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Temp erature dependence s of the linear dimension L ( T ) and sponta-

neous polari zati on P s( T ) for tri glycine sulphate and glycine posphite single
crystals have been measured in the same run of temp erature. A decrease
in the spontaneous electrostriction coe£cient Q L of both crystals studied
is displayed w hen approaching the corresp ondi ng phase transition point T c .
A temp erature dep endence of the coe£cients Q L ( T ) show s that the rates
of temp erature changes of displ acement of the atomic complexes of corre-
sponding crystal structure forming the square of spontaneous polariz atio n
P 2

s (primary order parameter ) and the displa cements of all atomic complexes
forming the spontaneous linear thermal expansio n £ L s =L (secondary order
parameter) are di ˜erent. T he applyin g external electric Ùeld E = 3 È 1 05 V /m
to triglyci ne sulphate crystal does not inÛuence essentially the temp erature
dep endence of Q L ( T ) in the temp erature range of phase transition b elow T c .

PACS numb ers: 77.80.Bh

1. I n t rod uct io n

Cr i ti cal behavi or of ferro electri cs at the conti nuous phase tra nsi ti ons is often
stu died not onl y by m eans of the investigatio n of the tem perature dependence of
sponta neous polarizati on P s( T ) [1{ 4],

P s ( T ) = A P ( T c À T ) ; (1)

(593)
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but also using the sponta neous parts of such dependences f or di ˜erent physi cal val -
ues Y s ( T ) (l inear dim ensions of crysta l , opti cal bi ref ringence, ref racti ve index and
others) [5{ 7]. As i t was determ ined in the investigati ons of kno wn f erroelectri cs,
e.g. BaTi O 3 [2, 8], in the crysta ls wi th a symm etry center in the paraelectri c phase
the quadra ti c relati on between such the values Y s (T ) and sponta neous polarizati on
P s ( T ) in the ferroelectri c phase ta kes place

Y s ( T ) = Q Y P 2
s ( T ) = Q Y A 2

P (T c À T ) 2 Ù = A 2
Y ( T c À T ) 2 Ù

0

: (2)

The aim of the present investigati on was to study the tem perature
dependences of the coe£ cients of sponta neous l inear electrostri cti on Q = Q

for tri glycine sulphate, (N H 2CH 2COOH ) 3 Â H2 SO4 (T GS), and glyci ne posphi te,
(NH 2 CH 2 COOH ) Â H3 PO3 (GPI), single crysta ls. Both crysta ls possess a sym -
m etry center in the paraelectri c phase [8, 9]. If the coe£ cient Q depends on
tem perature, then the inequali ty Ù 6= Ù ta kes place. T aki ng into account tha t
the index Ù of the power- l ike dependence characteri zes a veloci ty of tem perature
change of corresp ondi ng characteri sti cs of crysta l , the nontri vi al tem perature de-
pendence of thi s coe£ ci ent, Q (T ) 6= const, could testi fy to di ˜erent ra tes of
tem perature changes of displ acement of the ato mic com plexes of the crysta l struc-
ture form ing the square of sponta neous polari zati on P 2

s and the displ acements of
al l ato m ic com plexes form ing the sponta neous l inear therm al expa nsion of crysta l
£ L s =L . Such tem perature dependences were al ready di splayed in opti cal studi es in
TG S [10], di lato metri c m easurements of dim ethyl ammoni um alum inum sulphate
hexahydra te (D MAAl S) [11] and GPI [12] crysta ls. But these results were obta ined
usi ng only the ref erence data on tem perature dependences of sponta neous polar-
izati on [8, 13{ 15]. In thi s paper the sim ul taneo us m easurements of di lata ti ve and
pyro electri c inv estigati ons of TG S and GPI crysta ls were conducted to veri fy the
conclusi on about tem perature dependences of sponta neous electrostri cti on e˜ect
obta ined in the papers [10{ 12].

Simul ta neous m easurements of temperature dependences of pyro electri c sig-
nal and l inear dim ension of crysta l l ine sam pl esof TG S and GPI (Fi g. 1) were con-
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ducted using the standard equipm ent f or pi roelectri c measurement and the quartz
di lato meter of capacito r typ e [11, 12] wi th a preci sion LC R-m eter HP 4284A. Con-
ducti ng liqui d silver paste wa s deposited on two opposite ferro electri c sides of pl ate
para l lel crysta l l ine sampl e of the typi cal dim ensions of 1 0 È 7 È 2 mm 3 (Fi g. 1).
The tem perature in the chamb er wa s contro l led wi th an accuracy not wo rse tha n
5 È 1 0 À 3 K. One magnitude on cool ing run 1 K/ m in was measured in experim ents.

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

For both crysta ls the square of polari zati on P 2
s and the corresponding relati ve

sponta neous expansion £ L s =L do not depend linearl y upon tem perature T , and
character of these dependences corresp onds to di ˜erent m agnitudes of the indi ces
Ù P s = Ù and Ù£ L s = Ù 0 of the power-l ik e dependences (1) and (2) :

Ù < Ù 0 < 0 : 5 : (3)

On the basis of thi s relati on one can suggest tha t in polar phase of TG S crys-
ta l the rates of tem perature changes of di splacement of the ato mic com plexes of
the crysta l structure form ing the square of sponta neous polari zati on P 2

s and the
di splacements of al l ato mic com plexes form ing the sponta neous l inear therm al
expansi on of crysta l £L s =L are di ˜erent.

T aki ng into account tha t the relati ve sponta neous expansi on £ L s =L i s pro-
porti onal to the square of sponta neous polarizati on P 2

s ,

£ L x s =L x = Q L x P 2
s ; (4)

we have calcul ated the coe£ cients of sponta neous electro stri cti on Q , for TG S
and GPI crysta ls (Fi gs. 2, 3). In both casesthe coe£ cient Q essential ly decreases
when approachi ng the corresp ondi ng phase tra nsi ti on tem peratures T c in the fer-
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roelectri c phase. In a relati vel y wi de temperature range of the ferro electri c phase
of TG S crysta l , 290{ 320 K, thi s decrease is appro xi matel y 20% of the magni tude
Q L at the ini ti al tem perature T = 2 9 0 K: f Q L (2 9 0 ) À Q L ( 3 2 0 ) g =Q L (2 9 0 ) = 0 : 2 .
The greatest decrease in Q L (¿ 50%) ta kes place in the narrow tem perature range
of 320{ 323 K in the vi cini ty of the phase tra nsiti on point Tc = 323 K (Fi g. 2).
The m agni tude of the electrostri cti on coe£ cient Q L x of TG S crysta l for room
tem perature obta ined, Q L x ¤ 1 :2 m4=C 2, agrees wel l wi th the data of [16].

In contra st to TG S crysta ls, the main decrease in Q L b coe£ cient of appro x-
im atel y 80% f or GPI one ta kes pl ace in the wi de tem perature range of 198{ 223 K
(Fi g. 3). Thi s di ˜erence can be connected wi th the fact tha t the phase tra nsi ti on
in GPI is pl aced on the correspondi ng phase di agram closer to the tri cri ti cal point
tha n the one in TG S crysta l [14]. As the result GPI shows a hi gh hydro stati c pres-
sure sensiti vi ty of the PT point T c , four ti mes greater tha n the one for TG S [17].
Ana logous to GPI behavi or of tem perature dependence of the coe£ cient Q L ( T )

i s characteri sti c of the ferroelectri c pha se of DMAAl S crysta l [11], whi ch is also
cl ose to the tri cri ti cal point at the norm al condi ti ons.

A decrease in the coe£ cient Q L when appro achi ng the phase tra nsi ti on
points T c of pro per ferroelectri cs TG S and GPI in polar phasesconÙrms the above
form ulated suggestion relati ng to the nonequali ty (3) and shows tha t the di ˜er-
ence, between the rates of tem perature changes of di splacement of the ato m ic
compl exes of the crysta l structure form ing the square of sponta neous polarizati on
P 2

s (pri m ary order parameter) and the displ acements of al l ato mic com plexesform -
ing the sponta neous l inear therm al expa nsion of crysta l £ L s =L (seconda ry order
parameter), is evi dentl y inv erse proporti onal to the tem perature separati on f rom
the corresp ondi ng phase tra nsiti on points (T c À T ) .

T o study an inÛuence of externa l electri c Ùeld on the tem perature depen-
dence of coe£ cients of sponta neous electrostri cti on we have conducted analogous
m easurements for TG S crysta ls by means of appl yi ng the externa l electri c Ùeld
E = 3 È 1 0 V/ m along the polar y -axes. An inÛuence of thi s Ùeld changes es-
senti al ly the form s of tem perature dependences of P 2

s ( T ) and £ L s =L = f ( T )

(Fi gs. 4, 5). These dependences become m ore close to the l inear one on tem per-
ature, m ore smooth in the region of the phase tra nsiti on point (Fi gs. 4, 5). In
the range of 300{ 320 K the coe£ cient of sponta neous electrostri cti on Q slightl y
increases ( ¿ 5%) and decreases in the range of 320{ 325 K ( ¿ 10%) (Fi g. 6). Thus
a decrease in the coe£ cient of sponta neous electrostri cti on Q in the range of
320{ 325 K close to the phase tra nsi ti on point of TG S crysta l can be regarded
as a stabl e peculiari ty , not depending up on the presence of externa l electri c Ùeld
E = 3 È 1 0 V/ m. In the case of externa l electri c Ùeld, the indi ces Ù and Ù

of the power- l ike tem perature dependences (2) becom e interm ediate between the
correspondi ng magni tudes wi tho ut externa l electri c Ùeld and the m agni tude of 0.5:
Ù < Ù < 0 : 5 :

T o determ ine the tem perature dependence of polari zati on current I p ( T ) and
then the tem perature dependence of sponta neous polari zati on P s( T ) we have used
the kno wn f act tha t in a pyro electri c m easurement the sign of polarizati on cur-
rent I p one- to -one corresp onds up on the sign of change of tem perature dT . W hen
tem perature increases(d T > 0 ) the electri c current I i m easured can be wri tten in
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Fig. 4. Temp erature dep endences of the square of spontaneous polarizati on P
2
s ( T )

for electricall y free sample of T GS crystal (solid line) and for sample w ith the applyin g

external electric Ùeld E = 3 È 10 5 V /m along the y -direction of spontaneous polari zatio n

(dashed line).

Fig. 5. Temp erature dep endences of the relative spontaneous expansion £ L sx =L x along

the crystal physical x -direction for electricall y free sample of T GS crystal (solid line)

and for sample w ith the applyin g external electric Ùeld E = 3 È 10 5 V /m along the

y -direction of spontaneous polariza tion (dashed line).

Fig. 6. Temp erature dep endences of the square of spontaneous polariza tion P 2
s ( T ) , the

relative spontaneous expansion £ L sx =L x along the crystal physical x - direction and the

corresp ondi ng coe£cient of spontaneous linear electrostriction Q Lx ( T ) for T GS crystal

w ith the applyin g external electric Ùeld E = 3 È 10 5 V/m along the y -direction of

spontaneous polariz atio n.

the fol lowing form :

I i = I c À I p ; (5)

where I c i s the conducti vi ty current and I p i s the polarizati on one. In the case of a
decrease in tem perature (dT < 0 ) the rela ti on for the electri c current I d measured
ta kes another f orm :

I d = I c + I p : (6)

From Eqs. (5) and (6) one can obta in easily the relati ons for the conducti vi ty I c

and polari zati on I p currents

I c = ( I i + I d ) =2 ; I p = ( I d À I i )= 2: (7)
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Fig. 7. Temp erature dep endences of the current I ( T ) measured for y - direction of spon-
taneous p olarizati on of T GS crystal for the increase (I i ) and decrease ( I d ) of temp erature

w ith applyin g external electric Ùeld E = 3 È 10 5 V /m along the y -direction: I p and I c

are the polarizati on and conductivity comp onents of I current, resp ectively .

Fig. 8. Dep endence of logarithm of the inverse conductivity current log ( I À 1
c ) up on the

inverse temp erature T À 1 for the y -direction of spontaneous polariz atio n of T GS crystal

w ith the applyin g external electric Ùeld E = 3 È 10 5 V /m along the y -direction.

The correspondi ng results for TG S crysta l are shown in Fi g. 7. An extrem e l ike
behavi or of the dependences I ( T ) and I p ( T ) are caused by the fast tem perature
change of sponta neous polari zati on P s near the phase tra nsiti on tem perature T c .
Because of a slight relati on between electri c conducti vi ty and sponta neous polar-
izati on of the crysta l the tem perature dependence of conducti vi ty current I c ( T )

does not displ ay vi sibly any anomaly at T c . But presenti ng the temperature depen-
dence of conducti vi ty current I c ( T ) in the coordi nates log( I À 1

c ) À ( k T ) accordi ng
to the kno wn exp onenti al form

I c ( T ) ¿ exp( À E a =k T ) ; (8)

one can see the di stinct break at the phase tra nsi ti on point of TG S crysta l (Fi g. 8).
Thus, the paraelectri c and ferroelectri c pha ses of TG S crysta ls are character-
ized by di ˜erent acti vati on energies of electri c conducti vi ty: E

p
a = 0:39 eV and

E
f

a = 0:69 eV. Thi s is a result of the consi derabl e reconstruct ion of extri nsic
energy states of TG S crysta l caused by the structura l reconstruct ion at the phase
tra nsiti on. The corresp ondi ng charge carri ers can be as extri nsic parti cl es or de-
fects of the m ain crysta l structure. The hi gh temperature paraelectri c phase of
TG S crysta l is characteri zed by a smal ler acti vati on energy E a of extri nsic con-
ducti vi ty , whereas the deeper tra ps f or the correspondi ng carri ers are characteri stic
of the low tem perature ferroelectri c pha se.

1. A decrease in the sponta neous electro stri cti on coe£ cient Q of the pro per
ferro electri c crysta ls TG S and GPI is displayed when appro achi ng the cor-
respondi ng phase tra nsi ti on point T c :

2. The tem perature dependence of the sponta neous electro stri cti on coe£ cient
Q ( T ) of TG S and GPI crysta ls shows tha t the rates of tem perature changes
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of displacement of the ato mic compl exes of the corresp ondi ng crysta l struc-
ture form ing the square of sponta neous polari zati on P 2

s (pri mary order pa-
ram eter) and the di splacements of all ato m ic com plexes form ing the spon-
ta neous l inear therm al expansion £ L s=L (secondary order param eter) are
di ˜erent. Thi s di ˜erence is evi dentl y inv erse pro porti onal to the tempera-
ture separati on from the phase tra nsiti on point (T c À T ).

3. The m ain tem perature change of the sponta neous electrostri cti on coe£ cient
Q L of TG S crysta ls ta kes pl ace in the relati vel y narrow range below T c ,
Â T = T c À T ¤ 3 K, whereas for GPI crysta l thi s change ta kes place in a
m uch wi der range, Â T ¤ 2 0 K. Thi s result can be connected wi th the f act
tha t the phase tra nsiti on in GPI is closer to the tri cri ti cal one tha n tha t in
TG S crysta l .

4. The appl yi ng externa l electri c Ùeld E = 3 È 1 0 5 V/ m to TG S crysta l does
not inÛuence essential ly the decrease in the coe£ cient of sponta neous elec-
tro stri cti on Q L in the tem perature range of 320{ 325 K below T c . In thi s
case the indi ces ÙE and Ù 0

E
of the power- l ike tem perature dependences (2)

become greater tha n the analogous ones wi tho ut externa l electri c Ùeld, but
stayi ng smal ler tha n 0.5.

5. The high tem perature paraelectri c phase of TG S crysta l is characteri zed by
the acti vati on energy of extri nsic conducti vi ty , E

( p )
a = 0:39 eV, smal ler tha n

the one for the low tem perature ferroelectri c phase, E
( f )
a = 0:69 eV.
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