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THE INFLUENCE OF UNIAXIAL PRESSURE ON THE DIELECTRIC
PROPERTIES OF Co- AND Cu- DOPED TGS CRYSTALS

The results of the experimental investigation of the effect of uniaxial pressure on dielectric
properties of TGS crystals doped with metallic impurities of Co** and Cu*" in the vicinity of the
ferroelectric structural phase transition are presented. The obtained results are compared with
published data for undoped TGS crystal. The results of experimental measurements show that for
the TGS:Co** and TGS:Cu** crystals the uniaxial pressure o, leads to decreasing the maximum
values of the dielectric constant and reducing the phase transition temperature with a coefficient
of dT.J/do,= -5.2K/kbar and dT/do,=-5.3 K/kbar, respectively. The shift of the phase
transition temperature under the influence of uniaxial pressure along the ferroelectric axis b for
investigated crystals is lower than for undoped ones due to the existence of internal electric fields
in doped crystals, whose value is determined by the presence of impurities. The phase o,, 7-
diagrams are constructed.
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HageneHo pe3yJbTaTH eKCHepPHMEHTAJILHOIO JO0CJiIKeHHs! BIJIMBY OJHOBICHOTO THCKY Ha
mienekTpuuni BaacTuBocti kpucragis TI'C, Jeropannx meragiunumu aomimxamu Co** ta Cu?, B
OKOJIi CTPYKTYPHOIO CerHeTOeJIeKTPUYHOro ¢a3zoBoro mepexony. OtTpumaHi pe3yabTaTu
NOPiBHWIOTbCA 3 JiTEPAaTypHUMHM JaHHMH [Jsi HejJeroBaHoro jpomimkamu kpuctaaxy TI'C.
PesynbTaTu ekcnepuMeHTAJILHHX BUMIPIOBAHb MIOKA32JIH, 10 AJIf KPHCTAJIIB TIC:Co*" i TTC:Cu**
OJHOBiCHMH THCK G, NPHBOAMTH /0 3MeHIIEHHS MAKCHMAJIBHHX 3Ha4YeHb JieleKTPpHYHOL
NPOHUKHOCTI Ta 3MeHIIeHHs Temmnepatypu ¢a3osoro mepexoay 3 koediunienramu: d7./do, = -5.2
K/x6ap ta dT/do, = -5.3 K/x6ap, BinnoBigno. 3mimenHs: reMnepatypu (pa3oBoro nepexoay mia aicio
O/THOBICHOT'0 THCKY B3/I0BK CErHETOEJEKTPHYHOIL 0Ci J0CiIKyBAHUX KPUCTAJIIB € MEHIIUM, HiXK JJs
HeJIerOBAaHUX KPHCTATIB, 1[0 NOSCHIOETHCS ICHYBAaHHSIM BHYTPIIIHIX eJeKTPHYHHX IOJIB Yy
JIETOBAHUX KPHCTaJaX, BeJHYHHA AKX BU3HAYAEThLCA HasgBHicTIO gomimok. IloGynosano ¢asosi
0,3, T- niarpammu.

Kawuosi caosa: TI'C, omHOBiCHMH THCK, METali4Hi JOMIIIKH, diCJIEKTPUYHA IPOHUKHICTS,
CETHETOETICKTPUKHL.

I[IpuBenensl pe3yabTaTbl JKCHEPHMEHTAIBHOTO HCCJIEAOBAHUS BJHSHUS OJHOOCHOTO
JaBJIeHUsI Ha JHAJIEKTPpUYecKkHe cBoiicTBa kpucTta/uioB TI'C, JernpoBaHHBIX MeTaJJIMYeCKAMH
npumecsiva Co** m Cu®*, B OKpeCTHOCTH CTPYKTYPHOI0 CerHEeT0YJeKTPHYEeCKoro ¢a3oBoro
nepexoaa. IlosydyeHHble pe3yabTaTbhl CPABHUBAKTCH C JIMTEPATYPHBIMH [JaHHBIMHM UIA
HeJIerHpoBaHHOro npumecsaiMu kpucraaia TI'C. Pe3yabTaTbl 3KCHePHMEHTAJIBHBIX H3MepeHUi
NMOKAa3aJIi, 4YTO [JIsl KPUCTAJJIOB TIC:Co** u TIC:Cu®* oanoocHoe naBieHme G, NPUBOAUT K
YMEHBIIEHHI0 MAKCHMAJbHBIX 3HAYEHMIi [IHMIJEKTPUYECKOH IPOHHULIAEMOCTH H YMeHbILIECHHIO
TemnepaTypsl ¢azoBoro nepexoaa c¢ kodppuuuentamu: d7J/do, = -5.2 K/x6éap u dTJdo, = -5.3
K/x6ap, coorBeTcTBeHHO. CMelleHle TeMIepaTypsl (pa30BOro mepexoaa moj JAeiicTBHeM OJJHOOCHOTO
JaBJIeHUSI BIOJb CETHETOXIEKTPHYECKOHl OCH HCCIeIyeMbIX KPHCTANJIOB MeHbIIe, 4YeM s
HeJIETHPOBAHHBIX KPHCTAJLIOB 00BSICHSIIETCS CYyIECTBOBAHNEM BHYTPEHHHUX YJIEKTPUUYECKHX MOJIeii B
JIETHPOBAHHBIX KPHUCTAIAX, BEJINYHHA KOTOPBIX ompeessieTcs HaaquuneM npumeceii. IlocTpoeHbl
¢a3oBsble 6,, T-quarpamMmmsbl.

KiawueBbie caoBa: TI'C, oqHOOCHOE [aBiieHHE, METAUIMYECKUE TPHMECH, AMIIICKTPUICCKas
MPOHUIIAEMOCTh, CETHETOIEKTPUKH.
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1. Introduction

The most important in understanding the mechanisms of phase transitions (PT) in
ferroelectric crystals with hydrogen bonds is a study of their behavior under the influence
of external factors such as pressure or electric field [1]. In particular, the external pressure
is the only way to continuously modify the geometric characteristics of hydrogen bonds,
break their equivalence etc., which makes possible to investigate the role of hydrogen
bonding in the mechanisms of the phase transition and dielectric response of crystals.
Significant part of ferroelectrics with hydrogen bonds has piezoelectric properties in the
paraelectric phase. Applying the mechanical stress provides an opportunity to examine
the piezoelectric interactions in phase transformations and formation of the physical
characteristics of crystals [2]. Herewith, taking into account the effects, related to the
lattice deformations, that occur spontaneously or are caused by external pressures, gives
an opportunity to obtain more consistent description of the behavior of crystals.

Among the ferroelectric crystals with hydrogen bonds triglycine sulfate
(NH,CH,COOH);-H,SO4 (TGS), despite the complexity of the chemical formula and
crystal structure, investigated the most fully. Such crystals are ferroelectrics with second
order phase transition of "order-disorder" type. The crystal has monoclinic symmetry and
belongs to centrosymmetric class 2/m above the Curie temperature T¢ =322 K. Below Tc
the mirror plane disappears and the crystal belongs to the polar point group 2 of the
monoclinic system. Unlike ferroelectrics of KDP-type, triglycine sulfate has dielectric
properties, which are poorly affected by deuteration. It follows, that despite the structural
complexity, ferroelectric character of triglycine sulfate can be quite simple in general
terms and can be described by a theoretical model with the absence of tunneling [1].

To change the properties of these crystals they are doped by metallic or organic
impurities. The relevance of such studies for TGS crystals caused by the absence of
experimental data of the influence of uniaxial pressure on dielectric properties of Co- and
Cu-doped TGS crystals.

The aim of this paper is to investigate the influence of uniaxial pressure on the
dielectric properties of TGS crystals doped with metallic impurities of Co>" and Cu*" in
the vicinity of the ferroelectric structural phase transition. The concentrations of
impurities for both crystals are 2 %.

2. Experimental technique

The dielectric constant of the crystals was determined by the results of experimental
measurements of the capacitance of samples and was calculated by using the formula for
a plane capacitor. The capacitance of samples was directly measured by using an AC
bridge LCR E7-12 at a frequency of 1 MHz with a measuring field of 1.25 V/cm.

Samples were made in the form of a parallelepiped oriented according to the
crystallographic axes. At the edge, which are perpendicular to the polar direction,
electrical contacts were applied with silver paste.

Uniaxial mechanical stress was created by a spring dynamometer and was
transferred on sample through a punch with floating heads. The accuracy of registration
of the uniaxial pressure was £ 5%. The sample was placed in a specially designed
thermostat which allowed adjusting the temperature of sample gradually. The temperature
was measured by the copper-constantan thermocouple with an accuracy of + 0.1 K. To
improve heat transfer and to prevent contact with air the sample and thermocouple were
filled by silicone oil. The device for investigating the ferroelectric crystals under uniaxial
pressure allows to perform measurements over a wide temperature range (77+370 K) and
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efforts (up to 45 kg). Uniaxial pressure was applied along the ferroelectric axis b
corresponding to the mechanical stress o, [3].

3. Experimental results
Fig. 1 shows the temperature dependences of the dielectric constant

of studied
crystals under the influence of the uniaxial pressure o,.
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Fig. 1. Temperature dependences of the dielectric constant of TGS:Co”* (a) and TGS:Cu*" (b) crystals
for different values of uniaxial pressure.

It can be seen that the application of mechanical stress decreases the maximum
value of the dielectric constant and the temperature of this maximum, which in the
absence of mechanical stress was 322.9 K and 323.6 K for TGS:Co*" and TGS:Cu*"
crystals, respectively.

Effects related to the pinning domains on charged impurities were not observed in
the temperature dependences of dielectric permeability.

Fig. 2 shows the phase o,,T-diagram of TGS crystals doped with metallic impurities
of cobalt and copper. To construct the phase diagrams the extrapolating of the inverse

temperature dependence of the dielectric constant to zero in the paraelectric phase was
performed [2].
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Fig. 2. Phase 6,,T-diagrams of TGS:Co*" (a) and TGS:Cu®' (b) crystals.
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The pressure coefficients of the shift of the phase transition temperature for
TGS:Co®" and TGS:Cu®" crystals were —5.2 and — 5.3 K/kbar, respectively. The
displacement of the phase transition temperature under the influence of uniaxial pressure
along the ferroelectric axis of doped crystals was less than for undoped ones. This effect
can be accounted for by the existence of internal electric fields in doped crystals, the
value of which is determined by the presence of impurities [4, 5]. The nature of such
internal fields has a relaxing character, and the presence of such internal field, along with
the changes of the temperature maximum of dielectric constant, leads to the blurring of
&(T) dependencies.

It is known, that the shift of the temperature maximum of dielectric constant
depending on the applied electric field is nonlinear: T,, ~ E**. Therefore, the effect of the
influence of the electric field created by the uniaxial compression due to piezoelectric effect
is lower. It can be explained by overlaying such electric field on an existing field which is
created by defects in the crystal lattice.

4. Conclusions

The shift the PT temperature towards the lower temperatures is found for doped
TGS crystals. It is due to the existence of internal electric fields, the value of which is
determined by the presence of impurities (Co>” and Cu®").

It is experimentally shown that for the TGS:Co*" and TGS:Cu’" crystals the uniaxial
pressure o, results in decreasing the maximum values of the dielectric constant and
reducing the phase transition temperature with a coefficient of dT./do, =— 5.2 K/kbar for
TGS:Co*" and dT./do,=—5.3 K/kbar for TGS:Cu®" crystals, respectively. The phase
0,, [-diagrams are constructed.

We found that increasing the atomic mass of dopants leads to an increase in the
phase transition temperature. Thus, for TGS, TGS:Co*" and TGS:Cu’" crystals it was,
respectively, 321.9 K, 322.9 K and 323.6 K.
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