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Ultralong and single-crystalline Cd(OH), nanowires were fabricated
by a hydrothermal method using alkali salts as mineralizers. The
morphology and size of the final products strongly depend on the
effects of the alkali salts (e.g., KCI, KNOs, and K,SO,4 or NaCl,
NaNOs, and Na;SO,). When the salt is absent, only nanoparticles
are observed in TEM images of the products. The 1D nanostructure
growth method presented herein offers an excellent tool for the
design of other advanced materials with anisotropic properties. In
addition, the Cd(OH), nanowires might act as a template or
precursor that is potentially converted into 1D cadmium oxide
through dehydration or into 1D nanostructures of other functional
materials (e.g., CdS, CdSe).

phologies that are not accessible by classical routes. In recent
years, 1D nanomaterials such as Ln(@H)}? CdwWQ,,*®
MoOs,'* Dy(OH);,'> and others have been successfully
synthesized using hydrothermal methods. Cd(id)an
important precursor that is potentially converted into cad-
mium oxide through dehydration or into other functional
materials (e.g., CdS, CdSe) by reaction with appropriate
elements or compounds. In this communication, we report a
facile hydrothermal method for the direct growth of ultralong
and single-crystalline Cd(Oklhanowires using alkali salts
as mineralizers.

In a typical procedure, Cd(Ng»-2H,O (0.001 mol) was
dissolved in deionized water (20 mL), and then 3.00 mL of
5.0% KOH was rapidly added to the solution under stirring

One-dimensional (1D) nanoscale materials have stimulatedV/90rously. A white precipitate appeared immediately. After

great interest recently both because of their unique electronic,
optical, and mechanical properties and because of their

potential application in nanodevic&s. Many attempts have

been made to synthesize one-dimensional nanostructuredV@s filled with deionized water up to 8

materialst~1° Of the methods used in 1D nanostructure

synthesis, hydrothermal processes have emerged as powerfLW a

tools for the fabrication of anisotropic nanomaterials with

some significant advantages, such as controllable particle siz

the mixture had been stirred for about 10 min, the precipitate
was washed with deionized water by centrifugation five times
and then transferred into a 20-mL Teflon-lined autoclave that
0% of the total
volume. Before the autoclave was sealed, 0.30 g of NaNO
s added to the system and agitated to be soluble. The
system was heated at 280 for about 12 h and then cooled

do room temperature. The final products were collected by

and low-temperature, cost-effective, and less-complicated centrifugation, washed with distilled water and ehanol, and

techniques. Under hydrothermal conditions, many starting

then vacuum-dried at room temperature for 12 h.

materials can undergo quite unexpected reactions, which are Phase identification of the sample was carried out using a
often accompanied by the formation of nanoscopic mor- Rigaku D/Max-rB X-ray powder diffraction (XRD) instru-
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ment with Cu K, radiation ¢ = 1.5406 A). Figure 1 shows

tangb@ 5 typical XRD pattern of the Cd(Okl)nanowires. The

average Cd(OH)lattice constants obtained by refinement
of the XRD data area = 3.4947 A anct = 4.7106 A, which
are consistent with the values for bulk Cd(QKJCPDS31-
228).

(11) Wang, X.; Li, Y. D.Angew. Chem., Int. EQ002 41, 4790. Peng, Z.
A.; Peng, X.J. Am. Chem. So001, 123 1389. Peng, Z. A.; Peng,
X. J. Am. Chem. So@002 124, 3343.

(12) Wang, X.; Li, Y. D.Chem. Eur. J2003 9, 5627.

(13) Liao, H. W.; Wang, Y. F.; Liu, X. M.; Li, Y. D.; Qian, Y. TChem.
Mater. 200Q 12, 2819.

(14) Patzke, G. R.; Michailovski, A.; Krumeich, F.; Nesper, R.; Grunwaldt,
J. D.; Baiker, A.Chem. Mater2004 16, 1126.

(15) Xu, A. W,; Fang, Y. P.; You, L. P.; Liu, H. Q. Am. Chem. Soc.
2003 125, 1494.

10.1021/ic049195s CCC: $30.25 © 2005 American Chemical Society

Published on Web 03/19/2005



COMMUNICATION

the (1 0 2) lattice planes of hexagonal Cd(@HThe
nanowires grew along the [1 1 0] direction. A selected area
electron diffraction (SAED) pattern indicating the single-
crystalline nature of the sample is shown in Figure 2D; it
was obtained by focusing the electron beam along the [2 2
1] direction. The clear lattice fringes together with the SAED
pattern confirm that these nanowires are single-crystalline.
The morphology of the white precipitate before being
subjected to the hydrothermal process was shown to be
aggregates of nanoparticles together with a small quantity
of nanoneedles, which indicates that the subsequent hydro-
20 30 40 50 60 70 thermal process involves a process of recrystallization.
_ o Two theta ) Control experiments were carried out to investigate the
Figure 1. X-ray diffraction pattern of the as-prepared Cd(@Hanowires. influence of pH in our system. If excess hydroxyl ions were
present in the system, no nanowires could be obtained.
Another experiment was also performed in which KOH was
used as the mineralizer nanowires could not be obtained in
this case either. In the experiments, the morphology and size
of the Cd(OH) was found to depend strongly on the effects
of the alkali salts. When the salt is absent, only nanoparticles
are observed in the TEM images of the products. Thus, the
presence of the salts is one of the important factors
influencing the recrystallization process and the growth of
the Cd(OH) nanowires. One effect of these salts is to
increase the chemical potential of the solution, and higher
chemical potential conditions would be advantageous for one-
dimensional nanostructure growthMoreover, the addition
of salts can significantly decrease the viscosity of the
solution, which increases the mobility of the components in
the system and allows atoms, ions, or molecules to adopt
appropriate positions in developing crystal latti¢@$hus,
the addition of salts can provide a favorable environment
LY for the growth of nanowires in our system.
[110] In summary, high-aspect-ratio, single-crystalline Cd(©H)
Inm nanowires have been synthesized by a facile hydrothermal
method. The 1D nanostructure growth method presented
Figure 2. (A) TEM image of Cd(OH) nanowires. (B) SEM image of ~ herein offers an excellent tool for the design of other
Cd(OH) nanowires. (C) TEM image of a single Cd(QH)anowire. (D) advanced materials with anisotropic properties. In addition,
:—|R_TEM_|mage of the rim part of the nanowire wall with clearly resovled the Cd(OH) nanowires might act as precursors or templates
attice fringes. The inset in Figure 2D is the SAED pattern recorded from
the same nanowire. that are potentially converted into 1D cadmium oxide through
dehydratio®! or into 1D nanostructures of other functional
The morphology of the samples was characterized usingmaterials (e.g., CdS, CdSe) by reaction with appropriate
a Hitachi H-800 transmission electron microscope (TEM) elements or compounds according to the method of template-
and a JEOLJEM-2010F high-resolution transmission electron directed synthesis though which single-crystalline nanowires
microscope (HRTEM). Typical images of the nanowires are of Ag.Se have been synthesized by templating against
shown in Figure 2. The average diameter of these uniform nanowires of trigonal S¥.
nanowires was about 70 nm, and the length of the nanowires  Acknowledgment. We thank the Important Project of
reached several hundreds of microns. As can be seen fromNational Natural Science Foundation of China (Nos. 90401019
Figure 2A and C, the surfaces of these nanowires are smoothand 20335030) and the Natural Youth Science Foundation
The morphology of the sample was further examined by of Shandong Province in China (No. 2004BS04002) for
scanning electron microscope (SEM; Figure 2B). Both the financial support of this research.
size and morphology determined by SEM are similar to the
TEM results. Figure 2D shows an HRTEM image of a
selected area from a single Cd(QHpnowire in Figure 2C.  (16) Trentler, J. W.; Hickman, S. C.; Viano, A. M.; Gibbons, P. C.; Buhro,
The HRTEM image of the nanowire shows a fringe spacing ;7 \gétifgf“&v%?gf 33%?{%_‘ D.: Yang, P. D.; Xia, Y. NI Am.
(ca. 0.18 nm) that agrees well with the separation between Chem. S0c2001, 123 11500.
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