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Neutral p-conjugated molecules and their radical cations co-
exist in [(EDT-TTF-CONHMe+·)4(EDT-TTF-CONHMe0)2]
[Re6Se8(CN)6]42 (CH3CN)2(CH2Cl2)2 whose crystal struc-
ture reveals that, upon one-electron oxidation, an activation
of the N–H and C–H hydrogen bond donor ability is coupled
to a deactivation of the hydrogen bond acceptor character of
the carbonyl oxygen atom: this is expressed in the supramo-
lecular hydrogen bond pattern and, ultimately, into charge
localisation and partition in the solid state.

The redox control of intermolecular recognition is a matter of
active research.1 Amide-functionalized metallocenes have par-
ticularly received much attention for anion recognition,2 a
consequence of the enhancement of N–H hydrogen bond donor
character upon oxidation in solution and in the solid-state.3 We4

and others5 have showed that amide-functionalized tetra-
thiafulvalene (TTF) derivatives also display modulation of their
donor/acceptor hydrogen bonding ability in solution. We report
here on the title phase where the methylamide-appended
ethylenedithio-tetrathiafulvalene molecules, EDT-TTF-CON-
HMe,6 are found to co-exist in their neutral and oxidised forms,
revealing an interdependence of the redox state and a modula-
tion of the hydrogen bond donor/acceptor character of the p-
donor, and show how this is expressed into charge partition in

the solid state. This is further substantiated by calculations of
charges and electrostatic potentials which allow for a coherent
interpretation of both the molecular recognition and its
supramolecular expression.

Electrocrystallization in an H-shaped cell at a constant
current of 0.5 µA for 2 weeks of EDT-TTF-CONHMe (5 mg) in
a CH2Cl2–CH3CN (1 : 1, 12 mL) solution containing
(PPh4)4[Re6Se8(CN)6],7 (25 mg) affords shiny black platelets
whose formulation, [EDT-TTF-CONHMe]6[Re6Se8(CN)6]
(CH3CN)2(CH2Cl2)2 was obtained by determination of their
crystal structure.‡ The unit cell contains three independent p-
donor molecules, one-half rhenium cluster on an inversion
centre, one molecule of acetonitrile and one molecule of
dichloromethane. Careful analysis of the central TTF cores
bond lengths indicates that among the three independent
molecules, two, noted A and B, are radical cations and one, C,
is neutral, as shown in Fig. 1. Hence, the novel formulation
indicating charge localisation reads [(A+·)2(B+·)2(C0)2] [Re-
6Se8(CN)6]42 (CH3CN)2(CH2Cl2)2. At the organic–inorganic
interface, a hydrogen bond network appears. This network is
built out of R2

1(7) motifs as usually observed for EDT-TTF-
CONHMe6. Although both A+· and C0 form this motif by
capturing a nitrile of the rhenium cluster, note that, as observed
previously in [EDT-TTF-CONHMe]2[Cl, H2O],4 both N–
H…N and C–H…N hydrogen bond lengths (Fig. 1) are shorter
with A+· than with C0. This indicates that the N–H and C–H
hydrogen bond donor character for A+· is stronger than that for
C0. Meanwhile, it is remarkable that the CNO’s of A+· and B+·

† Electronic supplementary information (ESI) available: plot of magnetic
susceptibility against temperature. See http://www.rsc.org/suppdata/cc/b3/
b303416j/

Fig. 1 Hydrogen bond network in [EDT-TTF-CONHMe]6[Re6Se8(CN)6] (CH3CN)2(CH2Cl2). Bond distances (D…A and H…A in Å) and angles (D–H…A
in °): N1A–H1A…N1, 2.869(9), 2.055, 157.8; C4A–H4A…N1, 3.292(9), 2.402, 160.1; N1B–H1B…O1C, 3.136(9), 2.286, 169.9; C4B–H4B…O1C, 3.066(10),
2.203, 153.8; N1C–H1C…N2, 3.156(10), 2.309, 168.3; C4C–H4C…N2, 3.430(10), 2.523, 165.2.
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are not involved in any hydrogen bond in this salt. Instead, only
the oxygen atom of neutral C0 is grasped by a pair of hydrogen
bond tweezers. Hence, upon oxidation of the conjugated redox
system, an activation of the N–H and C–H hydrogen bond donor
ability occurs and is coupled to a deactivation of the hydrogen
bond acceptor character of the carbonyl oxygen atom, the latter
paralleling Rotello’s similar, albeit inverse, observation in
flavins.1b Note that this result has to be distinguished from
charge-assisted hydrogen bonding8 where the charge is loc-
alised on the hydrogen bond donor/acceptor group (ammon-
iums, carboxylate...).

The electrostatic potentials for A+·, B+· and C0 have been
evaluated by means of B3LYP-DFT//3-21G calculations.9 The
constant electrostatic potential surfaces for A+· and C0 (Fig. 2)
clearly show the deactivation of the carbonyl oxygen and
activation of the N–H and C–H hydrogen bonding abilities upon
oxidation. The electrostatic potential of the carbonyl oxygen
decreases from C0 to A+· (by 75.9 kcal mol21) and to B+· (by
73.3) clearly showing the deactivation. At the same time, the
electrostatic potential of the N–H (C–H) hydrogen decreases by
67.5 (84.1) and 68.8 (83.8) kcal mol21 from C0 to A+· and B+·,
respectively. Thus, the increase in the hydrogen bonding ability
of N–H and C–H is slightly weaker for A+·. Analysis of the
calculated charges for the oxygen and hydrogen atoms leads to
exactly the same results.

Thus, the primary structural motif is [B+·…C0] (Fig. 1) which
satisfies both the strongest H-bond donors, i.e., the activated
protons N–H and C–H of radical cation B+· and the strongest H-
bond acceptor, i.e., the oxygen atom of neutral C0. Then, the
second best pair of activated tweezers of radical cation A+· goes
for the second best H-bond acceptor, that is, one cluster cyanide,
since the remaining two oxygen atoms are deactivated. Finally,
the non-activated pair of tweezers of neutral C0 is strong enough
to bind another cyanide. Altogether, the former radical cations
thus positioned at the organic–inorganic interface overlap and
generate the two-dimensional pattern shown in Fig. 3. Note that
the A+· pairs are strongly dimerised whereas the B+· pairs are
considerably less. This observation is consistent with our
analysis since by strongly interacting with C0, B+· is less free
than A+· to optimise stabilising pHOMO–pHOMO interactions.
Thus, the weakly interacting B+· donors are diluted and
confined in a sea of diamagnetic, charged ([A+·]2) or neutral
(C0) units. The observed temperature dependence of the spin
susceptibility (Curie–Weiss behavior, q ≈ 210 K) measured on
one single crystal by EPR experiments (one single narrow
resonance with gmax = 2.013 and DHmax = 17 Oe) confirm the
presence of essentially localised, weakly antiferromagnetically
coupled spins, in sharp contrast with the metallic behaviour of
the [EDT-TTF-CONHMe]2[Cl, H2O].4 This makes clear the

subtle interplay of stoichiometry, redox state, hydrogen bonding
and p–p interactions in determining the structure and transport
properties of molecular materials.
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Notes and references
‡ Crystal structure analysis for [EDT-TTF-CONHMe]6[Re6Se8(CN)6]
(CH3CN)2(CH2Cl2)2:C72H64Cl4N14O6Re6S36Se8, triclinic, space group P1̄,
a = 12.1696(10), b = 12.7211(11). c = 18.8992(16) Å, a = 94.672(10),
b = 98.494(10), g = 95.591(10)°, V = 2867.5(4) Å3, Dc = 2.459 g cm23,
Z = 1. Black plate-like crystal (0.46 3 0.28 3 0.04 mm). Data were
collected on a STOE Imaging Plate diffractometer (IPDS) with Mo–Ka
radiation, l = 0.71073 Å at 150(2) K. A total of 34554 reflections were
collected up to q = 27.9° of which 12861 are independent among 8089
observed [Fo

2 > 2s( Fo
2)]. The structure solution (SHELXS-97) and

refinements on Fo
2 (SHELXL-97) gave R(obs) = 0.0333 [R(all) = 0.0641]

and Rw(obs) = 0.0617 [Rw(all) = 0.0678] for 672 parameters ; min and max
residual electron densities were 21.89 and 1.73 e Å23. CCDC 207256. See
http://www.rsc.org/suppdata/cc/b3/b303416j/ for crystallographic data in
.cif format.
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Fig. 2 Surfaces of constant electrostatic potential calculated for: (a) C0 and
(b) A+·. Values of the electrostatic potential are 244 kcal mol21 (red), +94
kcal mol21 (light blue) and +188 kcal mol21 (blue dots).

Fig. 3 Rows of neutral molecules C0 confine fully oxidised, diamagnetic
dimers, [A+·]2 and pairs of essentially discrete, paramagnetic B+·.
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