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The frequency- and concentration-dependent absorption coefficients of longitudinal and transverse ultrasonic waves in pure and o-
alanine-doped triglycine sulfate (a-TGS) crystals (0-alanine content in crystals is: 5, 10, 15, 20, 25, 30, and 35 mol%) grown from
solution at room temperature were studied. It is established that absorption coefficients of ultrasonic waves in a-TGS crystals with L
and S polarization with the increase in concentration of a-alanine about 1.57 and 1.88 times decrease, and propagation velocity increases
by 3.24 and 13.38%, respectively. Decrease of absorption coefficients of transverse ultrasonic waves caused by elastic scattering of
phonons on impurity, i.e., decrease of 7, at the corresponding dispersive properties of a phonon subsystem.

Keywords: Triglycine sulfate; Ultrasonic waves; Velocity of elastic wave; Absorption coefficient; Ferroelectric; Phase transition;
Phonon, a-alanine
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INTRODUCTION

Triglycine sulfate (TGS) crystals are model and well-studied ferroelectric crystals [1, 2]. The first works devoted to
growing and studying the physical properties of these crystals date back to the middle of the last century [3] and continue
to the present day [4-9]. Interest in these crystals is mainly associated with the possibility of creating radiation detectors
based on them over a wide spectral range, including the infrared, as substrates for vidicon materials, good prospects for
use in various microelectronics devices, and pyroelectric sensors [10, 11], etc.

The dielectric, structural, acoustic and other properties of pure [12] and doped with various impurities [13-17] TGS
crystals have been studied quite well. It is known that impurity atoms in crystals affect their acoustic properties, in
particular the absorption coefficient and the speed of propagation of ultrasonic waves [18, 19]. Interest in these studies is
driven by both the study of the influence of impurities on the ultrasonic properties of TGS crystals and the great potential
for their practical use. On the other hand, TGS crystals are a convenient model system for studying the role of structural
imperfections in the physical properties of ferroelectrics [14, 15, 17]. The introduction of impurities makes it possible to
regulate a number of properties of crystals, and in particular, and most importantly, it allows one to stabilize spontaneous
polarization due to the formation of internal fields [17, 20]. In this regard, it is of significant interest to study the acoustic
properties of TGS crystals doped with a-alanine (o—TGS), namely, the effect of impurities on the propagation and
attenuation speeds of ultrasonic waves in them.

This work presents the results of studies of the frequency and concentration dependences of the absorption
coefficient of longitudinal and transverse ultrasonic waves in nominally pure and a-alanine-doped a—TGS crystals (a-
alanine content in the crystals: 5, 10, 15, 20, 25, 30, and 35 mol% %) grown from solution at room temperature, i.e. in
the ferroelectric phase. Indeed, the a-TGS crystal is one of the currently very well-known model ferroelectrics with a
second-order phase transition, in which, due to the strong anisotropy of the relaxation mechanism of absorption and
dispersion of ultrasonic waves [21], both relaxation and actual critical (fluctuation) phenomena occur. However, in most
studies [22], ultrasonic anomalies in the region of structural phase transition are considered, while the effect of a-alanine
on ultrasonic properties in a-TGS crystals in the ferroelectric phase has not been studied.

MATERIAL AND METHODS
To carry out ultrasonic studies, an acousto-optical installation was used [23], operating in a pulsed mode and
consisting of a system for excitation of ultrasonic waves and a system for recording continuous He-Ne laser radiation
with a wavelength 4, = 632.8 nm diffracted by ultrasonic waves. High-frequency longitudinal and transverse ultrasonic
waves with frequencies in the range of 0.2-1.2 GHz were excited using quartz piezo transducers x or y slice, 70-100 ym
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thick. The studied samples were parallelepipeds with an average size of 8§x9x10 mm, oriented along the main
crystallographic axis [001]. The attenuation coefficient of ultrasonic waves was determined by the Bragg diffraction of
light on ultrasonic waves [23] based on the dependence of the intensity of diffracted light / and on the distance to the
transducer x; and x, using the following formula:

-1 _ 1 1(x1)
a,cm o 101 Ty’ @)

The accuracy in determining the attenuation coefficient was ~5%. At the same time, the speed of propagation of
ultrasonic waves was determined from measurements of the angle of Bragg diffraction of light by the following formula:

_ )&01/
2sin6’

(@)

where Ay — is the wavelength of laser radiation, v — is the frequency of ultrasonic waves, and is the angle 8 — is the
Bragg diffraction angle.

RESULTS AND DISCUSSIONS
The experimentally obtained results of the attenuation coefficient and speed of ultrasonic waves propagating along
the [001] crystallographic direction at a frequency of 500 MHz in doped and nominally pure a-TGS crystals at room
temperature are given in Table 1.

Table 1. Concentration dependence of the attenuation coefficient and propagation velocity of ultrasonic waves to TGS crystals at
temperature T =300 K.

a-alanine content qllz v X 105 cm/s

in TGS, % a; ag v Vg

TGS pure 22.2 35 3.858 1.985
o-T1GS, 5 % 20.7 32.1 3.876 2.032
o—TGS, 10 % 19.1 29 3.898 2.078
o—T1GS, 15 % 18.1 26.1 3.925 2.110
o—TGS, 20 % 17.2 23.1 3.951 2.140
o—TGS, 25 % 16.2 21.5 3.962 2.171
o-TGS, 30 % 15.4 20.1 3.973 2.203
o—TGS, 35 % 14.3 18.5 3.983 2.250

As can be seen from Table 1, the attenuation coefficients of ultrasonic waves with L and S polarization decrease by
approximately 1.57 and 1.88 times, respectively, with increasing a-alanine concentration, and the propagation speed
increases by 3.24 and 13.38 %, respectively. The concentration dependence curves of the absorption coefficient and the
propagation speed of ultrasonic waves are described by curves of the following form:

82.8359 .
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where ¢ the a-alanine content is in %.

The study showed that in pure TGS crystals the attenuation of ultrasonic waves is proportional to the square of the
frequency, and in a-TGS the attenuation of longitudinal ultrasonic waves decreases by approximately 20 %, and the nature
of the frequency dependence remains quadratic. The attenuation coefficient of transverse ultrasonic waves is very
sensitive to the admixture of a-alanine and in some samples the attenuation coefficient is almost halved compared to pure
TGS crystals. As for the frequency dependence of the attenuation of these waves, it is observed that it is proportional to
the square of their frequency. It was also shown that the attenuation of ultrasonic waves in TGS and a-TGS crystals is
practically independent of temperature, with the exception of the region of the ferroelectric phase transition [30] observed
in them at a temperature of T = 54°C. In Figure 1 shows the concentration dependence of the attenuation of ultrasonic
waves in a-TGS crystals.

As can be seen from Fig. 1, with an increase nonlinear in the concentration of a-alanine in TGS crystals, the
attenuation coefficient of ultrasonic waves of both polarizations decreases (Fig. 2).
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It should be assumed that the decrease in the attenuation coefficient of ultrasonic waves in nominally pure and doped
a-TGS ferroelectric crystals is associated with a decrease in the phonon relaxation time [20].

A theoretical consideration of the attenuation of longitudinal and transverse elastic waves in crystals with impurities
was carried out in [24], where, under the condition Q7 « 1, for crystals with impurities, the relaxation time is taken as:

v = (72 0kn) + 772 ) 3)

where, ky — is the wave vector of thermal phonons: t; — is the relaxation time associated with inelastic phonon scattering;
T; — is the relaxation time associated with elastic scattering by impurities.

Taking into account the relationship between the indicated relaxation times, an expression for determining the
attenuation coefficient of transverse elastic waves is obtained in the following form:

a = BT pv? 5y (k. j)e(,j)r? (K. j), )

where, f — is a numerical factor of the order of unity, the value of which depends on the type of local equilibrium
distribution of thermal phonons; Q and v — frequency and speed of ultrasonic waves; C (k, j) — heat capacity of the (k, j )
phonon branch; y — effective anharmonicity constant, depending on the degree of order of the crystal.
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Figure 1. Concentration dependence of a/4” values in a-TGS  Figure 2. Concentration dependence of the propagation speed
for longitudinal and shear vibrations of longitudinal and shear ultrasonic waves in a-TGS

A theoretical consideration of the attenuation of longitudinal and transverse elastic waves in crystals with impurities
was carried out in [24], where, under the condition Q7 « 1, for crystals with impurities, the relaxation time is taken as:

o= (D) + 7 0en) G)

where, k; — is the wave vector of thermal phonons: t; — is the relaxation time associated with inelastic phonon scattering;
T; — is the relaxation time associated with elastic scattering by impurities.

Taking into account the relationship between the indicated relaxation times, an expression for determining the
attenuation coefficient of transverse elastic waves is obtained in the following form:

a = B2T)pv? By € (k. j)e(k,j)r? (K. ), )

where, f — is a numerical factor of the order of unity, the value of which depends on the type of local equilibrium

distribution of thermal phonons; Q and v — frequency and speed of ultrasonic waves; C (E, Jj ) — heat capacity of the (E, J) )
phonon branch; y — effective anharmonicity constant, depending on the degree of order of the crystal.

CONCLUSIONS
It has been established that with an increase in the concentration of a-alanine in TGS crystals, the attenuation
coefficient of ultrasonic waves of both polarizations decreases nonlinearly, while the speed of propagation increases
nonlinearly.
The concentration dependences of the attenuation coefficient and propagation velocity of ultrasonic waves of both
polarizations in TGS crystals with an admixture of a-alanine can be approximated by the following expressions:
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where ¢ the a-alanine content is in %.

It has been established that the attenuation coefficients of ultrasonic waves with L and S polarization decrease by
approximately 1.57 and 1.88 times, respectively, with increasing a-alanine concentration, and the propagation speed
increases by 3.24 and 13.38 %, respectively.

According to (4), it follows that a decrease in the attenuation coefficient of transverse ultrasonic waves can be due
to elastic scattering of phonons on impurities, i.e., a decrease in, with the corresponding dispersion properties of the
phonon subsystem. Thus, according to equation (4), a decrease in «;, and a; may be due to a decrease in the effective
anharmonicity constant y of crystal lattice vibrations under the influence of defects.
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JocimkeHo 9acTOTHY Ta KOHLEHTpALiiHy 3a1eXHICTh Koe(illieHTa HOTTIMHAHHS MTO3I0BXKHIX Ta MOMEPEYHUX YIIbTPa3ByKOBUX XBUIIb
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