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From the reaction of K;[ Cr(CN)g] and [NiL](Cl0,), (L=
1,8-di(hydroxyethyl)-1, 3, 6, 8, 10, 13-hexaazacyclotetradeca-
ne), an infinite stair-like layered assembly [ NiL ]; [ Cr-
(CN)12°6.5H,0 is obtained, in which each hexacyanochro-
mate(III) ion connects three nickel (II) ions using three cis
CN groups and the bridging cyanide ligands coordinate to the
nickel ion in a frans fashion forming frans-NiL(N= C), moi-
eties.

Keywords Hexacyanochromate (II) ion, nickel complex,
cyano-bridged, crystal structure, two-dimensional assembly

Recently, there has been a growing interest in co-
ordinatoin polymers having a two- (2-D) or three-dimen-
sional (3-D) structure because of the unique physico-
chemical properties arising in the bulk of these systems. !
In particular, much effort has been made for the design
of highly ordered structures with paramagnetic metal cen-
ters in order to provide molecular-based magnets exhibit-
ing spontaneous magnetization. It is known that Prussian
blue analogues, derived from hexacyanometalate ions
[M(CN)¢]™ and simple transition metal ions, exhibit
magnetic order at considerably high temperatures and
form a family of magnetic materials.? In order to clarify
the magneto-structural correlation of cyano-bridged
bimetallic systems, a wide variety of hybrid Prussian
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blue complexes derived from [ M(CN)¢]* (M = Fe, Cr,
Mn) and coordinatively unsaturated transition metal com-
plexes have been studied structurally and magnetically.>
These complexes assume oligonuclear,:ﬂ’c 1-D,3¢e 2.
D*" and 3-D*J structures and exhibit ferro- or meta-
magnetic behaviour. Their magnetic properties can be
chemically tuned by not only varying the metal ions but
also the ligands. Among them, the Fe (III)-Ni (II)
bimetallic assemblies have been synthesized and charac-
terised in much detail and invariably exhibit a ferromag-
netic interaction between the adjacent iron (III) and
nickel(II) ions through the CN" bridges. However, due
to the difficulty of crystallization, only a few Cr(III)-Ni
(II) bimetallic assemblies have been investigated.* We
have recently succeeded in preparation of a new cyano-
bridged Cr(IIT)-Ni(II) compound, [ NiL];[ Cr(CN)gl,*
6.5H,0 1 (L=1,8-di(hydroxyethyl )-1,3,6,8,10, 13-
hexaazacyclotetradecane ), which shows an infinite 2-D
layered structure with stair-like sheets.

Complex 1 was obtained as yellow single crystals by
slow diffusion of a DMF solution of [ NiL](ClO,),> and
an aqueous solution of K3[ Cr(CN)g]® in an U-shaped
tube. It is insoluble in most inorganic and organic sol-
vents. The IR spectrum of 1 shows two sharp vey peaks
at 2158 and 2119 cm™. The shift of voy to higher wave
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number relative to that of K;[ Cr(CN)g] (2128 em)
suggests a lowered symmetry about the [ Cr( CN)6]3' en-
tity and the formation of CN bridges, as observed for
other cyano-bridged systems.

The structure of 1 was determined by X-ray analy-
sis’ and the results are shown in Figs. 1—3. Complex 1
exhibits a layered structure with the layers lying perpen-
dicular to the c-axis. Within the layers, each [ Cr-
(CN)6]3' ion is surrounded by three [NiL]?* moieties
through Cr—C=N-—Ni linkages, whereas each
[NiL]?* unit is linked to two hexacyanochromate ( IIT)
ions in trans positions (Fig. 1), leading to electrical

Fig. 1 An ORTEP drawing of complex 1 with the atom number-
ing scheme.

neutrality of the layer. The three NiL units adopt a facial
configuration around the chromium ion, leaving three
terminal cyano groups. The Cr—Ni distance through the
cyanide bridge is 0.5254 nm, close to that observed for
Prussian blue analogues.® The Ni—N—C bond angle is
166.3(5)°, slightly deviating from linearity. The Cr—C
distance for the bridging CN~ (0.2070(7) nm) is slight-
ly shorter than that for non-bridging CN™ (0.2080(7)
nm), and the C—N distance of the bridging CN-
(0.1138(8) nm) is almost equal to that of non-bridging
CN (0.1135(9) nm). The bond angles of Cr—C

(1)—N(1) and Cr—C(2)—N(2) are 172.8 (7) and
177.2 (6)°, respectively, which do not deviate signifi-
cantly from linearity. Four secondary amine nitrogen
atoms of the macrocycle L coordinate to the nickel center
with Ni—N distances of 0.2055(5) and 0.2076 (5)
nm. The geometry around the nickel atoms is elongated
octahedral ; the Ni—N(CN) distances (apical positions)
are slightly longer (0.2088(5) nm) than the equatorial
ones. The particular local molecular arrangement leads
to a honeycomb-like structure, as viewed along the c-ax-
is (Fig. 2). The repeating hexagonal-like unit adopt a
chair configuration. The layer can be described as an in-
finite stair with the chromium ions lying at the edges of
the steps and the nickel ions within the steps (Fig. 3).
The shortest interlayer Cr---Cr, Cr---Ni and Ni---Ni
separations are 0.9411, 0.7821 and 0.9411 nm, re-
spectively. All pendant groups CH,CH,OH of macrocy-
cle L are positioned in the hexagonal-like units, which
result in hydrophilic cavities. The water molecules are
contained in the hydrophilic cavities and linked to OH
groups of CH,CH,OH pendant groups wuie hydrogen
bonding. -

Fig. 2 Projection along the c-axis, showing the polymeric layer
including CrgNig hexagons and hydrogen bonds (---).

Fig. 3 View of two sheets showing the stair-like structure; only
metal ions are shown for clarity: (@) Cr, (®) Ni.
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The structure of complex 1 demonstrates the versa-

tility of hexacyanometalates in building molecule-based
assemblies of tunable dimensionality from discrete
species to three-dimensional networks, via low-dimen-

sional systems. At present, the study of its magnetic

property and inclusion ability to other hydrophilic

molecules (such as methanol, ethanol and acetone etc . )

is underway.
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Crystal data for 1; Cg Hig3 CryN3g Ni3 015 59, M, = 1580.73,
trigonal,, space group P-3cl, a = b=1.5109(2), ¢ =1.8821
(4) nm, V=3.7212 (10) n®, Z=2, D,=1.411 Mg/n?®,
F(000) = 1666, Enraf-Nonius CAD4 diffractometer, 1+(Mo-
K,) =1.101 mm?, A =0.071073 nm, w-26 scan, T =293
(2) K, erystal size 1.2x1.1x1.0 mm; 7171 reflections
measured (2.67 < 8<25.97°) and 2414 considered unique.
The structure was solved by direct methods ( SHELXTL-94)
and refined on F* by full-matrix least squares methods to R =
0.0620 and wR, = 0.1396 for 149 variable parameters.
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