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The absorption spectrum of thin films Cs,Cdl, was studied in energy interval 8.6-5.1 eV
and temperatures 90-410 K at their heating and cooling. The regularities are ascertained
in behaviour of the thin films of isostructural compounds M,Cdl, (M = K, Rb, Cs). With
an increase of ion radius of alkali metal the temperatures of phase transitions are lowed,
the value of temperature hysteresis in spectral position and halfwidth of exciton bands is
decreased, and the temperature wash-out of phase transitions is increased. We supposed
that these effects are connected with increase of squeezing of structural elements Cdl42‘ in
crystal lattices of compounds as a result of increase of alkali metal ion radius.

Uccnenopan cnextp moriomenusa ToHKux mireHok Cs,Cdl, B unTepBane smepruii 8,6-5,1 sB
u remieparyp 90-410 K npu HarpeBaHuM 1 OXJAMACHUM. Y CTAHOBJICHBI 32KOHOMEPHOCTH B
XapaKTepe IOBeJeHNA TOHKUX IIEHOK M30CTPYKTYpPHEIX coexunennit M,Cdl, (M = K, Rb, Cs)
BOIM3M TeMmepaTyp (azoBbIX mepexozoB. C pocTOM MOHHOI'O paguyca IeJOYHOTO METaJjia
CHUIKAIOTCS TEeMIEepaTyphl (Da30BBIX IMEPEXOJOB, YMEHbIAeTCs BeJUYNHA TEMIIEPATYPHOTO THC-
Tepesnuca B CHEKTPAJLHOM IIOJOKEHUM W MOJYITUPUHE SKCUTOHHBIX IOJIOC W YBEJUYUBAETCS
pasMbliTre (PA30BBIX MMEPEXOJOB Mo TeMmmeparype. MBI MPeANoNIOKUIN, YTO 9TU d(PheKTH CBA3a-
HBl C YBEJIMYEHUEM CXKATUSA CTPYKTYPHBIX 2JIEMEHTOB Cdl42‘ B KPUCTAJLIMYECKON DPeIleTKe CO-
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eIUHEHWN, B pe3yJibTaTe POCTA PAANyca IIEJOYHOr0 MeTaJlia.

The compounds M,Cdl, (M=K, Rb, Cs)
of B-K;,SO, type orthorhombic structure are
ferroelastics with incommensurate phase
[1-5]. As the temperature is lowed they
have the following sequence of phase transi-
tions: paraphase <> incommensurate phase
at T.;, incommensurate phase < first fer-
roelastic phase (monoclinic phase) at T,.5
and first <> second ferroelastic phase at T3
[1-5]. Anomalously great hysteresis (AGH)
of different physical quantities: of dielec-
tric permeability [6], of birefringence [7],
of piezo-optical coefficients [8], etc., are ob-
served in the crystals with incommensurate
phase near to the transition incommensu-
rate — ferroelastic phase. The temperature
dependences of long-wavelength excitonic
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band parameters of compounds K,Cdl, [9]
and Rb,Cdl, [10] in the incommensurate
phase have AGH. (AGH is revealed in the
temperature dependences of long wave-
length excitonic band parameters of com-
pounds K,Cdl, [9] and Rb,Cdl, [10] in the
incommensurate phase). In this paper we
investigate absorption spectra of thin films
of Cs,Cdl, in the region of long-wavelength
excitonic band on heating and on cooling of
sample in order to study of hysteresise ef-
fects. The temperature dependences of long-
wavelength excitonic band parameters were
compared in the range of compounds M,Cdl,
(M = K, Rb, Cs) in order to ascertain regu-
larities of phase transitions in the isomor-
phous range of compounds.
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Fig. 1. Long-wavelength exciton absorption
band of B Cs,Cdl, at various temperatures.
The spectra are obtained at heating a sample.
Thickness of a film is 145 nm.

The thin films of Cs,Cdl, with the thick-
ness ~100 nm were prepared by vacuum
evaporation of a mixture of the pure Csl
and Cdl, powders of specified composition
onto quartz substrates heated to 100°C by a
method [4, 5]. The film thickness was deter-
mined by a method of lines of the equal
chromatic order. The absorption spectra
were measured on an SF-46 spectrophotome-
ter within an energy interval of 3.6-5.1 eV
and temperature interval 90-410 K, which
includes temperatures of phase transitions.
The spectra were investigated in the inter-
val 90-293 K in a vacuum cryostat and at
higher temperatures in an ordinary thermo-
stat. The each given temperature of the
sample was maintained in the course of a
20 min. The long-wavelength excitonic band
parameters (spectral position E,, halfwidth
I' and ¢,,,) were found following the tech-
nique [11].

The absorption spectrums of Cs,Cdl, ex-
hibits in the interval 3.6—5.1 eV strong A,
at 4.65 eV (90 K) and faint A; at 4.89 eV
(90 K) exitonic bands (Fig. 1). The A, and
A; bands shift with increasing temperature
to longer wavelengths, broaden and weaken
because of the exciton-phonon coupling
(Fig. 1). The A, band parameters (position
E,,, halfwidth [' and ¢5,) were found in 21
points of temperature on heating and cool-
ing of the sample. The temperature depend-
ences of A; excitonic band position E, (T)
and halfwidth I'(T) in Cs,Cdl, (Fig. 2),
which has been studied on heating and on
cooling of a sample, are different because of
effects of thermal memory. The A; band in
Cs,Cdl, is shifted with increasing of tem-
perature to a longer wavelengths with
dE, /dT ~ —8.1:107% eV/K, the temperature
induced shift was slowed down near the tem-
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Fig. 2. Temperature dependences of a posi-
tion E_(T) (a) and halfwidth T(T) (b) of A4,
band in Cs,Cdl,, obtained at heating (1) and
cooling (2) of the sample.

perature of phase transition T.g II > I fer-
roelastic phase, at T ~ 200 K the kink is observed
on the E, (T) curves, in the region of I ferroelastic
phase one has dE, /dT ~ -5.75:10 4 eV/K. The
curve E,(T) is gently sloping near the tem-
perature of phase transition incommensurate
— paraphase T,; =~ 385 K. The linearly shift
with dE, /dT ~ -7.3-1074 eV/K was observed
in the paraphrase (T > 335 K). The coeffi-
cients dE,, /dT are typical, for ionic crystals,
the temperature induced shift of the exciton
band is determined primarily by the exciton-
phonon coupling.

The direct and return dependences E, (T)
coincide in the paraphase, the small differ-
ence of EmT(T) and Emi(T) in the incom-
mensurate phase (260 K < T < 335 K) at
the high T increases near T, ~ 260 K, con-
siderable uprise Emi(T), which is observed
in the interval 269-230 K, indicate to the
first-order phase transition. The bigger as-
cent Emi(T) is observed in an interval of
temperatures 180-144 K and corresponding
to phase transition I — II ferroelastic
phase. The peculiarities of in dependence
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I'(T) near to temperatures of phase transi-
tions (Fig. 2b) also are observed. It is neces-
sary to note, that phase transitions in
Cs,Cdl, phase changes at T., and T,3 are
strongly washed out on temperature — be-
cause of strong thermal inertia of the sam-
ples. The temperatures of phase transitions
T.s and T,.3 on heating and cooling consid-
erablement differ (T,.3'200 K, T.;¥145 K;
T.,'260 K, T,.,¥232 K) (Fig. 2).

Thus phase transitions in thin film
Cs,Cdl, are exhibited as kinks and jumps in
temperature dependences E, (T) and I(T),
are strongly washed out on temperature,
the quantity of a thermal hysteresis E, (T)
and I'(T) is insignificant, it is essential
smaller than in isostructural compounds
K2Cd|4 [9] and szCd|4 [10]. In the region
of incommensurate phase (T,.s <T <T,;)
the direct and return dependences E, (T)
and I'(T) near T,; almost coincide, the
maximal difference is observed near T,,.
Such temperature dependences of physical
quantities is characteristic for incommensu-
rate phase and is determined by origin of
solitons near T,; and their pinning on the
defects of a lattice near T'.5 [1,2]. The Table
contain the temperatures of phase transi-
tions (mean value T,;, which are received on
heating and cooling of the sample) and posi-
tion of long-wavelength excitonic band A,
in isostructural compounds M,Cdl, (M =K,
Rb, Cs) [9, 10]. The given values T, are
conformed well with results [4-5]. The
Table shows that the temperatures of phase
transitions are reduced in a series M,Cdly,
the absorption edge shift to high frequen-
cies. Besides, the quantity of a thermal hys-
teresis E,(T) and I'(T) also decreases in a
series M,Cdl,, and the wash-out of phase
transitions on temperature, on the contrary,
is increased (see dependences E, (T) and
I'(T) Ky,Cdl, [9], Rby,Cdl, [9D).

Examine a structure of a crystal lattice
of explored samples for an explanation of
observed regularity. The structural element
of a lattice M,Cdl, are the tetrahedrons
Cd|42‘, which are surround by alkali metal
ions M = K, Rb, Cs, they form a hendecagon
[1, 2]. The arrangement of atoms in a unit

CSQ BeCI4

Fig. 8. A crystal lattice of a B-K,SO, struc-
tural type (Cs,BeCl, [13]).

cell of B-K,SO, type crystals is shown in
Fig. 3. Unfortunately there is not the image
of a unit cell in work on examination of
crystalline structure Cs,Cdl,, therefore we
give a unit cell of isostructural compound
Cs,BeCl, in a Fig. 3 [18]. From a Fig. 8 it
is seen, that the divalent ions are found at
centre of tetrahedrons from negative halide
ions. The monovalent alkali metal ions form
hendecagon in the second coordination
sphere with respect to the divalent ion. On
can also see the almost layered arrangement
of tetrahedrons, the layers lying are perpen-
dicular to the a axis. The similar arrange-
ment of ions is observed in a unit cell of
M,Cdl, crystals of B-K,SO, type. In Cs,Cdl,
the distance dgg_| = 3.825—4.499 A is consid-
erably larger then dgy_ | = 2.76-2.91 A [2].
The alkali metal ionic radius increases in
a series M,Cdl, (Table). If a lattice constants
M,Cdl, and volume of a unit cell [1, 2, 5] are
similar parameters, increase of ionic radius
r; of alkali metal gives in increase of inter-
nal stresses in a crystal, equivalent multi-
fold squeezing of tetrahedrons Cd|42‘, that
confirm examinations of absorption spectra
M,Cdl, [4, 5, 9]. It is known, that the hydro-
static pressure of thin films Cdl, gives in a
short-wave shift of an absorption edge [15].

Table. Position A, band and temperature of phase transitions in M,Cdl, (M = K, Rb, Cs).

Compounds E_, eV T., K T., K T.5 K r;, pm [17]
K,Cdl, [9] 4.612 400 320 220 188 (K%
Rb,Cdl, [10] 4.63 380 290 210 148 (Rb*)
Cs,Cdl, 4.65 332 260 180 169 (Cs*)
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Fig. 4. Temperatures of phase transitions T,
in M,Cdl, (M = K, Rb, Cs) versus ion radii of
alkali metal: 1—T,;, 2 — Tc2’ 3— . T,.s.

As in thin films M,Cdl, excitonic excitations
are localized in Cdl42‘ tetrahedrons [4, 5],
with increase of ionic radius r; in a series
M,Cdl, the absorption edge should be shifted
in short-wavelength region, that proves to be
true by experimental data — in a series
M,Cdl, long-wavelength band A, has small
short-wave shift (position Ay band are given
in (Table).

On the other hand it is known, that the
mechanical stress in isostructural a erystal
Rb,ZnCl, gives in decrease of temperature
of phase transitions, brings to diminution
of quantity of a temperature hysteresis of
dielectric permittivity and to wash-out of
phase transitions on temperature [16, 17].
Similar changes we observe in series of com-
pounds M,Cdl, in behaviour of ferroelastics
films with increase of alkali metal ionic ra-
dius r; near to temperatures of phase tran-
sitions: a decrease of temperatures of phase
transitions, diminution of a temperature
hysteresis and diffusion of phase transi-
tions on a temperature. The linear relation
is observed between temperatures of phase
transitions T; and quantity of ionic radius
r; in a series M,Cdl, (Fig. 4).

Thus, we ascertained, that the depend-
ences E_(T) and I'(T) in thin films Cs,Cdl,
are typical for ferroelastics with a incom-
mensurate phase, quantity of a thermal hys-
teresis of parameters excitonic bands in

534

Cs,Cdly, is least with an increase of ion ra-
dius in series of compounds M,Cdl, (M = K,
Rb, Cs), and diffusion of phase transitions
on temperature is greatest. The decrease of
temperatures of phase transitions, diminu-
tion of quantity of a temperature hysteresis
of excitonic band parameters and wash-out
of transitions on temperature are observed
in series of compounds M,Cdl, with increase
of alkali metal ionic radius r;. That, appar-
ently, is concerned with magnification of
internal stresses in films because of squeez-
ing tetrahedrons Cdl,2* with r; increase.
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Bnaue aysxkHOTrO MeTasy Ha (pa3oBi mepexomu
y ceraeroeaactukax M>Cdly (M = K, Rb, Cs)

O.M.IOnaxosa, B.K.Munocnaeécexuii, O.M.Kosanrenko

Hocmigxeno cnexTp mornuHaHHA ToHKUX mriBox Cs,Cd, B inrepraii emepriit 3,6—5,1 eB
i Temmepatyp 90-410 K npu marpiBaHHI # OXOJOM/KeHHi. ¥YCTAHOBJIEHO 3aKOHOMipHOCTI y
XapaKTepi MOBeJiHKM TOHKHUX ILIIBOK izocTpykTypHEX cmoayk M,Cd,l, (M = K, Rb, Cs) 6ina
TeMTepaTyp hazoBux mmepexoniB. I3 3pocTaHHAM ioHHOTO pagiyca JY:KHOTO MeTanNy SHUKY-
IOTBCA TeMIlepaTypu (hasoBUX TEePEXO[iB, BMEHNIYEThLCA BEJHUYNHA TEMIIEPATYPHOTO TicTepe-
3WCY y CHEeKTPAJTLHOMY MOJOKeHHI i HamiBMUPWHI eKCUTOHHUX CMYT i 30iABIIyeThHCA POB-
MUTTA (Pa30BUX TEPeXOoAiB 3a TeMmeparypoio. Mu mpumycetwau, 1o 1i ederTn 3B aA3aHi 8i
30iMBIIEeHHAM CTHUCKY CTPYKTYPHHUX €JIeMEHTiB Cd42‘ Y KPUCTAJNIYHUX rparax CIOJYK BHACJI-
IOK 3DOCTaHHA pajiyca Jy:KHOTO MeTamny.
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