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Mysterious Thermal Properties of t-(EDO-S,S-
DMEDT-TTF),(AuBr;), .y and
-(P-S,S-DMEDT-TTF),(AuBr;); . y (y ~ 0.75)

YUTAKA NISHIO?, KAZUMI NARA?, KOJI KAJITA®?,
HARUKAZU YOSHINO®, KEIZO MURATA®
and GEORGE PAPAVASSILIOU®

aDepartment of physics, Toho University, Miyama, Funabashi,
Chiba, 274-8510, Japan,
YGraduate School of Science, Osaka City University, Sumiyoshi-ku,
Osaka, 558-8585, Japan and
¢Theoretical and Physical Chemistry Institute, National Hellenic Research
Foundation, Athenus, 116/35, Greece

Thermal properties of 1-(EDO-S,S-DMEDT-TTF).(AuBr2))+y and its nitrogen analogue
T-(P-S,S-DMEDT-TTF)2(AuBr2)1+y systems were studied in the temperature region from
0.1K to 70K where the systems exhibit interesting features such as large negative magneto-
resistance with large hysteresis and spin fluctuation. We found that in both systems, the
component of the specific heat that depends linearly on temperature ( y7T term) is large. The
magnitude of vy is several times larger than that of conventional organic metals. Below
10K, t-(P-S, S-DMEDT- TTF),; (AuBr2)1+y has the excess specific heat AC in addition to
the lattice and electronic specific heat. Its excess entropy corresponds to 70% of two level
system with Avogadro's number. Further investigation of this excess specific heat may
provide us clues to clarify the origin of the spin tluctuation and the negative magneto-
resistance.

Keywords: Specific heat; large y7 term; Schottky anomaly; Negative magneto- resistance;
Magnetic ordering
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INTRODUCTION

T-type organic conductors [1] are known to have unique ( star-shaped) Fermi surfaces, the
area and the shape ol which can be varied by changing carrier density. In those systems,
the band-filling can be rather easily controlled by changing the anion concentration "y” ,
by heat treatment and/or aging [2]. The conduction layers of these salts are composed of
donors: ethylenedioxy-S,S-dimethylenedithio-tetrathiafulvalene (EDO-S,S-DMEDT-TTF),
pyrazino-S,  S-dimethylethylenedithio-tetrathiafulvalene  (P-S,S-DMEDT-TTF), and
anions: AuBra, Aul;, Au(CN),, IBr,, Tz with the ratio 2:1. Each conducting layer is sepa-
rated by the anion layer corresponding with the composition, y. Within the conducting
layer, the packing pattern of the molecules has four - fold symmetry resulting in star-s
haped Fermi surface in the metallic state [1].

Among t- type organic conductors, T-(EDO-S,S-DMEDT-TTF),(AuBr»);.y, (¥~0.75) has
been most extensively studied. This crystal is known to exhibit interesting behaviors in
magnetic properties [3] as well as electrical transport properties [2,4]. In the temperature
region below 50K, there appears anomaly in the NMR signal such as the divergence in the
line width and split of the signal into two components with different 7. These observations
suggest the existence of a large spin fluctuation [5]. Negative magneto-resistance with a
mysterious angular dependence is also interesting [6]. When a magnetic field of 5T is
rotated in the conducting plane, they observed magneto-resistance with the four-fold sym-
metry. As they reduced the field to 0.5T, on the other hand, the resistance was of 180
degree symmetry. This change in the magneto-resistance was discussed in terms of the for-
mation and reoricntation of magnetic domains. All of those experiments indicate that the
origin of the negative magneto-resistance in this system is the spin scattering. Moreover,
low residual resistivity ratio (about 1) suggests the magnetic scattering is strong. Recently,
however, Shubnikov de Haas oscillation was observed in these systems that suggests the
existence of carriers with high mobility. These contradictory experimental results attract

our attention to these mysterious and new type of electronic states.
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EXPERIMENTAL RESULTS AND DISCUSSION

In this study, specific heat of
1-(EDO-S,8-DMEDT-TTF),

400 —— :
(AuBra)i, and  t-(P-S.S-
DMEDT-TTF)(AuBr:)1-, =) e
g 300- ra .
were measured by a thermal = P
— *:,’r‘"/
relaxation method down to © ,ﬁf
0.1K up to 70K. Experiments 200 / 7
were done both in a field cool- , /" . Eggg
ing process and in a zero field 100+ f 4
cooling process. We used Cer- 4,‘«/‘&
nox 1050 and 1030 as ther- ,,/ L
, ) 0 20 40 60 80
mometer, stainless wire of ¢15
T K]

mm diameter as electrical and

thermal contact lead with

thermal heat bath. Weights of  FJGURE 1 Specific heat of t-(EDO-S,S-DMEDT-
samples are 0.4~0.6mg for  TTF)2 (AuBr)i+y, and t-( P-S, S- DMEDT- TTF).

. (AuBr2) 14y,
both samples respectively.
The measurements below
1.4K ware carried out by a *He-*He dilution refrigerator.
Figure 1 illustrates raw data of specific heat for (OO) and (NN) systems. (Hereafter, we
abbreviate t-(EDO-S,S-DMEDT-TTF), (AuBr:)iy and 1-(P-S,S-DMEDT- TTF),
(AuBr2)1+ as (O0) and (NN) respectively. ) In the region below 30K, we observe a spe-
cific heat that depends superlinearly on temperature. Above 30K, on the other hand, the
specific heat does not obey the simple Debye model but is a linear function of the tempera-

ture. This feature is common to many charge transfer salts in which the vibrational modes

are complex.

yT term at low temperatures

Figure 2 shows the C/T vs. T? plots for (NN) and (OO) systems. We see the slope of curves
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becomes steeper with decreas-

ing temperature. The intersec-

tions of curves to the vertical 0157 ‘ l I e
axis give the coefficient y of 0.4 ’A-"&’/’ .
the specific heat components Rl (NN) ’ A/°'A/ 0‘»,070"0—‘0-
yT that is linearly dependent on é 0.3 " A’A'Alwdof""c’o‘ b
temperature. They are =, a0

0.06/molK>  (00)  and S 0 2;@&# s ]
0.13J/molK* (NN) systems, 0.1- @&’@ : (00) _
respectively. These values are o 1
several times larger than those 0 ‘ i

of conventional organic con- T [KZ]

ductors, for examples,

BEDT-TTF [7] and FIGURE 2 Low temperature C/T vs. T* for ft-(EDO-S,S-
. . DMEDT- TTF): (AuBr2)1+:(00), and t-( P-S, S- DMEDT-
DCNQI-Cu system [8]. TTF):(AuBt2)1., :((NN).

We believe the dominant part

of this term comes from the

electronic degree of freedom at the Fermi level. A band calculation based on the tight bind-
ing model indicates the existence of the large density of states at the Fermi level N(Ep).
Arita pointed out that the packing pattern of the conducing layer with four-fold symmetry
possibly enhances the density of states [9]. He also conjectured that the electron-electron
intcraction lcads to the magnetic fluctuation as well as ncgative magncto-resistance.
However, we can not deny the possibility that y7 terms are partly caused by magnetic ori-
gin. To examine the contribution of spins to the y7 term, we have measured the specific
heat in the magnetic ficld perpendicular to the conduction layer. Experiment was donc in
the field up to 7T and in the temperature region down to 1.5K. In this experiment, we
could not observe any variation in the y7 term under magnetic field. The fact that y7" term
remains invariant in the magnetic field excludes the possibility of the localized magnetic
moments contributing to the y7 term. Extensions of the experiments to lower temperatures

down to 0.1K, however, are necessary.

Schottky Anomaly
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In figure 3, we plotted log

C vs. log T plots of the
specific heat for (OO) and 100
(NN) systems. At higher
temperatures (7>30K), the

—_
<

specific heats of these sys-
tems are the same. Below
20K, the data of (NN)
begin to deviate from
those of (O0). The curve
ot (NN) looks to have a 0.1 L L
broad hump. Since spe- 1 5 10 50

C [J/mol K]

—

cific heats of two systems T [K]
are nearly equal in the

temperature region above FIGURE3 Log C vs. log T plots for -(EDO-S,S- DMEDT-
TTF), (AuBr;)11, (00), and t-( P-S, S- DMEDT-

20K and at the lowest TTF)(AUBE:) 1, (NN).

temperatures below 1K,
we expect that broad
hump in the specific heat of (NN) is the appearance of some kind of freedom specific to

(NN) system. In figure 4, we plot the excess specific heat, subtracting that of (OO) system.

At lowest temperatures, excess specific heat shows an exponential decay. In the intermedi-
ate temperatures, the specific heat has a maximum at 5K, and then monotonically
decreases towards high temperatures. This temperature dependence is typical Schottky
type. Schottky model fittings give us the information concerning the energy gap A, level
degeneracy and the density N.

We can obtain the good [itting by the simple two level system, using the number of two
level system N(=0.78N.) and level splitting A/ks(=12.5K) and ratio of the degeneracy
between ground and first excited states go/gi(=1), as the fitting parameters.

At present, we have two candidates for the origin of this Schottky excess specific heat.

One is the rotational freedom of the lattice. Methyl group leads to the Schottky anomalies
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in the case of deuterated sys-

tem through the quantum tun-
neling [10]. (NN) and (OO)
systems, however, have the

same number of undeuterated

[J/mol K]

methyl group and in the cir-

cumstances around the methyl

AC
T

groups there is no differences

that cause the lower energy

level splitting. The second is 0
the spin freedom. In fact T [K]

remarkable spin fluctua-
. o thi FIGURE 4 Excess specific heat of t-( P-S, S- DMEDT-
tion 1n this temperature TTF)2(AuBr2)1.y (NN).

region are reported by the
measurements of static
magnetic susceptibility and spin relaxation. In specially around 10K (NN) system have
sharp peak of inverse of the spin relaxation time 71" and divergence of the line width [5],
which we encounter in the case of magnetic ordering. We begin to focus on the spin fluc-

tuation as the key information concerning the lowest mysterious electronic properties.
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