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Abstract: The ethylenedithiotetrathia-
fulvalene (EDT-TTF) directly function-
alized with a primary amido group,
which is both a hydrogen bond donor
and acceptor group, is prepared from the
corresponding ester. The electron-do-
nating ability of EDT-TTF-CONH2 (1),
which is comparable to that of bisethy-
lenedithiotetrathiofulvalene (BEDT-
TTF) despite the presence of the elec-
tron-withdrawing amidic group, allows
the successful electrocrystallization of
air-stable cation radical salts. Two com-
pletely different salts are obtained with
the isosteric AsF6

ÿ and ReO4
ÿ ions; the

former has 6:1 stoichiometry, and the
latter has 2:1 stoichiometry. Compound
(1)6(AsF6) crystallizes in the P3Å space

group, and the three crystallographically
independent donor molecules are linked
to each other through a combination of
NÿH ´´´ O and CÿH ´´´ O hydrogen
bonds. This strong trimeric motif organ-
izes around the AsF6

ÿ ion located on the
3Å axis, exemplifying the templating ef-
fect of the octahedral anion on the
whole structure. The presence of a uni-
form spin chain, as identified in the
crystal structure, is confirmed by the
Bonner ± Fischer behavior of the mag-

netic susceptibility. In the 2:1 ReO4
ÿ

salt, two crystallographically independ-
ent organic slabs are interconnected
through NÿH ´´´ O(Re) hydrogen bonds,
demonstrating the overlooked hydro-
gen-bond acceptor capability of this
anion. The salt exhibits metallic behav-
ior with a weak localization below
200 K. Both structures reveal the occur-
rence of a strong CÿH ´´´ O hydrogen
bond involving the aromatic CH group
of the EDT-TTF core, which is activated
by the neighboring amidic moiety. To-
gether with the NH ´´´ O hydrogen bond,
it gives rise to a cyclic motif noted R2

1(7)
in Etter�s graph set analysis.
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Introduction

Current research into the chemistry of molecular assemblies
and crystal engineering exemplifies our increased ability to
efficiently direct the construction of novel structures. This
relies on the pivotal role of balanced intermolecular inter-
actions[1] and the manipulation of hydrogen bonding prefer-
ences[2, 3] between molecular precursors.[4] In contrast, our
present ability to induce, then modify, a property in a given
structure or a set of structures is still in its infancy precisely
because what determines the structure is not necessarily what

ultimately determines the property of the collection of objects
assembled within a given structure.[5] For instance, the
conductivity of molecular conductors is to a large extent
determined by the nature of the energy states near the Fermi
level, which usually derive from p-type orbitals of the donor
and/or acceptor molecules. The way in which these orbitals
overlap in the solid state and either spread into energy bands
or remain as very localized levels is of course imposed by the
crystal packing. The crystal packing itself results from a
delicate balance between several contributions, the afore-
mentioned overlap interactions on the one hand, and
(CÿH)donor ´ ´ ´ Xanion hydrogen bonds (X�O, Hal),[6, 7] electro-
static and van der Waals dispersion forces on the other hand,
none of which contributes to the dispersion of the p-type
bands involved at the Fermi level. Thus, in order to build a
molecular assembly with predetermined conducting proper-
ties, we must know first what type of possible packing will lead
to the appropriate overlap of the p-type orbital of the
molecular precursors, and second, how to modify and instruct
the molecular units in order to direct the packing towards that
required. Recent advances in the functionalization of the
species commonly used in building molecular conductors
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provide novel opportunities for a significant jump in the
engineering of molecular conductors. Hence the need to
construct novel, highly ordered electroactive molecular
crystals based on new functionalized building blocks and
correlate their collective electronic properties with precise
structural features in order to ultimately be able to control
and manipulate both the structure and the properties of the
system.

Herein we report on two compounds in which the
combination of two functionalities, HOMO ± HOMO overlap
interactions of conjugated cation radicals and amide hydrogen
bond requirements, cooperate to accurately recognize and
adjust to diverse anion symmetries. Attaching strong hydro-
gen-bond donor and acceptor functionalities to conjugated
cores is therefore expected to critically govern the outcome of
the competition between the overlap interactions of the open-
shell donor molecules, which stabilize conducting stacks or
slabs, and directional donor ± donor as well as donor ± anion
hydrogen-bonding interactions at the organic ± inorganic
interface. Organic p donors derived from functionalized
tetrathiafulvalene (TTF) molecules such as alcohols, [EDT-
TTF-CH2OH[8] or (�)Me3TTF-CHMe(OH)],[9] phosphonic
acid,[10] (Me3-TTF-PO3Hÿ) and amide[11] or thioamide (TTF-
CSNHMe)[12] derivatives have been engaged in cation radical
salts. We chose to functionalize the EDT-TTF core with a
primary amide group (CONH2), which is both an excellent
hydrogen-bond donor and acceptor group.[13] This was at-

tached directly on the EDT-TTF core to rigidify the molecular
skeleton and hence limit the solubility[14] of the electrocrystal-
lized salts and also to prevent unnecessary lateral extension of
the functional group at the expense of optimal intermolecular
p ± p overlap interactions. Vastly different architectures and
electronic properties result when this redox-active primary
amide, EDT-TTF-CONH2 (1), is engaged in cation radical
salts with two isosteric monoanions of different chemical
nature and symmetry. This is a direct consequence of the
geometric requirements imposed by the directional, selective
interfacial hydrogen bonds and their associated networks.

Results and Discussion

Preparation of the molecules and their salts. EDT-TTF-
CONH2 (1) is prepared from the carboxylic ester derivative[15]

as shown in Scheme 1. A modification of the hydrolysis step

Scheme 1. Reagents and conditions: i) LiOH in H2O/dioxane, room
temperature, 15 h; ii) oxalyl chloride, pyridine (catalytic) in THF, 45 8C,
3 h; iii) NH3 in THF, 1 h.

previously described by Kilburn et al.[16] afforded red needles
of the corresponding carboxylic acid in 90 % yield. Reaction
with oxalyl choride and pyridine as a catalyst gives the acyl
chloride derivative EDT-TTF-COCl. The primary amide 1
was obtained in 92 % yield by reacting a solution of EDT-
TTF-COCl in THF with ammonia. Two reversible oxidation
waves are observed for 1 by cyclic voltametry at 0.53 and
0.85 V vs. SCE. The first one-electron oxidation potential of 1
is intermediate between those for EDT-TTF and BEDT-TTF
under the same conditions,[17] demonstrating the limited
electron-withdrawing influence of a single amidic group and
the ability of 1 to be readily oxidized into air-stable cation
radical salts.

Templating effect of the octahedral AsF6
ÿ ion : Electrocrys-

tallization of solutions of 1 in 1,1,2-trichloroethane in the
presence of nBu4NAsF6 afforded needlelike single crystals
that were formulated (EDT-TTF-CONH2)6AsF6 by the reso-
lution of their X-ray crystal structure; that is, with a 6:1
stoichiometry, which is unprecedented in this chemistry. This
salt crystallizes in the trigonal system, space group P3Å , with
three donor molecules (noted A, B, C in the following) at
general positions in the unit cell, one AsF6

ÿ ion at the origin
(0,0,0) on the 3Å axis and one AsF6

ÿ ion on the threefold axis at
(1/3,2/3,z), as shown in Figure 1. The AsF6

ÿ ion at (0,0,0) is
surrounded by six B donor molecules whose ethylenic end
groups encapsulate the anion within a network of CÿH ´´´ F
interactions, while the amidic moieties of nine (three each of

Abstract in French: L�eÂthyleÁnedithioteÂtrathiafulvaleÁne (EDT-
TTF) directement fonctionaliseÂ par un groupement amide
primaire, qui est aÁ la fois un donneur et un accepteur de liaison
hydrogeÁne, est preÂpareÂ aÁ partir de l�ester correspondant. Le
caracteÁre donneur d�eÂlectrons de EDT-TTF-CONH2 (1),
comparable aÁ celui du BEDT-TTF malgreÂ la preÂsence du
groupement amide eÂlectroattracteur, permet l�eÂlectrocristallisa-
ation de sels d�ions radicaux stables. Deux sels totalement
diffeÂrents sont obtenus avec les anions isosteÁres AsF6

ÿ et
ReO4

ÿ, le premier de stoechiomeÂtrie 6:1, le second de
stoechiomeÂtrie 2:1. (1)6(AsF6) cristallise dans le groupe d�es-
space P3Å. Trois moleÂcules de donneur, cristallographiquement
indeÂpendendantes, sont lieÂes entre elles par un reÂseau de
liaisons hydrogeÁne NÿH ´´´ O et CÿH ´´´ O. Ce motif trimeÂrique
robuste s'organise autour de l�anion AsF6

ÿ situeÂ sur l�axe 3Å,
illustrant le roÃle de template joueÂ par l�anion octaeÁdrique. La
preÂsence d�une chaine de spins uniforme, identifieÂe dans la
structure cristalline, est confirmeÂe par le comportement de type
Bonner ± Fischer de la susceptibiliteÂ magneÂtique. Dans le sel
2:1 avec l�anion ReO4

ÿ, deux plans organiques, cristallogra-
phiquement indeÂpendants, sont interconnecteÂs par des liaisons
hydrogeÁne NÿH ´´´ O(Re), mettant ainsi en eÂvidence le carac-
teÁre accepteur de l�anion ReO4

ÿ. Le sel a un comportement
meÂtallique au dessus de 200 K, avec une faible localisation en
dessous de cette tempeÂrature. Les deux structures reÂveÁlent le
roÃle crucial joueÂ par une liaison hydrogeÁne CÿH ´´´ O forte, qui
engage l�atome d�hydrogeÁne aromatique du EDT-TTF activeÂ
par le groupement amidique en ortho. Avec la liaison hydro-
geÁne NÿH ´´´ O, elle conduit aÁ la formation d�un motif
secondaire cyclique, noteÂ R2

1(7) dans la nomenclature de Etter.
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Figure 1. A projection of the structure of [1]6AsF6 along [001]. Yellow:
sulfur; red: oxygen; green: fluorine; white: hydrogen, blue: nitrogen.

A, B, and C) EDT-TTF-CONH2 molecules are clustered
around the other AsF6

ÿ ion located on the threefold axis. Note
the spectacular segregation of the hydrophobic (EDT-TTF)
and hydrophilic (CONH2) functionalities of 1, which are both
wrapped around AsF6

ÿ ions. This illustrates the ambivalent
character of fluorides, which adjust to hydrophilic and hydro-
phobic environments.[18]

The geometrical characteristics of these interactions are
given in Table 1. Two NÿH ´´´ O and C-H ´´´ O hydrogen bonds
are identified between molecules A and B, and between
molecules B and C, both of which involve the oxygen atom of
the amidic group as the hydrogen-bond acceptor (Figure 2).
The occurrence of such CÿH ´´´ O bonds[19, 20] demonstrates a
significant activation of the hydrogen atom, whose origin is to
be found in both its position ortho to the amidic group and the

Figure 2. Projection of the hydrogen bond network around the hydrophilic
threefold symmetry AsF6

ÿ site within [1]6AsF6. The gray ellipsoids
symbolize the R2

1(7) ring motifs, exemplifying the tweezer chelates
connecting molecules A and B and molecules B and C within the trimeric
ABC units. Only the dithiole rings bearing the amido groups are depicted.

cationic state of the EDT-TTF core. This ortho effect has
already been observed in the structures of a,b-unsaturated
acids[21] and quinones,[22] while the CÿH activation upon
oxidation of the TTF core was revealed some years ago in the
analysis of the structural transition accompanying the neutral-
to-ionic transition in TTF ´ Chloranil.[19] The chelating ability
of this amide bearing an ortho-hydrogen atom gives rise to a
cyclic motif, denoted R2

1(7) in Etter�s notation.[23] Thus, the
robust ABC trimer built of two such R2

1(7) motifs further
interacts with AsF6

ÿ through NÿH ´´´ F hydrogen bonds
(Table 1). By virtue of the 3Å site symmetry of AsF6

ÿ, those
hydrogen-bond interactions generate a crownlike motif,
which exemplifies the templating effect of the octahedral
anion in directing the whole structural arrangement: the
threefold symmetry of the anion is expressed throughout the
whole structure through its hydrogen bonds with the amides.
Note also that these precise hydrogen-bond patterns and the
EDT-TTF overlap requirements cooperate and form singly
oxidized, centrosymmetrical hexameric units, (BCA ´ iACB)� .

(see Figure 1). The extent of delocalization of the positive
charge on the three independent molecules within these
hexamers can be ascertained by a careful analysis of the
geometrical characteristics of the individual molecules, and
particularly the bond lengths within the TTF core and its
deviation from planarity.[24] Hence, as shown in Table 2,
molecules B and C appear to be in their neutral state, while
molecule A is partially oxidized. The title compound can thus
be formulated (A2)�

.(B0)2(C0)2(AsF6
ÿ). The analysis of the

electronic structure substantiates this assignment. Within the
dimeric (A2)�

. moiety, the two inversion-related molecules
overlap in a nearly eclipsed manner (Figure 3) with a small
longitudinal displacement of 0.8 �, while the shortest inter-
molecular SÿS distance is 3.449(8) �. These dimers stack
along the c direction with a similar intermolecular SÿS

Table 1. Hydrogen bond characteristics in (1)6AsF6. Indices A, B and C
refer to the three independent molecules A, B, and C, respectively, indices a
and s refer to the antiplanar and synplanar configuration of the two
hydrogen atoms of the primary amide.

D ´´´ A [�] H ´´´ A [�] a [8] f [8]

NAÿHAa ´´´ OB 2.78(1) 2.06(1) 155.2(2) 142.2(6)
NBÿHBa ´´ ´ OC 2.935(9) 2.080(9) 172.3(2) 153.1(6)
CAÿHA ´´ ´ OB 3.47(1) 2.61(1) 155.5(2) 120.8(6)
CBÿHB ´´´ OC 3.182(9) 2.370(9) 145.7(2) 131.5(5)
CCÿHC ´´´ OA 3.38(1) 2.63(1) 139.2(2) 152.0(6)
NBÿHBs ´´ ´ F 3.16(1) 2.71(1) 113.8(1)
NBÿHBs ´´ ´ F 3.25(1) 2.41(1) 166.0(2)
NCÿHCa ´´ ´ F 3.08(1) 2.29(1) 152.4(2)
NCÿHCs ´´ ´ F 2.97(1) 2.35(1) 130.0(3)
NAÿHAs not bound
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Figure 3. a) A uniform chain of (A)2
� . dimers in [1]6AsF6 and the

corresponding HOMO ± HOMO interaction energies I ± III (b) calculated
by the extended Hückel method: I, 0.48, II, 0.017, III, 0.097 eV.
b) Intermolecular overlap in the dimer showing a quasi-eclipsed inter-
action. c) Magnetic susceptibility of [1]6AsF6. Data have been corrected for
diamagnetism and a low-temperature Curie tail attributable to magnetic
defaults. The solid line is a fit to the uniform spin chain model.

distance (3.442(8) �), giving rise to uniform chains of (A2)�
.

units, magnetically isolated from each other in the structure
by the neutral B and C molecules. From an electronic point of
view, this salt can thus be described as a one-dimensional
chain of mixed-valence S� 1/2 (A2)�

. dimers. This is confirmed
by the observed temperature dependence of its magnetic
susceptibility (Figure 3 c), which exhibits the characteristic
Bonner ± Fisher behavior of a uniform spin chain with J�
ÿ233 K (0.02 eV). This salt exhibits semiconducting behavior
with a sizeable room-temperature conductivity (sRT� 2�
10ÿ2 S cmÿ1) and an activation energy of 0.11 eV, demonstrat-
ing that this novel motif of chains of side-by-side dimers
allows a sizeable electronic delocalization along the c axis.

The ReO4
ÿ ion as hydrogen-bond acceptor. Electrocrystalli-

zation of 1 in the presence of nBu4NReO4 afforded platelike
crystals of the 2:1 salt (1)2ReO4. Its structure (Figure 4)
appears to be vastly different from the AsF6

ÿ salt, primarily
because the single perrhenate site accepts both amidic and
ethylene end group environments. Two crystallographically
independent molecules, A and B, give rise to two donor slabs,

Figure 4. Alternating slabs of molecules A and B in [1]2ReO4. Note the
mixed amidic and ethylenic environments of the ReO4

ÿ ions.

A and B, which alternate in the c direction. In stark contrast
with the structure encountered for (1)6AsF6, the chelating
amide no longer points toward the oxygen atom of another
amidic group, but, instead, reaches solely for the oxygen
atoms of the ReO4

ÿ ion (Table 3). The latter anion would thus

appear to be a stronger hydrogen-bond acceptor than the
organic carbonyl group. As shown in Figure 5, the R2

1(7)
chelate rings are again observed but in this case link two
donor molecules to two oxygen atoms of a single ReO4

ÿ ion.
The remaining two (Nÿ)H atoms of the A and B amides are
engaged with another ReO4

ÿ ion, giving rise to a larger ring
motif, which involves two donor molecules and two anions,
noted R4

3(10) in Figure 5. This salient templating effect of the
isosteric AsF6

ÿ and ReO4
ÿ ions unambiguously demonstrates

the determining role played by the hydrogen-bonding func-
tionality of 1 in the structural organization of its salts. The

Figure 5. Hydrogen bond network in the [1]2ReO4 salt. The R2
1(7) graph

set appears with gray ellipsoids.

Table 2. Bond lengths [�] and torsion angles [8] within the TTF core in 1
and the three independent molecules A, B, and C in (1)6AsF6.

Parameters Neutral 1 A B C

a (C�C) 1.32(3) 1.371(9) 1.338(9) 1.335(9)
b (CÿS) 1.77(2) 1.723(8) 1.765(8) 1.763(7)
c (CÿS) 1.76(2) 1.748(8) 1.761(8) 1.769(7)
d (CÿS) 1.75(2) 1.752(8) 1.751(8) 1.746(8)
e (CÿS) 1.75(2) 1.733(8) 1.763(7) 1.758(8)
a 15(2) 6.9(6) 18.3(5) 12.5(5)
b 4(2) 0.8(6) 1(1) 6.5(6)

Table 3. Hydrogen bond characteristics in (1)2ReO4. Indices A and B refer
to the two independent molecules A and B, respectively, indices a and s
refer to the antiplanar and synplanar configuration of the two hydrogen
atoms of the amides.

D ´´´ A [�] H ´´´ A [�] a angle

NAÿHAs ´´ ´ O(Re) 2.95(1) 2.09(1) 171.4(4)
NAÿHAa ´´´ O(Re) 3.06(1) 2.36(1) 138.3(4)
NBÿHBs ´´ ´ O(Re) 3.02(1) 2.23(1) 152.9(3)
NBÿHBa ´´ ´ O(Re) 2.91(1) 2.07(1) 166.4(3)
CAÿHA ´´ ´ O(Re) 3.64(1) 2.76(1) 158.4(3)
CBÿHB ´´´ O(Re) 3.41(1) 2.52(1) 158.4(3)
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recurrent observation of the R2
1(7) motif confirms the

importance of CÿH ´´´ O bonds in these structures. Further-
more, the differences between the two structures highlight the
strong hydrogen-bond acceptor character of the ReO4

ÿ ion
which favorably competes with carbonyl oxygen atoms, a
significant structure-directing capability of this anion.

As already mentioned, two crystallographically independ-
ent donor planes A and B, of the b type,[25] have been
identified. The similarity of the central C�C bond lengths and
results of the analysis of the electronic structure[26] of the two
donor planes clearly show that the charge of both donor
molecules A and B must be identical; that is, �1/2. The
calculated intermolecular HOMO ± HOMO interaction ener-
gies[27] differ however significantly within each plane. Within
plane A, sizeable interactions are observed between one given
molecule and each of its nearest neighbors (Figure 6 a). In

Figure 6. a) Side view of the plane of molecules A and the HOMO ±
HOMO interaction energies (b) calculated by the extended Hückel
method: I, 0.02; II, 0.25; III, 0.14; IV, 0.20, V, 0.26 eV. b) Calculated band
structure and Fermi surface associated with the donor plane A in [1]2ReO4

assuming a �1/2 charge for the donor molecule. G, X, Y, M and S refer to
the (0,0), (a*/2,0), (0,b*/2), (a*/2,b*/2) and (ÿa*/2,ÿ b*/2) wave vectors,
respectively. c) Temperature dependence of the conductivity of [1]2ReO4 at
ambient pressure.

plane B, the donor molecules are strongly associated into
discrete dimeric units. As a consequence, two bands of strong
dispersion, the upper one of which is half-filled, are found in
plane A. The calculated Fermi surface (Figure 6 b) can be
described as arising from the superposition of a series of
ellipses. Although strictly speaking the Fermi surface is open,
it is clearly associated with two-dimensional metallic behav-
ior. In contrast, the band structure of plane B is made up from
two well-separated bands (reflecting the strong dimerization)
with a small dispersion (0.2 eV). This strongly suggests that
the electrons in this plane are localized within essentially
noninteracting dimers. Single-crystal conductivity measure-
ments confirm (Figure 6 c) the metallic behavior (sRT�
14 S cmÿ1) and show a localization around 200 K where the
salt becomes semiconducting with a very small activation
energy (0.3 meV). As a consequence, the conductivity of this

rare structure of alternating conducting and insulating planes
is nearly constant in the whole temperature range. It is
therefore tempting to predict that small changes such as
substituting ReO4

ÿ by ClO4
ÿ or alloying, or the application of

an external pressure might have a strong effect on the
transport properties of this salt.

Conclusion

By creating situations where strong, directional hydrogen-
bond interactions are allowed to compete with intermolecular
overlap interactions between open-shell cation radicals, one
observes a remarkable, balanced synergy where both struc-
tural principles cooperate in the construction of unprece-
dented hydrogen-bonded architectures blessed with collective
solid-state electronic properties. This cooperative behavior is
rooted in the fact that the actual energy scales of these
interactions are such that none of them is able to clearly
dominate the final structure. The principle of selectivity in
counter-anion recognition illustrated by the results reported
herein is both remarkable and unprecedented in the chemistry
of electroactive molecular materials.[28] Also, the occurrence
of strong CÿHortho ´ ´ ´ O hydrogen bonds, enhanced by the
cationic state of the TTF core, revealed the robust chelating
cyclic R2

1(7) motif, a novel construction tool in the chemistry
of molecular assemblies. In this respect, the potential of the
ReO4

ÿ ion as a strong hydrogen-bond acceptor is expected to
find interesting applications in the development of anion
receptors[29] as well as the template synthesis of molecular
networks.

Experimental Section

EDT-TTF-COCl : Oxalyl chloride (0.4 mL, 4.62 mmol) and pyridine (1 mL)
were added to a stirred solution of the acid EDT-TTF-CO2H (6)[16] (0.55 g,
1.5 mmol) in THF (60 mL) under nitrogen at 45 8C. The mixture was stirred
for 3 h and filtered, the volume was reduced to 10 mL and the product was
precipitated by addition of dry hexane to afford the acid chloride 7 as a
purple microcrystalline powder (0.55 g, 94 %). M.p. 165 ± 168 8C (decomp);
elemental analysis (%) calcd for C9H5OS6Cl: C 30.28, H 1.41, S 53.89, Cl
9.93; found C 30.65, H 1.41, S 51.73, Cl 10.17; IR (KBr): nÄ � 1710
(CO) cmÿ1; 1H NMR (200 MHz, CDCl3): d� 7.78 (s, 1 H; C�CH), 3.31 (s,
4H; CH2 ± CH2); MS: m/z (%): 356 [M�] (85), 328 [M�ÿCH2 ± CH2] (72).

EDT-TTF-CONH2 : A solution of the acid chloride 7 (150 mg, 0.42 mmol)
in dry THF (10 mL) was added dropwise to a NH3 saturated THF solution
(10 mL). The solution turned yellow and was stirred for 1 h, filtered, and
concentrated to afford 1 as red needles after recrystallization from THF
(130 mg, 92%). M.p. 214 ± 215 8C (decomp); elemental analysis (%) calcd
for C9H7ONS6 ´ THF0.75: C 33.78, H 2.55, N 3.94, S 56.83; found C 33.17, H
2.72, N 3.71, S 52.56; IR (KBr): nÄ � 3417 ± 3173 (NH2), 1647 (C�O) cmÿ1;
UV/Vis (THF): lmax (e)� 395 nm (1.9� 103 dm3 molÿ1 cmÿ1); 1H NMR
(200 MHz, [D6]DMSO): d� 7.95 (s, 1 H; NH2), 7.55 (s, 1 H; C�CH), 3.38 (s,
4H; CH2 ± CH2); 13C NMR (50 MHz, [D6]DMSO): d� 160.35 (C�O),
134.25 (CÿCO), 125.04 (�CH), 103.38 ± 113.02 (C�C), 29.47 (CH2ÿCH2);
MS: m/z (%): 337 [M�] (100), 309 [M�ÿCH2ÿCH2] (84).

Cyclic voltammetry : Experiments were performed at 25 8C in acetonitrile
with nBu4NPF6 (5� 10ÿ2 mol Lÿ1) as electrolyte.

X-ray diffraction studies : Data were collected on an imaging plate
diffraction system (IPDS-Stoe). The structures were solved by direct
methods and refined against F2 using the SHELXTL5.04 set of programs.[30]

All non-hydrogen atoms were refined anisotropically; the H atoms were
introduced at calculated positions and not refined. X-ray data for (1)6AsF6:
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C54H42AsF6N6O6S36, Mr� 2214.252, crystal dimensions 0.24� 0.04�
0.04 mm, trigonal, space group P3Å , a� 33.120(5), c� 6.440(1) �, Z� 3,
1calcd� 1.803 Mgcmÿ3, l� 0.71073 �, T� 293(2) K, m(MoKa)� 1.404 mmÿ1,
214 exposures, f increment 0.78, 10 mn per exposure, 35 747 collected
reflections (1.888�q� 25.888), of which 7851 independent reflections
(Rint� 0.231), and 2560 reflections with I> 2s(I) for 493 parameters. No
absorption correction was applied. R1�S j jFo jÿjFc j j /S jFo j� 0.056 and
wR2� [Sw(F 2

o ÿF 2
c )2/Sw(F 2

o )2]1/2� 0.060 (all data), GOF� 0.726, largest
peak and hole in final difference map, 0.68 and ÿ0.60 e�ÿ3. X-ray data for
(1)2ReO4: C18H14N2O6ReS12, Mr� 925.23, crystal dimensions 0.34� 0.04�
0.04 mm, triclinic, space group P1Å, a� 6.6031(13), b� 7.350(2), c�
29.901(6) �, a� 89.89(3), b� 85.26(3), g� 75.93(3)8, Z� 2, 1calcd�
2.191 Mgcmÿ3, l� 0.71073 �, T� 293(2) K, m(MoKa)� 5.267 mmÿ1; 313
exposures, f increment 0.88, 3 mn per exposure, 12860 collected reflections
(2.05�q� 25.808), of which 5019 independent reflections (Rint� 0.156),
and 2374 reflections with I> 2s(I) for 340 parameters. Numerical
absorption correction using crystal faces (FACEIT-Stoe) was applied,
Tmin� 0.551, Tmax� 0.958. R1�S j jFo j ÿ jFc j / jS jFo j � 0.0693 and wR2�
[Sw(F 2

o ÿF 2
c )2/Sw(F 2

o )2]1/2� 0.0979 (all data), GOF� 0.649, largest peak
and hole in final difference map, 0.42 and ÿ0.37 e �ÿ3. Crystallographic
data (excluding structure factors) for the structures reported in this paper
have been deposited with the Cambridge Crystallographic Data Centre as
supplementary publication no. CCDC-114717 and CCDC-114718. Copies
of the data can be obtained free of charge on application to CCDC, 12
Union Road, Cambridge CB2 1EZ, UK (fax: (�44) 1223-336-033; e-mail :
deposit@ccdc.cam.ac.uk).
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