1464

Chemistry Letters Vol.36, No.12 (2007)

Porous Magnets Based on Copper—Octacyanotungsten Containing
Noncoordinated Alcohol Molecules

Yoshihide Tsunobuchi,'? Kazuhito Hashimoto,> Motoo Shiro,> Toshiya Hozumi,' and Shin-ichi Ohkoshi*'
' Department of Chemistry, School of Science, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033
2Department of Applied Chemistry, School of Engineering, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656
3Rigaku Corporation, 3-9-12 Matsubaracho, Akishima, Tokyo 196-8666

(Received August 9, 2007; CL-070852; E-mail: ohkoshi @chem.s.u-tokyo.ac.jp)

Two types of molecule-based magnets Cull3[WY(CN)g],-
(pyrimidine), «2-propanol-6H,0 (1) and Cu3[WVY(CN);],-
(pyrimidine), - 1-butanol-:5H,O (2) are prepared. These com-
pounds have a 3-dimensional porous structure, in which a non-
coordinated 2-propanol or 1-butanol molecule is penetrated.
These compounds show long-range magnetic ordering with Cu-
rie temperatures of 8.2 K (1) and 8.4 K (2) although large organic
molecules are packed.

The study of porous magnetic materials is an attractive issue
from the angle of new magnetic functionalities such as chemical-
ly sensitive magnetism.! The magnetic materials composed of
cyano-bridged bimetallic assemblies are a suitable system for
this objective. Among them, we have focused our attention on
an octacyanometalate-based magnet, since it can form a crystal
structure containing a pore at the interstitial site and its Curie
temperature (T¢) is relatively high,? e.g., Tc = 50K in Cus-
[W(CN)s],-3.4H,0%* and Tc=354K in Mng(H,0)g[W-
(CN)3]4-13H20.2b One of the interests in the study of porous
magnetic materials is whether a bulky molecule can be incorpo-
rated into the pore with keeping a long-range magnetic ordering.
In our previous paper, we reported Cuz[W(CN)g](pyrim-
idine), +3/2(1-propanol)-9/4H,0, which shows ferrimagne-
tism.? In this work, we tried to prepare two types of porous
magnets containing bulky molecules, 2-propanol and 1-butanol
(Figure 1); Cu;[WY(CN)g],(pyrimidine), -2-propanol-6H,0
(1) and Cu5[WY(CN)glp(pyrimidine),1-butanol-5H,O (2).
Although large organic molecules are penetrated to the intersti-
tial site, these two compounds keep the long-range magnetic or-
dering. Their Curie temperatures are 8.2 K (1) and 8.4 K (2).

Single crystals of 1 and 2 were obtained by slow diffusion of
a solution of Cs3;[W(CN)g]:2H,O into a mixed solution of
CuCl,+2H,0 and pyrimidine with solvents of alcohols (2-prop-
anol; 1, 1-butanol; 2) and water. The elemental analyses show
that the formulas of the obtained single crystals 1 and 2 are
Cu";[WY(CN)g]o(pyrimidine), - 2-propanol-6H,O and Cu''s-
[WY(CN)3],(pyrimidine), - 1-butanol - 5H, O, respectively.’
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Figure 1. Molecular size of (a) 2-propanol and (b) 1-butanol. C,
O, and H atoms of alcohol molecules are represented by pink,
red, and white spheres considering van der Waals radii, respec-
tively.

Figure 2 shows the crystal structures of 1 and 2 determined by
single-crystal X-ray structural analysis.* The asymmetric unit
of 1 consists of one-half of a [W1(CN)g]?~ anion, one-half of
a [W2(CN)g]*~ anion, one-half of a [CulA(pyrimidine)]** cat-
ion, one-half of a [CulB(pyrimidine)]** cation, one-half of a
[Cu2(H,0),]*t cation, two zeolitic water molecules, and one-
half of a 2-propanol molecule (Figure 2a, upper). The coordina-
tion geometry of W (W1 and W2) is eight-coordinated square
antiprism (Dyg). Six cyano groups of [W(CN)g] bridge to Cu**
ions and the other two cyano groups are free (Figure S1).> The
geometries of two types of Cu?* ions (Cul and Cu2) are six-co-
ordinated pseudo-octahedron (Dyy), i.e., Cul is coordinated to
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Figure 2. (a) The crystal structure of 1. ORTEP drawing of the
asymmetric unit (upper). The projection in the ac plane (lower).
2-Propanol molecules are represented as spheres considering van
der Waals radii. (b) The crystal structure of 2. ORTEP drawing
of the asymmetric unit (upper). The projection in the ac plane
(lower). 1-Butanol molecules are represented as spheres consid-
ering van der Waals radii. Displacement ellipsoids are drawn at a
20% probability level. Cu, W, C, N, and water O atoms are rep-
resented by brown, blue, black, dark gray, and light gray ellip-
soids, respectively. C and O atoms of alcohol molecules are rep-
resented by pink and red spheres, respectively. H atoms are omit-
ted for clarify.
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Figure 3. (a) FCM curve of 1 at 100e. Magnetic hysteresis
loop of 1 at 2K (inset). (b) Magnetic field dependence of mag-
netization of 1 (@) and 2 (®) at 2K. (¢) FCM curve of 2 at
10 Oe. Magnetic hysteresis loop of 2 at 2K (inset). (d) The
schematic illustration of the ferrimagnetic spin alignment.

four cyanide nitrogen atoms and two nitrogen atoms of pyrimi-
dine molecules and Cu?2 is coordinated to four cyanide nitrogen
atoms and two oxygen atoms of water ligands (Figure S1).> This
crystal has a three-dimensional porous structure with a cavity
along the b axis. In the cavity, noncoordinated 2-propanol mole-
cules are packed (Figure 2a, lower). The position of O atoms
of the 2-propanol molecules is determined by the hydrogen
bond. The distance between the hydrogen bonded atoms is
04--03 = 2.79 A. For 2, the framework is basically similar to
1, but 1-butanol molecule instead of 2-propanol molecule is pe-
netrated in the cavity (Figures 2b and S2).*> The position of O
atoms of the 1-butanol molecules is determined by the hydrogen
bond. The distances between the hydrogen-bonded atoms are
04--01 = 2.78 A and 04--N2 = 2.86 A.

Figure 3 shows the magnetic properties of 1 and 2. In the
field-cooled magnetization (FCM) curve at 10 Oe for 1, sponta-
neous magnetization was observed with a ¢ of 8.2 K (Figure 3a).
Zero-field-cooled magnetization (ZFCM) and remanent magnet-
ization (RM) curves are shown in Figure S3.° The magnetization
versus external magnetic field (M—H) curve showed that the
coercive field (H.) was 150 Oe (Figure 3a, inset) and the satura-
tion magnetization (M) value was 3.6 g at 2K (Figure 3b).
2 showed similar magnetic properties to 1. In the FCM curve
of 2 at 10 Oe, spontaneous magnetization was observed with
a Tc of 8.4K (Figure 3c). ZFCM and RM curves are shown
in Figure S4.° The M—H curve showed that the H, was 700 Oe
(Figure 3c, inset) and the M; value was 3.5ug at 2K
(Figure 3b). The observed M, values indicate that these com-
pounds are ferrimagnets, in which sublattice magnetizations of
Cul (S=1/2) and W (S = 1/2) are positive but that of Cu2
(8§ = 1/2) is negative as shown in Figure 3d.

We prepared Cu'l3[WY(CN)g],(pyrimidine), -2-propanol-
6H,0 and Cu''3[WY(CN)gl,(pyrimidine),-1-butanol-5H,0
magnetic materials. Although large-size molecules are incorpo-
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rated in the interstitial site, these two compounds maintain a
long-range magnetic ordering. Magnetic properties of the pres-
ent CuW framework depend on the penetrated molecules. We
summarized the difference in crystal structures and magnetic
properties of a series of CuW porous magnets in Table S4.5 In
such ferromagnetic complexes, host—guest chemistry of large
organic molecules is expected to be realized.
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