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Synthesis of a porous coordination polymer has been aggressively R SSNE
studied since various attractive phenomena are expected in thej
materials of this category? However, the preparation of porous
magnetic materials is not so easy because magnetic coupling
between spin sources is weak in the porous network. For the
preparation of a ferromagnetic porous coordination polymer, an
octacyanometalate-based assemble is a suitable system because {
octacyanometalate complex has many exchange pathways owing
to its high coordination numbepfsin this work, we prepared
a ferromagnetic porous coordination polymer, sf@UCN)g],-
(pyrimidine)-8H,0 (1). Herein, we report the reversible variations
in the crystal structure and magnetic properties opon exposure
to n-propanol vapor.

Compoundl was prepared by adding an aqueous solution of
Cd3[WV(CN)g]-2H,0* to a mixed aqueous solution of &@l,-2H,0 PrOH
and pyrimidine at room temperature. A single crystal for X-ray
structural analysis was prepared by a diffusion method. Elemental
analyses confirmed that the formula is£0(CN)g]2(pyrimidine)-
8H,0: (calcd) Cu, 14.9; W, 28.7; C, 22.5; H, 1.9; N, 21.9%; (found)
Cu, 15.1; W, 28.7; C, 22.7; H, 1.7; N, 22.2%. Single-crystal
structural analysis reveals thatconsists of a three-dimensional
cyanide-bridged network, in which Cu and W ions are linked in
alternating fashion (orthorhombitiam a = 11.419(2)b = 24.830-
(4),c=30.005(4) A, an@ = 8) (Figure 1a, leftf. The coordination
geometry of W is an 8-coordinated bicapped trigonal prism and
six CN groups of [W(CNy] are bridged to C& ions. The other
two CN groups are free. The geometries of the two types éf Cu 5-coordinate Cu
ions (Cul and Cu?2) are 6-coordinated pseudo-octahedron, that is)
Cul is coordinated to four cyanide nitrogen atoms and two nitrogen Figure 1. X-ray crystal structures fat and2. (a) (left) The projection of
atoms in pyrimidine molecules, and Cu2 is coordinated to four 1 in the ab plane (orthorhombicjbam). Cu, W, C, and N atoms are
cyanide nitrogen atoms and two oxygen atoms in the water ligands represented as orange, blue, light gray, and dark gray stick lines, respectively.

. ; . . S . Water O atoms are represented as sky blue ellipsoids. (right) ORTEP
(Figure 1a, right). This crystal has a cavity which is occupied by drawing of the coordination environments bfiround the Cul, Cu2, and

zeolitic water molecules. W atoms. (b) (left) The projection a2 in the bc plane (orthorhombic,
We investigated the sensitivity t@propanol vapor using in Pmmp. C and O atoms ofi-propanol molecules are represented as pink
the powder-form. Wherl is exposed tar-propanol vapor (11.5 and red spheres, respectively. (right) ORTEP drawing of the coordination
Torr, 82% relative to saturated vapor) at room temperature, the enVironments of2 around the Cul, Cu2, and W atoms. Displacement
. ellipsoids and spheres are drawn at a 50% probability level. All H atoms
sample changes from green to yellowish brov@). (As for IR are omitted for clarify.
spectra, the CN peak at 2203 chof 1 decreases and a new CN
peak appears at 2190 cfn In 2, the IR peaks due to the
incorporatech-propanol molecules are also observed in the region
of 950-1080 cn1?! (Supporting Information, Figure S3). Elemental
analyses showed that the formula2aé Cu[W(CN)glo(pyrimidine)-
3/,PrOH9/4H,0.5 When 2 is exposed to water vapor (17.5 Torr,
100% RH), the IR spectrum is recovered. X-ray diffraction
measurement shows the reversible variation of the crystal structure.

(b) Compound 2

The orthorhombic structure (space greapbam) in 1 is converted
to an orthorhombic structure (space groa@mmi) in 2 (Figure
S4).

To investigate tha-propanol sensitivity, a crystal structuredf
was measured. Compoun@ consists of a three-dimensional
cyanide-bridged network (orthorhombiemmn a = 14.761(2),b
= 25.593(4),c = 11.5284(19) A, an& = 4) (Figure 1b, lefty.
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Figure 2. Magnetic properties fofl (blue closed circle)? (red closed
circle), and the recovered sample (blue open circle): (a) FCM curves in an References

applied field of 50 G; (b) magnetic hysteresis loops at 2 K. (1) (a) Li, H.; Eddaoudi, M.; O'Keeffe, M.; Yaghi, O. Mature 1999 402,
276. (b) Cheerham, A. K.; Fey, G.; Loiseau, TAngew. Chem., Int. Ed

one water oxygen atom, although that of Cul sites are 6-coordinated

pseudo-octahedron (Figure 1b, right). Thipropanol molecules
locate in the cavity. The significant difference betwdeand?2 is
the coordination geometry of Cu2, that is, 6-coordinatelfand
5-coordinate for2.

The magnetic properties also change wtieiis exposed to

n-propanol vapor. The product of the magnetic susceptibility and

temperatureyyT) at 293 K changes from 2.22 & mol~1 for 1
to 1.99 cni K mol~1 for 2. The field-cooled magnetization (FCM)

curve for powder-forml shows a spontaneous magnetization with
a Curie temperatureT() of 9.5 K and then the magnetization
decreases around 7.5 K (Figure 2a). The magnetization vs external

magnetic field M—H) curve for 1 at 2 K shows a saturation
magnetizationls) value of 3.5ug (Figure S6) for a given formula,
and the magnetic hysteresis loop shows a coercive figfpdf 30

G (Figure 2b). The FCM curve & has aT. value at 12.0 K and

then spontaneous magnetization monotonously increases (Figure

2a). TheM—H curve of2 shows that thé/ls andH. values are 3.6

ug (Figure S6) and 1000 G (Figure 2b) at 2 K, respectively. As

shown in Figures 2a and 2b, the magnetic propertie? afre
recovered to those df by exposing to water vapor.
On the basis of the structural difference betwdeand 2, we

considered the role afi-propanol in the change of the magnetic

properties. Thavis values of 3.5ug for 1 and 3.6ug for 2 indicate

that these materials have a magnetic ordering, which consists of

positive magnetizations for CuB& ;) and W 8= 1,) and a
negative magnetization for Cu2s(= %,) against an applied
magnetic field, that isMs = 2(2Sy1 + 2Sw — Sup). Hence, two
types of exchange couplings, a ferromagnetic (ENC—W) and

antiferromagnetic interaction (Cu2NC—W), exist. Ferromagnetic

Cul-NC—W exchange coupling is assumed to be fixed at a

particular positive value, since C#NC—W geometry does not
change betweerd and 2. In contrast, antiferromagnetic Ct2
NC—W exchange coupling is considered to vary betwg&emd?2

because Cu2 geometry changes from 6-coordinate to 5-coordinate.

Along this scenario, using molecular-field thebryith particular
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Crystal data forl: Cy4H24CusN2cOgWo, fw = 1278.92, orthorhombic,
space grougbam a = 11.419(2) Ab = 24.830(4) A.c = 30.005(4) A,

V =28570(3) B, Z= 8, deaca= 1.972 g cm?3, T = 296(1) K,S= 1.071.
The structure was solved by direct methods and refinelfdo R1 (WR2)

= 0.0253 (0.0614) using 4773 (4981) reflections. The non-hydrogen atoms
were anisotropically refined. All calculations were performed using the
CrystalStructure crystallographic software package.
CW[WVY(CN)glo(pyrimidiney-3/2PrOH9/4H,0 (2) in the powder-form was
prepared by exposing) to n-propanol vapor (11.5 Torr, 82% relative to
saturated vapor) fdl h atroom temperature. Anal. Calcd far(%): Cu,
15.1; W, 29.1; C, 27.1; H, 2.0; N, 22.1. Found: Cu, 15.0; W, 29.5; C,
27.3; H, 2.0; N, 22.2. A single crystal @was prepared by slow diffusion
method using a mixed solvent ofpropanol and water (1:1 v/v). The
XRD patterns of powder-form and crystal-form are completely coincident
(Figure S5).

Crystal data foR: CygdH24.8CUN 2003 78>, fw = 1265.48, orthorhombic,
space grouPmmn a = 14.761(2) Ab = 25.593(4) Ac = 11.5284(19)
A,V =14355.1(12) & Z = 4, dearca= 1.930 g cn13, T = 90(1) K, S=
1.084. The structure was solved by direct methods and refinef ton

R1 (WR2) = 0.0441 (0.1244) using 4350 (5285) reflections. Zeolitic water
andn-propanol molecules were isotropically refined. All calculations were

performed using the CrystalStructure crystallographic software package.
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exchange values, the observEédvalues and the shapes of FCM
curves are qualitatively reproduced (Figure S7).

In magnetic porous coordination polymérsjew magnetic
functionalities are expected to be achieved, for example, magnetic
gas-sensing and magnetic molecular recognizing. In the present
work, we have prepared a ferromagnetic porous coordination

polymer, Cy[W(CN)g]2(pyrimidine)-8H,0. This material responds

to n-propanol vapor. We are currently measuring the response with

other alcohols (methanol and ethanol).
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