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THE INFLUENCE OF AN EXTERNAL ELECTRIC FIELD AND UNAXIAL PRESSURE  

ON THE DIELECTRIC PROPERTIES OF TGS+Cu2+ CRYSTALS 
 
The results of an experimental study of the effect of uniaxial pressure and external electric field on dielectric properties of TGS crystals 

doped with metallic impurities of Cu2+ in the vicinity of the ferroelectric structural phase transition are presented. The obtained results are 
compared with published data for undoped TGS crystals. The results of experimental measurements shows that for the TGS crystals the 
uniaxial pressure 92 leads to a decrease in the maximum values of the dielectric constant and reducing the phase transition temperature and 
external electric fields leads to a decrease in the maximum values of the dielectric constant and increment of the phase transition temperature. 

Keywords: TGS, external electric field, uniaxial pressure, metal impurities, dielectric constant, ferroelectric crystals. 
 

Introduction. Among the ferroelectric crystals with 
hydrogen bonds triglycine sulfate (NH2CH2COOH)3·H2SO4 
(TGS), despite the complexity of the chemical formula and 
crystal structure, investigated the most fully. They 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 TC = 322 K. Below TC the mirror plane 
disappears and the crystal belongs to the polar point group 
2 of the monoclinic system. 

The most important in understanding the mechanisms 
of phase transitions 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 
it 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]. 

To change the properties of the triglycine sulfate 
crystals they are doped by metallic or organic impurities. 

The aim of this paper is to study the dielectric 
properties of TGS+Cu2+ crystals under the influence of an 
external electric field and uniaxial pressure. The 
concentrations of impurities for these crystals are 2%. 

Experimental. 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, were 
applied electrical contacts with silver paste. Uniaxial 
mechanical stress was created by a spring dynamometer 
and was transferred on sample through a punch with 
floating heads (fig. 1). 
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Fig. 1. Method of the investigations under the influence  

of uniaxial compression (1 – sample, 2 – cooper foil contacts, 
3 – floating head punch, 4 – cell support) 

 
The accuracy of registration of the uniaxial pressure 

was ± 5%. The samples were placed in a specially 
constructed thermostat which allowed to gradually adjust 
the temperature of sample. 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 efforts (up 
to 45 kg). Uniaxial pressure was applied along the 
ferroelectric axis b, which corresponds to the mechanical 
stress �2 [3]. 

Fig. 2 shows the temperature dependences of the 
dielectric constant of studied crystals under the influence of 
the external electric field. 
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Fig. 2 Temperature dependences of the dielectric constant  

of TGS+Cu2+ crystals for different values  
of external electric fields 

 
Fig. 3 shows the temperature dependences of the 

dielectric constant of studied crystals under the influence of 
the uniaxial pressure �2. 
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Fig. 3. Temperature dependences  

of the dielectric constant of TGS+Cu2+ crystals  
for different values of uniaxial pressure >2 

 
It can be seen, that the application of mechanical stress 

and external electric field decreases the maximum value of 
the dielectric constant. 

Fig. 4 shows the field dependences of the maximum 
temperature of the dielectric constant and the values of this 
maximum of TGS+Cu2+ crystals. 
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Fig. 4. The field dependences of the maximum temperature  
of the dielectric constant and the values of this maximum  

of TGS+Cu2+ crystals 

Fig. 5 shows the phase �2,T-diagrams of TGS+Cu2+ 
crystals. 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. 5. The phase >2,T-diagrams of TGS+Cu2+ crystals 

 
The temperature of the maximum of the dielectric 

constant increases under the influence of an external 
electric field whereas it – decreases under the influence of 
uniaxial pressure. 

It was shown that the increase in the atomic mass of 
doped impurities leads to the increase in the phase 
transition temperature. Thus, for TGS and TGS+Cu2+ 
crystals it was, respectively, 321,9 K and 323,6 K. 

The pressure coefficients of the shift the phase 
transition temperature for Cu-doped TGS crystals is equal 
to – 5.3 K/kbar. 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 [1, 4]. 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. 

Conclusions. 
1. Established the reducing of displacement of the 

phase transition temperature of doped TGS crystals, due to 
the existence of internal electric fields, the value of which is 
determined by the presence of impurities (Cu2+). 

2. The phase �2,T-diagrams are constructed. 
3. For the TGS+Cu2+ crystals the uniaxial pressure �2 

leads to a decrease in the maximum values of the dielectric 
constant and reducing the phase transition temperature 
with a coefficient of dTc/d�2 = – 5.3 K/kbar. 

4. Increasing the atomic mass of dopants leads to an 
increase in the phase transition temperature. Thus, for 
TGS and TGS+Cu2+ crystals it was, respectively, 321.9 K 
and 323.6 K. 
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LUMINESCENT PROPERTIES OF ORGANIC DYES IN POLYMERS PEPK AND PVE 

 
Sandwich-structures for the electroluminescence investigation were produced with the method of the organic dye applying to the glass 

substrate surface covered with ITO with spin-coating. Aluminium contacts were evaporated in the vacuum chamber. Samples for the 
photoluminescence investigation were prodused simultaneously. The dependence of the change in position of the maxima of the 
photoluminescence spectra on the dye content and the matrix polymer type were investigated. Current-voltage characteristic of the produced 
structures were obtained and the dependence of integral electroluminescence intensity on the voltage on the sample was determined. 

Key words: organic dye, PEPK, PVE, ITO, sandwich-structure, OLED, photoluminescence, electroluminescence, PPV. 
 

Light emitting structures based on organic materials are 
widely used all over the world. In comparing to liquid crystal 
displays (LCD) OLED-displays need any external highlight, 
have a large viewing angle and wide working temperature 
range. OLED-technologies permit flexible displays creation. 
One of the fundamental materials for organic light emitting 
structure fabrication is PPV. The aim of this work is 
investigation of polymers PEPK and PVE, doped with an 
organic dye, as an alternative material for organic light 
emitting structures fabrication. 

Samples for the electroluminescence investigation were 
made as a sandwich-structure (Fig. 1). On the glass 
substrate with ITO-layer sequentially were applied layers of 
PEDOT:PSS and polymer, doped with an organic dye 
using spin coating [2]. Chosen PEDOT:PSS is modified 
and has optimal conductivity and capacity [3]. PEDOT:PSS 
decreases ITO surface irregularity and enhance hole 
injection [4]. 
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Fig. 1. Sandwich-structure 
 
As an active layer we used polymers PEPK and PVE, 

doped with the organic dye DCM (1% and 10%). Structural 
formulas of the dyes DCM and �1 are shown on figures 2 

and 3 respectively. Aluminium electrodes were deposited 
through the mask on the polymer layer. 
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Fig. 2. Structural formula of the dye X1 
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Fig. 3. Structural formula of the dye DCM 
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