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The following new organic conductors with the anions of styphnic acid (trinitroresorcinol) and picric acid were synthesised:
(TMTTF)2(C6H2N3O8) 1 (TMTTF is tetramethyltetrathiafulvalene), ET2(C6H2N3O8) 2 and ET2(C6H2N3O7)(THF) 3 [ET is
bis(ethylenedithio)tetrathiafulvalene].

While searching new organic conductors and superconductors
among radical cation salts and charge-transfer complexes based
on tetrathiafulvalene and its derivatives,1 one has two opportu-
nities to influence their structure. The first one lies in the modi-
fying of the TTF moiety, and the second one, in the introducing
of new anions. Organic anions and their influence on the salt
structure and electrophysical properties have not been adequately
investigated. Thus, there was declared the preparation of organic
radical cation salts, which incorporated such organic anions as
fluorine containing moieties,2,3 oxalate,4 acetate,4 maleate,4 fuma-
rate,4 cyanoform,5,6 penta- or tetracyanoallyl,6 hexacyanotri-
methylenemethanide,6 cyananilate7 and tris(dicyanomethylene)-
cyclopropanediide.8,9 There are only a few examples describing
salts with NO2 groups in the structure of their anions [e.g.,
2,4,7-trinitro-9-(dicyanomethylene)fluorene9,10].

We synthesised some salts of bis(ethylenedithio)tetrathiaful-
valene (ET) and tetramethyltetrathiafulvalene (TMTTF) with the
anions of picric and styphnic (trinitroresorcinol) acids11 by elec-
trocrystallization. The compounds prepared have the stoichio-
metry 2:1 and are semiconductors. Simultaneously and indepen-
dently of us, the synthesis of a salt with the presumable com-
position (ET)2(C6H2N3O7)2(H2O)x was declared.12

The salt (TMTTF)2(C6H2N3O8) 1 crystallises as thin black
needles of 4–5 mm length from a dichloroethane solution after
electrochemical oxidation of TMTTF in the presence of tetra-
ethylammonium trinitroresorcinate.† The crystal structure of salt
1 (Figure 1) is formed by one-dimensional nondimerised stacks
of cation radicals (TMTTF)+1/2 (Figure 2) and trinitroresorcinol
anions (C6H2N3O8)– disposed one after another along the b-axis
of the crystal. TMTTF stacks and anions alternate along [101]
direction of the unit cell. Each of the donor molecule stacks is

surrounded by the chains of anions on four sides. This ‘chess-
like’ mode of cation–anion packing has been earlier observed in the
molecular conductor (BETS)2Bi2Cl8,15 and it is similar to those
observed in (TTF)2[NiS4C4H4]16 and (TMTSF)2(azaTCNQ)17

[BETS is bis(ethylenedithio)tetraselenafulvalene, TTF is tetra-
thiafulvalene, TMTSF is tetramethyltetraselenafulvalene and
TCNQ is 7,7',8,8'-tetracyanoquinodimethane].
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Figure 1 Crystal structure of (TMTTF)2(C6H2N3O8) 1.

† Crystal data for 1: C26H26N3O8S8, M = 746.98, monoclinic, space group
P21/n, a = 12.634(6) Å b = 14.343(7) Å, c = 18.550(9) Å, b = 105.95(4)°,
V = 3232(3) Å3, Z = 4, dcalc = 1.572 g cm–3. The experiment was carried
out on a KM-4 automated diffractometer (Kuma Diffraction, Poland) with
graphite-monochromated MoKα  radiation using the w/2q scanning tech-
nique (6718 reflections). The crystal structure was solved by direct
methods and subsequent Fourier syntheses using the SHELX-8613 and
SHELXL-9314 program packages.
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Figure 2 Packing of conducting layers in the (a) 1, (b) 2 and (c) 3 salts.
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TMTTF cation radicals are characterised by different types of
symmetry. One of the cation radicals is in the common position
and has no local elements of symmetry (cation radical A), and
the two others (B and C) are centrosymmetric (Figure 1).

The trinitroresorcinol anions (C6H2N3O8)– alternate along the
b-direction of the crystal. One of the NO2 groups displaces from
the benzene ring plane (the dihedral angle between the planes
of the central six-membered ring and the NO2 group is equal to
76.8°). All other atoms of the anion lie in the plane of a benzene
moiety. There are no shortened intrastack S···S contacts in TMTTF.

At 300 K, the conductivity of 1 is s300 = 2.1×10–3 S cm–1. The
temperature dependence of the conductivity has an activation
character. Two sections can be recognised corresponding to the
two different values of activation energy EA1 = 0.12 eV (280–
400 K) and EA2 = 0.094 eV (200–280 K). In the phase transition
region, the conductivity jumps. 

The ET styphnate single crystals of ET2(C6H2N3O8) 2‡ were
prepared for ten days by electrochemical oxidation at ambient

temperature in a THF solution at 1 µ A cm–2 current density. The
conductivity was measured by a d.c. four-probe technique; it has
an activation character, s300 = 4.7×10–2 S cm–1 and EA = 0.097 eV.
The crystal structure of salt 2 is presented in Figure 3.

The ET cation radicals form layers (Figure 2) separated by
strongly disordered styphnate anions, where one of the NO2 groups
displaces from the benzene-ring plane.

Electrochemical crystallization of ET gave salt ET2(C6H2N3O7)-
(THF) 3, elemental analysis of which indicated that a molecule
of THF was incorporated in this salt. The stoichiometry was
found to be 2:1:1.§

In complex 3, the ET molecules form a two-dimensional seg-
regated layer in the bc-plane, which is sandwiched by the anion
layers. The stacking pattern of the ET molecules is of α ''-type
(Figure 2). Picrate anions and THF molecules in the anion layer
are orientationally disordered into two sites. This salt shows a
semiconductive behaviour (Figure 4). The conductivity has an
activation character: sRT = 0.3 S cm–1, EA = 57 meV. The tem-
perature dependence of the magnetic susceptibility of 3 can be
expressed by the alternate chain model18 (|J | = 143 K, a = 0.419)
in the range over 100 K. The magnetic susceptibility at room
temperature is 8.7×10–4 emu mol–1, which is high and comparable
to Mott insulators of ET materials. The crystal structure of the
salt is presented in Figure 5.

Here, as well as in the two previous salts, one of the nitro
groups displaces from the ring plane in contrast to the 1:1 com-
plex of hexanitrostylbene (HNS) with TTF,19 where all nitro
groups lie in the plane of the corresponding benzene rings.

Thus, new conducting salts of TMTTF and ET with picrate and
styphnate anions were electrochemically synthesised. The incor-
poration of organic anions into the structure of radical cation
salts of the TTF series can be promising for the synthesis of new
conducting materials.

This work was supported by the Russian Foundation for Basic
Research (grant nos. 99-03-32872 and 00-03-32809) and by a
Grant for Research for Future from JSPS.
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Figure 3 The crystal structure of ET2(C6H2N3O8) 2.
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Figure 4 The temperature dependences of conductivity for the single crys-
tal of salt 3.
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Figure 5 The crystal structure of ET2(C6H2N3O7)(THF) 3.
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