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Meso- and (1S, 25)-diphenyl-1,2-ethanediammonium (DPEDA?*) and sizes of the cations are adjustable by complexation with
complexed with [18]crown-6 were introduced into [Ni(dmit)]-based crown ethers, which yields novel [Ni(dmi}) arrangements
magnetic salts as countercations. The configurational difference in the crystals. The introduction of crown ethers also
of DPEDA* modulated the crystal structure and magnetic behavior ~ Promotes the production of high-quality single crystals, an

added advantage over using simple-cation [Ni(dgitsalts.
Among the catior-crown ethet-[Ni(dmit),] ~ salts, organic
ammonium exhibits a variety of different sizes, valences,
and chiralities, and thus has the potential to form novel
[Ni(dmit),]~ arrangements in the crystdisiere we report
new supramolecular structures betweease or (1S, 29-

Sulfur-rich planarr-conjugated molecules such as tetrathia- diphenyl-1,2-ethanediammonium (DPEBAand [18]crown-
fulvalene and metal(ditholatedre useful building blocks for 6, which were introduced into [Ni(dmif)~ -based magnetic
molecular magnets owing to their open-shell electronic salts (Scheme 1).

of the salts. A two-dimensional (2D) Heisenberg antiferromagnetic
square lattice was observed in (meso-diphenyl-1,2-ethane
diammonium?2*)([18]crown-6)[Ni(dmit),] 2, which was the first
example of a 2D magnetic lattice in [Ni(dmit),]~ salts.

structure and strong intermolecular interactions throug S Single crystals of reseDPEDA?")([18]crown-6)-
contacts. The anion radical of [Ni(dmit]~ (dmit?~ = [Ni(dmit)5] 2 (1) and [(1S, 29-DPEDA?"]5([18]crown-6)-
2-thione-1,3-dithiole-4,5-dithiolate), possessing &¥e /5, [Ni(dmit),] °8& (Il) were grown by standard mixing of

is a typical example. By controlling the packing arrangement (DPEDA?)(BF,"),, [18]crown-6, andif-BuyN™)[Ni(dmit),] ~
of such magnetic molecules in the crystal, we are able to in CH3CN.* Since the organic ammonium cations in sélts
obtain a diversity of magnetic properties. We have discussed

the use of supramolecular cation structures as countercations(2) (&) Takamatsu, N.; Akutagawa, T.; Hasegawa, T.; Nakamura, T.; Inabe,
T.; Fujita, W.; Awaga, Klnorg. Chem200Q 39, 870. (b) Akutagawa,
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[Ni(dmit),]~ arrangements that exhibit magnetism of one- T.J. Phys. Chem. B00Q 104, 5871. (c) Akutagawa, T.; Takamatsu,
dimensional (1D) Heisenberg chain, spin-ladder, or ferro- ~ N:: Shitagami, K, Hasegawa, T.; Nakamura, T.; Inabej.Mater.

. / A . Chem 2001, 11, 2118. (d) Nishihara, S.; Akutagawa, T.; Hasegawa,
magnetic interactio? In these [Ni(dmit)] ~ salts, the shapes T.; Nakamura, Tlnorg. Chem 2003 42, 2480. (e) Akutagawa, T.;
Hasegawa, T.; Nakamura, T.; Inabe JT Am. Chem. So2002, 124,
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119 12392. (c) Coronado, E.; GalaMascars, J. R.; Gmez-Gara, umol), (meseDPEDA?")(BF;7), (100 umol), and [18]crown-6 (1
C. J.; Laukhin, V.Nature 200Q 408 447. (d) Broderick, W. E.; mmol) in CHCN (20 mL) was gently heated unti-BusN)[Ni(dmit)2]
Thompson, J. A.; Godfrey, M. R.; Sabat, M.; Hoffman, B. M Am. was completely dissolved. The solution was slowly cooled to room
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Scheme 1. Chemical Structures of DPEDA and [Ni(dmit)] [Ni(dmit),]~ arrangement and magnetic properties of the
crystals.
S S s s Figure 1c and d show the [Ni(dmj}) arrangements and
\ / . . . .

s—jr/ I Ni Jv\ >:s cation packing in salts andll, respectively. In salk, two
S " s s crystallographically independent [Ni(dmif) anions A and

+HoN NH,* B) occurred on the inversion centers. Th@®verlap at the
DPEDA2* [Ni(dmit),)] terminal five-membered rings of [Ni(dmit) anionA formed

linear 1D chains along tha-axis, while weak lateral 'SS

and |l were achiral and chiral, the space groups of salts Interactions between th anions yielded 1D linear chains
and Il were P1 and P1, respectively. The magnetic ~ along theb-axis. Transfer integrals)(based on the extended

properties of these two salts were evaluated by a SQUID Huckel molecular orbital calculations were used to evaluate
magnetometer at a magnetic field of 1 T. the magnitude of the intermolecular interaction between

Figure la and b show the cation structures mike$e [Ni(dmit);] ~ anions! The magnetic exchange energ) s

DPEDAZ)([18]crown-6) and [(1S, 25)-DPEDA] ([18]- proportional to _the square_of the transfer integﬂaiy a2/
crown-6) in saltsl andll, respectively T = 100 K)& The Uert, where_Ueﬁ Is the on-sm_a Coulomb_re_pulswe energy.
cation was assembled by the sandwich-type coordination ofThe. magnitude of transfer integrals within th&"[-A .]°°
two —NH3" groups of DPEDA" from two upper and lower chain & = 22.'9 meV) was much Iarger .than that in the
[18]crown-6 molecules. Two phenyl rings wieseDPEDA [B™—B"]. chain ; = 0.75 meV)? Effective intermolecular
were symmetrically projected due to tBeandR-configura- |nt?ractlon % — 12.4 ”f‘eV). V\ias 0 bserved between the
tions of two chiral carbons, while those of§2S)-DPEDA?" [A __A Jo cham_s and [N'(qm'bj _amonB along theb-aXI_s,
were extended in the same direction forming a 90-degreeWh'Ch resulted in a two-dimensional (2D) square lattice of

angle. Although the [18]crown-6 molecules in dalexhib- [’;']I_(dg“tt)zT z;;non; tW'th'n thetf_ab-pla_met. Frorr(;;?\)e/;elaﬂon-
ited a planar conformation, those in saltwere largely ship between) andt, magnetic anisotropy odi/Ja/Js was

warped into aV-shaped conformation in order to reduce ?St'matetﬂ tozge 3:1:0.0:)1tt,_suggestlgg tl_1a1n?;z |tnhterac—t |
steric repulsion from two phenyl rings. The difference of lons in the square latlice were or_mnan |.n e crystal.
chirality of two carbon atoms changed the cation structure _ 1heré were four crystallographically - independent

of (DPEDA2")([18]crown-6), which also modified the [Ni{dmit)z]~ and one [Ni({dmit] molecules &, B, C, D, and
E) in salt Il. The crystal stoichiometry of [@ 29-

DPEDA?"],([18]crown-6)[Ni(dmit),] ~8 suggested that one
of these five was a formally neutral [Ni(dmil)molecule
without aS= ¥, spin. Ther-stacks of [Ni(dmit)]~ yielded
st-tetramer with anA—B—C—D] arrangement along the
=+ b axis. The transfer integrals within the tetramey § =
117,tc—s = 126, andta_g = 101 meV) evidenced strong
m-interactions between the [Ni(dmi}). On the other hand,
the w-plane of [Ni(dmity] E was normal to those of the
tetramer, which connected thA+B—C—D] tetramers via
intermolecularr—S interactions withtp—g = 25.5 andtg_a
= 17.3 meV.

Figure 2 shows temperature-dependence of molar magnetic
susceptibilities gmo vs T) per [Ni(dmit)]~ for salts| and

(5) Crystal dataSaltl, 100 K, triclinic,P1, a= 12.058(2) Ab =12.234-
(@) A, c = 13.187(2) Ao = 111.542(3), B = 94.241(5}, y =
103.080(4), V = 1735.8(4) R, Z = 2, D, = 1.574 gcm, 20max=
55°, u(Mo Ka) = 12.00 cml. 7527 collected reflections, 5962
reflections ofl > 30(1)] were used for refinement based BA The
final R values wereR = 0.050,wR2 = 0.067, GOF= 1.180. Saltl,
100 K, triclinic, P1, a = 15.729(3) A,b =16.030(3) A,c = 17.204-
E\S) A, a.=96.66(1), p = 93.658(13, y = 118.535(8), V = 3749(1)

8,Z=2,D¢=1.657 gcm, 20max= 55°, u(Mo Ka)) = 13.76 cn™.
98770 collected reflections, 23812 reflectionlof 20(1)] were used
for refinement based oF?. The finalR values wereR = 0.053,wR2
= 0.097, GOF= 0.912.

(6) (a) Larsen, A. O.; White, P. S.; Gagrné. R. Inorg. Chem 1999 38,
4824. (b) Garcia-Granda, S.; Diaz, M. R.; Barrio, C.;n@xiz-Beltfa
Acta Crystallogr Sect C199Q 46, 377. (c¢) Ghizdavu, L.; von
Zelewsky, A.; Stoeckli-Evans, Heur. J. Inorg. Chem2001, 993.

(7) Scott, J. C.Highly Conducting Quasi-One-Dimensional Organic
Crystals Semiconductors and Semimetals Series Vol. 27; Conwell,

Figure 1. Crystal structures of saltsandll . Cation structures of (ajriese E., Ed.; Academic Press: New York, 1988, 385. (b) Kahn, O.
DPDEA?")([18]crown-6) and (b) [(IS 25)-DPDEA?*]([18]crown-6). Molecular MagnetismVCH: New York, 1993.

[Ni(dmit)2]~ arrangements (c) in saltviewed along thec-axis and (d) in (8) Mori, T.; Kobayashi, A.; Sasaki, Y.; Kobayashi, H.; Saito, G.; Inokuchi,
saltll . H. Bull. Chem. Soc. Jpril984 57, 627.
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Figure 2. Temperature-dependence of molar magnetic susceptibyikity) (

of saltsl (O) andll (@) per [Ni(dmit)y]~. Solid lines are fits ofmoi VS T
plots (see text).

II'. Saltll showed the CurieWeiss behavior witlC = 0.31
emu K mol™? (solid circles), which almost corresponds to
0.8 spins per [($ 29-DPEDA?"]o4[18]crown-6) ¢[Ni-
(dmit),] ~°8 (C = 0.30 emu K mot?). A weak antiferromag-
netic interaction was observed between [Ni(dghitanions

in saltll (8 = —4.5 K). On the other hand, thgn, vs T
plot for saltl showed a broad maximum at around 30 K,
which is typical for 1D linear Heisenberg antiferromagnetic
chains? However, this model failed to reproduce low-
temperature behavior (red line in Figure 2) well. Since a 2D
square arrangement of [Ni(dmit) anions was observed in
the X-ray crystal structural analysis, we applied a 2D

for oneS= %, spin (@ = 2.0). To the best of our knowledge,
salt | represents the first example of a [Ni(dmjt) salt
having magnetic interactions of 2D Heisenberg antiferro-
magnetic square lattice.

In conclusion, nese and (1S, 29-diphenyl-1,2-ethane-
diammonium]([18]crown-&)were introduced into magnetic
[Ni(dmit),]~ salts as countercations. The cation conforma-
tions differed from each other, depending on the configura-
tion of two carbon atoms, which also changed the [Ni(dinit)
arrangements and magnetic properties of the crystals. A two-
dimensional Heisenberg antiferromagnetic square lattice was
observed inresediphenyl-1,2-ethanediammonidh)([18]-
crown-6)[Ni(dmit),] ~,, the first example of a 2D magnetic
lattice in [Ni(dmity]~ salts. The supramolecular cation
approach was found to be effective in generating a variety
of [Ni(dmit),]~ arrangements in the crystal.
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Heisenberg antiferromagnetic square lattice model to fit the |co50241p

xmol VS T behavior of salil (blue line in Figure 2}° This
model reproduced the low-temperatyig, vs T behavior
with a J of —32.3 K and a fixedC of 0.376 emu K mot!
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