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Nanostructured materials have been attracted great
interest due to their unique physical and chemical
properties compared with their bulk materials'''.
Many methods, such as chemical vapor deposition
(CVD) , hydrothermal synthesis, template method, co-
precipitation and hydro-/thermolysis have been used to

781 Generally, these

synthesis various nanostructures
methods meet several disadvantages such as relative
high temperature and long reaction time. Therefore , fab-
ricating uniform nanostructured materials in a low cost
and fast way under low or room temperature is believed
to be an effective and energetic strategy to cater for
such problems"” ™).

Nanostructures with various morphologies of inor-
ganic solids such as functional lead compounds have
been synthesized using different methods due to their
potential applications in energy storage , electronic nan-

21 For example,

odevices, and burn rate catalysts
Yang et al reported the chemical vapor transport syn-

thesis of lead chalcogenides nanowires, which showed
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excellent thermoelectrical properties'’. Single crystal
PbCO; nanoplates can be fabricated using block copol-
ymers as crystal modifiers''”’. Recently, pulse current
deposition of PbO, thin film was performed on the sub-
strate , which exhibited large specific capacitance and
stable cycle performance''"’. However, it is still a chal-
lenge to synthesize single crystal nanostructures of lead
compounds in a facile template-free approach at low
temperature or at room temperature.

In this work, single crystal nano-/colloidal struc-
tures of PbCO, and Pb,(CO,),(OH), have been con-
trollable synthesized via a simple precipitating method
at low temperature through. The formation mechanism
of the nanostructures was proposed based on the experi-

mental results.
1 Experimental section

1.1 Synthesis of the nanostructures

In a typical synthesis, an aqueous 0. 02 mol (or
0. 06 mol) Na,CO; solution was dropped into a 0. 02
mol Pb (NO, ), solution under stirring. And then the
mixture was transferred to a 40-mL Teflon lined auto-

clave. Hydrothermal synthesis was carried out in an ov-
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en at 200°C for 24 h. The fresh precipitates and the
products obtained after the hydrothermal treatments
were collected by filtration,, washed with distilled water
and ethanol for several times each,and then dried in an
oven at 60°C for 6 h.
1.2 Characterization

X-ray powder diffraction ( XRD) measurements
were performed using a Bruker D8 advanced X-ray dif-
fractmeter with a Cu Ko radiation (X =0. 154 18 nm)
from 10 to 80 degrees (26). Scanning electron micros-
copy (SEM) images were taken with a JSM—6390LV
and JSM—840 scanning electron microscope. Transmis-
sion electron microscopy (TEM) images were obtained
with a JEM—2000EX transmission electron micro-
scope. FTIR spectra are measured with a Nicolet 5 700

spectrophotometer.
p P

2 Results and Discussion

Fig. 1 shows the XRD patterns of all the as-made
products. It can be seen that mainly orthorhombic Pb-
CO, ( PDF,05—0417 ) phases are obtained at room
temperature when the Pb/CO; molar ratio in the rea-
gents is 1: 1 (fig. la). Meantime ,a weak peak with 26
degree of 27° is also observed (fig. 1a) ,which can be
indexed to (015) peaks of Pb, (CO;),(OH), (PDF,
13—0131) phase. If the fresh precipitates go through a
hydrothermal treatment, the phases are almost un-
changed (fig. 1b). However, the XRD pattern of the
products (fig. 1b) synthesized from the systems with
the Pb/CO; molar ratio of 1:3 at room temperature can
be well indexed to pure thombohedral Pb, ( CO, ),
(OH), ( PDF, 13—0131 ) phase. Furthermore, the
rhombohedral phase of basic lead carbonate cannot be
changed after the hydrothermal process.

SEM images reveal that the morphologies change
greatly for the products synthesized from the systems

with different Pb/CO; molar ratios at room temperature
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Fig.1 XRD patterns of the products synthesized with the Ph/
CO, molar ratios of 1: 1 (a and b) and 1: 3 (c and d) at room

temperature (a and ¢) and 200°C (b and d) ,respectively.

(fig.2a and b). For sample PbCO; synthesized at the
molar ratio of 1:1,rod-like structures with diameters of
(60 ~300) nm and lengths of (0.5 ~4) um can be
observed (fig. 2a). However, disk-like colloidal plates
are obtained with the diameters of (100 ~300)nm for
the Pb; (CO,),(OH), products synthesized at the mo-
lar ratio of 1:3 (fig. 2b). If the products are experi-
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Fig. 2 SEM images of the PhCO; (a,b) and Pb,;(CO;),-
(OH),(c,d) samples synthesized at room temperature (a,c)
and 200°C (b and d).

enced a hydrothermal process, the morphology of Pb-
CO, nanorods were almost unchanged (fig. 2¢) , while
micro-scale polygonal plate structures with the diame-
ters of about(1 ~3) wm and side lengths of about (200
~400) nm for Pb,(CO;),(OH), can be obtained due
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to the Ostwald ripening effect (fig.2d)""’.

TEM observations further confirm the rod-like
structures of sample PbCO, (fig. 3a). The selected area
electron diffraction (SAED) patterns shown in the in-
sets of Fig. 3a can be identified as the [ 002 ] zone axis
projection of PbCO, phase. It is suggested that the or-
thorhombic PbCO, nanorod are single crystalline and
grow with a preferred direction of <001 >. It can be
seen from the TEM image (fig.3b) that PbCO, nano-
rods are also single crystalline after the hydrothermal
treatment. However, the diameters of the PbCO, nano-
rods increase compared with those synthesized at room
temperature , which are induced to the effect of Ostwald
ripening' ' . Disk-or elliptical-like colloidal plates are
observed from TEM images of Pbh, (CO,),(OH), prod-
ucts (fig. 3¢ ). The hexagonal SAED patterns of one
plate confirm the single crystal nature of the colloid
structures and can be well indexed to the rhombohedral
Pb, (CO,),(OH), phase for the (110) planes. Similar
to those PbCO, samples, the sizes of the structures of
basic lead carbonate are increased and the ED patterns

also confirm that the micro-scale polygonal plate are
G b E
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Fig.3 TEM images of the products as used in fig. 2.

Fig. 4 shows the FTIR spectra of all the samples.

It can be seen that two absorption bands at 3 435 and
~1 630 ¢cm ™" are appeared, denoting the existence of
the adsorbed H,O molecules onto the crystals. The vi-
bration bands appeared at ~1 410 and ~680 cm ™',
which can be ascribed to the absorption peaks of stretc-

[13,14]
,respec-

hing and bending vibrations of CO;™ ions
tively, indicate the existence of the carboxyl group in
the samples. However, obvious differences can be ob-
served from the FTIR spectra. Compared to the FTIR
spectra of the PbCO, samples (fig. 4a and 4b) ,a new
peak at 3 538 c¢m ™' appeared and the peak at 839
em ' disappeared in the spectra of the basic lead car-
bonate samples (fig. 4c and 4d) ,which are contributed
to the stretching vibrations of hydroxyl group and the

Co;~ ion, respectively' *'. These results further indica-

ted the formation of the Pb,; (CO,),( OH), phase.
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Fig.4 FTIR spectra of the products as used in fig. 2.

From the above results, it can be concluded that
the morphology and the phases of lead compounds can
be controlled through a simple synthesis method by
changing the molar ratio of the reagents at room tem-
perature or at an elevated temperature. When the Pb/
CO; molar ratio was 1:1,it is obvious that the following
reaction [ eq (1) ] is occurred although few reagents
reacted via eq (2) concomitant with Eq (1)
White products are formed and rod-like PhCO,

Na,CO, + Pb(NO,), —PbCO, | +2NaNO, (1)
nanostructures were obtained under such conditions. It

is suggested that eq. (2) start firstly when the concen-
trated Na,CO; solution was droped into the Pb(NO, ),
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solution' ™', That eq. (2) was reacted should be con-
tributed to the strong basic properties of aqueous
Na, CO, solutions due to the hydrolysis of carbonate i-
ons ) which prevented the reaction of eq(1). And
thus, single crystalline Pb; ( CO; ), (OH), colloidal
plates could be obtained at room temperature.
3Pb(NO,), + 4Na,CO, +2H,0
——Pb,(CO,),* Pb(OH), |+2NaHCO, +6NaNO, (2)
It should be pointed out that the synthesis temper-
ature is the key parameter that controlled the morpholo-
gy and properties of the products. Although the phases
of the products were unchanged when the fresh precipi-
tates were experienced a hydrothermal treatment at
200°C, the PbCO,
Ph,(CO;),(OH),change greatly and micro-scale rods

morphology of and
and polygonal plates were obtained, respectively. It is
suggested that the single crystal colloidal/nano-struc-
tures are formed due to the formation of large numbers
of crystal nucleus at low temperature , while the micro-
scale structures are formulated due to the effect of Ost-
wald ripening at high temperature''>. The controllable
synthesis of these nanostructures at low temperature
may help to fabricate single crystalline nanostructures

of functional materials.
3 Conclusions

Single crystal nano - or colloidal structures of lead
carbonate and basic lead carbonate have been control-
lable synthesized by a simple precipitating method
through adjusting the molar ratio of Pb ( NO, ), to
Na, CO, at room temperature. However, micro-scale po-
lygonal plate structures for Ph; (CO; ), (OH), can be
obtained due to the Ostwald ripening effect if the syn-
thesis systems were underwent hydrothermal treat-
ments. The strong basic nature of the solutions caused
by the hydrolysis of carbonate ions contributes to the

formation of lead carbonate and pure basic lead carbon-

ate phases.
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Reliability Analysis of Plant Leaves Using Monte Carlo Method

LIU Xi-feng, LIU Wang-yu
(School of Mechanical & Automotive Engineering, South China University of Technology , Guangzhou 510640, P. R. China)

[ Abstract] In order to explore the close relationship between variable parameters of plant leaf and the reliability,
a fresh plant leaf was picked and the coordinate clouding data of the plant leaf was got by the coordinate measuring
machine. Then the data of the outlines and veins of plant leaf was selected and the simple model was built in AN-
SYS. Numerical simulation based Monte Carlo Method is carried out for the leaves affected by random wind load in
the natural environment. The results indicate that the analysis of the reliability of plant leaves by ANSYS combined
with the Monte Carlo method is feasible.

[ Key words] plant leaf vein Monte Carlo method stress reliability
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Low-temperature Facile Synthesis and Characterization
of Single Crystal Colloid/Micro-structures of Basic Lead Carbonate

ZHAO Dan,TAN Jin-shan,GUO Pei-zhi,ZHAO Xiu-song

(Laboratory of New Fiber Materials and Modern Textile,the Growing Base for State Key Laboratory, College of Chemistry,

Chemical Engineering and Environment , Qingdao University , Qingdao 266071 ,P. R. China)
[ Abstract] Single crystal colloidal structures of basic lead carbonate (Pb, (CO;),(OH),) were controllable
synthesized by a simple precipitating method through changing the molar ratios of Pb(NO,), to Na,CO, at room
temperature. However , micro-scale polygonal plate structures for Pb, (CO,), (OH), can be obtained due to the
effect of the Ostwald ripening if the synthesis systems were underwent hydrothermal treatments at 200°C. The prod-
ucts are characterized by a series of techniques,such as XRD,SEM,TEM and FTIR. The formation mechanisms of
the nanostructures are proposed based on the experimental results.

[ Key words] nanorod colloidal plate hydrothermal synthesis single crystal



