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Abstract

Single crystals of N&bBF are grown by slow evaporation technique at ambiemperature.
The improved transparency of grown crystal was stigated using UV-Vis spectral analysis.
The Mechanical properties and work hardening coefii of the grown crystal have been
studied using Vickers microhardness tester. Théedigc constant constang; and dielectric
loss (tand) were determined as a function of frequency inrdrege 50 Hz to 5 MHz at different
temperature. It was found that both the dielectonstant and dielectric loss decrease with
increase in frequency. The electrical conductigsiiydies of NgSbBF; crystal in the temperature
range 35 to 115 °C. The effects of frequency, antperature on the electrical conductivisy
were studied for N&bBFs. Analysis of the results shows thaj. increases with increase of
frequency and the change in independent of temperalhe cole-cole plots indicates shift in
the distribution of relaxation time.

Key words: solution growth, UV-Vis-NIR Spectrum, microhardse dielectric constant, and ac
conductivity

Introduction

Flouride single crystals, owing to their unique gedies such as large band gap, has many
advantages as optical materials. Colquiriite typerfde single crystals are especially promising
materials for UV laser and optical lithography apgtions [1]. Flouro complexes of sodium and
ammonium are gaining interest because of theirtrelecptic (NaSbF) and superionic
[(NH4).SbFs] properties [2-3]. The crystal chemistry of waseluble crystal of
fluoroantimonates and their related compounds luees reported in the literature [4-8]. It was
also reported that a number of fluoro complexeamimony (Ill) with the alkali fluorides are of
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considerable interest, because of their high opticamogeneity and other pertinent
characteristics. The potassium fluoroantimonate FsSthow high ionic conductivity [9]. The
infrared absorption spectra of )bk, NaSbli NaSkF; and NaSkF,; have been recorded in
the range down to 400 ¢hand the structures of these compounds have atso discussed by
Kharitonov et al. Micro hardness studies of thisnponent were reported by Benet Charles
et.al.[10-12]. Growth, Microhardness and crack gratistudies of Na$h; and NaShFy single
crystals have also been reported [13-15]. In thapep, we report the results of dielectric,
absorption and hardness studies ofMBF; single crystal.

Materials and Methods

Experimental
The starting material is synthesized by stoichoiméticorporation of SfO; NaF, HF(48%)and
HBF4 (50%) in the appropriate molar ratio accordingh#® chemical reaction.

0.5ShOs+HBF4 + 2 NaF + 6HF ——————> NMNabBR +3H;0

The growth experiments were carried out by slow aondtrolled evaporation of the water
solvent at constant temperature 305K using polyettgycontainer and stirrers. The seed crystals
are obtained by spontaneous nucleation. The sorgktals are grown of N&bBFsin a period

of 60 days up to dimensions 22 X 20 X 8 frand are as shown in Fig. 1. The size of the atyst
grown in the present work is better than the earéported work [11]

Fig.1. As grown crystal of NaSbBFg single crystal

Characterization of the crystal

The grown crystals have been characterized by ap#&bsorption using Shimadzu UV-260
spectrophotometer. The microhardness was determised) a Leitz-Wetzler microhardness
tester attached with a Vickers diamond pyramid imele The capacitance and dissipation factor
of the specimen were measured as a function oliémcy in the range from 50 Hz to 5000 KHz
using ANDO model AG-4311 LCR meter.
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3.1 UV- Vis Studies

The optical absorption spectra of JSaBFs crystal is shown in Fig. 2. From the spectrum, a
strong absorption was observed at 250nm, it has blegerved that the lower cut-off wavelength
is about 800 nm, above which the transparency coarty extends to 2500 nm. The percentage
of transmission is about 68%.We plottediv)'" vs hyv for Na,SbBR; the best fit was obtained
for n = 1/2 indicating an indirect gap of 2.46 eV by fiet of (ahv)? vs hv as shown for in the
Fig. 3.
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Fig. 2. UV-Vis Absorbance spectrum Fig. 3. Plot of b Vs (ahv)?
of NaSbBFg

3.2 Microhardness studies

Microhardness of a crystal is its capacity to rtesmlentation. Physically hardness is the
resistance offered by a material to the localizetbianation by scratching or by indentations.
For the static indentation test, all the indentatimeasurements were made at room temperature
using freshly cleaved sample }$bBF; crystals over a fixed interval of time (15 seconas)l
removed. The indented impressions were square.slitfaces were indented at different sites.
Diagonal lengths of the indented impressions obthiat various loads were measured using a
calibrated micrometer attached to the eye piecth@fmicroscope. Several indentations were
made on NzSbBFs. The average value of the diagonal lengths ofiridentation mark for each
load was used to calculate the hardness. The V&ckaicro hardness number was determined
from the relation

H, = 1.8544 P/8Kg/mn?

where Fis the load in gm, dhe length of the diagonal of the indentation inggren in mm and
Hy the Vickers hardness in kg/mnThe hardness values and corresponding load arenstmow
Table 1. A plot drawn between hard ness numberappdied load is shown in Fig. 4. The
hardness number was found to increase with load.oldserved the low hardness value at low
load, a steep increase at high load followed bgpwaesr increase with load.
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Table 1: The Hardness values for Ns&SbBFs

Load Diagonal Length X10° mm | Hardness value
(P)X10°Kg [ g1 | a2 d of Hy Kg/ mm?
02 6.1 5.9 6 103
05 9.4 7.4 8.4 131.4
07 9.8 9.7 9.75 136.6
10 11 11.8 11.4 142.7
12 122 | 12.4 12.3 147.1
12
150
-f/j 1.1
~ M0 /,f/ ' Ve
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E 130 4 /f s 1.0 .
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Fig. 4. Variation of Vicker's Hardness f9. 5 .Plot of Log P Vs Log d
with Load

The plot log p Vs log d is shown in Fig. 5. The wbiardening coefficients was computed using
least squares fit method and found to be 2.22.eSine value of n is greater than 2, the hardness
of the material is found to increase with the iase of load; it confirms the prediction of
Onitsch [16], and also the reverse indentation sffect (RISE) [17-19].

3.3 Dielectric Studies

Sodium fluoroantimonate single crystal with higansparency and defect-free size was selected
and used for dielectric measurements. Rectangplacimens of thickness approximately 3.5
mm and area of cross section of 113 Tmwere used for dielectric measurements. A thiningat

of silver paint was applied on both the surfacethefsamples for contact. From the capacitance
data, the dielectric constant at each temperasurelculated using

g = Cd/g A

Where C is capacitance, d is the thicknegsthe free space permittivity and A the Area sample
The variation of dielectric constarg)(with frequency at different temperature for th&3SbBF
single crystal under investigation has been shawhig. 6. It was observed from these figures
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that the dielectric constang ) having higher values at lower frequencies andeadses with
increasing frequency. The magnitude spfdepends on the degree of polarisation of charge
displacement in the crystals. The dielectric camsiaf the materials is due to mainly the
contribution of space charge polarization at loggfrencies. The variation of dielectric loss with
frequency has also exhibited similar behaviourresv® in Fig. 7.
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Fig. 6. Effect of frequency on dielectric Fig. 7. Effect of frequency on dielectric

constant at different temperature loss at different temperature

Our measurements show that there is no abrupt ehbagonly a smooth variation in “tan
“over the entire frequency for all the crystalsdstal. The space charge polarisation will depend
on the purity and perfection of the material. ftfiuence is small at low frequencies and it may
be attributed to space charge polarisation duattwé defects. However, the low values of “tan
d “suggests that the grown crystals are of moderaebd quality.

The variation of dielectric constant and loss widmperature at different frequencies for
NaSbBF; single crystal is studied. The Fig. 8 presentsvidrgation of dielectric constant with
temperature at different frequencies for,8laBF; crystal shows that there is no abrupt change,
and the rate of increase gfwith frequency is found. From Fig. 9, the variatiohdielectric
loss with temperature has also exhibited simildrav@ur as shown in Fig. 8. Thus resulting in
large proportions of space charge polarizationctvhiltimately causes larger increases,odnd
tang values as observed.
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The electric conductivity has been shown in Fig.fdlON&SbBF The AC conductivity §ad
was calculated using the relation

O ac =€ &rotand

where gy is the permittivity of free space (8.85x18 farad/m) and ¢ =2uf) is the angular
frequency. Plots between lw,() and 1000/ T were found to be very nearly lin€gw, the
conductivity values can be fitted to the relation

G ac =00 eXp (-Ec/KT)

whereo,is the activation energy, k is the Boltzmann camsta is the absolute temperature and
o, Is the parameter depending on the material. Aitimaenergies were estimated using the
slopes of the above line plots [E=-(slope) k x100a®je dielectric conductivity was observed to
increase with frequency and the dielectric conditgtiwas no change with temperature. The
relaxation time 1) was determined from cole - cole plots of the tgpewn Fig. 11. From the
intercepts on the x-axis corresponding to zero ueegy, resistance and corresponding
conductance were determined at various temperatdreshift in the peak is observed for
increasing temperature. The relaxation timei$ calculated using the cole-cole plots by the
relation

T =Yen fp
Where fis the value of frequency for maximum peak positdrcole — cole plot. The analysis

of cole — cole plots indicates a slight increasetha relaxation times as the temperature
increases.
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Fig. 11. The cole-cole plots for
Na;ShEBF; single crystal

Fiz. 10. Effect of temperature on Electrical
conductivity of Na;S5hEF;at different
frequency
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Conclusion

From the above results we conclude that opticdétgrcNaSbBR; single crystals of dimensions
upto 22 x 20 x 8 mfin a period of two months can be grown by slow evafion technique.
These crystals are having good optical quality tmadsparency. The micro- hardness study
shows that when the load is increased, the hardmasber is increased. The work-hardening
coefficient (n) for NaSbBF;, crystal is found to be greater than 2. The diglestudies of
NaSbBF; reveal that at different temperature dielectric stant €;) decreases with increase
frequency up to 10 KHz beyond which they attairoastant value From the result of various
dielectric measurement is observed that there csedse in the rate ofg, tand, cac With
frequency and constant with temperature. The U¥-MiR spectrum shows that the crystal is
optically transparent with strong absorption at 260. The lower cut-off wavelength is about
800 nm, above which the transparency convenienxtignels to 2500 nm. The optical band gap
was found to be 2.46 eV. The relaxation time i€drined from cole-cole plot.
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