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A novel heteronuclear exchange-coupled complex [Cr''{ (CN)Fe'-
(5L)}3(CN)3] containing a pentadentate blocking ligand 5L was
synthesized. The X-ray structure shows that a meridional isomer
applies with inequivalent Fe" centers. The complex exhibits a
thermally induced spin crossover along with the exchange coupling.
Mdsshauer spectra indicate a spin transition between S = %/, and
S = 9, states although a considerable amount of Fe" centers
stays high-spin at T = 6 K. The magnetization, the magnetic
susceptibility, and the Mdssbauer data were fitted in one run with
a spin crossover model taking into account exchange interactions
among all metal centers.

One of the strategies in preparing polynuclear complexes

is to utilize some building blocks [ML)X ] which possess
several sites occupied by a suitable multidentate ligand
and one or two labile MX bonds. The labile bond could

be replaced when the precursor is combined with a multi-

finger central block like [M(CNJ].* The need of preparing

polynuclear complexes exhibiting a large-spin ground state |
is strongly motivated by the target to synthesize molecule- [Fe

based and single-molecule magrets.
SLH, = (saldpdH, = N,N'-bis(1-hydroxy-2-benzylidene)-

1,7-diamino-4-azaheptane represents one of the candidate®
to function as a pentadentate blocking ligand. The complex

[FE"(5L)CI] (see Chart 1) is high-sping = %/, (its X-ray
structure is reported elsewhefeut the pyridine complex
[FE"(5L)(py)]CI exhibits a thermally induced spin cross-
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Chart 1.  Structure of the Precursor [FR(dp)Cl]

Cl

over fromS= 1, to S= %, states! The binuclear complex
[{FE"(°L)}2(4,4-bipy)]?" bridged by the 4/4bipyridine
exhibits spin crossover as well crossing the room temperature
region® The manifoldness of the spin crossover in''Fe
complexes with low-symmetry coordination sphere is that
besidess= %, to %, also%/, to 3/, and?, to %/, spin transitions

were observefl. The saldpt ligand itself is a promising

candidate of stabilizing a great variety of spin states,
depending upon the coligand in the closing position of the
coordination sphere and the counterions in the solid state.

Copper(ll) and cobalt(ll) complexes of its methyl sub-
stituent 6aldptn) have been well characterized elsewhere.
There are reports 08 = 15 ground state in the complexes
(CN){ Fe" (saldptn)} ¢]Cl.-solvent® On the contrary, the
complexes of [F§CN){ Fe" (saldpd}¢]X2 (X = Cl, BPhy)
possess th& = 0 ground state with a very small bandwidth
wing to which many magnetically productive excited states
are thermally populated dt= 4.2 K and higher so that the
magnetic susceptibility and magnetization follow an effective
S = 6 state®
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COMMUNICATION

We report herein about the structural and magnetic prop-
erties of a novel molecular complex compound [(NTH'-
{CNFé' (saldpd} 3], 1.

The pentadentate ligand has been prepared by a Schiff base
condensation: a mixture of the salicylaldehyde (0.2 mol)
and 1,7-diamino-4-azaheptane (0.1 mol) in methanol (100
cm?) was boiled for 10 min, and the solution was subjected
to crowding. The yellow oily material s@ldp)H,, resulted,
and NMR spectra agree with the expected structure.

The precursor [Fe@ldp)Cl] has been prepared from a
solution of anhydrous Fe€{10 mmol) in methanol (50 cfh
added to a solution ofs@ldp)H, (10 mmol) in methanol
(40 cn?¥). The mixture was stirred at 5@ for 10 min, and
then triethylamine (22 mmol) was added. The resulting
solution was stirred at 58C for 1 h, and after cooling black
crystals precipitated. These were washed with methanol and
diethyl ether and dried in a vacuum. Elemental analysis calcd
(%) for CoH23N3CIFeQ,: C 56.0, H 5.41, N 9.80, Fe 13.0,

Cl 8.27; found C 55.7, H 5.38, N 9.84, Fe 13.1, Cl 8.22.

The tetranuclear complex [(NgJr'"'{ CNFé" (saldpd} 3]
has been obtained from a methanol solution (5F)cof
[Fe(saldp)CI] (1 mmol) combined with a watermethanol
solution of Kg[Cr(CN)g]-2H,O (0.160 mmol). In 2 days

dark crystals were separated, washed with methanol and X-ray structure analysis shows that the prepared tetra-

diethyl ether, and dried under nitrogen atmosphere. n,ear complex possesses the molecular structure: the
Yield: 0.12 g (55%). Elemental analysis calcd (%) for onua) it atom is coordinated by six carbon atoms from
CoeHeaN1sOcCre: C 57.1, H5.01, N 15.1, Fe 12.1; found e on- ligands; three{Fe"(saldpd}* units are further

_C 54'5'_ H4.82, N 14.8, F? 11.8. (Lowered C and N-cqnj[ent coordinated to the nitrogen atoms bearing thus a bridging
is ascribed to the formation of stable carbides and nitrides functionality (Figure 1). The meridional arrangement is

when cyanides burn in a commerciak-€&—N analyzer) — aqonted. The important interatomic distances (A) are as
Single crystals were grained to a fine powder used in physical follows: Cr—CNerminai= 1.79(5)ans 1.94(5)s 1.99(4)ans

measurement@ Cr_Candge: 2.02(3)ran5, 2.15(4}5, 2.06(3}3[15, Fe_NCbndge

(9) GembicKy M.; Boca, R.; Renz, Flnorg. Chem. Commur200Q 3, - 2'19(?.’.}"’1”5’ 1.96(3}s 2-08(_3}ans, )
662. The Mtssbauer spectra (Figure 2 and Supporting Informa-

(10) An ac susceptometer/magnetometer (LakeShore, model 7225) was usegjon) show two different kinds of the coexisting'iFeenters
in magnetization and susceptibility measurements (field parameters:

f=222 1, Hae = Hgo = 800 A m%; correction to the underlying  Whose ratio alters with temperature in favor of the high-
diamagnetism with Pascal constants). A conventionalssbauer spin states. The first doublet possesdes 0.1 andEQ =

spectrometer setup equipped with an He-flow cryostat was used (4.2 P ; _1

300 K). A 5Co/Rh source was used, kept at room temperature 2.3 characteristic for Pein theS= /.2 state at the octahedral
(calibration toa-Fe at room temperature, units are in mmt)s A geometry!? The second doublet with = 0.3 andEq = 0.7
single crystal oflL was mounted to a four-circle diffractometer (Nonius i —5 i

KappaCCD.A(Mo Ka) = 0.71069 A, graphite monochromator). refer”s to F¥ intheS Ny /ﬁ statebThls l—_IS stgte dé)_ubl_it shows
Crystal data for GeHeoCrFeN1s0s at T = 183 K: triclinic, space small asymmetry which can be assigned to distribution, as

%rOUDPl (No. 2),a=13.792(8) Ab=17.771(11) Ac = 17.835(9) indicated by X-ray structure data. The deconvoluted area
2

Figure 1. X-ray structure ofl (hydrogen atoms omitted for clarity).

Figure 2. Representative Mesbauer spectra df

o = 102.36(2), 8 = 106.39(3}, y = 106.13(4), V = 3820(2) . _ : ; ;
3,7 =2, poaica = 1.204 g cm3, u(Mo Ko) = 0.751 mmL; 3146 fractions show that af = 14 K the high-spin mole fraction

reflections were measured @h < 10,-13 < k < 12,-13 <1 < is still considerable:xys = Aq/(Aq + AL) = 0.53 as seen in

12,2.94 < 0 =< 15.48°) of which 2193 were independent, and 1632 Figure 3

independent fol > 20(l). Structure solution: direct methods with ’ . o ) . )
SHELXS-97; refinement (parameters/restraints 491/24) with The magnetic susceptibility on cooling increases; its
SHELXL-97; empirical absorption correction with SORTAVYRe- i i iati

finement of F2 against all 2193 reflectionsyR(F?) = 0.3900,5F?) mverge shows an overall ferromagnetlc deVIa.tlon from
= 1.750,R(F) = 0.1686 withF set to zero for negative? residual linearity at low temperature. The effective magnetic moment
density 1.6140.63 eA3. The threshold expression Bf > 20(F2) is for 1 gradually decreases on cooling from the value.gf

used for calculatingz-factors (vRy; = 0.3562,Ry = 0.1367) but not _ - _ _
to the choice of reflections for refinement. The refinement is far from  — 9-Ous atT = 300 K to the value ofterr = 6.5us at T =

being perfect, because of poor quality of the crystal with low diffraction 5 K (Figure 3). There seems to be a plateau at ca. 10 K,
power resulting from high mosaicity (2)6 Moreover, afl = 183 K ; ;
both, low-spin and the high-spin centers coexist, and these refer to with a SGCO_hd _One around 100 K. The fleld_dgpendence of
different Fe-N separations. Thus the results of the X-ray structure the magnetization shows that the saturation limit overreaches
analysis serve for confirmation of the structure motif and determination the value ofMme/Na = 3.0 ug for a single C¥ center.
of a molar mass fof.
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Figure 3. Mdssbauer-data high-spin mole fraction (top left), temperature
dependence of the effective magnetic moment (top right), and field
dependence of the magnetizatiorTat 4.5 K (bottom). Solid lines: guide
for the eye.

For the involvement of the exchange interaction, four
reference states are to be considered, i.e., LLL, HLL, HHL,
and HHH where L is the low-spin and H is the high-spin
center of F&. All these states can be characterized by a
common spin Hamiltonian involving the isotropic exchange
and the Zeeman term

HPP= 3y Sred — IS Sved — Ja(Ser Sred] +
:uBBhil(gCrsCr + gFelsFel+ gFeZSFe2+ gFe3SFe3)

uUsing gcr = Orens) = 2.0 we are left with three free
parameters), (Cr—Fe.s), Ju(Cr—Feys), andg.(Fa.s).

The evaluation of the matrix elements, energy levels, and
the magnetic functions for exchange coupled clusters is
described elsewhefé Each of these states forms an energy
band: 32 levels fof . € [0, 396 levels forS,.. € [0, 50
288 levels forSyu. € [0, 70) and 864 levels foSiun € [0,

COMMUNICATION

In order to characterize the spin crossolfethe Ising-
like model was extended to the three-center case (Supporting
Information). Notice, the spin-crossover parametars A,

As, the effective degeneracy ratigy, and the intermolecular
cooperativeneg$ are independent of the magnetic exchange
and they could be fixed on the Msbauer data alone. A very
gradual spin transitiorys vs T is assigned to the Boltzmann
distribution among LLL, LLH, LHH, and HHH reference
states which disfavors a complete transition to the HHH
entities. Some more recent data on dinuclear and polynuclear
complexes show that the spin crossover in them could be
much more gradual than in the mononuclear counterparts; a
broad plateau is a characteristic feature of thefrhree sets

of experimental data (Mssbauer data, susceptibility, and
magnetization) were fitted simultaneously yieldihghc =
+16.4 cmt, Jy/he= —11.0 cm?%, g = 2.39,Ak = 46 K,

Aslk = 172 K18 For A; negative enough the LLL state is
lifted above the accessible thermal population and the first
transition step does not occur; only the first plateau, the
second step, the second plateau, and the third step can be
seen.

In conclusion, the synthesized tetranuclear complex
[(NC)sCr'"{ CNFé" (saldpt} 5] is the first T-shaped structured
spin crossover system as characterized by the X-ray structure
analysis, M@sbauer spectra, magnetization, and magnetic
susceptibility measurements. A heterometallic cyanide-
bridged compound with magnetic exchange interplays with
a spin transition.
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900 The barycenters of these bands are separated by a gap of

As(HLL—LLL), Ay(HHL—HLL), and As(HHH—HHL), re-
spectively. The isotropic exchange Hamiltonian is incapable
of determining these relative positions.

There are two supporting pieces of external information:
() the magnetization data show that not only the LLL is
present all = 4.5 K; (ii) the Mossbauer data show a pres-
ence of ca. 50% the local high-spin state at this tempera-

ture. Of several hypotheses two models were tested numeri-

cally: (i) A model which comprises two sublattices was
tested. In the first one, there are all iron centers in the high-

spin state. In the second sublattice, the molecules undergo Ae)

three-center spin crossover with temperature LELHLL

— HHL — HHH (the assumption of two sublattices is quite
common in treating systems with incomplete quenching of
the spin crossover at low temperature); (i) HLL and HHL
coexist at low temperature (thén is very negative and,
small) and undergo the spin crossover HLHHL — HHH.
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The full list of free parameters covers the magnetic exchahgd(,

andg,) and the three-center spin crossover modg| A, As, ref, J)-

Their reliable determination is an ambitious task, and it could be done

only when three primary experimental data sets are treated simulta-

neously: the magnetization (an increasing curve), the magnetic

susceptibility (a decreasing curve), and the high-spin mole fraction (a

sigmoidal-type curve). Therefore a common functional has been

constructed and minimized using nonlinear optimization techniques

(genetic algorithms with 0searches).
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