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LETTER TO THE EDITOR 

Relaxation time for hydrogen-bonded PbHP0,-type 
ferroelectrics 

J M Wesselinowa 
Department of Physics, Univenityof Sofia, Boulevard Anton lvanov 5. 1126 Sofia, 
Bulgaria 

Received 10 April 1991 

Abstract. A Green function technique isdeveloped tostudy the relaxation timeof PbHP0,- 
type ferroelectrics using the transverse Iring model including the fourth-xder interaction of 
pseudospins. The inverse relaxation time is numerically calculated taking parameters for 
PbHPO, and PbDPO,. The temperature dependence of 11. is in very good agreement with 
the experimental data. 

! Recently, a central mode of the H-bonded ferroelectric (FE) PbHP04 (LHP) has been 
found in the paraelectric phase by hyper-Raman scattering by Shin et a1 [l]. From the 
temperature and polarization dependencesof the c-mode it is concluded that the central 
mode is the soft mode of LHP. The phase transition can be considered as the order- 
disorder type phase transition. Shin e t n [ [ l ]  obtained the transverse relaxation time, l/r, 
using the half width of the central peak. By using the dynamic dielectric measurements, 
Deguclii and Nakamura [2 ]  evaluated the relaxation times in the vicinity of T,, which 
are slightly higher than the results in [11. 

The dynamic dielectric properties of LHP have been studied by several researchers. 
Happ er a1 [3] measured the complex dielectric constant and concluded that the soft 
mode is a heavily damped mode with a frequency-dependent damping function, while 
Kroupa et a/ 141, Deguchi and Nakamura [ 2 ] ,  and Shin et al [l] reported that the soft 
mode is a relaxation mode. 

Chunleiera/[5] have investigated the thermodynamicpropertiesOfLHPandPbDP0, 
(LDP) using the three-dimensional transverse king model, including the fourth-order 
interaction of pseudospins [6 ,7 ] .  and obtained good agreement with the experimental 
data for the spontaneous polarization. Wesselinowa [SI has shown that the coupling 
between the transverse soft mode and the relaxing longitudinal mode produces a central 
mode in the dynamic structure factor in LHP and LDP. 

The aim of the present letter is to calculate the relaxation time of LHP-type FEs. 
The Hamiltonian of the pseudospin system is given by 

H = -2Q E s: - t c Jijsjs; - a 2 J&,sfs;s,&s; (1) 
i i., i.i.k.1 

where 9 represents the tunnelling effect. Sf is the proton-occupation difference at the 
two equilibrium positions of the H-bond at the ith site, and it measures the proton 
ordering. The first term in (1) is the contribution due to the tunnelling effect, the second 
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term represents the contribution due to dipoles, and the third the contribution due to 
quadrupoles. 

In the ordered phase we have the mean values (S') # 0 and (S') # 0, and it is 
appropriate to choose a new coordinate system by rotating the original one used in (1) 
by the angle 8. The rotation angle 8 i s  determined by the requirement (S") = 0 in the 
new coordinate system. 

In order for the retarded Green function to be calculated, it is defined in matrix form 
as 

zk( t )  = -iO(t)([Bk(t), Bfl) .  (2) 
The operator Bk stands for the set bk, bLh, pt, where b and b+ are Pauli operators and 
p = bib. Using the same method as in [SI we get for the transverse Green function 

GU(k, E )  = 2u(sII - sI2)/(E2 - E: + ZiEy,, - E E : ~ / ( E  + iy33)) (3) 

where 

E :  =€:I - E : ?  

tIl = 28sin8 + idn cos28- fsin28jku c12 = -4 sin28Tku 

x ~ ( F q + & ~ + h - q - E p - € h ) + [ ~ p + k - q ( ~ + ~ p  + E q ) - E p ' q ]  

x 6(Ep + E p  - E p t k - q  - c k )  + [tiq(o + t i p + k - q  + Ep)  - f i p f i p + i = q ]  

b ( & p  + Ep+k-q - E( - &,$)I 
where V,,k-q = cos2iY.iq - 0.5sin2iYJk-,, sin 8= 4!2/~(Jo + b 2 J A  COSz@) = 4Q/UTn, 
if T s  T,, u(T)-the relative polarization and Eq (b:b,), mq -(b,b-,)-the cor- 
relation functions are calculated in [SI. 

The coupling of the transverse soft mode and the longitudinal relaxing mode renor- 
malizes the spin wave energy E~ to wk 

W h  = ?(€i  + E&)'n. (4) 
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T / r ,  

Figure I. Temperature dependence of the inverse relaxation time l/r below T, for LHP (A) 
and LDP (B). 

The transverse spin wave energy oh decreases very strongly for T+ T, (E*+ 0) but 
remains finite at Tc, namely 

The transverse dynamic structure factor P ( k ,  E )  is calculated via the imaginary part 
of GU(k, E )  (equation (3)). The inverse relaxation time l /a  = w:/2y1 I was numerically 
calculated taking the following model parameters. For LHP: Q = 2.168cm-I. Jo = 
862.08 cm-I, JI, = 448 cm-’ and T, = 310 K. For LDP: 8 = 0.273 cm-‘, Jo = 
1256.56 cm-’, Jb = 1049.36 “‘and T, = 452 K [5]. Figure 1 illustratesthe temperature 
dependence of l /zfork = Oin the ferroelectricphase. l/sdecreases with T-t  T,in both 
regions below and above T,. The same behaviour has been found experimentally [l, 21. 
It can be seen that l/a has a finite value at T = T, and that 

I/T (LHP) > 1/s (LDP) f o r T S T , .  (6) 
At temperatures very close to T, we obtain 

1/a (LDP) > 1/a (LHP) for T = T,  (7) 
in accordance with Deguchi and Nakamura [2]. 

It may be concluded that in order to obtain correct results for LHP- and LDP-type FE?., 
the coupling between the transverse soft mode and the longitudinal relaxing mode must 
be properly taken into account. 
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