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Abstract: Considering structural features of the already known tetradymite-like layered chalcogenide
phases, we have attempt to synthesize a new mix-layered compound, SnBi,Te;. The newly synthesized
alloy examined by means of differential thermal analysis, powder X-ray diffraction and scanning electron
microscope techniques.The melting nature of the discovered phase is found to be incongruently at 831 K.
The crystal structure of the SnBi,Te, was elucidated from powder pattern by Rietveld method. The
determined crystal structure was found to derived from tetradymite type and featured by the alternation of
theseven-layered (septuple) blocks of SnBi,Te, and bismuth bilayers. The result of this work, the existence
of a new - SnBi,Te, compound in the Sn—Bi—Te ternary systemcan shed light for the incoming research
works to search for similar phases in the other releated A" -Bi-Te (4" = Ge, Sn, Pb ) systems.
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Introduction

The layered van der Waals (vdW)
chalcogenides, in particular, tellurides of the
group 15 metals have beenextensively studied
during the last years as prospective
thermoelectric materials and topological
insulator for energy conversion and spintronic
applications[1-3]. Tuning the band electronic
properties of these materials are of interesting
from the point of view of their applications in
real optoelectronic and spintronic devices. The
rational tuning of the electronic properties is
possible by the doping, nanostructuring or
heterostructuring by combination of various
atomic blocks or layers. Thanks to the
existingvdWgap in the mentioned materials,
inserting the, e.g., atomic bilayers in rocksalt-
type septuple blocks are always simple way to
modify crystal structure and electronic
properties [3-5].

Recently preparation of mixed-layered
compounds having thermoelectric properties
are considered to be a more effective method

for material design[6-7]. The literature data
shows that, the systems A'VBVI-AYBY!'(AY =
Ge, Sn, Pb; AV=Sh, Bi; B"'=Se, Te) host
tetradymite-type layered ternary compounds
and  exhibit  promising  thermoelectric
properties [7-14]. On the other hand, the
discovery of the topological insulating
properties in these compounds made
themmuch more attractive in the last few years
[15-20].

The Sn-Bi-Te ternary system[21-
23]has been studied by various groups of
authors so far [21-23]. According to Karpinski
[21], this system includes three stable ternary
compounds, namely SnBi,Tes, SnBisTey,
SnBigTeip which are melt by peritectic
reactions at 873, 863 and 855 K, respectively.
Later, Kuropatwa [22] and Chiu [23]
independently have reported an additional two
ternary compounds - Sn;Bi;Tesand SnBiTex.
Literature data show that, in order to overcome
metastable state, annealing at higher than 700

CHEMICAL PROBLEMS 2020 no. 1 (18)

www.chemprob.org



mailto:elnur.oruclu@yahoo.com

E.N. ORUJLU et al. 41

K is important in the compositional range of
30 and 53 mol % SnTe [21]. There by, it
seems that very hard to obtain further stable
homogeneous phases in the SnTe-Bi,Te;
system. May be very long annealing time
could be helpful, but present reports on this
system confirm that the phase diagram of this

system is still contradictory and further
thoroughly experimental investigations are
necessary.

SnBi,Te4 is one of the main dominant
phases in the SnTe-Bi,Tessystem and, its
septuplestructure is formed by the insertion of
SnTe into rocksalt-type slabs of Bi,Tes. The
crystal structure of this compound is a long-
periodically stacking sequence of these
septuples along the c¢ axes. The crystal
structure of the other two compounds
SnBisTe; and SnBigTeyg built-up alternation of
quintuples of the Bi,;Tes and septuples of the
SnBi,Te, thus can be considered mixed-layer
blocks according to -7-5-7-5-7-5- and -7-5-5-

7-5-5-7-5-5- sequence, respectively. Crystal
structure information of these compounds can
be found in the Refs[21,24].

The combination of the elemental
bismuth or antimony bilayers and quintuple
blocks of Bi,Tes (orSh,Tes and Bi,Ses) and the
septuple blocksof the GeBi,Tes, PbBi,Tey
ternaries are also found to be stable structures
[6]. Taking into account alternation of
quintuple, septupleand, mixed-layered
structures exist in the(A'"VTe),(Bi;Tes)m(AlY =
Ge, Sn,Pb) homologous series, there is a
possibility to design (A"VTe)n(BizTes)m (Biz)
layered phases where there is an alternation of
kBi  bilayers, nA'YTe  quintuplesand
mA'VBi, Tesseptuples.

Here we present the synthesis and
elucidation of a crystal structure of 9P-type
heterostructured new ternary compound -
SnBisTes, which is consists of alternating
bismuth bilayers and SnBi;Tes septuple
packets. The melting nature and temperature
were also presented here.

Experimental part

Elemental Tin, Bismuth, and Tellurium
(99.999% purity, Alfa Aeser company) were
used as starting components to synthesize
polycrystalline SnBi,Tes. The stoichiometric
mixture of elements was sealed in evacuated
(10 Pa) quartz ampule and heated up to 1000
K and kept at this temperature for 5 hand
thenwater quenched. In order to achieve
complete  homogenization, the sample
annealed for ~700h at 700 K.

The sorted-outingot was examined by
differential thermal analysis and powder X-ray
diffraction techniques. DTA measurement was

performed using a NETZSCH 404 F1 Pegasus
system at a heating rate of 10 K-min, while
PXRD was donein a Bruker D2 PHASER
diffractometer with CuK, radiation within 26 =
5-100 range at room temperature.The crystal
structure refinement was performed using the
EVA and Topas V4.2 softwares by Bruker.The
microstructures and equilibrium composition
of the title sample was determined by Tescan
Vega 3 SBH scanning electron microscope
equipped with ThermoScientific UltraDry
Compact EDS detector.

Results and discussion

Fig.1 shows the XRD pattern of
SnBisTe, In comparison with initial SnBisTe,
and Bismuth. It is clearly seen that SnBisTes
has a quite identical diffraction pattern with
typical peaks those do not come from initial
constituents. The obtained pattern fully
indexed with a rhombohedral P-3ml
(#156)lattice.The crystal structure of the
obtained phase was refined by the Rietveld

method and results will be discussed below.

The DTA heating thermogram for
SnBisTes is given in Fig. 2 with two
endothermic effects at 831 K and 906 K. We
assume that the first sharp endothermic
thermal event corresponding to the peritectic
decomposition of SnBisTe, phase according
toreaction.

L +X e SnBiyTe,
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Fig. 1. PXRD patterns of Bismuth, SnBi,Tes, and SnBi,Tex.

The literature data on Sn-Bi-Te ternary thermal effect confirmsthat the melting
system showed that X phase may tin telluride process starts at the end of the first effect
which is in equilibrium with liquid phase at Wwhereas,the effect at 906 K conforms to finish
above peritectic temperature. Nevertheless, of the melting process and can be considered
further experimental results are strongly as liquidus point.

necessary for the conclusion.The second wide
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Fig. 2. DTA heating thermogram for the SnBi,Te,.

The further confirmation of the homogenous microstructure of the SnBisTeqs
existence and chemical composition of the alloy, where as its EDS spectrum and
synthesized alloy comes from SEM-EDS equilibrium composition are given in Fig. 4.
measurements.  Fig. 3 illustrates the The layered texture of the alloy is also clearly
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seen from micrograph. Obviously, the sample agrees well with the formula SnBi4Te..
chemical composition of the synthesized

”~

]

SEM HV: 20.0 kV WD: 15.30 mm . VEGA3 TESCAN|
SEM MAG: 11.2 kx Det: SE 100 pm

Fig. 3.SEM micrograph of the SnBi,Te,.

Fig. 4.EDS spectrum and element analysis result for the SnBi,Te,.
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Fig. 5. XRD pattern for the SnBisTes.

The crystal structure of the title the difference of intensities between the
compound was refined from powder XRD experimental and calculated by Rietveld. A 3D
pattern recorded in the range 26 = 5-100 (Fig. side view of the obtained crystal structure
5). Below the XRD pattern black curve shows illustrated in Fig. 6.

-~

SnBi, Te, - septuple

Bismuth bilayer

Fig. 6. A 3D side view of the refined crystal structure for the SnBisTesa.

The refined unit cell parameters, atomic positions, and interatomic distances are shown in
Tables 1, 2, and 3.
Table 1. Refined structure parameters for SnBisTes.

Space group P-3ml
Unit cell parameters at298 K:
a(A) 4.43306 (57)
¢ (A) 17.7396 (57)
Cell Volume (A% 302.01 (12)
Crystal Density (g/cm?®) 8.0550 (33)
R-Bragg (%) 0.20
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Table 2. Atomic positional parameters in SnBisTe.

45

Occ
Site | N, X y z Atom | Single Mixed | Beg
positions | positions
Bil 1/3 2/3 0.0451(12) | Bi*® 1 1 1.32
Tel 0 0 0.1790(23) Te 1 1 1.32
. Bi* 1 0.76
Bi2 | 2 2/3 1/3 0.2706 (13) 2 i 0.24 1.32
Te2 | 2 1/3 2/3 0.3938(30) Te 1 1 1.32
Sn* 1 0.52
Sn | 1 0 0 0.5 Bj* i 0.48 1.32

Table 3. Interatomic distances in Bi,-SnBi,Tea.

Atoms Distance
Sn Te(2) 6 x 3.178(31) A
Bi(1) Bi(1) 3x3.019(24) A
Bi(2) $e(1) 3 x 3.033(25) A
e(2) 3 x3.366(32) A
The wvalues presented in Table 2 refined the occupation coefficients in this

(except the “mixed positions” column) were
obtained for the condition where each
crystallographic  position was completely
occupied by one type of atoms. However, a
structural study of compounds containing
similar septuple slabs shows that they are
characterized by the substitution of metal
atoms in atomic layers[25]. Therefore, we also

structure in case of the initial composition of
SnBisTey4 is preserved. The occupation results
obtained inthis case are shown inTable 2, in
the “mixed position” column. According to the
results of the refinement, the Sn/Bi occupation
ratio is found to be 52/48in the central layer.
At the same time, in the Bi(2) site, the Bi/Sn
ratio is 76/24.

Conclusion

In this report, we have synthesized a
new  ternary  tetradymite  typelayered
compound - SnBisTe4in the Sn—Bi—Te ternary
system.The obtained phasehas a layered
structure with rocksalt-type septuple blocks of

result reveals that the newly found compound
melts peritectically at 831 K. The existence of
nonuple packets in the Sn-Bi-Te ternary
system gives possibility to expect similar
phases in the other relatedA'V—-BY-Te

SnBi,Tes and Bi-bilayers. Thermal analysis (A'Y=Ge, Sn, Pb; BY= Sb, Bi) ternary systems.
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YENJ 9P-TiP LAYLI SnBisTes van der VAALS BIRLOSMOSININ SINTEZI VO
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Movcud tetradimitobonzor layl: xalkogenid fazalariin  qurulus  xtsusiyyatlorini  arasdirmagla
SnBijTeqtarkibli garusiq layl: birlagmonin istigamatli sintezi hayata kegirilmis, al:nan polikristallik
nimuna DTA, RFA vaSEM dsullar: ilo tadgiq olunmugsdur. Miayyan edilmigdir ki, birlogma 831 K-da
peritektik reaksiya ilo parcalanmagla ariyir.Nimunanin ovuntu rentgenogram:z:n Rietveld metodu ila
todqiqi gostarir ki, birlagmo tetradimitobonzar layl: quruluslu olub, Bijlaylar: va SnBi,Te,7-layl:
paketlarinin tokrarlanmas:ndan ibaratdir. Sn—Bi-Te Ucli sisteminda bela birlagmanin olmas;, A" -Bi-Te
(AY = Ge, Sn, Pb ) sistemlarinda do oxsar tarkibli fazalar:zn mévcud ola bilacayini ehtimal etmaya asas
Verir.

Acar sOzlar: Sn-Bi-Te uclu sistemi,SnBi,sTey, yeni layl: xalkogenid, Bi, laylar;, van der Waals
birlagsmalari, kristal qurulug, Rietveld metodu, topoloji izolyator.
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CHHTE3 U KPUCTAVIMYECKAA CTPYKTYPA HOBOI'O CJ/IOUCTOI' O BAH-
JEP-BAAJIbCOBOI'O COE/ITHHEHHA SnBisTes9 P-THIIA
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Yuumvieas cmpykmypHoie 0COOEHHOCMU Ydice U3BECMHBIX  MEeMpAOUMUMONOOOOHbIX — CLOUCMbIX
XaNbKO2EHUOHBIX  (ha3, Hamu ObLINPOBeOeH HANPABIEHHbI CUHME3 HOB020 CMEUAHHO-CLOUHO20
coeounenust SnBisTe,. [Ionyuennviti noaykpucmaniudeckuti obpasey Ovll UCCLE008aH MEMOOAMU
oupghepenyuanoHo2o  mepmMuveckoeo U PeHmeeHopaz08020 AHANUZ08, A MAKdCe CKAHUpyroujel
9NIEKMPOHHOU MUKPOCKONUU. Y CMAHOBIEHO, YMO NOLYYEeHHOEe COCOUHEHUEe NAABUMCS UHKOHEPYIHMHO NpU
831 K. U3 nopowxosoii penmeeHocpammvl memooom Pumeenvoaonpedenrena Kpucmaiiuyeckas
cmpykmypa coedunenuss SNBisTeu  eviasneno, umo oHa omHOCUMCS K MempaouMumiomy muny u
Xapakmepuzyemcst 4epedosanuem ceMuciounvix oaoxkoe SnBiTey u 6ucioés sucmyma.Cywecmeosanue
Hog020 coedunenus SNBisTe, 6 mpouinoi cucmeme Sn—-Bi—-Tedaem ocnosanue 0nis1 NOUCKA AHANOSUUHBIX
¢asz 6 opyeux nooo6nvixcucmemaxA" -Bi-Te (A" = Ge, Sn, Pb).

Kniouesvie cnosa: mpotinas cucmema Sn-Bi-Te, SnBisTe;, noewiii croucmeti xanvkoeenuo, Bi-

OUCTIOU, 8AH-0€P-8AANbCOBbIE  COCOUHEHUSl, KPUCMALIUYECKAs —CMpyKmypa, Memoo Pumeenvoa,
MONONI02UYECKUL UZOJISIMOP.
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