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The temperature dependence of the conductivity in the microwave region and the magnetic susceptibility
in the 1.5-300°K temperature interval are studied for the organic metal tetraselenafulvalene-
tetracyanoquinodimethan (TSeF-TCNQ). The conductivity is maximal at temperatures 35—40°K at which

it is from 7 to 20 times greater than at 300°K. The dielectric constant is 3-10* at T = 4.2°K. The gap
calculated from the conductivity at low temperatures is identical with that derived from the susceptibility
data. At high temperatures the resistivity can satisfactorily be described by a quadratic function of T.

PACS numbers: 72.30.4-q, 72.15.Eb, 75.30.Cr

Great interest has been advanced recently in the study
of organic salts based on tetracyanoquinodimethan
(TCNQ), which have properties of quasi-one-dimen-
sional metals. !2! These properties are determined
principally by the composition and symmetry of the cat-
ion. It can now be regarded as established that such
metallic properties are possessed by TCNQ salts of two
types: the first typet®"! are TCNQ salts with asym-
metric cation, in which the Peierls instability of the
one-dimensional metallic state is suppressed by the
structural disorder, and the second type!®=!!! comprises
TCNQ salts with symmetrical cation, having conductivity
along the cation and anion stacks., The suppression of
the Peierls instability in salts of this type is apparently
greatly weakened by the fact that the Peierls distortions
are not commensurate with the period of the initial lat-
tice, a situation resulting from the unequal distribution
of the electrons among the cation and anion stacks,

Studies of TCNQ salts of the second type are present-
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ly diligently pursued, the symmetrical cation employed
being téetrathiofulvalene (TTF)!%!1) and tetrathiatetra-
cene, [#%12] 1p these complexes, the metallic state is
stabilized in a wide temperature interval. The dc con-
ductivity of the salt tetraselenafulvalene—tetracyano-
quinodimethan (TSeF-TCNQ), which is isostructural
with the salt TTF-TCNQ, 13! was recently investigated.
In this study we investigate the temperature dependence
of the conductivity of the same salt in the microwave
band, as well as its magnetic susceptibility. The
chemical formula of the salt is

—Se\—/S: .
H—Se/—\\Se—ll Tene

The temperature dependence of the conductivity was
measured at a frequency 10!° Hz by the contactless
method described inf4}) in the temperature interval
4,2-300°K, For the conductivity measurements we
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chose the thinnest needle-shaped crystals of thickness
~5 u, since the calculation method of!'*! can be used
under the condition that the thickness of the skin layer
is larger than or comparable with the thickness of the
crystal, It was found that at room temperature the
average value of the microwave conductivity, measured
in three crystals, is 800+100 £ cm™!, The conduc-
tivity calculated from the dc data obtained by us by a
four-contact method at room temperature is close to
this value, 900+ 300 cm™ 1,

Figure 1 shows the temperature dependences of the
microwave conductivities of three single crystals of the
salt. On going from room temperature to 40 °K, the con-
ductivity increases, reaching a maximum in the temper-
ature interval 35-40 °K. The maximum value of the con-
ductivity o,,, for different samples is 7-20 times larger
than the conductivity at 7=293 °’K. This discrepancy in
values of o,,, for different samples is apparently due to
_the different number of defects in the crystals chosen
from one and the same batch, With further decrease

of the temperature, the conductivity decreases, with
0,.,x~20 cm™ Q!, The obtained data for the micro-
wave conductivity are in good agreement with the results
of Etemad et al.,'® who investigated the temperature
dependence of the dc conductivity of this salt, We have
also determined the dielectric constant of this salt at
10!° Hz for the direction along the piles. It turned out
to be much higher than in other investigated salts of the
quasi-one-dimensional type, [>:181 and is equal to 3x 10*
at 7=4,2 °K,

The magnetic susceptibility of the complex TSeF-
TCNQ was measured with the previously described!™
Faraday-type magnetic balance in the temperature in-
terval 1.5-300 °K. The total measured susceptibility
consists of four parts: the intrinsic susceptibility
of the substance, consisting of diamagnetic and para-
magnetic parts, and the susceptibility due to the para-
magnetic and ferromagnetic impurities, In view of the
different dependences of each of these parts on the mag-
netic field and on the temperature, they can be separated
by measuring x(7) in the temperature interval 1, 5-

300 °K and x(H) at room temperature in the field inter-
val 0.5-8.1 kOe.

In accordance with the rule of Honda and Owen, the
measurement of the susceptibility as a function of the
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magnetic field makes it possible to separate the frac-
tion of the ferromagnetic impurity yemo(H). Analysis
Of the Xpess(1/H) curve has shown that at room tempera-
ture Xpeas = Xterro = 1. 15+ 0.03 cm®/mole. From the
same curve we estimated the concentration of the ferro-
magnetic impurities in the sample referred to ferro-
magnetic iron, namely 14 parts in 105, This relatively
large content of the ferromagnetic impurity is apparent-
ly due to the fact that the synthesis of the investigated
complex was carried out in ordinary chemical vessels
and no special measures were made to exclude absorp-
tion of impurities from the vessel wall, t18!

The cation in the investigated complex is symmetri-
cal, andthelow temperature dependence of its suscep-
tibility differs substantially from the low-temperature
susceptibility of the well-conducting TCNQ complexes
with asymmetrical cations such as quinolinium, N-

‘methyl-phenazinium, and others. ['*? Whereas in com-

plexes with asymmetric cations the low-temperature
increase of the susceptibility is connected with the ir-
regularity in the packing of the cation molecules in the
pile and x(7T) varies with temperature like 2 meromor-
phic function, f+1®1 in the case of TCNQ molecules with
symmetrical cations no random potential is produced
along the stacks of the TCNQ molecules and the negli-
gible increase of the susceptibility at low temperatures is
due to random defects and impurities. In this case the
susceptibility should vary in accordance with the Curie
law with a Curie constant determined by the degree of
purification of the investigated compound. In our case
the susceptibility varies in accordance with the Curie
law in the temperature interval 1. 5-16 °K, with a con-

- stant corresponding to a 0.1% paramagnetic impurity

with S=1,

The value of the diamagnetic contribution to the mea-
sured susceptibility x,;, was determined from the Pas-
qual rule. The value calculated in this manner is x4,
=-2,3x10"* cm®/mole. Extrapolation of the low-tem-
perature susceptibility plotted in coordinates x(T) and
1/T to the coordinate axis at 1/7- 0 makes it possible
to estimate independently the diamagnetic contribution
to the total susceptibility. The value of x4;, obtained in
this manner is in relatively good agreement with the
value calculated by Pasqual’s rule and is equal to
- 2.44x10™* cm®/mole.

After subtracting from the susceptibility measured
with the balance all the foregoing contributions, we are
left with the susceptibility x,,.., Which corresponds to
the intrinsic spin system of the investigated complex.
Its dependence on the temperature is shown in Fig. 2.
1t is seen from Fig. 2 that starting with room tempera-
ture y,... decreases monotonically all the way to 40—
45 °K, after which it drops abruptly to zero.

The absence of a finite susceptibility at 7=0 °K indi-
cates that below the transition temperature we are deal-
ing with a nonmagnetic dielectric. In this respect, the
investigated complex differs substantially from the
well-conducting TCNQ salts with quinolinium, acridini-
um, and N-methylphenazinium, the ground state of which
is a magnetic Mott insulator, [**1®1 The energy gap of the

~ TSeF-TCNQ complex can be determined from the tem-
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perature dependence of x,, at T<40 °K. The depen-
dence of In(xT) on 1/7 in this temperature interval is
linear and corresponds to a gap ~190 °K. The activation
gap obtained from susceptibility data is 170 °K!'® for
TTF~TCNQ and ~ 240 °K'® for TTT~(TCNQ),.

It is seen from Fig. 1 that the conductivity reaches a
maximum in the temperature region where an abrupt
break occurs in the susceptibility. Below 35 °K the con-
ductivity is of activation origin with a gap ~ 200 °K.

The agreement between the gap calculated from the sus-
ceptibility and the gap connected with the conductivity
allows us to state that at low temperatures we deal with a
single-excitation from the valence band to the conduc-
tion band. Similar agreement between the activation en-
ergies takes place also in TTF-TCNQ. "¢ In TTT-
(TCNQ), the gap obtained from the conductivity is much
larger (A~ 850 °K) than the magnetic gap.®! This may
be due to penetration of the solid molecules into the lat-
tice of the complex.

Above the maximum-conductivity temperature T4
we attempted to describe the resistivity p of the com-
plex TSeF~TCNQ by the binomial p(T)=py+p, T2 The
curve plotted in coordinates p(7T) and T2 for measure-
ments on three samples taken from one and the same
synthesized batch, are indeed well described by this
formula in the temperature interval T, < T< 250 °K,
but at lower temperatures they deviate downward, in
contrast to the results of Etemad et al. "'*’ It should be
noted that the value of p, measured with direct cur-
rent!®! agrees well with our resistivity measurements
in the microwave band, where p,=(1.6+0.4). 10" Q-
cm/° K% This value of p, is quite close to the values
obtained for p, in different laboratories for the salt
TTF-TCNQ, so that we can state, first, that p, is ap-
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parently an intrinsic characteristic of these complexes
and, second, that their conductivity at T',4< T is de-
scribed by identical mechanisms, It should be noted,
however, that an attempt to describe the conductivity of
the salt TTT~(TCNQ), by the same quadratic law ended
in failure.

In conclusion, the authors thank I. F. Shchegolev for
useful consultations and for constant interest in the work.
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