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A novel low-dimensional molecular conductor, [PXX][Fec(Pc)(CN)2], has been synthesized. This salt contains the
magnetic Fec ion (S ¼ 1=2), and is isomorphous with [PXX][Coc(Pc)(CN)2] which includes the non-magnetic Coc ion.
In both salts, the [Mc(Pc)(CN)2] (M = Fe or Co) units form a two-leg ladder chain. The two salts exhibit a similar
temperature dependence of the thermoelectric power and a similar reflectance spectrum. The Fec salt shows semicon-
ducting behavior in its electrical resistivity over the temperature range measured, while the isomorphous Coc salt exhib-
its metallic behavior in its resistivity above 100 K. The difference in the transport properties between the two salts sug-
gests that the conduction electrons in the Fec salt are seriously scattered by the local magnetic moment. Spontaneous
magnetization is observed below 8 K in the Fec salt. Upon applying a magnetic field, the resistivity of the Fec salt dras-
tically decreases below 50 K. The decrease in the resistivity is highly anisotropic to the field orientation. The field ori-
entation dependence is highly consistent with the g-tensor anisotropy in the [Fec(Pc)(CN)2] unit, suggesting that the neg-
ative magnetoresistance originates from the large �–d interaction self-contained in the [Fec(Pc)(CN)2] unit.

Molecular conductors based on [Fec(Pc)(CN)2] are good
candidates for novel �–d systems.1–3 The molecular arrange-
ments of [Mc(Pc)(CN)2] (M

c = Fec or Coc) in a crystal adopt
a slipped stack structure,4 so that the intermolecular interaction
significantly changes from that in the face-to-face-type
[M(Pc)y]X conductors (M = Ni, Co, Cu, etc.; X = I, AsF6,
etc.)5–9 where direct metal–metal interaction exists.

Recently, the giant negative magnetoresistance has been
found in TPP[Fec(Pc)(CN)2]2 (TPP = tetraphenylphospho-
nium).3 This phenomenon is considered to be associated with
the �–d interaction, that is the interaction between the �-con-
duction electrons and the local magnetic moments derived
from the dyz and dzx orbitals of Fe

c. In molecular conductors
based on [Fec(Pc)(CN)2], the local magnetic moments should
be embedded in the conduction path. Thus, it is promising that
we can construct the �–d system, regardless of its crystal
structure. In this context, we have tried to synthesize various
molecular conductors containing [Fec(Pc)(CN)2], and suc-
ceeded in obtaining PTMAx[Fe

c(Pc)(CN)2]�y(CH3CN)
(PTMA = phenyltrimethylammonium),2 and [PXX][Fec(Pc)-
(CN)2] (PXX = peri-xanthenoxanthene, the structure is shown
in Scheme 1).

In this paper, we report the preparation, crystal structure,
electrical resistivity, thermoelectric power, reflectance spectra,
magnetic susceptibility, and magnetoresistance for the newly
synthesized molecular conductor, [PXX][Fec(Pc)(CN)2]. We
compare the physical properties of this salt with those of
[PXX][Coc(Pc)(CN)2], which is isomorphous with [PXX]-
[Fec(Pc)(CN)2]. In these salts, the [Mc(Pc)(CN)2] units form

a two-leg ladder chain along the c-axis. Because the ligand
field is strong, the octahedral configuration imposes a low-spin
state on the central metal ion, in this case Fec has an S ¼ 1=2
magnetic moment while Coc becomes non-magnetic. We
show that [PXX][Fec(Pc)(CN)2] exhibits the giant negative
magnetoresistance in a similar manner as TPP[Fec(Pc)-
(CN)2]2.

Experimental

Materials. The cation exchange was done by the metathesis of
K2[Fe

b(Pc)(CN)2]
1 with tetraheptylammonium iodide in

acetonitrile. [(n-C7H15)4N]2[Fe
b(Pc)(CN)2] obtained was then

oxidized to [(n-C7H15)4N][Fe
c(Pc)(CN)2] by a stoichiometric

amount of bromine in acetone. When bromine was added, the
green solution immediately turned dark blue. After 8 h, purple
blocks of [(n-C7H15)4N][Fe

c(Pc)(CN)2] crystals were filtered
off. The synthesis of PXX is described elsewhere.10

An electrocrystallization cell equipped with a glass frit between

Scheme 1.
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two compartments was used for the electrolysis of the solution of
[(n-C7H15)4N][Fe

c(Pc)(CN)2] (0.5–0.6 mmol dm�3) and PXX
(0.5–0.6 mmol dm�3) in acetonitrile (ca. 35 mL). A constant cur-
rent of typically 1.5 mA was applied between two platinum elec-
trodes immersed in the solution of each compartment for 2–3
weeks at 20 �C. Black needle-shape and plate-shape crystals grew
on the anode surface during the current flow, and were harvested
by filtration. The needle-shape crystals were [PXX][Fec(Pc)-
(CN)2], and the plate-shape ones were considered to be
[PXX]2[Fe

c(Pc)(CN)2]�CH3CN, as reported in the Coc analog.11

The crystals of [PXX][Coc(Pc)(CN)2] were prepared in a sim-
ilar way reported elsewhere.11

X-ray Structure Analysis. Data collection for [PXX]-
[Fec(Pc)(CN)2] was performed on an automated Rigaku AFC-
7R diffractometer with graphite-monochromated Mo-K� radiation
using a standard method (2�–! scan, up to 55� in 2�). Three stan-
dard reflections, which were monitored every 150 data measure-
ments, showed no significant deviation in intensities. The crystal
data is summarized in Table 1. The structure was solved by a di-
rect method (SIR-9212), and the hydrogen atoms were placed at
the calculated ideal positions. A full-matrix least-squares tech-
nique with anisotropic thermal parameters for non-hydrogen
atoms and isotropic ones for hydrogen atoms, whose thermal pa-
rameters are 1.2 times that of the attached carbons, was employed
for structure refinement using the teXsan program package.13

Crystallographic data has been deposited at the CCDC, 12 Un-
ion Road, Cambridge CB2 1EZ, UK and copies can be obtained
on request, free of charge, by quoting the publication citation
and the deposition number CCDC-201150.

Measurements. Electrical resistivity was measured with the
current along the c-axis. The four electrical leads, gold wires of
20 mm in diameter, were attached to the crystal face using gold
paste. In the low-resistive state (R < 105 	), the standard four-
probe method was applied. In the high-resistive state, the mea-
surement was switched to a two-probe method. The two-probe
measurement was also extended into the higher temperature re-
gion, where the four-probe measurement gave reliable values, in
order to make sure that the contact resistance was small enough

and that its temperature dependence was negligible compared with
that of the specimen. The switching temperature was 35–40 K for
[PXX][Fec(Pc)(CN)2]. The resistivity of [PXX][Coc(Pc)(CN)2]
was measured by the four-probe method at all temperatures.
The reproducibility was also examined using several crystals.
Thermoelectric power measurements were carried out using a sys-
tem similar to that reported by Chaikin and Kwak.14

The polarized reflectance spectra of the single crystals of
[PXX][Fec(Pc)(CN)2] and [PXX][Coc(Pc)(CN)2] were measured
by the use of an Olympus MMSP microspectrophotometer from
4200 cm�1 to 25000 cm�1, and an FT-IR microspectrophotometer
(Jasco FTIR 8900 �) from 500 cm�1 to 4200 cm�1. The crystal
faces and the crystal axes of the sample were determined by the
use of the X-ray diffraction technique.

Static magnetic susceptibility for the Fec salt was measured us-
ing Quantum Design MPMS (5S and R2) SQUID magnetometers.
The applied field was 1 T. The core diamagnetic components were
estimated to be �1:54� 10�4 emumol�1 and �1:38� 10�4

emumol�1 for PXX and [Fec(Pc)(CN)2]
�, respectively. These

values are given by the direct measurement of the susceptibility
for neutral PXX, or by applying Pascal’s law to the observed sus-
ceptibility data of (TPP)2[Fe

b(Pc)(CN)2] and TPP�Br.
The resistivity under a high magnetic field was measured by the

DC four-probe method over the entire temperature range (15–300
K) using a solenoid superconducting magnet (OXFORD Inst.).
The sample was rotated inside the solenoid using a home-made
sample holder.

Extended Hückel Calculation. The overlap integrals of HO-
MO’s which form the conduction band in [PXX][Fec(Pc)(CN)2]
were calculated on the basis of the extended Hückel
approximation.15 Because of the MO symmetry, the HOMO of
the [Fec(Pc)(CN)2] unit consists of the �-orbital of the Pc ring,
and does not contain the AO components for either the CN ligands
or the Fe atom. Thus, we assumed that the HOMO of the
[Fec(Pc)(CN)2] unit is equivalent to that of H2Pc. The exponent
and the ionization potential (Ryd) are as follows; C 2s, 1.625,
�1:573; C 2p, 1.625, �0:838; N 2s, 1.950, �1:911; N 2p,
1.950, �0:985; H 1s, 1.0, �1:0.

Results and Discussion

Crystal Structure. Figure 1 shows the crystal structure of
[PXX][Fec(Pc)(CN)2] at 293 K. This salt is isomorphous with
[PXX][Coc(Pc)(CN)2]. The crystal structure of the Coc salt is
reported elsewhere.11 In the crystal, the translationally related
[Fec(Pc)(CN)2] units form a one-dimensional regular chain
along the c-axis with an additional overlap with the neighbor-
ing chain, so that the [Fec(Pc)(CN)2] units form a two-leg lad-
der chain (Fig. 1(b)). The interplanar distances between pe-
ripheral benzene rings, with which the [Fec(Pc)(CN)2] units
are stacked, are d== ¼ 3:45 �A and d? ¼ 3:42 �A. Here, d==
and d? respectively denote the distance between the adjacent
[Fec(Pc)(CN)2] units in the same chain and that between the
adjacent units on the different chains forming the ladder.
The corresponding values for the Coc salt are d== ¼ 3:46 �A

and d? ¼ 3:40 �A.11

To evaluate the effectiveness of the overlapping, we per-
formed an extended Hückel calculation based on these struc-
tural data.15 The overlap integrals between the Pc rings are es-
timated to be 6:6� 10�3 along the intrachain direction (s==)
and 2:7� 10�3 along the interchain direction (s?). These val-

Table 1. Data-Collection Conditions and Crystal Data of
[PXX][Fec(Pc)(CN)2]

Chemical formula C54H26N10O2Fe1
Formula weight 902.71
Crystal system Monoclinic
Space Group P21=a
a/ �A 17.825(3)
b/ �A 29.397(4)
c/ �A 7.680(4)
	/� 102.29(3)
V/ �A3 3932(2)
Z 4
�(Mo-K�)/cm�1 4.46
Temperature of data collection/K 293
No. of reflections measured 9668
No. of independent reflections observed 3979 [I > 3�ðIÞ]
Rint 0.045
R 0.044
Rw 0.043

R ¼
P

jjF0j � jFcjj=
P

jF0j, Rw ¼ ½
P

wðjF0j � jFcjÞ2=
P

wF2
0


1=2.
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ues are almost the same as the corresponding values in the Coc

salt, s== ¼ 6:7� 10�3 and s? ¼ 2:8� 10�3.11

The crystals of [PXX][Mc(Pc)(CN)2] (M = Fe, Co) contain
the PXX molecule and the [Mc(Pc)(CN)2] unit with a stoichi-
ometry of 1:1. The PXX molecules are dimerized and form a
one-dimensional chain along the c-axis. The intradimer and
interdimer overlap integrals (sintra, sinter) are 4:4� 10�3 and
1:7� 10�3, respectively for both the Fec salt and the Coc

salt. The effective charge � in [PXX]�þ[Coc(Pc)(CN)2]
��

has been reported to be close to 0.5.11 Since the Fec salt is iso-
structural with the Coc salt, and the bond lengths of both the
Pc ring and PXX molecule in the Fec salt are almost the same
to those in the Coc salt, it is reasonable to assume that the ef-
fective charge in [PXX]�þ[Fec(Pc)(CN)2]

�� is also close to
0.5. As we discuss later, the similarity of the infrared reflec-
tance spectra in both salts confirms this assumption.

Though both the PXX and [Mc(Pc)(CN)2] units are partially
oxidized, the charge transport is expected to be sustained pri-
marily in the regular Pc ladder chain rather than the dimerized

PXX chain.
Electrical Resistivity and Thermoelectric Power.

Figure 2 shows the temperature dependence of the resistivity
along the c-axis for [PXX][Fec(Pc)(CN)2] and [PXX]-
[Coc(Pc)(CN)2]. The resistivity of the Fec salt at room tem-
perature is 3:3� 10�2 	 cm, which is nearly one order of mag-
nitude higher than that of the Coc salt (6:0� 10�3 	 cm).11

The Fec salt shows semiconducting behavior, and the activa-
tion energy (Ea) for conduction varies slightly around 50 K
(Ea ¼ 0:022 eV around 65 K and Ea ¼ 0:027 eV around 30
K). On the other hand, the Coc salt shows metallic behavior
above 100 K, and very weak semiconducting behavior below
100 K. Considering the semiconducting behavior of other
Coc salts having a one-dimensional strucuture,2,16 the metallic
behavior above 100 K for the Coc salt may be due to the ladder
structure.4,11 The resistivity ratio of the Fec salt to the Coc salt
is approximately 105 at 25 K.

Figure 3 shows the temperature dependence of the thermo-
electric power (S) for [PXX][Fec(Pc)(CN)2] and [PXX]-
[Coc(Pc)(CN)2]. The thermoelectric power around room tem-
perature is positive in both salts. This is consistent with the
fact that holes are generated by the oxidation of the closed-
shell Pc2� in [Mc(Pc)(CN)2]

�. When the effective charge of
the [Mc(Pc)(CN)2] unit is �0:5, the formal charge of the Pc

Fig. 1. Crystal structure of [PXX][Fec(Pc)(CN)2]; (a) view
normal to the ab plane and (b) the molecular arrangement
in the bc plane.

Fig. 2. Temperature dependence of the resistivity along the
c-axis (
) for (a) [PXX][Fec(Pc)(CN)2] and (b) [PXX]-
[Coc(Pc)(CN)2].

Fig. 3. Temperature dependence of the thermoelectric pow-
er along the c-axis (S) for (a) [PXX][Fec(Pc)(CN)2] and
(b) [PXX][Coc(Pc)(CN)2]. Note the scale offset of 20
mVK�1 for (a).
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ring is �1:5, resulting in a 3/4-filled �-conduction band. On
lowering the temperature, the thermoelectric power gradually
decreases down to ca. 100 K, and then gradually increases.
This behavior is common for both salts. According to the stan-
dard model based on the Boltzmann equation, the thermoelec-
tric power of the metal is given by S / T , while that of the
semiconductor is given by S / T�1. In this respect, the tem-
perature dependence of the thermoelectric power for the Coc

salt is consistent with the behavior of the electrical resistivity
above 100 K. What is puzzling to us is the thermoelectric pow-
er data of the Fec salt. The data seems to suggest that there is a
metal-insulator transition around 50 K in this salt, while the re-
sistivity data exhibit semiconducting behavior over the entire
temperature range measured. Similar puzzles are encountered
in TPP[Mc(Pc)(CN)2]2 and (PTMA)x[M

c(Pc)(CN)2]�y-
(CH3CN).

1,2,16 According to Mott, the thermoelectric power
of a semiconductor whose Fermi energy is below the mobility
edge exhibits S / T behavior, while the electrical resistivity
exhibits semiconducting behavior.17 If we accept this scena-
rio, there should be a mobility edge in [PXX]-
[Fec(Pc)(CN)]. The mobility edge arises from the random po-
tential in a crystal. What is the origin of the random potential
in this salt? One may consider the random potential to be as-
sociated with the structural disorder. However, we ruled out
this possibility, since serious disorder was not found in the
X-ray diffraction measurement. At the present stage, we are
considering the fluctuation of the local magnetic moments at
the Fec site as the source of the random potential in the �-con-
duction electrons in the Pc ring. In this case, the semiconduct-
ing behavior of the resistivity in the Fec salt is attributable to
the scattering of the conduction electrons by the local magnetic
moments, rather than to the energy gap formation.

Optical Properties. Figure 4 shows the reflectance spectra
of [PXX][Fec(Pc)(CN)2] and [PXX][Coc(Pc)(CN)2] at room
temperature for the polarizations parallel to the c-axis (E == c)
and to the b-axis (E == b). The similarity of the spectral shapes
in both salts strongly suggests that the [Mc(Pc)(CN)2] units are
in the same oxidation state in the salts, as already discussed in
the X-ray study. The dispersion around 9000 cm�1 can be as-
signed to the charge-transfer excitation between different kinds
of molecular orbitals.1 We expected additional optical transi-
tions associated with the ladder formation in the E == b
spectrum. However, no significant difference between the E ==
a� spectrum (not shown in the Fig. 4) and the E == b spectrum
was observed. This suggests that chain–chain interactions in
the ladder are not strong.

The reflectance spectra parallel to the c-axis were analyzed
using the Lorentz-type complex dielectric function given by:

Rð!Þ ¼
ffiffiffiffiffiffiffiffiffiffi
"ð!Þ

p
� 1ffiffiffiffiffiffiffiffiffiffi

"ð!Þ
p

þ 1

����
����
2

; ð1Þ

and the relation between the reflectance and the complex di-
electric function:

"ð!Þ ¼ "1 �
!2

p

!2 �!2
0 � i�!

�
X

m

	2
pm

!2 �	2
m � i�m!

: ð2Þ

Here, !0 and !p correspond to the gap energy and plasma fre-
quency determined for the lowest inter-band transition, and

	m and 	pm is the excitation energy and the plasma frequency
of the charge-transfer band and intra-molecular excitation,
respectively. The best fits to the model are shown by solid
lines in Fig. 4. The parameters, !0 and !p, which give the
best fits are listed in Table 2. The gap energy (¼ !0), about
1000 cm�1, is inconsistent with the metallic behavior for the
Coc salt and about twice the gap energy deduced from the
electrical resistivity for the Fec salt (2Ea ¼ 0:06 eV ¼
480 cm�1 ¼ 700 K). The appearance of the optical gap in
the one-dimensional metallic salt is a well-known
phenomenon. This phenomenon is attributable to the strong
electron–electron correlation effects.18–20 Assuming the sys-

Fig. 4. Polarized optical reflectance spectra of (a)
[PXX][Fec(Pc)(CN)2] and (b) [PXX][Coc(Pc)(CN)2].
The solid lines are the best fits obtained by the parameter
set listed in Table 2.

Table 2. Optical and Electrical Parameters Obtained from
the Reflectance Spectra

[PXX][Fec(Pc)(CN)2] [PXX][Coc(Pc)(CN)2]

"1 2.84 3.57
!0/cm

�1 1104 1226
!p/cm

�1 7270 8680
�/cm�1 1918 1643
	1/cm

�1 9689 9868
	p1/cm

�1 3049 3201
�1/cm

�1 1079 911
	2/cm

�1 13419 15949
	p2/cm

�1 4949 7084
�2/cm

�1 2899 3723
d/ �A 7.680 7.678
Vc/ �A

3 983 976
t/eV 0.083 0.117
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tem to be one-dimensional, we apply the tight-binding model
to the spectrum analysis. In this model, the transfer integral,
t, is given by21

t ¼
h�
2Vc!2

p

16e2d2 sinðp�=2Þ
; ð3Þ

where Vc is the volume fraction of the Mc(Pc)(CN)2 unit, !p is
plasma frequency, d is the spacing between the [Mc(Pc)(CN)2]
units along the stacking axis and � is the electron density in the
HOMO of the [Mc(Pc)(CN)2] unit. Using Eq. 3 and � ¼ 1:5,
we estimated the transfer integrals listed in Table 2. The val-
ues of the transfer integrals in [PXX][Mc(Pc)(CN)2] (M = Fe
and Co) are smaller than those of the TPP and PTMA
salts.1,2,16 The smaller transfer integrals of the PXX salts are
consistent with the smaller overlap integrals given by the ex-
tended Hückel calculation.

Magnetic Susceptibility. Figure 5 shows the temperature
dependence of the magnetic susceptibility for the randomly
orientated samples of [PXX][Fec(Pc)(CN)2]. Since the aver-
age charge density is approximately 0.5 for the PXX molecule,
it may be plausible to assume that PXX molecules form a di-
mer unit accommodating one unpaired electron. Thus there
are two kinds of local moments in the Fec salt; one comes
from a �-radical spin localized on a PXX dimer, and the other
from the Fec ion in the low-spin state (S ¼ 1=2). If we assume
S ¼ 1=2 and g ¼ 2:0 for these moments, the �pT value at 300
K is expected to be around 0.5625 emumol�1 K. However, the

observed �pT value at 300 K (0.881 emumol�1 K) is much
larger than this value. According to the ESR experiments,
the g-factors of the [Fec(Pc)(CN)2] unit are g1 ¼ 3:6, g2 ¼
1:1 and g3 ¼ 0:5.22 Here, g1 denotes the g-factor for the static
magnetic field approximately perpendicular to the Pc ring, and
g2 and g3 denote the two g-factors for the field approximately
parallel to the Pc ring. When the crystals are completely
randomly-orientated, the value of �pT at 300 K is estimated
to be 0.637 emumol�1 K using gavð�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðg21 þ g22 þ g23Þ=3

p
Þ ¼

2:19. The observed value is still larger than this estimated
value. One possible answer to this disagreement is to consider
the partial orientation of the crystals under the magnetic fields.
The torque caused by the magnetic field tends to orient the
crystal, so that the crystal axis having the highest susceptibility
component coincides with the field direction. Consequently,
the observed susceptibility should be larger than that of
random-orientated crystals.

At temperatures below 50 K, �pT of the Fec salt remarkably
decreases with a lowering of the temperature. The decrease is
due to the antiferromagnetic interaction between the
[Fec(Pc)(CN)2] units. Since the shortest distance between
Fec atoms is more than 7.5 �A, the antiferromagnetic interac-
tion should be mediated by �-electrons in the Pc rings.

Below 8 K, [PXX][Fec(Pc)(CN)2] exhibits residual magne-
tization which manifests the weak ferromagnetism. The mag-
netization curve at 2 K is shown in the inset of Fig. 5. The
amount of residual magnetization is 8:3� 10�3 �B at 2 K.
A similar weak ferromagnetism is observed in TPP-
[Fec(Pc)(CN)2]2 and in (PTMA)x[Fe

c(Pc)(CN)2]�y(CH3CN).
Magnetoresistance. Figure 6 shows the temperature de-

pendence of the magnetoresistance under a magnetic field of
16 T for [PXX][Fec(Pc)(CN)2]. We applied a magnetic field
parallel to the c-axis (B == c) and perpendicular to the c-axis
(B == a� and B == b). A negative magnetoresistance is ob-
served below 50 K for all directions, but has a large anisotropy
with the field direction. The resistivity ratio at 20 K is 
(B =
16 T == a�)/
ð0Þ = 0.25, 
(B = 16 T == b)/
ð0Þ = 0.26 and

(B = 16 T == c)/
ð0Þ = 0.55.

Recently, we have proposed that the magnetic-field-orienta-
tion dependence of the negative magnetoresistance for
TPP[Fec(Pc)(CN)2]2 is associated with the molecular orienta-
tion of the [Fec(Pc)(CN)2] unit.

23 In this model, the negative
magnetoresistance is largest for the field orientation perpendic-
ular to the Pc plane, and monotonously decreases with increas-
ing tilt of the field. By applying this model to [PXX]-
[Fec(Pc)(CN)2], it is expected that the B == a� magnetoresis-
tance would be comparable to the B == b magnetoresistance
and much larger than the B == c magnetoresistance. This is
consistent with the observation in Fig. 6.

The enhancement of semiconducting behavior and the neg-
ative magnetoresistance appear below 50 K. Below this tem-
perature, the thermoelectric power abruptly increases. Consid-
ering this behavior, there may be additional scattering of the
itinerant electron in [PXX][Fec(Pc)(CN)2] below 50 K. A fur-
ther study is necessary to clarify the origin of the scattering
and giant negative magnetoresistance.

In conclusion, we have succeeded in synthesizing a two-leg
ladder molecular conductor having the magnetic Fec ion. The
obtained salt, [PXX][Fec(Pc)(CN)2], is isomorphous with

Fig. 5. Temperature dependence of the magnetic suscepti-
bility (�p) for randomly-orientated polycrystalline sam-
ples of [PXX][Fec(Pc)(CN)2]. (a) �p vs T and (b) �pT

vs T plot. Inset in the upper figure is a magnetization
curve of [PXX][Fec(Pc)(CN)2] at 2 K.
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[PXX][Coc(Pc)(CN)2], which includes non-magnetic Coc in-
stead of magnetic Fec. The reflectance spectra of the Fec salt
are similar to those of the Coc salt. The transfer integrals es-
timated from the reflectance spectra are approximately 0.1 eV
along the one-dimensional chain for both salts. In spite of the
small transfer integral along the one-dimensional chain, the
Coc salt shows clear metallic behavior. Contrary to the Coc

salt, the Fec salt exhibits semiconducting behavior. The differ-
ence of the electrical behavior between the Fec and the Coc

salts suggests that the conduction electron in the Fec salt is se-
riously scattered by the local magnetic moment in Fec. The
resistance measurements under a high magnetic field revealed
the giant negative magnetoresistance for the Fec salt. The ob-
served large anisotropy in the negative magnetoresistance can
be accurately explained by taking into account the anisotropic
g-tensor in the [Fec(Pc)(CN)2] unit. This result suggests that
the giant negative magnetoresistance originates from the large
�–d interaction self-contained in the [Fec(Pc)(CN)2] unit.

Part of this work was performed using facilities in the Spec-
troscopy Laboratory, the Material Design and Characterization
Laboratory, ISSP. This work was partly supported by the

Grant-in-Aid for Scientific Research, from the Ministry of Ed-
ucation, Culture, Sports, Science and Technology.
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Fig. 6. Temperature dependence of the magnetoresistance
for [PXX][Fec(Pc)(CN)2]. (a) The static magnetic field
(16 T) is applied parallel to the c-axis (b) The static mag-
netic field (16 T) is applied parallel to the a�-axis (open
square) or to the b-axis (closed square).
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