PVP is needed.

By changing the ratio of DMSO to H,O, the AgBr products
evolved from small polyhedrons, through nanorods to nano-
wires, as shown in Figure 3. As mentioned before, DMSO can
dissolve the AgBr products, so with no DMSO added, the
products are polyhedrons just as the products with no
hydrothermal reaction process, while with the increment of
added DMSO, the AgBr polyhedrons can dissolve and
recrystallize to form 1D AgBr products. Besides being a
universal solvent, DMSO has an easily polarized functional
group “—S=0". “O” is negatively charged, can interact with
positively charged “Ag” and stabilize the AgBr {111} facets
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Figure 3. SEM images of as-prepared products with different added
ratio of DMSO to H,O: (A) 0/30; (B) 5/25; (C) 10/20; (D) 15/15;
(E) 20/10; (F) 25/5.

during the crystal growth process. Meanwhile, as mentioned
above, PVP as a non-ionic surfactant can stabilize AgBr {111}
facets, but the supramolecular interaction between DMSO and
PVP exists.>* > This supramolecular interaction may weaken
the adsorption capabilities of DMSO (“—S=0”) and PVP
(“—C=0") to AgBr {111} facets and strengthen the
adsorption capability of N atoms in the repeated unit of PVP
to AgBr {100} facets comparatively, so the 1D AgBr products
may be attributed to the synergistic and competitive effect of
DMSO and the PVP.

In addition, in the absence of H,O and only DMSO as the
solvent, there are compositions of irregular AgBr microspheres,
octahedras, and nanorods, as shown in Supporting Information
Figure SI2. On the other hand, using AgNO; instead of
CH,;COOAg as the source of Ag” ions, it can be seen that only
AgBr polyhedrons can be obtained, as shown in Figure SI2,
suggesting that CH;COOAg plays a very significant role on the
formation of 1D AgBr nanostructures. CH;COOAg with a low
dissociation constant in DMSO not only can slow the
formation of AgBr but also can facilitate the enough
competitive adsorption of DMSO and PVP to the AgBr
nanocrystals.

Figure 4A shows the XRD patterns of the as-prepared
AgBr@Ag nanorods. We can see that the sample consists of
face-centered cubic structure of AgBr (JCPDS no. 6-438) and a
small amount of Ag. DMSO has weak reducibility under the
high temperature, and the metal Ag should be brought by the
reduction of AgBr. The UV-visible diffuse reflectance spectra of
the AgBr@Ag nanorods show obvious absorption in the visible
region with wavelength larger than 500 nm compared to
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Figure 4. XRD patterns and typical UV—vis diffuse reflectance spectra
(DRS) of as-prepared AgBr@Ag nanorods.

irregular AgBr particles, manifesting the existence of a trace
amount of Ag. The corresponding XPS spectrum (Supporting
Information Figure SI3) shows peaks at 367.4 and 373.4 eV,
which should be assigned to Ag (I) 3ds), and 3d,,, while the
weak XPS peaks at 367.7 and 373.7 €V are assigned to Ag(0)
3ds), and 3d;/,, demonstrating the existence of Ag, and the
phenomena are consistent with the results of DRS.'
Meanwhile, the XRD and DRS of AgBr@Ag nanowires are
also characterized, as shown in Supporting Information Figure
SI4. It can be seen that there are some unknown peaks in the
XRD pattern, suggesting the nanowire products are impure,
and the DRS demonstrate that there are a trace amount of
metal Ag.

The photocatalytic properties of our AgBr-based products
are evaluated by photodegradation toward MO and Rh B dyes
under visible-light illumination. In the contrast experiment,
Ag;PO,, as a new type of highly efficient photocatalysts was
prepared, and its photocatalytic performance was investigated.>®
As shown in Figure SA, we can see both of the AgBr-based
photocatalysts have better photocatalytic performance than
Ag;PO, in photodegradation of MO. Meanwhile, it can be
clearly seen that the AgBr@Ag nanorods show highly
photocatalytic activity, and the photodegradation rate of MO
dyes over AgBr@Ag nanorods is at least 1.5 times faster than
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Figure S. Photodegradation of MO (A) and Rh B (B) dyes over the
as-prepared samples.

the irregular AgBr particles, as well as tens of times faster than
the highly efficient Ag;PO, photocatalyst. For the photo-
degradation of RhB dye, Ag;PO, has high activities than normal
AgBr particles, which may be due to its high oxidative activity of
its valence band potential, whereas the AgBr@Ag nanorods
have the comparable photocatalytic activities with Ag;PO,, as
shown in Figure SB. The Brunauer—Emmett—Teller (BET)
nitrogen adsorption analysis showed that the specific surface
areas of the AgBr@Ag nanorods was 7.03 m* ¢! . The superior
photocatalytic performance of AgBr@Ag nanorods should be
attributed to its high surface area to provide more active sites,
and its improved charge separation and transfer efficiency
compared to AgBr particles. The photocatalytic properties of
the as-prepared AgBr@Ag nanowires are very bad, which may
be due to its impurity phase.

4. CONCLUSION

In summary, we have successfully synthetized 1D AgBr@Ag
nanostructure and discussed the possible growth mechanism,
which is a dissolution and recrystallization progress, and the
PVP and DMSO have a synergistic and competitive effect on
the preparation of 1D AgBr@Ag products. Moreover, owing to
the large surface area, improved charge separation, and transfer
efficiency, AgBr@Ag nanorods exhibit excellent photocatalytic
activities under visible light illumination.
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