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The controllable preparation of crystals is a prerequisite for exploring their shape-dependent
physicochemical properties. Herein, AgCl crystals with different morphologies including octahedron,
trapezohedron (TPH), 12-pod and hexapods with mace pods were successfully prepared by a one-pot
synthesis method. In the preparation process, ethylene glycol (EG) was used as a solvent and AgNOz was
used as a precursor of Ag*. In particular, the ionic liquid poly(diallyldimethylammonium chloride) (PDDA)
not only acted as a Cl” ion precursor but also as a morphology-controlled stabilizer. We further explored
the effects of temperature, ligand and precursor concentration on AgCl crystal growth. Moreover, we
investigated the effect of Cl” concentration on the morphology of AgCl by adding different amounts of
NaCl. We found that under the condition of the lower concentrations of Cl", {111}-bound octahedral AgCl
crystals will transform into TPH enclosed with the {311} facet as the concentration of Cl” ions increases.
However, at medium concentrations of Cl’, {111}-bound octahedral AgCl crystals will transform into 3D 12-
pod AgCl crystals as the concentration of Cl ions increases. Under the condition of higher concentrations
of Cl’, {111}-bound octahedral AgCl crystals will transform into hexapods with mace pods AgCl crystals as
the concentration of Cl ions increases. According to the experimental results, we proposed the growth
mechanism of AgCl microcrystals. This work not only provides a new method for the synthesis of AgCl
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Introduction

In the past few decades, the controllable preparation of
micro/nanomaterials has become an important research field.
In particular, a large number of studies have been devoted to
the controllable preparation of micro/nanocrystals because of
their potentially wide variety of applications including
catalysis, photonics, sensing and imaging."® It is well
established that the properties of crystals depend largely on
their surface structure.”'” Previous studies have shown that
crystals with a high index facet have higher chemical reaction
activities than those with low index facets, as the high-index
facet crystals have a much higher density of low-coordination
stepped atoms, ledges and kinks."" However, the high surface
energy of high-index planes makes them disappear easily in
the growth process to minimize the total surface energy.'” As
a result, the synthesised crystals are usually enclosed by low-
index facets such as {100} and {111} surfaces. Therefore, it is
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crystals with a tunable shape, but also helps to understand the crystal growth mechanism.

extremely difficult and challenging to synthesize crystals with
specific high-index facets. More recently, with great efforts,
many noble metal (Au, Ag, Pt and Pd) crystals with different
morphologies of high-index facets including dodecahedra
(DDH), tetrahexahedra (THH), trisoctahedra (TOH),
hexoctahedra (HOH) and truncated ditetragonal prism (TDP)
have been prepared by electrochemical and wet-chemical
methods.”*™” Among many micro/nanomaterials, silver
chloride (AgCl), a promising semiconductor photocatalytic
material, has been extensively studied due to its excellent
photocatalytic properties. Since the solubility of AgCl is low
(the solubility product constant at 25 °C is 1.77 x 107*°),"% it
is usually prepared by a precipitation reaction between Ag"
and CI” ions. However, because the precipitation reaction is
already fast, the controllable preparation of AgCl is still a
challenge. In 2008, Huang and co-workers first founded that
Ag@AgCl particles are active plasmonic photocatalysts."®
Since then, silver halides, in particular AgCl, have been
considered as the most promising substitute for traditional
semiconductor photocatalysts. Many studies have focused on
the preparation of AgCl crystals with different morphologies
to study their photocatalytic activity under visible light
irradiation. Up to now, extensive research has shown that
surface plasmon resonance (SPR) induced electron transfer
and, thus, led to high photocatalytic activity of AgCL>°* In

This journal is © The Royal Society of Chemistry 2021


http://crossmark.crossref.org/dialog/?doi=10.1039/d0ce01564d&domain=pdf&date_stamp=2021-07-21
http://orcid.org/0000-0002-1049-1080
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ce01564d
https://pubs.rsc.org/en/journals/journal/CE
https://pubs.rsc.org/en/journals/journal/CE?issueid=CE023029

Open Access Article. Published on 25 June 2021. Downloaded on 12/4/2025 1:24:06 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

CrystEngComm

addition, many kinds of well-defined AgCl micro/nanocrystals
including nanospheres,” cubes,’*® plates,> ' caged
cubes®*** and nanowires***® have been synthesised and they
showed significant photocatalytic activity in the degradation
of organic pollutants under visible light irradiation. For
example, Yu prepared heart-like Ag@AgCl crystals, which
exhibit enhanced visible light photocatalytic performance.®’
Lou and co-workers prepared concave cube AgCl microcrystals
by controlling the cubic seed to grow preferentially along the
<111> and <110> directions under the action of highly
concentrated Cl~ solution.*®?° Moreover, Gatemala et al.
prepared various kinds of highly branched three-dimensional
AgCl hierarchical microcrystals.” Interestingly, the results
indicate  that  three-dimensional = AgCl  hierarchical
superstructures exhibit better catalytic performance than
common cubes and octahedrons. Therefore, in order to
explore and realize the potential applications of novel
structural materials, there remains a need for an efficient
method for fabricating precisely controlled complex micro/
nanostructures.

In this work, we report a facial approach to synthesise
AgCl microcrystals with different morphologies including
octahedron, trapezohedron (TPH), 12-pod and hexapods with
mace pods, as illustrated in Fig. 1. In a typical synthesis, 20
mL ethylene glycol (EG) was sealed in a 50 mL flask, and 200
pL of 1.0 M AgNO; and 0.8 mL PDDA were added to the flask.
After stirring at room temperature for 1 minute, the flask was
placed in a 190 °C oil bath. It is worth noting that a specific
ionic liquid poly(diallyldimethylammonium chloride) (PDDA)
acted as both a ClI” ion precursor and a morphology-
controlled stabilizer. After the reaction was carried out for 30
minutes, the solution became colourless and transparent.
Then, the flask was cooled to room temperature. Then after
centrifugation, the supernatant was removed to obtain the
product. Characterization was carried out after washing twice
with water and ethanol, respectively. In addition, AgCl
crystals with different morphologies, which include
octahedron, trapezohedron (TPH), 12-pod and hexapods with
mace pods, were prepared by adding NaCl to adjust the
concentration of Cl” ions (see the details in the Experimental
section). Furthermore, by systematically exploring the
influence of reaction conditions, we explored the growth
mechanism of 3D AgCl crystals with different morphologies.
We found that the 3D AgCl microstructures all evolved from
the initial octahedral structure, and the intermediate state of
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Fig. 1 Illustration of the formation process of TPH, 12-pod and
hexapods with mace pods of AgCl crystals.
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the structure evolution was captured by precisely regulating
the reaction conditions.

Experimental section
Chemicals

All reagents and solvents were purchased from commercial
sources and used as received without further purification.
Chemicals used in this study included silver nitrate (AgNO3,
A.R. 99.8%, Sinopharm Group Reagent Co., Ltd., Shanghai,
China), hydrochloric acid (HCl, AR), sodium chloride (NaCl,
AR, 36.0-38.0%) nitric acid (HNOj3, AR, 65.0-68.0%), ethylene
glycol (EG), and poly(diallyldimethylammonium chloride)
(PDDA, MW = 200 000-350 000 D, 20 wt% in H,0O, >99%),
which were purchased from Aladdin. The solutions were
prepared from super pure water (18 MQ c¢m) purified using a
Milli-Q Lab system (Nihon Millipore Ltd.).

Synthesis of AgCl microstructures with different
morphologies

The AgCl microstructures with different morphologies were
selectively synthesized via Cl-induced precipitation from a
silver nitrate precursor. Briefly, different amounts of NaCl
powder were added to a 50 mL flask containing 20 mL of EG
solution with vigorous stirring of the magnets. Stirring was
continued at room temperature until NaCl was completely
dissolved and then 0.8 mL of PDDA solution was added.
Subsequently, 200 pL of 1.0 M AgNO; solution was added
and subjected to vigorous stirring for 5 min. Upon addition
of AgNOs, the transparent solution immediately turned milky
white, indicating the formation of solid AgCl. Then, the
mixture was placed in an oil bath at 190 °C under vigorous
stirring for 30 min. After heating, the milky white solution
became colourless and transparent. After 30 minutes of
reaction, the heating was switched off and cooled to room
temperature. During the cooling process, the solution
gradually became cloudy and opaque, indicating that AgCl
crystals were precipitated. All glassware used in the
experiment were washed with freshly prepared aqua regia
(HCI:HNO3; = 3:1) for 30 minutes and then thoroughly
rinsed twice with ultrapure water and ethanol, respectively.
When the reaction was expected to be completed, the
supernatant was removed by centrifugation at 12 000 rpm for
15 minutes, the product was ultrasonically dispersed in
ethanol and water, and then washed twice. Prepared AgCl
particles were then dispersed in an ethanol solution for
further use.

Characterization

The morphologies and structures of the prepared AgCl
crystals were characterized using a scanning electron
microscope (SEM, 3.0 kv, SU70, Hitachi, Japan) and an X-ray
diffractometer (XRD, Cu Kol radiation, Rigaku/Ultima IV,
Japan). The diffraction pattern was recorded in the range of
20-80 degrees. In addition, energy-dispersive X-ray
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spectroscopy (EDS) mapping was also used to characterize
the prepared crystals.

Results and discussion

In a typical synthesis, 20 mL of EG was sealed in a 50 mL
flask, and then different amounts of NaCl powder were
added to the EG solution and stirred at room temperature
until the NaCl was completely dissolved. Subsequently, 200
pL of 1.0 M AgNO; and 0.8 mL PDDA were added to the flask.
As soon as the AgNO; solution was added, it became opaque
immediately, which indicated that AgCl precipitation
occurred. We centrifuged the AgCl precipitate at this time,
and the SEM picture is presented in Fig. S5.f After stirring at
room temperature for 1 minute, the flask was placed in a 190
°C oil bath for reaction. The solution became clear and
transparent after 30 minutes of reaction at 190 °C. The
solution was subsequently cooled to room temperature and a
milky white precipitate appeared. The AgCl precipitate was
obtained by centrifugation at 12000 rpm, and the obtained
precipitate was washed twice with water and ethanol,
respectively. In this process, we think that the AgCl crystals
are dissolved at high temperatures, and hence, the mixed
solution becomes colourless and transparent. In the reaction
system, the concentration of ClI” is much higher than the
concentration of Ag'. We conclude that in a high CI°
environment, the initially formed AgCl (K, = 1.77 x 10'%)
precipitate was transformed into AgCl,” (K; = 2.5 x 107°).
When the reaction stopped, AgCl,” gradually crystallized and
AgCl crystals were precipitated as the solution cooled to room
temperature.*>*®

Fig. 2A presents the SEM images of the as-prepared AgCl
crystals with TPH morphology, which was synthesised at Ag'/
CI" = 1/10. In addition, we found that the AgCl size of the
TPH morphology will increase as the amount of NacCl
increases, as shown in Fig. 2B-D. We can see that the yield of
AgCl crystals with TPH morphology is close to 100%. Previous
studies on high-index facet noble metal crystals have shown
that the TPH structure is composed of 24 high-index {hkk} (h
> k) facets.”>"” Since AgCl crystals will be reduced to Ag due
to long-term exposure to high-current density electron beams,
the crystal plane index of TPH structure AgCl crystals cannot
be determined directly by TEM characterization and the
corresponding selected area electron diffraction (SAED).*
Therefore, we used a method of determining the projection
angle along a specific crystal axis to determine its crystal
plane. The corresponding Miller index can be determined
using the projection angle of the TPH AgCl crystals in the
<100> direction (Fig. 2E). As shown in Fig. 2E, the average
measured values of o and f were 143.3° and 127.0°,
respectively. This result is in good agreement with the
theoretical value corresponding to the {311} crystal plane.
Therefore, the prepared TPH-form AgCl crystal is composed
of 24 high-index {311} facets. The SEM images of TPH AgCl
crystals at different angles (Fig. 2F-I) further demonstrate the
TPH geometry of AgCl crystals.
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Fig. 2 SEM images of AgCl crystals with different TPH morphologies.
(A) 200 nm, (B) 250 nm, (C) 500 nm, and (D) 600 nm. (E) SEM image of
a single TPH AgCl crystal viewed from the <100> direction. (F-I)
Individual TPH AgCl crystals in different orientations. Scale bar: 500
nm.

When the molar ratio of Ag"/Cl™ was reduced to 1/50, the
shape of AgCl crystals transformed from TPH to 12-pod,
which can be seen in the SEM images of Fig. 3. To the best of
our knowledge, this is the first report of the 12-pod AgCl
crystals. As shown in Fig. 3A, we can see the detailed

Fig. 3 SEM images of flower-like AgCl crystals: (A) high magnification
and (B) low magnification. (C-E) Individual flower-like AgCl crystals in
different orientations. (F-H) EDS elemental mapping of hollow Au
crystals indicating the Cl and Ag elemental distribution.

This journal is © The Royal Society of Chemistry 2021
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structure of the 12-pod AgCl crystals. The sizes of the 12-pod
AgCl crystals range from 10 to 15 um, with an average pod
length of around 5 um. From the low-magnification SEM
image (Fig. 3B), we can see that 12-pod AgCl has good
uniformity. Fig. 3C-E shows the SEM images of different
orientations of a single 12-pod AgCl crystal. By analysing its
structure, we can determine that the AgCl crystal is composed
of 12 pods. In addition, we can see that each branch is
composed of many different flat faces, and subsequent
studies on the growth mechanism of AgCl crystals will further
confirm its structural composition and surface structure.
Furthermore, the 12-pod AgCl microcrystals were further
identified by energy-dispersive X-ray spectroscopy (EDS). EDS
mapping (Fig. 3G and H) clearly shows that Ag and Cl are
uniformly distributed throughout the AgCl crystals.

As shown in Fig. 4, when the molar ratio of Ag'/Cl” was
further reduced to 1/100, the morphology of the prepared
AgCl crystals will change to hexapods with mace pods.
Fig. 4A and B show the high-magnification and low-
magnification SEM images of AgCl crystals with hexapod with
mace pod morphologies, respectively. This phenomenon is in
agreement with our previous reports.** Fig. 4C and D show
the SEM micrographs of the hexapods with mace pods of the
AgCl crystal structure viewed from different directions.
Previous research reports indicate that AgCl crystals with
hexapods with mace pods are grown from octahedrons to
form a six-pod structure. The six-pod structure further grows
on each pod to form a structure with hexapods with mace
pods. Different from previous reports, we found that with the
further increase in Cl™ concentration, the branches of the
prepared AgCl crystal with hexapods with mace pods will
grow further, as shown in the red circle in Fig. 4C. We can
see that small rod-like structures will continue to grow on the
branches of the AgCl crystal with hexapods with mace pods.

We further explored the factors including temperature,
ligand, precursor concentration and metal ions affecting the
formation of AgCl crystals with different morphologies. First,

i E 4 i 4 N

Fig. 4 SEM images of hexapod with mace pod AgCl crystals: (A) high
magnification and (B) low magnification. (C and D) Individual hexapod
with mace pod AgCl crystals in different orientations.
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we study the effect of temperature on the growth of AgCl
crystals. While keeping other conditions constant, we tested
the effects of a series of reaction temperatures on the growth
of AgCl crystals. We found that when the reaction temperature
is higher than 180 °C, we will get AgCl crystals with a uniform
morphology and size. However, when the reaction
temperature is lower than 180 °C, AgCl crystals with irregular
morphology will be obtained. Fig. S1 and S2f show the SEM
micrographs of AgCl crystals prepared at reaction
temperatures of 170 °C and 190 °C, respectively. Furthermore,
we explored the effect of PDDA on AgCl crystal growth. As we
mentioned above, PDDA is used not only as a ligand for
regulating morphology, but also as a source of Cl". Keeping
the other conditions unchanged, we used NaCl instead of
PDDA to provide CI, and we got completely different results.
As shown in Fig. 5, in the absence of PDDA, different amounts
of NaCl were added to provide Cl-, and a series of AgCl
crystals with different morphologies were prepared. As shown
in Fig. 5A, when Ag'/Cl” = 1/10, we obtain cubic AgCl crystals.
When the molar ratio of Ag'/Cl™ = 1/20, the cubic AgCl crystals
preferentially grow along the edges and corners to form
concave cubes, as shown in Fig. 5B. Upon continuous increase
in the amount of NaCl, AgCl cubes will grow further along the
edges and corners to form the octopod structure, as shown in
Fig. 5D. This phenomenon is in agreement with previous
reports that cubic AgCl crystals preferentially grow along the
<111> and <110> directions when the ClI" concentration is
increased.*®*° Furthermore, we explored the role of Cl™ in the
growth of AgCl crystals. Keeping other reaction conditions
unchanged (200 pL of 1.0 M AgNO; and 0.8 mL PDDA), we
adjusted the concentration of CI” by changing the amount of
NaCl added. As shown in Fig. S3-S8,i when the amount of
NacCl is 15 mg, 30 mg, 90 mg, 120 mg, 150 mg, and 165 mg,
the TPH AgCl we obtained are 200 nm, 250 nm, 500 nm, 600
nm, 1.0 um and 2.0 um, respectively. We can find that when
the CI” concentration is relatively low, AgCl crystals prepared
have a TPH morphology, and the AgCl crystal size of TPH will

Fig. 5 SEM images of AgCl crystals synthesized without PDDA. (A)
Ag*/Cl” = 1/10, (B) Ag*/CL” = 1/20, (C) Ag*/Cl" = 1/30, and (D) Ag*/Cl”
=1/50.

CrystEngComm, 2021, 23, 5116-5123 | 5119
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gradually increase with the increase in the CI” concentration.
When the amount of NaCl was increased to 200 mg, we
obtained 12-pod AgCl crystals, as shown in Fig. 3. As the
amount of NaCl continued to increase to 350 mg, rod-shaped
AgCl crystals gradually appeared in 12-pod AgCl crystals, as
shown in Fig. S9.f Furthermore, when we add 400 mg of NaCl
to further increase the concentration of Cl™ in the solution,
AgCl crystals with hexapods with mace pods will be prepared,
and until NaCl is increased to 700 mg, the AgCl crystals will
have an irregular and disordered morphology (Fig. S107). The
3D AgCl microcrystals prepared in the experiment were also
characterized by X-ray diffraction (XRD), and the product map
(Fig. 6) was compared with the map of JCPDS NO. 85-1355 in
the database. The XRD lines shown in Fig. 6a-d correspond to
octahedron, TPH, 12-pod and hexapod with mace pod AgCl
microcrystals, respectively. We can see that there are no
additional impurity peaks in the XRD pattern of AgCl
microcrystals, and these peaks are symmetric, indicating that
the crystal structure of AgCl crystal is of high quality.
According to previous reports, metal ions will affect the
morphology of semiconductor nanoparticles.*® Therefore, we
used KCl, MgCl, and CaCl, instead of NaCl as the source of
Cl- ions without changing other conditions, and explored the
effects of different metal ions on the growth of AgCl crystals.
Fig. S12-S141 show respectively the SEM images of AgCl
crystals prepared using KCl, MgCl, and CaCl, as the source of
Cl-ions. We can see that the morphologies of AgCl crystals
prepared under different metal ion conditions are consistent
with those when NaCl is used. It shows that different metal
ions have no obvious influence on the morphology of AgCl
crystals in this experiment.

In order to further explore the formation mechanism of
AgCl crystals with different morphologies, we reduced the
AgNOj; concentration and changed the Ag" concentration to
explore its growth pattern. We reduced the AgNO;
concentration to 0.1 M and fixed PDDA to 0.8 mL. By
changing the volume of AgNO; used, we obtained the
morphological evolution process of AgCl crystals with
different morphologies. As shown in Fig. 7A and 8A, when we
add 600 pL of 0.1 M AgNO; solution, we will get octahedral
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Fig. 6 XRD patterns of the as-prepared AgCl crystals. (a) Octahedron;
(b) TPH; (c) flower-like; (d) hexapods with mace pods.
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Fig. 7 (A-D) SEM images of AgCl microcrystals at different amounts of
0.1 M AgNOs solution: (A) 600 uL; (B) 650 uL; (C) 700 pL; and (D) 750
pL. (E) Ilustration of shape transformation of AgCl crystals from
octahedra to TPH.

AgCl crystals with a size of about 2.0 pm. From Fig. 7 we can
see that as the amount of silver nitrate increases, the AgCl
crystal gradually changes from octahedron to TPH. Keeping
the other conditions constant, adding 600 pL of 0.1 M AgNO;
solution will result in AgCl crystals with a size of 2.0 um
(Fig. 7A). When the amount of AgNO; added is increased to
650 pL, the size of the octahedron AgCl crystals decreases
and the shape transformation starts at the vertices (Fig. 7B).
This process is similar to our previous report.” At this time,
the {111} facets of the octahedron are converted into regular

Fig. 8 SEM images of AgCl microcrystals at different amounts of 0.1
M AgNOs3 solution: (A) 600 plL; (B) 550 pL; (C) 500 uL; and (D) 400 pL.
(E) Illustration of shape transformation of AgCl crystals from octahedra
to hexapods with mace pods.

This journal is © The Royal Society of Chemistry 2021


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ce01564d

Open Access Article. Published on 25 June 2021. Downloaded on 12/4/2025 1:24:06 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

CrystEngComm

hexagons, and each vertex of the original octahedron is
capped by a square-based pyramid. With further truncation
and growth, the truncated octahedron will transform into a
regular polyhedron composed of 8 low-index {111} facets and
24 high-index {311} facets (Fig. 7C). As the amount of AgNO;
continues to increase, the {111} facets of the octahedron will
continue to decrease, while the {311} facets continue to
increase. When the amount of AgNO; added up to 750 pL,
the {111} facets completely disappeared, and the AgCl crystal
was converted from octahedron to TPH (Fig. 7D). As can be
seen from Fig. 7D, the crystal size of the TPH morphology of
AgCl is about 2.0 um. Fig. 7E shows the corresponding shape
transformation model of AgCl crystals. Conversely, when we
reduce the amount of AgNO;, the AgCl crystal will change
from octahedron to hexapods with mace pods, which is
consistent with our previous reports.** AgCl octahedrons will
preferentially grow along the <100> direction (Fig. 8B). With
the decrease of AgNO;, the six vertices of the AgCl
octahedron are pulled out to form a hexapod structure. The
hexapod AgCl will continue to grow along the <100>
direction, eventually forming hexapods with mace pods. The
formation of 12-pod AgCl crystals is very sensitive to Ag" and
Cl” concentration. When we fixed PDDA = 0.8 mL (n(Cl) = 1
mmol) and slightly changed the amount of AgNO;, we
obtained the morphological transformation, as shown in
Fig. 9A-C. When we added 200 pL of 1 M AgNO; solution
and slightly changed the amount of NaCl added, we further
obtained the morphological transformation, as shown in
Fig. 9D-F. As shown in Fig. 9A, when 600 puL AgNO; is added,
uniform octahedral AgCl crystals with a size of about 2.0 pm
is prepared. When the amount of AgNO; is increased to 610
pL, as the octahedral AgCl crystal grows, its apex will appear
“dented”. As shown in Fig. 9B, each vertex of the octahedron
appears as a cube-shaped depression. As the amount of
AgNO; continues to increase to 620 pL, the eight faces of the
octahedral AgCl crystal also begin to appear “depressed.” As
shown in Fig. 9C, each vertex of the octahedron exhibits a
depression in the shape of a cube, and at the same time, a
depression in the shape of a pyramid appears on each face.
With the further depression of each vertex and face of the
octahedron, the shape shown in Fig. 9D will appear. At this
time, the original octahedron will be split into 12 polyhedra
and connected together. On the basis of Fig. 9D, we further
reduce the amount of NaCl, and the AgCl crystal will be
transformed into a shape with 12 octahedra connected
together (Fig. 9E). Continue to reduce the amount of NaCl,
the 12 octahedrons began to transform to TPH morphology
(Fig. 9F), and started at the vertices. Fig. 9G is the SEM image
of a single-particle 12-pod AgCl crystal formation process. In
Fig. 9G2-4, we can clearly see the depression shape of the
octahedron AgCl on the vertices and faces. In Fig. 9G5, we
can clearly see the morphology of AgCl crystals with 12
octahedral connection. Comparing Fig. 9G5 and G6, we can
clearly see that the 12 octahedrons connected together begin
to transform into the TPH form, starting from the vertical of
each octahedron.
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Fig. 9 SEM images of AgCl microcrystals at different amounts of 0.1
M AgNOs; solution: (A) 600 pL; (B) 610 uL; and (C) 620 pL. SEM images
of AgCl microcrystals at different amounts of NaCl: (D) 350 mg; (E) 310
mg; and (F) 300 mg. (G1-G6) Single-particle flower-like AgCl crystal
formation process.

Based on the above-mentioned experimental results, we
deduced a possible mechanism for the growth of AgCl
crystals with different morphologies. At room temperature, as
soon as Ag" encounters Cl~ (whether from PDDA or NaCl),
AgCl precipitates immediately (Fig. S117). Then, in a high-Cl”
concentration environment and at high temperatures, AgCl
will gradually dissolve and change to AgCl, . When there is
no PDDA, as the reaction ends, the temperature of the
solution decreases. AgCl,  will crystallize into AgCl cubes
with a lower surface energy. As Cl increases, cubic AgCl will
preferentially grow along the <111> and <100> directions,
eventually forming an eight-pod AgCl crystals (Fig. 5D). When
PDDA is added as a morphology modifier, the AgCl crystals
will preferentially form an octahedral structure. This is
consistent with previous reports that PDDA is adsorbed on
the {111} crystal plane during the nucleation of face-centred
cubic (FCC) ecrystals.”” With the increase in the CI
concentration, the octahedron AgCl crystal will grow
preferentially along the <110> direction. The octahedron is
elongated along the apex direction, and finally, a six-pod
AgCl crystal is formed. In contrast, with the decrease in the
CIl” concentration, the growth of the apex and surface of the
octahedral AgCl is inhibited and the 12-pod structure is
formed. When the CI” is further reduced, octahedral AgCl will
transform to the TPH morphology, which is enclosed by 24
high-index {311} facets.
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Conclusions

In summary, we have successfully prepared octahedron, TPH,
12-pod and six-rod AgCl crystals by a one-pot PDDA-mediated
polyol synthesis method. In addition, by fine-tuning the
experimental  conditions, we achieved the shape
transformation of AgCl octahedron to TPH at a relatively
lower CI” ion concentration, the transition of octahedron to
12-pod morphology at moderate Cl” ion concentration and
the morphology evolution of octahedron to hexapods with
mace pods, under high CI” ion concentration. Furthermore,
we explored the effects of various factors on the growth of
AgCl crystals. Meanwhile, TPH-morphology AgCl crystals with
a controllable size of 200 nm-2 pum were synthesised by
simply changing the amount of NaCl. We believe that this
work not only provides a simple method for preparing AgCl
crystals with different regular morphologies, but also
provides new insights into crystal growth habits.
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