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Abstract
In the present work, dielectric constant measurements in the vicinity of the phase transition point (Tc) =49°C and

so pyroelectric current measurements after poling process at different temperatures and constant poling field of
4kv/cm subjected on samples of triglycine sulphate were cut from a large single crystal. The results show that the
maximum value of the dielectric constant at the transition temperature (Tc) decreases with increasing the
frequency and that the peak shifts to lower temperatures and it was found that by increasing the poling temperature
the peak of pyroelectric current increases and shifts to lower temperatures.
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Introduction

Triglycine sulfate (TGS) is a well known ferroelectric material that is easy to grow in a form of single crystal and
it is a type of order-disorder ferroelectrics with chemical formula (NH.CH,COOH)3H,S04.[1,2,3]

Triglycine Sulfate (TGS) is a versatile ferroelectric material that has been widely studied for its unique

combination. It possesses several properties that make it an attractive choice as a ferroelectric material, including
a high dielectric constant, a relatively low Curie temperature, and a strong pyroelectric effect. The high dielectric
constant of TGS, which can be as high as 200 at room temperature, makes it a suitable candidate for applications
that require a high level of sensitivity, such as infrared detectors and capacitive sensors. The low Curie temperature
of TGS (around 49°C) is advantageous for applications that require a stable performance over a wide temperature
range, as the material can maintain its ferroelectric properties even at relatively high temperatures. One of the
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most significant properties of TGS is its strong pyroelectric effect, which refers to the generation of an electric
charge in response to a change in temperature. This effect is particularly pronounced in TGS, making it a popular
choice for the fabrication of pyroelectric detectors, which are widely used in thermal imaging and non-contact
temperature measurement applications. [4,5]

Ferroelectric TGS crystal has been extensively studied both in pure state and doped and a great deal of work has
been done on its in the past two decades and the efforts are mainly focused to improve its ferroelectric,
pyroelectric, piezoelectric, mechanical and optical properties .

Naveen Kohli et.al.[6] studied " Theoretical Study of Dielectric Properties in Triglycine Sulphate Crystal".
Ranjan Kumarlet.al.[7] studied" Influence of xylenol orange dye on structural,vibrational, thermal and
luminescence properties of TGS crystals".

M. Trybus et.al.[8] studied" Pyroelectric response of single-crystal samples of triglycine sulphate in three
dimensions".

Elena Balashova et.al.[9] studied "Croconic Acid Doped Triglycine Sulfate: Crystal Structure,UV-Vis, FTIR,
Raman, Photoluminescence Spectroscopy, and Dielectric Properties”.

M. Trybus et.al.[10] studied "Effect of triglycine sulphate (TGS) -material for active detectors of infrared
radiation".

This work aims at studying Pyroelectric behavior of a triglycine sulphate single crystal after poling process .The
most popular method of investigating the pyroelectric properties of TGS involves measurements of the
pyroelectric charge, current or voltage for thin samples cut perpendicular to the polar b axis. After mechanical
cleaving or cutting, the samples are polished and conductive electrodes are deposited on the surfaces . A sample
fabricated in this way is a flat capacitor, making it possible to carry out pyroelectric investigations in only one
direction, which is the most reactive in terms of the pyroelectric response of the sample (sensor).[11,12,13,14]

Material and methods

(1) Materials

The crystal was synthesized from chemically pure glycine acid and concentrated sulphuric acid in the molar ratio
3: 1 and grown in the ferroelectric phase.

(2) Preparation of test samples

On account of the high solubility of (TGS) in water, we used the wet thread method in cutting the samples from
plane — parallel plates perpendicular to the ferroelectric b-axis. The crystal plates were etched by water on a wet
piece of soft cloth stretched on a glass plate until the required dimensions were obtained (0.9x0.5x0.2) cm®.Two
thin copper wires were attached to the major opposite surfaces of the sample. The two current leads were pressing
on the coated surfaces and kept in position by a trace of UHU glue which fixes the wire near its end to the upper
side of the crystal. Good electrical contact between the wire and coated surfaces was insured by a minute speck
of the conducting silver paste. In this way, loading or stressing of the crystal is kept at minimum.

(3) Dielectric constant

The dielectric measurements were carried out using an auto balance bridge (type GM Instek LCR-821meter) at
different frequencies (100, 5000 and 10000 Hz).The measurements were carried out at temperatures ranging from
30 °C to 60 °C and at heating rate of (0.5 °C /min).

(4) Pyroelectric current measurements.

The sample passed through the following process: the sample temperature was raised to [T,: 30, 40, 50, 60, and
70 °C], where the dipoles are able to orientate. While being subjected to constant poling voltage of about 400 volt
which gives an electric field of 4kv/cm, for a time of poling of about 30 min., then the sample was cooled to room
temperature in the presence of the electric field, where dipoles are assumed to be frozen. The electric field was
then removed and the electrodes were shorted for removing the story surface charges induced by the poling field.
In this way the sample was kept in polarized state. The pyroelectric current was recorded using an electrometer
(keithley 485 auto ranging Pico ammeter), with increasing temperature by a rate of heating ~ 2 °C/minute.

Results and discussion

Fig. (1) represents the temperature dependence of the dielectric constant &' for pure TGS sample in the temperature
range (28 — 60 °C) at different frequencies (100, 5000 and 10000 Hz). The normal behavior was observed which
gives a sharp rise in dielectric constant around a certain temperature called critical temperature (T¢) and abrupt
decreases just above (T¢). We have order- disorder phase transition-
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Figure(1):shows the temperature dependence of the dielectric constant (§)
for pure TGS at different frequencies.

\
We notice from table(1) that the maximum value of the dielectric constant (gmaS-)at the transition temperature
(Tc) decreases with increasing the frequency and that the peak shifts to lower temperatures. This behavior is
characteristic of dielectric relaxation governed by the finite response time of ferroelectric domain dynamics.
Consequently, the polarization process becomes dynamically limited. Leading to a shift of the dielectric peak
toward lower temperatures. Because the dipole may not have enough time to keep up with the changes in the field
(Dielectric relaxation).[15]

Table (1) shows the maximum value of the dielectric constant (gmaX-) and critical
temperature (T¢) at different frequency (f)

\

Frequency (f Hz) Dielectric constant \Emes. critical temperature (Tc)
100 1.59*10* 49
5000 1.10*10* 45
10000 57.3*10? 43

Figure (2) illustrates the temperature dependence of the pyroelectric current for TGS crystal using different poling
temperatures at constant poling field of 4kv/cm and The polarization process is fundamental and essential for
improving and developing the thermoelectric properties of the material and The current magnitude and peak
position are subject to slight changes caused by the polarization temperature. It was found that by increasing the
poling temperature the peak of pyroelectric current shifts to lower temperatures. i.e. lower critical temperature Tc.
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Figure (2): shows the temperature dependence of pyroelectric current for TGS sample at different

poling temperatures.

Figure (3) illustrates the relationship between the maximum pyroelectric current (Imax) and the
polarization temperature at Tc. The maximum pyroelectric current exhibits an upward trend
corresponding to an increase in the polarization temperature. A saturation state in polarization can be
achieved at high poling temperatures. Achieving a suitable polarization temperature is important for
achieving improved crystalline properties suitable for various applications.
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Figure (4):shows the pyroelectric current versus poling temperature at temperature below

transition temperature  (TC).

While below and above curie temperature there are some disturbance in the value of the pyroelectric current Figure
(4),(5). The observed irregularities may be associated with residual polarization remaining in clamped domains.
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Figure (4):shows the pyroelectric current versus poling temperature at temperature below transition
temperature (TC).
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Figure (5): shows the pyroelectric current versus poling temperature at temperature above transition
temperature (TC).

Pyroelectric current (ampere)

Table (2) shows the relation between poling temperature and transition temperature. Where decrease in
transition temperature Tc is being noticed.
poling temperature (Tp "C) 30 40 50 60 70
Transition temperature (T. ‘C) 48.7 47.5 46.7 45.3 44.8

The decrease in transition temperature (Tc) with increasing poling temperature may be attributed to enhanced
dipole alignment and domain stabilization which modifies the internal field and slightly affects the thermodynamic
stability of the ferroelectric phase. It may concluded that increasing of poling temperature assist in removal of
residual polarization.

Conclusion

The following conclusion may be drawn from the obtained results that:

(1) increasing the frequency lead to decreasing dielectric constant value and the peak shifts to lower temperature
.This behavior is attributed to dielectric relaxation .

(2) the pyroelectric current increasing drastically with poling temperature (Tp), because Increasing of the poling
temperature assist in removal of residual polarization.

482 | AJAPAS: Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



Compliance with ethical standards
Disclosure of conflict of interest
The author(s) declare that they have no conflict of interest.

References

[1] Fletcher S. R., Keve E. T., Skapski A. C., Ferroelectrics, 1976, 14, 775.

[2] K. Itoh and T. Mitsui, “Studies of the Crystal Structure of Triglycine Sulfate in Connection with Its
Ferroelectric Phase Transition,” Ferroelectrics, Vol. 5, No. 1, 1973, pp.235-251.

[3] S. Hashino, Y. Okaya and R. Pepinsky, “Crystal Structure of the Ferroelectric Phase of (Glycine)3-H2S04,”
Physical Review, Vol. 115, No. 2, 1959, pp. 323-330.

[4] A. Alomari, A. Kropachev, S. Baliga, R. Chakraborty, A.K. Batra, and C.R. Bowen, "Synthesis, growth, and
characterization of deuterated I-alanine triglycine sulfate (DLaTGS) single crystal for infra-red detector
applications”, Opt. Mater. 150, 115152 (2024).

[5] R. B. Lal and A. K. Batra, “Growth and Properties of Triglycine Sulfate (TGS) Crystals: Review,”
Ferroelectrics,Vol. 142, No. 1, 1993, pp. 51-82.

[6] Naveen Kohli and Trilok Chandra Upadhyay," Theoretical Study of Dielectric Properties in Triglycine
Sulphate Crystal",

J. Mountain Res, Vol. 16(2) ,(2012) ,129-137.

[7] Ranjan Kumarl, Nidhi Sinha2, and Binay Kumar," Influence of xylenol orange dye on structural,vibrational,
thermal and luminescence properties of TGS crystals", J Mater Sci: Mater Electron (2021) 32:2486-2504

[8] M. Trybus a, A. Szlachta ," Pyroelectric response of single-crystal samples of trigycine sulphate in three
dimensions" Infrared Physics & Technology 123 (2022)

[9] Elena Balashova , Aleksandr A. Levin , Valery Davydov , Alexander Smirnov , Anatoly Starukhin ,Sergey
Pavlov , Boris Krichevtsov , Andrey Zolotarev , Hongjun Zhang , Fangzhe Li and Hua Ke , "Croconic Acid
Doped Triglycine Sulfate: Crystal Structure,UV-Vis, FTIR, Raman, Photoluminescence Spectroscopy, and
Dielectric Properties™,j. Crystals 2022, 12, 679

[10] M. Trybus, T. Wigcek , ," triglycine sulphate (TGS) — material for active detectors of infrared radiation",
J.PFE (physics for economy), vol(6),pp31-45,(2024).

[11] A.L. Tolstikhina, R.V. Gainutdinov, N.V. Belugina, In Situ Observation of the Phase Transition of a
Ferroelectric Triglycine Sulfate Crystal by Piezoresponse Force Microscopy, J. Surf. Invest. 12 (6) (2018) 1066—
1072.

[12] S. Miga, J. Dec, K. “Cwikiel, Temperature dependences of nonlinear dielectric susceptibilities of triglycine
sulphate near ferroelectric phase transition, Phase Transitions 80 (1-2) (2007) 95-99.

[13] C.P. Ganea, C. Mindru, N. Vineticu, H.V. Alexandru, Dielectric spectroscopy in para-ferro transition of
TGS, Ferroelectrics 493 (1) (2016) 165-171.

[14] M. Simhony, A. Shaulov, A. Maman, Temperature dependence of the pyroelectric voltage response to step
infrared signals in triglycine sulphate, J. Appl. Phys. 44 (6) (1973) 2464-2469.

[15] C.Mindru,C.P.Ganea,H.V.Alexandru,"Dielectric relaxation of pure TGS crystal",vol.14(1),(2012)157-162.

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of
the individual author(s) and contributor(s) and not of AJAPAS and/or the editor(s). AJAPAS and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions, or
products referred to in the content.

483 | AJAPAS: Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



