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Geometric spin frustration occurs when the structural arrange-
ment of spins precludes the simultaneous satisfaction of all nearest-

neighbor interaction’? The corner-sharing equilateral triangles of

a kagomdattice present an excellent construct on which to study T~
spin frustration; spin liquid physics can result when the kagome

lattice featuresS = 1/, spins on lattice vertices> However,
compounds bearing the kagorstuctural motif are raré;° and

exceptionally so when an organic moiety is a structural constituent

of the kagometriangles!!~14 Previous studies of spin frustration
on metat-organic hybrid kagorneompounds have been compli-
cated by long exchange pathwdygétriangulated” 8 or interpen-

etrating structure¥,and spin centers composed of dimers displaying

intradimer exchange interactio?s23 There are some structurally
distorted metatorganic hybrid kagorrewith isolated metal ions
(Co—2Zn—Cd) on the verticéd and fewer structurally perfect
systems (In, V, Zn}2-1% none are composed &= 1/, magnetic
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Figure 1. Crystal structure of. Left: Interlayer coordination environment
projected parallel to the crystallographieaxis. Right: The organie
inorganic hybrid kagormkattice, projected perpendicular to teaxis. Phenyl

ions. We report herein the synthesis and magnetic characterizationring atoms and guest water molecule have been omitted for clarity. Selected

of the first structurally perfect metabrganic hybrid kagormwith
a spin ofS= 1/, on lattice vertices.

We recently employed a hydrothermal approach to prepare the g7.8g(4y;

first structurally perfectS = %, kagonieall-inorganic antiferro-
magnet, herbertsmithite Zng{®H)eCl,.° This remarkable material
shows no long-range ordering to 50 mMKdespite having strongly

antiferromagnetic nearest-neighbor superexchange, as evidenced b

Ocw = —314 K. We have subsequently sought to generalizéSthe
= 1/, kagonielattice by discovering new systems that can be
prepared in crystalline form.

Initial treatment of Cu(OH)with isophthalic acid (1,3-bdc)
under hydrothermal conditions led to the formation of a novel
metal-organic hybrid kagormeCu(1,3-bdc) 1), according to the
condensation reaction below:

Cu(OH), + 1,3-bdcH — Cu(1,3-bdcH 2H,0 (1)
The product mixture also contains 1,3-bdcldnd a copper-
containing ligand oxidation byproduct. (Ligand oxidation of 1,3-
bdcH, in Cu(ll)-containing solutions has been previously re-
ported?>29 To increase the solubility of 1,3-bdgtand to buffer

interatomic distances and angles: Cu{®)(1), 1.9265(9); Cu(1)y0O(2),
1.9428(9); Cu(1A)-0O(2B), 2.8396(9); Cu(1yC(1A), 1.2685(15); O(2A)
C(1), 1.2689(14) A; O(yCu(1)y-0(2), 92.14(4%; O(2)—Cu(1)-O(1A),
Cu(1)-0O(1)-C(1A), 115.67(8); Cu(1)-O(2A)—-C(1),
132.42(8}.

by elemental analysis (see SI, Figure S7). Solubility appears to play
an important role in the formation df as related compounds Cu-
¥H20)(1,3-bdcyH,0 and Cuu(1,3-bdc)s(DMF) 1a(Hz0)10(H-0)or
(DMF)g(C,HsOH)s can be obtained from reactions with cupric
acetate and cupric nitrate, respectiv&ly?

The single-crystal X-ray structure df is shown in Figure 1.
Details of the structure solution and refinement are provided in the
Sl. The compound crystallizes in the hexagonal space group
P6s/m. The highly symmetric structure has only one-half of a
crystallographically independent Cu(ll) ion, which resides in a
nearly square planar coordination environment with four mono-
dentate carboxylate ligands. Each carboxylate group bridges two
copper ions to form a kagoniattice in theab plane composed of
{Cu(OCQ)} triangles. The in-plane CuCu distance is 4.5541-

(2) A (4.5528(3) A for2, Cu(1,3-bdc¥0.11 HO, the water-
containing species), and the distance between the kagtenes
(dooo) is 7.9716(3) A (7.9775(6) A foR). The layers stack in AA

the reaction solution, imidazole was added to subsequent reactionsgaspion 1 3-hdc ligands serve to link the layers together into a three-
Additionally, Cu(OH)F was included as a mineralizing agent t0 i ansional metatorganic framework. The structure has hexagonal
promote crystal formation. Large (up to 2 mm on an edge and 2.2 5 nneis; with a solvent-accessible void of 45 @d a cross-
mg), dark blue hexagonal platesbivere separated from a product channel Ce-Cu distance of 9.1081(2) A (9.1056(3) A fay. The
mixture containing starting materials and a copper-containing ligand guest water molecule residing in the center of this channel in the
oxidation byproduct, €H24CuOzs (3) (see Supporting Information, |5 nienlane can be removed by heating the crystals to 220
Sl). 1 may contain an incidental guest water molecule upon without significant decomposition (see Sl, Figure S2).

structural analy§is, so crystals biwere hea_ted prior to magnetic Fitting the high-temperature inverse susceptibility data {150
measurements in order to remove the incidental solvent molecule350 K) of a ground powder of yields ©cw = —33 K, which

(see SI). The purity ol was confirmed by similarities between suggests that the mean nearest-neighbor superexchange interaction

simulated and experimental powder X-ray diffraction (pXRD) and
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is antiferromagnetic (see Sl, Figure S3). The zero-field-cooled and
field-cooled magnetic susceptibility df versus temperature are
shown in Figure 2a. A plot of T vs T is provided in the SI, Figure

10.1021/ja709991u CCC: $40.75 © 2008 American Chemical Society
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metak-organic hybrid kagormto date. The ability to obtain crystals

of moderate size opens the way for magnetoanisotropy measure-
ments and, with still larger crystal sizes, inelastic neutron scattering
measurements. Owing to ti&= 1/, spin on a kagorméattice, the
discovery of inorganie organic hybrid materials such aprovides

a venue for the exploration of quantum disordered ground states in
two dimensions.
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