1M is as i

2
IJ'~ ~
ve Ny

ey~

.ginary

this dis- |
ports the

um in the

he be-

the dis-
quite i
1. The

2# + L +

/, as well
or). The

s: With
nsmit
rations
rystal

Prog.

f Eﬁicity,
416 (1924).
Media,

Stat. Solidi,
. geofiz.,
15, 497

‘Ln), §_§’

O

SOVIET PHYSICS — SOLID STATE

VOL. 10, NO., 1

POLYMORPHISM OF BISMUTH TELLURIDE

AT HIGH PRESSURES AND TEMPERATURES

ATAB-EY 68-0010

E. Ya. Atabacvya, E. S. Itskevich, S. A. Mashkov,

S. V. Popova, and L. F. Vereshchagin

Institute for High-Pressure Physics, Academy of Sciences of the USSR, Moscow

Translated from Fizika Tverdogo Tela; Vol. 10, No. 1,

pp. 62-65, January, 1968
Original article submitted June 19, 1967

A new metastable bismuth telluride phase, Bi,;Te; II, was found in polycrystalline samples at
pressures of more than 40 kbars and temperatures higher than 400°C. Annealing in helium at-
mosphere for 20 h at 400°C produced a reverse transition back to the original phase. Bi,Te;

II has a rhombohedral cell belonging to the space group R3m. The hexagonal cell parameters
are: ap = 4.417 &, cyy = 29.84 A. The hexagonal cell contains three molecules. All atoms oc-
cupy crystallographic positions 3@): 00z; Y%%% +z; %%% + z. The following structural pa-
rameters were determined by the minimization of the R factors: zgj, = 0.188, zg; g = 0.598,
ZTe, = 0.389, zTe, = 0.800, zTe, = 0. The R factor was 0.19.

Earlier investigations [1, 2] of the pressure
dependence of the electrical conductivity of bismuth
telluride (Bi,Te;) and bismuth selenide (Bi,Se;) as
well as a study of an irreversible polymorphic tran-
sition of bismuth selenide [3] have shown that the
application of pressure alters considerably the
properties of these layered semiconductors.

The present study should be regarded as a con-
tinuation of the earlier investigations of irrever-
sible changes in bismuth telluride at high pressures
and temperatures.

As reported in [3], Bi,Se; undergoes an ir-
reversible polymorphic transition to a bismuthite-
type structure (Bi,S;),which has an orthorhombic
cell and belongs to a space group Pbnm =D,. In
spite of the great similarity of the crystal struc-
tures and electron energy spectra of bismuth se-
lenide and telluride, it has been found that irrever-
sible transitions of these compounds under high
pressures are different.

Bi,Te; crystallizes in a tetradymite-type
structure: The cell is rhombohedral, the space
group is R3m,and the cell parameters in terms of
the hexagonal axes are: ap = 4.383 A, cy =30.487 A
(4], Bismuth and tellurium atoms form monatomic
layers, perpendicular to the ¢ axis and alternating

in the following manner: —Te—Bi—Te—Bi—Te —Te—:t3

We used polycrystalline bismuth telluride sam-
ples of the stoichiometric composition, which were
subjected to high pressures ranging from 40 to 120
kbars and temperatures from 400 to 700°C. The
results are presented in Table 1. To prevent con-
tamination of the investigated substance with graph-
ite from the heater, the compacted samples were
placed in a container made of platinum, nickel, or
tantalum (the method is described in detail in [3]).

The Debye diffraction patterns of samples sub-
jected to high pressures (P > 40 kbars) and temper-

TABLE 1. Results of Experiments at High Pres-
sures and Temperatures

Duration
P, kbars T, °C otp exf).. Structure
min

130 650 3 )

110 400 5 <

110 500 15 Bi,Teg II
110 600 120

100 280 15 Bi,Tey

188 400 § 1’

1 500 20 "

65 500 10 BigTes 11

60 800 2

45 500 25

45 650 15 Bi,Tey

20 650 30




