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The rational design and development of synthetic methodologies
toward the assembly of complex crystalline solids with topologies
that can to a certain extent be predicted from the structure of the
molecular building blocks has achieved tremendous success in
different fields of materials chemist®? The approach has been
widely applied to the assembly of cyano-bridged materials with
diverse structural and physical properti€Bhese systems consist
of networks built of polycyanometallate and simple metal ions or
coordinatively unsaturated complexes connected by CN ligands.
Among these compounds, the most widely investigated are Prussian
blue and its analogues, which constitute a family of complex-based
magnetic materials with properties that can be affected through the Figure 1. (a) A projection of the overall structure df (b) a schematic
judicious choice of the building blocks components. Octahedral diagram showing the pseudocubic lattice and the connectivity‘between
metal clusters are being investigated as building blocks for a variety [Fe(CNAl*" and [NRCliACN);]*~ nodes through [Mrfalen] *. Hydronium
of frameworks owing to their large size-@ nm) and remarkable ions and water molecules located in the cavities have been omitted.

physical properties that arise from the presence of metaital Nb—Nb (2.9401(7)) and NbCl (2.4640(11) A) are consistent with
bonds*® The replacement of [Fe(CH}~ by octahedral cluster 16 valence electrons available for metaietal bonding. The NbC
analogues [R&Xg(CN)e]"~ (X = chalcide) or [NIgX1(CN)g]"™ (X (2.275(5) A) and &N (1.151(6) A) are similar to those observed
= CI, Br) has led to the preparation of expanded Prussian-blue- in other compounds containing octahedral cyanochloride niobium
type frameworks with large cavities and sometimes interesting gas clusters. For the [Fe(Ch)~ node, the mean FeC bond length
absorption properties. (1.939(5) A) is similar to those observed in other compounds
In the search for new magnetic materials, several attempts havecontaining [Fe(CNJ4 (Fe—C, 1.916(3)1.968(5) A)1213 The
been made to synthesize compounds with extended structuresmean G=N bond length and FeC=N angle are 1.150(6) A and
containing three different spin centérinteresting clustermetal 176.3(5), respectively. The IR spectrum shows two bands in the
ion magnetic interactions have also been observed in a cluster-2200~2000 cnt? region. The first band at 2121 crhis charac-
based 0D heterotrimetallic compoufhiée have previously reported  teristic of the bridging CN ligand in the 16¢ Nbg} cluster. The
the Prussian-blue analogue [Mg.[Mn(NbgCli2(CN)s)] built of second band at 2045 crcorresponds to the stretching mode of
[NbsCl12(CN)s]*~ and Mn(ll) ions connected via CN ligan8s.  the bridging CN attached to Fe(AJ:14 Reduction of F# to Fe' is
Furthermore, reaction between Mn(lll) complexes with salen-type probably due to the protic solverisl4
tetradentate Schiff-base ligands and {8hz(CN)e]*" resulted in The Mn(lll) ion is chelated by the tetradentate salen ligand and
the assembly of different types of supramolecular spécidste uses its two remaining axial coordination sites to link to two cyanide
we report the synthesis and properties of a trimetallic compound: ligands from [Fe(CNJ4~ and [NxCl15(CN)s]*~ nodes, respectively.
[H3Ol[Fe(CN)(Mn(salen)sNbsCliz(CN)g]-3H20 (1) which incor- The mean Ma-N (CN—Nb) bond length (2.314(4) A) is smaller
porates [Fe(CNJ)*~, [NbsCl12(CN)e]4~, and [Mn&alen]* as build- than that of the Ma-N (CN—Fe) (2.343(4) A), reflecting the Jahn-
ing units linked via cyanide ligands to form a 3D framework that Teller effect of Mn(lll) ions. Each [Mrgaler)]* group coordinates
can be described as a superexpanded Prussian-blue analogue. The the two different nodes iniss-mode with an Fe Mn—Nb angle
compound represents the first successful attempt to incorporateof 135.728(2).
mononuclear cyanometallate complexes and cyano-substituted The 3D structure ofl (Figure 1b) can be viewed as a distorted
octahedral metal clusters into the same framework. cubic face centered framework that consists of identical but stag-
A one-pot reaction between [Bt]s[Fe(CN)], [Mn(salenCl- gered 2D diamondoid net in which the nodes §8h(CN)¢]4~ and
(H20)], and (MaN)4[NbsCl15(CN)g] in water/methanol led to the  [Fe(CN)]*~ are connected through four cyanide ligands to four
precipitation of1 as microcrystalline powdéf. Crystals suitable different [Mn(salen]*. Each node uses its remaining CN ligands
for single-crystal XRD analysis were grown by the layering method. to connect the layers via [Msélen]* units to form a 3D framework
The structure ofl consists of a 3D anionic framework that can be considered as superexpanded Prussian-blue analogue
[Fe(CN)(Mn(salen)sNbsCl12(CN)s]?~ built of [Fe(CN)]*~ and built of two different hexacyano building units and expanded by
[NbeCli1(CN)g]*~ nodes connected by [Msdlen]™ complexes via the insertion of Mngaler)]™ complex. In Prussian blue and its clus-
(Fe=C=N—-Mn—N=C—Nb) coordination bonds (Figure 18). ter analogue, the cyano-nodes are 75% occupied leading to neutral
Each node coordinates to six [Mi#ler)]* complexes through CN 3D frameworké while in 1 the [Fe(CN)]*~ and [NkxCl;(CN)g]*~
ligands. The structure of [NEI;5(CN)g]*~ is the same as that sites are fully occupied leading to anionic framework.
observed in the cluster precursor and in other previously reported No [NMey]™ or [NEt]* ions were found in the cavities, only
compounds containing this cluster as building GdftThe mean oxygen atoms of disordered water and hydronium ions could be
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Figure 2. Temperature dependence of the effective magnetic moment
of 1 and field dependence of magnetization at 1.8 K (insert).

located in the electron density map. The number gbHwas

determined from charge balance while the presence of three water

molecules per molecular formula was confirmed by thermogravi-
metric analysis (TGA) which shows thatoses all HO reversibly
before 120°C (exptl, 2.67%; calcd, 2.67%) and simultaneous proton
transfer to the framework. The compound continues to lose weight
in a broad step and begins to form a stable phase aftet®80he
final product at 950C was determined by powder X-ray diffraction
(PXRD) to be a mixture of MiNb,Og and MNBOs (M = Mn,
Fe). The effective free volume ihis about 14.0% of the unit cell
volume, as calculated by the program PLAT@NThis value is
almost twice that of (Na[Mrgalen]s[ResSe(CN)g], 7.8%)8¢ The
N, sorption isotherms were measured and revealed reversible type
Il isotherms. The surface area bfvas determined to be 55.4g
(BET model), compared with 38, 46.7, and 50&/gnfor Fe[Fe-
(CN)s]3, Ga[ReSe&(CN)g], and Faujasite, respectiveliit
The electron spin resonance (ESR) spectrurth ofeasured on
microcrystalline sample at room temperature shows a broad peak
with g = 1.986 which can be attributed to the 16e cluster unit. The
ESR data of the polycrystalline and methanol solution of 16e cluster
[NbgCl12(CN)g]*~ also exhibit the same signal that may be attributed
to the large temperature-independent paramagnetism of the éfuster.
Magnetic susceptibility{v) data forl were measured from 300
to 1.8 K at an applied fieldfo2 T (Figure 2). At 300 K,uer =
4.92up indicates the presence of high-spin Mn(lll) (4.89for S
= 2). As the system is coolegdes smoothly increases from 300 to
50 K and then abruptly increases to reach a maximum bgA&t
3.5 K. Below 3.5 K,uesr sharply decreases to reach 4/883at 1.8
K, most likely due to zero-field splitting (ZFS) of anisotropic high-
spin Mr?* ions. Theyy~t versusT plot follows the Curie-Weiss
law with the Weiss constart = 1.16 K. The positivéd value and
increase ofuert OVer the entire temperature range indicates ferro-
magnetic coupling. In variable-field measurements, the magnetiza-
tion sharply increases t02.33NS mol~* at fields weaker than 2
T, then gradually increases to 3.B[8 mol~! at 7 T, not reaching
the saturation state @&s = 4NS mol~?, which may be because a
larger magnetic field is required to reach saturation owing to the
ZFS of high-spin Mn(lll). In the AC magnetic susceptibility

reportedt?213.18 Magnetic interactions can also be mediated by
electrostatic interactions between salen ligands. Indeed the closest
contact between ligands is found to bgsHing = 2.63 A indicating
relatively strong edge-to-face—sx interactions.
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