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The growing number of reports under the Single Molecule
Magnet (SMM} paradigm and the variety of SMM systems

demonstrates a rather large generality of the effect, demanding the

rationalization of the driving factors. Due to the intrinsic magnetic
anisotropy of given lanthanide ions, the investigation doff
complexes is a rational way to SMMs. It offers challenging case
studies (several large clustérs binucleat and evenf mono-
nuclear, where a key role is played by the nuclear pins
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Figure 1. Molecular structure of [Fe(bpcaibpca)Dy(NQ)4] (1).

Here we bring ad—f binuclear SMM and a consistent insight
with experimental and theoretical data. The isostructural series of
[Fe" s(bpca)f-bpca)Lit' (NO3)4] binuclears was obtained from the
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Figure 2. The field and temperature dependence of magnetizdtion
for 1. Inset: sweeping rate dependence bf/dH nearH =0 T at 0.4 K.

[Fe(bpcag]* building block (Hbpca= bis(2-pyridylcarbonylamine)
and Ln(NQ)3'nH,O (Ln = Eu, Gd, Th, Dy, Ho). Related chain
structures [F&(u-bpcaLn(NOs3)3(H,0)] with diamagnetic Fg
without SMM effects, acting as a blank probe for lanthanide
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Figure 3. AC susceptibility measurement (marked points) and fit (lines)
to a generalized Debye model (with= 0.05-0.14). Synoptic 3D view

of: (a) ' versusT, (b) ¥ versusT, and (c)y' versusy' (Cole—Cole
diagrams at various).
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Figure 4. The low spin (LS) Fe(lll) Masbauer resonances and the

anomalous temperature dependence due to the onset of magnetic ordering.
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magnetism in comparison to the'Hen""" systems were synthesized
and characterized also. Herein we confine our study to the binficlear
[Fe''(bpca)f-bpca)Dy(NQ)4] (1), the other systems and a more
detailed analysis being the subject of a further work. The mono-
negative bpcaligand acts as tridentate N donor toward thien,
being also able to accomplish bridging function as bidentate O donor
toward thef site (see Figure 1).

Low temperature magnetization measurements at fast sweeping
pulsed field revealed hysteresis loops and step-like magnetization,
indicating quantum tunneling effects (Figure 2). Td/dH curve
at 0.4 K and 7.7x 1(? T/s sweeping rate shows peaks at 0.54,

10.1021/ja062399i CCC: $33.50 © 2006 American Chemical Society
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Figure 5. (a) The CASSCEF calculation of tifel andSF terms of Dy' free ion
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(left) and the LF versus LI SO effects in [Ct (bpcayDy(NOs)4] (right).

(b) The split ofJ = 15/2 set of DY in Cd" (bpcayDy(NOs)4] (LF + SO effects) and [F&(bpcayDy(NOs)s] (LF + SO + Exc). The eight quasi-four-
degenerate levels are in fact 16 two-degenerate ones with small exchange spacing. (c) Qualitative sketch of the field tuned crossing of ¢hievgilsg-typ

of the F&'Dy"' complex.

0.29, 0.0028, ane-0.0082 T. The temperature and sweeping rate
dependence dfl versusH curves probe the nonadiabatic change
of magnetization. The AC susceptibility measurements were carried
out in a 3 G ACfield oscillating at 16-1000 Hz, under a 0.1 T
static field. The static field is tuning the system outside the fast
tunneling regime. The in-phasg’Y and out-of-phasey(’) magnetic
susceptibilities show the pattern of the slow relaxation of magne-
tization, probing the SMM nature df They' versusy" at different

T sections follows Cole Cole semicircular profiles (Figure 3). The
Arrhenius fit, with In(2tv) = —In(to) — A/kgT, of the (¢, T) points
representing the maxima of thé' versusT curves yielded the
relaxation barrieA = 8.98 cnt! and timery = 7.77 x 1078 s.

The unusual broadening of the “lskbauer signal at low tem-
peratures is in line with the SMM behavior (Figure 4). The trend
is due to the Zeeman splitting on the= 1/, and?/, nuclear levels
with the progressive onset of magnetic order (incomplete yet down
to 4 K). The M@sbauer time scaley10~7 s, corroborates well
with the above estimated,.

Ab initio calculations, CASSCF(14,10), were performedthe
(tz9® + f° active space of the—f couple. The ab initio approach
to thed—f systems is not straightforwafdjue to their noraufbau
nature. The FeP7)Dy(d>5%F 209 populations, retrieving thi® shell,
tested the computational reliability. The spiorbit (SO), ligand
field (LF), and exchange (Exc) effects were implicitly accounted
for. The computed SO matches well with the free ion spectrum,
and the LF and LH- SO effects are also in accordance with the
known experimental rangésThe CASSCH- SO calculation for
a Cd"Dy" complex (Figure 5a,b) gave eight doubly degenerate
pairs, in principle related to th&J, components of thd = 15/2
state on DY'. Driven by LF+ SO factors, the pattern seems to be
qualitatively similar to a zero field splitting, but is more complex
quantitatively. The ab initio assignment of thelabels was not
presently done.

The Fé'Dy'" system (Figure 5b) shows eight sets of quasi-four-
degenerate levels, whose small splitting (0.015 ton average)
can be assimilated to the Ising pattgi5,J,. The ab initio analysis
reliably reveals the mechanism and the range of coupling, but the
absolute magnitude of the Ising gaps is below the practicable
precision. Then, using experimental information and assigning the
0.54 T tunneling step (Figure 2) to the ground-state curve crossing
(Figure 5c), one estimatgg = —0.07 cntl. The magnetization
plateau (Figure 2), matched @g, + gsS; value, is clearly consistent
with J, = £15/2 as D' ground stateS, = +1/2 as F¥ s andg;
~ 4/3,9s ~ 2.

The antiferromagnetic status shows that thef interaction is
more than trough-space dipolar. The spin maps suggebtfa
exchange via the ligand skeleton rather than by delocalization,
explaining the low magnitude of the coupling. As an electron count
rule, the doubly degenerate L-F SO driven levels determine the
possibility of SMM effect. In the Ising scheme, the degenerate
couples comprise oppositeJ, states, the exchange breaking the
local Kramers symmetry. The reversal of magnetization occurs

between degenerate Ising companions, encompassing a barrier

related to the hard plane of the Iy, tensor. We presented here
the first ab initio account of ligand field, sptrorbit, and exchange

effects in ad—f SMM system. The corroboration with the
experiment implies compountias a prototypic case study.
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