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Organic Additive-assisted Growth of Quaternary PbX(OH) (X = Cl, Br, )
Polygonal Tubular Crystals via Ethanol Thermal Process
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Millimeter-scaled polygonal tubular crystals of PbX(OH) (X
= Cl, Br, I) are successfully grown in ethanol system with the aid
of polyoxyethylene tert-octylphenyl ether (Triton X-100). The
results demonstrate that the suitable organic additive favors
the growth of tubular crystals.

Recently, the syntheses of large objects (millimeter- to cen-
timeter-scale) with open structures have been the focus of stud-
ies"? because these types of structures are envisaged for poten-
tial application as ion exchanger and selective sorbets,’ owing to
their special well-defined structure, their inherent mechanical
strength4 and their ability to act as containers or capsules.5 Exist-
ing technologies for making materials with open structures in-
clude limited stereolithography,6 chemical processing,7 and tem-
plate-directed method® etc. Development of the solution routes
in the mild temperature range of 100-200 °C has been motivated
by current interest in the design of solid-state chalcogenides with
low-dimensional structure due to the simple operation.9 The re-
action conditions applied are adequate to greatly enhance diffu-
sion but still mild enough to keep molecular entities, such as
chains and rings intact to participate in the formation of solid-
state phases.'?

In the past, laurionite-type lead halide hydroxide PbX(OH)
(X = Cl, Br, I) has attracted much attention because they pos-
sessed some extraordinary structural and spectroscopic fea-
tures. ! However, there are few studies on the tubular single
crystals of this series of compounds. The preparation of materi-
als through an organic additive-mediated process is of consider-
able current interest, because the organic additive can alter inor-
ganic microstructures and offer a very powerful tool for the
design of new materials.'” However, its employment is scarcely
developed in the field of the preparation of single crystal in mil-
limeter- to centimeter-scale. In this present work, three tubular
prism crystals of PbX(OH) family are synthesized with the aid
of Triton X-100, which is a nonionic and soluble amphiphiles.
Here, hollow crystals of laurionite-type compounds grown with
the assistance of Triton X-100 are first reported.

In a typical procedure, analytical grade lead acetate
PbAc,-3H,0, sodium halide NaX (X = Cl, Br, I) and Triton
X-100 (molar ratio 1:2:1) were added to a Teflon-lined autoclave
of 20-mL capacity with absolute ethanol up to 90% of the total
volume. The autoclaves were heated at 180 °C for 72, 48, and 12
h for the preparation of PbCI(OH), PbBr(OH), and PbI(OH), re-
spectively, and then gradually cooled to room temperature. Then
the crystals obtained were washed with distilled water and etha-
nol successively, and dried in a vacuum at 50 °C for 5 h.

The XRD patterns13 of PbX(OH) crystals and their polycrys-
talline powder, prepared by grinding the bulk crystals, are shown

in Figure 1. In each XRD pattern, all the reflections can be in-
dexed to those of the corresponding pure orthorhombic phase
of PbCI(OH), PbBr(OH), and PbI(OH), respectively.14 Figures
2b and 2d show the XRD patterns of PbCI(OH) and PbBr(OH)
single crystals, respectively, in which the (110) plane of them
parallels the shaft of the bulk single crystals, while Figure 2f
is the XRD pattern of PbI(OH) single crystal, showing that the
(101) plane of PbI(OH) crystal parallels the shaft of the bulk sin-
gle crystals.
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Figure 1. The XRD patterns of the products: a) powder
PbCI(OH) ground from single crystals; b) single-crystal
PbCI(OH); c¢) powder PbBr(OH) ground from single crystals;
d) single-crystal PbBr(OH); e) powder PbI(OH) ground from
single crystals and f) single-crystal PbI(OH).

The low magnification SEM imagesI3 of the PbX(OH) (X =
Cl, Br, I) are shown in Figures 2a—2c, respectively, which dis-
play random distribution and fairly uniform diameter of the nee-
dle-like crystals. It can be seen that copious amounts are routine-
ly obtained using this system. Through careful observations
under high magnification (Figures 2d-2f), all the three crystals
can be found to have a tubular tetragonal prismatic structure.
Typically, the crystals have dimensions of ca. 10-15mm in
length, 50-70 um in diameter, and 20-40 um in thickness for
PbCI(OH) (Figure 2d), 10-15 mm in length, 30-40 um in diam-
eter, and 20-30 um in thickness for PbBr(OH) (Figure 2e), and
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Figure 2. Low magnification SEM images of: a) PbCI(OH), b)
PbBr(OH) and c) PbI(OH) single crystals and their correspond-
ing SAED patterns (the inset); and high magnification SEM
images of: d) PbCI(OH), e) PbBr(OH) and f) PbI(OH) tubular
single crystals.

6—-10mm in length, 80-100 um in diameter, and 80-100 um in
thickness for PbI(OH) (Figure 2f). The SAED patterns'> of the
as-prepared products are embedded in their corresponding
low-magnification SEM images, respectively, which again con-
firm the feature of single crystal of these three products.

To understand the observed behavior of these three tubular
crystals, it is necessary to study their structure. That is, the crys-
tal habits of inorganic materials play an important role in the for-
mation of the tetragonal prism structures of the laurionite-type
compounds. In the following discussion, laurionite PbCI(OH)
is used as an example.”’15 The structure of the orthorhombic
phase is shown in Figure 3.1 The halogen atom is bonded to
5Pb atoms, which form a distorted rectangular pyramid. The
oxygen atom lies at the center of a tetrahedron having 3 Pb atoms
and 1 hydrogen at the four vertices. Each Pb atom is linked to 5
X~ and 3 OH™ anions. The Pb-centred polyhedron may be de-
scribed as a bicapped triangular prism, so in laurionite the col-
umns of such polyhedra give rise to infinite chains running along
¢ axis, by sharing C1-Cl edges with neighbouring columns. It is
understandable that the crystallite nucleates along the ¢ axis and
grows readily because of the inherent chain type structure, which
makes the need-like morphology form. As to the formation of
hollow tubular, it could be attributed to the difference in the ad-
sorption effect of Triton X-100 on the different faces of
PbX(OH) crystals, which maybe results in the formation of hol-
low interior, because in the controlled experiments the hollow
tubular structures cannot be obtained in the absence of Triton
X-100. On the other hand, the sealed reaction system can provide
an unstable and nonequilibrium experimental conditions, includ-
ing the high reaction temperature and high reaction pressure,
which may be propitious to the growth of the PbX(OH) tubular
crystals.9 However, the detailed mechanism is not fully under-
stood and needs to be further studied.

In summary, a feasible organic additive-assisted method is
successfully developed to grow the lead halides hydroxide tet-
ragonal prismatic tubular crystals in millimeter-scale by a mild
ethanol thermal process. The experimental results demonstrate
that the organic additives used can direct the growth of crystals
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Figure 3. The crystal structure of laurionite-type compounds as
seen along [010]. Hydrogen atoms are not indicated. The unit
cell limits are outlined. Empty sticks denote a single interatomic
bond between atoms at the same level, whereas filled sticks de-
note double bonds with two atoms lying on opposite neighbour-
ing planes.

with definite shape, which enlightens us that the morphology of
the materials can be controlled by using suitable organic addi-
tive.
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