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CHEMICAL AND PHYSICAL PROPERTI!ES OF CATION RADICAL SALTS OF
BEDT-TTF

GUNZI SAITO, Inst, Solid State Physics, Univ. of Tokyo, Tokyo,
TOSHIAKI ENOKI, MOTOTADA KOBAYASHI, KENICHI IMAEDA, NAOKI SATO,
HIROO INOKUCHI, iInst. Molecular Science, Okazaki, Japan.

Abstract Extension of TTF skeleton by alkylthio groups makes
the donors superior even to TMTSF concerning ionization poten-
tial, polarizability, and on-site Coulomb repulsion. Further-
more, due to the presence of the outer sulfur atoms, BEDT-TTF
can form two-dimensional network by side-by-side arrangement
in the complexes. The balance between the face-to-face and
side-by-side interactions results in a variety of polymorphic
complexes. We have been studying chemical, physical, structur-
al, and designing works of cation radical salts of BEDT-TTF
compounds . (BEDT-TTF),Cl10 (TCE)0 shows metallic character
down to 1.4K with phaSe transitlégs at ca.170K and 15K in
electrical conductivity. The ESR and static magnetic studies
show additional phase transitions. Different temperature de-
pendence of magnetic properties was observed in the relaxed
and quenched samples of this salt. A magnetic phase below 20K
was formed by relaxing the salt at high temperature.

INTRODUCTION

It is well established that to obtain superconductor from or-
ganic metal, It is essential to suppress the Peierls transition at
first. In order to do that, one has to destroy the nesting of the
Fermi surface of the low-dimensional organic metal. Up to now,
there are two tactics for that purpose. The first one is the intro-
duction of non-periodicity. Many chemists synthesized unsymmetric
donors and acceptors to modify the Fermi surface. Also the intro-
duction of disorder and defect into the lattice has been performed
to get nonperiodic surface. But unfortunately, these methods are
very difficult to controle, because we still don’t know what kind

of and how much nonperiodicity we need to suppress the Peierls
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transition. The second tactics are the increase of dimensionality.
Many physicists applied pressure to organic metals to obtain organ-
ic superconductors. And some cases they succeeded to wipe out the
Peierls transition. This is a physical method to increase the inter-
chain interaction. The last one is the chemical modification to
increase dimensionality and we took this method. The first candidate

was the extension of TTF skeleton by chalcogenide atoms.
WHY BEDT-TTF?

By extension of TTF skeleton by chalcogenide atoms, one may
expect increase of band width, interchain interaction, and polari-
zability and also decrease of on-site Coulomb repulsion. All these
factors enhance the metallic character, and especially increased
interchain interaction is correponding to the increased dimension-
ality. Table 1 shows gas phase(adiabatic) ionization potentlal(l
eV), estimated po]arizabllnty@l 10730 3) using fonization poten-
tial in solid state and 12 , and the difference of the first and the
second oxidation potential{AE, V) which is a measure of the on-site
Coulomb repulsion.of donors in TTF family! By addition of four
sulfurs to TTF; BEDT- and TTM-TTF, ionization potential decreases
by 0.1-0.2eV to the value of TMTSF. While, the polarizability in-
creases more than twice of that of TTF, and 23-28% increase than
that of TMTSF. The on-site Coulomb TABLE | On-site Coulomb repul-
repulsion decreases considerably by g"(°*5) ionization potential

. ( ), and polarizability(d).
that extension. gE values of BEDT-
and TTM-TTF are almost half of that DONOR ae liglo
of TMTSF. Therefore, BEDT- and TTM- E:HZ] 0.3l6.4 | 165

TTF are better donors than TMTSF as [\ = ¢ —u
][):(I ¢ |o.w]6.03}21.0

long as these parameters concern.

The structural study of the MeI S:IME 0.39]6.271320.7
neutral donor indicates that the Mes 5 SISMe 0.9 6.2 | 3.4
extension of TTF skeleton makes the MeS me] ) '

2 S
donor ver janar.? B ¢ 0.2 [6.21 [57.9
on ery nonplan oth donors SI;?::@;[S]
are distorted about the central




Downloaded by [Tomsk State University of Control Systems and Radio] at 12:43 20 February 2013

CHEMICAL AND PHYSICAL PROPERTIES OF CATION RADICAL SALTS OF BEDT-TTF 395

tetrathioethylene group pointing out the disadvantage of using TTM-
and BEDT-TTF molecule in the study of organic metals, because of

the inconvinence for the formation of face-to-face segregated col-
umns. However, it was discovered that the formation of CT complexes
makes both molecules flat except the terminal methyl or ethylene
groups. In the case of BEDT-TTF complexes, nonplanarity of the outer
ethylene groups is not so tremendous compared with that of the outer
methyl groups in TTM-TTF where protruding methyl groups prevent
compact packing of the donor stack in complexes. Therefore we need
capping of the outer sulfur atoms to have appropriate stacking.

The most important characteristic of BEDT-TTF compounds is
the compromise between the face-to-face interaction and the side-
by-side interaction of BEDT-TTF molecules.3 The outer sulfurs tend
to form sulfur-to-sulfur network along the short molecular axis.
High electrical conductivity can be achieved along this direction
as well as along the stacking axis due to the face-to-face inter-
action where the nonplanarity of the outer ethylene groups prevents
good overlap. As a result, the balance between the face-to-face and
side-by-side interactions and flexibility of the outer ethylene
groups yield a variety of polymorphic complexes depending on the
solvents, counter anions, and other experimental conditions,

With perchlorate, BEDT-TTF gives four complexes, the first two
are 2:1salts which include solvent(),1,2-trichloroethane(TCE) and
dioxane), next is 3:2 salt and the fourth is a blue salt without
any data of physical properties because it is very explosive. We
show some magnetic properties of two salts; (BEDT-TTF)ZCIO&(TCE)O.S
and (BEDT-TTF)3(CIOb)2, to understand their phase transitions and
their metallic character in order to explore the next designing

work.

PHYS)CAL PROPERTIES

(BEDT-TTF)ZCIOA(TCE)o 5---This salt does not show Peierls transition

at all. The room temperature conductivity is 255cm—], and IOOOScm_]

at 15K, below that resistivity increases a little bit{Curve a in
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Figure 1). But some cases we observe i

resistivity Increase between 250K and 10

170K when the cooling rate is slow(Curve ;'\

b in Figure 1), and then the upturn at 8r b ; \\

low temperature becomes more noticiable. ?5 B f H&z/
These observations suggest that there & i

are at least two phase transitions, one Qut ;

is around 180K and the other is below f

20K. By diffuse X-ray study, the phase 2 ;/;;

A 1

transition around 180K was confirmed by 160 Zﬁ
observing satellite spot (1/2, 0, 1/2) FIGURE 1 Rggﬁgtivity vs
growing below 200K, and was considered temperature of

to be due to an orientational order-dis- (BEDT-TTF)2CIOQ(TCE)O.5'
order of TCE.“ A preliminary X-ray study at 150K revealed, however,
that TCE and c104 molecules are still disordered, while the termi-
nal ethylene groups are partly frozen.

The metal-metal phase transition observed in Curve b in Figure
1 suggests that the origin of the phase transition is not a mole-
cular displacive one, but more conceivably an ordering of TCE or
Cth or freezing of the ethylene groups. Since these molecules and
groups are arranged along b* axis, ESR and magnetic results along
this direction will be mensioned mainly.

The spin-orbit coupling is the greatest along b* axis(g=2.013)
and in the ac-plane g values are the same as that of free electron,
indicating that the carrier of conduction is hole and locates on
BEDT-TTF molecules. g-Values do not show any anomaly to 2K, reflect-
ing the non-displacive nature of the phase transition of this com-
pound(Figure 2). The line width along b* Is 34 gauss at room temp-
erature and decreases gradually with temperature decreases(Figure
2). There is an inflection point around 110K, which does not agree
with the phase transition in conductivity. This behavior cannot be
explained now, buf the temperature dependence is very similar to

that observed in (TMTSF)ZPF6 and here also Elliott relation cannot
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FIGURE 3 Temperature depen-
dence of intensity of relax-
ed (BEDT-TTF)ZCIOQ(TCE)O 5

be applieds Intensity is almost
flat down to 180K(Figure 2). This
temperature is corresponding to
the phase transition in conductiv-
ity. At lower temperatures, there
is some Curie-like paramagnetic
signal which conceals the low
temparature phase transition.
Those are the results on quenched
sample:

By relaxing the sample down
to 20K(cooling rate=5-10K/hr),
a different temperature dependence
of intensity was observed espe-
cially at low temperature(Figure
3). Although the Curie-)ike sig-
nals interfere the low temperature
feature considerably, this figure
indicates that some amount of
paramagnetic species became dia-
magnetic below 20K by relaxing.

Static magnetic susceptibil-
ity measurement shows the phase
transition more precisely. There
are possible phase transitions at
175, 90, 50, and 15K on quenched

sample{cooling rate=5K/min) (Figure

4a) .After the phase transition at 175K, the magnitude decreases

gradually but remains positive down to 2K. This emphasizes that

the quenched (BEDT-TTF)ZCIOQ(TCE)O 5 is metal in the whole temper-

ature

range measured.

To investlgate the effect of phase transition around 175K

alone, we have relaxed(5K/hr) the complex only down to 160K, then
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quenched(5K/min) to 2K. After that, susceptibility was measured up
to 90K{indicated by shaded circles Figure 4b, warming rate=1K/min).
Then the sample was quenched to 2K(5K/min) and x values were mea-
sured again up to high temperature(indicated by cross Figure 4b,
warming rate=1K/min). The behavior at low temperature $£20K changed
drastically, that some spins were killed and the density of states
decreased by relaxing the sample above 160K. This feature is quite
similar to that observed in ESR measurement. The hysteresis below
50K indicates that warming the relaxed sample up to 90K makes it
more and more diamagnetic.

Table 2 shows a summary of the 2:1:0.5 complex. Flrst of all

Prase Transitlon (K}
conaiettvity | Gpe258an !, metal21 ik, Gee-i|200-170 15
Diffise X-ro sateilite (0.5, 0, 0.5) - TABLE 2 . Summ? r)(' o;Tp:\_aze)a
X-roy 0, partly frozen, transition o BE T 2
at 1SKPE | Cl0,, TCE disordered Clol’(TCE)0 5°
BR g |20150", 2.003(0)
o | o000, 286000 -110
1@ 180 (Q) :quenched sample
®) L. (R) :relaxed(2160K) sam-
Static x (Q | 4t,=0.08%eY, metal2X TRIEIE] g ple
w v
® — = - * :Prof. H. Kobayashi,
Origin of Phose Transition ChyOhy-  TE? g2 mg::lc pr ivate communica-
ordering .
tion.
Prose Tronsition metol—— retol — metal —metol— sanicon

it may be emphasized that our experiments indicate that the relax-
ing this BEDT-TTF salt above 160K induces the magnetically ordered
state at low temperature below 20K. We suppose the phase transition

above 160K is due to the freezing of ethylene vibration. We also
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suppose that the phase transition around 50K is ascribed to the
order-disorder of CIOA as in the case of TMTSF salt. If so, above
experiments lead that this perchlorate motion is strongly connected
with the freezing of ethylene vibration. The freezing of ethylene
vibration forces to order perchlorate ions, and the ordering of the
ions may be a trigger of the metal-semiconductor transition around
20K. The hysteresis below 50K suggests that the perchlorate motion
is also associated with the transition at ca.90K, maybe this is
order-disorder of TCE. Or another explanation of the hysteresis is
that more perchlorate ions become ordered state by annealing. If
we can relax the salt perfectly, we may know the nature of this
metal-semiconductor transition in detail. Anyway we can say at this
stage that the ground state of this salt is magnetically ordered
one, and these three possible phase transitions caused by motional
freezing cannot make this salt insulator, maybe due to strong two-
dimensionality.

As a matter of fact, the assignment of the origins of these
phase transitions is conjectual, and we need precise X-ray study at
low temperatures and also works on deutrated compounds to confirm

the above assignment.

(BEDT-TTF)3(CIOA)2--~The conductivity shows rather sharp Peierls
transition at 170K,  and we also experienced gradual resistivity
anomaly around 200K in this salt. g-Values exhibit drastic change
below 200K, which resembles to that observed in (BEDT-TTF)3(Re0h)2
by IBM group] This is anevidence of the structural displacive
nature of this transition(Figure 5). Line width displays sharp drop
at 170K corresponding to the Peierls transition, and a weak anomaly
around 55K. The intensity shows weak anomaly around 60K also(Figure
5). The inflection point at 155K is slightly lower than those ob-
served in conductivity and line width. The static magnetic suscep-
tibility points out the Peierls transition clearly at 170K(Figure
6) . The activation energy below this transition is 620-630K. By re-

laxing this compound down to 160K, we have observed slight magnetic
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change below 45K, but with other samples we did not see any change
at all. We suppose that there are two phase transitions above 160K,
one is a aharp Peierls transition and the other is the freezing of
ethylene vibration. This freezing may be not connected with the
phase transition around 50K, presumably this is due to order-dis-
order of perchlorate ions. The molecular motions of these two parts
are more independent than the case of solvated 2:1 complex.

FIGURE §
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