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The conditions (41), (43) and D>0 show that the point comes
across the boundary of these two different regions in the way
that is shown by the arrow in Fig.23 as the temperature is
lowered.

Summarizing, one can obtain the following equations and
inequalities to determine various parameters to explain the

—

observed successive phase transitions.
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(1) A(TI - To) = 3C“/16G ,

(11) BTy, - T,) + F<¢é(TII)>2 =0,
(iii) D= B = (I - <o) (T )>% ,

(ivd x>0z Be by

(v) & £.:0, ¢G>0,

(vi) E>D >0,

(vii) H > I,

(viii) EH - DI > 0 ,

(i) B <0y D30, D'EESO.

In order to determine the set of coefficients numerically, more
experiments should be carried out. It is noted, however, that
there is a simple relation between the Bragg intensity at the

X-point in Phase III and that of Phase IV gt TIII' irrespective
of the numerical values of the coefficients. Substituting the

relation D'=E' into Egs. (29) and (31), we can obtain the order

parameters at TIII in both Phase III and IV as folows

$2(111) = -B'/D" , (44)









the experimental results. In Phase III (Fig.20), ClII and ClIII
ions become crystallographically non-equivalent owing to the

rotation of the octahedra around the [100] axis. ClII ion has

the site symmetry m while ClI has the site symmetry 2. In
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this case, it is noticed that ClII shifts out of the (001) plane

containing the Pb ions while ClIII

which results in that the distance between the ClII and its near-

is placed nearly on its plane,

est neighboring Pb ions is substantially different from that be-

tween the ClIII

gives rise to the large contribution to the field gradient of the

and its nearest neighboring Pb ions. As Pb ion

cl ion, the stronger NQR line should split into two lines with
nearly equal intensities. This is also consistent with the ex-
perimental results in Phase III shown in Fig.4. In Phase IV(
Fig.21), Cl ., also shifts out of the (001) plane containing the

Pb ions while ClII stays at the nearly same position as in Phase

I

i 5 i Then the distance between the ClIII and its nearest neigh-

boring Pb ion becomes nearly equal to that for ClI Moreover,

L
as seen in Fig.21, the ionic arrangements around the ClII are

found to be very similar to that around the Cl although the

i 91 9 S
ClII and ClIII are crystallographically non-equivalent. There-
fore, two lines which once split in Phgfe III may come close

together in Phase IV. These two adj@cent NQR lines may be ob-
served as a single line if their splitting is within the resolu-
tion of the spectrometer. This situation is visualized more
clearly by the following considerations. If we assume that at
Phase II the rotation of the PbCl6 octahedron around the [001]

axis is infinitesimally small, the space group of the structure
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where er is the ionic charge of the X ion and v is the volume
of a unit cell. In the case of CstClB, we obtain mz(M3)—m2(R25)

=0.8 meVz, which means that the dispersion of the T2 branch is

very flat. This is consistent with the experimental result of
1
2
(Fig.11). However, Eq. (52) shows that the R25 mode always lies

the quasi-elastic scattering observed along the [ .%,E] direction
lower than the M3 mode, which conflicts with the experimental
fact in CstCl3 that the M3 mode condenses at the higher temper-—
ature than the R25 mode. If we take the short-range interaction

between the X ions belonging to the neighboring octahedra into

account, the phonon energy of the T, mode is given by

2 o &
w (T2) = mX[Al+B1+B2+4B3+2A4+134(1 cos21L)
2262
+—=—{c -c @)1, (53)
Then, we obtain
2 2 1 zf{ez
0 (M3)-w (RZS) = “_Lx_ (—2B4+0.078 - ) (54)

By a suitable choice of the parameter B4, Ehe energy of the M3
mode can be lower than st. However, it is not clear whether
Oor not this parameter B, plays an essential role for the soften-
ing of the both modes M; and R, because of the simplicity of

a harmonic rigid ion model.
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