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D ielectric , dil at ometri c, and ultra sonic studies around t he ferro electric

phase transition at 319 K were done . Measurement of relati ve electric per-
mittivit y show ed the existence of a stron g bias Ùeld which causes in studied
samples some di ˜used character of phase transition . H owever, all presented

measurement conÙrmed the continuous character of phase transition. T he ob-
tained data are similar to those received earlier in the case of hydrogenated
glycine phosphite crystal.

PAC S numb ers: 77.80.Bh

1. I n t rod uct io n

Glyci ne pho sphite (GPI) is an interesti ng crysta l exhi bi ti ng ferro electri c
phase tra nsiti on at 223 K [1, 2]. So far num erous studi es includi ng structura l ,
ul tra soni c, opti cal , di electri c dispersion, and electri c Ùeld inÛuence on the crys-
ta l have been done [3{ 7]. At room tem perature the GPI belongs to the space
group P 2 1 =a . D euterated crysta l (D -GPI) is ferroelectri c at room tem perature
and i t belongs to the space group P 2 1 . In the GPI crysta l a stro ng isoto pe ef-
fect was observed and the shift of phase tra nsiti on tem perature upon deutera ti on
wa s equal to 97 K [8, 9]. Thus, the molecular m echanism of phase tra nsi ti on is
cl osely related to pro to n (deutero n) orderi ng along the c -axi s whi ch produces non-
compensated dipole mom ent along the ferro electri c b -axi s. Thi s dipole mom ent
ori ginates from di storti on of PO 3 H groups. Because of lack of experim ental data
related to characteri zati on of the phase tra nsiti on in deutera ted crysta l we decided
to study physi cal pro perti es of D -GPI crysta l by m eans of di electri c, di lato metri c,
and ul tra sonic metho ds.

(67)
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2. E x per i m en t a l

D -GPI polycrysta ls were obta ined by threef old recrysta l l izati on of hydro -
genated polycrysta ls of GPI f rom D2 O. Single crysta ls were grown f rom satura ted
soluti on of deutera ted polycrysta ls dissolved in D 2 O at constant tem perature of
303 K by slow evaporati on m etho d. D ielectri c and pyro electri c m easurements were
perform ed along the crysta llographi c b-axi s (f erroelectri c one) in order to check
qual i ty of the crysta l and to Ùnd coercive Ùeld and exi stence of interna l bias Ùeld
E b . The sizes of the used sampl es were 1 È 4 È 4 m m3 . The sampl es wi th the
length about 5 mm cut along the a ; b, and c Ê ( cÊ = c sin Ù) , crysta l lographi c di -
recti ons were prepared for crysta l therm al expansi on and ul tra sonic measurement.
Therm al expansion wa s studi ed by means of quartz capacita nce di lato m eter. Ca-
pacita nce was measured usi ng HP 4184 A R LC m eter at the frequency of 1 kHz
both for dielectri c and di lato metri c m easurem ent. The consta nt ra te of tempera-
ture changes was equal to 0.5 K / min and 0.1 K/ min in dielectri c and di lato m etri c
m easurements, respectivel y. D ielectri c and di lato metri c measurements were done
in the tem perature range290{ 340 K on heati ng run. Ul tra soni c m easurements were
carri ed out using conti nuous wa ve-echo overl ap m etho d [10] wi th an accuracy of
the order of 1 0 À 4

À 1 0 À 5 . The accuracy of the absolute vel ocity determ inati on was
about 1%. The acousti c wa ves were exci ted by Li NbO 3 tra nsducer wi th resonance
frequency f = 1 0 MHz and band wi dth Â f = 0 : 1 MHz. The ul tra soni c wa ve prop-
agati on was studi ed along the a; b, and cÊ axes in tem perature range of 290À 3 4 0 K.
The rate of temperature changes wa s about 0.1 K/ min.

3. R esul t s an d d iscu ssio n

The tem perature dependence of the di electri c perm i tti vi ty of the D-GPI
sam ples is shown in Fi g. 1a. The sharp m axi mum of relati ve electri c perm itti vi ty
observed at 319 K showed tha t degree of deutera ti on is very hi gh. It is in agreement
wi th previ ous observed Tc in deutera ted crysta ls [8, 9]. The maxi mum value of the
" i s not so hi gh and thi s is related to the exi stence of interna l bi as Ùeld (E b). From
hysteresi s loop observati on (Fi g. 1b) we found E b equal to 122 kV/ m at room
tem perature. Exi stence of E b i s very typi cal in the case of deutera ted crysta ls and
we coul d not Ùnd any sam ples free of interna l bias Ùeld.

The tem perature dependence of P s obta ined from pyro electri c m easurem ent
is characteri sti c of uni polar (m onodomain) state (Fi g. 1).

T emperature dependences of relati ve l inear expa nsion Â L i =L i along three
crysta l lographi c axes are shown in Fi g. 2.

No sharp anom alies of relati ve elongati on of the sam ples Â L i =L i were ob-
served along any crysta l lographi c di recti ons at T c . Sta rti ng from 290 K nearl y
l inear increase in elongati on is observed along the a -axi s up to 312 K and next we
deal wi th a conti nuous and round change of relati ve elongati on. At about 320 K
relati ve sam ple elongati on is again l inear and i ts increase is rather weak. On the
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Fig. 1. (a) Temp erature dep endence of dielectric constant and spontaneous polari zatio n

for D- GP I; (b) hysteresis loop observed in D- GPI .

Fig. 2. Temp erature dep endence of relative expansion Â L =L 0 .

contra ry the change of relati ve expa nsion along the b -axi s (f erroelectri c one) di -
m inishes. Round shape of thi s dependence is observed in the region of T c and
again l inear and weak dependence appears. Relati ve expansion along the cÊ -axi s
increases nearly l inearl y and no change of i ts character is observed at T c . D i ˜used
anom alies are m ost pro babl y caused by E b existence in the crysta ls.

T aki ng into account the changes of the sampl e lengths we could determ ine
the relati ve change of crysta l volum e as a functi on of tem perature. Temperature
dependences of relati ve volum e expa nsion Â V =V 0 ( V0 | volum e of the sampl e
at 273 K) and volum e expa nsion coe£ cient ˜ V as a functi on of tem perature are
i l lustra ted in Fi g. 3.

The tem perature dependences of the quasilongi tudi nal V1 ( q k a ; k ) ;

V 3 ( k
Ê ; k

Ê ) and pure longi tudi na l V 2 ( k ; k ) ul tra sonic wa ves (USW )
(here is the USW vector, is i ts polarizati on) in D -GPI crysta ls are presented
in Fi g. 4. The tem perature dependences of the changes of USW have practi cal ly
the same character in al l three di recti ons. W e observed di ˜used anomali es of the
ul tra soni c vel ociti es in the vi cini ty of the phase tra nsiti on from the paraelectri c
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Fig. 3. Temp erature dependence of relative volume expansion Â V =V 0 and expansio n

coe£cient ˜ V .

Fig. 4. The temp erature dependence of the quasil ongi tud in al V 1 and V 3 and pure lon-

gitudin al V 2 U SW velo cities of D- GPI crystal.

to the ferroelectri c phase. The changes of the USW velociti es have been smal ler
tha n for the GPI crysta l and round shape of the curves i seen near the T c i s
sim i lar to the elongati on m easurements. The rel ati ve changes of the USW veloc-
i ti es Â V i =V i ( i = 1 , 2, 3) here amount to 0.18, 0.09, and 0 : 2 6 % for the a; b,
and c Ê di recti ons, respecti vely. W e did not observe any remarkable changes of
USW veloci ti es for the pure tra nsverse V ( ; Ê ) and quasitra nsverse
V ( Ê ; ) at T = T c . Onl y smooth decrease in the veloci ti es wi th the
change of tem perature is observed as i t is seen in Fi g. 5. The changes of the
pure tra nsverse V ( ; ) USW velocity is presented in Fi g. 6 and a very
smal l ki nk on i ts tem perature dependence is seen at phase tra nsiti on tem perature.
General ly, the ul tra sonic results are qui te sim i lar to tha t we have obta ined for
the crysta l GPI. The values of the therm al coe£ cients, whi ch we have determ ined
wo uld not give any reasonabl e contri buti on to the changes of ul tra sonic m easure-
m ents so they were not considered in the tem perature dependence of vel ociti es.
The expl anati on of the observed in experim ent tem perature dependences of USW
vel ociti es results is based on the Landau theo ry . Using the metho d described in
[3] for GPI crysta ls we have wri tten
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Fig. 5. T he temp erature dependence of the pure transverse V 4 and the quasitransv erse

V 5 U SW velo city of D- GPI crystal.

Fig. 6. T he temp erature dependence of the quasitransverse V 6 U SW velo city of D- GPI

crystal.

Â C Ê

i j
= bi j P 2

0
À 4 a i a j P 2

0
= [ ! 2

p ( 1 + i ¨ § ) ] ; i; j = 1 ; 2 ; 3 ; 5 ; (1a)

Â C Ê

4 4
= b 4 4 P 2

0
; Â C Ê

6 6
= b6 6 P 2

0
; Â C Ê

4 6
= b 4 6 P 2

0
; (1b)

where Â C Ê

i j
| elastic consta nt, P 2

0
= A (T c À T ) =B i s the equi libri um value of the

sponta neous polari zati on, ! 2
p = A (T À T c ) | the soft m ode frequency, ¨ = 2 ¤ f

| the USW f requency.
Co mparing the exp erimenta l results presented in Fi g. 6 wi th Cri sto fel' s equa-

ti ons [3] and Eqs. (1a){ (1b) and assuming tha t ¨ § § 1 , one can see a good qual i -
ta ti ve agreement of the experim ent and phenomenological theo ry. Parti cul arl y, as
i t f ollows from Cri sto fel 's equati ons and Eq. (1a), the USW velociti es V1 ; V2 ; V3 ,
and V 5 should exhi bi t a sudden decrease at T c , since they conta in the contri bu-
ti ons of the real part of the elasti c consta nts whi ch underg o the negati ve j um ps
(Â C i j = À 2 a i a j =B , where i; j = 1 ; 2 ; 3 ; 5 ) at phase tra nsi ti on from para- to fer-
roelectri c phase. The changes in tho se USW velociti es below T c are caused by
the contri buti on of the Ùrst term of Eq. (1a), whi ch appears as a result of the
fourth- order anha rm onic intera cti on between the order param eter and deform a-
ti on (P 2 U 2 -typ e coupl ing). Thi s typ e of anharm onici ty gives the contri buti on onl y
into the real part leadi ng to quadrati c dependences of Vi on the equi l ibri um value
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of sponta neous polari zati on at T < T c . In the case of velocity V5 such behavi or is
not observed, whi ch is a very sim ilar situa ti on to pure crysta l GPI where we have
observed very smal l jum p f or tha t ul tra soni c m easurement. The behavi or of the
ul tra soni c vel ocit y V 4 is the exam ple tha t in some di recti on the vi sible changes of
parameters of ul tra sonic wa ves near the phase tra nsi ti on tem perature were not ob-
served [10, 11]. The anom alous tem perature changes in the pure tra nsverse USW
V 6 below Tc are caused by the fourth- order anharm onicit y only. The changes of
the elastic constants are pro porti onal to P 2

0 , see Eq. (1b), whi ch gives onl y the
ki nks on the V 6 (T) tem perature dependences at T = T c (Fi g. 6).

As the T c point is not seen clearl y in di latom etri c and ul tra soni c m easure-
m ents we regard as the pha se tra nsiti on point the Tc found in di electri c m easure-
m ent.

One can summari ze the presented resul ts as fol lows:

1. The exi stence of interna l bi as Ùeld is the characteri stic feature of D-GPI
crysta l .

2. D ielectri c consta nt and sponta neous polari zati on m easurements conÙrm ed
the conti nuous character of phase tra nsiti on.

3. Therm al expansion and ul tra sonic velociti es showed di ˜used anom alies in
the vi cini ty of phase tra nsiti on; i t is probably attri buted to the exi stence of
interna l bi as Ùeld whi ch inÛuence the expa nsion and ul tra soni c vel ocit y.
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