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ABSTRACT

The interest in Fluoro Antimonate crystals haverbeereased in the last four decades due to its
superionic conduction and its unusual electro ogiroperties. Potassium hepta flouro di
antimonate (KSi#,) crystals has been grown by slow evaporation teglen KSbF; crystal
crystallizes into monoclinic structure with spagewp P2/C. The functional groups present in
the crystal were determined using FTIR spectroscdpye microhardness study shows that
hardness steadily increases, then decreases fanehigoads. Work hardening coefficient
indicates that the grown crystals are moderatelfteso The variation of dielectric constant,
dielectric loss, and A.C. conductivity with temgeara at different frequencies were discussed. It
was found that both the dielectric constant andlediic loss decrease with increase in
frequency.
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INTRODUCTION

Many compounds of complex antimony (lll) fluorideave anomalous electro physical, optical
and other properties (1-3). Many publications @eeoted to investigation on the structure and
properties of MSl~ crystals ( M = sodium, potassium, cesium, rubidiygmmonium, and
thallium ). The structures of K, [4], RbSbF; [5], CsShF; [6], TISkF; [7] and NaSkF; [8]
were determined. Anomalously high ionic conductwas observed in the temperature range
400-480 K :0=10%10* Ohm /cm in complex antimony (lIl) fluorides suck aTISbF/[9],
NH4ShF; [9,10] and KSb [ 11]. KShF;, one of the important Antimony Flouride Compound
(AFC) has the greatest activating effect to statmilthe photosynthesis in U. fenestrate alga
[12]. The structure of KSB7 consists of polymeric chains formed by alternatoggjahedral
Sb(1)F5E (E is un shared electron pair of Bland trigonal bipyramids Sb(2)F4E linked by
asymmetric fluoride bridges [12]. No attempt hagl made on micro hardness and dielectric
studies of KSkF; crystals. In the present investigation, we regoetgrowth, powder and single
crystal XRD techniques along with FTIR, micro hagds and dielectric studies of K&b
crystals.
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MATERIALS AND METHODS

2.1 Crystal growth

KSh,F; was synthesized by dissolving the appropriate amotiKF, ShO; and HF in double-

distilled water and stirred well at 303K to formrhogeneous solution. The chemical reaction is
KF + SBO3 + 6HF - KShF; + 3H,0.

The saturated solution was purified further by et¢pé recrystallization and allowed to evaporate
the excess amount of water at 303K to obtain seedals due to spontaneous nucleation within
a week. The single crystals of KFbh were successfully grown from aqueous solutionlbws
evaporation technique in a period of two weekse glown crystals were shown in Fig. 1.

Fig. 1. The grown KShF; crystal

2.2 Material Characterization

Powder X-ray diffraction technique has been usedntestigate the crystal structure of the
grown crystal (Philips X’pert Pro X-ray Automaticffdactometer). The single crystal X-ray
diffraction has been carried out using ENRAF NONI@&D4 diffractometer with Mol
radiation (1=0.7107 A ). Infra red spectroscopy has been etllito identify the functional
groups of the synthesized compounds. The FTIR gpadias been recorded in the range of 400
— 4000 crit by KBr pellet technique using 8400S Shimazdu F$frectrometer. The mechanical
property of the grown crystals has been studiedguaiReichert MD 4000E Vickers ultra micro
hardness tester attached to metallurgical opticalascope. A well polished K$B; crystal was
placed on the platform of Vickers micro hardnesgeieand the loads of different magnitudes
were applied over a fixed interval of time. Theentation time was kept 10 sec for all loads.
The diagonal length of each indentation has beeorded and the average of the diagonal
lengths has been computed. For dielectric studies,polished surfaces of the crystal were
coated with silver paint and is inserted in betweehe sample holders. The dielectric
constantg,), dielectric loss ( tal) and A.C. conductivityd;o) were obtained as a function of
frequency (100Hz — 1MHz) at different temperatuf283K to 423K) using Agilent 4284 A
20Hz-1MHz precision LCR meter.

RESULTS AND DISCUSSION

3.1 XRD analysis

Figure 2 shows the standard and indexed XRD pattetine grown KSk~; crystal. The pattern
has been indexed with the JCPDS file 71 — 1945hasvis in the figure which confirms the
presence of KSi; crystal structure. This result has also beenrteddy S.H. Mastin et al [4].
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The crystal exhibits monoclinic system with spaeceug P2/C. The cell parameters were
measured as a = 10.51 A, b = 7.598A, c = 8.601dBa= 100.82. The calculated volume of
the unit cell is 674.7A The lattice parameters are in good agreemeht tviise values already

reported thus confirming the grown crystal [4].

JCPDS File : 71-1945
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Fig. 2. Standard and indexed Powder XRD pattern oKSh,F- crystal

3.2. FTIR analysis

The recorded FTIR spectrum of K&k is depicted in Fig. 3. The stretching vibratiaid,O
are characterized by an intense absorption bartl métxima at 3529 cthindicates that these
compounds contain small quantity of water [13]. eTdeformation vibration of #D gives a
medium intensity band at 1717 ¢rfil4]. A narrow band with the minimum at 1224 a867
cm* corresponding to the bending vibrations of Sb-Ch6hd [15]. An intense band at 754 tm
in the IR spectrum is responsible for asymmetnietshing vibrations of Sb-O-Sb bond [16]. It
is assigned that the intense line at 518auarresponds to the symmetric stretching vibratiohs
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Sb-F bonds.\(A1) [13,17,18]. We think that the weak line at 108Jcdoes not belong to the
principal vibrations of antimony (lll) fluoride cqptexes.

100+

754

50

25

Percentage of Transmittance

0+ 518

3057 2057 1057
Wave number ( cm')
Fig. 3. FTIR spectrum of KShF; crystal
3.3 Microhardness studies
3.3.1 Variation of hardness with load
The Vicker’'s hardness value (Hv) has been calcdlaten the formula,

Hv = 1.8544 P/dKgmm*

where P represents load, d is the diagonal lenigtheoindentation impression [19]. A plot has
been drawn between hardness number (Hv) and apgpaddP) is as shown in Fig. 4.
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Fig. 4. Variation of hardness with load for KShF- crystal

In the present study, hardness value increasestaxanum up to a load of 50gm, and thereafter
decreases for higher loads. According to Sangw@ll if2 the initial stage (i.e. at low loads or
strains) plastic deformation of crystals mainly olwes the nucleation of dislocations along a
particular slip system. When only one slip systsnadtive during plastic deformation, at low
loads the number of active parallel glide planesinguindentation is low. Therefore the
nucleating dislocations rapidly propagate intortteerial without experiencing substantial stress
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between them. Consequently in this stage indemtadiepth h increases proportionally with
indentation pressure. However, with increasingllednen the number of parallel glide plane
increases, the motion of dislocations gliding irerthis slowed down due to the mutual
interaction stress between dislocation. This le¢ads slow indentation depth h with increasing
indentation pressure. Consequently, the increastriwith h steadily becomes weaker until Hv
attains a steady value after some particular vaiuead.

3.3.2 Log P vs log d plot
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Fig. 5. Plot of log p versus log d for KSk~; crystal

The relation between the load and size of the itediem is given by
P=kd" (1)

where P is the load, d is the diagonal lengthrgdression, n is the work hardening coefficient, a
measure of the strength of the crystal, is compirad the log p-log d plot (Fig. 5). |Ks the
standard hardness found out from the interceppmFeareful observations on various materials,
Onitsch [21] pointed out that n lies between 1 ar&ifor hard materials and it is more than 1.6
for soft materials. The value of n observed in phesent study is 1.6 suggesting that ¥Sb
crystal is a moderately softer substance. n veEdu®&H;ShF; is 2.3. [22] and NaSB; is 1.36
[23]. It indicates that when different substancashsas sodium and ammonium added with
heptafluorodiantimonate, its n value changes enasiyo

3.3.3d vs & plot :

It is known that the material takes some time teereto elastic mode after the applied load is
removed. So a correction factor x is applied odhvalue.

P=l (d+x Y (2)
Subegn(1l)inegn(2)
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Kd" = k, ( d+x ¥ 31
Simplifying
d%= (kolke)? d +( kelky )*? x (4)

The slope of ¥ vs d yields (k:)?and the intercept is a measure of x. (Fig.6).
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22,5 0

48 51 54
d

Fig. 6. Plot of d vs &? for KSb,F, crystal

3.3.4 Yield strength
From the hardness value, the yield strengih ¢an be calculated using the relation,

o,= HV/2.9{[1-(2-n)][(12.5(2-n)/1-(2-n "}

The yield strength is calculated to be 1.822 Mphe hardness parameters are listed in Table 1.
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Fig. 7. Variation of stiffness constant with load ér KSh,F; crystal

Table 1. Hardness parameters oKSh,F; crystal

n ki(10°Kg) | k2 (10°Kg) | x (um)
1521] 1.1336 31.6544 0.049
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3.3.5 Variation of stiffness constant with load

The elastic stiffness constant 1(C gives an idea about the tightness of bonding eetw
neighbouring atoms. The stiffness constant fofed#ht loads has been calculated using
wooster's empirical formula. &=(Hv)"* [24]. From the graph (Fig. 7) it is clear thaeth
stiffness constant increases with increase of loddgyh value of G indicates that the binding
forces between the ions are quite strong [25].

3.4 Dielectric and A.C. Conductivity Studies
The variation of dielectric constard;) against frequency for KSb; crystals along a, b, and c,
directions are shown in Fig. 8, 9, 10. The dielectonstant was evaluated by using the

following equation.
c _c 1_Acrys
( crys air) A

air) A
€ =

air
r Cair A crys

where Gys is the capacitance of the crystal,;Gs the capacitance of the air of the same
dimension as the crystal,c4 and Ay are the area of the crystal and area of the elgetr
respectively [26].
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Fig. 8. Variation of Dielectric constant with temgerature at different frequencies in ‘a’ axis for KS,F- crystal
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Fig. 9. Variation of Dielectric constant with temgerature at different frequencies in ‘b’ axis for KSb,F; crystal
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Fig. 10. Variation of Dielectric constant with temgerature at different frequencies in ‘c’ axis for KS,F; crystal

The different values of dielectric constant infeliént directions confirms the anisotropy of the
given crystal used in the present study.

The dielectric behaviour in the first interval ibserved in the low frequency region 100Hz —
10KHz in which ¢' sharply decreases with increasing frequency. Thay be due to the
contribution of space charge polarization. The spelcarge polarization will depend on the
purity and perfection of the material. [27].

45
O 100 Hz -
O 1KHz ooot
A 10 KHz - A
1 © 100KHZ_
B >0 01MHzDQoO@@6
o o© %2
§S)
5 oo 0 A
O 1.5
O JAN O
0.0 866688000000

40 80 1éO 160
Temperature ( degrees )

Fig. 11. Variation of Dielectric loss with temperatire at different frequencies in ‘a’ axis for KSk,F; crystal

Dielectric behaviour in the second interval is aled in the high frequency region 100KHz — 1
MHz, in which €' decreases slightly with increasing frequency. e frequency increases, a
point will be reached where the space charge caustained and comply with the external field
giving rise to diminishing values of dielectric adant. The dielectric constant is observed to
increase with temperature due to the orientatiordipbles which facilitate the increase in
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permittivity at higher temperature [28] The varmeati of dissipation factor (tan®) with
temperature at different frequencies of the appéied field in a, b, ¢ directions are shown in
figures 11,12, 13,

94| O 100 Hz o O
O 1KHz 0 O
+ 10 KHz 0
D 51| X 100KHz
o ¥ 1MHz O
Q O O
5] O o 0O
D 3-
(]
o 0 - oo0©O © +
+ &
ol BRR P %k kK &k ¥ ¥ ¥ X
40 ' 80 120 160

Temperature ( degrees )

Fig. 12. Variation of Dielectric loss with temperatire at different frequencies in ‘b’ axis for KSh,F- crystal
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Fig. 13. Variation of Dielectric loss with temperatire at different frequencies in ‘c’ axis for KSh,F; crystal

Low values of tand suggests that the grown crystals are of moderaebd quality. Figures
14,15, 16 illustrates the temperature dependenge@fconductivity at different frequencies in
a, b, c directions. A.C.conductivity is noted toddightly increased with increasing temperature
in the low temperature region. It fulfills an ingwe rise with increasing temperature in high
temperature region is mainly attributed to the edly generated charge carriers [ 29 ]
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CONCLUSION

Good quality single crystals of K& were grown within a period of two weeks by slow
evaporation method. K@B; compound crystallizes into monoclinic structurghvspace group
P2/C. The FTIR spectral analysis reveals the presehfunctional groups of the crystal. Micro
hardness test showed that these crystals belongeotterately softer category. The Yield
Strength of the crystal used in the present stady822 MPa. Dielectric constant and dielectric
loss decrease with increasing frequency.
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