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Single-molecule magnets (SMMs) are individual molecules that
function as nanoscale magnetic partidiésThey derive their
properties from the combination of a large ground-state sgjin (
and a magnetoanisotropy of the Ising-type (negative zero-field
splitting parameterD).! They also display quantum tunneling of
magnetization (QTM)and quantum phase interfererfqaroperties
of the microscale. SMMs of various types and metal topologies
are now known, with most being Mn species. There are, however,
no triangular SMMs; numerous oxide-centered triangulayQkO.-
CR)L3]™ (n = 0, 1) complexes are known for many transition
metals32 but antiferromagnetic exchange interactions within the
[M30] core lead to smallS values, and they are therefore not
SMMs? It is thus tempting to conclude that this common triangular
[M30] structural topology can never lead to SMMs, but we show
in the present work that relatively small, ligand-imposed structural Figure 1. Molecular structure of. Color code: brown, manganese; blue,
distortions can alter the sign of the exchange interactions and ©XY9en; green, nitrogen; gray, carbon.

“switch on” the SMM property.

We have been exploring the use of 2-pyridyl oxifhés the W
synthesis of 3d metal clusters, and we can now report that methyl 10 s~
2-pyridyl ketone oxime (mpkoH) has yielded a new triangular s —

[Mn'"'30] product. This is very unusual in being ferromagnetically
coupled with a resultars = 6 ground-state spin and is indeed the
first triangular SMM. 41

The reaction of [MBO(O,CMe)(py)s](ClO,4) (1) with mpkoH 21
(3 equiv) in MeOH/MeCN (1:2 v/v) gave a dark-brown solution.
This was evaporated to dryness under reduced pressure, and the
residue was dissolved in GBI, and layered witin-hexane. After o 10 0 a 0 0
2 days, dark-brown crystals of [MB®(O,CMe)(mpko)](ClO4)— HIT (KG/K)

*3CH,Cl, (2:3CH,Cl,) were isolated in 8890% yield. The structure Figure 2. Plot of M/Nug versusH/T for complex2 at 7 (black dot), 6

of 2:3CH,Cl, (Figure 1) consists of a near-equilateral Mriangle (dark green dot), 5 (magenta dot), 4 (orange dot), 3 (light green dot), 2
capped byus-0? ion O61. Each edge is bridged by aftytu- I(i)rl:ae”sogrg?gélfit(tc))lgfh(eioé)a{tg-s (red dot), and 0.1 (open dot) tesla. The solid
MeCQO,~ group and amt:ptnt:u-mpko- group, whose pyridyl ring ' . .

is bound terminally to a Mn. 861 is 0.295 A above thej\pane. only (g = 2) value f0r$ - 6. is 21 cmt mol™ K). The low '
The Mn" oxidation states and P protonation level were estab- temperature decrease_ Is assigned 0 Zeeman effects, zero-field
lished by bond valence sum (BVS) calculati$fissharge consid- s_pllttlng, and/or yveak mtermolecular |ntefact|ons. Th_e datziowere
erations, and the presence of Mdahn-Teller elongation axes fit to the theoretlcal expression for a SMH.SOS.C(EIGS trianglé:
(O1-Mn1-031, O1+-Mn2—051, 021Mn3—042). The isos- To conflrm the ground state & magnetizationl) data were
tructural propionate analogue was prepared in an identical manner.CO"ectEd in the 0.£7 T and_1.8—_10.0 K ranges, and thes_e are

Variable-temperature DC magnetic susceptibility data were plottc_ad QSM/N”‘? vgrsusH/T in Figure 2. The data were fit by
collected on drie@ in the temperature range of 5:800 K in an matn)_(-dlagonallzat_lon toa quel that_assum_e_s only the ground
applied field of 1 kG (0.1 T)ywT is 13.01 crd mol-1 K at 300 K, state is pppulatgd, includes QX|aI zero-field splittilsf) and the .
increasing on cooling to a maximum of 19.39%mol 1 K at 30.0 Zee”?a” !nte_ract_lon, and carries out a_fuII powder average; the spin
K, and then decreasing to 17.41 €mol-1 K at 5.00 K? This Hamiltonian is given by eq 1, wheys; is the Bohr magneton and

indicates ferromagnetic exchange interactions withio give an #o is the vacuum permeabilitys,

12 1

MM ug

S= 6 ground state, which is consistent with the 30.0 K value (spin- H = DS+ guguSH, 1)
T University of Patras. is the easy-axis spin operator, aHdis the applied field. The fit
;Hggg?.‘geﬂo'ﬂﬁ{é"s?}: (solid lines in Figure 2) gav& = 6, g = 1.92, andD = —0.34
#Laboratoire Louis Nel-CNRS. cm il
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Figure 3. Plot of the out-of-phaseyfy”’) AC susceptibility signal versus
temperature for a microcrystalline sample of compiex
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Figure 4. (Top) Magnetization versus field hysteresis loops for a single
crystal of2-3CH,Cl; at the indicated temperaturdd;is normalized to its
saturation valueMs. (Bottom) Arrhenius plot constructed from Agy"
versusT and DC magnetization decay versus time data. The dashed line is
the fit of the thermally activated region to the Arrhenius equation.
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Since2 has significanSandD values, we investigated whether
it is a SMM by AC susceptibility measurements in a 3.5 G AC
field (Figure 3). Indeed, a frequency-dependent decrease in the in-
phase fu'T) signaf and a concomitant out-of-phasgy(’) signal
were seen at3 K (Figure 3), indicative of the slow magnetization
relaxation of SMMs. Since intermolecular interactions and phonon
bottlenecks can also give such signélspnfirmation that2 is a
SMM was sought by magnetization versus DC field scans on single
crystals of 2:3CH,Cl, using a micro-SQUID? Hysteresis, the
diagnostic property of a magnet, was observed betetv0 K
(Figure 4, top). The loops exhibit increasing coercivity with
decreasing temperature and increasing field sweef estexpected
for a SMM. The loops also display the steps indicative of QTM
betweerMs levels of theS= 6 ground state, with the temperature
independent coercivity at0.3 K, indicating ground state QTM,
that is, only between the lowest enengly = +6 levels.

AC data to lowerT and magnetization decay versus time data
were collected and used to construct Figure 4 (bottom), based on
the Arrhenius relationship = roexpUew/kT), where Ug is the
effective relaxation barrier; is the relaxation time, ankl is the
Boltzmann constant. The slope in the thermally activated region
gave Ugs = 10.9 K andtp = 5.7 x 1078 s. Below 0.3 K, the

relaxation was temperature-independent, consistent with relaxation
by ground-state QTM.

Complex 2 is thus confirmed to be a SMM, the first with a
triangular topology. What now demands explanation is \2hg
ferromagnetically coupled and a SMM whereas the many previous
triangular [MsO(O.CR)L3]* complexes (such a¥) are antifer-
romagnetically coupled and are not? We believe the answer is that
2 has its central & ion 0.295 A above the Myplane due to the
tridentate binding of the mpkoligand, whereas the © ion in 1
and related species is in the Mplane, or essentially so<(.03
A). The central @ strongly mediates antiferromagnetic exchange
via Ma,—Op,—Mg, orbital overlap, and any distortion away from
planarity will thus weaken antiferromagnetic contributions to the
observed exchangéeps between two Mn atoms. Sinckysis the
sum of ferro- and antiferromagnetic contributions, alggl is in
any case only weakly antiferromagnetic in [MI{O.CR)sL3]™"
complexes,it is reasonable that structural distortion to a nonplanar
[Mn3O]”* core would lead to ferromagnetil,s and a resultan®
= 6 ground staté?

In conclusion, the distortion imposed on a [AI]"" member
of the venerable class of triangular, oxide-centeredQ+ 7+
complexes by a tridentate oximate ligand switches the exchange
coupling to ferromagnetic and mak@sthe initial example of a
triangular SMM. This suggests that it may also be possible to
modify other triangular (or other) structures with chelating and/or
bridging ligands to switch on the properties of a SMM.
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