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a b s t r a c t

Calcium fluoride nanocrystals (CaF2) were synthesized by two different techniques namely co-
precipitation and hydrothermal. The synthesized nanocrystals were characterized by powder X-ray
diffraction (PXRD), Fourier transform infrared red spectroscopy (FTIR), scanning electron microscopy
(SEM), optical absorption and photoluminescence (PL). The crystallite size estimated using Scherer’s for-
mula was found to be in the range 30–35 nm for nanocrystals synthesized by co-precipitation method
where as in case of hydrothermally synthesized nanocrystals it is in the range 20–28 nm which is less
eywords:
recipitation
rystal structure
oint defects
uminescence
canning electron microscopy (SEM)
-ray diffraction

compared to those obtained by co-precipitation method. The morphological features as studied using SEM
revealed that the nanocrystals are agglomerated, crispy with porous. The SEM images of hydrothermally
synthesized nanocrystals showed less agglomeration than those obtained by co-precipitation method
and the images confirm the formation of nanoparticles. The optical absorption spectrum showed a
strong absorption band peaked at 244 nm for nanocrystals synthesized by co-precipitation method and
it is 218 nm peak in case of hydrothermally synthesized ones. The PL emission spectrum showed two
prominent emission bands peaked at 330 and 600 nm when excited at 218 nm.
. Introduction

Change in physical and chemical properties of materials on
anoscale have resulted important applications and have received
onsiderable attention in various fields [1,2]. They exhibit novel
lectronic, magnetic, optical, chemical and mechanical properties
hat cannot be obtained in their bulk counter parts. Nanomateri-
ls captivate the materials world with the promising applications
n science and technology. There is large academic interest in
anocrystalline systems due to high surface to volume ratio and
uantum confinement of electronic states. Luminescent materials
ased on rare-earth ions attracted the scientific community due to
heir potential technological applications for displays, X-ray imag-
ng, solid-state lasers and optical amplifiers [3,4]. Nanoparticles
f fluorides have low phonon frequencies and high ionicity that
ead to less absorption and high transparency over a wide optical
egion [170–780 nm]. The fluoride nanomaterials form the subject
f interest because of their wide range of potential applications

ased on their low energy phonons and high activity that lead to

ess absolute fundamental absorption with respect to other sul-
des and metal oxides [5]. Alkaline fluorides are dielectric in nature
nd are widely used in microelectronic and optoelectronic devices,
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such as wide-gap insulating overlayers, gate dielectrics, insulators
and buffer layers semiconductor-on-insulator structure and more
advanced three-dimensional devices [6]. With the development of
nanomaterials, inorganic nanoscale fluorides are going to play an
essential role in various applications based on their unique optical,
electrical and magnetic properties.

Among the alkali fluoride compounds, CaF2 is an attrac-
tive material because of its high stability and non-hygroscopic
behavior. Recently CaF2 gained a renewed interest as a laser
material when doped with rare-earth material [7,8]. With the
development of nanoscience and nanotechnology, more attention
has been attracted to develop new synthetic pathways towards
nanoscale materials. It is known that, many synthetic methods
have been developed successfully to prepare nanoscale materi-
als with controllable size and shape. Nanoparticles of different
chemical compositions, shapes and size distributions have been
prepared by different methods such as chemical vapor deposition,
gas-phase condensation, reverse micelle method, sol–gel method,
hydrothermal method, micro-emulsion techniques. These methods
have been widely investigated first for the production of lumi-
nescent semiconductor nanoparticles [9,10]. However reports on

synthesis of fluoride nanoparticles are limited. CaF2 nanoparticles
were synthesized by different methods such as sol–gel method
[11–16], solvothermal process [17,18], reverse micelle method
[19,20], different precipitation methods [21–24], and flame synthe-
sis [25]. Chemical co-precipitation is a simple method to synthesize

http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:bnlnarasappa@rediffmail.com
dx.doi.org/10.1016/j.jallcom.2009.09.118
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3.2. Scanning electron microscopy (SEM)

Fig. 2(a) and (b) shows the SEM photographs of as prepared CaF2
powders by co-precipitation and hydrothermal methods respec-

Fig. 1. X-ray diffraction spectrum of CaF2 nanocrystals synthesized by (a) co-
precipitation method and (b) hydrothermal method.
C. Pandurangappa et al. / Journal of A

uoride nanocompounds. Also hydrothermal method is a novel
ethod to synthesize nanoparticles of better quality. In the present
ork CaF2 nanocrystals are synthesized by both co-precipitation

nd hydrothermal methods and are characterized by XRD, SEM, IR,
ptical absorption and PL techniques.

. Experimental

.1. Synthesis

Analar grade Calcium chloride (CaCl2), Ammonium fluoride (NH4F) and Ethanol
ere procured from Sigma–Aldrich Company. In co-precipitation method synthe-

is of CaF2 nanocrystals, 0.01 mol CaCl2 was a dissolved in 100 ml distilled water
aken in 250 ml conical flask. 0.02 mol NH4F was added into the flask under vigorous
tirring on a magnetic stirrer. The mixed solution was stirred for 2 h to transform
he transparent reaction mixture into opaque white suspension gradually. Then,
he mixture was centrifuged for 10 min at 5000 rpm and washed three times with
thanol via centrifugation to remove the residual chloride and the ammonium ions.
inally the solid product was extracted onto a ceramic dish and dried on a sand bath.

For hydrothermal synthesis CaF2 nanocrystals, 0.01 mol CaCl2 was a dissolved in
5 ml distilled water taken in 100 ml conical flask. 0.02 mol NH4F was added into the
ask and the mixture was stirred till it transformed into opaque white suspension
olution. The solution was transferred in to a 30 ml autoclave and kept in an oven
t 160 ◦C for 24 h. Then the autoclave was taken out of the oven and was cooled to
oom temperature naturally in air. A white product was deposited at the bottom of
he autoclave. This product was obtained by centrifuging the mixture for 10 min at
000 rpm and washing three times with ethanol via centrifugation. The final product
as extracted onto a ceramic dish and dried on a sand bath.

.2. Characterization

The XRD measurements of synthesized samples were carried out using a Philips
-pert PRO powder diffractometer with Cu K� radiation (� = 1.54056 Å) in the scan
ange 10–90◦ . The morphology of synthesized sample was studied using scanning
lectron microscopy (JEOL JSM-840A) by a sputtering technique with gold as cov-
ring contrast material. The IR spectra were recorded using Nicolet Magna 550
pectrometer with KBr pellets in the range from 400 to 4000 cm−1. The Optical
bsorption measurements of the samples were carried out in the wavelength range
00–900 nm using V-570 UV/VIS/NIR double beam spectrophotometer by dispers-

ng the synthesized samples in liquid paraffin (nuzol). The PL emission spectra of
he samples were recorded at room temperature by exciting the samples at 218 nm
sing a spectrofluorometer (Hitachi F-4010) equipped with a 450 W Xenon lamp as
he excitation source.

. Results and discussion

.1. Powder X-ray diffraction (XRD)

Fig. 1 shows the powder X-ray diffraction patterns (XRD) of as
ynthesized CaF2 nanoparticles by co-precipitaion and hydrother-
al methods respectively. All the obtained XRD peaks are indexed

n to CaF2 cubic phase of the fluorite type structure with space
roup Fm3m [26]. The pattern was compared with JCPDS Card
o. 87-0971. The XRD pattern was found to match exactly with
hose reported in the literature [11,12]. The XRD patterns confirm
he cubic crystallinity of synthesized nanoparticles. The displayed
eaks correspond to 〈h k l〉 values of (1 1 1), (2 2 0), (3 1 1), (4 0 0),
3 1 1) and (4 2 2). Using the 〈h k l〉 values of different peaks, the lat-
ice constant (a) of the sample was calculated. The average value of
attice constant was found to be a = 5.42 Å which is in good agree-

ent with literature value a = 5.4355 Å (JCPDF 772096) [21]. The
RD pattern presents broad peaks revealing the small crystallite
ize of the synthesized samples. The crystalline size was calculated
rom the full width at half maximum (FWHM) technique using
cherer’s formula D = K�/(ˇ cos �) where K is the constant (0.99),
is the wavelength of Cu K� (1.54 Å) line, ˇ is the FWHM and �
s the diffraction angle. The crystalline size of nanoparticles syn-
hesized by co-precipitation method was found to be in the range
0–35 nm, whereas the hydrothermally synthesized one was found
o have less particle size in the range 20–28 nm. This indicated that
he agglomeration of particles was less in hydrothermal method.
nd Compounds 489 (2010) 592–595 593
Fig. 2. SEM of CaF2 nanoparticles synthesized by (a) co-precipitation method and
(b) hydrothermal method.
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well known that the surface defects like Schottky and Frenkel exist
in the lattice structure of alkali halides at all temperatures. These
kinds of vacancies present on the surface of nanoparticles causes
PL emissions at different wavelengths.
ig. 3. FTIR spectrum of CaF2 nanoparticles synthesized by (a) co-precipitation
ethod and (b) hydrothermal method.

ively. The SEM results reveal that the powder was porous and
gglomerated with polycrystalline nanoparticles. The larger par-
icles exhibited numerous spherical perturbances on the surface,
uggesting that they were formed during the precipitation process
hrough fusion of the much smaller particles. The as prepared prod-
cts were agglomerated from few microns to a few tens of microns,
uffy and porous. By comparing the SEM pictures of the samples
repared by the two methods it was found that, hydrothermally
ynthesized CaF2 nanoparticles were smaller size and less agglom-
rated.

.3. Fourier transform infrared spectrum (FTIR)

FTIR absorption was measured in order to check the purity
f the synthesized powder. Similar spectra were observed for
anocrystals synthesized by both co-precipitation and hydrother-
al methods and are shown in Fig. 3. The spectrum shows two

trong IR absorption bands at ∼3400 and 1550 cm−1 which are
haracteristic of H–O–H bending of the H2O molecules revealing
he presence hydroxyl groups in the as prepared sample [13,27].
he fundamental frequency at ∼364 cm−1 arises due to hindered
otations of the hydroxyl ions [28]. The band at ∼2357 cm−1 is due
o KBr pellets used for recording FTIR spectrum.

.4. Optical absorption

The optical absorption spectra of the CaF2 nanocrystals synthe-
ized by co-precipitation and hydrothermal methods are shown
n Fig. 4. The nanocrystals obtained by co-precipitation showed

strong absorption band at ∼244 nm while the hydrothermally
ynthesized nanocrystals showed similar absorption at ∼218 nm.
he two optical absorption bands at 244 and 218 nm observed in
ydrothermal and co-precipitation methods appear to be the char-
cteristic absorption bands of CaF2. The origin of these absorption
ands can be explained in the following way. It is well established
hat nanoscale materials have large surface to volume ratio. This
esults in the formation of voids on the surface as well inside
he agglomerated nanoparticles. Such voids can cause fundamen-

al absorption in the UV wavelength range [17]. Also, surfaces of
anoparticles are well known to comprise of several defects such
s dangling bonds, regions of disorder and adsorption of impurity
pecies which result in optical absorption of nanocrystals. Thus
he absorption band in the wavelength range 218–248 nm in the
Fig. 4. Optical absorption spectrum of CaF2 nanocrystals synthesized by (a) co-
precipitation method and (b) hydrothermal method.

present study may be attributed to surface defects in nano-CaF2.
Similar absorption bands were reported recently in CaF2 nanopar-
ticles synthesized by solvothemal method [18].

Smaller size nanoparticles (∼10–20 nm) are found to have high
surface to volume ratio. This results in increase of defects distri-
bution on the surface of nanomaterials. Thus the low particle size
nanomaterials exhibit strong and broad absorption bands. Hence,
the hydrothermally synthesized nanocrystals in the present study
exhibit strong absorption.

3.5. Photoluminescence (PL)

The PL emission spectra of the CaF2 nanoparticles synthesized
by co-precipitation and hydrothermal methods are shown in Fig. 5.
The PL spectra show a series of emission bands peaked at ∼328, 407,
470, 513 and 605 nm when the samples were excited at 218 nm. It is
Fig. 5. Photoluminescence spectrum of CaF2 nanocrystals synthesized by (a) co-
precipitation method and (b) hydrothermal method.
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Also, the formation of oxygen impurity vacancy in the nanocrys-
alline lattice during the synthesis leads to PL emissions. In both
o-precipitaion and hydrothermal methods the final product was
btained by the slow evaporation of the precipitate. During this
rocess oxygen may enter into the crystalline lattice and replace
he fluorine molecule resulting oxygen impurity and a fluorine
on vacancy (impurity vacancy). The observed PL emission may be
ttributed to one or more of the above intrinsic defects [29] in the
attice of CaF2.

. Conclusions

CaF2 nanocrystals were prepared successfully by co-
recipitation and hydrothermal methods and characterized
y XRD, SEM, IR, optical absorption and PL. The hydrothermally
ynthesized crystals were found to have less particle size than
he one obtained by co-precipitation method. The agglomeration
f particles was less in hydrothermally synthesized nanocrystals.
he presence of surface defects in the as prepared samples were
evealed by broad optical absorption bands in the wavelength
ange ∼218–248 nm. The series of PL emission bands indicated
he presence of intrinsic defects in both co-precipitation and
ydrothermally synthesized CaF2 nanocrystals.
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