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ABSTRACT: The fabrication of microstructures/nanostruc-
tures of a uniform yet well-defined morphology has attracted
broad interest from a variety of fields of advanced functional
materials, especially catalysts. Most of the conventional methods
generally suffer from harsh synthesis conditions, requirement of
bulky apparatus, or incapability of scalable production, etc. To
meet these formidable challenges, it is strongly desired to
develop a facile, cost-effective, scalable method to fulfill a
morphology purification. By a precipitation reaction between
AgNOj; and KI, we report that irregular Agl structures, or their
mixture with towerlike Agl architectures could be fabricated.
Compared to the former, the mixed structures exhibit enhanced
catalytic reactivity toward the photodegradation of Methyl
Orange pollutant. However, its catalytic durability, which is one of the most crucial criteria that are required by superior catalysts,
is poor. We further show that the irregular structures could be facilely removed from the mixture via a Kl-assisted chemical
dissolution, producing Agl of a uniform towerlike morphology. Excitingly, after such simple morphology purification, our
towerlike Agl displays not only a boosted catalytic durability but also an enhanced catalytic reactivity. Our chemical dissolution-
based morphology purification protocol might be extended to other systems, wherein high-quality advanced functional materials
of desired properties might be developed.
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1. INTRODUCTION

Recently, microstructures/nanostructures of a well-defined yet
uniform morphology have attracted broad interest. This stems
from their interesting shape-dependent properties, which
provide them with abundant opportunities as advanced
functional materials in a wide variety of fields, including sensor,
energy harvesting/conversion/storage, optoelectronics, cata-
lysts, etc.'™'? First, advanced functional materials of a uniform

synthesis, which could be realized by capping agent-assisted
fabrication, seed/template-directed fabrication, etc., or by a
strict adjustment of the synthesis parameters. Nevertheless, the
use of diverse templates, seeds, capping agents, or the
involvement of numerous chemical reagents, commonly
makes this protocol a tedious work.'* Meanwhile, it sometimes
is necessary that the fabrication has to be performed with an
accurate consideration of the experimental parameters, since

morphology endow researchers with an ideal model scientific
forum to disclose the correlation between morphology and
function, which is an issue of general concern in modern
materials science. Second, by taking the advantage of this issue,
an optimized selection of innovative advanced functional
materials with desired properties might be developed.'™'?

To realize these issues, one of the most critical prerequisites
is to obtain well-defined microstructures/nanoarchitectures of a
uniform morphology. In this regard, two strategies are
frequently employed.">™° The first way is a controllable
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only a slight change in the synthesis conditions would lead to
products of distinct morphologies.””*® As a complementary
protocol, a post-treatment of the structures is another way to
achieve a uniform morphology."® Several sophisticated
methods, including diverse variants of chromatography,
centrifugation, electrophoresis, filtration, etc, have been
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successfully used to obtain well-defined structures of a uniform
morphology.’*™'® However, most of these methods generally
suffer from either the requirement of bulky and expensive
apparatus, laborious operations, or incapability of scalable
production, etc.’>71923 To meet these formidable challenges, it
is strongly desired to develop a cost-effective, facile, scalable
method to fulfill the morphology purification.

Among various advanced functional materials of morphol-
ogy-sensitive uses, catalysts of a unique shape have received
particular attention.””*”® In the frontier area of advanced
catalysts, numerous efforts have been devoted to develop high-
performance photocatalysts for environmental issues, especially
for photodegradation of organic pollutants.’'~*° While the
traditional semiconductor-based photocatalysts have witnessed
a tremendous development in this direction,>>>* the inaugura-
tion of new-type catalytic species has currently been considered
to be an important issue to achieve high-quality photo-
catalysts,>"3>3° 73941746 wherein those based on silver halide
(AgX, where X = Cl, Br, I) have recently gained much
attention.'"*’~%* This is due to their outstanding visible-light-
driven catalytic reactivity. Nevertheless, despite the numerous
successes in enhancing their catalytic reactivity, their unsat-
isfactory durability is a tough challenge that is encountered by
scientists.

To tackle these challenges, we report herein our new findings
that Agl-based photocatalysts of distinct morphologies, to say,
ill-defined irregular Agl structures, or their mixture with
towerlike structures, could be fabricated by a precipitation
reaction between AgNOj; and KI. Compared to the former, the
mixed structures display superior catalytic reactivity toward the
photodegradation of Methyl Orange (MO) pollutant under
visible-light or sunlight irradiations. However, they unfortu-
nately exhibit poor catalytic durability. Interestingly, we showed
that Agl of a well-defined yet uniform towerlike morphology
could be facilely produced after the mixed structures were
immersed in a KI aqueous solution under ambient conditions.
More excitingly, a boosted catalytic durability and an enhanced
catalytic reactivity were achieved simultaneously after such
simple morphology purification, wherein the catalytic reactivity
of our towerlike Agl displayed only slight fluctuations after the
catalytic reactions were performed 20 times continuously and
consecutively.

The significance of our investigation is two-fold. First,
considering the diversity of the microstructures/nanostructures
and their multifunctionality, our morphology purification
protocol in terms of a simple chemical dissolution might be
extended to some other microsystems/nanosystems, wherein
advanced functional materials of a well-defined uniform
morphology and desired functions might be easily produced
in a large scale. Second, but not least, taking into account the
general concerns of catalysts, our work might initiate new and
varied ideal for high-quality catalysts of a boosted durability and
catalytic reactivity, which are subjects of paramount importance
in modern materials science.

2. MATERIALS AND METHODS

2.1. Materials. Silver nitrate (AgNO;, Alfa Aesar, >99.9%),
potassium iodide (KI, Sinopharm Chemical Reagent Co., Ltd,,
>99.0%,), and Methyl Orange (MO, Alfa Aesar, >98%) were
used as received, without additional treatment.

2.2. Synthesis of Agl-Based Structures. In a typical
synthesis process, a 2.4 mL aqueous solution of AgNO; (0.5
M) was added dropwise into a 20 mL aqueous solution of KI
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(0.05 M) within ca. 4 min at room temperature under vigorous
magnetic stirring. An opaque dispersion with a yellowish color
was obtained immediately after the addition of AgNO;.
Subsequently, the stirring was continuously maintained for
another 20 min. The resultant precipitates were collected and
washed thoroughly with ultrapure Milli-Q water via repeating
centrifugation (8000 rpm, S min). For the synthesis of the
mixture of irregular and towerlike Agl structures, almost similar
operations were carried out, except that a 0.8 mL aqueous
solution of AgNO; was used.

2.3. Morphology Purification via a Kl-Assisted
Chemical Dissolution. The mixture of the as-fabricated
irregular and towerlike Agl structures (800 mg) was dispersed
into an aqueous solution of KI (0.5 M 400 mL) at room
temperature under vigorous stirring. The stirring was
continuously maintained for 30 min, after which the products
were collected and washed thoroughly with ultrapure Milli-Q
water by means of repeating centrifugation (8000 rpm, S min).
Yellowish solids of ca. 520 mg were obtained.

2.4. Photocatalytic Experiments. For the photocatalytic
experiments driven by visible-light irradiation, our Agl
structures (40 mg) were dispersed in a 6 mL aqueous solution
of Methyl Orange (MO, 15 mg L™"), wherein a quartz cuvette
was used as the reactor. A 500-W xenon arc lamp installed in a
laboratory lamp housing system (CHF-XM35-5S00 W, Beijing
Trusttech Co., Ltd,, China) was employed as the light source.
The light passed through a 10-cm water filter and a UV cutoff
filter (>400 nm) before entering the reactor. The reaction
system was kept for 30 min in a darkroom to achieve an
equilibrium adsorption state before visible-light irradiation.
During the reaction, aliquot of the dispersion (250 uL) was
taken out from the system for real-time sampling. The
degradation reaction was monitored by measuring the real-
time UV-vis absorption of MO at 463 nm. For the evaluation of
the catalytic activities, C is the concentration of MO at a real-
time t, and C, is the concentration of the MO solution
immediately before it was kept in darkness. The rate constant
of the reaction was deduced by a kinetic linear simulation of the
experimental result.

In the cases of the catalytic reactions driven by sunlight
irradiation, almost similar experimental conditions were
applied, except that the reaction systems were irradiated
directly by sunlight. Practically, these experiments were
operated at the same time and in the same place with the
same sunlight intensity (ca. 50 mW cm™2) to make the data
reasonably comparable. In these cases, the recycling experi-
ments could be carried out only when the weather conditions
permit sunlight of the same intensity.

2.5. Apparatus, Characterizations, and Measure-
ments. The scanning electron microscopy (SEM) measure-
ments were carried out on a Hitachi Model S-4800 system,
wherein an accelerating voltage of 10 kV was employed. The
energy-dispersive X-ray spectroscopy (EDX) was measured
with a Horiba Model EMAX X-act energy-dispersive spectros-
copy device that was attached to the Hitachi Model S-4800
system. In this case, an accelerating voltage of 15 kV was
employed. X-ray photoelectron spectroscopy (XPS) was
performed on a VG Scientific Model ESCALab220i-XL
electron spectrometer using 300 W Al Ka radiation. The
binding energies were referenced to the C Is line at 284.8 eV
from adventitious carbon. X-ray diffraction (XRD) measure-
ments were performed on a PANalytical X'Pert PRO
instrument with Cu Ko radiation. UV-vis diffuse reflectance
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spectra were obtained on an UV-vis spectrophotometer
(Hitachi, Model U-3900) using BaSO, as references. The
MO degradation was monitored using a Hitachi U-3900
spectrophotometer. The specific surface areas of our Agl-based
structures were measured by means of nitrogen gas adsorption
at —196 °C using a TriStar II 3020 (Micromeritics, USA) after
the samples were degassed under vacuum at 120 °C overnight,
and the specific surface areas were estimated in terms of the
Brunauer—Emmett—Teller (BET) method. All the measure-
ments and experiments were carried out at ambient temper-
ature except where noted.

3. RESULTS AND DISCUSSION

3.1. Fabrication and Characterization of the Agl
Structures. As illustrated in Figure 1A, for a typical fabrication,

Figure 1. (A) Photographs for the fabrication of Agl structures. (B)
Scanning electron microscopy (SEM) image of the irregular Agl
structures. [Inset in panel (B) shows a high-magnification SEM
image.] (C) SEM image of the mixed structures.

an AgNO; aqueous solution was added dropwise into a KI
aqueous solution under vigorous stirring at room temperature.
A yellowish opaque dispersion was obtained immediately after
the addition of AgNOj;. The stirring was maintained for 20 min,
after which the products were collected by centrifugation and
washed thoroughly with ultrapure Milli-Q water. As shown in
Figure 1B, ill-defined irregular structures with an averaged size
of ca. 150 nm were produced when 2.4 mL of AgNOj; solution
was used. In contrast, big microstructures of a towerlike
morphology, with an average size of ca. 1.9 yum, accompanied
by numerous irregular species (Figure 1C), were obtained
when the volume of the AgNO; solution was decreased by a
factor of 3.

The components of our products were investigated by
energy-dispersive X-ray spectroscopy (EDX) analysis. As shown
in Figure S1A in the Supporting Information, for the irregular
structures, silver (Ag) and iodide (I) elements could be
detected evidently, wherein a semiquantitative analysis shows
that the atomic ratio between Ag and I is ~50:50. This datum is
almost similar to the theoretic stoichiometric atomic ratio
between Ag and I species of Agl, which should be 1:1. In the
case of the mixed structures, almost similar results are obtained
(see Figure S1B in the Supporting Information). These facts
indicate the formation of the Agl species. To verify this, our
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samples are further characterized by X-ray photoelectron
spectroscopy (XPS), as shown in Figure 2 and Figure S2 in
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Figure 2. XPS spectra of (A) Ag 3d and (B) I 3d of the irregular
(spectrum a), mixed (spectrum b), and towerlike (spectrum c)
structures before the catalytic reactions. Those of the corresponding
samples after the catalytic reactions are repeated three times (spectra
a/, b/, and ¢/, respectively) are also shown for comparison. For more-
detailed information, see Figure S2 in the Supporting Information.

the Supporting Information. It can be seen that two bands at ca.
368.3 and 374.3 eV, which are ascribed to the Ag 3ds,, and Ag
3d;, binding energies of the Ag" of Agl, respectively, could be
observed.®~%” On the other hand, two bands at ca. 619.5 and
631.2 eV, which are attributed to the I 3d;/, and I 3d;,, bindirég
energies of the I~ species of Agl, could also be observed.*®
From these XPS spectra, the mole ratio between Ag" and I”
species could be semiquantitatively estimated to be ~1:1.
Together with the results of EDX investigations (Figure S1 in
the Supporting Information), these facts further verify the
formation of Agl.

The X-ray diffraction (XRD) pattern of our samples was
investigated to identify the formation of Agl species. As shown
in Figure 3 (spectrum a), the irregular species display distinct
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Figure 3. (A) XRD pattern of the irregular (spectrum a), mixed
(spectrum b), and towerlike (spectrum c) structures before the
catalytic reactions. Those of the corresponding samples after the
catalytic reactions are repeated three times (spectra a’, b’, and ¢/,
respectively) are also shown for comparison. (B) Enlarged XRD
pattern of the corresponding samples in the 26 ranges of 32°—35° and
50°—60°. The diffraction peaks ascribing to S-Agl and y-Agl are
denoted by a black solid inverted triangle (¥) and a magenta solid
diamond-shaped symbol (@), respectively.

diffraction peaks (26) at 22.3°, 25.3°, 32.8°, 42.6°, 45.6°, 47.2°,
52.0°, and 59.3° which could be indexed to the characteristic
(100), (101), (102), (103), (200), (201), (202), and (203)
planes of the typical hexagonal (f-Agl) phase (JCPDS File
Card No. 09-0374), respectively.****’ Besides, three diffrac-
tion peaks at 23.7°, 39.2°, and 46.3°, which could either be
attributed to the (002), (110), and (112) planes of S-Agl, or
the (111), (220), and (311) planes of y-Agl (JCPDS File Card
No. 09-0399),° respectively, could also be observed. Note that
it is difficult to assign this set of peaks exactly to f-Agl or y-Ag],
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because of their extremely close reflection position.”” Never-
theless, a diffraction peak at 56.7°, ascribing to the (400) plane
of y-Agl, could be observed. For the XRD pattern of the mixed
structures, almost similar results are obtained, as shown in
Figure 3 (spectrum b). These facts indicate the coexistence of
of f-Agl and y-Agl phases in the as-fabricated structures. This is
similar to the reports of others, where it is suggested that the
Agl species are usually a symbiont of -Agl and y-AgL.*>”°
For visible-light-driven photocatalysts, it is required that they
should be visible-light active to achieve an efficient energy
supply. The UV-vis diffuse reflectance spectra of our structures
are illustrated in Figure 4A. It can be seen that the samples
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Figure 4. UV-vis diffuse reflectance spectra of (A) the irregular (black,
solid line), mixed (red, dotted line), and towerlike structures (blue,
short dotted line) before the catalytic reactions and (B) the
corresponding samples after the catalytic reactions have been repeated
three times.

display distinct absorption in the UV region with their
absorption ed%e extended to ca. 465 nm, which is located in
visible region. ® This result indicates that our Agl might be
catalytically active under visible-light irradiation.

3.2. Photocatalytic Performance of the Irregular and
Mixed Structures under Visible-Light Irradiation. As
shown in Figure SA, the photocatalytic reactivity of our Agl
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Figure S. (A) Photocatalytic performances and (B) the corresponding
kinetic linear simulation curves of our photocatalysts toward MO
degradation under visible-light irradiation. The catalysts are the (A)
irregular, (@) mixed, and (M) towerlike structures, respectively. The
result obtained from a blank experiment (denoted by a solid inverted
triangle (W)) is also presented for comparison.

structures was investigated in terms of MO photodegradation
under visible-light irradiation. The reaction process was
monitored by means of measuring the real-time UV-vis spectra
of MO at 463 nm. Experimentally, prior to the light irradiation,
a dark adsorption was performed to achieve an equilibrium
adsorption state. As shown in Figure SA (black curve), when no
catalysts are used, negligible MO degradation could be
observed, indicating that the self-photosensitized MO decom-
position under our experimental conditions could basically be
ignored. On the other hand, when our irregular Agl species are
involved in the reaction system, ca. 50% MO molecules are
decomposed within 120 min. This suggests that our Agl could
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indeed work as visible-light-driven photocatalysts for the MO
degradation. In contrast, when the mixed structures are used,
almost 60% of the MO molecules are decomposed under
similar conditions. As plotted in Figure 5B, there is a nice linear
correlation between In(C/C,) and the reaction time (t),
indicating that the MO decomposition over our catalysts
follows the first-order kinetics. The rate constant of the catalytic
reaction over the irregular structures is estimated to be 0.005
min~!, while that over the mixed structures is ca. 0.009 min~".
These results indicate that compared to the irregular Agl
species, our mixed structures could display enhanced catalytic
reactivity.

The specific surface areas of our Agl structures were
estimated via BET method. The results show that the BET
surface area of our irregular structures is ca. 0.58 m? g_l, while
that of our mixed structures is ca. 0.53 m* g~'. These results are
very close to those of the AgX-based catalysts (X = Br, Cl, PO,)
reported previously,””" indicating that the boosted catalytic
reactivity might be attributed to reasons other than their
specific surface areas. The superior catalytic reactivity of a
catalyst of a unique yet well-defined architecture could be
partially attributed to the existence of high-density catalytically
active sites, such as corners, edges, tips and steps, etc.">>872 Ag
suggested by the SEM images of our samples (Figures 1A and
1B), compared to the irregular structures, there exist more
corners, steps, and edges in our towerlike architectures. We
thus suggest that the enhanced catalytic reactivity might
partially be attributed to this issue.

Besides, it is widely known that morphology-sensitive
catalytic activity could also be understood in terms of the
different reaction performances induced by specific crzstal
facets selectively exposed by anisotropic structures."”>>*”> As
discussed above by the XRD pattern (Figure 3, spectra a and
b), our Agl structures are a symbiont of -Agl and y-Agl. On
one hand, the peak at ca. 39.2° and 23.7° could be attributed to
the (110) and (002) facets of -Ag], respectively. In this case,
the ratios between (110) and (002), estimated using the latter
as a reference (that is, 100), are ca. 163.9 and 202.8 for the
irregular and mixed structures, respectively. For the standard
JCPDS file of B-Agl, this ratio is generally ca. 85.0, which is
smaller than the corresponding data for our Agl. Meanwhile, it
can be seen that an increasing tendency could be observed from
these data when our Agl is changed from the irregular to the
mixed structures. On the other hand, as discussed above, these
two peaks at ca. 39.2° and 23.7° could also be indexed to the
(220) and (111) facets of y-Agl, respectively. In this case,
similar comparison results, estimated using the (111) facet of y-
Agl as a reference, are obtained. These facts indicate that
compared to the irregular Agl structures, the towerlike
counterparts are enriched with (110) facets of either -Agl or
7-Agl. We accordingly suggest that the relative enrichment of
(110) facets in our towerlike structures might also contribute
partially to the superior catalytic reactivity of our mixed
structures.

Practically, in addition to a high catalytic reactivity, durability
is another critical criterion that is required by high-quality
photocatalysts of potential applications. The catalytic durability
of the mixed structures was evaluated by performing the MO
degradation reactions repeatedly several times. As shown in
Figure 6A, we unfortunately find that their catalytic reactivity
exhibits distinct decrease under visible-light irradiation after the
reactions are repeated only three times continuously. These
results indicate that our mixed structures could not work as
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Figure 6. (A) Three consecutive cycling curves of MO degradation
over the mixed Agl structures under visible-light irradiation. (B)
Typical SEM image of the mixed structures measured after the
catalytic reactions have been repeated three times. The tiny species
appeared on the surfaces, corners, edges, or steps of the towerlike
structures after the catalytic reactions are indicated by circles.

stable catalysts for the bleaching of organic pollutants, although
compared to the irregular Agl structures they could display high
catalytic reactivity. As shown in Figure 6B, the SEM image of
the mixed structures after the catalytic reactions was
investigated. It can be seen that compared to that before the
catalytic reactions (Figure 1C), numerous tiny species are
observed from the surfaces, corners, edges, or steps of the
towerlike structures. More importantly, we note that the basic
morphology of the towerlike Agl displays negligible changes.
These observations imply that our towerlike Agl structures
themselves might be stable species, and that the observed tiny
species might come from the irregular Agl structures but not be
generated by the towerlike Agl achitectures during the catalytic
reactions. We thus suggest that the deactivated catalytic
reactivity during the recyclings could be tentatively attributed
to the loss of some of the catalytically active sites, which are
screened by the tiny species that come from the irregular Agl.

3.3. Morphology Purification via a Kl-assisted Chem-
ical Dissolution and the Photocatalytic Reactivity of the
Towerlike Structures. Based on these primary under-
standings and analyses, it could be proposed that high-quality
Agl-based photocatalysts simultaneously featured with an
enhanced catalytic durability and reactivity would be realized
if Agl species of a uniform towerlike morphology could be
obtained. Along this line of thought, we attempted to separate
the irregular and towerlike structures via centrifugation.
Unfortunately, the results show that these two structures of
different size and morphology could not be separated very well
(see Figure S3 in the Supporting Information). As it is widely
known that the Agl solids could readily dissolve in a
concentrated KI aqueous solution in terms of a surface
chemical reaction, mAgl (solid) + nKI (aqueous solution) =
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K,[Ag,l(m] (aqueous solution), producing water-soluble
K, [Ag,L(im)] species.””’* On the other hand, it has been
verified that compared to that occurs on a smooth surface of a
larger structure, the solid—liquid surface reaction occurs more
rapidly on a smaller structure of an irre;ular surface.”>~"°
According to the Noyes—Whitney principle,” this is due to the
fact that smaller particles provide a larger contact surface for the
occurrence of solid—liquid reactions, leading to a preferential
chemical dissolution of smaller species.”>”?

It thus is reasonable to propose that Agl structures of a
uniform towerlike morphology might be selectively obtained by
immersing our mixed structures in a concentrated KI aqueous
solution, since compared to the irregular structures, our
towerlike structures exhibit a bigger size and a more smooth
surface, as shown in Figures 1B and 1C. Experimentally, to
achieve this, 800 mg of the mixed structures were immersed in
400 mL of concentrated KI aqueous solution under ambient
conditions. After 30 min, the products were collected by
centrifugation and washed thoroughly with ultrapure Milli-Q
water. It is found that the amount of the product is decreased to
ca. 520 mg after such simple post-treatment, indicating the
successful removal of some of the Agl species (yield: 65%). As
indicate by the XRD pattern shown in Figure 3 (spectrum c),
compared to that of the irregular and mixed structures (Figure
3, spectra a and b), the ratio between the peaks at ca. 39.2° and
23.7° (either indexed to the (110) and (002) facets of 5-Agl, or
to the (220) and (111) planes of y-Agl, respectively) of thus-
produced samples further increases to 239.9°. Together with
the above discussions on the XRD data, this result suggest that
the structures removed by our Kl-assisted chemical dissolution
protocol might be the irregular species, leaving us mainly with
towerlike architectures. To confirm this, the SEM images of the
products were measured. As shown in Figures 7A and 7B, it is
very exciting to find that thus post-treated samples manifest
themselves with a uniform morphology of well-defined tower-
like structure, wherein negligible irregular species could be
observed. This result verifies that a morphology purification
could indeed be realized by means of a size- and morphology-
selective chemical dissolution.

The catalytic reactivity of such Agl structures of a uniform
towerlike morphology were investigated. As shown in Figure
SA, nearly 80% MO molecules are decomposed within 120 min,
wherein a rate constant of ca. 0.015 min~' could be derived
(Figure SB). This value is distinctly larger than that of the
irregular Agl (0.005S min™") and that of the mixed structures
(0.009 min~'). The durability of our towerlike Agl-based
catalysts was also evaluated in terms of performing the
bleaching reactions repeatedly. As shown in Figure 7C, the
catalytic reactivity display only trivial fluctuations under visible-
light irradiation even after the reactions are repeated 20 times
continuously and consecutively. Compared to what observed
from the mixed structures (Figure 6A), these results strongly
indicate that high quality Agl-based catalysts simultaneously
featured with a boosted durability and an enchanced catalytic
reactivity could be achieved simply by a morphology
purification.

As shown in Figure 8, different from that of the mixed
structures (Figure 6B), the SEM image of our Agl of a uniform
towerlike morphology exhibits only negligible changes after the
catalytic reactions are repeated three times, wherein only
negligible tiny species could be observed from their surfaces,
corners, edges, or steps. These observations solidly confirm that
the tiny species appeared on the towerlike architectures of the
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Figure 7. Typical SEM images ((A) low-magnification and (B) high-magnification) of the Agl of a uniform towerlike morphology, which are
obtained by a Kl-assisted chemical dissolution protocol. (C) Twenty (20) consecutive cycling degradation curves of MO over our towerlike Agl
under visible-light irradiation.

Figure 8. Typical low-magnification and high-magnification SEM
(inset) images of the Agl of a uniform towerlike morphology measured
after the catalytic reactions have been repeated three times.

mixed structures mainly come from the irregular Agl species
but not generated by the towerlike species themselves. It also
verifies that compared to the Agl species of an irregular
morphology, our towerlike Agl species are, indeed, more-stable
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architectures. This could be further confirmed by the XRD
pattern (Figure 3, spectra a and a’), wherein the diffraction
peaks of the irregular Agl structures at ca. 25.3° 32.8°, 42.6°
(which are attributed to the (101), (102), (103) facets of -Ag],
respectively), almost disappeared totally after the catalytic
reactions were performed three times. Comparatively, in the
cases of the mixed and towerlike structures, these diffractions
could still be discerned evidently, although their relative
intensity displays decrease somewhat. These XRD facts further
confirm that our towerlike Agl architectures are more stable
than the irregular structures.
Generally, it is widely known that plain silver halide AgX (X
= Cl, Br, and I) are conventionally photosensitive materials,
which would be photodecomposed into metallic Ag” species
under light irradiation. On the other hand, it has recently been
proved that the appearance of the artificially or naturally
generated plasmonic metallic Ag” on the AgX speices before or
during the photocatalytic reactions, namely, the formation of
Ag/AgX composites, could, in turn, endow these systems with a
so-called “self-stability”.>* In this issue, the ex situ or in situ
generation of plasmonic metallic Ag® species plays a critical
role, wherein the photogenerated electrons originally should be
captured by Ag" would now be captured by O, via the metallic
Ag® formed at the initial stage of the light irradiation. This leads
to the formation of photostable Ag/AgX composites.”* The in
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situ generation of plasmonic AgO species in our present case
could be verified by the UV-vis diffuse reflectance spectra
measured after the photocatalytic reactions. As shown in Figure
4B, compared with those of the samples before the catalytic
reactions, broad and strong absorptions around 450—700 nm
could also be observed. This result indicates an in situ
generation of metallic Ag’ species during the photocatalytic
reactions, which could arouse plasmonic absorptions in the
visible region, and meanwhile it suggests the formation of Ag/
Agl composites. "’ >"%*

To further verify this proposal experimentally, the samples
after the photocatalytic reactions were investigated by EDX
analyses, as shown in Figure S4 in the Supporting Information.
In these cases, the semiquantitative analyses indicate that the
atomic ratio between elemental silver and iodide (Ag/I) is
~51:49. This value is higher than that of the samples estimated
before the photocatalytic reactions, which is very close to ca.
50:50 (see Figure S1 in the Supporting Information). This fact
is in accordance with the information deduced from the UV-vis
diffuse reflectance spectral analyses (see Figure 4B), further
suggesting an in situ generation of metallic Ag” species during
the photocatalytic reactions. Based on the EDX analyses, the
mole ratio between the Ag’ and Ag" could be calculated to be
ca. 2:49. To further confirm the in situ generation of metallic
Ag’ species, the XPS spectra of our samples after the
photocatalytic reactions were investigated. As shown in Figure
2 and Figure S2 in the Supporting Information, it can be seen
that compared to those measured before the catalytic reactions,
the XPS spectra of the samples obtained after the catalytic
reactions display almost similar spectral profile, except that two
bands around 369.3 and 375.1 eV, which could be attributed to
the Ag 3d;/, and Ag 3d;, binding energies of the metallic Ag"
species,** respectively, could be observed via a deconvolution
of the silver-related bands (for more-detailed spectra, see Figure
S2 in the Supporting Information). Based on the obtained XPS
analyses, the surface mole ratio between Ag’ and Ag' is
semiquantitatively estimated to be ~2:49, which is very close to
that obtained from the EDX analyses (see Figure S4 in the
Supporting Information). Together with the facts derived from
the UV-visible diffuse reflectance spectra (Figure 4B) and EDX
analyses (Figure S4 in the Supporting Information), these
results further verify the photoinduced generation of metallic
Ag” species in our samples during the catalytic reactions.

Note that no distinct diffraction peaks hat are ascribed to the
metallic Ag® could be observed from the XRD pattern of our
samples measured after the catalytic reactions (Figure 3, spectra
a/, b/, and ¢’). This observation is similar to that reported by
others, wherein the possible reason could be attributed to the
limited amount of Ago, their small particle size, and their high
dispersion in the composite as well>*** Nevertheless, the
experimental results of the UV-vis diffuse reflectance spectra
(Figure 4B), EDX analyses (Figure S4 in the Supporting
Information), and XPS spectra (Figure 2 and Figure S2 in the
Supporting Information) strongly imply an in situ photo-
induced generation of AgO in our Agl, leading to the formation
of the Ag/Agl species. Based on the above-mentioned facts, it
could be suggested that it is the synergistic effect of the
morphology 4puriﬁcation and the metallic Ag’-promoted self-
stabilization®* that contributes much for the boosted catalytic
durability and the enhanced catalytic reactivity of the structures
of a uniform towerlike morphology.

Practically, considering the energy savings and utilization,
sunlight, which is the most economical and renewable energy
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source, should be the most attractive candidate to supply
energy for the operation of photocatalysts.>"** The catalytic
reactivity of our catalysts are also evaluated in terms of MO
degradation under sunlight irradiation. It should be pointed out
that these experiments were carried out at the same time and
the same place with the same sunlight intensity, to make the
data reasonably comparable. As shown in Figures 9A and 9B,
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Figure 9. (A) Photocatalytic performances and (B) the corresponding
kinetic linear simulation curves of our photocatalysts toward the MO
degradation under sunlight irradiation. The catalysts used are the
irregular Agl (denoted by a solid triangle, A), the mixed structure
(denoted by a solid circle, ®), and the towerlike structure (denoted by
a solid square, M), respectively. The result obtained from a blank
experiment (denoted by a solid inverted triangle, ¥) is also presented
for comparison. (C) Eight consecutive cycling degradation curves of
MO over our towerlike Agl under sunlight irradiation.

compared to the irregular and the mixed structures, our Agl
architectures of a uniform towerlike morphology display an
enhanced catalytic reactivity. This tendency is similar to that
obtained when our catalytic reactions are energized by visible-
light irradiation (Figure S). The durability of our catalysts of a
uniform towerlike morphology under the sunlight irradiation
was also evaluated by performing the MO degradation reactions
repeatedly several times. As shown in Figure 9C, it is found that
the catalytic reactivity displays only slight fluctuation under
sunlight irradiation after the reactions are operated eight times
continuously. Experimentally, such recycling operations were
only carried out eight times, since it is not so easy to choose
appropriate weather conditions of the same sunlight intensity,
for a reasonable comparison. Nevertheless, these results suggest
that our Agl-base catalysts of a uniform towerlike morphology
could be used as high-quality visible-light/sunlight-driven
photocatalysts for a bleaching of organic pollutants, indicating
their bright future for potential applications.

4. CONCLUSIONS

In summary, we herein report that Agl species of different
morphologies, namely irregular structures, and their mixture
with tower-like architectures, could be formulated by a
precipitation reaction between AgNO; and KI. Compared to
the irregular structures, the mixture displays enhanced catalytic
reactivity toward MO degradation under visible-light/sunlight
irradiations. However, they display poor catalytic durability.
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Interestingly, in terms of a Kl-assisted chemical dissolution, the
irregular structures could be easily removed from the mixture,
producing Agl architectures of a well-defined yet uniform
towerlike morphology. More excitingly, compared to the mixed
structures, our towerlike architectures of a uniform morphology
display not only a boosted durability but also an enhanced
catalytic reactivity, indicating their bright future as high-quality
catalysts of potential uses. On one hand, in terms of a simple
morphology purification, our investigation likely provides new
ideal for the achievement of excellent catalysts simultaneously
featured with high durability and superior catalytic reactivity.
On the other front, considering the rich diversity of the
microstructures/nanostructures and their multifunctionality,
our chemical dissolution-based morphology purification proto-
col might be extended to other systems. This will endow
researchers with new and varied opportunities for various well-
defined structures of a uniform morphology, wherein advanced
functional materials of desirable properties and functions might

be developed.
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EDX elemental analyses of our Agl species, XPS spectra of Ag
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