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Polarized reflection and ESR measurements have been carried out on single crystals of newly syn-

thesized halogen-bridged one-dimensional (1D) metal complexes [M(chxn)&Br} Brz (M =Pt, Pd, Ni;
chxn=1R, 2R-cyclohexanediamine), which have tight hydrogen bonds between ligands (chxn) and
counter anions (Br ) and construct a two-dimensional (2D) hydrogen-bond network. Both the po-
larized reflection spectra and the temperature-dependent ESR signals indicate that the electronic
state of M =Ni is essentially different from that of M =Pt (or Pd). From the analysis of these re-

sults, it can be concluded that the complex for M =Ni is in a monovalent state, where a Mott insu-

lator is formed in a (—Ni'+ —Br —) regular chain, in contrast to the mixed-valent state
(—M' —Br —M —Br —) for M =Pt and Pd. Thermally excited paramagnetic spins observed
for the Pd complex can be explained by the soliton-kink model under the influence of the 2D
hydrogen-bond network.

I. INTRODUCTION

In recent years, one-dimensional (1D) halogen-bridged
transition-metal complexes have been extensively studied
to clarify the nature of the mixed-valent electronic states
as a prototype of the half-filled Peierls-Hubbard sys-
tern. ' These complexes are represented as
[M ~ 2 ][M'+X2 ~ 2 ]y4 («»mply [M~ 2X } y2 )

M stands for a transition metal (Pt, Pd, or Ni), X for a
halogen ion (Cl, Br, or I ), A for a ligand molecule,
and Y for a counter anion. The M + -X regular chains
shown in Fig. 1(a), which have the half-filled band com-
posed of d 2 orbitals of metals, are usually unstable due to
the strong electron-lattice interaction. It leads to a
deviation of the halogen ion from the middle point be-
tween the adjacent metal ions as shown in Fig. 1(b).' '

The resulting state is characterized by the charge-density
wave (CDW).

The characteristic feature of the halogen-bridged metal
complexes is that their physical properties are strongly
dependent on the species of the constituent metal (M)
and halogen (X) ions. Systematic investigations of the M
and X dependences of the physical properties in the
mixed-valent states have been previously reported in de-
tail. However, the physical properties of the monovalent
state have never been clarified. In addition, it seems to be
a quite interesting problem how the hydrogen-bond net-
works between ligands and counter anions affect the elec-
tronic states of the one-dimensional M-X chains.

Recently, it has been reported that the bromobridged
Ni + complex [[Ni(chxn)2Br}Br2] does not show Peierls
distortion and has (Ni +-X ) linear chain structures. '

Here, chxn means (1R,2R)-cyclohexanediamine ligand.
This complex was found to have a tight hydrogen-bond
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FIG. 1. Linear chain of metals (M) and halogens (X) in
halogen-bridged metal complexes. (a) shows the undistorted
state and (b) the CDW state.

network between NH groups of ligands (chxn) and
counter anions (Br ). Since the complexes with
Y=C104 [ [ Ni(en )zX }(C104)2, (en) =ethylenediamine)
are in the CDW phase, "' there may be a significant
contribution of NH-Br hydrogen-bonds to the stabiliza-
tion of the regular chain structure (-Ni +-Br -).

In this paper, we report the results of polarized
refiection and ESR measurements of [M(chxn)2Br}Br2
(M=Pt, Pd, and Ni) crystals having two-dimensional
(2D) tight hydrogen-bond networks. This represents a
unique chance to directly investigate the difference in
physical properties, e.g. , optical and magnetic ones, of
the monovalent state [Fig. 1(a)] and the mixed-valent
state [Fig. 1(b)] on the Ni and Pt or Pd complexes, re-
spectively. The Ni + regular chain' is expected to be a
one-dimensional spin (S=

—,
' ) system. On the other hand,

the Pt and Pd complexes, which are in the CDW phase as
shown in Fig. 1(b), are essentially diamagnetic. Magnetic
properties of the Ni and Pd complexes are discussed in
detail on the basis of the temperature dependences of the
ESR signals. The influence of the hydrogen-bond net-
work on the physical properties of the 1D M-X chain will
be elucidated.
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II. EXPERIMENT

The complexes IM(chxn)zBrjBrz for M=Pt and Pd
were synthesized in the same way as reported in Refs. 13
and 14, respectively. The procedure of the sample
preparation for M =Ni was reported elsewhere in
detail. ' Our complex [ [ Ni(chxn)zBr j Brz] is clear-

ly distinguished from the related compound
[INi(chxn)zBrjBr, 77] which has a different stoichio-
metry.

In the measurements of polarized reflection spectra, a
halogen-tungsten incandescent lamp was used. Light
from the lamp was focused by a concave mirror on the
entrance slit of a 25-cm grating monochromator (JASCO
CT-25). The monochromatic light from the exit slit was
passed through a polarizer and was focused by a concave
mirror on the specific surface of a single-crystal sample.
Reflected light from the sample was focused by a concave
mirror on a sensitive position of the detector. As a detec-
tor, a PbS cell or a photomultiplier tube was used, de-

pending on the wavelength region.
The ESR measurements were made on single crystals

with a standard Varian X-band spectrometer (E-112).
The temperature of the sample was controlled by an Air-
Product (LTD-3-110E) or an Oxford (ESR-9) cryogenic
system. The microwave-power dependence of the absorp-
tion intensity was checked at several temperatures in or-
der to avoid saturation effects.

III. EXPERIMENTAL RESULTS AND DISCUSSIONS

A. Crystal structures

Figure 2 shows the crystal structure of the Pd +-Br-
Pd + complex viewed along the a axis. ' The

Pd +(chxn)z and Pd +(chxn)z units bridged by the Br
ions are stacked alternately along the b axis (the chain
axis). The neighboring Pd(chxn)z moieties on the same
chain are linked by the four NH . Br . HN intra-
chain hydrogen bonds which are drawn by the dashed
lines in Fig. 2. The hydrogen-bond network is extended
over the chains, constructing a 2D structure parallel to
the bc plane. The crystal structures of the Pt +-Br-Pt
and Ni +-Br-Ni + (Ref. 10) complexes are isomorphic to
that of the Pd +-Br-Pd + complex except for the dis-
placements of bridging halogen ions. Details of the crys-
tal structure of t M(chxn )zX j Xz (M =Pt and Pd) and

IPt(chxn)zClj(C104)z are planned to be reported else-

where. '

A characteristic feature of this one-dimensional
Peierls-Hubbard system can be well described by the
structural parameters of the M . M distance L, the dis-
placement of halogen ions from the midpoint 5, and the
deformation parameter defined by d =25./L, which are
compared for IM(chxn)zBrjBrz (M=Ni, Pd, and Pt) in

Table I.' A notable relation is found among the values
of L, 6, and d for the three complexes. With decreasing
the M M distance L, both the halogen displacement 6
and the deformation parameter d decrease. In order to
reveal the role of the hydrogen bonds to the M-X chain
structures, the values of these parameters for
IPt(chxn)zCljClz and [Pt(chxn)zClj(C10&)z are also list-
ed in Table I.' By replacing Y=C104 with Cl, the
considerable decrease of the M M distance L and the
halogen distortion 5 is found and can be attributed to the
increase of the intrachain hydrogen-bond strength
(—S—H. Y H N H—Y—. H N-
H Y ). [For the complexes [M(chxn)zBrj(C104)z
(M=Pt, Pd), there is no information about the crystal
data. ] In the case of [Pd(chxn)zBr j Brz complex, both b,

and d show the smallest values among the series of
halogen-bridged metal complexes in the CDW phase.

Another role of the hydrogen bonds is demonstrated by
the significant interchain interaction observed in the x-
ray-diffraction experiments. It has been observed for
most of the halogen-bridged mixed-valent complexes that
the arrangements of M + and M + complexes in the
crystals, which are corresponding to the directions of
bridging halogen displacements, are not three- or two-
dimensionally but one-dimensionally ordered, giving the
positional disorder of the bridging halogen ions. As
shown in Fig. 2, however, x-ray structure analysis for

TABLE I. Crystal data of the various complexes. L is the
metal-to-metal distance, 6 is the off-center displacement of
halogen ions, and d =26/L is the deformation parameter.

L (A) 5 (A) d =26!L

FIG. 2. Crystalline structure of [Pd(chxn)zBr]Brz viewed

along the a axis. Br(1) and Br(2j show the bridging and the
counter Br ions, respectively. The dashed lines correspond to
the hydrogen bonds.

[Pt(chxn)zBr]Brz
[Pd(chxn)zBr]Brz
[Ni(chxn)zBr]Br,

[Pt(chxn)zC1]C1,
[Pt(chxn)zC1]CIO, ),

5.372
5.296
5.160

5 ~ 158
5.730

0.196
0.125
0

0.255
0.551

0.0730
0.0472
0

0.0989
0.1923
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[M(chxn)~BrIBrz complexes (M=Pt and Pd) revealed
that the directions of the halogen displacements are two-
dimensionally ordered in the bc plane. (The CDW state
in a chain has two different phases, P and P+tr, with
respect to the displacement of the halogen ions; the CDW
on each chain is arranged in phase in the bc plane and
forms a 2D ordered structure. ) Such 2D ordering of the
halogen displacements is attributable to the 2D tight
hydrogen-bond network. In the complexes with
Y=C104 [[MA&XI(C104)z', M=Pt, Pd: 3 =chxn,
ethylenediamine (en): X=C1, Br, I], the ordering of the
CDW's has not been observed. ' This might be due to
the weak hydrogen-bond network between chains
through C104 ions.

B. Optical properties
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FIG. 4. The imaginary part of dielectric constants
transformed from the reflectivity spectra of [M(chxn)&Br]Br&
(M =Pt, Pd, and Ni) with the electric field parallel to the b axis.

The polarized reflection spectra of [M(chxn)~Br)Br&
crystals (M=Pt, Pd, and Ni) are presented in Fig. 3. A
strong dispersion is observed for the spectra with an elec-
tric vector parallel to the 1D chain (E~~b). No prominent
structure is observed for the Elb spectra. The imaginary
part of the dielectric constants ez, which are obtained
from the reflection spectra for E~~b by using the
Kramers-Kronig transformation, are shown in Fig. 4.
The peak energies of the absorption bands are 1.40, 0.75,
and 1.28 eV for the Pt, Pd, and Ni complexes, respective-
ly.

The absorption bands in the spectra of the Pt and Pd
complexes are attributable to the charge-transfer (CT) ex-
citations from the fully occupied d & orbital of the M +

site to the unoccupied d & orbital of the nearest-neighbor
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FIG. 3. The polarized reAectivity spectra of
[M(chxn)&Br]Br, (M=Pt, Pd, and Ni) with the electric field

parallel (solid lines) and perpendicular (dashed lines) to the b
axis at room temperature.

M + site. ' The ez spectra show a broad and slightly
asymmetric Lorentzian shape. This feature is common to
the observed spectra of the mixed-valent complexes. '

According to the extended Peierls-Hubbard model, the
energy position of the CT excitation EcT can be given by
the parameters S, T, U, and V. ' Here, S is the energy of
the electron-lattice interaction, T is the transfer energy,
and U and V are the on-site and nearest-neighbor
Coulomb repulsion energies. In the case that S is much
larger than T, the lattice relaxation energy E, by halogen
distortions is almost equal to 2S. If the transfer energy is
neglected, EzT is described as (25 —U+3V). ' When T
is introduced in the consideration, ECT decreases. ' The
increase of U due to the decrease of the metal-ion radius
could be the main reason for the low-energy shift of the
CT excitation by substitution of Pd for Pt. Another
reason that could be mentioned is the decrease of the lat-
tice relaxation E, due to the decrease of halogen distor-
tions. As mentioned above, the distortion parameter d of
the [Pd(chxn)~Br]Br& crystal is the smallest among the
mixed-valent complexes, so that the gap energy ECT
shows the smallest value.

The oscillator strengths (f ) of the CT bands were ob-
tained by integrating the ez spectra in the energy region
0.3—4 eV. The f values for the Pt and Pd complexes
were determined to be 6.8 and 5.9 for the elementary
units (M-X-M-X), respectively. As discussed in previous
papers, ' the large oscillator strengths can be explained
by the intensity transfer from the "X-M" core CT transi-
tion to the "M-M" CT transition. The former is the CT
transition from the filled p, state of an X ion to the
empty d & state of the nearest-neighbor M + ion

(X +M + ~X +M +
) and the latter is the intermetal-

lic CT transition (M ++M +~M ++M +). Since
both of the two d & electrons of a metal and four p, elec-

trons of a bromine are involved in these transitions, the
maximum value of f is 6 for (M-X-M-X) unit. The f
value higher than 6 for the Pd complex is considered not
to be substantial, since there is some ambiguity in both
experimental and theoretical view points.

As shown in Fig. 4, the spectrum of the Ni complex
seems to be essentially different from those of the Pt and
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Pd complexes. The absorption band around 1.3 eV in the
Ni complex is considerably sharp and remarkably asym-
metric with a long tail in the higher-energy region. In
the trans-[Ni(en)28r2]Br complex, which is composed of
isolated Br -Ni +-Br units, ' there was no absorption
band corresponding to that observed in the Ni complex
around 1.3 eV. Considering that the Ni complex has a
1D chain structure (

—Ni +-Br -), it is quite natural to
assign this band to the CT excitation
(Ni ++Ni +~Ni ++Ni +). Since this Ni complex has
no Peierls distortion, as found from the x-ray study, it
can be judged to be a typical 1D Mott-Hubbard system.
The optical gap ECT is given by (U-V) in the case of
T=O. The observed value of ECT (ca. 1.3 eV) for the Ni
complex is mainly attributable to Coulomb repulsion en-
ergy U on a Ni site.

The oscillator strength of the CT band in the Ni com-
plex was estimated to be 3.0 for a (Ni-Br) unit [or 6.0 for
a (¹iBr-Ni-Br) unit]. The intensity transfer from the
Br -Ni + transition to the intermetallic CT transition
undoubtedly occurs in this complex, as mentioned for the
Pt and Pd complexes. The shape of the CT band for the
Ni complex is quite sharp compared with those of the
mixed-valent complexes (M=Pt and Pd). This suggests
that the CT excitation is free of the damping effect due to
the lattice relaxation. Furthermore, no luminescence
could be observed for the Ni complex. These experimen-
tal results suggest that the CT exciton of the Ni complex
is not relaxed to the self-trapped exciton state, but it
moves freely along the chain being delocalized as an
electron-hole pair without the local distortions due to the
bridging halogen displacement. The long tail of the ab-
sorption spectrum in the higher-energy region suggests a
presence of another CT transition above 1.5 eV. When E'p

was integrated in the energy region from 1.5 to 4 eV, the
oscillator strength of this transition became 1.9 for a
(Ni-Br} unit. From these results, one can assume that the
core CT transition (Br -Ni + transition) locates in the
tail region and is strongly mixed with the intermetallic
Ni +-Ni + CT transition around 1.3 eV.
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most isotropic below 150 K. Above 150 K, the isotropy
is not unambiguous due to the broadening of the signals.
In order to obtain information on the high-temperature
susceptibility, the ESR spectra were measured using a
large amount of randomly oriented crystalline material.
The results are presented in the form of an integrated
spin susceptibility y, in Fig. 6. The lower-temperature
data are also plotted in Fig. 5(a) as solid circles for a com-
parison. As seen from Figs. 5(a) and 6, y, is insensitive to
temperature down to about 50 K and then rapidly in-
creases at lower temperatures. The latter dependence is

FIG. 5. Temperature dependences of (a) the ESR intensity
and (b) the linewidth of [Ni(chxn)2Br]Br2 for the magnetic field
parallel (rectangulars) and perpendicular (triangles) to the b
axis. The solid circles in (a) are the ESR intensity for randomly
oriented single crystals.

C. ESR and spin susceptibility

The electronic ground states of the halogen-bridged
metal complexes [ [M(chxn}2Br]Br2] mentioned here are
specified into two different states, i.e., the Mott-Hubbard
state in the monovalent Ni complex and the CDW state
in the mixed-valent Pt and Pd complexes as demonstrat-
ed by the optical measurements. Temperature-dependent
ESR measurements of these compounds show quite
different behaviors for their spin states as follows.

(1) [M(chxn)2Br]Br2', M =Ni. In Fig. 5(a), the intensi-
ty of the ESR signal, which is obtained by the product of
the peak-to-peak amplitude of the absorption derivatives
and the square of the peak-to-peak linewidth AH, is
plotted as a function of temperature for the magnetic
field parallel (rectangulars) and perpendicular (triangles)
to the stacking axis b. These ESR signals were observed
around g =2 with a Lorentzian line shape. The tempera-
ture dependences of the linewidths hH are plotted in
Fig. 5(b). As seen from Fig. 5(a), the ESR intensity is al-
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FIG. 6. Temperature dependence of the spin susceptibility of
[Ni(chxnlzBr]Br&. The dashed lines represent the linear com-
bination of the Bonner-Fisher curve and the Curie curve.
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closed to the Curie law. Subtracting the Curie-like com-
ponent from the observed g„ the residual component is
almost temperature independent. Its absolute value is
about 2 X 10 emu/mol.

A tentative interpretation of the characteristic magnet-
ic feature observed for the Ni complex, the nearly isotro-
pic intensity and the temperature-independent behavior,
can be made by using the 1D Heisenberg (S=—,') model
with a large antiferromagnetic exchange interaction (J).
Calculations of y, were made by applying the Bonner-
Fisher formula' with an exchange energy J of 3600 K
and the Curie spin concentration of 0.22%. The dashed
curve in Fig. 6 represents the sum of both terms. The
Curie-like component may arise from a residual spin
(=—,') in domains or short chains consisting of an odd
number of Ni + ions, which might be produced by the in-
troduction of Ni + sites in the 1D antiferromagnetic
chains.

As mentioned above, ECT is approximately given by
( U-V) under the condition T=O. Since ECT is a decreas-
ing function of T, (U-V) should be considerably larger
than EcT 1.3 eV. Taking into account the band calcula-
tions' and the analysis of the simple trimer model, T is
around 0.3 —0.6 eV for the Pt complexes. The experimen-
tal value of J-3600 K for INi(chxn)zBrIBr2 is of the
same order of magnitude as the value estimated by the re-
lation J=4T /( U- V).

The peak-to-peak linewidth AHpp increases monotoni-
cally with increasing temperature as shown in Fig. 5(b).
The g factor is anisotropic (g~~ =2.021, gt=2. 171 at 70
K) and almost constant in the measured temperature re-
gion. The anisotropy of the g factor indicates that the
quenching of the orbital angular momentum is incom-
plete. In this case, the spin-phonon interaction through
the spin-orbit coupling shortens the relaxation time at
high temperatures. ' The monotonical increase of LaeLHpp

may be accounted for by this relaxation process.
In our ESR experiments, no spin ordering was detected

even at the temperature down to 20 K. (If antiferromag-
netic ordering occurs, some changes in the line shape and

g values, and the anisotropy of spin susceptibility, should
be observed. ) The lack of the long-range antiferromag-
netically ordered state in spite of the large effective J
value may be related to the instability associated with the
purely one-dimensional electronic (spin) state.

The measurements of the electrical conductivity along
the b axis on the Ni complex showed a semiconducting
behavior with a room-temperature conductivity of about
0.5 s/cm, which is extremely larger than those of the typ-
ical mixed-valence complexes by more than 6 orders.
The activation energy of about 0.16 eV is remarkably
smaller than the optical gap of ECT =1.28 eV. The high
conductivity and the small activation energy are puz-
zling, suggesting a presence of some low-energy carriers
related to the instability of the 1D Hubbard system. Dy-
namics of the 1D electronic (spin) system with the ex-
tremely large J is an attractive but unknown subject, and
more detailed studies from both the experimental and
theoretical points of view are required.

(2) IM(chxn)2BrIBr; M=Pd and Pt. The results of
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FIG, 7. Temperature dependence of the spin susceptibility of
[Pd{chxn), Br]Br&. The dashed line represents the component
following the Curie law.

the ESR measurements are clearly different between the
two mixed-valent complexes (M=Pt and Pd). In the Pt
complex, no ESR signal was detected. On the other
hand, the ESR signals of the Pd complex due to S=—,

'

spins showed the characteristic temperature dependence.
The difference in the magnetic properties between the
two complexes (M =Pt and Pd) will be discussed in detail
on the basis of the structural parameters described previ-
ously in Sec. III A.

The ESR signals of the Pd complex were observed at

g~~
=2.006 and g~=2. 112 at room temperature and can

be ascribed to the paramagnetic spins of Pd +. The tem-
perature dependence of the integrated intensity of the
ESR signals is presented in Fig. 7 as a double logarithmic
plot [logto(y, )

—logto(T)]. At low temperatures below
100 K, g, follows the Curie law as shown by the dashed
line. This indicates that a constant number of nonin-
teracting Pd + spins exists in the 1D chain. The concen-
tration of Pd + spins is about 4X 10 per Pd site, which
is 1 order of magnitude lower than the value reported for
the powder sample by Toftlund et al. ' Above 100 K, g,
deviates from the straight line and increases with increas-
ing temperature. It indicates a thermal excitation of
paramagnetic spins. The component of the thermally ex-
cited spins y„which can be obtained by subtracting the
Curie component from the observed y„was found to fol-
low the activation-type formula In(g, T)a 1/T with an ac-
tivation energy of about 370 K.

The ESR signals show a remarkable narrowing above
100 K. This temperature is almost coincident with the
beginning of the thermal excitation of spins; the peak-to-
peak linewidth hH decreases from 42 6 at 140 K to 20
G at 300 K for Hlb. This behavior can be explained by
the motional narrowing effect of the thermally excited
spins.

To interpret an origin of the mobile Pd + paramagnet-
ic spins, the soliton-kink model should be most suitable.
The soliton-kink is produced by the phase mismatching
of the Peierls distortions. The application of the soliton-
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kink model to the mixed-valent halogen-bridged metal
complexes has been made from the theoretical point of
view before. ' The contribution of the effect of the 2D
hydrogen-bond network, which will be mentioned below,
is considered in our interpretation of the ESR signals
based on the soliton-kink model.

From the crystallographic works of these complexes, it
has been found that the physical properties of the CDW
states are sensitive to the interchain interactions, espe-
cially hydrogen bonds. When the amplitude of the CDW
state (i.e. , the displacement of the halogen ions) is large,
the 2D ordering of phases in the CDW states is stiNy
1ocked to the lattice by a cooperation with the interchain
hydrogen-bond network. The 2D ordering state of the
CDW's means that the CDW's on the respective chains
are arranged in phase, as mentioned in Sec. III A. In this
case, the soliton-kink is hardly formed in the chain. This
is the case of the Pt complex. On the contrary, when the
amplitude of the CDW is quite small, the phase ordering
will be easily disturbed even at a finite temperature, and
then the CDW state becomes one dimensional. Thus, the
change of the amplitude of the CDW leads to the change
of the dimensionality. In a nearly 1D system, soliton-
kinks can be easily formed at high temperatures. As
shown in Table I, the distortion parameter d of the Pd
complex is the smallest among the mixed-valence com-
plexes in the CDW phase. Accordingly, the thermal exci-
tation of spins in the Pd complex can be well interpreted
by the soliton-kinks formed in the quasi-1D chain. Since
the ESR signals show the motional narrowing above
about 100 K, it is considered that the soliton-kink is not
bound but moves freely in the chain. Following the
soliton-kink model, the Pd + spins at low temperatures
which follow the Curie law could be attributed to soliton
like spins bound by some lattice imperfections.

(3) The other mixed-valent complexes;
IPt(en)2XI(C104)z. As previously reported, the ESR
signals of the Pt complexes [jPt(en)AX&)(Y)2;
Y=C104 ] follow the Curie law in the whole tempera-
ture region below the room temperature. The concentra-

tion of defects was estimated to be 1 —2 per ten thousand
Pt sites in common and almost independent of the bridg-
ing halogens (X=C1, Br, or I). However, the Pt + de-
fects in IPt(chxn)2BrI Y~ (Y=Br ) could not be detect-
ed within the sensitivity of our ESR equipment, indicat-
ing that the concentration of Pt spins is at least 1 order
of magnitude lower than that of the Y=C104 complex.
The significant decrease in the number of defects caused
by replacing C104 by Br can be ascribed to the in-
crease of the dimensionality of the CDW state, as sug-
gested previously. In the case of Y=C104, the
hydrogen-bond network is considerably weak, so that the
solitonlike Pt + defects are easily introduced in the 1D
chains possibly during the crystallization process. These
Pt + defects, however, are naturally localized and bound,
because of the large stabilization energy of the halogen
displacements.

As discussed above, the introduction of the strong hy-
drogen bonds causes the two distinctive effects to the for-
mation of soliton kinks. One is the increase of the inter-
chain coupling between the CDW states in neighboring
chains. Another is the suppression of amplitude of the
CDW. The latter is favorable for reducing the formation
energy of the soliton kinks. In the complex having the
small amplitude of the CDW (e.g. , M=Pd, Y=Br ),
thermally excited spins of the soliton kinks are observable
beyond a signal level of the Curie component. These ex-
perimental results suggest a new possibility that the soli-
ton state is well controlled by modifying the strength of
hydrogen bondings. Such an attempt, including the
high-pressure study, is now under way.
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