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A cyanide-bridged W—Co bimetallic complex (1) with a double-
zigzag chain structure was characterized in terms of structure and
magnetism. Compound 1 exhibits metamagnetism and spin canting
induced by the presence of anisotropic Co'" ions and noncovalent
interactions.

linked magnetic systems have successfully realized a variety
of structures from zero-dimensional to three-dimensional
(3D) networks with intriguing multifunctional properties.
Recently, because of increasing interest in isolated anisotropic
systems, the main emphasis has been on fabricating discrete
or one-dimensional (1D) systems to employ molecular
precursors with ample coordinating capability, for instance,

Molecule-based magnetic materials have attracted exten-{M(CN),]"" (p = 6, 8), and their counterparts having specific
sive attention because of their potential applications in vacant sites or labile leaving ligands, TML',]™ (L =
magnetic devices. They have also shown exotic magneticpolydentate ligand; L= labile group)’ Another reliable

characteristics in single-molecule magnietsingle-chain
magnets, and hybrid magnetic materials. In particular,

strategy to this aim has been launched by engaging blocked
cyanide-based building bricks for low-dimensional materials.

the construction of multifunctional magnetic assemblies, The molecular building units with the 3d metal ions,

which contain chiral magnetsphotomagnet$ porous mag-

[M(CN)pLgl"™ (M = Cr'", Fd"), have been thoroughly

netic system8, and magnetic complexes with blended investigated, while examples, [M(CN)Lg"™ (M = Mo,

properties (spin canting/metamagnetism, spin canting/spinRe") that incorporate 4d or 5d metal ions into molecular
flop, etc.)8 is attained by molecular approaches to combining precursors are still rare to date although the 4d or 5d magnetic
building units with essential properties via self-assembly orbitals mediate stronger magnetic couplings because they
processes. are more diffuse than the 3d magnetic orbifals/e have

To design such systems, it would be beneficial if a bridging utilized a new molecular unit [W(CNjbpy)]~ (bpy = 2,2-
ligand had structural and magnetic predictabilities. Cyanide bipyridine) as a suitable tecton to produce low-dimensional
is one of the good candidates as a bridge for magnetic entitiesmagnetic systems exhibiting metamagnetism and single-
because it links paramagnetic centers in a linear fashion andmolecule-magnet propertiéOur effort to seek systems with
the magnetic nature of compounds bridged by cyanides isthe concomitant occurrence of two magnetic characters in
dependent on magnetic orbitals of metal constituents. Cyanide-one system has been made to locate anisotropic ions in
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Figure 1. Molecular views of1 showing the selected atom-labeling 0 50 100 150 200 250 300
scheme. Symmetry code:=a—1+Xx,y,zb=1-X%x,2-y,2—z

Figure 2. Plot of ymT vs T. The solid line gives the best fit of data with
the equation for the alternating chain model. The inset shows the FCMs at

molecular assembliéd.Herein we report a new 1D W- indicated fields.
Cd' bimetallic coordination polymer, [W(CMbpy)][Co- . . "

. ) . . M ) pattern is also found in [FECN),L],[M"(H2O);]-4H,0 [L
(H20)2]| 4H]f?](1)’ W|t.r:jdotl:k.)(;e-z(|jgezgg Ehams'”.Th'S IS tre first bpy, 1,10-phenanthroline, 2;Bipyrimidine; M= Mn, Co,
example of the cyanide-bridge imetallic complexes & "\t "and [CH (CN)L][Mn" (H,0)]-4H,0 22

involving dugl magnetic properties of spin canting- anq There are two types of appreciabte-zr intermolecular
metamagnetism that have the capped molecular unit W'thforces between pyridyl rings of bpy ligands in adjacent

the 5d r_net_al lon _and SiX_CN groups. . chains: One (type |) is constructed by the entire overlap of
A stoichiometric reaction of (AsR){W(CN)e(bpy)] in two pyridyl groups of bpy in the range of 3.854.168 A
MeCN and_Co(CIQ)z-:Sszo in H,O afforded red crystals 54 the other (type II) made up of the contacts of four
O_f 1 n a 3_/|eld of 38%:* There are no Cto stretch|r_|g corresponding pyridyl C atoms on adjacent bpy ligands
vibrations in the IR data foll, supporting the completion 3 7643 865 A: Figure S1 in the Supporting Information).
of the reaction. The characteristic CN peaks are ob- pq 4 result, the type | contact would play a more dominant
served at 2165, 2146, and 2119 ¢mAmong them, the |6 in transmitting magnetic interactions. The extendedr
band observed at 2165 cfcan be attributed to bridging interactions eventually bring about a 3D structure. Moreover,

CN groups while the rest of the peaks may be responsible e ¢oordinated water molecule (O1) is hydrogen-bonded to
for unbound_ _CN groups because the IR peaks of the Pr€-the N3 atom of a free CN ligand in the same chain, which
cursor are visible at 2160w, 2151vw, 2144vw, 2134vw, and has additional hydrogen bonding with a lattice water

2124vw e, _ o molecule (02) and free CN groups (N2 and N5), as well as
X-ray analysis reveals that compouhdrystallizes inthe 5 the O atom (03) of a lattice water molecule. Thus, the
triclinic space grougP1.' In the crystal structure (Figure  noncovalent contacts among chains lead to a well-connected
1), the W atom adopts a distorted square-antiprismatic 3p supramolecular network. The shortest interchain metal
arrangement. The geometric environment consists of six CN yetal distance in the lattice is 7.5689(6) A forW.
groups and one bpy ligand PACay = 2.15(1) A; W-Nay = The cryomagnetic properties were measured at 0.1 T in
2.224(2) A]. The W-CN angle is almost linear, spanning  the temperature range of £800 K. Figure 2 shows the
from 171.4 to 178.6, which is in agreement with those plot of yuT vs T per W,Cd' of 1. The ymT value of 4.41
found in octacyanometalate-based bimetallic complédé® cm? K mol—! at 300 K is larger than the spin-only one (2.38
molecular geometry around the Co ion can be viewed as 3 mol~1) expected for two independent\WSy = Yz;
distorted octahedral, comprising four N atoms from bridging g = 2) and one noninteracting high-spin octahedral (R
CN groups [Co:N1 = 2.099(2) A; ColaN6 = 2-165(2) =3/,; g = 2) centers, which is due to the orbital contribution
Aa= -1+ xy, 7 and wo O atoms from coordinated o the octahedral Cbions. As the temperature is lowered,
water molecules [CotO1 = 2.045(2) A]. Two among six  , T goes on a gradual rise and then increases sharply,
CN groups of [W(CNj(bpy)]” are coordinated to two Co  reaching a maximum of 36.7 &K mol~! at 9 K. Below

ions, forming a four-membered square grid 0@, with the cusp temperature, a dramatic drop is observed. Fitting
distances of 5.3918(4) A for WACo1, 5.2418(4) A for Wt the data with the CurieWeiss law fm = C/(T — )] in the

Cola, 8.3504(6) A for CotCola, and 6.5853(5) A for Wi high-temperature region of 600 K affords parameters of
W1b (b=1-x2-y,2—2.The Co-NCanglesinthe ¢ = 4,12 andd = 20.7 K. The positive Weiss constant

bridging pathways are 174.1(2for Col-N1—C1 and implies the apparent existence of ferromagnetic interactions
150.91(19) for Cola-N6—C6, which is more linear than  petween W and Cd spins mediated by CN bridges.
those of the W-Mn chain complexX®The extended overall To probe the exchange coupling, the magnetic data were

St”leture_ can be described as a neutral double-zigzég W fitted with an analytical expression based on the spin
Cd' chain running along the axis. A similar structural HamiltonianH = —J¥:S-S.1. A best fitting at temperatures

. : from 13 to 300 K gives estimated parameterg&f= 2.44,
) 55'82'4;"; Lim, J. H.; Kim, H. C.; Hong, C. Snorg. Chem 2006 gw = 2.00, and) = 12.0 cn11.12 The J value denotes that
(12) See the Supporting Information. ferromagnetic couplings between\eind Cd within a chain
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To further inspect the underlying magnetic nature, the
measurements of ac magnetic susceptibilities were carried
out at zero dc field (Figure S4 in the Supporting Information).
The real part)') of ac susceptibility shows that a maximum
is detectable at 8 K, accompanied by a peak at the same
temperature in the imaginary component'(). The observa-
tion of a peak inyy,'" is relevant with spin glasses, single-
chain magnets, and long-range ferromangetic orderings. As
a result of the appearance of the peak temperatugg,'n
4 08 560 1000 1500 2000 the existence of an antiferromagnetic ordering at that

: ; . e temperature would be precluded. No frequency dependence
-60000 -30000 0 30000 60000 in ym'' at 8 K and extended intermolecular interactions
H(G) signify that compound. is not likely to act as a spin glass
Figure 3. Field dependence of the magnetizatidf) @t fields from—7 or a single-chain magnet. One plausible explanation is
to +7 T. The inset denotes a blowup of the magnetization curve at low tjt magnetized state Inexists because even a 1D chain
field. can exhibit a long-range magnetic ordering when inter-
chain magnetic interactions are significAhErom the fact
that the critical exponentsj at 3000 G, defined aM =
Mo(1 — T/Tc)?, is calculated as 0.126, quite close to the
theoretical valuef = /g) for two-dimensional (2D) Ising
systems?18the peak 88 K is probably the ferromagnetic
ordering temperature in the 2D layer formed via strong
type | z—s interactions. Upon a decrease in the temperature,

M (NB)
2

are operating. The ferromagnetic nature betweeh and

Cd' ions via CN bridges is consistent with the reported result
for a 1D Co-W bimetallic systent? The field dependence

of the magnetizationM) in the field range from-7 to +7

T is shown in Figure 3. The hysteresis loop is composed of
a remnant magnetization of 0.0J5Mind a coercive field of

10 G. Raising the field engenders a fast saturation of the X . , )
magnetization, approaching 4.663Mt 7 T. The saturation the magnetic layers may experience antiferromagnetic

value concurs with the theoretical range-8INS) expected couplings through the type #— forces, which are slightly
for two WY (ngS= 2 x 2 x 4, =2 NB) and one Cb (2—3 weaker than the type | interactions, and H bonds. The weak

NB) ions3 also suggesting the existence of ferromagnetic interlayer antiferromagnetic interactions can be readily

alignments between W and Co spins. The inset of Figure 3 OV€rcOme by apply_ing_an external magnetic field abov_e 1600
definitely demonstrates that there are two field-induced G, and the magnetization saturates to the ferromagnetic phase

magnetic phase transitions at 100 and 1600 G. The first at high field. An additional_phase transition in _tbm"(ﬂ )
transition appears to be associated with spin caffindich plot is observed at 4 K, which may be responsible for spin

may originate from the local magnetic anisotropy of thé! Co canting.

ion, whereas the second is typical of metamagnetic behavior.l, In surr|1mary, \;]ve have p()jrepslred_a new ;I}W) bimetal- h
The canting angle is estimated to be ca’@#&culated from ic complex (1) showing a double-zigzag chain structure. The

the expression sic = Mg/Ms, whereMg of 0.046 NS is dual magnetic characters of metamagnetism and spin canting,

deduced from the extrapolation of the linear portion of higher where noncova_lent force_:s and local anisotropy of Gke
magnetic field to zero field andVs is the saturation charge, are evidenced th The new molecular precursor

magentizations These phenomena were confirmed by the [W(CN)s(bPY)I” coupled with anisotropic sources could offer

field-cooled magnetizations (FCMs) at several fields (inset an qpportunity to achieve sipgle-molecu_lg magnets or single-
of Figure 2). Below 1600 G, theyn(T) plot clearly chain magnets on the condition of negligible intermolecular

signals the presence of antiferromagnetic interactions. When™agnetic interactions.
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