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spectra of the new polytype §-GaSe are given in the low-frequency
< 60 cm™) and their relation to lattice vibrations of the simpler
1, € is discussed. A simple lattice dynamical model is used to
‘the phonon modes in all 3 modifications. First observation of
plitting in e-GaSe is reported. Particular weakness of one com-
this doublet is shown %9 be a consequence of the specific

al.

ar” nature of layer crys

ODUCTION é¥ unoh In this paper, Raman spectra of §-GaSe are |
and related to those of simpler (y, €) polyt
Davydov doublets in e-GaSe are discussed. Thi
gation is limited to the low-frequency region of n
3 ’ . 1t polar modes. Solid lines in Fig. 1 represent phonc
Tt ot;t_he ﬁ-struct:.t.;ir}%ﬁ - - dispersion curves for y-GaSe (one layer/cell) in t}
st_iﬂ,doubtfuI M zdirection (¢-axis). e-GaSe (two layers/cell) is
Y% represented by broken lines, the Brillouin zon
"1 halved, and the y-GaSe zone boundary modes the

(.  appear at the center. Repeating this reasoning,
¥ Hgoan the dispersion in §-GaSe (four layers/unit cell), %
.. shown by dotted lines. For this new polytype®
- 1, »activity of the modes is easily found by group

- For §-GaSe, the 48-dimensional representation
the decomposition !

2) crystallizes under s:svg;_hl "

ve been proposed so far
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Coulomb forces is legmmate - and e-GaSe spectra agree
with those of other authors,? except for the followmg
points:
(1) In the y-spectrum, only the “half- layer shear
_ mode” [Fig.3(a)] at 59.2 cm™ is observed. We recorded
no “rigid layer mode” (RLM) in this polytype — because
there is not any: The y-modification has only one layer

I' =84, 8B, &

One 4, and E are acoustic bral
A, and E, are Raman allowed
are i.r. allowed, B, are silent.

2. EXPERIME

1

e-type crystals were grown method; .+ i the elementary unit cell. The one observed in
7- and §-samples were vapour : typically a  eference 2 was probably due to the admixture of j
few hundred microns in diame e-modification to the y-sample. An error or misinter-
scattering spectra were recorded v esofa " retation has often occurred on this point in the
Kr laser with a triple T 800 Coder hromator at .« Jiterature: As the elementary unit cell of y-GaSe is not ‘

a resolution of 0.5 cm hexagonal, one sometimes uses a hexagonal non-

elementary unit cell, with 3 layers/cell. Both represent-

ations are equivalent and the hexagonal one may be even
8 more convenient for some applications — but not for
counting the'phonon branches or number of rigid layer
b oo o &y modes, where only the elementary unit cell has to be
€ L referred to.
gl 4 ! (2) In the e-polytype, besides the RLM at 19.3cm™,
a weak peak occurs at about &~ 15 cm™ . It does not
T et T belong to the e-polytype and is probably due to stacking -
"‘;-__.a_.--,- :—o faults. :
'-;_‘_: ) .,‘,_-6: (3) In the e-polytype, besides the strong peak at
1oy g0 | oy 59.1 cm™! already observed,® we found a new weak .
o 1] o peak at 56.9 cm ™!, Figures 3(d, e) show that this should
) ';_'_"._0 . :D' be a doublet; the displacement pattern of the “half-layer
Grhaisi (1th SRyl shear mode™ of 7y [Fig. 3(a)] is repeated in both layers
5 : e = of €: in one case, the layers vibrate against each other
¢ ¢ T [Fig. 3(d)] , in the other, they are in phase [Fig. 3(e)].
) ; o Owing to its low frequency, this mode is the most
' 6_; D:_- appropriate for finding the Davydov splitting. The
3 9 5 bl g measured split of 2.2 cm™ (about a half of what was
} JWORR L0 | found e.g. in As,Ses)® is smaller than the value pre-
e dicted by our model calculations (4 cm™"), which is
Fig. 3. Normal modes of vibratil iy ;iing o e implied by the frequency of the RLM. This is not

low-frequency vibrations in -, €- surprising because the interlayer forces responsible for

GaSe. Symmetry type, activity the Davydov split are not exactly the same as those

measured in our experiments are Frequencies  generating the RLM’s: Coulomb interactions, while

given in parentheses were obtaine playing no role in the RLM, start contributing now and .
}?{loﬁs (S)l)A ko 5_9 (2326% 2&{1}(1 d)Ré they may soften the interlayer forces in the vibrations '
5 : ’ shown in Figs. 3(a, d and e).

E",59.1(62.2)R;(f) E,, 132 L

(13.1) R; (h) E;, 193 (19.2) R " (5. Figure 3(g) shows that the peak at 13.2 cm™ in
silent; () By, — (25.2) silent; (k). (36.7) R,IR;  Fig. 2(8) corresponds to the “rigid double-layer mode””:
() Ey, - (58.2) R, IR; (m) Esya ) R; (n) Each layer moves as rigid unit, and every pair of layers
£3,-(60.3)R; (0) Ey,59.1(6 keeps firmly together. The f-stacking is “frozen” and
only e-type interactions are involved. The corresponding
eigenfrequency is that of the RLM of e-GaSe, in which

eter model 4. magses of layers were doubled. Indeed: 19.3 cm™/

'Figure 2 exhibits the spectrz
mode analysis was performed wi

originally developed for €-GaSe* ave modified -, /5 — 13,65 cm™1.
and generalized fo_rl_fy,ﬁand.-ﬁ 4 e displace The preceding displacement pattern, Fig. 3(f),is -
ment patterns were thus assign erved peaks  gmilar: exstacking is frozen and only the f-forces aIe l-[ f“m

and Fig. 3 lists all the low-freq

involved. No other peak was found close to 13.2
(w < 60'cm™). For this group P Tloes2e0

eglection of 1 4 this peak must be due to two (exactly ornearly) . o




he frequency of the shear mpde
,aSe would be the same a,s in
usion is xmmedlately conﬁr.med
19.3 em™ [Fig. 3(11)] which
! the shear mode in e-GaSe,

d “- type” effectweqsp;mgs

ective spring”, already used by
ribe the RLM is indeed no '
the interlayer interaction is de-.
central potential V(r) between
eighbours, then the x-, y- and
ers are decoupled and the RLM-
the vibrations of a linea ghﬁm of
nd together by the effective
fferent springs are needed ( (shear
are both derived from the same
over, the relations connectmg
 the mterlayer potential® are
nd B-stackings.®
type suggest an mdependence
r B-stackings, this in;lppfes, via .
the interlayer potential, that
will also be equal in €- and p-
three compresmngl.ngl:h )
rer modes in & [Figs. 3(i, j and
ibit similar properties as the
ree shear modes: The A, mode
~! [Figs. 2(8) and 3(k)] has to
y as the compressional RLM in

€- or fi- ], and the two B, modes [Fig. 3
(i, and the above frequency reduced by a
factor ental verification is not easy,

in question are Raman for-

e A, modeat37.2cm™iné.

4,)=37.210.5cm™ com-

on measurements w(A45) ~

tion measurements (at = 4K)

‘done on e-polytypes. (The older

‘somewhat higher: 40 + 1cm™.)

quency of the silent B,, mode

(weakly) active—Raman-inactive

,ﬂnally revealed in the §-polytype,

Raman- and i.r.-active.

observe the “half-layer shear

. hlch we already met in e-polytype.
should produce a triplet [Fig. 3

s of 3(m) and 3(n) being

[ only 1 shoulder is resolved. It

lacement pattern Fig. 3(m). We

o in the next Section.

DISCUSSION
layer crystals in which both

LOW-‘F-REQUENC-YILATTICE VIBRATIONS OF 8-GaSe

- single layer [Fig. 3(¢)] and zero in the other ¢

‘nonzero (Raman allowed), but weak. This
. observe at &~ 60 cm

there are two identical structural units re

components of the Davydov doublet are Ran
If they appear with different intensities, thls
understood as follows: "
In a “perfectly molecular’” layer crystal
interlayer forces) the differential pclanzab
Py, (Ik)** and the displacements would
both layers. The'total increase in polarizability
then be in one case the double of what is proc

3(d)]: One peak would thus be suppressed an
reinforced. Actually, the interlayer forces
vanishing but only weak, therefore neithe
ments nor the differential polarizabilitie
equal in bot}-ylayers Consequently, the Ra
section for the * antlsymmetnc mode™ 1s (o)
mately vamshmg and the corresponding p

|

Note that the symmetry of Py (k) 0 ¥
above is not a consequence of space group sy

 There existsneither an inversion center in e

any other symmetry operation which wou
layer into another. We have used only the

crystal’s unit cell and (2) the interlayer i
weak. These two properties are a specifi
crystals and may be viewed as an additional :
which complements, in a layer crystal of
space group symmetry. In other crystals, one
be derived from another, e.g. by an inversi
rotation (Pbl, ). This substantially modifies
rules and the intensities in the Davydov dou
of the last two cases, however, the specific “m
nature of a layer crystal plays any role.

Knowing that the symmetry of f-stacking
the total change of polarizability to be zero :
like Fig. 3d, it is possible to understand the
of “half-layer shear modes” in the §-polyt:
(Land n) both upper and lower half of the di
patterns increase the polarizability by near
because they are, each half separately, the
mode of B-stacking. Even if this is valid only 2
mately (because of perturbation introduced b
of the e-stacking), the total increase of polar
the unit cell is nonetheless a sum of two n
contributions. Hence the peaks correspond
(1 and n) are not observed. Following a simil:
the layers in every pair of B-stackings being in
Fig. 3(m), the total increase of polarizabili
approximately double of that produced in Fj
anyhow, much stronger than in Figs. 3(1 and
giving rise to the shoulder at ~ 58 cm™" . Fina
Fig. 3(0), the contributions of all 4 layers
and give rise to the strong peak at 59.1 cm
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a hypothetical f-GaSe polytyp ave to b
; formmenppem or disapy f the Day
doublet at ~ 60 cm™ . (The of the

are expected to be the same i
i.r. activity or macti\?fty of ﬂ%
~37 em™* could also be used
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