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PHYSICAL AND STRUCTURAL PROPERTIES OF A NEW SERIES OF RADICAL-
CATION SALTS BASED ON THE TETRASELENAFULVALENE BACKBONE :
DMtTSeF, - X

P. DELHAES, E. DUPART, J.P. MANCEAU, C. COULON

Centre de Recherches Paul Pascal, CNRS, Domaine Universitaire
33405 TALENCE, FRANCE.

D. CHASSEAU et J. GAULTIER

Laboratoire de Cristallogranhie, Université de BRordeaux I,
33405 TALENCE, FRANCE.

J.M. FABRE et L. GIRAL

Laboratoire de Chimie Structurale Organique, USTL,

34060 MONTPELLIER, FRANCE.

Abstract We have synthetized and purified the dimethyltrime-
thylene tetraselenafulvalene (DMtTSeF). From this unsymmetri-
cal molecule a series of radical cation salts has been prena-
red by electro-oxidation. This new series, isostoicheiometric
and isomorphous with the TMISeF salts, exhibits a metallic
behavior down to 0,1 K without any sign of either a metal-
insulator or a superconducting phase transition.

The synthesis of new compounds with the tetraselenafulvalene (TSeF)
backbone but with different substituents on the fulvalene rings is
a way to search for an antiferro (AF) or superconducting (SC) sta-
te at low temperature. The dimethyltrimethylene tetraselenafulva-
lene (DMtTSeF) which presents two methyl prouns on one side and a
planar cycle on the other side is a favourable unsymmetrically al-
kylated precursor molecule (l). Its salts can give a molecular
stacking with both cages for the anions and enhanced crystal pac-
king with stronger electronic transverse interactions.

This point is sunported by the structural evidences which
show that in TMTTF/TMTSeF salts the organic molecules are not any-
more centro-symmetric because of the low symmetry of the surroun-—

dings (2). Besides, the knowledge gained on C.T.C. (3) as well as
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on the sulfur analog salts (4) have demonstrated that a regular
stacking of unsymmetrical molecules occurs without any signifiant

disorder.

Chemical preparation :

As already described (1) the selone coupling gives rise to a mix-
ture of the three exvected molecules. The residue is recrystallized
from cyclohexane which is further purified by chromatography on a
Kieselgel Column : then the DMtTSeF molecule is almost completely
separated. In a first synthesis a very small amount of TMTSeF (up
to 1 7) has been detected. Then a second prenaration has been done
in which about 2 7 of unknown impurities have been detected. By gas
chromatography on a capillary column coupled with mass snectrometry
we have found that the main imnurity is the analog of the DMtTSeF
molecule where one Se has been changed by a S atom on the dimethyl
selone.

Several radical cation salts have been prenared by the classical
technics of electro-cristallization. Small and black single crys-—
tals are grown as presented in table 1.

Excepted for the nitrate salt the other salts of stoicheiometry

2-~1 are highly conductive at room temperature.

Salts oy O em ! at 295K
18t batch :
Cl0, 1000 - 1300
(DMtTSeF), - AsFg 1200 ~ 1500
PFe 500 - 600
2™ paeeh
Cl0. ~ 500
(DMETSeF), ~ ReO,, 300 - 700
S§bFs 300 - 500
(DHtTSel-’)x— NO, insulator
Table 1 ROOM TEMPERATURE CONDUCTIVITY MEASURED

ALONG THE NEEDLE AXIS
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X-ray structure :

The crystal structures have been carried out at room temperature on
two salts ; perchlorate and hexafluoroarsenate. It apoears that
these salts are isomorphous with the TMTSeF salts : they cristalli-
ze in a triclinic system, space group P T, with very similar unit
cell parameters (5) (6). One projection of the DMtTSeF, - Cl0,

crystal structure is presented in figure 1.

%

%

Figure 1 : Room temperature crystal structure of DMtTSeF,- Cl10,:

projection in the plane,(b,c).{Unit cgll parameters :
a=7,30 A, b = 7,696 A, c = 13,414 Ao = 99°,49,
B = 87°,63, v = 110°89 and V = 698.17 A®)

Several features are noteworthy : - an ordered array of the
organic molecules which form centrosymmetric dimers with the
zig-zag stacking mode and cages for the counter-ion - Two equiva-
lent sites for the Cl04, anion with a distance between the Cl posi-
tions of 0.44 Z along the b axis ; this dynamical disorder should
give rise to some ordering nrocess at a lower temperature.

The main characteristic distances are reported on table 2 to-
gether with those of the similar TMTSeF salts. Two essential diffe-

rences are detected, on one hand the (Se...Se) shortest interstack
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Dutnm.:eu Intrastack characteristics |Interstack coupling Anion-cation
(A) interaction
shortest shortest
Compounds dy , dz | (Se.. 's')lntn (Se...5e) intar (Se...0 or F)
(‘IHTSeF)z- 10, 3.63 3.64 3.73 3.78 3.32
{3) (6) AsFg 3.62 3.65 3.77 3.91 3.27
C10. 3.66 3.68 3.90 3.70 3.18
QMtTSeF) 2
AsFg 3.66 3.67 3.91 3.72 3.26
Table 2 ROOM TEMPERATURE CHARACTERISTIC DISTANCES : A COMPARISON

BETWEEN TMTSeF AND DMtTSeF SALTS

distances and on the other the anion~-cation distances, which are

smaller than in the TMISeF salts.

Physical pronerties :

& o (DMLTSOPH OO0
o (DM, Mk
W} a {OMITSeF )y Py ,
<
13 0q,; o
. satpe * 0

s eau
s
e

Y ST

Figure 2 : Log-Log plot of the d.c electrical resistivi-
ty versus temperature measured along the needle axis for
the given DMtTSeF salts.In insert the very low-T beha-
vior is given for the salts issued from the first batch
(see table 1).

The d.c electrical re-
sistivity temnerature
s dependences have been

done on every salt. Be-

p iR em) cause of the brittleness
) "'} of these crystals in se-
veral case we have not
o - be able to accomplish a
.fiap complete run. As nresen-—
:::x ted on figure 2 we re-
ot ,f;:‘f:‘. cogniZe two regimes :
- : g:g::::; ~ At high temperature
" DS - (T > 200 K) a metallic
o ¢ OMUNR SR behavior with p a T 2
0 L TR

as in TMTSeF salts
(7) ; below 200 K a
rerime chanee occurs
characterized by the

flattening of the ex-



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:41 20 February 2013

THE TETRASELENAFULVALENE BACKBONE DMtTSeF,-X 273

perimental curves.

- At low temperature (0,] K < T < 40 K) the resistivity saturates
for all the compounds and becomes almost comstant below 4 K with
some change from one crystal to one another belonging to the sa-

me batch (see insert of figpure 2).

The thermoelectric power has been measured for the AsF¢ salt
(figure 3). The observed temperature dependence confirms the metal-
lic regime with a small positive value falling linearly with tem-
perature down to 60 K. Below this temperature the T.E.P. curve
flattens out at the opposite of the TMISeF; - AsFg salt on which

a phase transition is detected around 15 K (7).

S (uv/K) /,/,
TMTSeF, -8Ry
15k from (7] Vs -
VAR
/ K
s
/ iy
/ o
10+ / .o.
soowt
/ '.
/ -
/T OMUISeR -t
/S
5- / ..-
/.
/s
s
%I‘O'..
oL 4 1 1
I 00 00 T“(Ts&r

Figure 3 : Thermopower versus temperature for
DMtTSeF,- AsFg salt ; the dotted line
shows the similar T. dependence alrea-
dy obtained on the corresponding TMTSeF
salt.
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Assuming a 1-d tight binding model for free electron gas and
neglecting the weak dimerisation of the organic stack it is easy
to estimate the longitudinal overlap integral t, = 0.30 ey. This
value corresponds to an estimate bandwidth of about 1.2 ev as in
TMTSeF salts.

The E.S.R. experiments have been done at low T only with a
standard X-band spectrometer. Indeed on single crystals no signal
is detected at room temperature but only below 50 K. For two dif-
ferent salts the linewidth and g-factor principal components are
presented in figure 4. Concerning the verchlorate salts we have
also plotted our previous results on linewidth obtained for
TMTSeF, — Cl0, single crystals (8). Although the g-factor values
are very similar we observe a larger linewidth for this new com-
pound. A similar conclusion is reached with the perrhenate salt
even if in both cases a low temperature plateau is observed. We
can afford therefore that this linewidth increase at low tempera-
ture should be due to the presence of a more 2d electronic system

compared to the TMTSeF series. This result acrees with the X-ray

s Cgun) OMETSeFy - 00, ,
S tqun) ML Sefy - Req .
«MNOos 00 pe o e -z.m -zm
/(iMI%eF )y -CI0,
. // / [, sl
100 .
/// / 20200 ‘“% 20200
S s,
/ . // /// //,
[ /7
4
50} asase /17 s ﬁzm o /n -2.0000
v drsm o it S
Y4 Liw e . of wany o o
s /7 d i
Py Iuiﬁ.n . Lid =
] i o H 0
® 1K) d % Ly %

Figures 4 : E.S.R. Linewidth and g-factor temperature
dependences for the perchlorate and per-
rhenate salts.
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determinatiomswhich exhibit enhanced interstack interactions (see

table 2).

Concluding remarks :

We have shown that organic metals can be prepared from unsymmetri-
cal precursor molecules. They form regular stacks of centrosymme-
tric dimers in rather strong interaction with the involved anionms.

Nevertheless it turns out that we observe some impurity effect
at low temperature on transport properties (d.c electrical resis-
tivity and T.E.P.) as well as on ESR linewidth. A constant term is
always present in the helium temperature range which appears to
preclude any intrinsic behavior.

Some basic questions are not solved yet :

i)  About the role of the anions ; we don't detect any experimen-—
tal evidence of an ordering phase transition for non-centro-
symmetric anions (CIOZ , Re0y).

ii) No sign of either an antiferromagnetic or a superconducting
phase transition at low temperature. These ground states are
not observed because of the presence of impurities (v 1-2 %
acting as a doping agent).

However, if it is well known that the SC phase is very sensi-
tive to any perturbation or defect,the situation is not so drastic
for the AF state. This is evidenced by the investigations on
TMTSeF, - PFg doped with tetramethyldithiadiselenafulvalene (9)
and on TMISeF; - C10, alloyed with TMITF (10).

We can conclude therefore that the nature of the ground state

in this new series of radical cation salts has to be elucidated yet.
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