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Barium fluoride is one of the dielectric fluorides (CaF2, SrF2,
and BaF2) that have a wide range of potential applications in
microelectronic and optoelectronic devices, such as wide-gap
insulating overlayers, gate dielectrics, insulators and buffer layers
in semiconductor-on-insulator structures, and more advanced three-
dimensional structure devices.1 BaF2 activated with rare-earth ions
has also been reported to display unique luminescence properties
and can be used as scintillators.2 With the rapid shrinking in size
in electronic devices, nanometer-scale fluorides may play an
essential role for their applications in future electronic nanodevices.
Recently, Bender et al. have reported the synthesis of Nd:BaF2

nanoparticles by the reverse microemulsion technique,3 Stouwdam
et al. have fabricated lanthanide-doped LaF3 nanoparticles by the
use of capping agents,4 and Li et al. have reported CaF2 nanocubes
by a hydrothermal method with the absence of surfactants.5 These
indicate that the synthesis of fluoride nanocrystals is just beginning
to emerge. However, to the best of our knowledge, there have been
no reports on fluoride one-dimensional (1D) nanostructures to date.
Therefore, the development of methods for the synthesis of fluoride
1D nanostructures is a major challenge.

1D nanostructures have attracted considerable attention because
of their potential use in a wide range of advanced applications in
the past decade. As a consequence, many synthetic methods have
been developed to prepare various 1D nanostructures. Recently,
we have reported a surfactant-assisted method for the synthesis of
PbO2, Pb3O4, Cu, Cu2O, and CuO 1D nanostructures.6 Studies have
shown that the key to fabricating a 1D nanostructure can be focused
on the way in which atoms or other building blocks are rationally
assembled into structures with nanometer-sized diameters but much
higher lengths.7 Reverse micelles or microemulsion systems have
been widely used as ideal media to prepare nanoparticles.8-10 A
water-in-oil (w/o) microemulsion is a transparent and isotropic
liquid medium with nanosized water pools dispersed in a continuous
phase and stabilized by surfactant and cosurfactant molecules at
the water/oil interface. These water pools offer ideal microreactors
for the formation of nanoparticles. However, some studies, for
example, the fabrication of ZnO, BaCO3 nanowires, BaSO4
nanofilaments, and CdS, BaWO4, and K3[PMo12O40]‚nH2O nano-
rods,11-16 have shown that the microemulsion method can also be
used to prepare some 1D nanostructures under certain conditions.
In this Communication, we first report the synthesis of high aspect
ratio (>1000), uniform BaF2 whiskers through a simple micro-
emulsion-mediated hydrothermal procedure.

A quaternary microemulsion, cetyltrimethylammonium bromide
(CTAB)/water/cyclohexane/n-pentanol, was selected for this study.
As a typical synthesis, two identical solutions were prepared by
dissolving CTAB (2 g) in 50 mL of cyclohexane and 2 mL of
n-pentanol. The mixing solution was stirred for 30 min until it

became transparent. Next, 2 mL of 0.5 M BaCl2 aqueous solution
and 2 mL of 5% HF aqueous solution were added to the solutions,
respectively. After substantial stirring, the two optically transparent
microemulsion solutions were mixed and stirred for another 10 min.
The resulting microemulsion solution was then transferred into a
125 mL stainless Teflon-lined autoclave and heated at 120°C for
12 h. The resulting suspension was immediately cooled to room
temperature right after the heating and was then stored at a constant
temperature of 25°C. After 12 h of aging, samples were collected
and washed several times with absolute ethanol and distilled water.
Finally, the BaF2 whiskers were obtained after the samples were
centrifuged and dried in a vacuum at room temperature. Results
with samples prepared with different aging times as well as at
different CTAB concentrations were also compared.

The overall crystallinity and purity of the as-synthesized sample
were examined by X-ray diffraction (XRD) measurements per-
formed on a Rigaku X-ray diffractometer with Cu KR radiation.
All of the diffraction peaks in Figure 1 can be readily indexed to
a pure cubic phase [space group:Fm3m (225)] with a lattice
constanta ) 6.198 Å, which is in good agreement with the standard
values for the bulk cubic BaF2 (JCPDS 85-1341). No other
impurities have been found in the synthesized products. In addition,
it was found that peak (111) is the only peak that gains a substantial
increase in relative intensity, indicating that the whisker growth
may occur along the (111) direction.

After an aging time of 12 h, BaF2 whiskers were formed.
Examination by scanning electron micrograph (SEM) found that
the products are primarily composed of whiskers with lengths of
up to several tens of micrometers (Figure 2a). Most of the whiskers
are straight and uniform along their axis direction, which is further
confirmed from the image (Figure 2b) obtained with transmission
electron microscopy (TEM). According to the SEM and TEM
images, the whiskers are 30-50 µm in length, and 40-80 nm in
diameter, which accounts for their aspect ratios as high as 1000.
More details about the structure of whiskers were investigated by
the selected area electron diffraction (SAED) pattern and high-
resolution transmission electron microscopy (HRTEM). The SAED
image (inset in Figure 2d) taken from the whisker indicated in
Figure 2c can be indexed as a cubic BaF2 single crystal, in good
agreement with the XRD results presented above. Moreover, the
SEAD images taken from different positions along the whisker
(without tilting the sample with respect to the electron beam) are
found to be almost identical. This indicates that the entire whisker
is a single crystal. Figure 2d shows a typical HRTEM image of
the same whisker indicated in Figure 2c. This image reveals that
the whisker is structurally uniform with a clearly resolved inter-
planar spacing of about 0.358 nm, which corresponds to [111]
planes. In addition, the [111] direction is parallel to the axis of the
whisker, indicating that the whiskers grow along the [111] direction,
which is consistent with the observations from the XRD image.
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Clearly, with the above-mentioned synthetic method, BaF2

whiskers with much higher aspect ratios are obtained instead of
nanoparticles, most of which are achieved via the reverse micelles
or microemulsions method. The results also indicate that it is not
likely to lead to the formation of water nanochannels in oil in such
a low water content environment, although reaction conditions
(especially the reaction temperature) may have significant effects
on the micellar size and shape.17 To investigate the formation
process of whiskers, nonaged samples and samples with different
aging times (0.5, 2, and 5 h) were compared. The TEM micrographs

(see Supporting Information) at early stages of the whisker for-
mation indicate that the nonaged samples exhibit uniform nano-
particles, while the samples prepared with different aging times
show rodlike 1D nanostructures with different lengths. Conse-
quently, it is during the aging process rather than in reverse micelles
that BaF2 whiskers are formed. Because of preferential adsorption
of cationic surfactant CTAB headgroups, only uniform and well-
crystallized BaF2 nanoparticles with a preferential growth direction
may be formed within the water pools of reverse micelles under
hydrothermal conditions. In this case, the hydrothermal treatment
is used to improve the crystallinity of materials in microemulsions.18

The nanoparticles can be seen as building blocks for the formation
of whiskers. During aging, the nanoparticle building blocks are
gradually assembled into whiskers by a directed aggregation growth
process in a directional manner.12 Certainly, this mechanism
proposed needs to be confirmed by more studies. In addition, our
results show that CTAB concentration has significant effects on
the formation of whiskers. A lower CTAB concentration ([CTAB]
) 0.06 M) gave aggregated particles, and a higher surfactant
concentration of 1.5 M also resulted in aggregated particles larger
than those observed at 0.06 M (see Supporting Information).

In summary, we have developed a microemulsion-mediated
hydrothermal method to prepare BaF2 whiskers. A directed ag-
gregation growth process mediated by the microemulsion droplet
building blocks is proposed for the formation of BaF2 whiskers.
Further work is in progress to evaluate the possibility of synthesizing
other fluoride 1D nanostructures using a similar method. Mean-
while, studies of the properties of this novel whiskerlike morphology
are underway.
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Figure 1. XRD pattern of the BaF2 whiskers.

Figure 2. (a) SEM image of BaF2 whiskers. (b) TEM image of BaF2
whiskers. (c) High-magnification TEM image of BaF2 whiskers. (d) HRTEM
image of a single BaF2 whisker indicated in (c) with a diameter of 50 nm;
the inset is an SAED image of the same whisker.

C O M M U N I C A T I O N S

J. AM. CHEM. SOC. 9 VOL. 125, NO. 37, 2003 11197


