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Analysis of the phase transition from e to § modification orthorhombic erystals SnS carry out. Correlation between normal

modes of lattice vibrations both modification SnS and SnSe is given.

1. Introduction

It was shown by authors [1] at high temperature § modi-
fication of SnS and SnSe crystals has the symmetry

Cmem( D;;}. As distinct from low-temperature & modifica-
tion, there is one layer in unit cell base-centered orthorhom-
bic crystal lattice of §-SnS.

Phase transition is due to displacement of cation and
anions from the equilibrium positions in the direction of
crystallographic axis “a”.

Although of different coordination number (nearest
neighbors) of atoms in the structures o-SnS and f-5n3,
the main interaction between neighbors atoms, denoted
by letters A, B, C, D and E by authors [1], is preserved.

Phase transition from e~ to f~modification is a second
order, with negligible thermal effect near critical point.
There is a very small change in unit cell dimension over a
narrow range of temperature near critical point.

In the following paper [2] authors touched upon the
problem of mechanism of a8 phase transition. It was
shown that the transition is responsibled by totally sym-
metric irreducible representation (irrep) of the group of
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the zone-boundary wave-vector k(—' ,ﬂ,ﬂ) . The num-
a

ber of symmetry elements is reduced twice as a conse-
quence of the change of the translational symmetry of
lattice from base-centered to simple orthorhombic lattice.

In present work the phase transition f—a for 5nS is
analysed in detail and correlation between normal modes
of lattice vibration both modification is established.

2. The group-theoretical analysis of f— a phase
transition for Sns.

The factor-group of the crystal space group Cmem
upon the translation group contained the following ele-
ments:

- (E/0)-identity, {C./0), (Cz,/T), (C2;/T) -7 rotation
about “a”, “b™ and “c” axis, correspondingly,
- (J/0)-inversion, (JCz./0), (JCa/7), (JCs:/t)-mir-
ror plane perpendicular to “a”, “b” and “c" axis, corre-
spondingly.

Here k(0, b/2 ,0)-nonprimitive translation. Primitive
translation vectors are:

%(a/2,0, ¢/2), T,(0, b,0), T;(- a/2.0, c/2)

It is convenient to carry out group-theoretical analysis
of the second order phase transition upon the general
scheme suggested by Ljubarskij [3].

For realize this it is necessary to have the tables of ma-
trix of irrep of the group of the wave vectors of Brillouin
zone of the high symmetrically phase.

In our case the problem is simplified because character

e
table for the factor group of the point E(P— ;Er,u] has
a
the same form as for point group Dz, Yet it is important
to remind that the character of translation T; or T; equal
to 1.

According to [3] second order phase transition is pos-
sible if:

1} antisymmetrized quadratic power of the irrep do
not contain the vector rep, and

2) symmetrized cubic power of the irrep do not contain
the identity rep.

The first requirement is fulfilled for all one-
dimensional reps of the group of wave vector X. Second
requirement is fulfilled only for identity rep but we must
take the element C;,C.. and JC;,,JC;; accompanied to-
gether with primitive translation T; or T; As for as the
character of this translation is negative, we have deal with
¢ irrep B, , rather but not the identity irrep Ag of the
point group Dy, . ,

In conclusion we obtain the set of elements that is

characterized for the space group Pnma- Dj,i §

(E/0) , (Cox/ (a/2,0,c/2) ), (Cay/ (0,b/2,0)) , (C2:/ (a/2,b/2,¢/2)),
(JCz¢/ (a/2,0,c/2)) , (ICzy/ (0,b/2,0)) , (IC2:/ (a/2,b/2,c/2)) , (J/0)

with primitive translations:

7.(a,0,0), T.(0, b,0), T,(0,0, c)



3. Symmetrized coordinates of lattice vibration and
phase transition

Now we consider in what way the f—a phase transition

takes place. In & -modification of SnS cations and amions are
i following positions:

1.(0,1/4,2), 2.({0.-1/4,- (1)

k.

_ (yz)
".-'I..I.'.lr' 4 4Aﬂ + B.TEI’ +
Here we used common spectroscopic symbols for irreps

(see, for example, [4]), in parenthesis it is shown that the
transformation properties of bases l‘unctmns of irreps.

1

E.*A’ = E [E’] - 32);
1

B - _E (FI -FE')"
1

E.Er_.,_, = TE‘[HI = J{E);

B + B + BY

in units of “a”, *b" and “c", correspondingly.
Group theoretical analysis of the symmetry of normal
modes bring to result that decomposition of vibrational rep in

2m
symmetrically points 170,0,0) and }:{— ,E‘,{.'r) {or equiva-

a

2

lent point [E‘ 2 i ] ) has the form

=

+ ng)

By standard projection operator method we construct the
bases of irreps through lattice displacements,

For cations and anions we have:

(z, + z,)

(2)

EJ'.- J_
]

e = T3 (v, + v,) 3)
]

E-Bm = E(xl + x_?)

) [
where x, v, z-Cartesian coordinates.

Now we can sce in what way the symmetry change oc-
curs. Indeed, in vibration B, atoms number 1 and 2 moves in

opposite directions along axis. Atoms 1" and 2’,

A ¥

a

:
E'l

which are translationally equivalent atoms from the neighbor
unit cell (by T, or T, ) shifts in opposite direction from owns

translationally equivalent atoms 1 and 2. So, from the struc-
ture:

1. fﬂ;lf’é;z.’r f{]‘,-lf{!; '3} {4}
1 .(1/2,1/2,1/2+2), 2 .(1/2,-1/4,1/2-=2)
owing to displacements in 8,, mode we get:
1.0(x:3/¢,2) 2.(-x,-1/4,-2) (5)

3.(1/2-x%,1/4,1/4+2) 4. (1/2+x,-1/4,1/2-2)

that 1s the structure of a-modification of SnS.
Evidently both cations and anions shifts from equilibrium

positions, but as stated in [1] that anions shift are negligible
as compared with cations shift which is equal 0,12a.

4. The relations between normal modes of - and
[SnS

After reducing the Brilloin zone of base-centered ortho-
rhombic lattice of ASnS, irreps of the symmetry point
21

{2

,{J,ﬂ] turns out in centre of Brillouin zone simple
o

orthorhombic lattice «-SnS. Taking into account that the
— .!

I"ﬂ

vib

=4A_ +4B, +2B, +2B, +2A +4B, +4B, +2B

P

part uf symmetry e]emenls are accompanied by translation T,

and T, we obtain the following comparability relations for
irreps a-SnS and 5-SnS.

ax(r) —» a/(r) or B4 (x)
B () —» B {r} or Bj (X)
By (') - B.(T) or BL(x)
BI(I') —» Ezu[I‘) or a(x)

(6)

As we know the decomposition of vibrational rep @-SnS

in symmetry point I'(0,0,0) has a form:

(7)

Using fig. (4) of the work [5] and the scheme of enlargement zone the phonon dispersion of hypothetical crystal f~GeS can

be found as a first approximation (see fig.).
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Fig. Phonon spectrum of a-GeS in enlargement Brilloin zone.

Hence, we see that all modes 55, small optical modes

°

H;‘i__, B... a’L: and E_fr, as well the largest mode A;’r and
ir - E ‘?JT 2 =

B, occursin point X| — 0,0 /. Applying this rule for o-
: a

5nS and #SnSe we find the phonon spectra of #SnS and £

SnSe (table). The value of vibrational frequency for a-
modification we get from [4].

Table |
The frequency of vibrational modes of #35nS and &-SnSe obtained

by comparability relations from vibrational modes of c-modifica-
tions (in cm')*

Modes | Symmetry | £SnS fFSnSe
point

al I'/x 192/290 1 30y/-
g

2 2 C/x 93570 T1i-

g! r/x 160218 -f151
2g

Hiq r/x £5/40 -133

"31].; r/x 208/164 | 133/108

5 F/x T70/49 57137
I

pl r/x 222188 | 150/130
lu

g2 r/x /68 0/56
i

gl r/x 145/- 06/~
2u

g2 /X (- (-
2u

g! r/x 2201178 | 142/123
Ju
2 I'/x 0/99 /80

B3y
]

B.E‘r;r

B,

*) The frequencies of Au modes for ¢-SnS and f-SnSc and B,,
modes for a-SnSe unknown

It stands to reason we suppose that the force constants for
interatomic interactions singhtly changes as we goes from -

SnS to FSnS.,

For checking this we construct the model of lattice dy-
namic of f#SnS taking into account radial and transverse
components of the force constants for all types A,B,C,D
and E interactions. From this model the relations are fol-
lowed

Tr B,y (T')+Tr B,,(T')=Tr B, (X)+ Tr B,,(X)

Tr A,(T')+Tr B, (T)

=Tr A (X)+ Tr B,,(X) (8)

Tr B, {1')+Tr B, {I')=Tr B, ,(X)+ Tr B, (X)

where Tr B, (I') is mean the trace of matrix for vibration
mode B, in symmetry point I' and so on. The relations (8)
that are reminiscent of Brounts rule [6] are fulfilled with an
accuracy 10 %.
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5. Conclusion
The analysis of f-a phase transition for orthorhombic

crystals SnS and SnSe carry out. Correlation between vibra-
tional modes of both modification are obtained.
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FAZA KECIDLORI VO &-SnS ILO £SnS KRISTALLARININ FONON SPEKTRLORI ARASINDA DLAQD
sn5 tipli ortorombik kristallarda F—e faza kegidi tohlil edilmigdir. Hor iki fazanin fonon spektriori arasinda alaga tapilmgdar,
.M. I'nmnmzane, [I.A. I'yeeiinosa

TAZOBBIE HEPEXO/1bI H KOPPETALIMA MEK/TY ®OHOHHbLIMH CIIEKTPAMH &-SnS U /£SnS

llpoeejien ananns (azoBoro nepexoaa f—sa 118 opTopoMORYEcKHx KpHCcTALIOB THNa SnS. Haiineis KOPPEAALMH MCHEIY Yac-
TOTAMM PELICTOMHLIX KONCOaHui obenx moaudukanunii SnS u SnSe
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