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LETTER TO THE EDITOR

Relaxation time for hydrogen-bonded PbHPO,-type
ferroelectrics
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Department of Physics, University of Sofia, Boulevard Anton Ivanov 5, 1126 Sofia,
Buigaria

Received 10 April 1921

Abstract. A Green function technique is developed to study the relaxation time of PoHPO,-
type ferroelectrics using the transverse Ising model including the fourth-order interaction of
pseudospins. The inverse relaxation time is numerically calculated taking parameters for
PbHPO, ard PbDPQ,. The temperature dependence of 1/t is in very good agreement with
the experimental data.

» Recently, a central mode of the H-bonded ferroelectric (Fe) PbHPO, (LHF) has been
found in the paraelectric phase by hyper-Raman scattering by Shin ef af [1]. From the
temperature and polarization dependences of 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 er ai[1] obtained the transverse relaxation time, 1/,
using the half width of the central peak. By using the dynamic dielectric measurements,
Deguchi and Nakamura [2] evaluated the reiaxation times in the vicinity of T, which
are slightly higher than the results in [1].

The dynamic dielectric properties of LHP have been studied by several researchers.
Happ et al [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 af [4], Deguchi and Nakamura {2], and Shin et 4f [1] reported that the soft
mode is a relaxation mode.

Chunlei et al [5] have investigated the thermodynamic properties of LHP and PbDPO,,
(LDP) using the three-dimensional transverse Ising model, including the fourth-order
interaction of psendospins [6, 7], and obtained good agreement with the experimental
data for the spontaneous polarization. Wesselinowa [8] 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=-2Q3 8 ~ 3 D J,;SiSF =4 2 J5uSiSiSisi (1)
i IN)

Lfked

where Q represents the tunnelling effect. S7 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 (5% # 0 and (§)#0, and it is
appropriate to choose a new coordinate system by rotating the original one used in (1)
by the angle 1. The rotation angle # is determined by the requirement (5<'y = 0 in the
new coordinate systern.

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

Gi(t) = —i8(X[B, ()., Bi . (2)

The operator B, stands for the set b, bt,, p,, where b and b are Pauli operators and
@ = b*b. Using the same method as in [8] we get for the transverse Green function

G*(k, E) = 20(gy; — £2)/(E? — €} + 2iEy), — Ee;/(E +iyyn))  (3)

gy = 2Q sind + boJ, cos?® — isin?® 0 £y = —isin?®,0

£13(k) = %smzﬂz Ta- e us(@)coth(@,/2T)/w,)

1
+ 57 c08? :92.1 flg(q)[ coth(w,/2T) + (¢, + £)/ @} ]

'}’llcl = 2N2 2{(vqk ¢t Vk-p qp-l-q) [”p(o + np+q + A q) p+an q]
Xié(f&_q'*'gp.'.q_‘Ep "Sk)_sinzl?vq_*_q[(jp -':jj;-i;q)’ﬁp*q(ﬁp_-ﬁk—q')

(T, + i) (fly = e I8(E4— g + Epuy — €, =€)}

msin*d
W= 2{(1 + Ty )+ ny + A )0(e, + Exeg — €0
+ (']q - Jk*-q) (nq - nk—q)[acek—q — &g Ek) - 6(841 —Eg-g Ek)]}
msin’dcos’d
'_"“"E‘Nz—z (jk q +Jq p) {[J'IP(O' +n’p+k q + nq) p+k q q]

X B8, + €pinog — Ep — Ex) T [Apar-o(O+ Ay + A,) — A,A,]

X O(e, + &84 = Eprp-g — €&) T ANO + Apfly ¥ ) — Apflpin-y]

X O(€, T Epak-g — 4 ~ Ex)}
where V., = cos?87, — 0.5sin?%,_,, sin & = 4Q/0(J, + 302J§ cos?d) = 4Q/aT,,
if T< T,, o(T)-—the relative polarization and 7, = (b b.), m, ={b,b_,)—the cor-
relation functions are calculated in [8].

The coupling of the transverse soft mode and the longitudinal relaxing mode renor-
malizes the spin wave energy £ to w,

wy = x(e} + £y) . 4)
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Fignre 1. Temperature dependence of the inverse relaxation time 1/t below T, for LuP (A)
and LDP {B).

The transverse spin wave energy o, decreases very strongly for T— T, (g, — 0) but
remains finite at 7, namely

w(T=T.) = e3(k). (5

The transverse dynamic structure factor $*(k, £) is calculated via the imaginary part
of G¥(k, E) (equation (3)). The inverse relaxation time 1/7 = w}/2y,, was numerically
calculated taking the following model parameters. For LHP: @ =2.168cm™!, Jy =
862.08cm™!, Jy=448cm™! and T,=310K. For iwpr: Q=0273cm™, Jy=
1256.56 cm™', J§ = 1049.36 cm™'and T, = 452 K [5]. Figure 1 illustrates the temperature
dependence of 1/7 for k = Qin the ferroelectric phase. 1/t decreases with T— T, in both
regions below and above T,. The same behaviour has been found experimentally [1, 2].
It can be seen that 1 /7 has a finite value at T = T, and that

1/ (LuP) > 1/7 (LDP) forTs T,. (6)
At temperatures very close to T, we obtain
1/7 (LDP) > 1/7 (LHP) forT=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 FEs,
the coupling between the transverse soft mode and the longitudinal relaxing mode must
be properly taken into account,
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