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Preparations, crystal structures, and spectral and magnetic properties of two new chiral one-dimensional cyano-
bridged coordination polymers, [CuIIL2][MII(CN)4]‚2H2O (MII ) NiII (1) and PtII (2), L ) trans-cyclohexane-(1R,2R)-
diamine) have been presented. Complex 1 crystallizes in the monoclinic P21 space group with a ) 9.864(4) Å, b
) 15.393(8) Å, c ) 7.995(4) Å, â ) 110.32(3)°, V ) 1138.4(10) Å3, and Z ) 2, while 2 crystallizes in the
monoclinic P21 space group with a ) 9.899(3) Å, b ) 15.541(4) Å, c ) 8.102(2) Å, â ) 111.02(2)°, V )
1163.6(5) Å3, and Z ) 2. The unique zigzag cyano-bridged chains along the crystallographic b axis consist of
alternate chiral [CuL2]2+ cations and square-planar [M(CN)4]2- anions. One side of the axial Cu−N(tC) bond
distances are 2.324(6) and 2.34(1) Å with Cu−NtC angles of 137.8(6)° and 138.2(9)° for 1 and 2, respectively.
On the other hand, the opposite side of the axial Cu−N(tC) bond distances are 3.120(8) and 3.09(1) Å with
significantly large bent Cu−NtC angles of 97.9(5)° and 96.8(7)° for 1 and 2, respectively. The novel axial bonding
features of extremely long semi-coordination Cu−N bonds are attributed to coexistence of pseudo-Jahn−Teller
elongation and electrostatic interaction in the unique zigzag cyano-bridged chains. The characteristic bonding features
with overlap between small 3d (NiII) or large 5d (PtII) and 3d (CuII) orbitals results in larger shifts in XPS peaks of
not only Cu2p1/2 and Cu2p3/2 but also Ni2p1/2 and Ni2p3/2 for 1 than those of 2, which is also consistent with weak
antiferromagnetic interactions with Weiss constants of −5.31 and −5.94 K for 1 and 2, respectively. The d−d,
π−π*, and CT bands in the electronic, CD, and MCD spectra for 1 and 2 in the solid state at room temperature
are discussed from the viewpoint of magneto-optical properties.

Introduction

Recently, there has been tremendous interest in functional
as well as synthetic design of coordination polymers based
on crystal engineering.1,2 In particular, the development of
cyano-bridged bimetallic assemblies has been widely em-
ployed for multidimensional organic-inorganic coordination
polymers as molecule-based magnets.3,4 This fact has created
important expectations in the search for new materials that
possess not only expected properties with conventional
dimensionality but also multifunctionality, for instance,
photomagnets5,6 and chiral magnets.7-13 Some of the most

famous photomagnets may be Fe-Co Prussian blue ana-
logues, 14 which are three-dimensional arrays of cyano-
bridged inorganic solids showing photoinduced electron
transfer15,16 and lattice strain to weaken the ligand field of
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cyanide ligands.17 In addition, new photomagnets of Nd-
Fe/Co 3d-4f bimetallic assemblies18,19 do not exhibit pho-
toinduced electron transfer but structural changes around
cyano bridges after light irradiation. Therefore, structural
distortion (with or without phase transition) of cyano-bridged
coordination polymers may provide the control and flexibility
necessary to assemble solids with potentially tunable proper-
ties. With the aid of crystal engineering, introduction of so-
called ‘Jahn-Teller switching’ of CuII moieties into coor-
dination polymers may be a new strategy for structural strain-
driven switching materials.20-22 Low dimensionality may be
useful for enhancing static structural distortion without phase
transition in the solid state. As for one-dimensional bimetallic
assemblies involving CuII moieties, [Cu(en)2][Ni(CN)4],23

[Cu(en)2][Pd(CN)4],24 and [Cu(en)2][Pt(CN)4]25 complexes
(en ) ethylenediamine) are isostructural regardless of
replacing metal elements. However, it has been reported that
[Ni(en)2][Ni(CN)4] and [Ni(en)2][Pd(CN)4] complexes afford
slightly elongatedandcompressedoctahedral coordination
geometries, respectively.26 Even for a mononuclear complex,
[Cu(en)2](ClO4)2 exhibits thermally accessible and photoin-
duced structural changes with respect to Jahn-Teller elon-
gated axial bonds.27 As magnetochiral dichroism (linkage
of both natural optical activity and magnetically induced
Faraday effect) is expected,28-35 chiral ligands play an
important role as not only structural but also electronic
factors. For example, structural regulation from mononuclear
CuII complexes of both diasteromers36,37to clusters of chiral
single-molecule nanomagnets38,39have been reported so far.

Novel crystal structures of chiral space group, which are
different from racemic ones, may be obtained using chiral
ligands of one of the enantiomers. Herein, we describe the
preparations, crystal structures, and spectral and magnetic
properties of two new chiral one-dimensional cyano-bridged
coordination polymers, [CuIIL2][M II(CN)4]‚2H2O (MII ) NiII

(1) and PtII (2), L) trans-cyclohexane-(1R,2R)-diamine).
Discussion will be focused on novel long axial bonds,
namely, semi-coordination with ionic nature, and the related
electronic properties.

Experimental Section

Materials. The precursor complex, [CuL2(H2O)2](NO3)2, was
prepared according to the literature method.40 High-purity (98%)
trans-cyclohexane-(1R,2R)-diamine (Aldrich) and the other reagents
and solvents were commercially available and used as purchased
without further purification.

Preparation of [CuL 2][Ni(CN) 4]‚2H2O (1). Slow diffusion of
an aqueous solution (10 mL) of [CuL2(H2O)2](NO3)2 (0.1 mmol)
onto an aqueous solution (10 mL) of K2[Ni(CN)4] (0.1 mmol) gave
rise to blue platelike single crystals at 298 K. Yield: 80.2%. Anal.
Calcd for C16H32CuN8NiO2: C, 39.16; H, 6.57; N, 22.83. Found:
C, 39.29; H, 6.74; N, 22.76. Mp 561 K (decomposition). IR (KBr,
cm-1): 1038s, 1125s, 1402s, 1442w, 1591s, 1637w, 2123s, 2134s,
2858s, 2925s, 3303m, 3433s.

Preparation of [CuL 2][Pt(CN)4]‚2H2O (2). Slow diffusion of
an aqueous solution (10 mL) of [CuL2(H2O)2](NO3)2 (0.1 mmol)
onto an aqueous solution (10 mL) of K2[Pt(CN)4] (0.1 mmol) gave
rise to blue platelike single crystals at 298 K. Yield: 98.7%. Anal.
Calcd for C16H32CuN8O2Pt: C, 30.64; H, 5.14; N, 17.87. Found;
C, 30.30; H, 4.83; N, 18.10. Mp 556 K (decomposition). IR (KBr,
cm-1): 1034w, 1121w, 1375m, 1463s, 1632s, 2139m, 2167m,
2862m, 2876m, 2929s, 2957s, 3457s.

Physical Measurements.Elemental analyses (C, H, N) were
carried out an Elementar Vario EL analyzer at Keio University.
Infrared spectra were recorded as KBr pellets on a JASCO FT-IR
660 plus spectrophotometer in the range of 4000-400 cm-1 at 298
K. Thermal analysis was performed on a SHIMADZU DSC-60
differential scanning calorimeter (DSC), where the heating rate was
10 K min-1 in the range of 313-673 K. Diffuse reflectance
electronic spectra were measured on a JASCO V-560 spectropho-
tometer equipped with an integrating sphere in the range of 850-
220 nm at 298 K. Circular dichroism (CD) spectra and magnetic
circular dichroism (MCD) spectra at 15 000 Oe were measured as
KBr pellets on a JASCO J-720WI spectropolarimeter in the range
of 900-200 nm at 298 K. X-ray photoelectron spectra (XPS) were
recorded with a JEOL JPS-9000MX at 298 K. Powder samples
were pressed as pellets and put under UHV to reach the 10-8 Pa
range. The nonmonochromatized Mg KR source was used at 10
kV and 10 mA as a flood gun to compensate for the nonconductive
samples. The binding energy of the spectra was calibrated in relation
to the C1s binging energy (284.0 eV), which was applied as an
internal standard. The magnetic properties were investigated with
a Quantum Design MPMS-XL superconducting quantum interfer-
ence device magnetometer (SQUID) at an applied field 5000 Oe
in a temperature range 2-300 K and 0-50 000 Oe at 2 and 5 K.
Powder samples (39.18 and 38.91 mg for1 and 2, respectively)
were measured in a pharmaceutical cellulose capsule. The apparatus
signals and diamagnetic corrections were evaluated from Pascal’s
constants.
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X-ray Crystallography. Crystallographic data for1 and2 are
summarized in Table 1. Blue platelike single crystals of1 (0.30×
0.30× 0.10 mm) and2 (0.50× 0.20× 0.20 mm) were glued on
top of a glass fiber and coated with a thin layer of epoxy resin to
measure the diffraction data. The X-ray intensities were measured
at 297 K with graphite-monochromated Mo KR radiation (λ )
0.71073 Å) on a Rigaku four-circle diffractometer AFC-7R.
Completeness for1 and2 are 0.7505 and 0.9153, respectively. The
structures were solved by direct methods using SIR 9241 and
expanded by Fourier techniques. The structures were refined on
F2 anisotropically for non-hydrogen atoms by full-matrix least-
squares methods with SHELXL9742 on a teXsan program package43

on an SGI Indy workstation. Empirical absorption corrections were
applied based onψ scans. No significant decay in the intensity of
three standard reflections was observed throughout the data
collection. All non-hydrogen atoms were refined anisotropically.
The hydrogen atoms were located at geometrically calculated
positions with C-H ) 0.950 Å and refined isotropically. Since
hydrogen atoms could not be observed in the difference Fourier
map, we could not introduce hydrogen atoms of water molecules
connected to O1 and O2 atoms. Although residual electron density
was also found in the difference Fourier maps, the models
containing these peaks as water molecules resulted in an increase
of R values. Therefore, we could not assign them nor discuss
hydrogen bonds closely.

Results and Discussion

Description of the Structures. The molecular structure
and crystal packing of2 are shown in Figures 1 and 2,
respectively. Selected bond distances and angles for1 and2
are summarized in Table 2.

The overall crystal structures of1 and2 are isostructural.
The cell volume of2 (1163.6(5) Å3) is 2.17% larger than
that of 1 (1138.4(10) Å3) at 297 K, which is attributed to
the difference in the ionic radii of NiII and PtII ions. We also
investigated the unit cell parameters for2 at 109 K,
monoclinic, P21, a ) 9.846(2) Å,b ) 15.457(9) Å,c )
8.064(3) Å,â ) 111.61(2)°, andV ) 1148.80(77) Å3, and

Z ) 2, and the thermally accessible cell volume change of
2 was only 1.27%. Therefore, this crystal lattice does not
exhibit flexibility for thermally accessible structural changes.
In contrast, mononuclear building block complexes are
relatively flexible, and [CuL2(NO3)2] (in which L is the meso
diastereomer of trans form) exhibit thermochromism or
structural phase transition.40

Complexes1 and2 exhibit novelzigzagone-dimensional
chain structures running along the crystallographicb axis.
To emphasize the axial contacts for discussion, we show
them like a normal bond in Figures 1 and 2. The heterome-

(41) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Brurla,
M. C.; Polidori, G.; Camalli, M.J. Appl. Crystallogr.1994, 27, 435.
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Structures; University of Gottingen: Germany, 1997.

(43) Molecular Structure Corp.TEXSAN, Version 1.11; MSC: The
Woodlands, TX, 2001.

Table 1. Crystallographic Data for1 and2

1 2

formula C16H32CuN8NiO2 C16H32CuN8O2Pt
fw 490.75 627.13
Space group P21 (No. 4) P21 (No. 4)
Z 2 2
a(Å) 9.864(4) 9.899(3)
b(Å) 15.393(8) 15.541(4)
c (Å) 7.995(4) 8.102(2)
â (deg) 110.32(3) 111.02(2)
V (Å3) 1138.4(10) 1163.6(5)
Fcalcd(g cm-3) 1.432 1.790
µ (mm-1) 1.788 6.945
unique reflns 2714 2692
R1

a [I > 2σ(I)] 0.0392 0.0278
Rw

b 0.1049 0.0785
Flack parameter 0.01(3) -0.009(13)

a R1 ) ∑||Fo| - |Fc||/∑|Fo|. b Rw ) (∑w(|Fo| - |Fc|)2/∑w|Fo|2)1/2, w )
1/(σ2(Fo) + (0.1P)2), whereP ) (Fo

2 + 2Fc
2|)/3.

Figure 1. ORTEP drawing of the asymmetric unit of2 showing the atom-
labeling scheme. Displacement ellipsoids are drawn at the 30% probability
level. Hydrogen atoms are omitted for clarity. [Symmetry codes: (i)-x,
1/2 + y, -z; (ii) -x, -1/2 + t, -z].

Figure 2. Packing diagram of2 viewed from thec axis showing the one-
dimensional zigzag chains. Hydrogen atoms are omitted for clarity.
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tallic assemblies are formed by chiral [CuL2]2+ and square-
planar [M(CN)4]2- building blocks held together a bridging
µ-CN groups in which two cyano groups in trans positions
are used for bridging. Chiral ligands result in not only a
noncentrosymmetric asymmetric unit but also structural
regulation of the novel one-dimensional zigzag chains. In
addition, formation of two- or three-dimensional structures
is inhibited by bulky L ligands. In contrast to the present
complexes, two-dimensional structures were reported for
chiral complex [Cu(R-pn)2][Ni(CN)4]‚H2O incorporating
smallR-pn (R-pn ) R-1,2-diaminopropane) ligands.44 Most
of the geometric parameters for [CuL2]2+, [Ni(CN)4]2-, and
[Pt(CN)4]2- moieties are comparable to known related
complexes such as [CuL2(H2O)2]Cl2,40 [Cu(en)2][Ni(CN)4],23

[Cu(en)2][Pt(CN)4],25 and [(CN)3Pt(µ-CN)Cu(NH3)4].45 In
particular, six-membered cyclohexane rings of the L ligands
are in trans chair-chair conformations for1 and2.

It should be noted that interesting features could be found
in extremely long axial semi-coordination Cu-N bonds for
1 and 2. In accordance with the (pseudo) Jahn-Teller
effect,46 both sides of the axial Cu-N bond distances (Cu1-
N1 and Cu1-N3ii) are longer than those of the equatorial
ones (Cu1-N5, Cu1-N6, Cu1-N7, and Cu1-N8) as shown
in Table 2. One side of the axial bond distances (Cu1-N1)
and Cu1-N1tC1 bond angles are 2.324(6) Å and 137.8-
(6)° for 1 and 2.34(1) Å and 138.2(9)° for 2. Regardless of
the moderately bent Cu1-N1tC1 bond angles, the Cu1-
N1 bond distances can be considered as pseudo-Jahn-Teller

distortion. On the other hand, the other side of the axial bond
distances (Cu1-N3ii) and Cu1i-N3tC3 bond angles, 3.120-
(8) Å and 97.9(5)° for 1 and 3.09(1) Å and 96.8(7)° for 2,
are apparently longer bond distances and larger bond angles
than those for pseudo-Jahn-Teller distortion as described
above. Using the conventional index of Jahn-Teller distor-
tion, T, which is the ratio of equatorial Cu-N bond distances/
axial Cu-N bond distances,47 the degree of distortion of long
(Cu1-N1) and short (Cu1i-N3) axial bonds can be described
to beT ) 0.649 and 0.871 for1 andT ) 0.653 and 0.862
for 2. Thus far, the longest axial Cu-N(tC) bond distances
and their thermal change have been reported to 2.394(7) Å
at 102 K and 2.413(9) Å at 233 K for [(CN)3Pt(µ-CN)Cu-
(NH3)4].45 It has been suggested that the significantly long
axial bonds can be attributed to the contribution of ionic
bonding characters. Furthermore, even for the largest data
known for mononuclear [Cu(en)2](ClO4)2 complex,27 com-
monly the range ofT values by thermally accessible structural
changes are small,T ) 0.780, 0.785, and 0.791 at 297, 274,
and 120 K, respectively. Consequently, novel coexistence
of pseudo-Jahn-Teller elongation and electrostatic interac-
tion can be observed in both axial semi-coordination sites
of the [CuL2]2+ moieties and cyanide-bridged chains for1
and2. Intermolecular interactions in the solid state are not
usually considered to have an important influence on
molecular shape, which is determined principally by the
stronger covalent and ionic bonds. Spectroscopic and mag-
netic properties will be mentioned in the succeeding sections.

The novel present case, in which two axial semi-coordina-
tion bonds are asymmetric, may have secondary bonds which
occur in the electrically distorted CuII environment linked
by predominantly strong electrostatic flux accompanying
weak coordination bonds. The origin of the long-range force
forming considerably weak bonds should be explained as
follows: Polarization of the core electrons of the transition
metal induces the second-order Jahn-Teller distortion of the
one-dimensional cyanide-bridged metal-ligand chains with
alternating long and short bonds being allowed by mixing
filled orbitals on the CuII ion, namely, 3dz2 in the chain
direction, and cyanide ligands with the emptyπ* orbitals.

Possible hydrogen bonds can be proposed as follows: N5-
(-H5A)‚‚‚O1iii ) 2.902(8) Å, O2‚‚‚N3 ) 2.797(8) Å, O1‚
‚‚O2iv ) 2.72(1) Å, N6(-H6A)‚‚‚N4v ) 3.29(1) Å, N7(-
H7C)‚‚‚N4 ) 3.24(1) Å, N7(-H7D)‚‚‚N2 ) 3.285(8) Å,
N6(-H6B)‚‚‚N2vi ) 3.12(1) Å, and N8(H8D)‚‚‚O2 ) 3.13-
(8) Å for 1 and N5(-H5B)‚‚‚O1 ) 2.91(1) Å, O2‚‚‚N3 )
2.81(1) Å, O1‚‚‚O2iv ) 2.68(1) Å, N6(-H6A)‚‚‚N4v ) 3.34-
(1) Å, N7(-H7C)‚‚‚N4 ) 3.33(2) Å, N7(-H7D)‚‚‚N2 )
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Table 2. Selected Bond Distances (Å) and Angles (deg) for1 and2a

1 (M ) Ni) 2 (M ) Pt)

M1-C1 1.861(6) 2.000(8)
M1-C2 1.874(7) 1.99(1)
M1-C3 1.848(7) 2.006(9)
M1-C4 1.860(7) 1.97(1)
Cu1-N5 2.025(5) 2.007(7)
Cu1-N6 2.012(5) 2.020(8)
Cu1-N7 2.027(5) 2.019(9)
Cu1-N8 2.033(5) 2.022(8)
Cu1-N1 2.324(6) 2.34(1)
Cu1-N3ii 3.120(8) 3.09(1)
C1-N1 1.142(9) 1.12(1)
C2-N2 1.135(10) 1.13(2)
C3-N3 1.161(9) 1.12(1)
C4-N4 1.151(10) 1.15(2)
C1-M1-C3 178.1(3) 177.8(4)
C2-M1-C4 176.3(3) 177.5(4)
N1-Cu-N3ii 173.2(2) 171.8(3)
N5-Cu1-N8 166.1(2) 167.7(3)
N6-Cu1-N7 176.5(2) 176.8(3)
N5-Cu1-N6 84.6(2) 84.8(3)
N7-Cu1-N8 84.4(2) 83.5(3)
N5-Cu1-N7 94.2(2) 94.7(3)
N6-Cu1-N8 96.0(2) 96.3(3)
Cu1-N1-C1 137.8(6) 138.2(9)
Cu1i-N3-C3 97.9(5) 96.8(7)
N3-C3-M1 176.1(7) 174(1)
N1-C1-M1 176.8(6) 175.8(10)

a Symmetry codes: (i)-x, -1/2 + y, -z. (ii) -x,1/2 + y, -z.
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3.35(1) Å, N6(-H6B)‚‚‚N2vi ) 3.10(1) Å, and N8(H8D)‚‚
‚O2 ) 3.02(1) Å for2 [Symmetry code: (iii)-x, y + 1/2,
-z, (iv) 1 - x, -1/2 + y, 1 - z, (v) -x, -1/2 + y, -1 -
z, (vi) -x, 1/2 - y, 2 - z]. Hydrogen-bonding networks
sometimes play an important role in magnetic interactions.48

Because they are quite weak even through main cyano-
bridged chains, their contribution can be negligible for1
and2.

IR, Electronic, and CD/MCD Spectroscopies.The IR
spectra exhibit sharp bands at 2123 and 2134 cm-1 for 1
and 2139 and 2167 cm-1 for 2, which are attributed to Ct
N stretching modes. The splitting into two bands is in
agreement with the presence of two bridging and two
nonbridging cyanide ligands at the trans sites.49 However,
the IR spectra could not distinguish between long and short
bonding cyanide ligands. The spectral shifts between1 and
2 are reasonable for metal substitution of NiII and PtII

complexes.
Diffuse reflectance electronic spectra for1, 2, [CuL2-

(H2O)2](NO3)2, K2[Ni(CN)4], and K2[Pt(CN)4] at 298 K are
depicted in Figure 3. In the visible region broad bands
attributed to d-d transitions of CuII ions are at 17 500,
17 700, and 19 000 cm-1 for 1, 2, and [CuL2(H2O)](NO3)2,
respectively. The spectral shift of the d-d bands between1
(or 2) and [CuL2(H2O)](NO3)2 is in agreement with replace-
ment of axial ligands from cyanide with water.50 The spectral
difference between1 and 2 can also support electronic
interaction through the long bonds of the cyano bridges. In
addition,1 and K2[Ni(CN)4] exhibit strong bands over about
28 500 cm-1 which can be assigned to symmetry-forbidden
charge-transfer transition 2b1g f 4a2u of [Ni(CN)4]2- moi-
eties.51 However, emission spectra (λex ) 360 nm) for1 and
2 could not be observed in the solid state at 298 K.

CD and MCD (at 15 000 G) spectra measured as KBr
pellets at 298 K for1 and2 are depicted in Figure 4, which
establish the enantiomeric character of the prepared coordi-

nation polymers and the structurally characterized ones.
Because the measurement in the solid state was carried out
at 298 K, the spectral information corresponds to diffuse
reflectance electronic spectra (Figure 3) but does not cor-
respond to magnetic measurements at low temperature (see
a later section). The CD and MCD spectra for2 are identical,
while in 1 there is a clear difference. Since we measured
the CD and MCD spectra in the solid state as KBr pellets at
room temperature, the spectra did not reflect their magnetic
interaction at low temperature. Because the intensity of the
d-d bands in the visible region are weaker than CT and
π-π* bands in the UV region, the spectra are extremely
noisy and a distinct difference could not observed for2 at
this condition.

Optical activity and the signs of the Cotton effect of1
and 2 result from chiral L ligand (1R,2R) enantiomers as
employed for preparation. Other typical chiral sources, such
as helicity of the one-dimensional chains and∆,Λ configura-
tions of sterochemistry,52,53are not associated with the present
complexes. The bands around 23 000 (positive Cotton effect)
and 29 000 cm-1 (negative Cotton effect) are due to charge-
transfer bands of [Ni(CN)4]2- or [Pt(CN)4]2- moieties, and
the distinct and intense peak features of1 are in agreement
with the features of diffuse reflectance spectra in the similar
wavenumber region. In addition, the similar signs of the
Cotton effect for1 and2 in the same wavenumber region(48) Zelenak, V.; Orendacova, A.; Cisarova, I.; Cernak, J.; Krachyna, O.
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Figure 3. Diffuse reflectance electronic spectra for1, 2, [CuL2(H2O)2]-
(NO3)2, K2[Ni(CN)4], and K2[Pt(CN)4] at 298 K.

Figure 4. CD and MCD (15 000 G) for1 and2 as KBr pellets at 298 K.
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are attributed to the two chiral coordination polymers having
the same absolute configuration.

XPS. In this paper, we plotted the intensity of XPS spectra
in arbitrary unit scale. Each XPS in the range 0-1000 eV at
298 K (not shown) showed C1s, N1s, and O1s peaks at 284,
399, and 531 eV, respectively, for1, 2, [CuL2(H2O)2](NO3)2,
K2[Ni(CN)4], and K2[Pt(CN)4]. Thus, the organic ligand
moieties, namely, L (lone pair donating amine ligands) and
cyanides (well-knownπ-back-donating ligands), exhibited
no remarkable shift of peaks or shake-up of satellite peaks.
The Cu2p1/2 and Cu2p3/2 peaks (Figure 5) are observed at
955.5 and 935.6 eV for1, 956.1 and 936.5 eV for2, and
956.4 and 936.6 eV for [CuL2(H2O)2](NO3)2, respectively.
The satellite peak, the typical shake-up lines that chemically
indicate the CuII oxidation states, appears around 947 eV.
No experimental evidence supporting reduced CuI states has
been reported for the related complexes so far. If a small
amount of CuI ions is contained or mixed, a quite weak peak
attributed to the 2p63d10 f 2p53d104s1 transition may be
expected to appear at binding energies less than 935 eV.54,55

The Ni2p1/2 and Ni2p3/2 peaks (Figure 6) are shown at 858.6
and 876.2 eV for1 and 859.8 and 877.3 eV for K2[Ni(CN)4],
respectively. The Pt4f5/2, Pt4f7/2 (Figure 7a), and Pt4p3/2

(Figure 7b) peaks are shown at 79.8, 76.6, and 525.6 eV for
2 and 80.9, 77.5, and 525.8 eV for K2[Pt(CN)4], respectively.
The spectral shifts of1 from the precursor [CuL2(H2O)2]-
(NO3)2 or K2[M(CN)4] complexes are relatively larger than
those of2. Regardless of the extremely bent zigzag chain
structures, the electronic distribution and orbital overlap
through the cyano bridges of1 may be stronger than those
of 2, which can be explained by small 3d orbitals of NiII

ions and large 5d orbitals of PtII ions.56 The tendency is in
agreement with superexchange interactions of magnetic
properties (see a later section).

Magnetic Properties.The variable-temperature magnetic
susceptibilities of1 and2 have been recorded with an applied
field of H ) 5000 G in the temperature rangeT ) 2-300
K. Plot of øMT versusT for 1 and2 are shown in Figures 8
and 9, respectively, whereøM is the magnetic susceptibility
for the [CuIIL2][M II(CN)4]‚2H2O units. The data were
analyzed by the Curie-Weiss equation [øM ) C/(T - θ)],
giving a negative Weiss temperatureθ ) -5.31 K with C
) 0.319 cm3 K mol-1 for 1 and θ ) -5.94 K with C )
0.306 cm3 K mol-1 for 2. The field dependence of the
magnetization (H ) 0-50 000 G,T ) 2 and 5 K) for1 and
2 are also shown in Figures 8 and 9, respectively. These
magnetic behaviors indicate much weaker antiferromagnetic
interactions for1 and 2 than the related cyanide-bridged
CuII-MII complexes.57 According to their crystal structures,
the magnetic orbital of the CuII ions (s ) 1/2) is the dx2-y2
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Figure 5. XPS spectra of Cu2p1/2 and Cu2p3/2 peaks for1, 2, and [CuL2-
(H2O)2](NO3)2, at 298 K.

Figure 6. XPS spectra of Ni2p1/2 and Ni2p3/2 peaks for1 and K2[Ni-
(CN)4] at 298 K.

Figure 7. XPS spectra of (a) Pt4fp5/2 and Pt4f7/2 peaks and (b) Pt4p3/2

peaks for2 and K2[Pt(CN)4] at 298 K.
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orbital which is located on the equatorial N-Cu-N axes of
the L ligands. Since the overlap of the NiII ion 3d orbital is
stronger than that of the overlap of the PtII ion 5d orbital,
the antiferromagnetic superexchange interaction of1 may
be stronger than that of2. Antiferromagnetic interaction may
be suggested for both one-dimensional cyanide-bridged
chains, but interchain interactions though hydrogen bonds58

cannot be expected for these complexes. However, the
magnetic data are not clear, reflecting the novel structural
features of alternating short and long bonds. Antiferromag-
netic interaction through short bridges is not weak, while
antiferromagnetic interaction through long bridges is quite
weak or paramagnetic in character. Therefore, we can give
only a tentative interpretation for the magnetic properties.

Conclusion

Two new chiral zigzag one-dimensional cyano-bridged
coordination polymers of1 and2 are quite characteristic with
respect to the asymmetric axial Cu-N(tC) bond distances.
Short axial Cu-N(tC) bond distances of the one side are
2.324(6) and 2.34(1) Å with Cu-NtC angles of 137.8(6)°
and 138.2(9)° for 1 and2, respectively. On the other hand,
the long axial Cu-N(tC) bond distances of the other side
are 3.120(8) and 3.09(1) Å with significantly large bent Cu-
NtC bond angles of 97.9(5)° and 96.8(7)° for 1 and 2,
respectively. The asymmetric axial bond distances suggest
novel semi-coordination bonds with coexistence of pseudo-
Jahn-Teller elongation and long contact via electrostatic
interaction of the Cu-N(tC) bonds forming cyanide-bridged
chains. The present case is quite novel in the following
points: (1) The axial semi-coordination the Cu-N(tC) bond
distance is quite long for pseudo-Jahn-Teller distortion.59-61

(2) However, the in-plane L ligands are primary amine
exhibitingσ-bonding character, which may form short axial
bonds of semi-coordination generally. (3) Nevertheless, the
sixth axial coordination atoms (longer cyanide N) are located
on thez-axis positions, which easily form short bonds with
strong electrostatic interaction. (4) Interestingly, two axial
Cu-N(tC) bond distances (the fifth and sixth) are not
equivalent, which suggests that (the longer sixth) axial bond
exhibits ionic nature. Due to the structures of the cyanide-
bridged chains, the characteristic shift of the XPS of Cu2p1/2

and Cu2p3/2 peaks could be observed for1. These complexes
also indicate weak antiferromagnetic interaction. However,
general consideration of the correlation between structures
and electronic states are difficult still, and further studies
are necessary for reasonably designing new magneto-optical
functional materials.
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Figure 8. (a) Field dependence of magnetization of1 at 2 (empty) and 5
K (filled). (b) Plot of the øMT vs T in the range of 2-300 K for 1 at
5000 G.

Figure 9. (a) Field dependence of magnetization of2 at 2 (empty) and 5
K (filled). (b) Plot of the øMT vs T in the range of 2-300 K for 1 at
5000 G.
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