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ESCA, ESR, and thermopower were measured in crystals of an
organic superconductor, (BEDT—TTF)ZCu(NCS)2 (Tc=10.4 K), to examine
a valence state of Cu and a transport property. The CuI state
was confirmed at 298 K by ESéA. ESR indicates a broad Lorentzian
signal of a BEDT-TTF cation radical and no CuII signal at 298-4
K. The thermopower is anisotropic in the two-dimensional bc plane,

which is originated from the anisotropy of the band structure.

Since the discovery of a high Tc superconductivity in the inorganic ceramic
compounds, these copper-containing materials have been of great interests. An
important role of copper atoms concerning with a mixed valence state and Jahn-
Teller effect in these materials has been proposed.1) In organic compounds, on
the other hand, we recently discovered the highest Tc (10.4 K) ambient pressure
organic superconductor, (BEDT—TTF)2Cu(NCS)2, which contains a copper.z) The
crystal structure reported in the previous paper showed a peculiar Cu(NCS)2 sheet
where a copper is coordinated by a sulfur as well as two nitrogen atoms to const-

3)

Moreover, this salt has generated extensive
4a)

ruct a one-dimensional polymer.
the quasi two-

interests in physical properties: the Shubnikov-de Haas effect,
4c) In this

dimensional reflectance spectra,4b) and the anomalous NMR relaxation.
paper we present ESCA, ESR, and thermopower measurements to investigate an elec-
tronic state of copper atoms and a transport property of this salt.

The ESCA spectra were recorded on a VG-1000 spectrometer with Mg Ky radiation
under 5x10_8 Torr below. The sharp signals at 931.9 and 951.9 eV (Fig. 1) are
attributed to Cu 2p3/2 and 2p1/2, respectively, and almost the similar ESCA
spectrum was observed for CuSCN under the same conditions. These values of
binding energies are reasonable for CuI species and neither shoulder peaks nor

IT

distinct shake-up satellites characteristic of Cu are observed.

The ESR data were obtained by utilizing a JEOL JES-FE1XG (9.2 GHz) spectro-
meter with a cylindrical cavity (TE01%) over the temperature range of 298-4 K on
)

a single crystal (2 x 1 x 0.04 mm3). The static field was always perpen-
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dependent additional peak appears

of the broad one below 30 K.

room temperature and sample-
at the center

With decreasing

temperature the broad one becomes too wide to
determine the linewidth AH and the sharp
one becomes prominent (AH=10-20 G, g=2.0075).

that this
1T

This

signal

g-value suggests sharp
but to some
The

dependences of AH and g-values at 298 K

is not ascribed to Cu

imperfection of the crystal. angular
are
shows that
from a BEDT
at the

maximum (2.0095) and minimum (2.0057) values

shown in Fig. 3. The g-value

the broad signal is originated
-TTF cation radical; the directions

are nearly parallel to the 1long molecular

axis and tilted to the short molecular axis
by 50°,

The temperature

respectively, in the crystal.
dependence
The

almost independent of temperature down to 20

of g-values

is depicted in Fig. 4. g-values are

K below which precise g-values

obtained due to the broadening of the main
signal and to the appearance of the sharp
signal as mentioned above. The constant g-
values (2.0078 - 2.0070) indicate that the
molecular orientation of BEDT-TTF does not
change substantially with respect to the

crystal axes. The temperature independent g-

values also confirm that there are nearly no
spin-coupling between BEDT-TTF cation radical
and cull if to 20 K.
(g=2.05-2.50) was

in the temperature range of 298-4 K

any down Furthermore
IT

no localized Cu signal

observed
within our experimental accuracy. Therefore

these magnetic data strongly suggest that

the copper atoms are in the CuI

in the

diamagnetic

state crystal.

compound is that AH increases on decreasing temperature (Fig.
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Fig. 1. ESCA spectrum for (BEDT-
TTF)ZCu(NCS)2 at room temperature.
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Fig. 3. Angular dependence of g-
values and linewidth for a single
crystal of(BEDT-TTF)ZCu(NCS)z.

(295 K) to 100 G (30 K) monotonically and then increases rapidly to
It was observed that the electrical resistivity of this

The most striking feature of magnetic properties of this

4). AH changes from
120 G

salt decreases

from room temperature to around 270 K slightly then increases very gradually down

to around 90 K.

After passing through the maximum at around 90 K the

resistivity
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2) Therefore it is

decreases very rapidly.
conceivable that AH increases due to the increasing
scattering rate (1—1) of conduction electrons down
to around 90 K, however, the pronounced increase
below around 90 K is in contrast to the predictions
of the Elliot formula for the spin relaxation in
metalss): AH=(Ag)2 T-1/Yr where spin-orbit coupling
Ag(=g-2.0023) is almost constant in the present salt
and Y is the electron gyromagnetic ratio. At
present the origin of the continuous increase of AH
between 90 and 20 K cannot be explained.

The ESR intensities were measured on single
crystals with random orientation to have a
satisfactory signal-to-noise ratio. The intensity
is almost constant with some scattering down to 90
K followed by a slow decrease down to 60 K where

the ESR signal diminished maybe due to the skin

effect (Fig. 5). The intensity behavior 1is in
good agreement with that observed by the d.c.
susceptibilityzc) and 1indicates the metallic

nature of this salt in the measured temperature

4 emu/

range. The spin susceptibility of 3.2x10°
mol at room temperature is close to that of the
d.c. susceptibility, 4.6x10-4 emu/mol, and the

transfer integral t of 0.06 eV is estimated
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Fig. 4. Temperature dependence
of g value and linewidth for a
single crystal of(BEDT—TTF)2
Cu(NCS)z.
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Fig. 5. ESR spin susceptibility

BEDT—TTF)ZCU(NCS)Z.

by a tight-binding approximation for the vs. temperature for crystals of
two-dimensional quarter-filled band: y_= (
2 W 1/2 o o1/20, -1 N
UB“Np°* T e{mtesin(m )} , where ug is
the Bohr magneton and NA is Avogadro's

constant.
The thermopower (S) was measured on a T

single crystal along the b- and c-axes. The >

crystal was mounted on a thin Au foil as an 53 BN \

electrode in order to reduce a tension and the 07_10- \\a ~——1 ,ﬂw”{
contacts were made by a gold paint. Figure 6 20} . waﬁx“”' ”b.
shows the results as a function of temperature -30} e

from 300 to 4.6 K where S of a gold electrode . . ) )

is corrected. Quite surprisingly temperature 0 100 200 300
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6. Temperature dependence of

directions exhibit completely opposite thermopower along b and c axes and
behaviors. S along the b-axis is negative and the band structure (inside) for

decreases linearly with decreasing temperature

(BEDT—TTF)ZCu(NCS)z.

from -7 pV/K at 300 K to -30 pV/K at around 100 K then increases down to 10 K
with a slight change of dS/dT at around 50 K. On the other hand, S along the c-

axis is positive and increases from +20 pV/K (300 K

) to +28 [V/K (around 150 K)
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then decreases down to 10 K with a hump at around 50 K.

Since the anion layer including copper atoms contains no conduction carriers
as predicted from ESCA, ESR (vide supra), and structural analysis,3) the sign of S
is expected to be positive due to the hole carriers in the BEDT-TTF sheets if a
simple cosine-band is assumed. It has been proposed in the case of TMTSF - CuBr2
that negative S is ascribed to a back electron transfer of about 10% from CuI to
TMTSF* and this salt is assumed to be in a mixed-valence state of [(TMTSF+)0.9
(mMrsF)y 41 tcu’y geu'T Br,1.7)

transfer was not observed in the present Cu(NCS)2 salt. To the best of our

However, such kind of Dback electron

knowledge, several BEDT-TTF cation radical salts in which a back electron transfer
is not detected show negative thermopower in certain temperature range such as

8)

BF4, I3(B ), Cu516, and Hg3Cl8 salts. Consequently the negative S is a rather
common feature of BEDT-TTF cation radical salts. The temperature dependence of
the negative S along the b-axis of the Cu(NCS)2 salt was qualitatively explained
on the basis of the band structure 4a) calculated on the extended Hlickel method (
Fig. 6). The band calculation indicates that the open Fermi surface near YM is
electron-like, which makes %Vb negative. The closed Fermi surface around the 2
%Vc. A little more

quatitative calculation of S based on the Boltzmann equation by using this band
9)

point is hole-like to make a positive contribution to

structure will be published shortly. Therefore the peculiar behavior of the

temperature dependences of S is the consequence of the complicated band structures
of the Cu(NCS)2 salt but not to a back electron transfer from CuI to BEDT-TTF.
The additional hump at 50 K is not explained by the simple band theory, but can
be ascribed to the phonon-drag. The superconducting transition is observed in
the both directions at 10 K where the thermopower becomes zero.
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