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Temperature dependences of birefringence and dielectric ~ order of 1 K. The temperature interval, where nonlinear

permittivity of [N(CH3)4]2ZnCly crystals in the parent phase
have been studied. A supposition was made that the nonlinear
character of those two dependences is caused by the presence
of local spatial regions, where the motions of tetrahedral groups
ZnCli"' are correlated.

1. Introduction

According to the results of works [1-4], the temperature
behavior of physical parameters in the parent phase of
crystals belonging to AysBX, group is nonlinear in the
vicinity AT =T —T; = 20 K of the phase transition to
the incommensurate phase (here, T is the temperature
of a deviation from linearity of the temperature behavior
of physical parameters, and T; is the phase transition
temperature), being governed by fluctuation processes.
In the three-dimensional Heisenberg model, the critical
indices for a two-component order parameter have to
depend substantially on the spatial dimension. This
statement is based upon the idea of phase transition
universality, in the sense that critical indices do not
depend on the intensity of interaction in the system
and the details of its microscopic structure, being more
likely determined by the number of order parameter
components and the spatial dimension. In particular, it
should be noted that the critical indices are different
from the Landau ones (y = 1l,a = 0,08 = %,V
2) 5] in a real space with the dimension d =
and equal to them in a space with d = 4. For
instance, the observed nonlinear behavior of the widths
of Mn?* resonance lines in the EPR spectra of RbaZnCly
crystals in their parent phase [1] was associated with
rotation angle fluctuations of tetrahedral complexes
ZHCI4.

According to the results of classical works [6, 7], the
temperature interval around the phase transition point,
where the order parameter fluctuates, should be of the
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temperature dependences of physical quantities are
observed, is by an order of magnitude wider (AT =
10 + 40 K). In order to determine the interval, where
the temperature dependences of birefringence 6(An) and
dielectric permittivity e/, of [N(CHgz)4]2ZnCly crystals
in the parent phase are nonlinear, and to elucidate
the reasons of such a nonlinearity, we carried out
the researches of the quantities concerned in a wide
temperature range.

[N(CHs)4]2ZnCly crystals are model objects, when
studying the properties of incommensurate phases. They
are characterized by a complicated sequence of phase
transitions [8,9].

2. Experimental Technique

Crystals were grown up from an aqueous solution of
[N(CHs3)4]Cl and ZnCl, salts, taken in the stoichiometric
ratio, at room temperature. Temperature researches of
0(An) and €/, were carried on using the same crystal
specimen in order to provide the same concentration of
noncontrolled impurities and defects. The birefringence
was studied by the Senarmont method with light
beam modulation [10]. The temperature was measured
with an accuracy of +0.01 K [10]; a UTREKS K24
BER system and a P3003 voltage comparator were
used for this purpose. Dielectric measurements were
carried on making use of plane-parallel rectangular-
shaped specimens and with the help of an automated
installation. Measurements of the real part of dielectric
permittivity ¢’ and the tangent of dielectric losses
tand were carried out following a conventional method
for condenser capacity measurements. A Hioki 3535
multifrequency LCR-meter was used for this purpose.
Measurements were carried out at low frequencies and at
a small amplitude of the measuring alternating voltage
U=05V.

ISSN 2071-0194. Ukr. J. Phys. 2008. V. 53, N 11



BIREFRINGENT AND DIELECTRIC PROPERTIES

0,8
0,6 -

0.4-

-
320 330 340 350 360
T.K

0,2

0,0

270 2é0 ZéO 3(I)0 31I0 350 3_;50 3:10 3%0 360 3'I70
T, K
Fig. 1. Temperature dependences of the birefringence §(An.) for
an as-cut specimen of the [N(CHsz)4]2ZnCly crystal (1) and a
specimen annealed at 370 K for 1.5 h (H). (inset) The temperature
dependence of §(An.) in the vicinity of T (scaled-up)

Temperature researches of dielectric properties were
fulfilled making use of a liquid nitrogen cryostat
with a UNIPAN 680 thermoregulating system. The
temperature of the crystal was measured with the help
of a copper—constantan thermocouple to within the
accuracy of about 0.01 K.

3. Experimental Results and Their Discussion

In Fig. 1, the temperature dependences of d(An,.) for
an as-cut specimen of [N(CHgs)4]2ZnCly crystal and a
specimen annealed at 370 K for 2 h are depicted. The
dependences obtained demonstrate a deviation from the
linear temperature behavior (oc T') in the vicinity of
T* =~ 350 K for the as-cut specimen and 7™ ~ 350 K for
the annealed one. The further cooling of the specimen
gives rise to that the nonlinearity in the temperature
behavior of 0(An.) increases until the temperature
of phase transition into the incommensurate phase,
T, = 296.7 K, is attained. The annealing of the
specimen at 370 K brought about a reduction of
the rate of nonlinear variation of d(An.) with the
temperature.

The temperature dependences of the dielectric
permittivity e/, for an as-cut specimen of the crystal
under investigation and a specimen annealed at 370 K
are exhibited in Fig. 2. Here, deviations from linear
temperature dependences are observed at the same
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Fig. 2. Temperature dependences of ¢/, for an as-cut specimen
of the [N(CHj3)4]|2ZnCls crystal (heating up) and a specimen
annealed at 370 K for 2 h (cooling down). (inset) The same

dependences in the vicinity of T™* (scaled-up)

temperatures (7% =~ 350 K) as it was for the
birefringence. Such a nonlinear behavior holds true
until the temperature of transition into incommensurate
phase is attained. The nonlinear temperature
dependences of both §(An.) and €/, can originate
due to two reasons: fluctuation processes and/or the
appearance of a new phase state of the crystal.

The phase transition from the parent to the
incommensurate phase is a continuous phase transition
of the second kind. A spontaneous gain in the
incommensurate phase is 6,(An) ~| 7 |??, where
7 = (T; — T)/T; [3]. This relationship is valid only
in the classical region p ~ po(T; — T)%° [9, 11]. To
describe fluctuation processes, an expression for the
thermooptical coefficient & = d(An)/dT is written down
[3,11]. Correction terms for fluctuations are introduced
above and below 7T;; in the range above T;, they
are associated with the fluctuation of the local order
parameter [3].

Though this approach describes the nonlinear
temperature dependences of the physical parameters
0(An), €', and C), qualitatively, a quantitative
comparison is difficult to be made, because the
nonlinearity is observed in a wide temperature interval
[11]. Holding a crystal at a constant temperature within
this interval is not accompanied by variations of §(An..)
in time [12], which evidences for the structure stability
in this range. A defect-density wave, which has been
preliminarily recorded in the incommensurate phase,
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remains stable within certain temperature and certain
temporal intervals [13].

The existence of a new phase state in the temperature
interval from T* to T; is testified to by data on diffusion
scattering in the parent phase [14]. A considerable
anisotropic scattering was observed in the parent phase
around the position 20, at the place of a future reflection
satellite in the incommensurate phase [8]. Neutron
inelastic scattering experiments [14] demonstrated that
the intensity of quasielastic scattering in the parent
phase strongly grows as the temperature decreases to
the phase transition point T;.

X-ray diffraction researches testify that ZnClZJr—
tetrahedra are almost regular in the parent phase,
while tetramethylammonium (TMA) ions [N(CHj)4] are
deformed, the deformation of TMA-2 being stronger
than that of TMA-1 [8]. Two states of tetrahedral
groups ZnCly and TMA-1 in the parent phase are
coupled to each other: the angles of their rotation
around the axes that pass through the centers of their
masses and are oriented almost along the pseudo-
hexagonal c-axis, are correlated. For TMA-2, the c-
axis is almost parallel to the b-one. In work [8], it
was supposed that rotations of all tetrahedral groups
are already correlated even in the parent phase. This
assumption was based on the magnitude of the root-
mean-square rotation amplitude of TMA ions of both
kinds and their large anisotropy. It is not true if
going farther away from 7;, and the rotations of
neighbor ZnCl2™ groups can be considered independent
to a large extent. Hence, in the temperature range
T* + T;, there exist local spatial regions, where the
motions of tetrahedral groups are correlated, and these
regions may probably be responsible for the nonlinear
temperature dependences of birefringence and dielectric
permittivity. In particular, there emerges a deformation
in those local regions, which is the origin of the
temperature nonlinearity of 6(An.). The deformation of
tetrahedral groups depends on defects and impurities,
as well as on their spatial distribution [17]. This is
confirmed by a reduction of the T*-value for the
annealed specimen, because mobile impurities of the
“strong pinning” type [15]—according to the results of
work [16]—stimulate the variation of the activation
energy of hydrogen in TMA ions, inducing their different
deformations.

Hence, [N(CHj)4]2ZnCly crystals are in a new phase
state in the temperature range T* + T;. This state is
characterized by the existence of local regions, where
the motions of tetrahedral groups are correlated.

1100

1. M.P. Trubitsyn, V.I. Pastukhov, and T.M. Bochkova, Fiz.
Tverd. Tela 41, 122 (1999).

2. B.A. Strukov and A.P.Levanyuk, Ferroelectric Phenomena in
Crystals (Springer, Heidelberg, 1998).

3. N.R. Ivanov, A.P. Levanyuk, S.A. Minyukov, J. Kroupa, and
J. Fousek, J. Phys. Cond. Matter 2, 5777 (1990).

4. O. Kushnir, P. Shopa, and Yu. Furgala, Visn. Lviv. Univ. Ser.
Fiz. 37, 248 (2004).

5. Yu.A. Izyumov and V.N. Syromyatnikov, Phase Transitions
and Crystal Symmetry (Kluwer, Dordrecht, 1990).

6. M.A. Krivoglaz, Diffuse Scattering of X-Rays and Neutrons
by Fluctuations (Springer, Berlin,1996).

7. Yu.L. Klimontovich, Statistical Physics (Harwood, New York,
1986).

8. K. Hasebe, H. Mashiyama, N. Koshiji, and S. Tanisaki,
J. Phys. Soc. Jpn. 56, 3543 (1987).

9. H.Z. Cummins, Phys. Rep. 185, 211 (1990).

10. I. Polovynko, O. Ruzak, S. Sveleba, I. Katerynchuk,
O. Semotyuk, and O. Fitsych, Visn. Lviv. Univ. Ser. Fiz. 35,
48 (2002).

11. K. S. Aleksandrov and B. V. Beznosikov, Structural Phase
Transitions in Crystals (Potassium Sulfate Family) (Nauka,
Novosiborsk, 1993) (in Russian).

12. S. Sveleba, I. Kunyo, I. Karpa, I. Katerynchuk, O. Semotyuk,
O. Fitsych, and Yu. Pankivskyi, Visn. Lviv. Univ. Ser. Fiz.
40, 42 (2007).

13. B.Sh. Bagautdinov, V.V. Gladkii, S.N. Kallaev, and
V.A. Kirikov, Pis’'ma Zh. Eksp. Teor. Fiz. 59, 113 (1994).

14. H. Mashiyama and S. Tanisaki, Phys. Lett. A 76, 347 (1980).

15. D.J. Srolovitz, R. Eykholt, D.B. Barnett, and J.P. Hirth,
Phys. Rev. B 35, 6107 (1997).

16. Ae Ran Lim, Pill-Hoon,
Commun. 142, 432 (2007).

17. S.A. Sveleba, I.M. Katerynchuk, O.V. Semotyuk,
I.M. Kunyo, Zh. Fiz. Dosl. 9, 334 (2005).

Se-Young Jeong, Solid State

and

Received 13.03.08.
Translated from Ukrainian by O.I. Voitenko

JBO3AJIOMJTIOIOYI T JITEJTEKTPUYHI BJACTUBOCTI
KPUCTAJIIB [N(CH3)4|2ZnCly ¥ BUXITHIN GA3I

C. Csenceba, I. Kamepunuyx, 1. Kynvo, I. Kapna,
0. Cemompox, 3. Qanas

Pesmowme

Hagesieno TemmepaTypHi 3a/1e2KHOCTI JIBO3AJIOMJIEHHS Ta JIi€JI€K-
TpuuHoi nponukHocTi KpucTtaidis [N(CHs3)a|2ZnCls y suxinmiit
daszi. 3pobiieHo npuIyIIeHHs, MO HeJiHIfHA 3 TeMIepaTypoIo Mo-
BEJIiHKA JTBO3AJIOMJIEHHS Ta Ji€JIEKTPUIHOI IIPOHUKHOCTI KPUCTAJIA
[N(CH3)4]2ZnCly 3ymoBiieHa icHyBaHHSIM JIOKAJIBHHX IIPOCTOPO-
BHX 00J1aCTell CKOPEILOBAHOIO PYXY T€TPACIPUIHUX IPYII ZnC12+.
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