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Facile Synthesis of a Hierarchical PbTe Flower-like
Nanostructure and Its Shape Evolution Process
Guided by a Kinetically Controlled Regime

Intensity (a. u.) m

Gengiang Zhang, Xiaoli Lu, Wei Wang, and
Xiaoguang Li*

Hefei National Laboratory for Physical Sciences at
Microscale, Department of Physics, Warsity of Science
and Technology of China, Hefei, 230026, P.R. China

Receied April 27, 2007
Revised Manuscript Receéd September 3, 2007

The architectural manipulation of nanobuilding blocks with
well-defined shapes and accurately tunable sizes remains the
focus in modern colloids and materials chemistry and is a
key for the success of “bottom-up” approaches toward future
nanodevice fabricatiohThus, considerable efforts have been
devoted to exploit powerful synthetic schemes which allow 4 - Eaterzy )
kinetically or thermodynamically controlling the fabrication Figure 1. Integrated characterization of PbTe flower-like crystals obtained
of various nanocrystals, and remarkable progress has beeit 170°C using PVP as surfactant. (a) Typical XRD pattern; (b and c)

. . SEM images; (d) TEM image; (e) HRTEM image (the inset is the
achieved®® Recently, the formation of complex three-

) ’ corresponding SAED pattern); and (f) EDS spectrum.
dimensional (3D) nanostructures has attracted more and more

attention in the synthetic chemistry and materials &veich electrochemistry, and a hydrothermal driven approath,
is relatively undeveloped, especially in mild and low-cost respectively. Recently, Yu et al. and Wang et al. reported
synthetic routes. two kinds of interesting PbTe architectures, micro-hopper

It was reported that PbTe and PbTe based compounds aré€rystals and nanoboxes using the hydro/solvothermal pro-
superior materials for thermoelectric cooling and electric cess] which greatly stimulated the study of complex PbTe
power generation devicésThus, their synthesis has been nanostructures. Therefore, to exploit PbTe new nanostruc-
greatly stimulated. For example, PbTe nanospheres/cubestures under simple and mild conditions is of great interest.
nanorods, and nanotubes have been synthesized using high- Here, we report the synthesis of PbTe hierarchical flower-
temperature solution-phase synthesis (HTSPS) methods baselike crystals with eight tower-like horns through a simple
on trioctylphosphine telluride (TOPTe) precursof, sono- refluxing process using nontoxic ethylene glycol (EG) as

solvent and convenient inorganic salts as precursors. In
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Figure 2. Intergrated characterization of PbTe nanowires obtained by

completely replacing PVP with mass equivalent CTAB. (a) XRD pattern; h
(b and c) TEM images of the as-prepared products; (d) SAED pattern; and s
(e) HRTEM image taken from the marked area of the individual nanowire *
in part c. “a ‘n. ‘
L a »
(JCPDS, 38-1435). Typical scanning electron microscopy 100 am s e " snmﬂ

(SEM) images in Figure 1b'C.ShOW t.hat the ma]_omy of the Figure 3. Typical TEM images of the PbTe nanocubes obtained with 0.5
products are composed of hierarchical flower-like crystals g of pvP and 5 mL of NaOH solution with different concentrations: (a

with eight identical tower-like horns which present fascinat- andb) 2; (c and d) 4; (e and ) 6; and (g and h) 10 mol/L. The corresponding
ing cubic symmetric structure. The size of these hierarchical pH values of the medium are 12.39, 13.08, 13.49, and 14, respectively.
crystals ranges from 300 to 400 nm. In addition, it can be
seen from the transmission electron microscopy (TEM)
image shown in Figure 1d that each horn exhibits dendritic
character with short branches perpendicular to the trunk.
High-resolution TEM (HRTEM) analysis (Figure 1e) taken
from the marked area in Figure 1d gives the single crystalline
nature of the products, and the lattice spacing~0£3229
nm corresponds to the interplanar distancé2dC planes.
The composition of the as-prepared products is confirmed ) . .
by energy dispersive X-ray spectroscopy (EDS) analysis, as Thg phase purity of the .as—synthe3|zed nanowires was
shown in Figure 1f, where, besides the Cu, C, and Cr signals€*xamined by XRD analysis (Figure 2a), presenting no
from the copper grid used during the HRTEM analysis, only Filﬁerence from that of.the' flower-like crystals. Typlcal TEM
Pb and Te signals are detected with an atomic ratie bf images (Figure 2b,c) indicate that each nanowire has sharp
1, which is consistent with the nominal composition. tails aF both ends. The diameters at the middle of the
To shed light on the formation of the hierarchical flower- Nanowires are 166130 nm, and the lengths are up to several

like nanostructure, several comparison samples are prepare§licrometers. The growth direction of the nanowires is
by adjusting the surfactant or pH value of the medium. confirmed by the HRTEM analysis. Figure 2d,e shows the

Typical SEM images of the samples obtained with different selected. area electron diffraction (SAED) pat.ter.n_ and
amounts of PVP (see Supporting Information, Figure S1) HRTEM image taken from the marked area of the individual

indicate the shape evolution of the products from irregular "@nowire shown in Figure 2c. The lattice spacing-6£3227
particles to well-defined flower-like crystals along with the 1M corresponds to thg20G planes, indicating thél00L)
increased PVP molecules in the solution. The result clearly 9roWth direction of the nanowires, which is consistent with
illustrated the importance of the PVP for the formation of (he SAED pattemn. The EDS spectrum (see Supporting
PbTe flower-like crystals. To study the possible shape !Nformation, Figure S2) confirms the formation of PbTe
evolution of the products under the kinetically controlled Crystals with an atomic ratio of about 1:1.
regime, the morphology of the products obtained by com-  The effect of pH value on the morphology of PbTe
pletely replacing PVP with mass equivalent hexadecyltri- nanostructure is also investigated by adding 5 mL of NaOH
methy|amm0nium bromide (CTAB) was ana|yzed in detail, solution with different concentrations into the medium while
as shown in Figure 2. Interestingly, pure nanowires with keeping the other conditions constant. Figure 3 gives typical
sharp tails are obtained. TEM images of the nanocubes obtained by adding 5 mL of
It is well-known that, to kinetically control the morphology
of nanocrystals, it is necessary to find an effective strategy (10) () Murphy, C. JScience2002 298 2139. (b) Sun, Y. G.; Xia, Y. N.
which can change the surface energy of different facets of ~ occ2002 298 2176. (c) Wang, 2. LJ. Phys. Chem. 2000
the crystal nuclei and induce the subsequent anisotropic(11) Lee, S. M.; Cho, S. N.; Cheon, Adv. Mater. 2003 15, 441.

growth8°11 To the best of our knowledge, the fabrication
of 1D PbTe nanostructures using simple refluxing methods
remains a challenge, although it has been carried out on the
basis of a CTAB assisted hydrothermally driven rolling up
proces$and sonoelectrochemistry methibklerein, a simple
refluxing process combined with a common surfactant,
CTAB, was found to be feasible for obtaining a 1D PbTe
nanostructure.
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a - : 2 direction!®1First, the prevailing growth rate f¢rl11} faces
220) . will diminish these faces and lead to the formation of cubic
(400) . _ symmetry structure, and the subsequently preferential growth
' on the{10G faces should be responsible for the dendritic
character of each horn. It can be concluded that the growth
process of the flower-like crystal made of eight horns could
be the delicate balance between growth velocity of thEl}
and that of thg 100 faces. Thus, these new flower-like PbTe
crystals could be formed under a kinetic growth regime and
strongly depend on the involved surfactant.

When PVP was completely replaced by mass equivalent
CTAB, the related mechanism may have been drastically
changed. The polar face of the PbTe nuclei could be
Y EE PO terminated with CTAB molecules® which may prevent the

Figure 4. Microstructure and composition analysis of the PbTe nanocubes growth along these faces and induces the subsequently

obtained using PVP as the stabilizing agent with 5 mL of 6 mol/L NaOH  anisotropic growth guided by the soft template formed by
solution. (a) A typical TEM image of a randomly selected nanocube; (b) the CTAB

SAED pattern; (c) the corresponding HRTEM image; and (d) the EDS ; . S
spectrum taken from the individual nanocube shown in part a. Introducing a certain amount of NaOH could intrinsically

change the growth mechanism, and a fast growth process
dominated by pH value could be appropriate for the
formation of PbTe nanocubes. During this process, the
(ijnteraction between PVP molecules and PbTe nuclei was
weakened because of the role of Qtnd this will induce

the surface energy rearrangement of each face of the PbTe
nuclei. The PVP could act as the stabilizing agent for the
formation of PbTe nanocubes, and this is further supported
by examining the products obtained with 5 mL of 4 mol/L
NaOH only and 0.5 g of CTAB together with 5 mL of 4
mol/L NaOH (see Supporting Information, Figure S3).

In conclusion, a facile and low-cost solution-phase syn-
thetic method was developed for fabricating PbTe hierarchi-
cal flower-like crystals composed of eight identical tower-
like horns using an appropriate capping agent. In addition,
) . . _guided by the kinetically controlled regime, the morphology
The shape evolution of the PbTe nanostructures in this : : .

can be controllably evolved into 1D nanowires and size-

solution Process may Invo Iv_e : several shape guiding Param-y, ., able nanocubes by adjusting the involved surfactant or

eters, and it is therefore significant to understand the possible H value. Thi hod id dditional f

growth mechanism of different morphologies. It is well- pH value. This method provides an additional strategy for
' kinetically controlling the nanostructures on the basis of the

ntnnsically possesses & igher surface energy than those ofTPIe_soluion-phiase. method and can be extended 10
yp 9 9y synthesizing other alloy nanostructures.

the{10G or {110C faces. Generally, the ratio of the growth
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on the{111} faces could favor the formation of cubic-shaped pasjc Research Program of China (No. 2006CB922005).
crystalst®!! To obtain complex nanostructures, the growth

rate of different faces of the crystal nuclei should be  Supporting Information Available: The detailed experimental
controlled or adjusted in a delicate balance by using effective procedures of the reaction, the SEM images of the products with
surfactants. In our work, the PVP should act as the capping different amounts of PVP (Figure S1), TEM images of the products

agent, which is responsible for the formation of flower-like obtained with NaOH only and NaOH together with CTAB (Figure
PbTe crystals. S2), and the EDS spectrum of the as-prepared nanowires (Figure

As a result of the existence of the PVP, the adsorption S3) (PDF). This material is available free of charge via the Internet
and desorption of the surfactant molecules on different faces?! NtP-//pubs.acs.org.
of PbTe nuclei may kinetically control the crystal growth CM071144G

NaOH solution with different concentrations: 2 (Figure 3a,b),
4 (Figure 3c,d), 6 (Figure 3e,f), and 10 mol/L (Figure 3g,h),
respectively. All the products are well-defined cubes with
controllable sizes, and the edge lengths of the as-synthesize
nanocubes are about 12060, 65-72, 40-45, and 36-35

nm, corresponding to Figure 3a,c,e,g, respectively. The
microstructure and composition analyses of a randomly
selected PbTe nanocube obtained with 5 mL of 6 mol/L
NaOH solution are presented in Figure 4. The SAED pattern
(Figure 4b) and the HRTEM image (Figure 4c) taken from
the cube shown in Figure 4a indicate the single crystalline
nature of the product. The spacing of the adjacent fringes is
about 0.3233 nm, corresponding to 200 planes. The
EDS spectrum shown in Figure 4d gives that the approximate
atomic ratio of Pb/Te is 1:1.



