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An Organic Spin-Ladder Molecular Material**

Concepcio Rovira,* Jaume Veciana, Elisabet Ribera,
Judit Tarrés, Enric Canadell, Roger Rousseau,
Montserrat Mas, Elies Molins, Manuel Almeida,
Rui T. Henriques, Jorge Morgado,

Jean-Philippe Schoeffel, and Jean-Paul Pouget

Materials with a ladder type arrangement of the spins (“*spin-
ladder compounds’™™) have brought a lot of excitement to the
quantum magnets community.!! The initial expectations con-
cerning these materials have been fully confirmed by recent
findings of a puzzling dependence of the bulk magnetic proper-
ties with the even/odd number of legs in the ladder. Recent
results on metal-based compounds {(mainly oxides) indicate that
while odd-leg ladders are gapless and have magnetic behavior
similar to one-dimensional chains, even-leg ladders have only
short-range order and a finite spin gap. In addition, holes inject-
ed into even-leg ladders are predicted to pair and possibly show
superconductivity.”! Until now only very few two-leg and three-
leg ladder compounds formed by connected chains of transition
metal atoms have been studied.'** 3! Because of their structural
flexibility molecular solids offer many possiblities to finely tune
interesting physical situations such as those exhibited by spin-
ladder materials. Molecular organic solids with this kind of
behavior could be obtained by assembling a finite number of
molecular chains one next to the other to form *“ladder-struc-
tures” of increasing width. We have succeeded in preparing and
characterizing [(DT-TTF),][Au(mnt),] (1, DT-TTF = “di-

thiophentetrathiafulvalene™.

el Qi mnt = maleonitrile  dithio-
s = T S DI-TTF late), one of these wide spin-
da 8 ladder organic solids.
By analogy with the
"S5, _C=N metallic o phases of the
I mnf (Per),M(mnt), family (Per =
eSO

perylene, M = metal), which
crystallize in a structure con-
taining pairs of perylene chains surrounded by M(mnt),
chains,” we sought to construct a ladder molecular organic
compound by replacing perylene by an appropriate aromatic
donor. As electron donor we chose DT-TTE, *! which tends to
stack to form chainlike structures and which contains sulfur
atoms on the periphery that are able to promote close contacts
between the chains,'! to provide the rungs of the spin ladder
system. As counterion we chose the closed-shell monoanion
[Au(mnt),] " ,"! which might magnetically isolate the ladder
chains.
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The target compound [(DT-TTF),J[Au(mnt),] (1) was ob-
tained as dark needles by electrocrystallization from a
dichloromethane solution containing the donor and the tetra-
butylammonium salt of [Au(mnt),] . The mixed valence char-
acter of this salt was confirmed by the presence in the near
infrared (NIR) spectrum of the characteristic *A™ band of the
mixed valence states centered at 2700 nm.'*) Compound 1 crys-
tallizes in the monoclinic system.”! and the asymmetric unit
comprises one molecule of DT-TTF and 0.5 molecule of
molecules form segregated regular stacks of donors and accep-
tors along b in a herringbone pattern (Figure 1). Inside each
stack, donors D (DT-TTF) and acceptors A ([Au(mnt),]) slip
parallel to the shortest axis of the molecule and have interplanar
distances of 3.555(3) and 3.581(4) A, respectively. The DT-TTF
stacks are arranged in pairs related by a twofold screw axis, and
they alternate with single stacks of [Au(mnt),] along the a—c
direction. Apparently the pairs of organic donor stacks form a
structural two-leg ladder, since they are strongly linked by three
interstack S - - - S close contacts (Figure 1b). As shown later, the
double donor stacks form a two-leg spin ladder below 225 K due

A D D A

Figure 1. Top: Crystal packing of [(DT-TTF ), JlAu(mnt),] (1) at 293 K showing the
organic DT-TTF stacks D related by a twofold screw axis. Bottom: Projection of the
crystal structure along b, short S---8 contacts (between 3.460 and 3.944 Ay are
indicated by dotted lines. This figure represents the average structure. It does not
include the local dimerization discussed in the text.

Angew. Chem. Int. Ed. Engl. 1997, 36, No. 21






