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ABSTRACT

Potassium Hepta Fluoro Antimonate crystals (Sb) have been successfully grown by slow evaporation
technique. Powder X-ray diffraction method has besed for structural identification. K&, crystallizes in the
monoclinic system with the space group/@2The crystals having wide transmission spegtiiagl between 280 and
1100 nm. The optical characterization shows tha land gap energy of the crystal is 4.54 eV. Trerame
refractive index in the visible region is 2.91.Treak value of optical conductivity is 4.0729%" in the UV region.
The optical constants have been calculated andtithted graphically. Thermal stability has beendstigated by
TGA/DTA and the melting point of the grown crystas been found out as 2524 The photo conductivity study
confirms the negative photo conductivity natur¢éheftitte compound.
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INTRODUCTION

In the context of unarguable interest on complerrides of trivalent antimony are characterizedhsypresence of
an unshared pair of 5®lectrons in a trivalent antimony atom [1]. Theminent Antimony Fluoride compounds
(AFC) are MSbE, M,SbF, MShF;, MShsF1, MShyFi3, M,ShsF;; and MsShyF;s (where M = Na, K, NH TI, Cs,

Rb) [2]. The structure [3], superionic conductigh5], biocidal activity in marine bacteria [6] aridSA [7,8]
studies of Potassium Hepta Fluoro Antimonate clygteSkyF; ) had been already reported by the researchers fo
the last four decades.

Fluoride single crystals, owing to their unique gpedies such as large band gap has many advaraagegtical
materials [9]. Colquiriite type fluoride singe stgls are especially promising materials for U\etaand optical
lithography applications [10]. Recently there isiacreasing demand for the synthesis and growttewf electro-
optic materials. Many complex fluorides of trivaleantimony possess unusual optical and othereptieg [11].
Scientists have made many attempts to find nevauititet (UV) and deep ultraviolet (DUV) nonlineaptal
crystals. Compare with oxide crystals, fluoridestays have larger band gap, therefore they araldaifor DUV
harmonic generation. However, they have small ssd@mmonic coefficients, which is unfavorable fditaining
high power output at the harmonic frequencies [TRgrefore we have made an attempt to find outaptionstants
include optical absorption coefficient)( refractive index (n), extinction coefficient (k)ptical conductivity §y),
dielectric constant and band gap (Eg) of KSlrrystals. In this paper we report the structugical constants,
mechanical and photo conductivity studies of KSlerystals.
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MATERIALS AND METHODS

Crystal Growth

KSh,F; crystal was synthesized by dissolving high puAfy grade Potassium fluoride (KF), Antimony tri ogid
(Sb,O3) and Hydro fluoric acid (HF) in the molar ratiol$%6 in double distilled water and stirred well flrm
homogeneous solution. The chemical equation gawgithe reaction is,

KF+S;+6HF — KSh,F;+3H,0 Q)
The near saturated solution was transferred toystallizer and covered by a perforated polyethylsheet for
controlled evaporation at room temperature. Aftegrowth period of two weeks, well developed anticafly

transparent KSl; crystals have been harvested and was presenkgg.in
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Fig. 1 Photograph of the grown KSbF; crystal

2.2. Materials Characterization

The grown KShkF; crystals have been analyzed by different charaetion techniques. The powder X-ray
diffraction study of the grown crystal has beerriedrout using Philips X'pert Pro X-ray Automatidfchctometer
with CuKa radiation £=1.5418A). ENRAF NONIUS CAD4 Automatic X-ray diéfictometer with Mok radiation
(0.7107A) was used to obtain the accurate cellrpatars of the grown crystals. The UV-Vis spectfomKSb,F,
crystal was recorded in the wavelength region d-1000 nm with the resolution of 1nm using Perkimé&r
Lambda 35 spectrophotometer. The photo condugtstitdies of grown crystal has been carried outdnnecting
the sample in series with a dc power supply anceihley 480 Picco Ammeter. The applied filed wasréased
from 5 to 200 Verit, the corresponding dark current and photo cusseme recorded.

RESULTS AND DISCUSSION

3.1 XRD analysis

Figure 2 shows the standard and observed indexdd patern of the grown K$B; crystal. The observed XRD
pattern has been compared with the JCPDS file het 945, confirmsthe presence of K$B, crystal structure.
Such a result has also been reported by S.H. Mastih [3]. From the single crystal X-ray difframti studies it is
found that the crystal exhibits monoclinic systeithvepace group RZ. The cell parameters were measured as
a=10.51A, b= 7.598A, c=8.601A af+100.82, Z=4. The calculated volume of the unit cell6iz4.7&. The
lattice parameters are in good agreement with thiakess already reported, thus confirming the grawstal [3].
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JCPDS File : 71-1945
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Fig. 2. Standard and Observed Indexed XRD patternfoKSb,F; crystal

3.2 UV- Vis spectral analysis

The recorded optical transmission spectrum was shiowrig 3. The crystal shows a good transmittaincéhe
entire visible region and infrared region. The lowst off wave length 280nm attest the usefulndgkise material
for opto electronics applications.
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Fig. 3. Optical transmission spectra of KSk-; crystal
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3.2.1 Determination of optical constants

Optical properties arise as a result of the intevacbetween photon energies and the structureetwden the
energy configuration of the materials [13]. Wheghti is incident on the crystal, some of its eneigyyeflected,
some is absorbed and rest is transmitted. Theadatixsorption of crystal varies with thickness aravelength. The
optical absorption coefficient) has been calculated from the transmittance ubiagelation [14],

- 2303lzg(1/ T) (2)

Where T is the transmittance and d is the thickioésse crystal. Fig. 4 shows the dependence a€alpabsorption
coefficient of the given crystal with the wavelémg
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Fig. 4. Variation of optical absorption coefficientwith wavelength for KSb,F;crystal

The absorption coefficient obeys the Urbach’s exmbial relation ¢§=aqexp (W/Eg)], where E is the Urbach
energy. E provides information about the extent of disorddpsorption in this region is related to the tréiosi

between the extended states in one band and ledaditates in the exponential tail of the band. ldedisorder
refers more towards that of electronic states withie materials compared to irregularity in atomicangement
[15].

Photons of energy {h less than the optical energy gap of the crysiegsnot absorbed. Absorption starts wtH,
and then increases rapidly. From the graph itusdiothat absorption increases exponentially bel@dvigm.

According to Tauc [16], the relation between photoergy (k) and absorption coefficient) is given by,
ahv = A(hv-E )" 3

Wherev is the frequency, h is the Planck’s constang,is€the optical band gap and n is a number which
characterizes the optical processes : n= % fectallowed transition, n=2 for indirect allowedrisition, n=3/2
for forbidden direct allowed transition and n=3 & indirect forbidden transition. The constansAhe slope of the
Tauc edge called band tailing parameter that dependthe width of localized states in the band d&pen the
straight portion of the plot ofxbv)? against h (Fig.5) is extrapolated ta’=0, the intercept gives the value of the
optical band gap energy. The optical band gap vaflSh,F; crystal has been found out as 4.54 eV.
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Fig. 5 Tauc’s Plot for KSkyF;crystal

The optical properties of a crystal can be evolveainly from its optical transparency, band gap,inetion

coefficient, the reflectance, refractive index,lelatric constant and optical conductivity. The optiproperties of
the crystals are governed by the interaction batvibe crystal and the electric and magnetic fielfithe electro
magnetic wave.

Extinction coefficient also called absorption indsxa measure of the fraction of light loss duesdattering and
absorption per unit distance in a participating imed[17]. In electromagnetic terms, the extinctmmefficient can
be explained as the decay or damping of the andgitf the incident electric and magnetic fieldse Extinction
coefficient can be calculated using the relation,

k=\o/4TT (4)

Where ) is the wavelengthp is the optical absorption coefficient. The plot Bktinction coefficient versus
wavelength is shown in Fig. 6.
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Fig. 6. Variation of Extinction coefficient as a function of wavelength forKSh,Fcrystal
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The extinction coefficient has been found to deseewith the increase of wavelength under investigatThe
average value of extinction coefficient in the bisiregion is 0.816. In the uv region its valueréases up to 60 due
to the increase in absorption. The decrease iretiiaction coefficient with an increase in waveldngn the uv
region shows that the fraction of light lost duestattering and absorbance decreases.

The reflectance gives the ratio of the energy tiécéed to incident light from a crystal. The reflence (R) in terms
of the absorption coefficient can be calculateshgishe relation[18],

o L J@-exp(at) +exp(at)

(5)
1+expat)

Where o is the optical absorption coefficient, t is thackmess of the crystal. Reflectance as a functibn o
wavelength is graphically illustrated in Fig.7.
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Fig. 7. Variation of Reflectance with wavelength fo KSh,F crystal

The peak value of reflectance (11.03) occurs inUkeregion at 240 nm. Refractive index of a subs&a(n) is a
measure of the speed of light in that substanbe. réfractive index is a very important parameédated to the
microscopic atomic interactions. If the crystat@nsider as the collection of electric charges,rdimctive index
may be related to the density and the local pdaaility of these entities [19]. Refractive index) (nas been
calculated by using the relation [20],

n_—m+ni¢am2+mR—3

6
2(R - 1) ©

Where n- refractive index, R- Reflectance

The plot of wavelength versus refractive indextfar grown crystal is shown in Fig.8.
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Fig. 8. Variation of refractive index with wavelengh for KSh,F;crystal

The average value of refractive index in the Vesilegion is 2.91. This means that electromagmatication is 2.91
times slower in crystals than in free space.

The complex dielectric constant is a fundamentansic property of the material. The knowledgetlué real and
imaginary parts of the dielectric constant providieformation about the loss factor which is theiaatf the
imaginary part to the real part of the dielectiimstant. The real dielectric constas) (s related to refractive index
(n) and extinction coefficient (k) through the eagsion [21,22],

g=n’-k? 7

Imaginary dielectric constant
g=2nk (8)

The plot of real and imaginary dielectric constaith wave length is shown in Fig.9 and 10 respetyiv

9

oo
-

~
1 L

a1
L

Real Dielectric Constant
i ®

w
L

1 2 3 4 5
Photon Energy (eV )
Fig. 9. Variation of Real dielectric constant withphoton energy forKSh,F crystal
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Fig. 10. Variation of Imaginary dielectric constantwith photon energy for KSh,F;crystal

The real dielectric constant ranged from 3.12 88The imaginary dielectric constant ranged frdlto -9.48.
Both real and imaginary dielectric constant de@sasharply with increase in photon energy andhes the
minimum value at 4.407 eV and again increasesdnrtftared region.

The real part of the dielectric constant is asgediavith the term that shows how much it will sldawn the speed
of light in the material and imaginary part shovesvta dielectric absorbs energy from an electrildfibue to dipole

motion [23].

The optical response of a material is studied ims$eof the optical conductivity. It has dimensiamfsfrequency
which are valid only in a Gaussian system of uriitse optical conductivity ¢,,) has been determined from the
relation [24,25],

_onc ©)

Where c is the velocity of lighty is the optical absorption coefficient and n is teiactive index. The variation of
optical conductivity with wavelength is shown irgFiL1.

Optical conductivity has a peak value of 4.07%H) in the UV region. But the optical conductivity heary low
values in the visible region. The sudden increaseptical conductivity in the UV region can be iiited to the

increase in absorption coefficient.

3.3 Thermal studies
TGA/DTA curves of KSkF; crystal are shown in the Fig. 12 and 13 respdgtiveis clear from the TGA curve

that the material remains stable up to a tempezaifinbout 258C. However, the weight loss of 3.732% in the low
temperature region (50-1%0) is assigned to the loss of water molecules. &fftothermic peak at 259@is due to

the melting point. The sharp endothermic peak shthesgood crystalline perfection of the sample. Witiee
temperature is increased above the melting pdietetis a gradual and significant weight loss (85.8ccurs at
about 250-531C is due to the release of fluorine ions from thtide of the crystal. Corresponding to a sub stage
(530-966C), a weight loss of 26.85% is accompanied with rislease of antimony trioxide from the crystal. A
strong endothermic peak occurs in DTA at about BZ8may be due to the second phase transition.
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Fig. 11. Variation of Optical conductivity with wavelength for KSh,Fcrystal
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Fig. 12 TGA spectrum of KSbF- crystal

3.4 Photo conductivity studies

Field dependence of dark and photo current for kgbrystal was displayed in Fig. 14. It is obserfredn the plot
that the dark current is greater than photo currnts suggesting that Kg# crystal exhibits negative photo
conductivity [26]. This phenomenon was explainedtbe basis of stockman model. According to this ehod
negative photo conductivity is based on the twargnéevels in which one is placed between the Fdewel and
the conduction band while the other is locatedelusthe valence band. The second state has hjglare cross
sections for electrons and holes. Also this state @apture electrons from the conduction band aheksHrom the

valence band. Thus the net number of mobile cheageers in the conduction band is reduced anchgivaise to
negative photo conductivity [27].
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Fig. 13 DTA spectrum of KShF- crystal
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Fig.14 Field dependence of dark and photo curreniolr KSh,F crystal
CONCLUSION

Good quality of KSH-; crystals were grown by slow evaporation methodiwdRer XRD analysis confirms the
identity of the given crystals. K@B, crystallizes in the monoclinic system with the epagroup PZc. The grown
crystal has good transmission window in the visitglgion between 280 nm and 1100 nm. The refradtidgex of
the given crystal has average value of 2.91 withevisible region of the electro magnetic spectriliile average
extinction coefficient is 0.816. The highest valoieoptical conductivity in the uv region is 4.07%1&* .The
highest values of real and imaginary parts of dieie function were found to be 8.32 and 1.18 retpely. All
these optical properties made this crystal to lyw@d candidate for opto electronics applicationShi; crystal
shows negative photo conductivity.
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