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The design of magnetic/conducting materials basedonpr
electronic interactions through a metarganic backbone is a long-

2227 cmi! (byvig) and 2214 cmt (bywsy) observed for neutral
TCNQF,..® Furthermore, twa/(C=C) stretches of 1540 and 1492

standing theme in the field of molecule-based solid-state chemistry. cm™! are very similar to 1539b6,733) and 1500 l¢;,v19) cm™?® of

One way to obtain such materials is to form charge-transfer com-

the TCNQR™ radical anion (neutral TCNQF 1602 and 1549

plexes between metal donors and polycyano organic acceptors withcm~1, respectively). The shift to lower energies fis in accord

the formation of coordination frameworks. In the case of a one-elec-

tron transfer, the 1:1 donor (D)/acceptor (A) alternating array will
likely lead to a charge-polarized state with localized spiwbereas

a 2:1 stoichiometry with the units being essentially the same elec-

with increased RUTCNQF, it back-bonding and with the reduction
of TCNQF;, moiety in 2.

Compound?2 crystallizes in the monoclinic space gro@2/m
with an inversion center located at the midpoint of the-fRw bond

tronically, possibly creates a charge-delocalized state owing to aand aC, axis and mirror plane that serve to quadrisect the TCNQF

resonance of the type [DA~-D <> D-A-D <= D-A—-D*] in D,A
systems and vice versa inpB systems (vide infra). Such charge-

moiety € = 2), leading to a single unique Rwnit and one
TCNQFR; molecule per formula (ORTEP in Figure S1as was

transfer compounds have been prepared, most notably the pioneeralso observed fota All four cyano groups of TCNQJcoordinate

ing materials, [CUW(DCNQI),] (where DCNQI isN,N'-dicyano-
guinonediimine) and the systems based on [RuDicyd—Ru'"]
(where Dicyd~ is 1,4-dicyanamidobenzene dianid@nd the bridg-
ing ligand can be either reduced (electron-typeABystem) or
oxidized (hole-type; AD system), respectively. Our strategy for

preparing 2:1 assemblies involve the use of electron-rich paddle-

wheel-type dimetal units and polycyano molecules (i.e;A D
system) which yield favorable charge-transfer materials withLM
7 back-bondind.In this vein, we reported the first two-dimensional
(2D) network compound composed of [RU(O,CCR)4 and
7,7,8,8-tetracyanp-quinodimethane (TCNQ), which may be rep-
resented by the resonance scheme JRGTCNQ ")-Ru*t <
Rw*-(TCNQ)-Ru*" < Rp*-(TCNQ")-Rwu>']:  [{Rux(Oz-
CCRy)4} ,TCNQ]-3(toluene) 1a).** The “partial” charge-transfer,

to Ru, molecules with a distance of 2.260(6) A for Ru¢N(1)
and an angle of 171.9(5jor Ru(1)-N(1)—C(5) to form a fishing-
net-like 2D network (Figure 1). The interlayer distance is ca. 6.6
A. The Ru-Ru bond distance is 2.3020(6) A which is slightly
longer than the corresponding distances in[R{O,CCR)4(thf)]
(2.276(3) A)7 1a (2.2875(7) A), and {Ru(0,CCRy)4} , TCNQ]
3(p-xylene) (Lb) (2.2915(3) A) which was synthesized for the sake
of comparison (Figure S1). The R@equawriabond distance, which
is strongly influenced by the oxidation state of the,Rare, is in
the middle range between those observed for[RO,CCR),-
(thf);] (2.070(6)-2.076(6) A)and [Ry'' (O,CCFy)s] (1.995(12)-
2.032(12) A¥ clearly indicating a partially oxidized feature (i.e.,
formally, [Rw]*5"). It is noteworthy that the RtOequatorialbONd
distances inla (2.063(2)-2.072(2) A) andb (2.062(2)-2.078(2)

however, leads to a lack of long-range 2D or 3D magnetic order A) are very close to those of [RU! (0,CCF;)4(thf);] (i.e., likely

and high conductivity mediated by transferred electrons. We
reasoned that the oxidation potential of TCNQ was insufficient to
allow for reduction of the [RiO,CCF)4] molecules, thus it

assigned to [Ri}*").” The degree of charge transfer from HR{(O,-
CCR)4) to TCNQF, was estimated from the Kistenmacher relation-
ship, p = Alc/(b + d)] + B with A = —46.729 andB = 22.308?

becomes an important issue to fine-tune the redox chemistry of based on neutral TCNQFp = 0)1°and ©--BusN)[TCNQF4] (p =

both types of units.

—1)11 (whereb, c, andd are TCNQR bond distances defined in

On the basis of the aforementioned hypothesis, we prepared aTable S1). The estimateevalue is—1.05 for 2, while the value

new charge-transfer 2D network compounfiR{L(O,CCFs)s} 2-
TCNQFR]-3(p-xylene) @), where TCNQF is 2,3,5,6-tetrafluoro-
7,7,8,8-tetracyanp-quinodimethane, a much more powerful oxi-

similarly estimated on the basis of neutral TCNQ and RbTCNQ
for 1bis —0.25 (o = —0.5 for 1&). These IR data and the metrical
parameters of the X-ray structure support that a one-electron charge

dant than TCNQ. The result is long-range magnetic ordering owing transfer from two [Ry""' (O,CCF),4] units to one TCNQE in 2

to the full electron-transfer from Ruwnits to TCNQFR molecules.
Compound2 was synthesized under anaerobic conditions by a
diffusion of a solution of [Rp(O,CCR;),] in p-xylene (top layer)
and TCNQF in CH.CI, (bottom layer) in a 2:1 molar ratio. The
infrared spectrum of reveals twov(C=N) stretches at 2217 and
2179 cn1l, which are shifted to lower energy than the stretches at
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has occurred; that is, it is formally, [RF"-(TCNQ-~)-Rw*5].

The magnetic properties @were examined; Figure 2 depigts
and yT vs T plots. TheyT value increases below 300 K (2.02
cmi-K-mol~1) to reach a maximum at 96 K (11.9 ér{-mol-1).
Below the maximum temperaturg] decreases abruptly and then
gradually to 0.037 cfK-mol! at 1.8 K. The increase ofT at
high temperatures is due to strong coupling between spins in a layer,
mediated by the TCNQF radical. NotablyyT for 1b decreases
continuously with decreasing temperature from 300 to 1.8 K, which
is in accord with two isolated [Rif* units withS= 1 (Figure S2.

10.1021/ja063963s CCC: $33.50 © 2006 American Chemical Society
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b) sxio* . . : . .
4x10* ]
Figure 1. 2D network structure of (black, C; red, O; blue, N; green, F; .,
orange, Ru). The-xylene molecules as crystallization solvents are omitted g 3x10 1
for clarity. °
T 2xi10t ]
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5 006l 18 = Figure 3. Field dependence ol and dVi/dH at 1.82 K of2 (a) and
= ’—- 14 ?_, temperature dependence of critical fieltts, Hy, andHc¢ (b), where the
0.04 ‘_‘ - value of Ha — Hp) is a field-hysteresis of paramagnetic phase and the value
0.02 | 2 of Hc is approximately corresponding to a coercive field.
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Inspired by the concept of the resonance scheme in charge-
transfer DA network systems, the first successful example of a
magnet for R-TCNQ type systems was rationally designed by
tuning the redox between [Rd+ and the TCNQ molecule by
changing from TCNQ to TCNQF

Figure 2. Temperature dependenceyodndy T measuredtal T of 2. The
solid line is only a guide for the eyes.

A fitting led to the parametergy = 2.0 (fixed),D = 271 cn1?,
TIP = 44 x 1078 cm®mol2, p = 0.0079). It should be noted that
the peak inT for 2 does not imply any long-range ferromagnetic
ordering given the absence of an gt signal down to 1.8 K at
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the field dependence of the magnetization was measured at several
temperatures below 100 K (Figures 3 and S4). At 1.82 K, the initial ~ Supporting Information Available: X-ray crystallographic data
sweep from 0a 7 T shows a sigmoidal increase of the magnetiza- of 1b and2 in CIF format and additional supporting data (Table S1,
tion with a critical field of 4.74 T, indicating a spin flip from an  Figures S+S4). This material is available free of charge via the Internet
antiferromagnetic phase (AF) to a paramagnetic phase (P), that is,at http://pubs.acs.org.

metamagnetic nature. Moreover, during the forward and reverse
sweeps betwee7 T and—7 T, three kinds of steps &t0.20 Hy),
+2.38 Hc), and+4.74 H,) T are observed with a large butterfly-
type hysteresis. The presence of three steps indicates the existence
of a canted spin phase (CS)—ES, CSf)—(AF)—CS(-), and
CS—P, respectively. Upon increasing the temperature, the hysteresis
and spin flip atH. disappear relative to one another at ca. 60 K,
and the metamagnetic spin flip (AP or CS—P atH,) disappears

at ca. 95 K (Figure 3b), consistent with the peak temperatuy@ in
(Figure 2). Thus, the metamagnetic-like nature with a large
hysteresis ir2 likely originates from interlayer antiferromagnetic

References

(1) Li, D.; Huchett, S. C.; Frankcom, T.; Paffet, M. T.; Farr, J. D.; Hawley,
M. E.; Gottesfeld, S.; Thompson, J. D.; Burns, C. J.; Swanson, B. I.
Supramolecular Architecture: Synthetic Control in Thin Films and Splids
Bein, T., Ed.; American Chemical Society Symposium Series 499,
American Chemical Society: Washington, DC, 1992, Chapter 4.

(2) For example: Aurfiller, A.; Erk, P.; Klebe, G.; Hnig, S.; von Schitz, J.

U.; Werner, H. PAngew. Chem., Int. Ed. Endl986 25, 740.

(3) For example: Aquino, M. A. S.; Lee, F. L.; Gabe, E. J.; Bensimon, C.;
Greedan, J. E.; Crutchley, R. J. Am. Chem. S0d.992 114, 5130.

(4) Bartley, S. L.; Dunbar, K. RAngew. Chem., Int. Ed. Engl991 30,
448. (b) Miyasaka, H.; Campos-Fénuez, C. S.; Clec, R.; Dunbar, K.

R. Angew. Chem., Int. EC00Q 39, 3831.
(5) Meneghetti, M.; Pecile, Cl. Chem. Phys1986 84, 4149.

interactions coupled with a strong anisotropy arising from the
[Rup]™" units; each layer allows for a long-range ferromagnetic
order. Such a high-temperature long-range ordering is possible in
cases involving double-exchange interaction, and the resonance
scheme of charge transfer (probably, due to electron-hopping
transfer), which possibly occurs with a charge delocalization
spreading over a layer, is expected to play a critical rol2.iAs

a preliminary experiment, the conductivity of pelletsldf and2

(6) The crystal structures dfa, 1b, and?2 are basically isostructural with
very similar cell dimensions on the same space group. The crystallographic
details are described in cif files, which were deposited in CCDC (615251
for 1b and 615250 foR).

(7) Lindsay, A. J.; Wilkinson, G.; Motevalli, M.; Hursthouse, M. B.Chem.
Soc., Dalton Trans1987, 2723.

(8) Cotton, F. A.; Matusz, M.; Zhong, Bnorg. Chem.1988 27, 4368.

(9) Kistenmacher, T. J.; Emge, T. J.; Bloch, A. N.; Cowan, D.ABta
Crystallogr., Sect. BL982 38, 1193.

(10) Emge, T. J.; Maxfield, M.; Cowan, D. O.; Kistenmacher, TMal. Cryst.

Lig. Cryst.1981 65, 161.

was measured at room temperature, and a value 100 times larger (11) OKane, S. A.; Cleac, R.; Zhao, H.; Ouyang, X.; GaleMascafs, J. R.;

was observed foR (4.6 x 104 S.cm™1) than was observed for
1b.

Heintz, R.; Dunbar, K. RJ. Solid State Chen200Q 152, 159.
JA063963S

J. AM. CHEM. SOC. = VOL. 128, NO. 35, 2006 11359





