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CRYSTAL STRUCTURES OF ORGANIC METALS AND
SUPERCONDUCTORS OF (BEDT-TTF)-I SYSTEM

R.P. SHIBAEVA, V,F, KAMINSKII, end
E.B, YAGUBSKII

Institute of Chemical Physics,USSR Academy of
Sciences, 142432 Chermogolovke, U. S. S« R.

Abstract The first ambient-pressure organic super-
conductors based on sulfur compounds have been ob-
tained and investigated in (BEDT-TTF)-I syatem.

The recent years of investigation of low-dimensional
organic conductors, an intensively developing field of
physics and chemlstry of solid state, have been crown-
ed with great achievements. Orgenic metals have been
synthesized on the base of a stable cation-radical of
tetramethyltetraselenofulvalene (TMTSeF) of the
(TMTSeF)ZX composition (X = PFG’ AsF, SbFG,NOB, 0104L

They have been found to have a transition into the su-
perconducting state at 9-10 kbar, one of them,(TMTSeF)2

~C10,, ot amblent pressure sad near 1 K.'"> In 1982 1t
was “found that the organic metal based on the stable

cation~radical of bis(ethylenedithiole)tetrathiafulva-
lene of the (BEDT-TTF)4(R904)2 composition did not ex-

gerience dielectric instability at pressures more than
kbar and had a transition into the superconducting

state at 1.5 K.4’5 Quite recently new organic super-
conductors at ambient pressure have been ohtained in

the (BEDT~TTF)-I Bystem§-8 Crystal data and some other
characteristics for them are listed in the Table. o =
and A-BEDT-TTF salts have been prepared electroche-

mically in benzonitrile, tetrshydrofurane and methyle-
ne chloride when Bu4N13 has been used as an electrolyta

The crystals grow in different morphologies, including
plate and needle hebits. Among the plates there are two
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modifications with different physical properties: one
of them exhibits a sharp metal-insulator transition
near 140 K (Figure 1), the other reveals no signs of

"/d(soo)
15
l‘ -
¢ .
10 : S~
(BEDT-TTF)-J, | FIGURE 1
0s——- — } B S (BEDT—TTF)QLB(&)
x=15 The temperature
. B { dependence of a
T,K single crystal
| ‘ i | . conductivity.
0 {00 200 300

dielectric instability and becomes a superconductor at

ambient pressure and T< 2 K. *' X-ray analysis shows
the identity of superconducting crystals of plate~ and
rreedle habits, while the unit cell of the plates with
the metal-insulator transition has quite different pa-
rameters., The complete X-ray analysis of both crystals
shows them to be of the same chemical composition,i.e.
they are polymorphous modifications of the (BEDT-TTFE-
I, salt.

3 " Figure 2 shows the bond lengths and angles in the
BEDT-TTF cation-radical (P =phase) to be in good aggeo-
ment with those in the ‘A4BEDT-TTF)2PF6 structure,

The following peculiarities of the intramolecular stru-
cture of BEDT-TTF should be noted. Firstly, the BEDT-
TTF molecule is not quite planar, only its central
fragment of two C and four S atoms is planar. Secondly,
there is some positional disorder in one of the ethyle-
ne groups, which is evidenced by large thermal parame-
ters of corresponding carbon atoms., Similar characteri-
gtics of the BEDT-TTF molecular structure have been re-

ported earlier for the (BEDT-TTF)s(Re04)p, '° o -
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FIGURE 2 (BEDT~TTF),I, (8). Bond lengths (A)
and angles (°) in the (BEDT-TTF) cation-radical.

FIGURE 3 (BEDT-TTF)213 (p). The projection of the
structure along =a.
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(BEDT-TTF) PF.,? and (BEDT-TTF),(C10,)(C,H.Cl,). _10
structures? © - 2 4777273737045
The linear I. anions are located on the centers
f symmetry and 3the I-I distance equals to 2.909(1)
g. The shortest interanion I...I distance is 4.204(1)
, the others are more than 5.193 A.
The projection of p ~structure along a-direction
is given in Figure 3. The BEDT-TTF cation radicals are

packed face-~to~face in the crystal, which is typical

for all quasi-onedimansional organic metals.” The ave~
rage BEDT-TTF planes are approximately parallel to
(022) plane (the dihedral engle of 7°) and their angles
with (100], [010] end [001] directions are 13, 43, and
25°, respectively. The cation-radical stacks do not
run along the shortest period a in the crystal., It
should be noted that all the intrasteck S...S contacts
are essentially longer than interstack ones and they
are not shorter than the Van der Waals distance (3,70

FIGURE 4 (BEDT-TTF)2I3 (B). The projection of
the cation-radical layer along c.
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£). The average interplenar (BEDT~TTF)-~(BEDT-TTF) dis-
tances in the stack sre equal to 3.75 R for I-II and
3.86 £ for I-III (Pigure 3). The cation radical stacks
in p-crystal form sheets parallel to ab-plane. The
centro-symmetric linear anions I, are in the canals be-
tween them. The projection of thg BEDT=TTF cation~radi-
cal layer along c-direction is shown in Figure 4. As
geen from the Figure, there is a noticeable interacti-
on between the stacks, which is revealed by the speci-
fic side~by-side arrangement of the BEDT-TTF molecules
and by & large number of slightly shortened S...S con-

FIGURE 5 (BEDT-TTF)2I3 (£). The structure
projection along b.
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tacts. All such contacts of an independent molecule
are shown by do}ted lines, their value varying from

30568 to 30688
I, crystals (B) are two-dimensi-

Thus, (BEDT-TTF)
onal organic metals 13 their structure and physical

properties. As was supposed, 12 the increase of the
dimensionality of the conducting system is probably a
declasive factor for the stabilisation of the metallic
state,

Now let us consider the structure of & -~crystals,
As to their morphology, there are two types of habits:
alongated plates (along a or b) (Table) and almost
square plates with a' and b' sides, where a' = a +,b,
b! =b - a (a' = 14,263, b' = 14,051, ¢' = 17,389 A
&' = 79,49, p' = 90,14, y' = 99.24°, space group CT).

The [010]~projection of o -structure is given in
Pigure 5. The presence of BEDT-TTF cation-radical
sheets parallel to ab-plane is characterlistic of this
structure. There are two types of the BEDT-TTF cation-
radicals in the sheets, I and II placed on the symmet-
r{ centers and III,III' occupying general positions.
The molecular plenes I and II are not parallel to each
other (dihedral I-II angle is 11°) and make angles of
109.5 and 120.3° with plene III, respectively. Tpere
is a large number of slightly shortened S...S contacts
which gre more numerous and shorter (from 3.468 to
3.669 A) in o _than in A . The centro~symmetric linear
I,~anions are located in the canals between the layers,
Tﬁe distances between I. in the anion layer of struc-
ture o are shorter thaﬁ those of 2 and equal to 3,879,

(a)

PIGURE 6
The modes of the
BEDT-TTF cation-ra~
dicals in the stack
a) in B ;

(%) b) in A .
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3.883, 4,907 and 4.988 £.

As mentioned above, crystals 3 and o both are
orgenic metals in their physical properties, crystals g
undergoing to the superconducting state at T = 1.5 K,
while crystals & having the metal-insulat§r transi-

tion at 137 K. o7 It should be noted that both crystals
have approximately the same and surprisingly 1ow con-

ductivity at room temperature ( 6~ 20-30 ohm™ 1 ).
The conductivity of (BEDD~TTF),(C10,)(C,H ) 3,14
and pB-(BEDT-TTF) PF615 rystals :Ls of the same order

at room temperature, Transverse intermolecular SeeeS

contacts in the latter crystals are still shorter than

in (BEDT—TTF)2I3 and z?re equal to 3.34-3,35 and 3.44 -
0,15

3.52 A, respectively

o Or, '—s/c\o?/ 377\/
\-/j .,’16 6‘ N
A 4. h

i 4/7;\\ \{/@\\

nl //l/‘,\
900
.{_’_/5‘ Q ‘\,“d\./} [ \0\)/0-[&.3.‘

1828 At

FIGURE 7 (BEDT-TTF)213 (). The structure
projection along a' diagonal (a' = & + b).
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The principal differences of A and « crystsals
are revealed in the internal structure of their BEDT-
TTF layers. All the BEDT-TTF mnlecules in the layer of

£ are parallel and there is a sufficient overlapping
between the stacks (Figure 6 a). As to the BEDT-
TTF molecules occupying general positions zIII,III')
(Figure 5) form one stack with a rather weak overlap-
ping (Figure 6 b), Centrosymmetric molecules I,II form
an otherwise oriented stack with approximately the same
overlapping. This is confirmed by the progection of
structure K along diagonal a' (Figure 7).

To make the part concerning the (BEDT-TTF)213 «

and A crystals complete, it is necessary to mention
that later these crystals were obtained not only by
electrocrystallization, but also in chemical oxidation
of BEDT=-TTF with Bu N13 in 02H3013 or with 12 in ben-
zonitrile. 4

Now a few words about other compounds in the
(BEDT-TTF)-I system. There have been obtained two oth-
er BEDT-TTF cation-radicel salts ( ¥ and § ) in the
reaction of electrochemical synthesis in 02H3013 at

high current densities. One of the salts, namely & ’
has a metel-insulatir transition near 130 K, the other
salt, Y , experiences a superconducting transition at

8
T, = 2.5 K.
The X-ray study of crystals § showed them to be
a 1:1 cation-radical salt (BEDT-TTF)IB. The projection

of the structure of & along a~direction is pictured
in Figure 8. As seen, it has mixed cation-anlon layers
parallel to ab-plane, alternating with the layers of
I anions. Two of four crystallographically independ-
eét BEDT-TTF are situated on the twofold axis, the oth-
er two occupying general positions,

Figure 9 shows the projection of 5’-structure al-
ong a~direction. It should be taken into account that
the above crystal data for ¥ (Table) relate to some
average crystal structure only. Besldes, there is some
different crystael phase, This fact is supported by the
presence of additional 00l1-Bragg reflections and dif-
fuse streacks in the okl-Weissenberg photograph, the
latter corresponding to the incommesurate b-period in

Y . It might be the phase which is_responsible for
superconductivity in these crystals.8 This aspect re-
quires further special elucidation.

Finslly, quite recently one more superconducting

¢ -crystals with T~ 2.5 K have been isolated in the
reaction of chemical oxidation of BEDT-TTF by I,. The
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FIGURE 8 (BEDT-TTF)13 (). The structure projection along a.
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FIGURE 9 (BEDT~TTF)3(I3)2. (¥)e The structure

5
projection along a.

k)
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temperature dependence of the resistivity and the su-
perconducting transition temperature of crystals ¥
and & are rather close. Though the X-ray enalysis
shows them to be_different crystals. Figure 10 demon-
gstrates the [001]—projection of £ -structure.

Thus, a number of new organic metals have been
obtained in the (BEDT-TTF)-I system. It was found that
gome of them are superconductors at ambient pressure

and T = 1.5=3 K.6-8’16 These are the first ambient-
pressﬁre organic superconductors based on sulphur but
not selenium compounds.
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