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Bedo-TTF Complexes with Magnetic Counter lons

HIDEKI YAMOCHI**, TAKESHI KAWASAKI?,
YOSHIAKI NAGATA?, MITSUHIKO MAESATO*" and
GUNZI SAITO?

2 Division of Chemistry, Graduate School of Science, Kyoto University,
Sakyo-ku, Kyoto 606-8502 JAPAN and
YCREST, Japan Science and Technology Corporation (JST), Japan

For both of the single crystals of (BEDO-TTF),(NiBr,),(CH,CI-CH,CI);
and the powder sample of (BEDO-TTF),[FeCr(ox),](H,0),5 in which
the counter ions posses paramagnetic and ferromagnetic localized spins,
respectively, the metallic behavior of the electrical conductivity was
observed down to low temperatures. The former complex showed the
isostructural crystal packing and exhibited the similar properties to tho-
se of (BEDO-TTF),(HgBr,),(CH,CI-CH,Cl); in the conducting behavior
and spontaneous loss of the solvent of crystallization. The FeCr(ox),
complex is a metallic molecular ferromagnet below ca. 11 K. The ESR
spectra showed the anomalous behavior below around the Curie tem-
perature, though no effects of the magnetically ordered localized spins
on the conducting property were detected.

Keywords BEDO-TTF; Metallic Molecular Ferromagnet; Bimetal
Oxalate; Organic Metal; Molecular Ferromagnet

INTRODUCTION

The multi-functional molecular crystals are of interest in the lights both
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of the application and basic science. Recently, intensive works have
been carried out to provide the organic metals which show also the
magnetic properties. As a promising method, the combination of the
conducting organic molecule and magnetic inorganic compound has
been examined.! Among the conducting component molecules,
bis(ethylenedioxy)tetrathiafulvalene (BEDO-TTF, BO) shows the
peculiarity to produce metallic charge-transfer (CT) complexes regard-
less the size, shape, and formal charge of the counter components and
also ignoring the sample morphology of single crystals, powders, and
thin films due to the self-assembling nature.* However, the magnetic
effects of the counter component have been rarely examined in BO
based metallic complexes.’ This paper describes the complexes with the
paramagnetic and ferromagnetic counter ions of (NiBr,)* and

[FeCr(ox),], respectively, where ox represents oxalate dianion.

RESULTS AND DISCUSSION
(BO)y(NiBr,),(CH,CI-CH,Cl), (n=4-5)

The black hexagonal plates of the NiBr, complex were prepared
by the constant current electrocrystallization (1 wA) of BO in the
presence of (Et,N),NiBr, from the 2:1 mixture of 1,2-dichloroethane
(DCE) and ethanol. The crystal structure analysis based on the diffrac-
tion data taken at 120 K for the fresh sample gave the composition of
(BO), (NiBr1,),(DCE),, where n = 5. However, the data collected 2 - 3
days after the sample preparation at room temperature (RT) resulted in
the stoichiometry of n = 4 indicating the spontaneous loss of the solvent

of crystallization.* In both cases, the crystal structure consists of the



Downloaded by [University of Haifa Library] at 20:47 13 August 2012

BEDO-TTF COMPLEXES WITH MAGNETIC COUNTER IONS 115

alternating donor and counter component layers along the c-axis, in the
former of which BO forms the typical packing pattern for this donor
molecule (Fig. 1a). Comparing the donor layer structures between the
cases of n = S and 4, no significant differences are detected. The calcu-
lated band structure® shows the complicated Fermi surfaces which can
be understood as a folded pattern of an ellipsoid (Fig. 1b). For the
counter component layer, the sites, from which the solvent molecules
are lost preferentially, are determined to be D and E in Fig. 1c. The
crystal structure is isostructural to that of (BO),(HgBr,),(DCE); report-
ed by Zhilyaeva et al., for which also the spontaneous loss of DCE was
reported without specifying the preferential sites.’

The ESR spectra showed only one conduction electron reso-
nance (CER) as a slightly disforted Lorentzian signal even at RT.” The

asymmetry became distinct below 80 K to give a Dysonian line. Along
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FIGURE 1 Donor (a) and counter component (c) layers in (BO),
(NiBr,),(DCE); projected along the c-axis. At the E site in the lat-
ter, only the positions of chlorine atoms were determined with the
site occupancy factor of 0.5 at four positions. (b) shows the mo-
lecular structure of BO (top) and the calculated Fermi surfaces for
this complex.
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with the monotonous decrease of AHpp, this behavior is consistent with
the metallic conductivity described below.

The conductivity (o) of the fresh crystal was measured by the
conventional four-probe method (og; = 10 Sem™). On cooling, the tem-
perature dependence showed the metallic behavior down to ca. 20 K
and then slight decrement originated from the disorder and/or mi-
crocracks in the crystal. This behavior is the same as that observed for
HgBr, complex which includes only non magnetic counter compo-
nents.® Hence, the effects of the paramagnetic counter anion on the itin-

erant electrons are concluded to be negligible in the NiBr, complex.

(BO);[FeCr(0x),|(H,0); 5
The metathesis between (BO),(BF,)(H,0), (x = 2) and

K;Cr(ox),(H,0);, in the presence of FeSO,-7H,0O afforded the bimetallic
oxalate complex of BO. The composition of the complex was estimated
to be (BO), [FeCr(ox);](H,0);; from the elemental analysis (C, H, N)
and the energy dispersion X-ray analysis (Fe, Cr). The composition was
supported by the Raman spectra, from which the degree of CT on BO
was estimated as 0.4 + 0.1 by the procedure described in our previous
paper.” Also, the IR spectra showed the existence of BO* and ox* and
the absence of BF,, SO,” in the powder sample. The composition is
close to that of the recently reported metallic organic ferromagnet of
(ET);[MnCr(0x),}, in which ET, the all sulfur analog of BO, plays the
role of conducting component.'* Concerning the slightly smaller mo-
lecular size of BO than that of ET and the fact that the BO complex
contains water, it is probable that our BO complex has the similar crys-

tal structure to that of the ET complex.
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Fig. 2a shows the plot of w. (= (8XT)"?) vs. T, which shows the
abrupt increase at around 30 K indicating the occurrence of a magnetic
transition in the complex. The value of u g = 4.82 u, at 300 K after
subtracting the contribution from the conduction electron based on the
ESR spectra is considerably small comparing to that estimated from the
spin-only value of 6.24 u; for magnetically diluted Fe** (S = 2) - Cr** (S
= 3/2). Also, the appearance of the round minimum around 40 K sug-
gests the ferrimagnetic ground state of this complex.® To clarify the

nature of the ordering, so called magnetization curve was measured at
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FIGURE 2 The temperature dependences of the magnetic and trans-
port properties of (BO);[FeCr(0x),](H,0);5. In the plot of p g vs.
T (a), the contribution from the Pascal diamagnetism of the core
of all components and the paramagnetism of the conduction elec-
tron are subtracted from the observed magnetic susceptibility. In
(b), the temperature dependences of the conductivity (o) and ESR
parameters of the conduction electron are compared (from top to
bottom, o, spin susceptibility (), line width (AH,,), and g-value).
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1.9 K. Although the maximum filed available was not enough to give
the saturation magnetization (M), the magnetization at 50 kG of 2.71
ug is regarded as the lowest limit of M, for this complex, which exceeds
the M, for the ferrimagnetically ordered Fe*-Cr’ network (M, = 1 ).
Defined as the temperature which gives the maximum zero-field-cooled
magnetization, the Curie temperature was determined as T, = 10.7 K for
(BO),;[FeCr(0x),](H,0),s which is about twice that of (ET),
[MnCr(ox),].' The coercieve field of the BO complex (ca. 50 G at 5 K)
is also bigger than that of the ET complex (5 - 10 G at 2 K).

The temperature dependence of the conductivity was measured
on the compressed pellet by the conventional four-probe method (Fig.
2b, top). Although the maximum is observed at around 120 K and the ¢
decreases below this temperature, the energy gap (E,) obtained from the
Arrhenius plot is unrealistically small and it decreases in low tempera-
ture regime (E, = 38.5 K in the temperature range of 35 - 70 K, see also
below). Hence, the interparticle contacts in the powder sample is re-
garded to be the origin of the semiconductive behavior below 120 K.
The occurrence of a metal-insulator transition is ruled out also by the
ESR spectra described below. It should be emphasized that the plot of o
vs. T shows no anomaly around T, and the small E, further decreases
continuously on cooling indicating that the metallic state persists also
below T, (E, = 5.70, 3.37, and 1.16 K for the temperature ranges of 20 -
12,12 - 8, and 8 - 4 K, respectively).

The ESR spectra showed only one Lorentzian signal as the sig-

nificant one between 286 to 4 K. The g-value, AH_, and the spin sus-

P>

ceptibility (x,) at 286 K were 2.0028, 42.8 G, and 4.80 x 10* emu mol™,

respectively, and the signal is assigned to the CER originated from BO".
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The signal originated from [FeCr(ox),]” could not be detected similar to
the case of (decamethylferrocene) [FeCr(ox),].” There observed no
anomaly at around 120 K, while abnormal behavior was observed in the
lower temperature region. Although further studies are needed to under-
stand the anomaly, the abrupt increment of g-value below T, is inter-
preted as the result of the paramagnetic shielding of the conduction
electron by the ferromagnetically ordered localized spins in the bimet-

allic oxalate.

CONCLUSION

The BO complexes with the magnetic counter anions proved that both
of the paramagnetic and ferromagnetic environments provide no affects
on the metallic conductivity of the donor layer, however, the conduc-
tion electron feels the local magnetic field generated by the ferromagnet

in the latter case.
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