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A series of quasi-one-dimensional halogen-bridged NiIII complexes, [Ni(chxn)2X]Y 2 (chxn) 1R,2R-diaminocy-
clohexane; X) Cl, Br, and mixed halides; Y) Cl, Br, mixed halides, NO3, BF4, and ClO4) have been synthesized
in order to investigate the effect of the bridging halogens and counteranions on their crystal, electronic structures,
and moreover the spin density wave strengths. In the crystal structures, the [Ni(chxn)2] moieties are symmetrically
bridged by halogen ions, forming linear-chain NiIII -X-NiIII structures. The hydrogen bonds between the
aminohydrogens of chxn and the counteranions are constructed not only along the chains but also over the chains,
forming the two-dimensional hydrogen-bond networks. While the NiIII -X-NiIII distances orb axes are almost
constant in the compounds with the same bridging halogens, thec axes which correspond to the interchain distances
in the directions of the interchain hydrogen bonds are remarkably lengthened with the increase of the ionic radius
of the counterions; X< NO3 < BF4 < ClO4. These compounds show the very strong antiferromagnetic interactions
among spins on Ni 3dz2 orbitals through the superexchange mechanisms via the bridging halogen ions. Judging
from the results of X-ray photoelectron spectra (XPS), Auger spectra, and single-crystal reflectance spectra, these
Ni compounds are not Mott-insulators but charge-transfer-insulators. Their electronic structures or the spin density
wave strengths are found to be tuned by the combinations of the counteranions and the bridging halogens.

Introduction

Recently, low-dimensional compounds have been attracting
much attention since they show very interesting physical
properties such as Peierls transition, spin-Peierls transition,
neutral-ionic transition, charge density wave (CDW) states, spin
density wave (SDW) states, superconductivities, etc.1 Among
these compounds, quasi-one-dimensional halogen-bridged mixed-
valence metal compounds (hereafter abbreviated as MX chains)
have been extensively investigated these 20 years because of
their interesting physical properties such as intense and dichroic
intervalence charge-transfer bands, progressive resonance Raman
spectra, luminescences with large Stokes shifts, midgap absorp-
tions attributable to solitons and polarons, large third-order
nonlinear optical susceptibilities, one-dimensional model com-
pounds of highTc copper oxide superconductors, etc.2

Theoretically, the MX chains are considered as extended
Peierls-Hubbard systems, where the electron-phonon interac-
tion (S), the electron-transfer energy (T), the on-site and intersite
Coulomb interactions (U andV, respectively) are competed or

cooperated with one another.3 Originally, the MX chains are
considered as one-dimensional metallic states with half-filled
dz2 orbitals of metals and the filled pz orbitals of bridging
halogens. However, as it is well-known, the one-dimensional
metallic state is unstable and subsequently transferred to the
insulating state by the electron-phonon interaction (S) and the
electron correlation (U). In most MX chains, due to the strong
electron-phonon interaction, the bridging halogens are distorted
from the midpoints between the neighboring two metal atoms,
giving CDW states or MII-MIV mixed-valence states (‚‚‚MII‚
‚‚X-MIV-X‚‚‚MII‚‚‚). Accordingly, the half-filled metallic band
is split into the occupied valence band and the unoccupied
conduction band with finite Peierls gaps. These compounds are
formulated as [MII(AA)2][M IVX2(AA)2]Y4 (MII-MIV ) PtII-
PtIV, PdII-PdIV, NiII-PtIV, PdII-PtIV, CuII-PtIV; X ) Cl, Br,
I, and mixed halides; AA) ethylenediamine (en), 1R,2R-
diaminocyclohexane (chxn), etc.; Y) ClO4, BF4, X, etc.). These
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MX chains have two characteristic points compared with the
inorganic semiconductors and organic conjugated polymers as
follows. The magnitudes of the band gaps or the CDW strengths
can be tuned by varying chemical factors such as M, X, AA,
and Y; in other words, the physical parameters (S, T, U, andV)
can be tuned by substitution of the chemical factors. Moreover,
the interchain interaction can be controlled by using the intra-
and interchain hydrogen bonds between the aminohydrogens
and the counteranions.4 The excited states and their relaxation
processes were well investigated by using various optical
methods such as resonance Raman spectra, time-resolved
luminescence spectra, photoinduced absorption spectra, etc.5

On the other hand, theoretically it was proposed that in the
case of stronger on-site Coulomb interaction (U) compared with
the electron-phonon interaction (S), the MIII state or SDW state
is considered to be more stable, where the bridging halogens
are located at the midpoints between neighboring two metal
atoms (-X-MIII -X-MIII -X-). More recently, our groups
have succeeded in synthesizing such compounds formulated as
[Ni III (chxn)2X]X 2 (X ) Cl and Br), since a Ni ion has a stronger
U compared with that of a Pd or Pt ion and/or compared with
S in a Ni ion.6 These Ni compounds show very strong
antiferromagnetic interaction among spins located on 3dz2 orbital
in each Ni ion through the bridging halogens. The XP spectra,
Auger spectra, and single-crystal reflectance spectra have
revealed that these Ni compounds are not Mott-insulators but
charge-transfer-insulators, where the energy levels of the
bridging halogens are located between the upper and lower
Hubbard bands.7 Therefore, the electronic structures of the Ni
compounds are similar to those of the starting materials of
copperoxide superconductors except for their dimensionality.
While many Pt and Pd compounds were synthesized and their
physical properties were extensively investigated so far, the
properties of the Ni compounds have not been fully understood,
since the compounds are only a few, and moreover, it is very
difficult to obtain single crystals. In this study, to investigate
the effect of the bridging halogens and counteranions on the
SDW strengths, we have synthesized new NiIII compounds, [Ni-

(chxn)2X]Y 2 (X ) Cl, Br, and mixed halides; Y) Cl, Br, mixed
halides, NO3, BF4, and ClO4) and investigated their crystal and
electronic structures.

Experimental Section

Preparation of [Ni(chxn)2X]X 2 (X ) Cl and Br). Single crystals
of [Ni(chxn)2X]X 2 were obtained by the methods previously reported.6

Preparation of Ni(chxn)2ClxBr y. Single crystals of Ni(chxn)2Cl2.459-
Br0.541and Ni(chxn)2Cl1.28Br1.72 were obtained by slow diffusion of Br2

and Cl2 into the 2-methoxyethanol solutions of Ni(chxn)2Cl2 and
Ni(chxn)2Br2, respectively. The ratios of Cl and Br were determined
by single-crystal X-ray structure analyses as described previously.8

Preparation of Ni(chxn)2X(NO3)2. Single crystals of the Ni-
(chxn)2X(NO3)2 (X ) Cl and Br) were synthesized by (a) chemical
and (b) electrochemical methods. (a) An amount of 10 mL of
2-methoxyethanol solutions of Ni(chxn)2X2 were cooled to-10 °C,
and 20 mL of 61% HNO3 (-10 °C) was added to their solutions. They
were kept in the refrigerator for 24 h, then green crystals were obtained.
(b) The compounds were obtained by an electrochemical method of
the 2-methoxyethanol solutions of Ni(chxn)2X2 including NH4NO3 as
an electrolyte at room temperature with an electric current of 20µA
using an H-shaped cell.9 The concentrations of Ni(chxn)2X2 and NH4-
NO3 were 40 mmol and 0.5 mol, respectively. After several weeks,
single crystals were obtained.

Preparation of Ni(chxn)2X(ClO4)2. The Ni(chxn)2X(ClO4)2 (X )
Cl and Br) compounds were obtained by halogenation of the 70%
HClO4 solutions of Ni(chxn)2(ClO4)2 at -10 °C. Anal. Calcd for
C12H28N4O8Cl2BrNi: C, 25.47; H, 4.98; N, 9.97. Found: C, 25.45; H,
5.59; N, 9.45. Anal. Calcd for C12H28N4O8Cl3Ni: C, 27.64; H, 5.41;
N, 10.74. Found: C, 28.29; H, 5.33; N, 10.62.

Preparation of Ni(chxn)2Cl(BF4)2. The Ni(chxn)2Cl(BF4)2 is ob-
tained by chlorination of the 40% HBF4 solution of Ni(chxn)2(BF4)2 at
-10 °C. Anal. Calcd for C12H28N4F8B2ClNi: C, 29.05; H, 5.68; N,
11.29. Found: C, 28.80; H, 5.45; N, 11.03.

Single-crystal X-ray structure measurement was carried out at room
temperature. Intensity data were collected on a RIGAKU AFC-5 four-
circular diffractometer for [Ni(chxn)2Cl](NO3)2 using Mo KR radiation.
Crystal data are listed in Table 1. The structure was solved by the heavy
atom method and refined by the full-matrix least-squares technique.
All non-hydrogen atoms were refined with anisotropic thermal param-
eters. X-ray powder patterns were measured on MAC Science MPX3
using Cu KR radiation at room temperature.

13C CP/MAS NMR spectra of [Ni(chxn)2X]Y 2 and [Pd(chxn)2][PdCl2-
(chxn)2] (ClO4)4 were recorded at room temperature by applying proton
decoupling using a Bruker MSL-300 spectrometer. The chemical shifts
given in ppm are relative to external TMS.
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Table 1. Crystal Data for Ni(chxn)2Cl(NO3)2

emp form [Ni(C6H14N2)2]Cl(NO3)2

fw 446.5
cryst size(mm3) 0.55× 0.30× 0.10
cryst syst orthorhombic
a/Å 22.990(20)
b/Å 4.982(2)
c/Å 8.001(5)
V/Å3 916.4(11)
Z 2
space group I222
D calcd (g/cm3) 1.618
no. of obsns 631
λ/Å 0.710 69
temp (K) 296
residuals:Ra; Rw

b 0.066,0.058

a R ) ∑||Fo| - |Fc||/∑|Fo|. b Rw ) [∑w(Fo - Fc)2/∑wFo
2]1/2.
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The measurements of the XPS and Auger spectra were performed
using ESCALAB MK II (VG Scientific Co.) photoelectron spectrometer
with Mg KR (hν ) 1253.6 eV) or Al KR (hν ) 1486.6 eV) as an
excitation light source. In these measurements, all samples were ground
into powder form in a N2-gas-filled glovebox attached to the preparation
chamber and inserted into the high-vacuum chamber without exposure
to air. The base pressure of the analysis chamber was in the 10-10 Torr
range. The excitation light was operated at low power because the
samples degraded on prolonged exposure at high incident power, as
observed by the broadening of the Ni 2p core-level spectra. The Fermi
level of the sample was determined by referring to that of silver sample.

For the measurements of the 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 CD-25). The monochromatic light from the
exit slit was passed through a polarizer and was focused on the specific
surface of a single-crystal sample by using an optical microscope.
Reflected light from the sample was focused by a concave mirror on
the detector (a PbS cell or a photomultiplier tube).

Magnetic susceptibilities of polycrystalline samples were measured
on a Quantum Design SQUID magnetometer in an applied magnetic
field of 2000 G from 2 to 300 K with rising temperature after cooling
in a nearly zero magnetic field.

Electrical conductivities of single crystals were measured by using
four-probe methods between 165 and 300 K. Carbon paste was used
for adhering samples to gold wires.

Results and Discussions

The crystal structures of [Ni(chxn)2Cl](NO3)2 are isomor-
phous to [Ni(chxn)2Br](NO3)2, [Ni(chxn)2X]X 2 (X ) Cl and
Br), and Ni(chxn)2ClxBry so far reported6,8,9 and, moreover, to
the mixed-valence compounds [MII(chxn)2][M IV(chxn)2X2]Y4

(M ) Pt and Pd; X) Cl, Br, and I; Y) X and ClO4) although
the positions of the bridging halogens are different from one
another.10 The chain structure of [Ni(chxn)2Cl](NO3)2 is shown
in Figure 1. The relevant bond distances of these compounds
are listed in Table 2, along with those of [Ni(chxn)2Br](NO3)2,
[Ni(chxn)2X]X 2 (X ) Cl and Br), and Ni(chxn)2ClxBry for
comparison. The four N atoms of the two chxn are coordinated
to a Ni atom in a planar fashion. The Ni(chxn)2 moieties, lying
on special position 222, are bridged by halogen atoms and
stacked along theb axis, constructing linear-chain structures.
The neighboring Ni(chxn)2 moieties along the chain are linked

by the hydrogen bonds between aminohydrogens and counter-
anions, and moreover, there are the hydrogen bonds among the
neighboring chains, constructing the two-dimensional hydrogen
bond networks parallel to thebc plane. In the compounds of
[Ni(chxn)2Cl](NO3)2, the intra- and interchain hydrogen bonds
are composed of NH‚‚‚O‚‚‚HN and NH‚‚‚O-N-O‚‚‚HN sys-
tems, respectively, and the oxygen atom of NO3

- without
incorporation with the interchain hydrogen bonds between the
amino hydrogens and NO3- is disordered into the upper and
lower sides with half occupation. As described previously, in
the compounds of Ni(chxn)2ClxBry, the occupancy factors of
Cl and Br ions in the bridging and counteranion positions were
determined by the full-matrix least-squares refinements. The
occupancy factors of Cl and Br at the bridging halogen sites
are 0.976 and 0.024 for Ni(chxn)2Cl2.459Br0.541(1) and 0.68 and
0.32 for Ni(chxn)2Cl1.28Br1.72 (2), respectively, and those at the
counter halogen sites are 1.483 and 0.517 for (1) and 0.60 and
1.40 for (2), respectively. Accordingly, their formula can be
correctly represented as [Ni(chxn)2Cl0.976Br0.024]Cl1.483Br0.517for
(1) and [Ni(chxn)2Cl0.68Br0.32]Cl0.60Br1.40 for (2).8

To discuss their electronic structures, it is essential to decide
whether the bridging halogens are located at midpoints between
the two neighboring Ni atoms (NiIII -X-NiIII structure) or
deviated from the midpoints (NiII‚‚‚X-NiIV-X structure). On
the basis of the careful consideration of the X-ray diffraction,
we concluded that these Ni compounds have the NiIII -X-NiIII

structures or SDW states. First, their NiIII -X distances are
significantly shorter than those of the discrete octahedral NiIII

compounds, [NiIIIX2([14]aneN4)]ClO4 (X ) Cl and Br).11

Second, the structure analyses of these compounds do not
indicate positional disorders of the bridging halogen atoms. The
thermal ellipsoids of the bridging halogen atoms are very small.
Finally, neither diffuse scattering nor satellite peak relating to
a superstructure has been observed on the X-ray oscillation and
Weissenberg photographs of these compounds.

The b axis andc axis are correspondent with the NiIII -X-
NiIII distance along the chain and the interchain distance in the
direction of the hydrogen bonds, respectively. These two axes
are systematically influenced with the substitution of the
bridging halogens and counteranions. Theb axes in the Ni-
(chxn)2ClxBry increase in the order of [Ni(chxn)2Cl]Cl2 <
[Ni(chxn)2Cl0.976Br0.024]Cl1.483Br0.517< [Ni(chxn)2Cl0.58Br0.32]Cl0.60-
Br1.40 < [Ni(chxn)2Br]Br2, which is due to the increase of the
amounts of Br ions with larger ionic radius. Next, to investigate
the effect of the counteranions of NO3

- and halogen ions (X-)
on theb andc axes, we compare [Ni(chxn)2X](NO3)2 with [Ni-
(chxn)2X]X 2 (X ) Cl and Br). While the NiIII -X or NiIII -X-
NiIII distances (b axis) are almost similar in the same bridging
halogens, thec axes of the NO3- compounds are much larger
than those of X- compounds, which is due to the larger ionic
radius of NO3

- compared with those of X-. The correlation
between theb axis andc axis is shown in Figure 2. It can be
seen that the NiIII -X-NiIII distances orb axes are dependent
on the species of bridging halogens and almost constant in the
same bridging halogens. This is due to the tight covalent bonds
of NiIII -X-NiIII . Unfortunately, we could not obtain single
crystals of Ni(chxn)2X(ClO4)2 (X ) Cl and Br) and Ni(chxn)2Cl-
(BF4)2. Therefore, we obtained their crystal parameter such as
thea, b, andc axes by using X-ray powder patterns, since their
structures are also isomorphous to the Ni(chxn)2X3 whose crystal
structures were determined by single-crystal X-ray diffraction
methods. The correlations betweenb andc axes are also shown

(10) (a) Larsen, K. P.; Toftlund, H.Acta Chem. Scand.1977, 31, 182. (b)
Wada, Y.; Lemmer, U.; Gobel, E. O.; Yamashita, M.; Toriumi, K.
Phys. ReV. B 1995, 52, 8276. (11) Ito, T.; Sugimoto, M.; Toriumi, K.; Ito, H.Chem. Lett.1980, 1477.

Figure 1. ORTEP drawing of [Ni(chxn)2Cl](NO3)2.
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in Figure 2. Theb axes or NiIII -X-NiIII in the same bridging
halogens are almost constant, while thec axes or the distances
in the direction of the interchain hydrogen bonds are remarkably
lengthened in the order X< NO3 < BF4 < ClO4 as the
counteranions. Such a trend is consistent with the order of the
ionic radius of counteranions. That is, since the NiIII -X-NiIII

covalent bonding is tight, the larger counteranions cannot
approach the chains, resulting in lengthening of thec axes.

At this stage, it is very interesting to compare the correlation
between theb andc axes in the Ni compounds with those in
the Pd and Pt compounds in the systems of M(chxn)2ClY2 (Y
) Cl- and ClO4

-), where the Ni compounds take NiIII states
(SDW States), and the Pt and Pd compounds take MII-MIV

mixed-valence states (CDW states). The correlation is shown
in Figure 3. Going from Y) Cl to ClO4 in the Pt compounds,
both theb andc axes are lengthened, where while the PtIV-Cl
distances in both compounds are almost constant, the PtII‚‚‚Cl
distance in the ClO4 compound is much longer than that in Cl
compounds.10 Thec axis in the ClO4 compounds is much larger
than that in the Cl compound, due to the difference of their
ionic radius and the hydrogen bond systems. A similar trend is
also observed in the Pd compounds, but the degree of the
inclination is smaller than that of the Pt compounds. Such results
are reasonable from the viewpoint of the intervalence interaction.
Because the interaction or overlapping of orbitals between PdII

and PdIV atoms through the bridging halogens is larger, judging
from the results of intervalence CT bands and electrical
conductivities, the PdII‚‚‚Cl-PdIV distance orb axis is shorten-
ing. Then, since the counteranion of ClO4 cannot approach to
the chain, thec axis results in lengthening compared with the
Pt compounds. In the Ni compounds, such trends are more
prominent compared with the Pt and Pd compounds, as shown
in Figure 3, due to the tight covalent bonding of NiIII -Cl-
NiIII .

13C NMR spectra of Ni(chxn)2X3 (X ) Cl, Br, and mixed
halides) observed at room temperature exhibited three resonance
lines with almost integrated intensity as shown in Figure 4.
These results are in good agreement with the crystal structural
data, revealing the presence of three kinds of crystallography-
cally independent carbon atoms of the chxn ligands in the
crystals, namely,R-, â-, andγ-carbons.

Table 2. Crystal Parameters and Bond Distances (Å)

a b c Ni-X Ni-N

Ni(chxn)2Cl3 23.975(5) 4.894(1) 6.913(1) 2.447(1) 1.944(1)
Ni(chxn)2Cl2.459Br0.541 23.901(1) 4.914(1) 6.971(1) 2.457(1) 1.939(2)
Ni(chxn)2Cl(NO3)2 22.990(20) 4.982(3) 8.001(5) 2.491(1) 1.927(7)
Ni(chxn)2Cl1.28Br1.72 23.720(2) 5.063(1) 7.189(1) 2.531(1) 1.948(3)
Ni(chxn)2Br3 23.587(5) 5.161(2) 7.121(1) 2.578(1) 1.944(3)
Ni(chxn)2Br(NO3)2 22.906(3) 5.213(1) 7.855(1) 2.6065(5) 1.937(4)

Figure 2. Correlation betweenb andc axes in [Ni(chxn)2X]Y 2. The
open circles show the chlorobridged compounds, the black circles show
the bromobridged compounds, and the double circles show the mixed
halide-bridegd compounds.

Figure 3. Correlation betweenb and c axes in M(chxn)2ClY2. The
double circles show the Pt compounds, the open circles show the Pd
compounds, and the black circles show the Ni compounds.

Figure 4. 13C NMR spectra of [Ni(chxn)2X]Y 2 and Pd(chxn)2Cl(ClO4)2.
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To estimate the on-site Coulomb energies of these com-
pounds, we have measured their Auger spectra and XP spectra.
Figure 5 shows the valence-band XP spectra of the Ni
compounds, which were obtained by using Mg KR radiation.
In the spectra, the broad peaks centered at 3-4 eV binding
energies are observed. Both Ni 3d and bridging halogen 3p(Cl)
or 4p(Br) electrons will contribute to the XPS intensities in this
region. Since the XPS cross section of the Ni 3d electrons is
comparatively larger than those of Cl 3p and Br 4p electrons
for the Mg KR radiation, the broad peak at 3-4 eV can be
considered to have a dominantly 3d character. The Ni 2p XP
spectra obtained using Mg KR radiation are shown in Figure 6.
The spectra are composed of the two peaks, that is, Ni 2p3/2

and Ni 2p1/2, where the former is observed in the higher energy
region compared with the latter. These binding energies are
higher than those in the NiII complexes. To evaluate the
electron-electron correlation between the 3d electronsU, the
Ni LVV Auger spectra have been measured. Figure 7 shows
the Auger spectra which are obtained by Al KR radiation, since
the strong N 1s XP line appears in the Auger spectral region
with the excitation of the Mg KR radiation. From these results,
the U values are obtained by using the equation described
previously.7 All results are listed in Table 3. TheU values in
these compounds are about 5 eV, which are almost equal to
those of [Ni(chxn)2X]X 2 reported previously.

The optical conductivity spectra of the single crystals of these
compounds are shown in Figure 8, which were obtained by the
Kramers-Kronig transformation from the polarized reflectivity
spectra with the electric vectorE parallel to the chain axisb (E
| b). In the energy region from 1.2-2.0 eV, the prominent
absorptions are observed in these compounds, where are
polarized parallel to the chain axisb, but no prominent structures
are observed for the E⊥ b spectra. Their peak energies are listed
in Table 3. As mentioned above, the on-site Coulomb energies
are estimated to be about 5 eV. On the other hand, the lowest
transitions are observed in the energy regions from 1.2 to 2.0

eV. Therefore, the lowest transitions are considered as those of
the bridging halogens to the upper Hubbard bands of the Ni
3dz2. Then, these compounds are not Mott-insulators but CT-
insulators, where the energy levels of the bridging halogens are
located between the lower and upper Hubbard bands composed
of the NiIII 3dz2 orbitals. The peak energies shift in the order of
Ni(chxn)2Cl3 > Ni(chxn)2Cl2.459Br0.541 > Ni(chxn)2Cl1.28Br1.72

> Ni(chxn)2Br3, which is well interpreted by the energy
difference of the 2p of Cl and 3p of Br ions. In the same bridging
halogens, the peak energies of the NO3

- compounds are higher
than those of the halogen counteranions, which is due to slightly
longer NiIII -X-NiIII distances in the NO3- compounds.

Figure 5. Valence-band XP spectra of [Ni(chxn)2X]Y 2. Figure 6. Ni 2p XP spectra of [Ni(chxn)2X]Y 2.

Figure 7. Ni LVV Auger spectra of [Ni(chxn)2X]Y 2.
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Single-crystal electrical conductivities have been measured
along the chain axes by the four-probe method (Figure 9). All
these compounds show semiconducting behaviors. All data are
listed in Table 3, where the resistivities at room temperature
and the activation energies increase in the order of Ni(chxn)2Br3

< Ni(chxn)2Cl1.28Br1.72< (Ni(chxn)2Cl2.459Br0.541) < Ni(chxn)2-

Cl3, and in the same bridging halogens those of the NO3
-

compounds are larger than those of halogen counteranion
compounds. Such orders are the same as those of the peak
energies of the charge-transfer bands.

The temperature-dependent magnetic susceptibility measure-
ments reveal that all these compounds show the very strong
antiferromagnetic interactions, which are due to the superex-
change mechanism through the bridging halogens between
neighboring spins located on the Ni 3dz2 (Figure 10). The
exchange parameters|J| are estimated to be 1150 K for Ni-
(chxn)2Cl(NO3)2, 1200 K for Ni(chxn)2Cl3, 1500 K for Ni(chxn)2-
Br(NO3)2, and 1700 K for Ni(chxn)2Br3 by using the Bonner-
Fisher equations. The negative linear correlation between the
magnitudes of|J| and the peak energies of the CT bands are
observed. This is well interpreted with the superexchange
interactions through the bridging halogen ions between neigh-
boring NiIII ions.12

Conclusion

New quasi-one-dimensional halogen-bridged NiIII compounds,
[Ni(chxn)2X]Y 2 have been synthesized by chemical and elec-
trochemical methods. Judging from the results of crystal
structures, XPS, Auger spectra, and single-crystal optical
measurements, these compounds are CT-insulators, where the
energy levels of the bridging halogens are located between the
upper and lower Hubbard bands. Therefore, their electronic
structures are very similar to those of the starting materials of
the copperoxide supperconductors. It is founded that the SDW
strengths in these compunds can be tuned by substituting the
bridging halogens and the counteranions.
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Table 3. Electron Correlations (U), CT Peak Energies, and
Electrical Conducting Data

U (eV) ECT (eV) Ea (eV) log σ (S cm-1)

Ni(chxn)2Cl3 ∼4.47 1.95 0.302 -6.61
Ni(chxn)2Cl2.459Br0.541 ∼5.95 1.75 a a
Ni(chxn)2Cl3 ∼4.9 1.80 0.232 -6.00
Ni(chxn)2Br(NO3)2 ∼5.91 1.45 0.178 -5.61
Ni(chxn)2Cl1.28Br1. 72 ∼5.35 1.45 0.137 -4.73
Ni(chxn)2Br3 ∼5.84 1.28 0.117 -3.16

a Single crystals are too small to be measured.

Figure 8. Optical conductivity spectra of the single crystals of [Ni-
(chxn)2X]Y 2.

Figure 9. Single-crystal electrical conductivities of [Ni(chxn)2X]-
(NO3)2.

Figure 10. Temperature dependence of magnetic susceptibility of [Ni-
(chxn)2Br]Br2. The dashed line represents the linear combination of
the Bonner-Fisher curve and Curie curve (0.22%).
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