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Abstract: Sodium Penta Fluoro Antimonate crystal has attracted the researchers for its
superionic conductivity and its electro optic properties. It has been grown by the conventional
slow evaporation technique. The single crystal X-ray diffraction studies confirms the crystal
belongs to Orthorhombic system with lattice parameters a= 5.453 A, b =8.006 A, c=11.133
A, a = B =y =90° and has the space group of P2,2,2;. The FTIR spectrum analysis has
confirmed the functional groups present in the grown crystal, especially the Sb-F bond. UV-
Vis spectral studies performed the lower cut off wavelength of the grown Na,SbFs crystal as
311 nm in the UV region. The band gap energy of the grown crystal has been found to be 5.3
eV using Tauc’s plot. Penn gap, Fermi gap and polarizability of the grown crystal have been
estimated from the dielectric studies. It is noticed that the SHG efficiency of the grown
crystal is 0.265 times that of the KDP crystal.
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1. Introduction

The study of physiochemical properties of inorganic fluorides is gaining interest because of the
extensive possibilities for their applications in optical instruments and laser technology [1]. Monofluorides (AF)
and Pentafluorides (MFs) form a variety of compounds with general formulas AMFq, A;MF;, A;MFg, AM,F,
AM;F ¢ and AM4F,; [2]. Also it is known for long time that metal fluorides dissolve in anhydrous hydrogen
fluoride (aHF) acidified with Lewis acids (AsFs, SbFs) [3]. Antimony pentafluoride, SbFs is the strongest Lewis
acid in anhydrous hydrogen fluoride (aHF) [4-5]. Trivalent Antimony Fluoride complexes represent an
extensive class of inorganic compounds, among which many substances exhibits unusual electro physical,
optical and other properties [6-8]. It has also been reported that a number of fluoride crystals showed super
ionic conductivity [9-11]. Characterization studies on various fluoro antimonate family crystals like Tri
Ammonium Fluoro Di Antimonate ((NH4);Sb,Fy) [12], NH4Sb;F o [13], NH4Sb,F; [14], Lithium Hexa Fluoro
Diantimonate (LiSb,F7) and LiSbF, [15], Ni(SbFe)s [16],CsSbFs(OH) and CsSbF4(OH), [17], RbSb,F; [18],
KSbF, [19-21] and KSbyF,; [22-23]. Researchers have been devoted so many pages on the characterization
studies of sodium fluoro antimonate crystals such as NaSbF4 [24], NaSb,F; [25], NaSb;Fy [26], Na;SbsF5 [27]
and Na,SbBFg [28]. Many attempts have been made to study the growth and physical properties of different
penta fluoro antimonate crystals such as Potassium Penta Fluoro Antimonate (K,SbFs) [29-31], Ammonium
Penta Fluoro Antimonate ((NH4),SbFs) [32], Strontium Penta Fluoro Antimonate (SrSbFs) [33] and Barium
Penta Fluoro antimonate (BaSbFs) [34]. The characterization studies on Sodium Penta Fluoro Antimonate
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crystal(Na,SbFs) such as single crystal XRD [35-36], FTIR [37], micro hardness [38] and NLO studies [39-40]
have been already reported by many researchers.

In the present investigation Sodium Penta Fluoro Antimonate crystal (Na,SbFs) has been grown by the
conventional slow evaporation method. The grown crystal has been subjected to various characterization
techniques such as Powder XRD, Single crystal XRD, FTIR, UV, Dielectric, and NLO studies.

2. Crystal Growth

The stoichiometric mixture of high purity AR grade NaF, Sb,O; and HF were used as starting material
in a molar ratio of 2:0.5:3. The calculated amounts of the reactants were thoroughly dissolved in deionized
water and stirred well for about 6 hrs. This was filtered to remove suspended impurities and allowed to
crystallize.The chemical equation governing the reaction is,

2NaF + 0.5 Sb,0; + 3 HF — Na,SbF;s + 1.5 H,O0 (1)

The homogenous solution was kept in PVC containers for slow evaporation. Single crystals with good
transparency are obtained in a period of 2 weeks and are shown in fig.1.

Fig. 1 The photograph of the grown Na,SbF; crystal
3. Xrd Analysis

Powder X-ray diffraction analysis has been carried out using Bruker AXS D8 Advance Powder X-ray
Diffractometer using CuKa radiation (A = 1.5406 A) scanned over the range of 10 to 80° at a scan rate of
1°/min. The standard and observed powder XRD pattern of the grown Na,SbF;5 crystal is shown in Fig. 2. The
well defined peaks confirm the crystalline nature of the grown crystal. The observed powder XRD spectrum of
the grown crystal has been compared with the JCPDS file (27-0733), noticed that it has very good agreement
with the standard powder XRD spectrum. The peak corresponding to (102) plane has a maximum intensity of
1110.
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Fig.2 The standard and observed indexed Powder XRD pattern of the grown Na,SbF; crystal

Single crystal x-ray diffraction studies have been carried out using ENRAF NONIUS CAD4 single
crystal x-ray diffractometer. The single crystal XRD data of Na,SbFs crystal indicates that it crystallizes in
orthorhombic system with P2,2,2, space group. The observed lattice constants are a = 5.453 A, b =8.006 A, c=
11.133 A, o.= B =y =90° and volume = 486.1 A’, which agree well with the reported values [41].

4. Ftir Analysis

The observed FTIR spectrum of Na,SbFs crystal has been recorded using Perkin Elmer Spectrometer
using KBr pellet technique in the wavelength range from 4000 cm™ to 400 cm™. The FTIR spectrum of the

grown Na,SbFs crystal is shown in Fig. 3.
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Fig. 3 FTIR spectrum of the grown Na,SbF; crystal

Infrared spectroscopy is effectively used to determine the functional groups present in the crystal [42].
The O-H stretching vibrations appear as intense broad envelope in the higher energy region with maxima at
3780 and 3402 cm’'. The absorption bands at 1608 cm™ is related to deformation of water molecules with
inequivalent OH bonds [43]. The existence of Sb-O bond is clearly evident from the sharp peaks at 1355, 1283,
1112 and 1061 cm™ [44]. We assume that the sharp peaks are seen at 819, 770 and 711 cm™ reveals the
presence of Na-Sb bond. The symmetric stretching vibration of Sb-F bond is positioned at 530 cm™ [45-46].
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5. Uv - Vis - Spectral Analysis

The UV—Vis—transmission spectrum of the crystal was recorded using Perkin Elmer Lambda 35 UV
Vis spectrometer in the wavelength range of 190-1100 nm. The optical transmittance spectrum of the grown
Na,SbFs crystal is shown in Fig. 4. The grown crystal exhibits transmittance in entire visible region with lower
UV cut-off wavelength found to be around 310 nm. This property attests the suitability of the crystal for
nonlinear optical applications [47].
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Fig.4 The optical transmittance spectrum of the grown Na,SbF; crystal
The optical absorption coefficient (o) was calculated using the following relation,
1
. 2303 L:rg(T)
d

Where T is the transmittance, d is the thickness of the crystal. The plot of optical absorption coefficient
vs wavelength for the grown Na,SbFs crystal is presented in Fig. 5.
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Fig.5 Plot between optical absorption coefficient vs wavelength of the grown Na,SbF; crystal

The crystal under study has an absorption coefficient (o) obeying the following relation for high photon
energies (hv),

ahv = B*(hv - E,)" (3)
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where a is the absorption coefficient and v is the frequency, E, is the optical band gap, B is a constant
and n is an index which can be assumed to have values of 1/2, 3/2, 2 and 3, depending on the nature of
electronic transition responsible for the absorption, i.e., n = 1/2 for the direct allowed transition (high energy
part of the spectra), n = 3/2 for forbidden direct transition, n= 2 for the indirect allowed transition (low energy
part of the spectra) and n= 3 for forbidden indirect transition [48]. The variation of (ahv)" with hv (Tauc plot),
for these crystals, is shown in Fig. 6. The value of Eg for the sample have been calculated by extrapolating the
linear region of the curves to meet the hv axis at (ahv)" = 0, and are estimated as 5.3 eV.

Fig.6 Tauc’s plot of the grown Na,SbF; crystal

The plot of variation of extinction coefficient with wavelength was presented in Fig. 7. Extinction
coefficient (K) can be obtained from the following equation,

Ao

4T (4)
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Fig.7: Variation of Wavelength with Extinction coefficient of the grown Na,SbF; crystal

6. Dielectric Studies

The dielectric constant and dielectric loss of Na,SbFs crystal were measured using Agilent 4284A LCR
meter.
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Fig. 8: Dielectric constant vs temperature at different frequencies for the grown Na,SbF; crystal
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Fig.9 Dielectric loss vs temperature at different frequencies for the grown Na,SbF; crystal

It is observed from the plot (Fig.8) that the dielectric constant decreases exponentially with increasing
frequency and then attains almost a constant value in the high frequency region (above 10 KHz). It is also
observed that as the temperature increases, the value of the dielectric constant also increases. The same trend is
observed in the case of dielectric loss versus frequency (Fig.9). The very high value of dielectric constant at low
frequencies may be due to the presence of all the four polarizations namely, space charge, orientation, electronic
and ionic polarization and its low value at higher frequencies may be due to the loss of significance of these
polarizations gradually [49-51]. From the plot, it is also observed that dielectric constant increases with
increasing temperature, attributed to space charge polarization near the grain boundary interfaces, which
depends on the purity and perfection of the sample (Balarew et al 1984) [52]. The characteristic of low
dielectric loss for a given sample suggests that the sample possesses enhanced optical quality with lesser defects
and this parameter is highly important for making this material suitable for various nonlinear optical
applications [53-54]. A.C. conductivity varied exponentially with temperature according to the typical
activation law,

G = 0, € X p (-E/KT) ®)]

Where o, is the pre exponential factor depending on the material, E, is the activation energy for ions
migration, K is the Boltzman constant and T is the absolute temperature. A.C. conductivity was observed to
increase with increase in temperature. As temperature rises, due to the creation of more and more defects
conductivity increases. Conductivity has smaller values at low frequencies is related to the accumulation of ions
due to the slow periodic reversal of the electric field. The variation of AC conductivity with frequencies of
applied field has been shown in the Fig. 10.
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Fig. 10 AC conductivity vs temperature at different frequencies for the grown Na,SbF; crystal
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Arrehinus plot for the grown Na,SbFs crystal for 1 KHz and 100 KHz has been presented in the Fig. 11
and 12. The activation energy for the grown Na,SbFs crystal for frequencies 1 KHz and 100 KHz has been

found as 0.0032 eV and 0.0026 eV.
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Fig.11 Arrehinus plot for the grown Na,SbF; crystal at 1 KHz
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Fig.12 Arrehinus plot for the grown Na,SbF; crystal at 100 KHz
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Theoretical calculations shows that the high frequency dielectric constant is explicitly dependent on the
valence electron Plasmon energy, an average energy gap referred to as the Penn gap and the Fermi energy. The
Penn gap is determined by fitting the dielectric constant with the Plasmon energy [55].

The molecular weight of the grown crystal is M = 263 g/mol, the total number of valence electron Z =
42, Density of the grown crystal was found to be p = 3.59 g-cm’ and dielectric constant at &, = 32.18. The
valence electron plasma energy, hwp is given by [56-58],

nop = 268(1%)

e

M (6)
Fermi energy in terms of Plasma energy is given as,
his p

Ep = —

En-17 (7)
ErF =0.29480wp)= (8)
Polarizability, a is obtained using the relation,

(h-f-' ) }: 5 -'ll"f - -
a = [ P T % 0.396 x 10 24cm? (9)
s S, + 362 5

where Sy is a constant for a particular material, and is given by

&

oy [Ee], 1
So=1 [4E-| " 3[4E: (10)
The value of a so obtained agrees well with that of Clausius-Mossotti equation [59], which is given by,
3N g -1
o= : (11)

- 47Ngyp £, + 2

where the symbols have their usual significance. N, is Avagadro number and the calculated fundamental data
on the grown crystal of Na,SbFs are listed in Table.1.

Table.1 Dielectric parameters of the grown Na,SbF; crystal

Parameters Values
Plasma energy (eV) 6.77
Penn gap (eV) 1.21
Fermi gap (eV) 3.75
Polarizability (cm™) using Penn analysis 6.61 x 10
Polarizability (cm™) using Clausius Mossotti Equation 2.65x 107

7. Nlo Studies

The Kurtz and Perry technique is the most widely used technique which is used to confirm the SHG
efficiency of NLO materials [59]. For this study, a finely grounded crystal in powder form was taken in a
capillary tube. The fundamental beam of 1064 nm from Q- switched Nd:YAG laser beam and 10 ns pulse width
with an input rate of 10 Hz was used to test the NLO property of the sample. The second harmonic signal
generated in the crystalline sample was confirmed by the emission of green radiation from the crystal. The
crystals of Na,SbFs were grinded to uniform particle size of about 125 — 150 um were taken and packed in
capillaries of uniform bore and then exposed to the laser radiation. The powder of potassium dihydrogen
phosphate (KDP) with the same particle size was used as the reference. The output of the grown crystal
measured as the 2.34 mJ while the KDP gave an SHG signal of 8.8 mJ for the same input beam of energy of
0.68 J. The NLO efficiency of Na,SbF5 crystal is observed to be 0.265 times that of the standard KDP crystal.

8. Conclusion

Sodium Penta Fluoro Antimonate (Na,SbFs) crystal has been grown by slow evaporation technique
using deionized water as solvent. The crystallinity nature of the given crystal has been confirmed with the help
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of XRD analysis. It crystallized in orthorhombic system with lattice parameters a = 5.453 A, b = 8.006 A, c=
11.133 A, a=p =y =90° and has the space group of P2,2,2,. The functional group of the sample has been
determined by FTIR analysis. High degree of transparency is observed in the visible region as well as UV
region and has a lower cut-off wavelength of 311 nm. The band gap energy is found to be 5.3 eV using Tauc’s
plot. Using dielectric studies the plasma energy, Penn gap, Fermi gap and polaraizability has been tabulated.
The NLO efficiency of Na,SbFs crystal is observed to be 0.265 times that of the KDP crystal.
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