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KEYWORDS Abstract Tin—antimony-selenium (Sn—Sb—Se)-based systems belong to the ternary chalcogenide
IR; compounds of IV=V—VT group. They have potential applications in infrared region due to their
Raman; heavy elemental masses, continuous variation of band gap-energies and lattice constants as well
Sn—Sb—Se-chalcogenide as electrical properties, with compositions. Structures of melt quench-synthesized samples of
glasses Sn,—Sbs—Segs_, system, where x = 0, 5, 10 and 12.5-mole% have been studied using Fourier trans-

form infrared spectroscopy (FTIR) and Raman spectroscopy. FTIR spectra illustrates that addition
of Sn-mole% to the system causes a shift in IR-peak’s intensity and width from long to the short
wavelength. This change implies the breaking of Se chains that appeared around 210-254 cm ™! and
the occurrence of pyramidal SbSe; around 147-210 cm ™! and asymmetrical tetrahedral SnSe, mode
around 117-145cm™" for Sn = 5mole% up to 180cm ™' in Sn = 12.5 mole% spectra. Raman
spectra show that a pyramidal SbSe; peak is cited at 190-cm™'. The intensity of this peak is shifted
towards —183 cm~! when Sn-mole% is added to the system. The results confirm the validity of
using 4, 3 and 2 as co-ordination numbers of Sn, Sb and Se, respectively, in the amorphous region,
which is contained by the average co-ordination number, u < 2.4 and the fraction of Sn—Se bonds,
Ssn-se < 44.3%.

© 2009 King Saud University. All rights reserved.

1. Introduction interest for determining the influences of short and long-range

orders on properties of substances. In previous studies (Jagtap
Investigation of amorphous and crystalline regions of chalco- and Zope, 1990; Mikurt and McNell, 1890; Kislitskaya et al.,
genide glasses is of practical interest for obtaining new materi- 1971) the mole% of Sn in Ge,_,—Sn,—Se;, As33-Seq7—.Sn, and
als with semiconducting properties. It is also of theoretical Ge-Sn-Sb-Se was found to be 19.8%, 7.0% and 12.5% in

glass region, respectively. On the other hand selenium-based

chalcogenide glasses have numerous applications as efficient
1018-3647 © 2009 King Saud University. All rights reserved. Peer- solar cell materials, memory switching devices, holographic
review under responsibility of King Saud University. recording systems, thermal imaging systems and infrared sen-
doi:10.1016/].jksus.2009.07.002 sors (Bureau, 2005; Padiyan et al., 2004; Kumar et al., 2006).
In particular, the introduction of Sn into the Sb—Se system,
Production and hosting by Elsevier with co-ordination number of 4 before stoichiometric com-
pound, was assumed and the incorporation of 12.5-mole%
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of Sn (Adam et al., 2005, 2006, 2002) in glass formation is ex-
pected. However, above this range, increasing the mole% of Sn
causes the difficulty in glass formation owing to the distinct
metallic character of Sn with co-ordination number 6. It should
be mentioned that in binary stoichiometric Sb,Se; and SnSe,,
Sb and Sn were coordinated with Se at their stoichiometric
compositions with 5 and 6 as co-ordination numbers, resulting
in changing the co-ordination number of Se from 2 to 3. Their
stoichiometric average co-ordination numbers were p = 3.8
and 4, respectively (Zhenhua, 1991; Philips, 1979). In this paper
the IR and Raman studies on Sn,—Sbs—Segs_, system are ob-
tained and discussed.

2. Experimental procedures

Granules of Sn and Sb having 99.999% purity and those of Se
having 99.99% purity were used. The containers in which these
materials were stored were opened under a controlled way to
minimise contamination. A 5.00-g sample was batched in a
closed scale balance on which Sn, Sb and Se were weighted
using sample percentage procedures (Adam et al., 2005,
2002). Batched elements were placed in a pre-cleaned quartz
ampoule. The ampoule was attached to the vacuum pump
and evacuated to 66.5 Pa. Then an inert argon gas was sup-
plied for half an hour while pumping continued. The ampoule
was later sealed using an oxygen—natural gas flame melt by
heating its wall, bending it carefully and sealing it up. Selenium
is recognised to have high vapour pressure and also a tendency
to react with oxygen. Thus, care and precaution were taken to
avoid any explosion during the sealing of the tube. Then, the
ampoule was transferred into a specially designed orbital-shak-
ing furnace. Heating cycle up to 700 °C for 6 h was applied at a
rate of 5°C min~'. In order to prepare homogenous samples,
agitation of 100.0 rotations per minute (rpm) was applied
using an attached orbital shaker. The ampoule was dropped
into liquid nitrogen for fast cooling requirement. The transmis-
sion spectra were obtained at room temperature in the spectral
range 300-100 cm ™' with 2.0 cm ™' resolutions (FTIR Shima-
dzu- spectrophotometer 8000). Polarised Raman spectrum
(Magna-spectrometer 560 in Rubber Research Center-Malay-
sia) was recorded in the range 400-100 cm ™' with 4 cm ™' step
at room temperature, on a KBr technique prepared disc using
a near 90° scattering configuration. The number of photons
counted at each step was stored in a computer.

3. Result and discussion
3.1. Infrared Spectra of Sn,—Sbs—Seqs_, system

Fig. 1 shows infrared spectra of Sn,—Sbs—Segs_, system (where
x =0, 5, 10 and 12.5). Infrared transmission (%) versus the
wave number (cm™!) spectrum at the bottom shows at least
five to six transmission bands. The band that extends from
100 to 131 cm™! is assigned to the Seg-ring bending mode,
whereas a 115-cm™! band was assigned to Seg chain in Ge—
Se alloy (Goyal and Maan, 1995). The band situated between
131 and 190 cm ™!, with its two shoulders at 147 and 181 cm ™!,
is attributed to the SbSe; stretching mode as reported in Kato
et al. (1983). Furthermore, the band located around 190—
210 cm ™! is ascribed to the Se-Se stretching mode or to the
Sb-Se bending mode, while the band around 210-239 cm™'
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Figure 1
system.

Infrared transmission spectra of Sn,—Sbs—Segs_,

with a shoulder at 220 showed SbSe; stretching mode and
Seg chain mode, respectively. On the other hand, the band
around 177-210cm™! was assigned to Sb-Se bond in
Sb—Ge-Se glass (Sharma et al., 1989). The transmission cut-
off at 254 cm ™! is clearly assigned to the Seg chain ring, as
the absorption peaks around 227 and 247 cm ™! were assigned
to the Se polymeric chain and Seg ring modes, respectively
(Zhenhua, 1991).

The second spectrum demonstrates the sample Sn = 5-
mole%. A new band ranging from 117 to 145 cm™" is assigned
to SnSe, tetrahedral mode. This band was not observed in the
preceding spectrum. However, the fraction of Sn—Se bond
shows the possibility of the first chance of forming Sn—Se cova-
lent bond in this composition as reported in Adam et al.
(2005). Further, support of this assignment is deduced from
Raman analysis on binary Sn—Se, which shows a high intensity
peak at 150 cm™' (Adam et al., 2002). Further change in the
spectrum is observed when the intensity of the band between
147 and 181 cm ™! in SbsSeos is reduced and shifted to the
new band between 169 and 198 cm™!, with a shoulder at
188 cm™!. This band is ascribed to another pyramidal SbSe;
mode. In contrast, the shoulder at 188 cm™' is assigned to
SnSe, tetrahedral mode. Whereas Raman shift at 189 cm™!
was assigned to SnSey4 units in Ge;_,Sn,Se, glasses (Stevens
et al., 1985). The third band at 198-238 cm ™! is attributed to
Se—Se or SbSe; bending modes and its shoulders around 214
and 221 cm™' are assigned to Seg chains. It should be men-
tioned here that since the atomic masses of Sn and Sb are al-
most similar, their frequency vibrations are not clearly
identified from IR analysis. Comparing and supporting the
IR analysis with Raman study will clarify any sort of
overlapping.

In Sn = 10-mole% spectrum reduction and shift of the
band’s intensity from around 117-145cm™"! at x = 5 to 154—
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187 cm™! are detected. This new band is ascribed to SnSe,
mode. The stretching pyramidal band of SbSejs is extended be-
tween 187 and 237 cm™' with a series of shoulders around 202,
214, 217 and 221. However, the shoulders around 217 and
237 cm™! are attributed to Se-chain mode, which can also be
assigned to pyramidal SbSe; mode. Shift and reduction in
the band location and intensity, respectively, are observed
when the spectrum of Sn = 12.5 mole% is examined. The
band between 132 and 151 cm™' shows a tetrahedral SnSe,
bending mode. However, the band at 180-194 cm ™" is ascribed
to tetrahedral SnSey stretching mode, while that extending be-
tween 194 and 216cm™! is assigned to pyramidal SbSes
stretching mode. The last band between 216 and 238 cm™'
could be assigned to a pyramidal SbSe; bending mode or to
Seg-chain mode.

3.2. Raman vibration spectra of Sn,—Sbs—Seqs_, system

Raman spectra for amorphous Se and Sn,—Sbs—Seys_, system
are shown in Fig. 2. A peak at 250.64 cm™' dominates the
Raman spectrum of amorphous Se. This peak is also a charac-
teristic of monoclinic selenium (Mort, 1973). The Raman peak
at 250 cm ™! is therefore assigned to totally symmetric vibra-
tion mode of Seg-ring based on this evidence and the fact that
this line is polarisation dependent. Weak shoulder at 239 cm ™!
was observed in amorphous Se, which coincided with a domi-
nant peak of crystalline trigonal Se (Mort, 1973). Hence, the
low frequency band at 239 cm™! is assigned to Seg-bending
mode. On the other hand, Raman vibrations at 235 and
255cm™! are assigned to Se-Se chains in Ge,Se,_, glasses
(Wong et al., 1998).

As shown in Fig. 2, Raman spectra of Sn,—Sbs—Segs_ . sys-
tem, many bands are identified around 250, 239, 190, 183 and
150 cm ™. Tt is observed that for SbsSeos spectrum (x = 0), the
peak at 190 cm™' is ascribed to SbSes; pyramidal vibration
symmetrical stretching mode. The two short peaks at 250
and 239 cm™! are assigned to Seg stretching and bending
modes, respectively. The forth peak at 150 cm™' is attributed
to symmetrical bending pyramidal of SbSe;. It is noticeable
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Figure 2 Raman spectra of amorphous Se and Sn,—Sbs—Segs_
system, where x = 0, 5, 10 and 12.5.

that changing of Sn, Sb and Se-mole% varies the intensity
and width of the Raman peak. The spectrum of
Sn = 5mole% shows a shift and reduction of the peak at
190 cm ™", which is assigned for a pyramidal SbSes stretching
mode. This change implies the occurrence of Sn sharing the
bonds in Sn—Se-SbSe; net instead of Se-Se bonds. A little
higher peak than that of SbsSeos is observed at 150 cm™
and assigned to symmetric bending mode of SnSey tetrahedral.
The peak intensities are increased at 250 and 239 cm ™' and im-
plies the existence of Se chains.

Extreme shift of Raman’s peak occurs in the spectrum of
Sn = 10 mole%. The pyramidal SbSej; stretching is still dom-
inant and approaching the symmetric stretching of SnSe, tetra-
hedral mode at 185 cm™'. The peak at 184 cm™! was reported
for SnSe, bending mode (Mikurt and McNell, 1890). The trend
continues in Sn = 12.5-mole% spectrum while the peak at
184 cm™! is more reasonably attributed to symmetric stretch-
ing of SnSe, tetrahedral mode than stretching of SbSe; pyra-
midal mode.

Results of IR and Raman spectroscopes help us to explain
the structure of Sn—Sb-Se system. Addition of Sn mole% to
the system modifies the Sb—Se structure and incorporates co-
ordination number 4 in glass region. Observation of Se stretch-
ing bond supports the glass formation in Se-rich region at
which the Sn and Sb-mole% are less than their stoichiometric
binary compounds with Se. The structure of Sn—Se and Sb—Se
glasses can be envisaged as the local co-ordination that satisfies
the 8-N rule of the classical valence bond theory (Lucovsky
et al., 1977). The structure of Se glasses was believed to consist
of long chains of selenium atoms, each having co-ordination
number 2 (Aronovitz et al., 1983). To these selenium chains,
small amounts of cross-linking atoms, such as Sn and Sb, were
added. These amounts should be less than that required for
SnSe, and Sb,Se; stoichiometric compositions. Consequently,
the glass structure can build up. Sn atoms are 4 coordinated
when covalently bonded and each Sn atom having bonds to
Se atoms, while Sb atoms are 3 coordinated and each Sb atom
having bonds to Se atoms. It is deduced that the basic struc-
tural unit of SnSe, glass is made of SnSe, tetrahedral and that
of Sb,Se; glass is made of SbSe; pyramidal. These units spread
out among Se chains and form a net of Se;—Sn—Se—Se—Sb—Se,
glass structure. The occurrence of a new IR transmission band
around 125-145 cm™" and the shift of Raman peak from 190
to 183 cm ™!, which happens due to increasing Sn-mole% while
Sb-mole% is fixed at 5, are strong evidences that support the
configuration of this net structure.

4. Conclusion

IR-transmission results on Sn,—Sbs—Segs_, system indicate
that asymmetrical stretching of pyramidal SbSe; mode is dom-
inant around 147 and 210 cm™! and Se-chain mode occurs
around 210-254 in binary system. Addition of Sn-mole%
causes a shift of the peak and occurrence of new transmission
bands around 117-145cm ™" in Sn = 5 mole% until 180 cm ™!
in Sn = 12.5 mole% spectra, which are ascribed to asymmetri-
cal infrared active of tetrahedral SnSe; mode. Raman spectra
for pyramidal SbSe; occur at 190 cm™!, while addition of
Sn-mole% increases the peak intensity and causes Raman shift
towards 183 cm™ !, indicating the occurrence of Sn—Se bonds.
The results suggest that 4, 3 and 2 are co-ordination numbers
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of Sn, Sb and Se, respectively, and are the most preferable co-
ordination numbers that enhance the glass formation in the
Sn—Sb—Se system.

Acknowledgements

The author is grateful to University of Kordofan, Sudan, and
University of Technology, Malaysia, for their financial
support.

References

Adam, A.B., 2002. Ph.D. Thesis, University of Technology, Malaysia.

Adam, A.B., Sakrani, S., Wahab, Y., 2005. J. Mater. Sci. 40-7, 1571.

Adam, A.B., Sakrani, S., Wahab, Y., 2006. J. Mater. Sci. 41, 5797.

Aronovitz, J.A., Bonavar, J.R., Marcus, M.A., Phillips, J.C., 1983.
Phys. Rev. B 28-8, 4454.

Bureau, B. et al., 2005. J. Non-Cryst. Solids. 345&346, 276.

Goyal, D.R., Maan, A.S., 1995. J. Non-Cryst. Solids 183, 182.

Jagtap, R., Zope, J.K., 1990. J. Non-Cryst. Solids 127, 19.

Kato, M., Onari, S., Arai, T., 1983. Jap. J. Appl. Phys. 22-9, 1382.

Kislitskaya, E.A., Kokorina, V.F., 1971. Z. Prikladnoi Khimii 44-3,
646.

Kumar, P., Bindra, K.S., Suri, N., Thangaraj, R., 2006. J. Phys. D:
Appl. Phys. 39, 642.

Lucovsky, G., Galeener, F.L., Geils, R.H., Keezer, R.C., 1977. A
study of chemical ordering in binary chalcogenide glasses by
infrared and Raman spectroscopy. In: Gaskell, P.H. (Ed.), The
Structure of Non-Crystalline Materials. Taylor and Francis Ltd.,
London, p. 127.

Mikurt, J.M., McNell, L.E., 1890. J. Non-Cryst. Solids 114, 127.

Mort, J., 1973. Raman spectroscopy. In: Le Comber, P.G., Mort, J.
(Eds.), Electronic and Structural Properties of Amorphous Semi-
conductors. Academic Press, London & New York, p. 475.

Padiyan, D.P., Marikani, A., Murali, K.R., 2004. Mater. Chem. Phys.
88, 250.

Philips, J.C., 1979. J. Non-Cryst. Solids 34, 153.

Sharma, A.K., Bhatia, K.L., Bhatnagar, V.K., Malik, S.K., 1989. J.
Non-Cryst. Solids 108, 309.

Stevens, M., Boolchand, P., Hernandez, J.G., 1985. Phys. Rev. B 31-2,
981.

Wong, Y., Matsuda, O., Inove, K., Yamamuro, O., Matsuo, T.,
Murose, K., 1998. J. Non-Cryst. Solids 232-234, 702.

Zhenhua, L., 1991. J. Non-Cryst. Solids 127, 298.



Infrared and Raman studies on Sn,—Sbs—Seqgs_ ., chalcogenide glasses 97

S al 1 gallSl a5 e o) jaall cint Ayl g (el ulal il )2
Sny-Sbs-Segs.y (.05 psitbasd) — 5 (9o - | paadll)

L)l g s dmals cdai g JiIY) 5 il g Sl sigl] anid
Lille « &y ¢ 059 4731750

(21429/7/28 & Hall Jd 5 <1429/2/24 A 4l 25)

sl a5 o saiabid) ¢ gl ¢ gl ¢ Gl Capka col paadl cand 221 dalis) )

25 5 IS slaneal) AN S jall ahy o gaidaad) ¢y 5tV ¢ paalll pualic (e DA S pal) iad) (adla
i) Gl Jlae 8 sduae il aly jualiall (5 sall Jsaall (o dusdlodl — duaddll - )l de ganall jualind
4y st ) i 5 S el iaall 8 gl A8l g Aatizna AT o pualiad (g A1 ()3l JEI 1 i 61 peall cand

AT S pall paaliad Sl () sl s 35 pe o Snaall 4 oSl dailiad

(05 pssialand) — 5 O sati¥) - ypacaill) S pall (po Lilad 53 j00 Cliie ) samaal ASIA (a1 A 3 5 )
sl paall nt LaiY) e Ao o S all IS QS A (00 12,5 ¢ 10 5 chea g5l u pf Cus
el ks ) 8 S st

800 dua (e Agpdall aday Al 3 pad ) (oo Abme oy paalll jale AL} ol Al Al cadl Sl
Lol 5 S e Ja il il a3 ¢ o sall Jhall juall gaall (M shall (gl (e S pall Al 55l gl
sl (B capd) O paiti¥) Bl DG (S e 5S5 aay e 254 2210 ) B ek S5 psilidl yeaie
S s paaill e 035 %5 Sl as 145 2117 ol b sl aBlan b5 ¢ Pan 210-147
S 003 Yo 12.5 Ay paalll ddlia) s e 180 52!

I s 190 52l ) A ) Led liam ¢y sadti¥) aiDloes N Sl Al ul 5 o S el el il Bl 5
plasind AlSal S35 il o34 5 S jall S sall (50 Aty paalll peae Ciliay Latie s 183 sl 0
28) s adl bl e i) (et paalll jualial 230 4 dduls sael Gy palie
£snse<44.3 % psibndl s ppasill (g paie G dal 5l 11 < 2.4 Gl e pladind (S LS (L skitdl



	Infrared and Raman studies on Snx–Sb5–Se95−x chalcogenide glasses
	Introduction
	Experimental procedures
	Result and discussion
	Infrared Spectra of Snx–Sb5–Se95−x system
	Raman vibration spectra of Snx–Sb5–Se95−x system

	Conclusion
	Acknowledgements
	References


