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A Decanuclear Iron(lll) Single Molecule Magnet: Use of Monte Carlo Methodology To Model the
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The observation that metal clusters can show slow relaxation
of magnetizatiohis intriguing both from a technological point
of view and because of the potential impact on fundamental
science. The most well-known system is based on{tfle;,}
family,%2 but other examples are knowr. These discoveries have
stimulated efforts to make more single-molecule magnets (SMMs),
and to reexamine previously reported high-spin cages to check
whether they also have an energy barrier to reorientation of
magnetization.

A putative candidate is afiFely} cage of formula [FeNay-
(O)s(OH)4(OCPh)o(chp)k(H20)(MexCO),] 1 (chp = 6-chloro- AN
2-pyridonato) with &8= 11 ground statéWe have been unable 0 100
to model the susceptibility behavior using matrix-diagonalization TIK
techniques due to the large size of the cage and its low symmetryFigure 1. Experimental (open circles) and MC simulation (line) plots
(Cz). Similar problems have been found for other high-nuclearity ©f %7 against for 1. Inset a: magnification of the maximum at 40 K.

: . _ 5 : 10 Inset b: MC simulation for the 14662 K temperature range.
cages in whichS = %, centers interact® Here we report the
first use of Monte Carlo methods to model susceptibility behavior
within a discrete cluster, which confirms the high-spin ground
state. Moreover, ac susceptibility measurements showltisaa
new SMM.

For 1, the room temperature value of the produgT is 34.35
cm® K mol™, which is lower than that expected for magnetically
isolated Fe(lll) ions (Figure 1). However, the value gfT
increases steadily down to 40 K, where a maximum is reached at
aywT value of 64.7 criK mol~1. Below 40 K, yuT decreases
smoothly, reaching a value of 63.9 & mol~ at 20 K that
corresponds to the theoretical value expected ®rall ground
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tion.1112The interaction energy between magnetic centers, without competitive antiferromagnetic interactions inside the cluster leads
considering ZFS effects, is calculated using classical spins scaledo a theoretical minimum foguT around 560 K (see inset b of
according to the factd = (S+(S + 1))*2 The reliability of this Figure 2).
approach for discrete systems has been previously checked on The strongest exchangelns mediated by two bridging groups
small clusters where the exact solution is available from conven- (J;). With an average bridging angle of 96,4&rossed interac-
tional modeling approachésThe reproducibility of the simula-  tions'* are expected to be very efficient for oxo, hydroxo, and
tion has been tested using different starting conditions. pyridonato bridges, i.e., a good overlap between the magnetic
The five chemically distinct Fe-Fe exchange interaction orbitals on both sides of the bridge occurs. The overlap between
pathways found inl can be grouped in two distinct structural the magnetic orbitals varies slightly with the angfte'® and
types, a single:-OX and a double-bridgeufOX),, where OX consequently irl, all bridges lead to a similar overlap between
stands for OH (hydroxo), OR (chp), and Okg-0O?", oxo). The the magnetic orbitals. Th& value is smaller than that observed
exchange parameted; was used to account for the three in bis(u-oxo)diiron(lll) complexes {54 cn1?), despite the
interactions where the superexchange path is bridged by two atomsbserved acute FeEO—Fe angle. This may be related to the
(Figure 2). These are as follows: the exchanges--Hed2, unusually large FeO(oxo) bond length il (1.900-1.951 A vs
Fe3--Fe5 and their symmetry equivalents (se), which are bridged 1.73-1.83 A)7 The value is larger than that observed in jis(
by one us-oxide (02 and O3A respectively) with FO—Fe alkoxo)diiron(lll) complexes J varies from—15 to —25 cn1?!
angles of 100.7 £ 0.1° and oneus-hydroxide (O1 and O5 depending on the FeO—Fe angle)?
respectively) with FeO—Fe angles of 914 and 90.9; the A decrease of the oxygen-pathway electronic density due to
exchanges Fe2Fe5A and Fe2A-Fe5, which are bridged by one  the presence of the X group would lead to a largerBebond
usz-oxide (O4 or O4A, Fe O—Fe angle 100.9 and au,-oxygen length and, concomitantly, a weaker magnetic exchange interac-
from a chp ligand (FeO—Fe angle 95.9); and the exchanges tion between iron(lll) ions, in agreement with the correlation
Fel--Fe3 and FelA-Fe3A, which are bridged by two  between thd values and the FeO distances found by Lippafd.
us-hydroxides (01, O5 and se) with F©—Fe angles of 974 For Fe(lll) complexes containing the dinuclear figeAcO)(Y)]
and 99.7. core, where Y= u-O, u-OH, or u-OFe (equivalent taz-O), the
The exchange parametdp accounts for coupling bridged Fe—O bond lengths are shorter faroxo (1.78 A¥® than for
exclusively by a single hydroxide (Figure 2). This occurs four u-hydroxo (1.97 A or us-oxo (1.90 A)2021 and the magnetic
times in the model, between Fe¥Fe5, Fe?--Fe3, and the se interactions are stronger fer-oxo (—80 to —100 cnT1)!° than
interactions. The FeO—Fe angles are between 128and 129.9. for u-hydroxo (~17 cnv%)* or uz-oxo (from—8 to —10 cnr?1).20:2
J; accounts for exchange mediated by single oxide bridges andThus, for aus-oxo bridge (noted above asOFe) the third iron
occurs 12 times in the model, between Fe4 and six iron centersatom plays a role similar to that of the hydrogen atom in the
(Fel, Fe2, Fe5A, Fe3A, Fe2A, and Fe5) and similarly between u-OH bridge. Forl, as in these previous examples, the interaction
FedA and the six irons (FelA, Fe2A, Fe5, Fe3, Fe2A, Fe5A). mediated by the singles-oxo bridge §;= —10 cm?) is of the
The angles at these oxide bridges are consistent, ranging fromsame order of magnitude as that through the monohydroxo bridge
126.8 to 130.2. The Hamiltonian used is given in eq 1. usOH (J = —13 cnTY). It is not obvious why the value for single
us-0x0 bridges should fall in this range.
H==3[S'S+ S S+ SaSa+ Sa'Sia + In summary, our results open up the possibility of using Monte
SASAt SaS+SS+ 5SS Carlo methodology to model the magnetic behavior of other high-
nuclearity iron clusters with low-symmetry topologi@dl is the
—J[S'S + S S+ SarSa + SarSial third iron-containing SMM reported. The first examplan{ Fes}
—LS{S t S+ St SAt+ S+ S+
SAlSA T ST S+ Sa+Sa T SH (D)

cage, has &= 10 ground state and a reorientation barrier of 28
Preliminary simulations showed that the experimental curve

K. The height of this barrier is given bpS (whereD is the
axial zero-field splitting parameter a&is the spin of the ground
can be reproduced only fd§ > J,, J;. Several simulations with
different a, and as values have been performed, being the

state), and therefore the higher barrier {6} must be related
ratio J/J..1% The existence of competitive interactions within the

to a largerD value.
cluster leads to a strong correlation between fheand J;
parameters. However, in the 4@0 K range only one set ok
andJ; parameters were able to reproduce the smooth decrease o
xmT (see inset a in Figure 2). The best fit parametersare
—44 cnl, J, = —13 cmt, andJ; = —10 cnt. Despite all the
interactions being antiferromagnetic, these parameters perfectly(14) Hotzelmann, R.; Wieghardt, K.; fke, U.; Haupt, H.-J.; Weatherburn,
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