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Two homochiral 2D-layered frameworks composed of a Cu,O, core
and dicyanamide (dca) linkers, [Cu((R)-hmp*)(dca)], (1) and [Cu((S)-
hmp*)(dca)], (2) (hmp* = o-methyl-2-pyridinemethanol), have been
synthesized and structurally characterized. Preliminary investiga-
tions suggest that 1 and 2 show possible ferroelectric behaviors.
Magnetic studies reveal the existence of strong antiferromagnetic
interactions between the Cu" centers in both complexes. The results
demonstrate that 1 and 2 are multifunctional material candidates
combining ferroelectric and antiferromagnetic properties in one
molecule.

Developing new multifunctional materials that display the
coexistence or synergism of more than two physical proper-

ties in one molecule, such as photomagnetic and magneto-

optical materials, chiral magnets, and magnetic conductors,
is currently a challenging topic for synthetic chemis@ne
of the typical examples, ferroelectromagnets combining
simultaneous electric and magnetic ordering, not only is of
fundamental scientific interest but also is capable of diverse
potential application3.

Ferroelectric materials are useful in a variety of new

technologies such as ferroelectric random access memories,

switchable nonlinear optical devices, electro-optical devices,
and light modulator§.The synthesis of new ferroelectric

materials is particularly challenging because of the strict
requirements that a compound needs to crystallize in non-
centrosymmetric space groups belonging to the polar point
groups. To date, the majority of the ferroelectric materials
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reported are inorganic compounds such asi®, (KDP),
BaTiOs, and LiNbQ.* Compared to molecular magnetic
materials, the studies on molecular ferroelectric materials
from chemists have remained spatse.

The crystal engineering strategy has provided many
advantages to constructing chiral or polar supramolecular
motifs with optical and magnetic propertie common
approach to ensuring noncentrosymmetric organization in the
crystal lattice is insertion of chirality in the molecule. On
the basis of this strategy, we obtained two homochiral 2D
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coordination polymers, [CUg)-hmp*)(dca)} (1) and [Cu(§)-
hmp*)(dca)} (2), using R)-a-methyl-2-pyridinemethanol or
(9-a-methyl-2-pyridinemethanol and dicyanamide (dca) as
network building blocks, because we know that dca is one
of the typical bridging ligands in magnetic materiatderein,

we report the synthesis, solid-state structures, thermal stabili-

ties, and ferroelectric and magnetic properties of the two
homochiral frameworks.

Complexesl and 28 were obtained as light-blue prism-
shaped crystals by the reaction &-{a-methyl-2-pyridine-
methanol or §-a-methyl-2-pyridinemethanol, Cu(OAeH,0,
and Na(dca) in a 1:1:1 molar ratio in a methanol/water mix-
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Figure 1. Perspective views of the layered structured (R isomer, left)
and 2 (Sisomer, right). Color code: C, gray; N, dark blue; O, red; Cu,
light blue. The green balls represent the chiral centers.

ture at room temperature (Scheme 1). IR spectroscopic analy-

sis of 1 and2 reveals three intense absorptions at 2173, 2242,

and 2327 cmt corresponding to the combination modes of vi-
bration of the dca anion. Thermogravimetric analysis on poly-
crystalline samples of complex&@nd?2 indicated no weight
loss up to 200C (Figure S1 in the Supporting Information).
Complexesl and2 are enantiomers and are crystallized
in the chiral space groupP®;). No detailed structural
descriptions are presented here far X-ray structural
analyses ofl and 2 reveal the formation of 2D-layered
structures (Figure 1). The layer df consists of the
asymmetric dinuclear unit of [GU(R)-hmp*),(dca)] shown
in Figure 2. Each Clion is coordinated to twoR)-hmp*
ligands as well as to the two N atoms of two dca bridges,
forming a distorted square-pyramidal coordination conforma-

Figure 2. Perspective drawing of compléxshowing the atom numbering.
Thermal ellipsoids are drawn at the 30% probability level. H atoms are
omitted for clarity. Selected bond lengths [A] and angles [deg]: -€D1
1.881(6), Cut-02 1.972(5), CutN1 2.002(9), CutN3 2.358(6), Cut

N5 1.929(7), Cu201 1.915(5), Cu202 1.957(7), Cu2N2 1.979(8),

tion. The basal positions of the square pyramid are occupiedcuz—N6 1.969(7), CuzN7 2.332(7); Ot Cul—02 77.3(2), O+ Cul—

by N,O, atoms with Cu-N bond lengths [1.929(#)2.002-
(9) Al and Cu-0O bond lengths [1.881(6)1.972(5) A]. Also,
the apical position is occupied by the other dicyanamide N
atom with a much longer bond length [2.332(2).358(6)
A]. The CwO; core is not planar and folded along the @
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Preparation of complexdsand2: (R)-a-methyl-2-pyridinemethanol
(12 mg, 0.1 mmol) and M@&OH with 25% methanol (36.4 mg, 0.1
mmol) were added to a methanol solution (10 mL) containing Cu-
(OAC)2°H20 (20 mg, 0.1 mmol). After the solution was stirred at room
temperature for 1 h, Na(dca) (8.9 mg, 0.1 mmol) in 5 mL of water
was added to the above solution and then further stirred for 2 h. The
resulting clear solution was filtered and left to stand at room tempera-
ture. Light-blue prisms of suitable for X-ray diffraction were obtained
by slow evaporation of the solvents within 1 week. Comptewas
obtained using a method similar to thatlpfexcept that$)-a-methyl-
2-pyridinemethanol was used. Yield: 72%. IR (KBr disky=n 2173,
2242, and 2307 crt. Anal. Calcd for GgH16CWNgO,: C, 42.94; H,
3.20; N, 22.26. Found: C, 42.68; H, 3.41; N, 22.03. Crystal data for
1. CigH16CNgO2, M = 503.47,T = 293 K, monoclinic, space group
P2;, a=7.568(1) A,b = 15.352(2) Ac = 8.482(1) A8 = 97.101-
(2)°, V=1997.8(2) B, Z= 2, peaica= 1.710 g cm3, u = 2.209 mn1?,

R1 = 0.0592, wR2= 0.1259 | > 20(l)] for 3582 data and 271
parametersS= 1.001, Flack parametgr= 0.06(3). Crystal data for

2: R1=0.0527, wR2= 0.1028 [ > 20(l)] for 2801 data and 273
parametersS = 1.105, Flack parameter = 0.08(2).

@

=

N3 98.1(2), OFCul-N5 169.4(3), 02 Cul-N3 93.7(2), 02-Cul~N5
100.5(3), N3-Cul-N5 92.4(3), 0+ Cu2-02 76.9(2), O+ Cu2-N6 97.4-
(3), O1-Cu2-N7 95.9(2), 02-Cu2-N6 165.8(3), 02Cu2-N7 100.0-
(2), N6~Cu2-N7 93.5(3), Cut-01—Cu2 103.9(3), Cut02—Cu2 99.0(3).

Figure 3. Side view of the three layers of compléxin the ac plane.

line with the dihedral angles of 16.16The Cu-O—Cu
bridging angles are in the ranges of 99.6{3P3.9(3). The
dca ligands bridge neighboring Gwnits and yield a 2D
arrangement of the Gunits running in theac plane. The
layers repeat in arr-ABCABC--- stacking sequence, and a
view from theb axis is shown in Figure 3. There are no
open channels in the crystal &f The Cu--Cu distances
within the layer are 8.505 and 8.565 A via the dtmidges,
whereas the nearest interlayer-€Gu distance is 5.524 A.
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Figure 6. Temperature dependence of thgT product forl at 100 Oe.

Figure 4. CD spectra ofl (Risomer, blue line) an@ (Sisomer, red line) Solid lines represent the best fitting of the data

in KBr pellets.
As the temperature is decreasegl,T gradually decreases,

reaching a plateau value of nearly zero below 80 K and
indicating that strong antiferromagnetic couplings between
spin centers are operating. According to the structlicgn
be approximately regarded as a dicopper(ll) complex. The
data were analyzed using the BlearBowers expression
derived from the isotropic spin-exchange Hamiltonkhr=
—2JSS, where S, = S = 1,.° The best-fitting results
between 1.8 and 300 K with intermolecular interactiank) (
were obtained:g = 2.07,J = —126.31 cm?, p = 0.0088
(paramagnetic impurity), anel = —0.47 cmi* (R= 2.0 x
10°5). As we know, strong to very strong antiferromagnetic
spin coupling is very common in similar bisphenoxo-bridged
dicopper(ll) complexes and the magnitude of the coupling
Figure 5. Electric hysteresis loop of a pellet obtained from a powdered constant) varies from—130 to —509 cn11.120
sample ofl observed by virtual ground mode using an RT66 ferroelectric In summary, two enantiomorphous chiral complexes
tester at room temperature at different voltages. possessing three properties (ferroelectric, antiferromagnetic,
The circular dichroism (CD) spectra measured in KBr and nonlinear optical) in a simple molecule have been
pellets further confirm the enantiomeric nature of the successfully synthesized. Further investigations on chiral
optically active complexe4 and 2 (Figure 4). Complex. a-methyl-2-pyridinemethanol compounds with both ferro-
(R isomer) exhibits positive Cotton effects Btax = 354 electric and magnetic properties are currently underway in
and 588 nm and a negative dichroic signal centerethat  our laboratory. Our target is to prepare ferroelectric ferro-
= 274 and 417 nm, whil@ (Sisomer) shows Cotton effects  magnets from chiral metal complexes, which is an interesting
of the opposite sign at the same wavelengths. topic for chemists and physicists.
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that1 and 2 may display potential ferroelectric properties. Note Added after ASAP Publication. This paper was

Figure 5 shows an electric hysteresis loop Ioidicating released ASAP on June 5, 2007 with minor text errors and

that it exhibits ferroelectric behavior. In comparison, the i Sl file. Th ‘ . ted on J
polarization versus electric field plot for a typical ferroelectric gn 2"8%‘;”6(: lle. The correct version was posted on June

compound, KDP, has been measured under the same
experimental conditions as those of complex Supporting Information Available: X-ray crystallographic files

The magnetic susceptibility measurements were performedin CIF format forl and2 and additional characterization data. This
on polycrystalline samples of complexésnd?2 using the material is available free of charge via the Internet at http:/
SQUID magnetometer at temperatures ranging from 1.8 to pubs.acs.org.
300 K. Because complexésand?2 are a pair of enantiomers, 1€C070112S
they show the same magnetic behavior. The temperature

(9) Bleany, B.; Bowers, K. DProc. R. Soc. London, Ser. 1852 214, 451.

dependence of trm"'T values ofl is di_SpIayEd in Figure 6. (10) Kahn, O.Molecular MagnetismVCH: Weinheim, Germany, 1993;
The value ofymT at room temperature is 0.908 emu K mbol p 160.
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