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A nanosized octadecaheteronuclear aggregate, [{NiL%}1,{Nb- recently in extended networks to be very appealing spin
(CN)g}6(H20)e], and a 1-D coordination polymer, [{MnL},{Nb- carrierstt12

(CN)g} (H20)], have been obtained by self-assembly between the In the present report, we show that the association of an
octacyanometalate {Nb(CN)g}*~ and {ML}2?* complexes. The octacyanometalate module with{ &L} unit, in which the
dimensionality of the supramolecular architectures was found to equatorial coordination sites are blocked, might be an
be controlled by the {ML} module for which the equatorial alternative and efficient approach to high-nuclearity coor-

dination clusters. We disclose the structures of an octade-
canuclear aggregate and a 1D coordination polymer obtained
with { Nb(CN)} 4. Interestingly, the resulting supramolecular
architecture is directed by the second partner of the reaction.
When {Nb(CN)}*" is reacted in HO solutions with

The design of supramolecular materials prepared from {MNL}2" or {NiLZ#" units where E and L* stand for a
molecular building blocks has become a challenging field Mmacrocyclic ligand occupying the equatorial coordination
of research which opens new perspectives in material scienceSites (Chart 1), the spontaneous assembling leads to crystal-
A versatile approach to heterometallic systems consists ofiN compounds of elementary compositiofML }2{ Nb-
assembling complementary molecular modules by means of(CN)st]-xH20 identified hereafter as for M = Mn and2
a bridging ligand. A prominent example of this synthetic for M = Ni.20
strategy is found in the preparation of magnets based on the The single-crystal X-ray structure determination revealed
Prussian blue type framewotkVhen cyanometalate deriva- that1?* has a 1-D polymeric structure based on the alternation
tives are used for the preparation of high-nuclearity metal ©f {Nb(CN)s} and{MnL%} units. It is isomorphous to the
ion clusters, additional “capping” ligands are usually required compound formed wit§MnL*} and{Mo(CN)g}*~.** Each
to prevent the formation of an extended coordination {NDP(CN)} module is linked to thre MnL'} moieties
network?5 So far, most of such molecular aggregates are through NbCN-Mn linkages. Two of thes¢MnL?} units
based on paramagnetic 3d ions, and only very few examplesaccommodate further Nb modules in trans position, thus
involving ions from the second or third transition metal series
have been reportéd?® The latter ions, however, proved

coordination sites are blocked by a macrocyclic ligand. The crystal
structures and magnetic properties for both the compounds are
described.
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Figure 1. Detail of the chain structure developing alowgaxis for
[{MnL%} { Nb(CN)s} (H20)-5H,0].., 1. H atoms and lattice 0 molecules

are omitted.
Chart 1
| N —| 2+ N —| 2+
= | ~
| ’: | | T | Figure 2. View of the molecular structure for{ NiL2}12{ Nb(CN)g}¢-
N\Mn(N N\Ni"N (H20)g], 2. H atoms and lattice D molecules are omitted.
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developing the coordination polymer. The remainjiMnL"} - 120 5 6
unit is terminal, and its coordination sphere is completed by S 100 4 Z
a H0 ligand. A view of this arrangement is given in Figure 5 15 4
1. The crystal lattice is completed by five,® molecules = 80—_%
leading for compound to the formula {MnL} { Nb(CN)g} - f 18 2
(H20)-5H,0]... 5 60—: 2
The single-crystal X-ray structure determination for Ni 40 : : :

derivative 22! revealed a similar elementary association ; wog.
pattern; i.e., eacHNb(CN)} module is linked to three 20 +
{NiL?} units, one of them is terminal whereas two act as ]
bridges between Nb centers, but the supramolecular object 00' i ‘5'0' i ‘160 i 15'0 i ‘260‘ ' 25'0 ' “360
is now found to be a{[NiL?} 1{ Nb(CN)} ¢] aggregate (Figure

2). The latter can be described as an hexagon in a chairFi ure 3. Temperature de endenc@;ﬁlr (ML { NB(CNI}H(H:O)

Conf,orm"_’ltlon cqn5|st|ng of siNDb(CN)s} modules bridged 5320]00, .1. InseFrJt shows fi(fld dependence of the magnetization ;t 2 K.

by six{NiL?} units; the Nb atoms are located on the vertexes,

and the Nb-CN—Ni~——NC—Nb linkages form the sides. The mol ! anticipated for two Mn(ll) ions$= %) and one Nb-

remaining six terminal{ Ni(H,O)L?} units act as axial  (IV) ion (S= %,), and slowly decreases on cooling to 130

substituents of this giant cyclohexane-type arrangement. AnK. For lowerT, the value ofyuT rises more and more rapidly

idea of the size of this molecule is given by the distance of suggesting long-range magnetic correlation among the spin

30 A between the O atoms of the NiB) centers located  carriers (Figure 3). The field cooled magnetizatibh= 50

at opposite edges (1,4 substituents). The crystal lattice Oe) down b 2 K exhibits the onset of a plateau suggesting

contains a very large number of diffuse water molecules that magnetic order. But when the field was switched off at this

cannot be located by X-ray diffraction analysis. ThegOH temperature, no remnant magnetization was observed. The

content was provided by the chemical and TG analysesfield dependence of the magnetization recorded at 2 K

indicating that 100 KO molecules in addition to the (Figure 3 insert) indicates thatquickly reaches a saturation

coordinated molecules are present per aggregate leading tanagnetization of Ng. This value suggests that t{i&In—

the formula [NiL%} 1o{ Nb(CN)g} ¢(H20)s]-100H0 for 2. Nb} interaction is antiferromagnetic. The analysis by the
The magnetic properties for these compounds were Curie—Weiss equation of the linear part of theil/versus

investigated in the temperature domair-300 K. For T curve (156-300 K) for this compound yielde@ = 9.10

compoundl, the value ofymT (Whereyy stands for the molar  cm?® K mol~t and® = —8.4 K.

magnetic susceptibility) at 300 K is 8.85 &id mol~2, in The magnetic behavior exhibited by compou@dis

good agreement with the spin-only value of 9.125%dtn depicted in Figure 3 aguT versusT plot. At 300 K, the
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Figure 4. Temperature dependence gfT for [{NiLZ}12{ Nb(CN)g}e-

(H20)g], 2. Insert shows field dependence of the magnetization at 2 K.

100

value for ymT is 16.0 cni K mol™%, a value in good
agreement with 15.5 chiK mol—* expected for 12 Ni(ll) &
=1, g = 2.10) and 6 Nb(IV) § = Y,, g = 2). This value
was found to decrease more and more rapidly whevas
lowered to reach 3 cfrK mol™* for 2 K. Such behavior is
rather surprising for a compound whereS2 1 spin carriers
interact with 6S= 1/, centers. Indeed, ferromagnefinli—

Nb} interactions should lead to a spin ground stat& ef

15 whereas & = 9 spin state is the result of antiferromag-
netic interactions; in both casegT should increase to reach,
respectively, values close to 120 and 45*¢tmol~* at low
temperature. The magnetic behavior found 2osuggests
that overall antiferromagnetic interactions are operative in
the crystal lattice. The field dependence of the magnetization
recorded B2 K (Figure 4, insert) indeed shows that for 50
kOe the magnetization reaches only a value ofNQ

The results reported here show that the association of a

building block like{ Nb(CN)g} 4~ with complexes for which

the equatorial coordination sites are blocked by a macrocyclic
ligand permits us to prepare nanosized molecular objects very

efficiently. Interestingly, the dimensionality of the supramo-
lecular architecture can be selectively controlled by the

complementary molecular module leading in the present case

either to a 1-D coordination polymer or to an octadecahet-

eronuclear molecule. The latter is one of the largest magnetic
clusters formed by spontaneous association of complemen-

tary molecular building blocks.

From a magnetic point of view, the information gathered
for compoundl shows that th¢ Mn(l1) —Nb(IV)} interaction
is antiferromagnetic. The behavior exhibited by compound
2 is much less straightforward, and no information on the
actual exchange interaction between a Ni(ll) ion linked to
Nb(IV) by the means of a bridging CN ligand can be directly

COMMUNICATION

deduced. Further investigations are required to conclude
whether the observed behavior @is the consequence of
magnetic interactions among the clusters in the crystal lattice
or if it is due to a more complicated intramolecular interaction
scheme involving next-neighbor exchange interactions. Fi-
nally, it might be mentioned that compountisand 2 are
among the very first examplEsof compounds involving
{Nb(CN)}*~ as a spin carrier.
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5H,0]», 1: In a typical crystallization experiment in a test tube (total

volume ca. 40 mL), a solution of Ib(CN)s-2H,0]*® (37 mg, 0.075

mmol) was allowed to slowly diffuse into a,® solution of{f MnL}-

Cl2 16 (77 mg, 0.15 mmol) yielding. (50 mg, yield= 31%) as light-

orange needles; these crystals were suitable for X-ray analysis. Anal.

Calcd for GgHssN1g0sMnoNb: C, 42.95; H, 5.21; N, 23.72. Found:

C, 43.05; H, 5.05; N, 23.58. IR (KBr pellet, cr) ven: 2122(sh),

2113 (s). {NiL?}15{ Nb(CN)g} 6(H20)e]-100H:0, 2, was obtained by

the same procedure starting froma¥b(CN).2H,QO] (37 mg, 0.075

mmol) and{NiL}(ClO4)2 17 (77 mg, 0.15 mmol). After a period of

two weeks, needle shaped dark amber crysta (&0 mg, yield=

53%) were collected. Anal. Calcd foraggHs7éNogO10eNi12Nbs: C,

36.41; H, 6.38; N, 17.88. Found: C, 36.60; H, 5.48; N, 18.01. IR

spectra (KBr pellet, cm') ven: 2153(w), 2129(sh), 2111(m).

Crystal and structure refinement parameters{fiirL 1} o{ Nb(CN)g} -

(HgO)'SHzo]w, 1 follow: C33H58N1305Mn2Nb, M = 1065.81, crystal

size 0.35x 0.10 x 0.10 mn¥, Nonius «-CCD, crystal to detector

distance 35 mm, 110 s per framé, der frame rotationT = 150(2)

K, monoclinic,a = 12.997(52?A,b =17.182(5) Ac = 20.836(5) A,

B =92.16(1), V = 4820(3) A, space group2i/c, Z= 4, u(Mo Ko

= 0.812 mn1Y, 0 range for data collection 3-46.4°, 99.5% complete-

ness, 26510 collected reflns, 9823 unigRg: & 0.043). The structural

determination by direct methods and the refinement of atomic
parameters based on full-matrix least-square&owere performed
using the SHELX-9% programs within the WINGX packadé@There
were 586 refined parameters. Final quality refinement criteriRfobs)

= 0.082, WR2F?) = 0.210, A/0)max = 0.002. GOF onF% 1.02.

Largest diff peak and hole 1.661.34 e A3. [{NiL%} 1{Nb(CN)g}¢-

(HzO)s]lOOHzo, 2: C114Hl47N48010Ni6Nb3, M = 298079, Crystal

size: 0.60x 0.05 x 0.05 mn?, Nonius«-CCD, crystal to detector

distance 35 mm, 350 s per framé, der frame rotationT = 150%)

K, trigonal,a = 33.233(10) Ac = 25.275(5) AV = 24173(11) &,

space grougR3, Z = 6, u(Mo Ko) = 0.950 mntl. All samples

investigated show a very bad diffraction pattern with no observed data

at angle higher than & angle of 20, 8768 collected refins, 4055

unique Rt = 0.14). There were 517 refined parameters. Final quality

refinement criterion:R(obs)= 0.112, WR2F?) = 0.264, A\/0)max =

2.000. GOF onF2Z 1.01. Largest diff peak and hole 1.69).66 e
-3
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