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ABSTRACT

Single crystals of pure and strontium dopEd Ammonium Fluoro Di Antimonates (NkBlyFg ,an electro
optic crystal were grown by slow evaporatibechnique. The grown crystals were subjected/arious
studies such as single crystal X-ray diffract (XRD), UV-Vis studies, Fourier Transformfrémed (FTIR)
,TG-DTA ,Vickers’s Micro hardness , DC Condutyi of the grown crystals were also measu&dgle
crystal X-ray diffraction studies reveals both tbestals belongs to orthorhombic crystallographystem.
Microhardness studies reveals the incorporation i, makes the crystal more softer than that of the
pure(NH;)sShF, crystals. The details are presented and discusstds paper.
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INTRODUCTION

Trivalent Antimony Fluoride complexes represemt extensive class of inorganic compoundsrgmwhich

many substances exhibits unusual electro palydil-3] , Optical [4] and other propertieghich stimulated
their thorough investigation by different pltyschemical methods [5]. It has also beepored that a
number of fluorides have high ionic conduityivand super ionic properties [6]. These poomds are of
considerable interest due to the assumptimt the presence of liable NH# a crystal lattice, which is
likely to lead to higher values of condudivithan in the cations of heavy alkali ne{&]. The ionic

conduction of several Ammonium Fluoro Antimtsg are reported earlier [8]. Some of therfluo
antimonates such as (NkBbR and (NH);ShyF;s are classified as super ionic conductors TBjs fluoro

complexes are the promising compounds for dycing different purpose materials which indsd
piezoelectric [10-13] and biologically activeompounds [14]. The growth , Dielectric and Mitardness
studies of Sodium , Potassium and Ammonium raported earlier [15-19]. Motivated by this, attempt was
made to study the growth and physical dttaersstics of a new Tri Ammonium Fluoro Dn#monate

crystal (NH);SkFy (TAFDA) and reported in this paper.
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MATERIALSAND METHODS

2. Experimental Studies:

2.1 Crystal Growth:

Crystals of TAFDA and Strontium doped TADFAere grown by solution growth employing slow
evaporation technique at room temperature. émete proportions of Ammonium Fluoride (NH,
Antimony tri oxide (SPO;) and Hydro fluoric acid (HF) were mixed &bger to prepare the solutions of
TAFDA crystals. The homogenous saturated smiuvas kept in PVC containers for slow ewapion.
Transparent single crystals were obtained jmesiod of one month. For the growth of'Sdoped TAFDA
crystals, 2 mole percentage of strontium flderi(Srk) was added to the solution of TAFDA . Singl
crystals of size 15 x 12 x 2 minwith good transparency were obtained ipesiod of 30 days.

2.2 Characterization:

The single crystals of pure and?Smoped AFA were subjected to single cry3BD studies using
ENRAF NONIUS CAD4 diffractometer with MaK radiation (A = 0.71073 A°) to determine the unit cell
dimensions and morphology. The optical trassion range of the crystals was examined domtw100 -
1100 nm using Shimadzu UV -1061 UV - Vis —N$Rectrophotometer. The infrared spectroscopy is
effectively used to identify the functionatogps to determine the molecular structurethef grown crystals.
The FTIR spectra of the samples were recordsihg FTIR 460 spectrometer by KBr pellechnique in
the range 400 - 4000 émThe Thermo Gravimetric Analysis (TGA) andifférential Thermal Analysis
(DTA) of the sample crystals were carriedt ausing Seiko Thermal Analyzer at a heatiage of 10
°C/min for a temperature range of 30-600 @icrohardness measurements were done usiNickars's
microhardness indenter using Leitz Weitzierrdi@ss Tester. The indentation time was fixed(as. 1Vicker’s
Hardness Number (Hv) is calculated usithge relation

Hv = 1.8554d—P2 kg mn? (1)

Where P is the load applied in kg andsdthe diagonal length of the indented inspiens in mm. DC
conductivity measurements were carried out fore and $f doped AFA crystals using the conventional
2-probe technique at various temperaturesimgnfrom 40°C to 150 °C . The resistancetloé crystals was
measured using a milli Meg ohm meter. Theeokstions were made while cooling the samples [ZDhe
conductivity 6 4) of the crystal was calculated using th&atien

d
Cdc = —— (2
° RA
Where R is the measured Resistance, d @stlickness of the sample and A is thea apéthe crystal.
The Activation energy were calculated using thatieh

expEqy)
9

3
KT ©

O dc =

Where K is the Boltzmann's Constant, T e tabsolute temperature andis the constant depending on
the material.

RESULTSAND DISCUSSION

3.1 Single Crystal X-ray Diffraction:

TAFDA crystallized in the orthorhombic systeamd the lattice parameters are found to be6&8 A°, b =
1416 A°, c=6.80 A°a = =y =90° for pure TAFDA crystals and a=6.44 A =14.11 A°, c=6.74 A°,
a=p=y=90° for S¥ doped TAFDA crystals. The photograph of Wp@wn crystals are displayed in fig
1(a-b)
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(b)

@
Fig .1. The Photograph of (a) asGrown pure & (b) Sr** doped (b) TADFA Crystals

3.2UV -Vis Studies:
The recorded transmittance spectra for puré &f* doped TADFA crystals in the wavelength rarfb@0 -

1100 nm are shown in fig.2a,b.

1000
95
90
85
80
75

70

9182013066
60
"
55
10
wr 0 AL
as

3828410415

toa0

35

493967.6764

30

20 3243526145
15
10

05

9

8

7

6

25 s
4

3

2

1

0

000

1900 300 400 500 600 700 800 900 1000 11000 ia50 300 w00 500 600 700 800 900 1000 11000
nm nm

Fig 2a.Transmission Spectra of pure Fig2b. Transmission spectra of SrF*
TAFDA crystals doped TAFDA crystals

At about 324 nm, a sharp fall in the trarttamice is observed and the crystals havéiceuft transmission
in the entire visible region and hence thestals of this work are the potential caladés for opt
electronics [21]. From the results, it istioed that a lower cut off wave length f®F" doped TAFDA
crystal are 493.96 nm . The forbidden bang dar the grown crystals of this work wadoulated as
3.834eV and 2.5151eV. When TAFDA crystale atoped with $f, the transmission is altered and the
increase in transparency indicates the imprmre of the quality of crystals [22].

3.3 FTIR Studies
The FTIR spectra of the grown crystatsdisplayed in fig .3 (a-b).
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Fig 3a. Infrared Spectra of pure TADFA Fig3b Infrared spectra of Sr?*doped
crystals TAFDA crystals
The broad peak between 2500 cmnd 3500 crh corresponds to the symmetric and asymmeiietching
modes of NH. The absorption peak at 1401%tis due to the NH ions. The absorption peak at 1110%cm
is due to the Sb - F vibrations. A shgspak at 562 cth is due to the Sb - O symmetric stretching
vibrations. Although the spectrum of?’Sdoped TAFDA provides similar features asttb& pure TAFDA,
there is slight shifting and variations almserved for all peaks suggesting that it niey due to the

incorporation of S ions in the lattice of TAFDA .
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Fig4a. TG /DTA studiesof pure TAFDA single crystals

3.4TG-DTA Studies:

TGA - DTA curves of the grown crystals arésplayed in fig.4 (a-b). DTA curve shows thptire AFA

crystal melts at 155°C and it undergoes #retmic transitions at 185°C and 285 °C .TGArves shows

that there is a weight loss in the tempeeatrange 190 -280°C due to the liberationvofatile substances

antimony in the compound. For?*Sdoped TAFDA crystal, there is no weight logs the
1853
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temperature range upto 165°C and there foie thermally stable upto 165°C. It issebved that there is
a weight loss of about 75% in the rangel656 - 285°C. Beyond 320°C, the weight lossfaund about 20
wt% of the initial mass.

TG
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Fig4b. TG/ DTA studiesof SrF, added TAFDA singlecrystals

3.5 Microhardness Studies:
A plot between the load P and hardness euntly is shown in fig .5.
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Fig.5 Variation of Hv with load for Pureand Sr?* doped TAFDA crystals

This shows that the microhardness number increaslesncreasing load. On further increasing tlvad beyond
30 g, the Hv value started to decrease,cdaitlig the starting of fracture on the scefaf the crystal.
Hardness number is found to be increasinth whe doping concentration of rin the lattice of TAFDA
crystals. This can be attributed to enhancénoénthe strength of bending due to the it of Sr?* into
the lattice of TAFDA crystals. It is obsedvé¢hat scratching occurs in the crystal whea tbad is applied
beyond 30g. The graph between log p againgtdldor pure and $f doped TAFDA crystals are drawn in
fig .6.
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Fig.6 logd Vslog P for Pureand Sr? doped and Sr?* doped TAFDA crystals

The slope of the straight line gives therkvdardening coefficient (n). The value for@ufAFDA is 1.540
and the work hardening coefficient for “Srdoped TAFDA crystal is 2.379. According taiBch [23], if n

is greater than 1.6, the crystal belongsstdt category. As n is less than 1.6, piUA&DA crystal is a
hard material and $f doped TAFDA belongs to soft material and trrdness number increases with the
load is also observed

DC Conductivity:

The DC conductivity of the pure and ?Srdoped TAFDA crystals were calculated and ttadues of DC
conductivity against Temperature are plotted fig.7. It is observed that for both pusmd Sr** doped
TAFDA crystals, the DC conductivity increasegith increase in temperature. The defect coimagon
increases with temperature and hence thetrieloconductivity also increases. The additiof Sr**to the
pure TAFDA increases the electrical conductionthe given range of temperature. The atitvm energies
are calculated and it is found to be 0.5386er pure TAFDA crystal and 0.4108 eV f@r?* doped
TAFDA crystals.
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Fig. 7 .Temperature Vs DC Conductivity for pureand Sr** TAFDA crystals.
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CONCLUSION

Single crystals of pure and &f doped AFA crystals were grown by solution growithe grown crystals are
transparent and have well defined external appeararSingle XRD studies confirm that both pure aogped
TAFDA crystals crystallize in orthorhombic struatuiThe UV-Vis —NIR spectra shows that all the grawystals

of this work have good optical transmittance in énére visible region .The FTIR trace revealsghiting of bands
due to the presence of alkali atoms in the lattit& AFDA crystals. TG curves shows that both thestals are
stable upto 165°C. Microhardness studies show ttiethardness number increases with increase of.I0Ek
addition of S* makes the pure TAFDA crystal into softer categdeyconductivity increases with temperature and
the conductivity values are high fo’Sdoped TAFDA crystals. The activation energies wetieulated.
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