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In this research, strontium fluoride doped with antimony in different
proportions is prepared using solid-state method. The prepared compounds
are characterized using XRD, FT-IR and photoluminescence techniques.
As found, the prepared compounds crystallize according to the cubic pat-
tern with nanosize grains and have a clear fluorescence property.

Y upomy pocaimsxkenHi ¢ropunm Crponitiro, jgeroBanmit Ctubiem y pisHHX
IpomopIliAx, OyB omep:kaHmil TBepmodasHuM MeromoM. OmepskaHi cIosyKu
OyJI0 OXapaKTepH30BAHO 34 JOIOMOTOI0 METOHiB PeHTIeHiBChbKOI mudpakririi
(XRD), indpauepBoHOI cmeKTpockomii Ha ocHoBi @yp'e-mepersopy (FT-IR)
Ta (poTosroMiHecteHItii. Bysio BusiBiieHO, IO oAep:KaHi CIOJYKH KpHCTaJi-
3YIOThCA y KYOiUHY CTPYKTYpPYy i3 HAHOPO3MipHMMM 3epHAMM’, a TAKOXK Ma-
I0OTh YiTKY ()JII0OOPECIIEHTHY BJIACTUBICTh.
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1. INTRODUCTION
Since the first Nd:YAG laser ceramic was reported by Ikesue et al.

in 1995 [1], transparent polycrystalline ceramics have found in-
creased interest over the last few years. The majority of transpar-
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ent ceramics researches focus on oxide materials like Nd;, Y, 5, Al;O;,
(Nd:YAG), however, fluoride materials are very attractive and
promising materials for laser applications [2—5]. Among the fluo-
ride compounds, strontium fluoride (SrF,) is an attractive material.
Because of its excellent optical properties, e.g., the high transmis-
sion in the infrared and ultraviolet spectral range 0.13—11 pm, the
low refractive index nDj1.439 and 589 nm, and the extremely low
solubility in water 120 mg L1, SrF, is an ideal material for optical
applications and is often used as a coating material for high-quality
optical windows, prisms and lenses to reduce reflection and to in-
crease transmission. Furthermore, as the isotype of CaF,, SrF, has
gained great interest as a laser material when doped with rare-earth
ions [6-8].

For example, thanks to its broad emission bands, Yb:SrF, single
crystal is a promising gain medium in tuneable laser and ultra-short
pulse laser generator [9, 10]. With their superior optical and chemi-
cal properties, SrF, ceramics are highly suitable for a wide range of
industrial and scientific applications such as laser technology, scin-
tillators, photolithographic processing and specialized window pro-
duction. However, few works have been done on the preparation of
SrF, transparent ceramics. Basiev et al. reported laser operation of
rare-earth doped ceramics of Nd:SrF, and its solid solutions fabri-
cated by a hot-forming method [11]. However, it is deformation of
single crystals and lacks for advantages of ceramics such as much
superior mechanical property, lower temperatures than single crys-
tal growth process.

In this study, we have focused on preparation of SrF, nanopow-
ders doped with Sb.

2. EXPERIMENTAL
2.1. Preparation of Sh:SrF, Nanoparticles

The solid-state method was used to prepare SrF,:Sb 0.0, 0.1, 0.15,
0.2, 0.25, 0.3 wt.% as follow accurately weighed in the required
proportions and thoroughly mixed and ground using an agate slurry
and pestle to convert into very fine powders. Acetone was used to
help the solid compounds mix during the sample preparation pro-
cess in relatively small quantities. The previous materials were
ground and mixed with an agate mortar to ensure obtaining a ho-
mogeneous mixture after adding an amount of acetone in order to
improve the homogeneous mixing process for it for about 15
minutes until the acetone dried. This process was repeated three
consecutive times for each of the samples. After that, the resulting
mixture was dried by heating it to a temperature of 100°C for a pe-



PREPARING OF Sb:SrF, 117

riod of time sufficient to ensure the removal of moisture. The sam-
ples were annealed at 350°C for 4 hours, after which the samples
were gradually cooled in the heating oven to room temperature at a
rate of 1°C/min.

2.2. Characterization

The crystallite structure and size of the synthesized nanoparticle
samples were calculated using an x-ray powder diffractometer
(XRD) (Philips-PW-1840) with a CoK, radiation of 1.789 A in a 20
range of 20—80°. While the analysis of the chemical composition
was carried out using Fourier transformation infrared (FT-IR mod-
el: Jasco Spectrum 4100 FT-IR) spectroscopy. The luminescence
properties were studied using UV-Vis Spectroscopy.

3. RESULTS AND DISCUSSION
3.1. DTA Analysis

The DTA curve shown in Fig. 1, demonstrate the thermal behaviour
of the system as it was scanned within a temperature range 0-
1000°C. The ratio of 0.25 was chosen to study the thermal changes.

The DTA diagram shows exothermic effects. The first exothermic
effect at 288°C indicates the entry of antimony into the crystal
structure of strontium fluoride. The second exothermic effect at
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Fig. 1. DTA of SrF,:Sb (0.25 wt.%).
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504.4°C indicates the formation of antimony pentoxide Sb,0O;. The
third exothermic effect at 745.9°C indicates the formation of stron-
tium oxide.

3.2. XRD Analysis

Figure 2 shows x-ray diagrams of strontium fluoride compound
doped with antimony in different proportions. These diagrams are
consistent with the reference card (SrF,: 96-900-9044) for pure
strontium fluoride with some displacement, indicating a clear
change in the dimensions of the primary lattice cell as a result of
the entry of antimony into the structure of strontium fluoride. The
diagram SrF,:0.3Sb shows a significant change in the structure in
accordance with the reference card and this is explained by the
formation of antimony pentoxide.

The average crystallite size was calculated using Scherrer’s equa-
tion, which is expressed as follows [14]:

KA

D:Bcose’ ()

where K is Scherrer’s constant (K =0.89 assuming spherical parti-
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Fig. 2. XRD patterns of SrF,:Sb nanoparticles.
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cles), A is the x-ray wavelength, B is the peak width at half maxi-
mum (FWHM), and 0 is the Bragg’s diffraction angle. The average
crystal size was of 7.778 nm for SrF,:0.25Sb.

3.4. FT-IR Spectroscopy

The FT-IR spectrum of SrF,:Sb nanoparticles is presented in Fig. 3.
By comparing the infrared spectra of the compounds prepared
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Fig. 3. FT-IR spectra of synthesized SrF,:Sb nanoparticles.
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with different proportions of antimony, it was found that new ab-
sorption bands appeared that were different from the absorption
bands of the pure strontium fluoride compound. These bands appear
at 469, 615, 728, 876, 953, 1115, 1147, 1172 cm™'. These bands
may be due to the vibration of the bonds according to the vibration-
al patterns: Sr—Sb—Sr, Sb—Sr—Sb, Sr—Sb—F, Sb—Sr—F, Sb—F-Sb, and
F-Sb—F. This is evidence of the occurrence of a bond between the
antimony atoms and the strontium fluoride, which confirms the en-
try of these atoms into the crystal structure of the compound.

As for the doping ratio (0.3), it was observed in the resulting
spectrum that the previously formed bands disappeared, indicating
the dissociation of antimony from strontium fluoride and the ap-
pearance of new absorption bands at wave numbers 414, 447 cm™

TABLE. The emission wavelength and the calculated energy gap.

Wavelength Energy gap
excitation 200 6.18
emission 310 3.99
emission 340 3.64
emission 355.4 3.48
emission 420 2.94
emission 451 2.74
emission 473 2.61
emission 495 2.50
200 nm
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Fig. 4. Luminescence spectrum of SrF,:Sb nanoparticles at 200 nm excita-
tion wavelength.
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Fig. 5. The electronic transitions in the SrF,:Sb.

due to the bonds Sb—O-Sb, O—Sb—0O, and this is evidence of the
formation of antimony oxide (Sb,05).

3.3. The Luminescence Properties

The luminescence of the samples was measured using a UV-Vis
spectroscopy, where the samples were excited at different wave-
lengths and the emission spectrum of these samples was recorded
(Table).

Figure 4 shows the luminescence spectrum of the prepared sam-
ples with different doping ratios at 200 nm excitation wavelength.

These electronic transitions can be represented by the following
diagram shown in Fig. 5.

CONCLUSION

SrF,:Sb nanoparticles were successfully synthesized using soled
state method. The resulting compounds were characterized using
XRD techniques, which confirmed the size of nanoparticles, and IR
spectroscopy. The photoluminescence was studied and have a clear

fluorescence property.
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