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ABSTRACT

In the framework of the general theory of ferroelectrics displacive
type phase transitions are investigated in the T=0K quantum limit, when the
phase transition is due to the zero-point fluctuations. The critical value
of the zero point energy is evaluated in the case of the completaly ordered
and disordered lattices, not taking into account tunnelling.

AHHOTALNA

B pamkax 00606uUEHHON Teopunm CErHeTO3/1eKTPUKOB uccriegoBaH (a30Bbii Ne-
pexos Tuna cCMelWweHUs B KBAHTOBOM MNpefefsibHOM ciy4yae Hy/fneBoOi TemnepaTypbl, Korga
pa30Bbii Nepexof onpenenseTcss 3Hepruen HyneBbiX KonebGaHwui. [ony4veHbl OUeHKN A/
KPUTUYECKOIr0 3HAYEeHUs1 QHEPruu HyeBbiX KonebaHuii - 6e3 yuyeTa adppekTa TYHHeNn-

POBKW - AONs1 NpefesibHbiX C/lydaeB MOJIHOCTb YMOPSA0YEHHON M MOMHOCTbLI palynopsigo-
YEHHON peWweTKNn.

KTVONAT

A fTerroelektromos anyagok altalanos elmélete keretei kozott vizsgal-
tuk a racstorzulassal jar6o fazisatalakulasokat a T=0 K kvantum hataresetben,
amikor is a fazisatalakulast a nullponti rezgések okozzak. Megbecsultik a null-
ponti energia kritikus értékét - az alagut-effektust nem véve fTigyelembe -

a teljesen rendezett és a teljesen rendezetlen racsok esetében.



In reference [I] an unified model for ferroelectric
phase transitions has been presented, which took into account
both the statistical disordering of the ions in the cells and
the dynamic instability of the fluctuations of the lattice
leading to displacive phase transitions. The solution of the
self-consistent system of equations for the two order para-
meters, o0 = <a?>, the average number of ions iIn the state
a = +1, and ba = <Si>, the average displacement of 1ions in
the cell In the state a has been obtained in [I] and subse-
quently in [2], in the classical limit of high temperatures,
KT »*hujp-

It is also interesting to investigate the quantum limit
of zero temperature when the phase transition is determined
by the quantum fluctuations and the energy of the zero point
fluctuations and not by thermal excitations. Displacive phase
transitions in the model of ferroelectrics in the quantum
case has been investigated also in reference [3].-

1. Self-consistent system of equations

The model of ferroelectrics [I] is described by a system
of harmonically coupled i1ons, each of which can occupy one of
the two minima (a = +1) of a one-particle potential well:
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where the projection operators o! = 1 or 0 /accordingly
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=1 - = 0 or I/ if at the i-th lattice point the ion



is in the state a = +1 or a = -1 respectively. and are
the moments and the coordinate of the ion, A and B are para-
meters of the one-particle potential well, ¢~ is the coupl-
ing constant between the 1ions in the three dimensional Ilattice

From the condition of equilibrium d<P~(t)>/dt = O 1in
[1] the following equation has been obtained

no m (1*3Yc)ra + (V + n->fo°-a “ O 121

which relates the equilibrium position of ions n =

1/2 & . n s
= (b/a) <Sl> to the average number of ions ag = <ap> in
the state a. Here fQ = 1 p~/A = FQ/A is the dimensionless

coupling constant.

The quantity ya is the average squared displacement of
ions from the equilibrium position in the state a. It has
been determined by the help of the phonon Green®s function
in the form

Ya - 1<(s“-b“)2> = |<(uj)2> =
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Performing the integration in /3/ in the case of zero
temperature, when coth(w/20)=1, taking into account /4/ one
obtains s

7 (L as-) o

where X=(A/m)142/(A2/B) is a quantum parameter, proportional
to the ratio of the energy of zero point fluctuations,
1i(iJD:(A/m)1/2 and the height of the barrier iIn the one-parti-
cle potential well, Uq=(A"/4B).

For the determination of the average population aa or
the pseudospin variable a=<o”™>=(2a+-1)(l1-2a_), an effective
pseudospin Hamiltonian has been introduced:

Ho = j hIO? 16/

where an™=+l, h™ and 1”2 are the average effective TfTield and
the "exchange integral”™ which depend on the state of phonon
subsystem [I] -

In the Hamiltonian /1/ and /6/ the tunnelling between
states a=xl is not taken iInto account and therefore in the
limit O-00 an unique solution, c=1 appears /if 17>0, h”™"0/.
The effect of tunnelling, suggested in [4], makes it possible
to generalize the Hamiltonian /1/ and to introduce iIn /6/
the transverse fTield, ft"a* , which iIn turn may lead to the
solution a*0 In the case 0-10. In the present work we will
not discuss the solution of the self-consistent system of
equations for the phonon system and the pseudospin system in
the range O<o<l? 1instead we will investigate only two cases,
namely the case of the completely ordered, a=1 lattice and
the case of the completely disordered, a=0 lattice. Doing so,
we will assume that the right choice of the value of the
transverse field ft, can ensure the transition from a=l to
a=0 in the case of zero temperature, 0=0.



2. Displacive type phase transition in ordered lattices

In the completely ordered lattice all the ions are in
the same state, for example a=+l1 and a=l. In this case the
equation of selfconsistency /5/ takes the following forms

o
X
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where the density of the phonon frequencies
gw2) =1 | 6(FfQO-F -t2), w<wO , /8/

q

has been iIntroduced.

Taking into account the condition of equilibrium /2/, 1in
the case of a=1(o_=0) we obtain one equation for the self-
-consistent determination of the equilibrium displacement n
or the gap in the spectrum of the frequencies A$=2n2, in the
ferroelectric phases

2 g(r2l R # 19/
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As it can be seen the solution of this equation for the
ferroelectric phase with n™0 exist only if X<Xc”™” , where
the critical value is determined by

aXoLidu)2}-1 N/
xc(D) ) Le
0
Here u_ =io is the averag% of theginverse of the fre%uency;
x
for the Debye spectrum g @@ )=3<0/20>D ; y ~=3/2/2*1 if tW=2FQ =



Consequently, displacive type transition iIn ordered lattices
can take place only if the lattice consists of sufficiently
heavy ions, that is if

m_ -
m ~ ) N/

for a given coupling constant g between the ions and a
given width Sq=/a /b"of the one-particle potential well 1in
accordance with reference [3].

3. Displacive type phase transition in disordered lattices

Let us discuss the effect of disordering on the dis-
placive type phase transition. Putting in /2/ and /3/ a=0,
corresponding to equal number of ions in the states a=+1 and
ot=-1 and consequently meaning that Angszg ; N+=N_=N we

get the following system of equations

n2 = 1-fQ-3y 712/

g(to2)dto2
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2 o /Ai + t?

Therefore the self-consistent equation for the deter-
, , 2 _ _
mination of the gap, Ag>0 in the phonon spectrum in the case
of a=0 and rpO takes the following form

® g(to2)dto2

/14/

A0 =21 -f 2—3f0—3A
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Displacive type phase transition, n>0, can take place
if A<Ac§o¥’ whgge the critical value of A iIs determined by
the condition AOQACAO})zo, that 1is



Xcéofi /15/

Consequently, the occurence of the disordering decreases
both the limiting value of the allowed energy of the zero-
-point fluctuations and the limiting value of the temperature
of the phase transition iIn the classical limit of high tem-
peratures: {1-(372) fQ} [I] =~ However it has to be
mentioned that the transition into the state a=0 can take
place only if f «1, and therefore formula /15/ is valid only
if fQ<<l. In the case TQ>l, in accordance with [I] , only the
state with a=1 is possible and formula /10/ is valid.

The explicit effect of tunnelling and the evaluation of
the limiting value of the quantum parameter X in this case
will be done in a separate paper.
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