
Vol . 101 (2002) ACT A PHY SIC A POLON IC A A No . 2

T he E ˜e ct of A gei ng P ro cess

on th e E le ctrog y r ation

of De u te rate d T rigly cin e Su l phate

C ry stals

M . K o r a l ew sk i, J. St ankow sk a and S. H abr y ¤o

Inst i tut e of Physics, A. Mi cki ewi cz Uni versi ty

U multowsk a 85, 61-614 Pozna¥, Poland

(Received June 18, 2001; revi sed version November 19, 2001)

Th e p aper rep or t s results of a stu dy of opt i cal acti vity and ferro electric
prop erties of re juvenated and aged deuterated triglyci ne sulphate crystals . A
p ossibi li ty of monitoring of the ferro electric crystal ageing pro cess by optical

measurements w as pro ved. A linear relation betw een optical rotatory pow er
£ and spontaneous polari zatio n P s w as conÙrmed for aged and rej uvenated
deuterated triglyci ne sulphate crystals.

PAC S numb ers: 77.80.Bh , 78.20.Ek

1. I n t rod uct io n

The opti cal acti vi ty (OA) of tri glycine sulphate crysta l (T GS) along the
opti cal axi s (k k opti cal axi s | isotro pic di recti on) was f or the Ùrst ti m e observed
by Herm elbra cht and Unruh [1] in 1970 and shortl y after thei r report conÙrm ed
by Vl okh et al . [2]. These autho rs have pro ved a l inear relati onshi p between the
opti cal ro ta to ry power (£ ) and sponta neous polari zati on (P s). La ter our works [3, 4]
pro vi ded experim enta l conÙrm ati on of the enanti omorphi c character of dom ains
in the ferroelectri c TG S crysta ls on the basis of the measurements of the hysteresi s
loop of the opti cal ro ta to ry power in the di recti on of the opti cal axi s. The resul ts
were the Ùrst experim ental veri Ùcati on of the predi cti ons of Shuvalov et al . [5].
The enanti omorphi c character of TG S dom ains was conÙrmed by Ko bayashi et
al . [6] for the ani sotro pi c di recti on (k k y | ani sotro pi c di recti on). For the last
two decades the opti cal acti vi ty of TG S typ e crysta ls has been studi ed in deta i l by
several autho rs [6{ 9] and a correl ati on between the electrogyra ti on and ferro electri c
pro perti es has been well documented. A l inear relati onshi p between £ and P s as
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wel l as a possibi l i ty of observati on of the hysteresi s loop of the opti cal ro ta to ry
power indi cates tha t opti cal acti vi ty m easurem ents can be successful ly used to
study ferroelectri c crysta ls.

One of the m ost im porta nt probl ems studi ed in ferroelectri c crysta ls is thei r
ageing m ani fested as stabi l izati on of sponta neous polarizati on. Thi s pro cess leads
to ti me changes of certa in physi cal param eters such as P s; " , E c. The ageing of
TG S crysta ls has been m ainly studi ed by dielectri c m etho ds [10{ 12], whereas the
opti cal aspects have been rather sporadical ly a subject of concern.

The aim of the paper is to show tha t the pro cess of ageing of the ferro-
electri cs crysta ls can be m oni to red by measurements of the electrogyra ti on ẽ ect.
The m easurements reported have been perform ed for a deutera ted TG S (DTG S)
crysta l .

2 . E x per i m en t a l

D TG S crysta ls were grown by the dyna mical m etho d from a satura ted heavy
wa ter soluti on of DTG S. The degree of deutera ti on (X ) of TG S crysta ls was de-
term ined by m easurements of the Curi e temperature T C and on the grounds of
paper of Bçrezina and Smutn y where a relati on between T C and the deutera ti on
degree can be found [13]. The m ost deutera ted TG S crysta l (X ¤ 9 0 % ) was chosen
for measurements. The sam ples were cut out from a bul k crysta l perpendicul arly
to the ferro electri c axi s and the opti cal axi s (at Ñ = 6 3 2 : 8 nm ) for dielectri c and
opti cal m easurements, respecti vely.

OA m easurement pro cedure and experi menta l set up was the same as de-
scribed previ ousl y [3, 4]. Both sam ples | for dielectri c and OA m easurements |
were rejuvena ted in the same way (wi tho ut electro des) by annealing for 24 hours
at 363 K.

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

Sponta neous polari zati on of the D TG S crysta l studi ed has been determ ined
for rejuvena ted and aged sampl es,Fi g. 1. The value of P s of the rejuvena ted sampl e
is hi gher as expected in vi ew of earl ier reports [12]. The sponta neous polarizati on
and the tem perature dependences of the opti cal rota to ry power are shown in Fi g. 2.
The tem perature dependence of the opti cal ro ta to ry power above the Curi e point
is constant and equal to zero but below the TC thi s dependence shows a sim i lar
behavi our as P s vs. T . A least squares l inear regression m etho d was used to check
the proporti onal i t y between £ and P s . A l inear rel ati onshi p between £ and P s

has been found (see Fi g. 2), simi larly as for other crysta ls f rom the TG S famil y
[1{ 4, 14]:

£ = £ P s ; (1)

where £ is the proporti onal i t y coe£ cient.
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Fig. 1. Temp erature dependence of spontaneous p olari zatio n P s for aged (2 ) and re-

j uvenated (£ ) DT GS crystals.

Fig. 2. The optical rotatory pow er £ of aged ( ; 2 ) and rej uvenated (£ ; ¯ ) DT GS crystals

versus temp erature (£ ; 2 ) and spontaneous polarizati on P s ( ; ¯ ) ( Ñ = 632: 8 nm).

The smal l negati ve value of intercept m ay be noti ced (see Fi g. 2) but it is
below error bar and m ay be neglected. The coe£ cient £ was calculated as slope
of £ vs. P s and is given in T able. Slightl y higher value of the coe£ cient £ for
aged crysta l o f D TG S in compari son to rejuvena ted one may be seen (T able), i t
suggests tha t the value of thi s coe£ cient may be useful as som e indi cati on of aged
state of ferroelectri c crysta ls. The values of £ for rejuvena ted and aged D TG S are
hi gher tha n tho se for TG S crysta l [1{ 3].

The e˜ect of ageing on electro gyra ti on phenom enon is the m ost pro nounced
in the hysteresi s loop of the opti cal ro ta to ry power recorded for aged and rejuve-
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T ABL E

Some parameters for aged and rej uvenated
samples of DT GS crystal (T = 2 93 K , Ñ =

632 : 8 nm).

Parameter DT GS

aged rej uvenated

T C [K ] 332. 7 332. 7

P s [ 10À 2 C m À 2 ] 2. 6 3.2

£ [ 1 0
À mm 2. 8 3.0

£ m C 1. 85 1.63

K 4. 33 4.40

K {4. 34 {4. 41

Ñ ñ m ] 0. 105 0.105

Fig. 3. H ysteresis loops of the optical rotatory pow er (a, b) and ferro electric hysteresis

lo ops (a ,b ) for aged (b, b ) and rej uvenated (a, a ) DT GS crystals ( T K and

Ñ : nm ; the value of the measuring Ùeld intensity is di˜erent for the cases show n

in parts (a ) and (b )).

nated DTG S, shown in Fi g. 3. The aged sam ples reveal unipolari t y clearly mark ed
in the two typ es of hysteresi s loops, Fi g. 3b, b . The pro cess of rejuvena ti on leads
to sym metri zati on of the two typ es of hysteresi s loops, Fi g. 3a, a . The uni po lari ty
of the loops is related to the di recti onal polarizati on appeari ng in aged ferroelec-
tri c crysta ls or in the crysta ls defected by adm ixtures of f oreign ions or gam ma
or X- ray i rradi ati on. Sim i lar asymm etri c hysteresis loops of the opti cal ro ta to ry
power have been observed for TG Scrysta ls upon X- ray i rra diati on [14]. The uni po-
lari ty is cancelled by rejuvena ti on at a temperature higher tha n (as described
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earl ier) or pl acement of the crysta l in a constant electri c Ùeld of appro pri ate value
and di recti on, the so-cal led bi as Ùeld E b . The value of E b can be determ ined f rom
the ferroelectri c loops or electro gyra ti on loops. For the DTG S crysta l studi ed,
thi s value is close to 3 kV mÀ 1 and is low relati ve to the bias Ùeld observed for
defected [14] or alani ne adm ixtured crysta ls [15].

D ispersion of the opti cal ro ta tory power at room tem perature has been stud-
ied for aged and rejuvena ted sam ples, Fi g. 4. The experim enta l points are well
described by the Born{ Vy çsÇ±n equati on

£ =
X

i

K 0

i
Ñ 2

( Ñ 2
À Ñ 2

i )
+

K

Ñ À Ñ
; (2)

where Ñ i s the characteri sti c absorpti on wa vel ength (the wavel ength corresp ond-
ing to the m axi mum of the real or e˜ecti ve absorpti on band), K and K are
constants describing the crysta l l ine and m olecular contri buti ons. The calcul ati ons
were restri cted only to the case of i = 1 , and were perform ed by least squares
m etho d. The di spersion curves are para l lel and the value of £ f or an aged crys-
ta l di ˜ers by a constant from tha t for a rejuvena ted one. The parameters of thi s
equati on are given in Tabl e. Ana lysis of the param eters of Eq. (2) and di spersion
curves shows tha t the crysta l l ine and m olecular contri buti ons have close values
but of di ˜erent sign, see the values of K in T able. Unf ortuna tel y, the spectra l
range studi ed is to o far from the absorpti on bands and we are not able to identi fy
the opti cal chrom ophores responsibl e for OA of the crysta ls and to pinp oint these
whi ch induce the change of di spersion in the aged crysta ls. R esults of the hi therto
research suggest tha t the m ain contri buti on to OA of TG S typ e crysta ls com es
from glyci ne I (G ly I), because of the proporti onal i ty between £ and P s and the
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fact tha t the di polem om ent of Gly I, responsi ble f or the ferroelectri c pro perti es of
TG S typ e crysta ls, bri ngs the greatest contri buti on to P s . The electron tra nsi ti ons
responsibl e f or OA are local ised in the carboxyl and hydro xyl groups of Gly I [16].
As a resul t of ageing som e glyci nes of Gly I becom e Ùxed wi th respect to the plane
y = 1 =4 . Thi s leads to a decrease in P s and also means tha t the asym m etry of
the chro m ophores wi ll be di sturb ed to a lower degree or not disturb ed at al l . Thi s
m eans tha t the num ber of Gly I for whi ch the rota to ry strength R k , expressed
by a scalar pro duct of the electri c dipole tra nsiti on m oment ñ e

k
and the m agneti c

di po le tra nsiti on m oment ñ m
k

as R k = ñ e
k

ñ m
k

6= 0 , decreases leadi ng to a decrease
in R k . Consequentl y, the opti cal ro ta to ry power of the aged crysta l weakens.

In concl usion, we can say tha t observati ons of electrogyra ti on e˜ect can
be appl ied for m oni tori ng the process of ageing of TG S typ e crysta ls and other
ferro electri c crysta ls, and tha t there is a strong correl ati on between the opti cal
acti vi ty and ferroelectri c properti es of these crysta ls.
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