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ABSTRACT

The X-ray diffraction technique is used to study structure of the material. The quaternary systsgTeo.
«ShsBiy (x=8, 9, 10, 11, 12) is analyzed with the powdifrattion method which is known as the finger prin
identification of the material. The material is éeigeneous and has the different phases. The \ariou
parameters regarding the material viz. miller inefic(h, k, | values), volume, density, lattice spgcFWHM,
particle size and Lorentz’s polarization factor leaveen calculated. The system taken is showingtbhetbubic
and hexagonal structure. This confirms the polyaflise behavior of the system showing the presasfca
multiphase structure. The material has same phasedl compositions as the peaks are almost atdhme
positions in all the samples, However there istgligariation in their intensity. The samples arepared by the
melt quenching technique. The Lorentz polarizafamtor gives the lower value of intensity of refiec at the
intermediate angles compared to those in forward dackward directions. The particle size in the enat
found to be increasing up to x=11 thenafter deceeda average the distance of closest approachctdric
system is found to be 9.62 A and for the hexagsystem it is found to be 5.02 A. The density otriatis
found to be more in the hexagonal system as thatlsit system
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INTRODUCTION

Crystalline structures occur in all classes of male with all types of bonds. Most of the matkriare

polycrystalline; they are made of a large humbesinfjle crystals called crystallites. After theatdigery of X-rays
these materials are being studied at the worldlléwefind the internal structure and properties tbkse
materials.Chalcogenide materials have attractedhminterest in the last couple of decades becaustheif

interesting physical properties which can be ail®d by changing the chemical composition , Thditmh of a

third elemental impurity such as Ge, Sn, In, Plg, leds a pronounced effect on structural, physioptical,

electronic and thermal properties [1-5]. Seleniuarthie pure state has disadvantages because bbitdifetime and
low sensitivity. This problem can be overcome Hgyahg Se with some impurity atoms (Bi, Te, Ge, Ga, As,

etc), which gives higher sensitivity, higher cryiization temperature and smaller ageing effeceze®al workers
have studied the effect of bismuth on the optioal electrical properties of chalcogenide matef@8]. The lattice
perfection and the energy band gap of the matplégl a major role in the preparation of the devarea particular
wavelength, which can be modified by the additibdapants [9-10]. Since all of the crystals arehhjglegenerate
semiconductors, it is reasonable to assume thattetal defects have an insignificant effect onirttedectrical

properties. The doping with Sn has a strong efiecthe temperature dependences of the thermoelgpawer and
electrical conductivity of the crystals.

MATERIALS AND METHODS

Material synthesis: - SegTe19,SMm3Biy (X = 8, 9, 10, 11, 12) polycrystalline material arepared by air quenching
technique. The exact proportions of high purity.@8®%) Se, Te, Sn and Bi elements, in accordante tveir
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atomic percentages, are weighted using an electtmance (LIBROR, AEG-120) with the least countl6f gm.
The material is then sealed in evacuated €-Térr) quartz ampoule (length ~ 5 cm and interrahtbter ~ 8 mm).
The ampoule containing material is heated to’&@nd held at that temperature for 10 hours. €hgperature of
the furnace is raised slowly at a rate of 3 €4per minute. During heating, the ampoule is cariktaocked, by
rotating a ceramic rod to which the ampoule wagddcaway in the furnace. This is done to obtain bgemeous
alloy. After rocking for about 10 hours, the ob&immelt is quenched in air. The quenched sampleeistaken out
by breaking the quartz ampoule and grinded toitree fowder. The nature of the alloy is ascertaimegowder X-
ray diffraction technique. For this, X-ray diffréat (XRD) patterns of sample are taken at room tnaipire by
'lg\sing an X-ray diffractometer (Philips, PW 3050/60he copper target is used as a source of X-réysw= 1.54
(Cu Ky).

RESULTS AND DISCUSSION

We have prepared the Se, Te, Sn and Bi quatermgsiadine material by the air quenching technigtien after
the materials are analyzed by the X-Ray diffracttenhnique and various parameters regarding thectatal
information from the XRD are studied as :-

3.1 SegTe;1Sn3Big System
The XRD of this system is shown in fig3.1(a). Frtme Fig 3.1(a) we can see peaks which are shargliataited.
This material is showing the behavior of cubic &dlas of the hexagonal crystalline system. Varigys, I) values

corresponding to the peaks are shown in the FigaBdnd are tabulated in Table 3.1(a) at theiresmponding
positions.
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Fig 3.1(a)
Table 3.1(a)
20 hkl Crystal System
9.31 100 cubic
14.29 100 hexagonal
18.56 200 cubic
29.28 310,111 Cubic, hexagonal
30.72 311,002 Cubic, hexagonal
40.23 330,112 Cubic, hexagonal
44.01 332,003 Cubic, hexagonal
47.60 430,113 Cubic, hexagonal

The various values of FWHM and d-spacing whichabtined from the XRD fig. for the different peaks shown
in the Table 3.1(b).
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Table 3.1(b)
Pas [°2Th | FWHM [°2Th1 | d-snacinalAl
931 01¢ 9 5(C
14 2¢ 01¢ 6.2C
18 5¢ 017 47¢
29 2¢ 0.1¢ 30F
30.7¢ 0.2( 291
40.2¢ 0.4 22
44 01 017 2 0f
47 6( 027 1.9

From these values we have calculated the latticanpeters for cubic system and hexagonal unit cell.
For Cubic:

As we know

a = Q/2) (N/ Sirfo)*2
Also

a=d (ff+ I +?3

For this system this gives a = 9.64 A and volum#is &= 895.84 R
Distance of closest approach = a = A64
Density is given by the relation [11,21]

_ 16602034

pP=— (D)

WhereX 4 is the sum of the atomic weights of the atomshim unit cell,p is the density in (g/cc) and V is the
volume of the unit cell (3.Here the substance is a compound whose composiio be represented by the simple
chemical formula, then

TA=nM .. (2)

Where n is the number of the molecules per unit cell anésithe molecular weight, here in cubic unit cel=1.
The density of the material in this case by culmigsideration of unit cell is found to be 18.50 g/cc

For Hexagonal:
There are two variables in hexagonal unit cell \Wwtdce given as

Therefore value of a=7.58 c=5.75A. And the volume is, V=0.866e=256.7°.

aZ c2
Distance of closest approach is [‘3— + o 5.04 A

In the hexagonal unit cell the value qE6 and hence the density of the material is founllet 387.54 g/cc.So from
the cubic and hexagonal unit cells average dersi2$3.02 g/cc.

The particle size is found by [11,21]

0.94

t= RnsH - )

Where B is the broadening of the diffraction lineasured at half its maximum intensity (radiang,the diameter
of the crystal particle andis the wavelength of X-rays used (L554

Lorentz polarization factor is a purely geometactbr which is the combination of Lorentz factod glarization
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factor and given as:

1+cos226

Lorentz polarization factor =——5
sin“f cos @

The Lorentz polarization factor decreases the vafuatensity of reflection at the intermediate Essgcompared to
those in forward and backward directions.

Table3.1(c)

0 (degree)| CoB | B (radian) | Particle size t (X) | Lorentz factor | Lorentz pol. factor
4.65 0.996 0.0016 869.72 39.22 309.05
7.14 0.992 0.0016 875.12 16.47 127.14
9.28 0.986 0.0014 1004.05 9.90 74.84
14.64 0.967 0.0016 895.81 4.05 28.51
15.36 0.964 0.0017 845.74 3.69 25.53
20.11 0.939 0.0037 398.93 2.25 14.22
22.01 0.927 0.0014 1067.96 1.92 11.59
23.80 0.915 0.0023 658.58 1.68 9.74

The particle size, Lorentz polarization factor &nel Lorentz factor’s variation calculated using XR&ta are shown
in Table 3.1(c) From the calculated values the nvadune of the particle size is found to be 0.0886
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Fig 3.1(b): Lorentz pol. Factor variation with Bragg'’s angle for SgsTe;1Sn3Big

3.2 SeggTepSn3Big System
The XRD of this system is shown in fig3.2(a)
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The material is showing the same trends. The cuybiase together with the hexagonal one is due to the
polycrystalline behavior of the compound tendingptesent a multiphase structure. The Various (H) kalues
corresponding to the peaks obtained in the fig}.&(@ shown in Table 3.2(a). The various valueBWHM and d-
spacing which are obtained from the XRD graph lierdifferent peaks are shown in the Table 3.2(b)

Table.3.2(a)
20(degree) | hkl Crystal System
9.12 100 Cubic
14.44 100 hexagonal
18.48 200 Cubic
29.40 310,111 Cubic, hexagonpl
30.64 311,002 Cubic, hexagonpl
40.27 331,112 Cubic, hexagonpl
47.45 430,113 Cubic, hexagonpl
Table 3.2(b)

Pos.[°2Th.] | FWHM [°2Th.] | d-spacing[A]
9.12 0.18 9.74
14.44 0.16 6.16
18.48 0.16 4381
29.40 0.19 3.04
30.64 0.19 291
40.27 0.42 2.23
47.45 0.24 1.95

In SesTeSnaBig System parameters for cubic unit cell are a = 4 7dolume V = d=1915.49 & and the density
of the material is found to be 18.26 g/cc. Distantelosest approach for cubic system = a =9.714.3pstem
parameters for the hexagonal unit cell are a = Ap8=5.868 A, volume V=255.80 *Aand the density of the
material is 392.10 g/cc.Distance of closest apgrdac hexagonal system = 5.03 A. Average value afsity of
both types of crystal systems is 205.18 g/cc.

Table 3.2(c)

0 (deg) | Co# | B (rad) | Particle size t (A) | Lorentz factor | Lorentz pol. factor
4.56 0.997| 0.0016| 868.85 40.44 318.66
7.22 0.992| 0.0013 1027.33 16.05 123.90
9.24 0.987| 0.0013] 1032.54 9.89 74.76
14.70 | 0.967| 0.0016§ 895.81 4.01 28.07
15.32 0.964| 0.0016 898.59 3.71 25.82
20.13 | 0.939] 0.0035 413.45 2.24 14.15
23.22 0.919| 0.0020 754.08 1.74 9.86

The particle size, Lorentz polarization factor &nel Lorentz factor’s variation calculated using XR&ta are shown
in Table 3.2(c). The average value of the partcte for this sample is found to be 0.0844.
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Fig3.2 (b): Lorentz pol. Factor variation with Bragg’s angle for SgsTe10Sm3Bisg
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3.3 SQgTegsnlgBi 10 System

The XRD of this system is shown in Fi@@)
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Fig3.3(a)

The Various (h, k, I) values corresponding to tleaks obtained in the fig.3.3(a) are shown in T&bB{a) The
various values of FWHM and d-spacing which are ioled from the XRD graph for the different peaks
SesTeSn3Bijgare shown in the Table 3.3(b)

Table.3.3(a)
20 hkl Crystal System
9.46 100 Cubic
14.44 | 100 hexagonal
18.78 | 200 Cubic
29.70| 310,111 Cubic, hexagongl
30.94| 311,002 Cubic, hexagonal
39.97 | 330,210 Cubic, hexagongl
47.75| 430,113 Cubic, hexagonpl
Table 3.3(b)

Pos.[°2Th.] | FWHM [°2Th.] | d-spacing[A]
9.46 0.18 9.39
14.44 0.17 6.16
18.78 0.16 4.75
29.70 0.19 3.01
30.94 0.19 2.89
39.97 0.41 2.25
47.75 0.24 1.90

In SesTe;SMaBiy, System parameters for cubic unit cell are a = #5¢olume V = d=860.08 & and the density
of the material is found to be 19.59 g/cc. Distantelosest approach for cubic system = a = 9.5llife system
parameters for the hexagonal unit cell are a = &,08-5.64 A, volume V=246.08 #and the density of the material
is found to be 410.82 g/cc. Distance of closestr@agh for hexagonal system = 4.97A. Average valudensity
due to both types of crystal systems is 215.20.g/cc

Table3.3(c)

0 (deg) | Cosf | B (rad) | Particle size t (X) | Lorentz factor | Lorentz pol. factor
4.73 0.996| 0.0016 869.72 37.46 295.18
7.22 0.992| 0.0014 997.98 16.05 123.96
9.34 0.986| 0.0013 1032.54 9.71 73.40
14.85 | 0.966| 0.0016 896.74 3.94 27.58
15.47 | 0.963| 0.0016 899.53 3.65 25.25
19.98 | 0.939] 0.0035 424.14 2.27 14.34
23.87 | 0.914| 0.0029 758.20 1.67 9.68
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fig 3.3(b): Lorentz pol. Factor variation with Bragg’s angle for SgsTesSn3Biio

The particle size, Lorentz polarization factor éimel Lorentz factor’s variation calculated using XB&ta are shown
in Table 3.3(c). The average value of the partcte for this sample is 0.083@n.

3.4 S%gTegsnlgBi 11 SyStem

The XRD of this system is shown in fig3.4{de hkl values for different peaks calculated friva XRD and the
crystal system they have shown in the Table 3.4(a)
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Fig3.4(a)

The FWHM and d-spacing values obtained fogsB&Sn sBiq; are given in the Table 3.4(b).The values of FWHM
and plane spacing are used to calculate the pasizb and Lorentz factor for gEesSn3Bi;; sample.

Table.3.4(a)
20 hkl Crystal System
9.46 100 Cubic
14.44| 100 hexagonal
18.48| 200 Cubic

29.40| 310,111| Cubic, hexagonpl
30.94 | 311,002| Cubic, hexagonpl
39.97| 330,112 Cubic, hexagonjal
47.75| 422,113| Cubic, hexagongl

Table 3.4(b)
Pos.[°2Th.] | FWHM [°2Th.] | d-spacing[A]

9.46 0.17 9.74
14.44 0.17 6.16
18.48 0.16 4.81
29.40 0.18 3.04
30.64 0.17 2.91
40.27 0.41 2.23
47.45 0.24 1.91
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Table 3.4(c)
0 (deg) | Co$ | B (rad) | Particle size t (X) | Lorentz factor | Lorentz pol. factor
4.73 0.996| 0.0014 993.97 37.46 295.18
7.22 0.992| 0.0014 997.98 16.05 123.90
9.24 0.987| 0.0013] 1032.54 9.89 74.76
14.70 0.967| 0.0016 895.81 4.01 28.07
15.32 | 0.964| 0.0014 1026.97 3.71 25.67
20.13 | 0.939] 0.0034 424.15 2.24 14.15
23.72 0.915| 0.0020 757.37 1.68 9.74
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Fig3.4(b): Lorentz pol. Factor variation with Bragg's angle for SgsTesSm3Bi1

In SesTesSnaBir; System parameters for cubic unit cell are a = $5Volume V = & = 876.46 R and the density
of the material is found to be 19.38 g/cc. Distantelosest approach for cubic system = a = 9.57Tle system
parameters for the hexagonal unit cell are a = &,08-5.86 A, volume V=255.80 %and the density of the material
is found to be 398.40 g/cc. Distance of closestr@agh for hexagonal system = 5.03A. Average valudensity
due to both types of crystal systems is 208.89.g/cc

In the Table 3.4(c) we calculate the particle sizerentz polarization factor and Lorentz factorariation. The
average particle size comes out to be 0.0875um.

3.5 SegTe;Sny3Bi, System

The XRD of this system is shown in fig3.5fd)is system is showing the behavior of cubic asl aslof the
hexagonal system. Here also both the phases aenpri@ the composition which shows the polycryisialnature

[11-18].

The various (h, k, I) values corresponding to thaks obtained in the XRD figure and the crystatesysthey have
is shown in Table 3.5(a) The plane spacing and FWiMies for different peaks obtained is given ia frable
3.5(b). From these values we have calculated thiedgparameters for cubic crystal systems and denal crystal

system [11, 19].
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Table 3.5(a)
20 hki Crystal System
9.12 100 Cubic
14.10| 100 hexagonal
18.78 | 200 Cubic

29.40| 310,111 Cubic, hexagonal
30.64 | 311,002 Cubic, hexagongl
39.97 | 331,112 Cubic, hexagongl
47.75| 430,113 Cubic, hexagonpl

In SesTe;Sm4Biy, system parameters for cubic unit cell are a = & pvolume V = d=904.23 & and the density

of the material is found to be 18.93 g/cc. Distaotelosest approach for cubic system = a = 9.67A

Table 3.5(b)

Pos. [°2Th.] | FWHM [°2Th.] | d-spacing[A]
9.12 0.20 9.74
14.10 0.18 6.31
18.78 0.19 4.72
29.40 0.19 3.04
30.64 0.19 2.91
39.97 0.40 2.25
47.75 0.24 1.90

The system parameters for the hexagonal unit pelaa 7.05 A, ¢=5.95 A, volume V=256.5% dnd the density of
the material is found to be 400.50 g/cc. Distaricelasest approach for hexagonal system = 5.04%rage value

of density due to both types of crystal systenZ08.71 g/cc.

Table 3.5(c)

%] Cos B Particle Lorentz Lorentz
(deg) (rad) size t (A) factor pol. factor
4.56 0.997 0.0017 817.74 40.44 318.66
7.05 0.992 0.0016 873.23 16.91 131.22
9.39 0.986 0.0016 878.54 9.49 71.74
14.70 0.967 0.0016 895.81 4.01 28.07
15.32 0.964 0.0016 898.59 3.71 25.82
19.98 0.939 0.0034 434.13 2.27 14.34
23.87 0.914 0.0020 758.20 1.67 9.68

Table 3.5(c) shows the calculated values for Rarsize, Lorentz factor
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Fig3.5(b): Lorentz pol. Factor variation with Bragg's angle for SgsTe;Sm3Bi1»

Table-3.6
Sample Patrticle Size(um) Density(g/cc)
Se:TenSn:Big 0.0826 203.02
SecTecSn:Big 0.0841 205.18
SeeTeSn:Biic 0.0839 215.20
SesTesSnsBing 0.0875 208.89
SesTeSnaBiy; 0.0793 209.71
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The average values of the particle size and desditir all the samples are shown in Table3.6

The average value of all the particle sizes otlal samples is 0.0834n and the density is the 208.40 g/cc. The
average distance of closest approach for cubiesys found to be 9.62 A and for the hexagonalesyst is found
to be 5.02 A. In this work the structure of the rggte is studied, using the term in the wide sémsaean the
relative size, perfection and orientations of tlagtiples or grains making up the aggregate. Whdtese particles
are large or small, strained or unstrained, orgtratierandom or in some preferred directions, fratlyenhas very
important effects on the properties of the materiéfl the material contains more than one phasepribperty
naturally depend upon the properties of each phassidered separately and on the way these phase iocthe
aggregate. Such materials offers wide structurasibdities since the size, perfection and oriéatet of the
particles or the grains of one phase may diffemfithose of the other phases. Here the polycrysealhaterial is
prepared by the air quenching, so here in this tesenaterials are under the many kinds of thetakysperfection
such as non uniform strain because it is so chaiiatits of the cold worked states of metals afmys) that is why
in this case distorted hexagonal structure areirdda Here we can say that a cold worked metaheratloy have
the deformed texture, twinned annealed crystalsespme polygonal in shape.Addtion of Bi may causeliiear
refractive index to increases linearly with lineefractive index as reported by Ishu [20].

CONCLUSION

In the present work the structure ofggd&4,SmsBiy (Xx=8, 9, 10, 11, 12) system is studied and is fotm be

showing both cubic as well as hexagonal systerahdtvs that the material has polycrystalline natterding to

present in multiphase structure. The effect ofBheSn doping is very small, systems showing thieicas well as
the hexagonal phase but with some distortion duthéostrain and deformation effects of the cold kwor the

annealing The Lorentz polarization factor gives ltheer value of intensity of reflection at the inteediate angles
compared to those in forward and backward direstidfhe average value of particle size for all tamgles is
0.0834 pum. In average the distance of closest apprtor cubic system is found to be 9.62 A andlierhexagonal
system it is found to be 5.02 A.
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