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Vel ocitie s and scatte rin g of trans verse elastic w ave propagating in t he

trigl yci ne sulphate crystal dop ed with the C r 3 + ions as a function of te m -
p erature and electric Ùeld w hich p olarises the crystal were examined . Tem-
p erature dependenci es of modulus of elasticity S 55 and mo dulus of rigidi ty

C 55 as a function of temp erature and an electric Ùeld w ere determined. T he
results were analysed and discussed .
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1. I n t rod uct io n

The tri glyci ne sulphate (T GS) crysta ls doped wi th chrom ium , Cr, are char-
acteri sed by the disti nct change of electri c properti es as compared wi th the pure
crysta ls [1, 2]. In paper [3], the doped crysta ls are trea ted as the two- phasesystem s.
One pha seconsi sts of a non-perturb ed TG S crysta l latti ce, whi le the other of spher-
ical domains of the crysta l latti ce perturb ed by am inopyri dine m olecul es (APd).
The theo ry of scatteri ng of longi tudi na l ul tra sonic waves by the non- intera cti ng
im puri ty centres has al ready been presented in papers [3{ 7].

Ho wever, there are no reports on the inÛuence of the electri c Ùeld intensi ty
on the elasti c pro perti es and on scatteri ng of elastic waves in the TG S crysta ls
doped wi th the chro mium ions Cr 3 + . Thi s fact has prom pted the autho r to further
research.

2. E x per i m en t a l

R esonance frequenci es and dam ping coe£ cients as a functi on of tem perature
and electri c Ùeld intensi ty were measured wi th the use of apparatus who se block
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Fig. 1. Blo ck diagram of the measurement system.

di agram is shown in Fi g. 1. Thi s m easurement system was described in papers [8]
and [2]. The m easurement error of the dampi ng coe£ ci ent does not exceed 1.5%,
and of the resonance frequency 0.1%.

For m easurement purp ose, the TG S sampl es doped wi th the chrom ium ions
Cr 3 + of 0.5% concentra ti on whi ch were grown in a f erroelectri c phase were used.
Crysta ls were cut perpendi cular to the f erroelectri c axi s in the form of di scs wi th
the pl anar surf aces. On the surf acesperpendi cular to the ferroelectri c axi s the silver
electrodes were vapour deposited and then thi n, copp er wi res were glued to these
electrodes usi ng silver paste. These wi res pro vi ded a f ree suspension of sampl es
in the therm ostat and also served as electri c connecti ons. So prepared sampl es
were pl aced in the measuri ng therm ostat and were held at tem perature 360 K for
18 hours to rej uvenate them . Im m ediatel y after the rejuvena ti on the m easurem ents
were carri ed out. The temperature wa s changed at the rate of 1 K/ m in.

The wa ves were identi Ùed by compari son of thei r resonance frequenci es mea-
sured at room tem perature wi th the theo reti cal ly calcul ated ones. For the analysis,
the tra nsverse wa ve f 1 3 pro pagati ng along the x -axi s and polari sed para l lel to the
z -axi s was chosen.

3. R esul t s of exam i nat i on

The resonance frequenci es and dam ping coe£ cients were m easured for eight
di ˜erent values of the externa l electri c Ùeld intensi ty whi ch polarised the crys-
ta ls. Based on the experim ental results, the elastic susceptibi l i ty m odul us S 5 5 , the
ri gidi ty modul us C 5 5 , and velociti es of wa ves v 1 3 were calcul ated. D uri ng calcu-
lati ons the di latati on of the crysta ls was neglected. The error resul ti ng from thi s
sim pl iÙcati on did not exceed 0.94% in the most unf avourabl e case.

The relati onships between elastic susceptibi l i ty modul us S 5 5 and elasti c rigid-
i ty m odul us C 5 5 as a functi on of tem perature and electri c Ùeld intensi ty for the
TG S crysta ls doped wi th the Cr 3 + ions are presented in Fi gs. 2 and 3.
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Fig. 2. Elastic susceptibi l ity mo dulus S 55 as a function of temp erature and intensity

of polarisi ng electric Ùeld for the TGS crystals dop ed w ith the Cr 3+ ions at the concen-

tration of 0.5%.

Fig. 3. Elastic rigidi ty mo dulus C 55 as a function of temp erature and intensity of p o-

larisi ng electric Ùeld for the T GS crystals dop ed with the Cr 3+ ions at the concentration

of 0.5%.

D istri buti on of the veloci ti es of the tra nsverse wa ve propagati ng along the
x -axi s and polari sed to the z -axi s of these crysta ls is shown in Fi g. 4 whi le the
dam ping coe£ cient of these waves is presented in Fi g. 5.

In al l cases the electri c Ùeld causes an increase in the wa ve vel ociti es in the
ferro electri c phase and i t was noted tha t the closer the tem perature appro aches
to the phase tra nsi ti on tem perature the m ore signi Ùcant inÛuence of the electri c
Ùeld is observed. The polarising Ùeld changes the zone of abnorm al changes of
the wave veloci ty . Thi s zone is extended to ward higher tem peratures when the
electri c Ùeld intensi ty increases. Ab ove the Curi e point, al l values of vel ociti es of
elastic wa ves propagati on increase appro achi ng to som e constant values (when the
paraelectri c mass exceeds signiÙcantl y the f erroelectri c mass in the crysta l ). W hen
the whole mass of the crysta l becomes paraelectri c, the piezoelectri c pro perti es
di sappear and further m easurements using the metho d described in thi s paper
are impossible. Hence, the values of wa ve velociti es in the paraelectri c phase, just
above the phase tra nsiti on, can be determ ined by the appro xi mati on v 1 3 = f ( T ) .
These values are constant and independent of the value of the Ùeld whi ch polari ses
the crysta l .

The values of the wa ve veloci ty v for the TG S crysta ls doped wi th Cr 3 + ions
are lower tha n tho se for the pure TG S crysta ls and larger for the TG S crysta ls
doped wi th 2-APd [9].
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Fig. 4. T he velo city of transverse elastic w ave v 13 as a function of temp erature and

intensity of polarisi ng electric Ùeld in the T GS crystals doped with the C r3+ ions at the

concentration of 0. 5%.

Fig. 5. Elastic wave damping coe£cient B 13 as a function of temp erature and intensity

of polari sing electric Ùeld for the T GS crystals doped w ith the C r ions at a concentration

of 0.5%.

In each case electri c Ùeld causes the dim inishi ng of the elasti c susceptibi l i ty
m odul us S in the ferro electri c phase, and thi s change is larger when the tem per-
ature of the crysta l appro aches the phase tra nsiti on point. Mo reover, the electri c
Ùeld causes the expansi on of the cri ti cal area and i ts dri ft to wards hi gher tem per-
ature. The values of the m odul us S f or the TG S crysta ls doped wi th the Cr 3 +

ions are slightl y lower tha n tho se m easured for the crysta ls doped wi th 2-APd and
slightl y larger tha n tho se in the pure TG S crysta ls [9].

The typi cal tem perature dependencies of the scatteri ng coe£ cients B 1 3 of the
elastic wa vesobta ined at di ˜erent intensi ti esof polari sing electri c Ùeld f or the TG S
crysta ls doped wi th the Cr 3 + ions are shown in Fi g. 5. From the studi es i t fol lows
tha t for the TG S crysta ls doped wi th the Cr 3 + ions in the ferro electri c phase
far from the pha se tra nsiti on tem perature the dam ping coe£ cient is indep endent
of electri c Ùeld intensi ty . On the other hand, the strong inÛuence of the electri c
Ùeld on the value of B 13m ax (the m axi mum value of the dam ping coe£ cient in the
vi ci ni ty of the phase tra nsiti on temperature) was found. Al ong wi th increase in
the electri c Ùeld intensi ty , the value of B 13ma x decreases and sim ul ta neously the
hal f-wi dth of the B 1 3 = f ( T ) curve also increases. The temperature corresp ondi ng
to B 1 3 i s shifted to ward higher tem peratures.
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At the tem peratures far from the tra nsiti on point, the inÛuence of the electri c
Ùeld on the value of B 1 3 i s negl igible but it becomes more and m ore signi Ùcant as
the temperature appro aches Tc .

At tem perature 300 K, values of B 1 3 are equal to 257 1/ s for the undo ped
TG S crysta ls, 482 1/ s f or TG S crysta ls doped wi th chrom ium ions Cr 3 + and
243 1/ s for the TG S crysta ls doped wi th 2-APd. The value of B 13ma x (the m axi -
m um value of the dampi ng coe£ cient close to the phase tra nsi ti on tem perature)
reaches a maximum value for crysta ls doped wi th 2-APd and the minimum value
for the TG S crysta ls doped wi th the Cr 3 + chrom ium ions [9].

4 . D iscu ssio n of t he r esul ts

The presented results of inv estigati ons of the doped TG S crysta ls show the
di stinct increase in the elastic wa ves veloci ti es, v , in the ferroelectri c phase wi th
increase in the intensi ty of po lari sing electri c Ùeld along the b-axi s. No inÛuence of
electri c Ùeld on the appro xi m ated values of wave velociti esin the paraelectri c phase
wa s, however, observed. These f acts m ay be related to the intera cti on between
the electri c Ùeld and dipole m oments of the uni t cells. The electri c Ùeld causes
arra ngement of the TG S m oleculesso tha t they gain some potenti al energy in thi s
electri c Ùeld. Thi s energy is added to the energy of crysta l bonds, whi ch leads to
the growth of the molecular forces. In consequence, we may observe tha t vel ociti es
of the elasti c wa ves increase.

The electri c Ùeld may also ampl i fy one parti cul ar di recti on of vi brati ons of
ions in a crysta l latti ce and in e˜ect the pri nci ple of equiparti ti on of energy on
the indi vi dual degrees of freedom m ay be not fulÙlled. Thi s e˜ect ri ses wi th the
intensi ty of the electri c Ùeld. In consequence, a di ˜usi on of the distri buti on of ion
vi bra ti on frequency in a crysta l latti ce ta kes pl ace whi ch results in a broadening
of the region of the abnorm al changes of wa ve vel ociti es coupl ed wi th the shi ft of
thi s region to wards higher tem perature.

In the paraelectri c phase, no dipole m oments exi st in the uni t cells and thi s
is a reason tha t no inÛuence of the electri c Ùeld on the elasti c wa ve veloci ti es is
observed.

Al l relati onshi ps B 1 3 = f (T ) are characteri sed by disti nct m axi ma at the
tem peratures cl ose to the phase tra nsiti on point. Such m axi mum is connected
wi th scatteri ng of m echanical energy duri ng phase tra nsiti on in a crysta l (the Ûuc-
tua ti ons of the arra ngement param eter). Our inv estigati ons showed tha t dampi ng
coe£ cients depend on the nature and the di recti on of the waves propagati ng in a
crysta l . The wa ves propagati ng along the x -axi s and responsibl e for di splacement
of m olecules along the z -axi s are the m ost strongly scattered wa ves, whi le the lon-
gi tudi na l waves propagati ng along the z -axi s, underg o less disti nct scatteri ng [9].

No convi nci ng evi dence has been found tha t in the ferroelectri c phase there
m ay exi st close relati onshi p between dampi ng coe£ cients and the electri c Ùeld
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intensi ty . However, there is a stro ng dependence between these quanti ti es in the
vi ci ni ty of the phase tra nsiti on point.

A proposal of some expl anati ons m ay be given ta ki ng into considerati on the
resul ts presented in Ref. [10] rela ted to form atio n and decay of weak bonds between
chains of glycine I I, glyci ne I II, and the group of SO2 À

4 at the tem peratures close
to T c . T aking into account the stati stical character of form atio n and breaki ng of
these bonds, i t m ay be assumed tha t probabi l i ti es of the form ati on and breaki ng
of the bonds are described by two di ˜erent functi ons of tem perature. At each
tem perature from the cri ti cal region an equi libri um between the num ber of the new
form ed and broken bonds is establ ished. The num ber of m olecules parti cipati ng
in such processes is an ascending functi on of tem perature. The functi on reaches
a m aximum value at a speciÙed tem perature and then decreases. The maxi mum
value of the functi on and its hal f-wi dth depend on the physi cal properti es of the
crysta ls. As the form atio n and breaki ng of bonds lead to non-elasti c distorti on
of the crysta l , the energy loss of the pro pagati ng elasti c wa ve wi l l be dependent
on these distorti ons. The am ount of non-elastic distorti ons is dependent on the
num ber of m olecules parti cipati ng in such pro cessesat a given tem perature.

At the tem perature equal to T c , thi s functi on reaches i ts m axi mum whi ch
corresponds to the m axi mum of the curve B 1 3 = f ( T ) :

The electri c Ùeld causes the tem perature dispersion of thi s num ber of mole-
cul es whi ch parti cipate in the processes of form atio n and decay of the bonds as
wel l as the shift of thei r m axi mum numb er towa rds higher tem perature wi th the
increase in the electri c Ùeld intensi ty . Thi s fact is reÛected in the behavi our of the
dam ping coe£ cients (see Fi g. 5).

The increa se in the electri c Ùeld leads to the decrease in the maxi mum
value of dampi ng coe£ cients and to the increase in the hal f-wi dth of the curve
B 1 3 = f ( T ) at E = const :
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