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Th e com plement ary measurements of the dielectri c disp ersi on in ferro -
electric phase of glycine phosphite crystal at the frequency range of 200 H z {
1 MH z have been carried out . T he analysi s of the dielectri c spectra of the low

frequency relaxation pro cess show ed that it can b e Ùtted by tw o Debye- typ e
relaxators. The activ ation energy of the both pro cesseshas b een calculated.
T he observed behaviour of the relaxators suggests that they are connected
w ith a domain structure ; one w ith the grow th of the nuclei w hereas the

second w ith the domain wall mo vement.

PAC S numb ers: 77.80.Bh

1. I n t rod uct io n

Glyci ne pho sphite crysta l ( N H+
3 CH 2 COOH )( H2 PO À

3 ) = Gly Â H3 PO3 , ab-
brevi ated as GPI has been kno wn for a long ti m e [1]. At room temperature the
structure of GPI is monoclini c wi th the space group P 2 1 =a and uni t cell dim en-
sions: a = 9 : 7 9 2 ¡A, b = 8 :4 8 7 ¡A, c = 7 : 4 1 1 ¡A, Ù = 1 0 0 : 4 3 £ ; Z = 4 [1]. There exi st
two typ es of centro sym metri c, disordered hydro gen bonds wi th a doubl e potenti al
wel l f or proto ns corresp ondi ng to O{ O distances of 2.482 and 2.518 ¡A.

Glyci ne phosphite crysta ls underg o a ferroelectri c, conti nuous, second- order
phase tra nsi ti on of the order{ di sorder typ e at T c = 224:7 K whi ch wa s observed
in dielectri c [2, 3], di ˜erenti al scanning calori metri c (D SC) [4], and l inear bi re-
fri ngence (LB) [5] m easurements. The sponta neous polari zati on P s i s para l lel to
two f old b-axi s and perpendicul ar to the inÙnite hydro gen bonded chains of the
phosphi te ani ons di rected along the crysta l lographi c c -axi s. The v alue of the spon-
ta neous polarizati on obta ined from the hysteresi s loop m easurement was equal to
about 5 È 1 0 À 2 C mÀ 2 at 170 K. The sym m etry of ferro electri c phase is expected
to be P 2 1 [ 2 ] . The very large isoto pi c e˜ect ( ¤ 9 8 K) found in GPI [4] and a sig-
ni Ùcant e˜ect of externa l pressure on tem perature of the phase tra nsi ti on T c give
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evi dences tha t the orderi ng of pro to ns play a very importa nt role in the molecular
m echani sm of phase tra nsiti on [6, 7]. The ul tra soni c studi es of the phase tra nsi-
ti on in GPI crysta ls indi cate a pseudoproper character of the ferroelectri c phase
tra nsiti on [8].

The infrared and R am an spectra [4] indi cate m ore com plex nature of the
phase tra nsiti on. There is a suggestion tha t orderi ng of the proto ns is coupled to
the moti on of the glyci ne cati ons. Recently, the resul ts of the dyna m ics of the
glyci ne m olecules in GPI crysta ls using the proto n NMR techni que have been
reported [9]. It is concl uded tha t the rota ti on about the long axi s of the glyci ne
m olecule is a typ e of moti on, whi ch inÛuences the phase tra nsiti on in GPI crysta l .

The dielectri c di spersion studi es give com plex inf orm atio n about the m icro -
scopic nature of the phase tra nsiti on. Up to now there are several works in whi ch
the resul ts of the di electri c di spersion studi es for GPI and deutera ted glyci ne
phosphi te (D GPI) crysta ls are reported [4, 10, 11]. D ielectri c dispersion inv esti -
gated in the frequency range of 100 Hz { 27 GHz showed a sing le relaxati on ti m e
(D ebye-ty pe relaxati on) in paraelectri c phase and the two well -di stri buted relax-
ati onal pro cessesin the f erroelectri c phase; the Ùrst one in the high frequency
range | f erroelectri c di polar dispersion (of the same nature as in the paraelectri c
phase) and the second one, observed only below T c , the low frequency relaxati onal
pro cess pro babl y related to the dom ain structure app earance and dom ain wa ll
m oti on. Thi s low frequency (100 Hz { 1 KHz) relaxati onal process wa s suppressed
at 90 MHz [10].

The aim of the presented paper is the compl ementary dielectri c inv estigati on
of the relaxati on pro cess of GPI crysta l at low frequency range up to 1 MHz. It
seems tha t m ore detai led m easurements at thi s range of the frequency al low us to
cl ari fy the m echanism of the low frequency dispersion.

2. E x per i m ent a l m et hod

The high qual i t y and tra nsparent crysta ls GPI were grown by a slow evap-
orati on m etho d from the satura ted water soluti on of stoichi om etri c quanti ti es of
glyci ne and phosphorus aci d at the constant tem perature T = 3 0 1 K. The m ain
surf aces of the b-cut sampl es were covered wi th silver electrodes. The mechani -
cal ly free sam ples were pl aced in a ni tro gen gas exchange chamb er of a cryostat.
The tem perature in the chamb er was contro l led wi th accuracy not worse tha n
5 È 1 0 À 3 K.

The setup al lows us to appl y an externa l dc vo lta ge up to 300 V. The
m easurement of the com plex electri c perm i tti vi ty " Ê ( ! ; T ) was perf orm ed in the
frequency range of 200 Hz { 1 MHz using the com puter- contro l led HP4 284A
LCR -meter. The Ùeld dependence of the electri c perm i tti vi ty at di ˜erent constant
tem peratures were obta ined under an externa l bias electri c Ùeld of an am pl i tude
300 kV / m and frequency 2 È 1 0 À 3 Hz.
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3. R esul t s an d d iscu ssio n

In the most investigated sampl es of GPI crysta ls the existence of interna l
bi as electri c Ùeld has been observed. The existence of thi s Ùeld can be vi sible dur-
ing the m easurement of the Ùeld dependence of electri c perm i tti vi ty at constant
tem perature above the phase tra nsiti on or in the Ùeld dependence of the tem per-
ature at whi ch the m aximum of electri c permi tti vi t y occurs. The m axi mal value
of interna l bias Ùeld was estim ated to be 15 kV/ m . From the hysteresi s loops the
values of the coerci ve Ùeld were calculated. The tem perature dependences of the
interna l bias Ùeld and the coerci ve one are shown in Fi g. 1. As it can be seen in
Fi g. 1, just below the phase tra nsiti on temperature, both Ùelds increase in the
sam e way and then they are pra cti cal ly tem perature indep endent. It concerns to
the narro w tem perature range (T c + 2:5 K) above the phase tra nsiti on tempera-
ture. The maximum of the bi as Ùeld is close to the value, whi ch was reported when
the nonl inear inv estigati on was perform ed [3].

Fig. 1. T he temp erature dependence of the bias electric Ùeld ( E b ) and the coercive

Ùeld ( E c) for GP I crystals.

Fig. 2. The Cole{C ole plots of GPI crystal for di ˜erent measuring electric Ùelds.

The GPI crysta l characteri zes the smal l coercive Ùeld (i t means the crysta l
is \ electri cal ly soft " ) so the strong e˜ect of the appl ied measuri ng Ùeld on the low
frequency relaxati on pro cessis exp ected. In Fi g. 2. there are presented diagram s of
" 0 against " 00 of the GPI crysta l for di ˜erent measuri ng electri c Ùelds. The resul ts
show signiÙcant contri buti ons of the domain swi tchi ng even i f a small m easuri ng
Ùeld is appl ied.

Mo re deta i led inf orm atio n connected wi th tha t pro cesswa sobta ined from the
m easurements of the com plex electri c perm i tti vi ty of GPI crysta ls in the tempera-
ture range about Â T = 1 0 K below T c and in the frequency range of 1 0 2

À 1 0 6 Hz.
In Fi g. 3. there are presented the dielectri c spectra of the low f requency relaxa ti on
pro cess for di ˜erent temperatures in the ferro electri c phase.

The asym metri c shape of the presented spectra suggests the di stri buti on of
relaxa ti on pro cesses.The perform ed com puter analysis showed tha t the obta ined
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Fig. 3. T he frequency dep endence of the real (a) and imaginary (b) part of the electric

p ermittivi ty of GPI crystal at di˜erent temp eratures. T he value of the measuring ac

Ùeld w as about 2 V /cm.

Fig. 4. T he frequency dependences of the imaginary part of the electric p ermittivi ty

of GPI crystal for the multidomain (a) and mono domai n (b) state.

di electri c spectrum can be Ùtted by two D ebye-typ e relaxa tors abbrevi ated later
as R 1 and R 2 . The Ùrst one has a maximum at about 1 0 5 Hz whi le the second
at about 7 È 1 0 5 Hz. The results are presented in Fi g. 4, where the mathem ati cal
analysis of the di electri c spectrum for mul ti domain and m onodam ain sampl e is
shown in Fi gs. 4a and b, respect ivel y.

In Fi g. 4. i t is easy to see tha t under an appl ied electri c Ùeld the R 1 pro cess
di sappears whi le the R 2 one exists in the same place and shape as in a multi domain
state. The acti vati on energy of both processesfrom the temperature dependence
of the macro scopic relaxati on ti m e was calculated accordi ng to Eyri ng ' s theory
of the reacti on pro cess rate. The m acroscopi c relaxa ti on ti me of thi s pro cess is
rewri tten as fol lows:

§ = §0 ( " c À "
1

) exp(Â U =k T ) ; (1)

where § and §0 are m acroscopic and micro scopic relaxati on ti me, respecti vely, " c

i s a maximum value of " 0; " 1 i s a constant, Â U i s the acti vati on energy for the
reorienta ti on of the electri cal dipoles. In our case " 1 is equal to 6.4. The value of
m acroscopi c relaxa ti on ti me (calcul ated after i ts satura ti on near the Curi e point)
is com parable wi th tha t of the hydro gen-bonded ferroelectri cs, for exam pl e in
one-dim ensional ferroelectri c CsH 2 PO 4 [12] or TG S-fam il y crysta l [13]. In Fi g. 5.
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Fig. 5. The temp erature dep endence of the relaxatio n time of the relaxators R 1 and R 2 .

Fig. 6. Electric Ùeld dependence of "
00

m a x of the relaxators R 1 and R 2 .

the temperature dependence of the relaxati on ti m e § i s shown. From the slope of
ln § vs. T À 1 the acti vati on energies of the both relaxato rs R 1 and R 2 were found
as fol lows: E 1 = 0 :6 1 5 eV and E 2 = 0 : 1 5 0 eV, respectively. The rati o of E 1 =E 2 i s
cl ose to 4.

Thi s ki nd of behavi our is observed only in the ferro electri c phase and it is
obvi ous to relate i t to the presence of the dom ain structure, whi ch inÛuences the
pro perti es of the f erroelectri c crysta l givi ng the contri buti on to i ts electri c perm i t-
ti vi ty . To decide wha t is the dom ain structure contri buti on to the low-frequency
relaxa ti on process, tha t is to say, whi ch m echanisms can be connected wi th the
presence of two relaxato rs, the externa l bias electri c Ùeld (hi gher tha n coercive
one) was appl ied. In Fi g. 6 the e˜ect of electri c Ùeld on the maxi mal value of
" 00

m ax of the both relaxato rs is shown. It is seen tha t when the value of the Ùeld is
m ore tha n coercive one, the relaxato r R 1 app ears. Thi s f act indi cates tha t the R 1

pro cess m ust be connected wi th the sideways dom ain wal l movement.
Al l the m odels proposed for appeari ng or reori enta ti on of dom ain structure

are based on the concepti on of the nucl eati on character of the pro cess [14{ 18]. In
general ly, thi s process involv es al l or som e of the fol lowing steps whi ch m ay take
pl ace: nucl eati on of isolated nucl ei of the reversed state, forwa rd growth of these
nucl ei thro ugh the thi ckness of the crysta l and in the end, sideways expansi on of
the dom ain.

The m ain assumpti on of nucl eati on models of the dom ain wal l m oti on is
tha t i ts sideways expansion is not a result of a uni form m ovement of the who le
wa ll para l lel to i tsel f but is the resul t o f a m ore com plex nucl eati on and growth
m echani sm whi ch occurs next to an al ready existi ng wal l [15, 18]. The two m ain
quanti ti es have been ta ken into account whi le consideri ng the domain structure
reorienta ti on: the acti vatio n energies (or Ùelds) for the nucl eati on process of the
nucl ei and for the sideways expansi on of the dom ain wal ls. In several works, whi ch
have been reported, for instance, to expl ain the mechanism of polari zati on reversal ,
we can Ùnd experim ental ly m easured values of these quanti ti es for TG S crysta l
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[14, 15, 17, 19, 20], R ochelle sal t [21] and BaTi O 3 [18]. General ly, i t m ust be
noti ced tha t the obta ined values of the acti vati on Ùelds of the sideways dom ain
wa ll m oti on are about four ti mes greater tha n tho se f or the nucl eati on pro cess.

The exp erimenta l condi ti ons of our exp eriment is tha t we have the crysta l
under two , superim posed electri c Ùelds: the bias electri c Ùeld appl ied to the crysta l
to obta in the m onodom ain state and the small al terna ti ng Ùeld to m easure the
di electri c consta nt. The theo reti cal considerati on of inÛuence of smal l al terna ti ng
Ùeld on the nucl eati on of nucl ei on dom ain wal ls [22] and in random place [23]
agrees wi th the experim enta l resul ts f or TG S and BaTi O 3 . In parti cul ar, i t was
concluded tha t the m ain contri buti on to the dielectri c constant duri ng swi tchi ng
resul ts Ùrstl y from the sideways m oti on of the dom ain wal l and secondl y from the
al terna ti ng Ùeld dependence of the growth of residual nucl ei in a smal ler degree.

From the model of residual nucl ei [24] it fol lows tha t nucl ei are always present
in the crysta l even in the m onodomain sampl e under an externa l electri c Ùeld
hi gher tha n a coerci ve one. The reversed dom ain is form ed wi thi n the exi sting
residual nucl ei because the ori ginal dom ain is uncha nged except for thi s porti on
of its vo lum e where a reversal nucl eus is form ed. The appeari ng of the dom ain
duri ng polari zati on reversa l at the same pl ace of the sam ple is wi dely kno wn f rom
di rect observati ons.

4. Co n cl usion s

The measurements of the compl ex electri c permi tti vi t y of GPI crysta ls in
low frequency range showed tha t:

{ di electri c di spersion in the ferroelectri c phase showed two well -di stri buted relax-
ati onal processesR 1 and R 2 wi th acti vati on energies E 1 and E 2 , respectively,

{ the rati o of E 1 =E 2 i s close to four and i t is sim i lar to the rati o of acti vati on
Ùelds of domain wal l m oti on and nucl eati on pro cess,

{ the behavi our of found relaxato rs R 1 and R 2 suggest tha t the Ùrst can be
connected wi th the sideways dom ain wa l l movement, whereas R 2 wi th the
inÛuence of m easuri ng, alterna ti ng electri c Ùeld on the growth of the residual
nucl ei.
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