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Experi-mental approaches to the structural phase transitions in
three quasi-one-dimensional Jahn-Te11er crystals CsCuCl3,
Rbcrcl3 and cscrcl3 are done by the measurements of the optical
birefringence, flragnetic susceptibillty and EpR absorption.
Results are discussed in conneetlon r{ith the distortlons of
-CuC1r- (or'-CrC13-) chains and their motions.

1. Introduction
Recent rapid progress in the investigations of magnetic phase transitions

in magneti-ca11y condensed matter are doubtlessly indebted to the discovery of
1ow-dimensional magnetic substances. This is suggestlve of the useful-ness of
ttlow-dimensional Jahn-Te1ler crystalst' for understanding the cooperatlve Jahn-
Te11er effect. The one-dimensional Jahn-Teller systems are substances whlch
contaj-n Jahn-Tel1er actlve ions in structure permittlng dominant ion-lon inter-
actions to occur in one directj-on. The interest in studying the cooperative
Jahn-Te1ler effect in these substances is j-n the fact that theoretically tract-
able models can exist with which to compare the observations.

The present work is concerned with three compounds CsCuCl3, RbCrCl, and
CrCrC13, which belong to a famil-y of crystals described approximately as one-
dimensional Jahn-Tel1-er systems and exhibj-t structulal phase transitions caused
by the Jahn-Te11er effect. rn these substances, Cr'* oi cr'* lon is surrounded
octahedrally by six Cl ions and the CuC16 (or CrC16) octahedra form lnflnite
-CuC13- (or -CrC13-) chains along the c-axis of the crystals by sharing faces.

In the present lnvesEi.gation we report the results of measurements of EPR

spectra, magnetic susceptibilities and birefringences performed on single crystal-s
of these three compounds, and discuss them in connection with the distortions of
-CuCls- (or -CrC13-) chains and their motj-ons.

2. Summary of the Crystal Structures and the Structural Phase Transitions

The crystal structures of the present three compounds are identlcal to that
of CsNiCls at high temperatures[1],[2]. CsCuCl3 transforms at about 420 K fron
the highly synmetric structure to a more complex one which consists of hel1ica11y
distorted chains of face sharing elongated CuC15 octahedra separated by Cs+ ions
(see Fig. 1(a))[1],[4]. RbCrCl, also transforms at 470 K from the CsNlCl3 struc-
ture (o,-phase) to a monocllnj-c structure (B-phase: see Fig. 1(b)) and again at
about 200 K to a new monoclinic one (Y-phase: see Flg. 1(c))[2]'[3]. CsCrCl,
transforms only once at about 170 K to a monoclinic (Y-Phase) which is identical
to y-structureinRbCrCl3[3]r[5]. The experimental studies on the transition at
420 K in CsCuCl, have been thoroughly done using a variety of techniques[6],[7]'
but very few studies have been reported on RbCrCl3 and CsCrCls[5].

3. Experiments and Results

The optlcal birefringences An for CsCuCl3, RbCrCl3 and CsCrCl3 rar€r€ measured
by the S6narmont method using the light beam of a He-Ne laser at 0.6328Um. The
result for CsCuCl3 has been reported in reference [8] and the results for RbCrClg
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Fig. 1 Perspective views of the dis-
torted linear chalns of face-sharing
octahedra in, (a) the loln-temperature
phase of CsCuCl3, (b) the B-phase of
RbCrCl3 and (c) rhe y-phase of RbCrCl.
and CsCrCl3. The thick and dotted
lines represent elongated and com-
pressed axes of octahedra, respectively.
The coordlnates x, y, z denote the
three principal axes of an octahedron.

Fig. 3 Susceptibility Xj and inverse
susceptlbility X]l measuied perpen-
dicular to the c-axis. Insert shows
precise behaviour of Xr around T1.
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Fig. 2 The temperature dependences of
the optical birefri-ngences in (a)
RbCrCl3 and (b) CsCrCl3 where f(T)
means the ret.ardation proportj-ona1 to
the opti.cal birefringence An.
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Fig, 4 Temperature dependences of the
peak-to-peak derivative llnewidths
Attr, in (a) cscuclr, (b) Rbcrcl3 and
(c) CsCrCl3 in X-band.
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and CsCrCl3 are shown in Fig. 2. A sudden change of An of CsCrCla caused by the
structural phase transition was found at 420.0 K (=Tt) in a heating run. The

thermal hJrsteresis was recognized to be about 5 K[8]. In the case of RbCrCls
anomalies in An were observed at 469.1 K (=Tcr) and 197.0 K (=T"2). Since the
change in An at T"1 is continuous, the transition at T., seems to be of a second
order. As for CsdrCl: a discontinuous change in An found at 171.6 K in a heating
run. The increases of An ln RbCrClg and CsCrCla with decreaslng temperature are
due to the contrlbutions of the antiferromagnetic short-range orders.

Magnetic susceptibilities of CsCuCl, were measured by the laraday method at
10 KOe. Figure 3 shows the magnetic susceptibility X1 perpendicular to the c-
axis after the correction of the diamagnetism due to core electrons. From these
experimental data we can estimate the exchange interactj-on J between Cu2+ ions
neighboringinachaintobeJ/y=24K[9]belowTl.Whenthetemperaturewas
risen from room temperature, abrupt increase in Xfwas observed as seen in insert.
These facts indicate that the magnitude of the ferromagnetic exchange interaction
J above T1 is larger than that below T1.

The EPR spectra for CsCuCls, RbCrCls and CsCrCl3 were measured in X-band
(tu9cHz) frequencies. The first derivatives of absorption lines with considerably
broad widths of the order of 103 Oe were observed in each compound. The temper-
ature dependences of the peak-to-peak derivative widths AHpp in these three com-
pounds are shown in Fig. 4 for the orientations Hl/cand Hlc' The anisotropies
tt An* in these three compounds were found to agree with the (A*Bcos'O) depend-
.n.e ii every phase where 0 is the angle between H and the c-axis. As shown in
Fig. 4(a) the dj-scontinuous changes of AH* in CsCuCl3 due to the structural
transformation were.found at about 420 K.'-However the essential difference
between EPR spectra below Tg and those above Tg is only in the rnagnitude of AHpp.

These facts are true of RbCrCl3 and CsCrC13. Hence we can conclude that the
almost static 1oca1 distortions of lattice persist in the high-temperature phases

of these three compounds, because the magnetlc anisotropies such as the
Dyaloshinsky-Moriya interactlon which is dominant for AHp in CsCuCl3[10] or the
single ion anisotropy which is dominant for AH,O in RbCrCl3 and CsCrClg[11] re-
flect sensj.tively the 1ocal symmetries around magnetic ions'

4. Dynamical Properties of the Linear Chain and Structural Phase Transitions

In this section, we present a simple model of the above mentioned almost
static 1ocal distortions of lattice and discuss the mechanism leading to the
formation of unique structures as shonw in Fig. 1. The potential energy for
such sj-ngle Jahn-Tel1er complex as CuC16 or CrCl6 is now wellknown and expressed
using the plane polar coordinates as

u=50'- lalp*Bo3cos3o (1)

with Q2=0sin0, q3=0cos0, where Q, and Q3 are the normal coordinates of E* mode

of the octahedron, K the lattice force constant, A the linear Jahn-Te11ei coupl-
ing coefficient, B the anharmonic lattice force constant[12]. In CsCuCl3,
RbCrCl, and CsCrCl3 B is negative, because the complexes of CuClu and CrC15 are
elongated along one of their axes at sufficiently low temperature. Here we as-
sume the strong Jahn-Teller coupllng case in which each octahedron constituting
linear chain in the present system i-s on the bottom of the potential U. In this
situation the anharmonic term of t.he potential U whose magnitude is estimated to
be several hundred Kelvin[13] plays an important role in a phase transition or
lattice dynamics. As seen from the low-temperature structure shown in Fig. 1,
the strong interaction between neighborlng octahedra restricts the directions of
the tetragonal distortion of neighboring octahedra. Then by taking the coordi-
nate system on successive octahedra as shown in Fig. 1' we introduce a harmonlc
porenrial (C/2){Oj-0i *;(2n/31oi}' b.treen j-th and (i+1)-th octahedra, where C

is the force cons"tan't'ind o-l medns the pseudo-Ising spin and has the value tl '
Furthermore we consider a pdtential - 2JijOiOj between Oi and 05 in a-chain,
where Ji3 is the coupli-ng constant. TherEforE the total Hamiltonian of the
linear c[ain of octahedra in the present system is expressed adding the kinetic
energy as follows:
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X = r:t+r(;: * p:6:) .F3 - lAtp: + nplcos3o.

*9re - e - lno.)2 - rr..o.o.l,*Z(uj - oj*, , J 1aJ a J ' (2)

where p is the effective mass of six C1- ions. Using this Hamlltonian, the 1ow-
t.emperature sLructure is classj-fied with the arrangement of pseudo spin o as
shown in table 1.

'Iab 1e 1 . arrangement of o directions of tetragonal distor-
tions of successive octahedra

substance

+tt+t+ (ferro) ZXYZXYZXY CsCuCl 
"tlt+++ (anti-ferro) XYXYXYXY

tt++t+++ LXL\LXL RbCrCl" CsCrCl.

Hence 1t 1s consj-dered that the structural phase transitions j-n the present sys-
tems are caused by the long range order of phase 0 which is triggered by the
ordering of the pseudo-spin o in consequence of the interchain interaction. Next
i-n order to treat of the propagating motions of deformations of octahedra along
the chain in high-temperature phase, we i-ntroduce a new parameter rfi defined as

V3=03-f(2n/3)Iop. Furthermore we neglect the smaI1 vibration of p iround the
averaged value po=lel/Z x. Then we obtain the classical equation of motion of
-CuClr-(or -CrCl3-) chain as

irl. - 3Bp" sin3rf. . # eLt - Uj*, - U.-r) = o. (3),J 
U

Moreover in continuum approximation this becomes a sine-Gordon equation for the
quantity llr,

+? #* *+ = 
=# 

sin3rf , (4)

where e is the coordinate along the chain and a is the distance between nearest
neighborlng magnetl-c ions. The soliton solutions to this sin-Gordon equation
are now well known and correspond to travelling domain wa1ls. Therefore we sug-
gest that in the high-temperature phase of the quasi-one-di-mensional Jahn-Te11er
crystals such as CsCuCl3, RbCrCl3 and CsCrCl3, linear chains of dj"storted octa-
hedra are divided into many domains by travelling domain wa1ls which are con-
nected with the behaviors of p and by thermally excited domain wa11s which are
connected with the behavior of the pseudo spin o. In the case of CsCuCl3, each
domain forms a right-handed or a left-handed helix which corresponds to the
almost static local distortion of lattice revealed by EPR measurements. This
work has been partly supported by a Grant-in Aid for Scientific Research from
The ministry of Education, Sclence and Culture.
References

t1] C.J. Croese, J.C.M. Tindemans-van Eyndhoven and W.J.A. Maaskant: Solid
State Corumun. 9 (L971) 1707.

12) W.J. Crama, M. Bakker, G.C. Verschool and W.J.A. Maaskant: Acta CrysE.
B3s (1979) 187s.

t3] W.J. Crama, W.J.A. Maaskant and G.C. Verschool: Acta Cryst. B34 (1978)
]-973.

t4l A.W. Schlueter, R.A. Jacobson and R.E. Rundle: Inorg. Chem. 5 (L966) 277.
t5] J. Garcia, J. Bartolome, R. Navarro, D. Gonzalez, W.J. Crama and

W.J.A. Maaskant: Recent Developments in Condensed Matter Physics (Plenum
Press, New York 1981)p.11.

t6l R. Laiho, N. Natarajan and M. Kaira:
t7l S. Hirotsu: J. Phys. CB (1975) L12;
t8l H. Hyodo, K. Iio and K. Nagata: J.
t9] Y. Tazuke, H. Tanaka, K. Iio and K.

3919.

Phys. Status Solidi (a)15 (1973) 311.
J. Phys. cLO (L977) 967 .

Phys. Soc. Jpn. !9 (1981) 1545.
Nagata: J. Phys. Soc. Jpn. 50 (1981)

t10l H. Tanaka, l

[11] H. Tanaka, I

[12] U. 0pik and
[13] S.o. Graham

K. Iio and K. Nagata: J. Phys. Soc. Jpn. 50 (198L) 727.
K. Iio and K. Nagata: in preparation.
M.H.L. Pryce: Proc. R. Soc. (London) A238 (L954) 425.
and R.L. White: Phys. Rev. 810 (1974) 4505.

76




