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ABSTRACT: Ag nanostructures are widely used in catalysis, energy conversion and chemical sensing. Morphology-
tailored synthesis of Ag nanostructures is critical to tune the physical and chemical properties. In this study, we develop a
method for synthesizing the morphology-tailored Ag nanostructures in aqueous solution at a low temperature (45C).
With the use of AgCl nanoparticles as the precursors, the growth kinetics of Ag nanostructures can be tuned with the pH
value of solution and the concentration of Pd cubes which catalyze the reaction. Ascorbic acid and cetylpyridium chloride
are used as the mild reducing agent and capping agent in aqueous solution, respectively. High-yield Ag nanocubes, nan-
owires, right triangular bipyramids/cubes with twinned boundaries, and decahedra are successfully produced, respective-
ly. Our method opens up a new environmentally-friendly and economical route to synthesize large-scale and morpholo-
gy-tailored Ag nanostructures, which is significant to the controllable fabrication of Ag nanostructures and fundamental

understanding of the growth kinetics.

INTRODUCTION

Silver (Ag) nanostructures play important roles in ca-
talysis, electronics, photonics, energy conversion and
chemical sensing owing to their unique electronic and
optical properties.”® The properties of Ag nanostructures
heavily depends on their physical parameters, including
size, shape, composition, and structure. For example, Ag
nanostructures exhibit surface plasmon resonances and
lead to significant enhancement of Raman scatting, fluo-
rescence emitting, and circular dichroism absorption of
biomolecules.”™ The resonance peak and enhancement
factor are closely related to the morphology of the Ag
nanostructures.”™ In addition, Ag nanowire networks
have been regarded as a promising transparent conductor
alternative to the hard indium tin oxide because of their
good conductivity, transmittance, and flexibility.”"
Bergin et al. have shown that the dimensions of Ag nan-
owires affect both transmittance and sheet resistance of a
random nanowire network.”*® Therefore, it is essential to
develop methods to precisely control the morphology of
Ag nanostructures for practical applications. Bottom-up
colloidal methods are favorable in large-scale and low-
cost synthesis of metal nanostructures with controllable
morphology.”™ Currently, polyol synthesis methods are
the most common routes to fabricate large-scale colloidal
Ag nanostructures, such as, nanowires, nanocubes, trian-
gular bipyramids, octahedra, or plates.””* In the meth-

ods, polyol solvents, e.g. ethylene glycol, is preheated to
the boiling point (>140 °C) and is oxidized into aldehyde
as the reducing agent. Ag nanostructures are generated by
reducing silver precursor (e.g., silver nitrate) in the pres-
ence of poly(vinyl pryrrolidone) capping agents.”*” The
morphology of Ag nanostructures is not easily controlled
in aqueous solution because the explosive formation of Ag
atoms is quickly aggregated into large particles. The
growth processes of metal nanostructures are affected by
both thermodynamic (e.g., temperature, surface energy)
and kinetic (e.g., reaction rate, concentration) factors in
aqueous solution.” For example, with the nanocrystalline
particles as the precursor, the nucleation rate of metal
atoms are retarded moderately, which facilitate the con-
trollable morphology deviated from those favored by
thermodynamics.*°

In this work, we use crystalline silver chloride (AgCl)
nanoparticles as the precursors and cetylpyridinium chlo-
ride (CPC) as the capping agent to synthesize large-scale
Ag nanostructures at a low temperature (45 °C). Ascorbic
acid (Asa) is a mild, high-efficiency, and water-soluble
reducing agent, which can be injected in the CPC solution
and enables the formations of Ag nanostructures at a low
temperature. By adjusting the pH value of the solution,
and the concentration of the palladium (Pd) nanocubes,
we successfully synthesize Ag nanostructures with various
shapes, including nanocubes, nanowires, right-triangular
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Scheme 1. Morphology-controlled synthesis of Ag nanostruc-
tures.

bipyramid, and decahedra, as shown in Scheme 1. {100} Ag
facet is the thermodynamically stable facet in CPC solu-
tion, and the reaction rate determines the anisotropic
characteristics of Ag nanostructures at the pH value of
8.0. Ag nanoclusters are formed directly by the reduction
of Asa and slowly aggregate into {100}-faceted Ag
nanocubes. Pd nanocubes can catalyze the reduction
process and promote the formations of one-dimensional
Ag nanowires. Five-fold twinned Ag nanowires (the as-
pect ratio of 136) with {100} side facets are produced with
less Pd nanocubes. And thermodynamically favored poly-
hedral Ag nanostrucrues, {i00}-faceted right-bipyramids
and nanocubes (35.3 nm) with twinned boundaries are
produced with more Pd nanocubes. By increasing the pH
value of the solution to 10.0, the reduction process be-
come faster and the kinetically controlled {u}-faceted
decahedral Ag nanoparticles are produced. Compared to
the polyol synthesis routes, this method possess the fol-
lowing advantages, (1) Water is used as the solvent, and
the organic solvents (e.g. ethylene glycol) are not neces-
sary; (2) the temperature is as low as 45 °C, to which Pol-
yol synthesis routes never reach; (3) the products are
water-soluble and acetone is not used in the post-
treatment. Our method opens up a new environmentally-
friendly route to synthesize large-scale and morphology-
tailored Ag nanostructures in a much broader range by a
convenient yet reproducible method.

EXPERIMETAL SECTION

Chemicals and Solutions. Palladium(II) chloride
(PdCl2), silver nitrate (AgNO3), ascorbic acid (Asa),
cetyltrimethylammonium bromide (CTAB), cetylpyridini-
um chloride (CPC), and potassium bromide (KBr) were
purchased from Sinopharm Chemical Reagent Co. Ltd.
(Shanghai, China). Hydrochloride acid (HCI, 37%) was
purchased from RLCF Limited. Ammonium hydroxide
solution (NH4OH, 25% NH3 basis) was purchased from
American Regent. All the chemicals were of analytical
grade. Double-deionized water (18.2 MQ cm) was used to

prepare all aqueous solutions. A 10 mM H2PdCl4 solution
was prepared by dissolving 0.0355 g PdCl2 in 2 mL of 0.2
M HCI solution and further diluting into 20 mL with dou-
ble-deionized water.

Instruments. SEM images were taken using a JEOL
JSM-633F at 5 kV. TEM images, HRTEM microscopy im-
age, SAED pattern, high-angle annular dark-field scan-
ning TEM images, and elemental mapping images were
taken using a JEOL Model JEM-2100F microscope operat-
ed at 200 kV. XRD data were collected using Rigaku
SmartLab (Cu Ko radiation). UV-vis extinction and
transmittance spectra were obtained using Shimadzu UV-
2550 Spectrophotometers.

Synthesis of Pd nanocubes. Pd nanocubes with the
diameter around 22 nm were synthesized using the meth-
od reported previously.” Briefly, a 500 pL aliquot of 10
mM H2PdCl4 solution was added to 9.42 mL of 12.5 mM
CTAB aqueous solution, which was heated at 95 °C under
stirring. After 5 min, 8o pL freshly prepared 100 mM Asa
aqueous solution was added, and the reaction continued
for 20 min. The Pd nanocubes with the side length of 22
nm were washed for one time with 5 mM CPC aqueous
solution and kept at 27 °C for future use. The concentra-
tion of Pd nanocubes was 66.4 nM. And the TEM image of
Pd nanocubes produced are shown in Figure S1.

Synthesis of Ag nanostructures. AgCl nanoparticles
and CPC were used as the precursors and the capping
agents, respectively, to synthesize Ag nanostructures with
different shapes. First, 5 mL CPC solution (5 mM) was
mixed with 300 pL aliquot of the AgNO3 solution (10 mM)
at 40 °C, and then white suspension of AgCl was formed
gradually. After 25-min reaction, 600 pL aliquot of Asa
solution (100 mM) was added. The solution was mix thor-
oughly and the reaction proceeded for 1 hours. Yellow
suspension of the Ag nanocubes with 204 nm was ob-
tained finally. In the synthesis of Ag nanowires, 2.5 pL
aliquot of cubic Pd nanoparticles solution was introduced
before Asa was added, the other procedures are the same
as those in the synthesis of Ag nanocubes with 204 nm.
The reaction proceeded for 4.5 hours, and milk yellow
suspension was formed finally. In the synthesis of Ag
right-triangular bipyramids and cubes with twinned
boundaries, 100 pL aliquot of cubic Pd nanoparticles solu-
tion was introduced before Asa was added, the other
procedures are the same as those in the synthesis of Ag
nanocubes with 204 nm. The reaction proceeded for 2.5
hours, and red suspension was formed finally. In the syn-
thesis of Ag dodecahedra, with the ammonium hydroxide
solution, the pH of CPC solution was adjusted from 8.0 to
10.0 before AgNO3 aliquot was added, and the other pro-
cedures are the same as those in the synthesis of Ag
nanocubes with 204 nm. The green suspension was
formed instantly after 150 pL aliquot of Asa solution (100
mM) was added. The reaction was completed within 40
min. The products of Ag nanostructures were collected
and washed with warm water twice by centrifugations
(8000 rpm, 5 min) for further characterizations.
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The ink of Ag nanowires (washed once) was dropped on
the glass substrate and dried with the nitrogen flux for
the characterization of transparent electrode.

RESULTS AND DISCUSSION

Growth of Ag nanocubes with single-crystalline
nanostructures. AgCl nanoparticles were formed by
mixing AgNO3 and CPC capping agents solutions at 45
°C. CPC, with the long hydrophobic alkyl chain and hy-
drophilic ammonium group, not only protects the nano-
particles from aggregation but also controls the growth
direction of the noble metal nanostructures in aqueous
solution. As shown in the X-ray diffraction (XRD) pattern
in Figure 1A, the AgCl precursors exhibit face-centered
cubic structure and a strong (200) lattice plane diffrac-
tion. Figure S2A shows a Transmission electronic micros-
copy (TEM) image of the AgCl nanoparticles. The average
size of the nanoparticles is 65 + 13 nm. The high-
resolution TEM (HRTEM) image in Figure S2B shows that
the measured lattice spacing is 0.206 nm, corresponding
to the {220} planes of the face-centered cubic AgCl
nanostructures (theoretical spacing, 0.196 nm). The use of
solid-state AgCl nanoparticles instead of aqueous AgNO3
solution as the precursor slows down the generation of Ag
atoms and facilitates the morphology control of Ag
nanostructures. After mixing with Asa (1.2 mM) at 45 °C,
the AgCl precursors were reduced into face-centered
cubic Ag crystals at the pH value of 8.0, as shown in the
XRD pattern in Figure 1A. The intense (200) diffraction
peak of the Ag crystals is clearly observed. The diffraction
peaks of the AgCl nanoparticles vanish in the XRD pat-
tern, indicating that AgCl precursors are completely re-
duced to Ag nanocrystals. Figure 1B and 1C show the
scanning electronic microscopy (SEM) and TEM images
of the as-synthesized Ag nanostructures, respectively.
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Figure 1. (A) XRD pattern of Ag nanocubes (bottom, JCPDS
no. 04-0783), and AgCl nanoparticles formed before Asa was
added (top, JCPDS no. 31-1238). (B) SEM and (C) TEM images
of Ag nanocubes synthesized at pH 8.0. (D) TEM image of a
single Ag cube along the [100] direction and the correspond-
ing SAED pattern (inset).
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The majority (> 90%) of as-grown products are with the
shape of the nanocubes. The average size is 204 + 29 nm.
Figure 1D shows the TEM image of a single Ag nanocube
and the corresponding selected area electron diffraction
(SAED) pattern, exhibiting a single crystalline nanostruc-
ture along the [100] direction.

The growth process is also reflected in the in-situ moni-
toring of UV-visible extinction spectra. As shown in Fig-
ure S2C, the white AgCl precursor solution has an extinc-
tion band around the wavelength of 340 nm. After Asa
was added for 4.5 hours, the solution turned into light
yellow and an extinction peak at 380 nm appears, and
cubic nanostructures (~ 80 nm) are found in the TEM
characterizations, as shown in Figure S2D and S2E. In the
HRTEM characterization of the single nanocube (Figure
S2F), the measured lattice spacing of the nanocube are
0.205 nm and 0.199 nm, which is in agreement with the
{100} planes of the face-centered cubic Ag nanostructures
(theoretical spacing, 0.204 nm). This indicates that Ag
nanocubes enclosed by {100} facets are formed when the
reducing reaction proceeds for 4.5 hours. As Ag
nanocubes grow, the extinction peak red-shifts and the
extinction band of the AgCl precursors vanish gradually.
After the reaction for 1 hours, Ag nanocubes were grown
up to 204 nm (Figure 1B) and the extinction spectra were
unchanged with time any more, indicating that the reduc-
ing reaction was completed. During the growth of Ag
nanocubes, Ag nanoclusters (~ 4 nm) are found (Figure
S2E and S2F), and the measured lattice spacing (0.234
nm) agrees with the {11} planes of the face-centered cubic
Ag nanostructures (theoretical spacing, 0.236 nm). It is
suggested that Ag nanocubes are grown through the ag-
gregations of small Ag nanoclusters, which are formed
during the reductions following the Ostwald ripening
mechanism.*

Anisotropic growth of Ag nanowires with five-fold
multi-crystalline nanostructure. The heterogeneous
nucleation is much faster than homogeneous nucleation
in solution because the activation energy for the reduc-
tion of metal atoms onto a preferred particle is signifi-
cantly reduced.” Trace amounts of Pd nanocubes (33.2
pM) were introduced in the solution at the pH value of
8.0 to accelerate the reducing reaction, resulting in the
formation of Ag nanowires. The SEM images in Figure 2A
and 2B show that large-scale Ag nanowires are produced
(> 95%). The average length and diameter of the Ag nan-
owires are 3.8 + 0.8 pm and 28 + 3.5 nm, respectively. The
XRD pattern is shown in Figure S3A, and the intense (111)
and (200) diffraction peaks of the face-centered cubic Ag
nanowires are observed.” Figure 2C shows the TEM imag-
es of the Ag nanowires and an enlarged image (inset) of
the part marked in the quadrilateral. The corresponded
SAED pattern is shown in Figure 2D, and the reflection
spots of the [112] and [001] zones of face-centered cubic
Ag are clearly observed. It indicates that the Ag nanowire
possess a cyclic pentagonal structures and grow along the
[10] direction.>** And the five-fold multiply twinned Ag
nanowire in Figure 2C is bounded by five {11} end facets
and five {100} side facets, laying on the substrate with one
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side facet. Figure 2E shows a HRTEM image of the part of
the single Ag nanowire. The [11] twin plane is oriented
parallel to its longitudinal axis. The aspect-ratio of the as-
grown Ag nanowires is 136. We prepared the transparent
electrode with the Ag nanowires. The sheet resistance and
transmittance are 15 Q sq-1 and 84.5% (Figure 2F), respec-
tively, comparable to the transparent electrode made with
the polyol synthesis Ag nanowires."
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Figure 2. (A, B) SEM images of Ag nanowires produced in the
presence of 33.2 pM Pd nanocubes at the pH value of 8.0. (C)
TEM image of Ag nanowires. Inset: enlarge image of the part
of the single Ag nanowire in the quadrilateral. (D) SAED
pattern corresponding to the part of the single Ag nanowire
shown in the inset of (C). (E) HRTEM image of the part of
the single Ag nanowire in the quadrilateral shown in the
inset of (C). (F) Transmittance-wavelength curve of transpar-
ent electrode prepared with Ag nanowires.

Compared with the Ag nanocubes formed by homoge-
neous nucleation, the growth rate of the Ag nanowire is
greatly increased. As shown in the in-situ UV-visible ex-
tinction spectra in Figure S3B, the reductions of the AgCl
precursors into Ag nanowires were completed within 4.5
hours and a milk yellow suspension was formed finally.
The TEM image in Figure S3C shows that the Ag nano-
rods with the length of ~ 200 nm and diameter of ~ 20 nm
were formed after the Asa was injected for 1.5 hours. The
side surfaces of the Ag nanorods are not even during the
growth. The five-fold twinned nanostructure of a single
Ag nanorod is exhibited by the HRTEM image and the
corresponded fast Fourier transformation (FFT) patterns
(Figure S3D).>** And the five-fold twinned nanoparticles
are observed in Figure S3C, which may further grow into

the long Ag nanowires along the [n0] direction. The Pd
nanocubes play a role as catalysis to reduce AgCl precur-
sor into Ag atoms, which is critical to the formation of Ag
nanowires. It is presumed that the reduction of the AgCl
precursors preferentially occurs on the Pd nanocubes.”
The Ag atoms could separate from the Pd nanocubes after
the reduction and form small nanoclusters, which aggre-
gate into new nanostructures (nanowires). Because the
CPC molecules can selectively adsorb onto the {100} facets
of the Ag nanostructures and stabilize them from disap-
pearing during the anisotropic crystal growth.>® And the
medium reduction rate caused by the trace of Pd
nanocubes allows the Ag nanoclusters to aggregate along
the [110] direction continuously.”*® Therefore, the one-
dimensional Ag nanowires are formed eventually.

Thermodynamically-favored Ag triangular bipyra-
mids and cubes with twinned boundaries. By further
increasing the concentration of the Pd nanocubes to 1.33
nM, the reduction reaction became faster. The solution
became into light green after the Asa was mixed for 30
min. As shown in the in-situ UV-Visible extinction spec-
tra in Figure S4, the reduction was completed within 2.5
hours and the solution became into brick red color. The
products were mainly composed of {ioo}-faceted Ag
nanocubes and right-triangular bipyramids (~80%), as
shown in the TEM image in Figure 3A. The SAED pattern
of a single right-triangular bipyramid along the [100] di-
rection and corresponding TEM image were shown in
Figure 3B. A fan-shaped projection was exhibited, which
is in agreement with the theoretical model of a right-
triangle bipyramid along the same direction (Figure 3C).

Figure 3. (A) SEM images of Ag nanostructures produced in
the presence of 1.33 nM Pd nanocubes at pH 8.0. (B) SAED
pattern of a single right-triangular bipyramid with a {100}
facet laid on the substrate and corresponded TEM image
(inset). (C) Models of the single right-triangular bipyramid
(top) and the cube with twinned boundaries (down). (D)
Bright field and (E) dark field TEM image of Ag nanocubes
with twinned boundaries.
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Figure 4. (A) TEM image and (B) XRD pattern of Ag decahedra produced at the pH value of 10.0 with 0.3 mM Asa. (C) TEM im-
age of a single Ag multiply twinned decahedral Ag nanostructures along the five-fold symmetry axis. (D) HRTEM image of the
part of a single Ag decahedron in the quadrilateral marked in (C). (E) TEM image of Ag nanostructures produced at the pH value
of 10.0 with 1.2 mM Asa. (F) HRTEM image of the central part of a single Ag decahedron in the cycle marked in (E).
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The three longitudinal and two transverse vertices are
44.2 + 3.3 nm and 60.6 + 4.3 nm, and the ratio fitted with
the theoretical value of 1.41.*° For the {i00}-faceted Ag
nanocubes with 35.3 £ 3.7 nm, oval twinned boundaries
are found to be present diagonally across the cubes, as
shown in the bright-field and dark-field TEM images of a
single nanocube in Figure 3D and 3E, respectively. The
corresponding theoretical model is shown in Figure 3C.
The unusual Ag nanocubes with twinned boundaries are
used to be obtained in the plasmon-mediated synthesis or
the platelet transformation process.*”*

Even in the presence of higher concentration of Pd
nanocubes (1.33 nM), there is no Pd signal observed in the
nanostructures (Figure 3E). The results are different from
the nucleation of gold (Au) atoms on Pd nanocubes, in
which Pd-Au core-shell hetero-structures were produced
in the same concentration of Pd cubes.** With much
faster reduction rate, the thermodynamically-favored
polyhedral Ag nanostructures (right-triangular bipyra-
mids and cubes with twinned boundaries) are formed
because of the quick nucleation of metal atoms and de-
pletion of precursor at the initial stage of the reactions,
following the Wulff's theorem.* The {100} facet becomes
the thermodynamically stable surfaces, which are domi-
nant in the products formed through both the homoge-
nous and heterogeneous nucleation at pH 8.0. And the
reaction rate determines the anisotropies of the final Ag
nanostructures. In the presence of 6.75 nM Pd cubes, Pd

elements are observed in the TEM characterizations. As
shown in Figure S5 A and B, Moiré patterns formed by the
superposition of misfit of the two lattices are observed,
which indicates the core-shell nanostructures are present.
An FFT pattern of the part of the shell of the nanoparticle
fit for the face-centered cubic Ag structures (Figure Ss5 C).
The elemental mapping analysis of a single core-shell
nanostructure shows that Pd elements are mainly dis-
perse in the low-right corner and exhibit a cubic shape
with the same size of Pd cubes added before the reaction.
It confirmed that Pd cubes provide the nucleation sites
for Ag atoms. The self-catalysis occurs once Ag atoms
nucleate, and Ag nanoclusters are formed quickly and
aggregate into new Ag nanostructures (Figure S5 G). And
the Pd-Ag core-shell nanostructures should be present in
the products shown in Figure 2 and 3.

Kinetically controlled Ag decahedra with five-fold
multi-crystalline nanostructure. When the pH of solu-
tion was increased to 10.0 by the injection of ammonia,
the reduction rate is greatly increased because the reduc-
ibility of Asa is stronger at the basic condition. And the
kinetics plays the dominant role in the formations of Ag
nanocrystals.*****’ Around 95% of the products are {}-
faceted five-fold multiply twinned decahedral Ag nano-
particles, with the average size of 31 + 3 nm, as shown in
Figure 4A. The solution turned into green instantly when
0.3 mM Asa was added, and the reduction was completed
within 40 min. Figure 4B shows an XRD pattern of the
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products, indicating that the AgCl precursors were com-
pletely reduced into Ag nanostructures. The diffraction
peaks of (111) and (200) lattice planes of the face-centered
cubic Ag crystals are observed. The HRTEM image of the
single decahedral Ag nanoparticle along the five-fold
symmetry axis is shown in Figure 4C. The decahedron
consists of five tetrahedral with twinned by (110) planes.
An HRTEM image corresponding to the part of the single
Ag decahedra is shown in Figure 4D. The lattice spacing
of 0.231 nm on the surface of the decahedron is indexed to
the {1} reflection of the face-centered cubic Ag crystals,
which is also confirmed by the corresponded FFT pattern
in the inset of Figure 4D. When the concentration of Asa
is increased to 1.2 mM, larger decahedral Ag nanoparticles
were formed, with high ratio of the co-products (~20%),
such as nanorods, nanocubes, or nanoprisms, as shown in
Figure 4E. The average size of the decahedral Ag nanopar-
ticles is 41 + 5 nm. Figure 4F shows an HRTEM image of
the center of the single decahedra along the five-fold
symmetry axis, exhibiting a well five-fold symmetry. The
UV-visible extinction of the Ag nanostructures redly shifts
around 20 nm because of the larger size of the products
(Figure S6). The formation of the higher yield of byprod-
ucts (1.2 mM Asa) affects the size of Ag decahedra.

Effects of temperature and capping agents. The re-
action is completed in 1.5 h when the temperature is in-
creased to 8o °C at the pH value of 8.0. And the products
are mainly composed of Ag nanocubes (~ 84 nm) and
nanowires with length of ~ 2 pm and diameter of ~ 67 nm
(Figure S7). Compared to the products at 45 °C (Figure 1),
the size of Ag cubes are decreased and the yield is low,
and there are Ag nanowires formed. This indicated that a
slow reduction rate benefit the growth of Ag nanocubes.
When cetyltrimethylammonium chloride is used as the
capping agents instead of CPC, the products are com-
posed of Ag nanowires, cubes, triangular bipyramids, and
five-fold twinned crystalline nanoparticles (Figure S8).
When cetyltrimethylammonium bromide is used as the
capping agents instead of CPC, the reduction reaction
does not occur because the AgBr is stable and difficult to
be reduced compared to AgCl (Figure Sg). This indicated
that the reaction rate and capping agents are critical to
the formation of the shape-controlled of Ag nanostruc-
tures. Cetylpyridium cations can protect Ag {100} facets
through the selective adsorption and benefit the high-
yield production of Ag nanocubes. To study the effect of
bromide ions on the growth of Ag nanowires, 0.1 mM
potassium bromide are introduced into CPC solutions. As
shown in Figure Sio, Ag triangular bipyramids, cubes,
wires are mainly produced. So the effect of trace amount
of bromide ions (which may adsorb to the surface of Pd
cubes) on the growth of Ag nanowires is negligible.

CONCLUSION

In summary, we develop a new method for synthesizing
the morphology-controlled Ag nanostructures in aqueous
solution at a low temperature. With the use of AgCl na-
noparticles as the precursors, the shape of the Ag
nanostructures can be controlled by both thermodynamic
and kinetic factors at 45 °C. CPC capping agents can se-
lectively adsorb onto the {100} facets, which become the
thermodynamically stable facets. The {ioo}-faceted Ag
nanocubes, nanowires, right-triangular bipyramids, and
nanocubes with twinned boundaries are controllably
synthesized by tuning kinetic growth factor (reaction
rate). The {in}-faceted decahedra are formed at a higher
pH value as the kinetically controlled products. This
green, cost-effective, large-scale and efficient method
provides a distinct roadmap for synthesizing the mor-
phology-controlled Ag nanostructures and shines light on
the fundamental understanding on the controllable
growth of metal nanocrystals.
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Large-scale morphology-tailored Ag nanostructures capped by cetylpyridinium chloride were produced
by reducing AgCl precursors with ascorbic acid at 45 C in water. Nanocubes, nanowires, triangular bi-
pyramids/cubes with twinned boundaries, and decahedra were obtained at different reduction rates (pH,
catalysis of Pd cubes). This method is high-efficiency, low-cost, and environmental friendly, opening up
a new stage for synthesizing Ag nanostructures.
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