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The results of measuremenis of time dependences of the dielectric constant of TlInS; n the commensurats
ferroelectric phase are presented. Observation of the decay of e at different stabilized temperatures below the
comemensurate phase transition temperature after cooling from the incommensurate phase revealed o presence of two
characteristic relaxational time constants with a different temperature behaviour. This pecaliarity is considered as a
result of occurance of a chaotic state accompanied by coexistence of different commensurate ferroelectric phase
structures in the temperature range between 194 and 200K. As a result, the dielectric anomaly at about 195K is
cansidered as a phase transition accompanying with destruction of the improper ferroclectric polarization.

INTRODUCTION

TlinS; belongs to a group of ternary layered chalcogenide semiconductors with a
monoclinic structure [1]. On cooling it exhibits successive structural phase transitions into
incommensurate (IC) and commensurate (C) ferroeleciric phases. According to structural
investigations [2], the transition from the paraelectric to the incommensurate phase occurs at
Ti~216K with condensation of a soft mode at a point in the Brillouin zone characterized by
qi(5,8,0.25), where & is the incommensuration parameter (§=0.012), and the lock-in transition to
the commensurate phase at T;;~204K takes place with quadrupling of the unit cell volume along
the direction of perpendicular to the layers. The presence of the ferroelectric soft mode wath
Curie temperature T~201K and with the Curie constant of ~10° was discovered in a result of
submillimeter spectra and dielectric constant measurements [3, 4], The spontaneous polarization
vector of the ferroelectric phase lies in the plane of layers. A set of anomalies in the temperature
dependence of dielectric constant in T1InS; at about 216 K, 206 K, 204 K, 201 K and in the range
of 190-195 K has been revealed after the detailed investigations of dielectric susceptibility and
spontancous polarization [5-8]. Some theoretical models have been suggested to explain the
succession of the phase transitions in TlInS;. According to [7], @ weak disturbance (such as
structural defects, impurities) can lead 1o splitting of IC-C phase transition in TlInS; into two
closely spaced IC-C phase transitions at Ty~204K and T~201K. In a frame of this model the
anomaly at Ti~206 K is treated as an appearance of a new incommensurate structure. The
presence of two modulated distortions in the crystal structure of TlInS; was also suggested in [8].
In & recent model [9], the coexistence of improper and proper ferro¢lectricity in the same crystal
structure have been proposed according to the observed shifts of the phase transition points under
the influence of the external bias electric field.

As it is known, the presence of incommensurately modulated structures in crystals leads
to occurrence of long-lived metastable states in the temperature interval of the successive
commensurate phase transitions. This brings to the presence of thermal hysteresis of the
dielectric susceptibility, which has been observed for TlInS; [10]. Thermal hysteresis is usually
attributed to defect-induced pinning of discommensurations, which prevents the crystal from
reaching thermal equilibrium after the incommensurate-commensurate phase transition. A slow
time evolution of the dielectric constant of TIInS; during approaching to the thermal equilibrium
attracts much interest because of its importance for understanding the kinetics of the
commensurate phase transitions.
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The present paper reports the results of measurements of time dependencies of the
dielectric constant of TlInS; in the commensurate ferroelectric phase after cooling the crystal.

EXPERIMENT

The crystals were grown in evacuated quartz tubes by using a modified Bridgman
method. The samples, in rectangular form, were oriented along the polar axis which lies in the
cleavage plane (the morphology of crystals permits cleavage to plane parallel plates with mirror-
like surfaces). The plates were gently polished, cleaned and covered with silver paste. The
dimensions of the electrodes were 5x2mm? with an inter-electrode distance of Imm.

Measurements of the real part of the dielectric susceptibility &' were performed using
the capacitance bridge method at frequencies of S50kHz with instrument sensitivity of 0.1pF and
with accuracy of 1%. A low-temperature cryostat system used in the measurements allowed to
scan the temperature with a rate of about 0.1K/min and to stabilize the temperature with an
accuracy better than 0.05K. The temperature was measured by a copper-constantan
thermocouple placed close to the sample. The accuracy of the temperature measurements was
better than 0.02K.

RESULTS AND DISCUSSION

As mentioned in [10], the dielectric constant of TlInS; along the ferroelectric axis exhibits
the remarkable thermal hysteresis in both the incommensurate and commensurate phase. The
temperature dependence of the dielectric constant of TlInS; measured during cooling and heating
cycles is shown in Fig.1. Figure shows that the most prominent thermal hysteresis has been
observed at around 195K, which is lower than the ferroelectric commensurate phase transition at
Te»~201K. The observed phenomenon is attributed to the formation of long-living metastable

states caused by pinning effects of a domain-like
_i soliton structure. According to [5], at thermocycling
' in the temperature interval of 194+196K. the value
of the thermal hysteresis of dielectric susceptibility
was found to decrease with each successive cycle of
cooling and heating.
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Fig.1.
Temperature dependences of the dielectric

R . constant € of TlInS; near the phase transitions on
O o W W W e cooling and heating regimes.

Such an unstable behaviour is characteristic indication of a chaotic state. The presence of
this state is an evidence of the coexistence of at least two different phases in the mentioned
temperature range. The existence of the metastable chaotic state in the commensurate
ferroelectric phase of TlInS, has been proposed from Raman lineshape analysis in [11]. Besides,
the studies of dielectric hysteresis loops [8], sound velocity and absorption [12-14] in a wide
temperature range revealed some peculiarities around 195K, which are regarded as independent
confirmations of the occurence of the chaotic state at T<201K which is, in our opinion,
characterized by the coexistence of improper and proper ferroelectric phases appeared at
Tei~204K and T»~201K respectively [9]. ‘

In order to check the relaxational behaviour of the metastable states and the kinetics of the
phase transformations in the chaotic state, the time variations of the dielectric constant at
different fixed temperatures in the range of 194-200K have been investigated. Measurements
were performed at eight different temperatures. The sample was cooled from paraelectric phase
down than 200K, then the temperature was stabilized and the time dependencies were measured.
The results are presented in Fig.2. The equilibrium values of the dielectric constant &, at fixed
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temperatures have been chosen as the averages between the values of &(T) measured during
heating and cooling. It is evident that the time evolution of € can be best fitted with:

€ = € + (€0 - €x) €XP(-t/T)
where gy and e, are the dielectric constant values at t=0 and t=oo respectively, 1 is a relaxation
time constant.
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Fig.2. Fig.3.
Time dependences of the dielectric constant  Time dependences of In vy (y=[(g¢-£.)/(e-€x]) in
Ag=g;—¢€., of TlInS; at fixed temperatures inside TlnS,.

the temperature interval 194-200K after
cooling the sample from the paraelectric state.

In order to evaluate the characteristic relaxation time constants, the In[(gp-€.)/(€-€x)]
versus t curves have been constructed. The results are depicted in Fig.3. All curves are seen to be
linear functions of time. It is evident that the relaxation times can be obtained by determining the
reciprocal values of the slope ratios of these lines. As is seen from the figure, there are two
different relaxational behaviours for each of time dependencies. Naturally, these relaxation times

are connected with different phases coexisting

T fee) Tfed in the mentioned temperature interval. Thus, it
st L a0 is possible to study the kinetics of the phase
i t transformations by changing the temperature

during the chaotic state using the temperature
dependencies of relaxation times. Finally, we
can obtain information about the temperature
evolution of the chaotic state.

The temperature dependencies of the

relaxation times t; and 7, are presented in
Fig.4.

Fig.4.
Temperature dependences of the relaxation
times 1; and 13 of the coexisting phases in the
metastable chaotic state of TlInS,.




N.D. AKHMED-ZADE, T.G.MAMMADOV, T.S. MAMMADOV, etc

It is seen that by reducing the temperature from 200K, t; increases, reaches a maximum
and then decreases. The other time constant 1, increases and then saturates. Such saturation is
due to stabilizing of one of coexisting phases, while the decreasing of the other relaxation time T,
is attributed to destruction of the polar regions of the second coexisting state by decreasing the
temperature.

As mentioned in [8], cooling the crystal below T~201K is accompanied by a
transformation of double dielectric hysteresis loop into a ternary loop stable in the range of about
195K. This phenomenon is attributed to coexistence of two polar phases. On subsequent cooling
the loop obtains the common ferroelectric shapes and the usual symmetric saturated dielectric
hysteresis loop is observed. This is a consequence of an increase of the proper ferroelectric
polarization as a result of cooling.

Thus, we may conclude that the increasing and saturation of the relaxation time 1 on
cooling are connected with the effect of stabilization of proper ferrolectric state. Meanwhile, the
fast decay of T, is the indication of destroying of the other coexisting state, which is attributed to
improper ferroelectric one [9] appeared at T ~204K and which is characterized by double
hysteresis loops [8]. So, the dielectric anomaly at about 195K observed in [5-8] can be
qualitatively explained as follows: by decreasing the temperature, the sharp increasing of the
proper ferroelectric polarization gives rise to destabilizing of the coexisting improper state and
the phase transition to a singe ferroelectric state occurs.

CONCLUSION

The observation of the decay of € at different temperatures revealed a presence of two
characteristic relaxation time constants with a different temperature behaviour. This peculiarity is
considered as a result of occurance of a chaotic state accompanied by coexistence of different
commensurate ferroelectric phase structures in the temperature range of 190-200 K. The
approximate values of the relaxation time constants are about 10* sec. According to the result of
temperature dependencies of the relaxation times, the dielectric anomaly at 195K observed ealier
can be interpreted as the destruction of improper ferroelectric state under influence of proper
ferroelectric polarization.
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TlInS: KRISTALINDA METASTABIN XAOTiK HALININ MUDDOTLI RELAKSIYASI

H.D.OHMODZADS, TMOMMODOV, T.S.MOMMODOV, F.A.MIKAILOV,
MIR-HOSON Yu. SEYIDOV

Mbaqalodas TlInS: kristalin nisbatli seqnetoelektrik fazasinda dieletrik niifuzlulugun zamandan asihlig
oyranilmisdir. Nilmunanin izotermik halm saxlamagqla miixtalif fikse olunmus temperaturlarda TlInS:-nin
seqnetoelektrik fazasimn Te otrafinda nisbotsiz fazadan kristall soyudan zaman & giymatinin azalmasi
miigahids edilmisdir. TlInSz kristallinin seqnotofazasmda miixtalif’ temperatur asihligh relaksiyaya xas olan
iki zamanin méveudlugu milayyon edilmigdir. Almmus togriibi natigalor TIInSz-do xaotik halin méveudlugu
[orziyyasi asasinda 194+200K temperatur intervalinda miixtolif nisbatli polyar fazalarin yanasi olmaqlan ila
izah edilmigdir. Forziyyonin natigasi kimi 195K-do & anomaliyasina faza kejidi kimi baxilir hans: ki, onun
natigasinde qeyri moxsusi seqnetoelektrik polyarizasiya dagilir.

BPEMEHHASI PEJJAKCALIUSI METACTABUJIBHOI'O XAOTHYECKOI'O
COCTOSIHHSI B TlInS,

HAAXMEI-3AIE, TT.MAMEJOB, T.C.MAME/JOB, ®.A.MHKAWJIOB, MUP-TACAH 10.CEUJ/IOB

B pabote npeacraBieHsl BpEMEHHBIE 3aBHCHMOCTH JMINEKTPHUYECKON NpPOHMLAEMOCTH (€) KpUCTaIa
TlInS; B copasmepHoii cerneToanexTpudeckoi ase. OOHapyKeHO yMEHBILCHHE BENHYHHBI € IPH H30TEPMUYECKOI
BblAEP/KKE 00pasia npu pasnu4HbIX (UKCHPOBaHHBIX TeMneparypax B cerserodase TlInS, B okpectHoctu T,
NpH  OXJDKACHUH KpUCTAINa W3 HecomaMepumol (Qa3pl. BOnuan T, ycTaHOBNeHO HanuuMe IBYX XapakTepHbIX
BPEMEH peNdKCalliil C PasAuYHBIMM TEMIEPaTyPHBIMH 3aBMCHMOCTAMH. [losydeHHble 3KCHEpHMEHTABHbIE
pesyneTaThl O0BACHEHBI HA OCHOBE MpEAMONOMKEHMS O HANMYMM XaoTHYecKoro cocrosHusa B TlInS,,
00YCIIOBJIEHHOTO COCYIIECTBOBAHMEM PA3NIHYHBLIX MONSAPHBIX copasMepHeIx (a3 B TemmepaTypHOM WHTepease
194+200K, Kak ciencteue npeanonoxeHHoro, aHomanus € npu 195K paccmarpuBaetces kak (a3osblii nepexosn, B
pe3yJibTaTe KOTOPOro paspyluaeTcsi HecoDCTBEHHAS CErHETOINEKTPHYECKas NOJISPU3aIus.
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