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Abstract
The synthesis, structural and magnetic characterization of five new members of the

M¢] family is reported. All five clusters can be described with

hexanuclear oximate [Mn
the general formula [Mns02(R-sa0)s(R’-CO2)2(sol)x(H20)y] (where R-saoH, =
salicylaldoxime substituted at the oximic carbon atom with R = H, Me and Et; R’ = 1-
naphthalene, 2-naphthalene and 1-pyrene; sol = MeOH, EtOH or MeCN; x =0-4 and
y = 0-4). More specifically, the reaction of Mn(ClO4)26H>0 with salicylaldoxime-like
ligands and the appropriate carboxylic acid in alcoholic or MeCN solutions in the
presence of base afforded complexes 1-5: [MnsO2(Me-sao)e(1-naphth-
C0O2)2(H20)(MeCN)]4MeCN (14MeCN); [MnsO2(Me-sao)s(2-naphth-
C02)2(H20)(MeCN)]3MeCN0.1H20 (2 3MeCN0.1H20); [MnsO2(Et-sao)s(2-naphth-
CO2)2(EtOH)4(H20)2]  (3); [MnsO2(Et-sao)s(2-naphth-CO2)2(MeOH)s] (4) and
[MnsO2(sao0)s(1-pyrene-CO2)2(H20)2(EtOH)] 6EtOH (5'6EtOH). Clusters 3, 4 and 5
display the usual [Mne/oximate] structural motif consisting of two [Mn3O] sub-units
bridged by two Ooximate atoms from two R-sao® ligands to form the hexanuclear
complex in which the two triangular [Mn3] units are parallel to each other. On the
contrary, clusters 1 and 2 display a highly distorted stacking arrangement of the two
[Mn3] sub-units resulting in two converging planes, thus forming a novel motif in the
[Mng] family. Investigation of the magnetic properties for all complexes reveal
dominant antiferromagnetic interactions for complexes 1, 2 and 5, while complexes 3
and 4 display dominant ferromagnetic interactions with a ground state of S = 12 for
both clusters. Finally, complexes 3 and 4 display Single-Molecule Magnet behaviour
with Uesr= 63 K and 36 K, respectively.

Keywords: Mn(Ill) oximate complexes; Converging [Mns3] planes; Magnetic

properties; Single-Molecule Magnets.
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1. Introduction

Since the discovery of the Single Molecule Magnetism (SMM) phenomenon in the
mixed-valence dodedanuclear manganese cluster [Mn"VsMn'"5012
(MeCO02)16(H20)4] 2MeCO,H4H,O [1-5], numerous paramagnetic polymetallic
clusters that can retain their magnetization at low temperatures once magnetized upon
removal of the external stimuli have been reported [6-22]. This unique magnetic
behaviour results from the combination of a large spin ground state, and a relatively
large and negative magnetoanisotropy, D, which creates a significant energy barrier to
magnetization reversal, U, whose upper limit is given by U= $? | D | for integer spin,
and U= ($2-1/4) | D | for half-integer spin ground states. Besides the scientific interest
that such molecules possess, it has been proposed that they may be used in various
technological applications, such as in computer magnetic storage, in magnetic
resonance imaging as contrast agents, and in cooling processes [23, 24]. Manganese
oximate cluster chemistry has afforded a large family of compounds that function as
SMMs; a series of complexes with general formulae [Mn'"O2(R-5a20)x(02CR)1-2(L)4-6]
(R=H, Me, Et, Ph, etc; L= solvent and x = 3 or 6) were synthesized and characterized
[25-39], with two representative members of this family that function as SMMs being
[Mn"0,(Et-sa0)6(02CPh)2(EtOH)4(H20):] [40] and [Mn's0,(Et-
sa0)6(O2CPH(Me)2)2(EtOH)s] [41]. A magneto-structural correlation was developed
for this family of complexes in order to explain the “switch” from antiferromagnetic
(AF) to ferromagnetic (F) exchange between neighbouring Mn centres, with the
governing factor being the Mn-N-O-Mn torsion angle, 7 [30]. According to this
magnetostructural correlation there is a “magic area” of ~ 30.4-31.3°; 7 angles of <30.4°
lead to an AF (J<0) nearest-neighbour interaction, while for z > 31.3° a F (/>0)
interaction is achieved. The Mn-N-O-Mn torsion angle is affected both by the steric
bulk of substituents of the oxime and carboxylate ligands, and as such, different
combinations of R-saoH> and carboxylate ligands afford species with different torsion
angles, and thus different magnetic properties.

In this contribution, we report seven new [Mn'!,

¢/oxime] compounds from the use of R-
saoH> (R = H, Me, Et) and various carboxylic acids in Mn(III) chemistry. Two clusters
of the family display a novel arrangement of the metallic core, in which the two [Mn3O]

sub-units that form the hexanuclear core are positioned in a non-parallel fashion, while



in addition one ps-oxo group is present, in contrast with all other [Mng] complexes
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Scheme 1. Ligands discussed in the text; Top-left to bottom-right: saoH>, Me-saoHo,

reported so far.

Et-saoH», 1-naphthoic acid, 2-naphthoic acid and 1-pyrene carboxylic acid.

2. Experimental

2.1. General and physical measurements

All manipulations were performed under aerobic conditions, using materials as
received. Me-saoH», Et-saoH> and saoH> were synthesized by the reaction of the
appropriate precursor aldehyde with hydroxylamine and sodium acetate in EtOH, as
described in literature [42]. Elemental analyses (C, H, N) were performed by the
University of loannina microanalysis service. Variable-temperature, solid-state direct
current (dc) magnetic susceptibility data down to 5 K were collected on a Quantum
Design MPMS-XL SQUID magnetometer equipped with a 7 T dc magnet at UoC.
Diamagnetic corrections were applied to the observed paramagnetic susceptibilities

using Pascal’s constants.

2.2. Compound preparation
2.2.1. General synthetic strategy for 3, 4 and 5.

To pale pink solutions of Mn(ClO4)2'6H20 in MeOH (or EtOH) were added equimolar

amounts of the corresponding oxime and carboxylic acid ligands, in the presence of



excess base, NEt3. The solutions were left stirring for ~30 min, filtered and then left to
slowly evaporate. In each case suitable single-crystals grew after a period of 3-5 days.
Anal. Calcd. [MnsO2(Et-sao)s(2-naphthoic)2(EtOH)4(H20)2] (3) (CsaHosMnsNeO24): C
53.01,H5.08, N 4.42 %. Found C 52.92, H 4.88, N 4.29 %. Anal. Calcd for [MnsO2(Et-
sa0)s(2-naphthoic)2(EtOH)s] (4) (Cs2H92MngNgO24): C 52.52, H 4.94, N 4.48 %. Found
C 5245, H 481, N 432 %. Anal. Caled. for [MnsO2(sao)s(1-
pyrene)2(H20)2(EtOH)2] 6EtOH (5 6EtOH) (Co2H94MngNsO2g): C 53.60, H 4.60, N
4.08 %. Found C 53.48, H 4.37, N 3.95 %.

2.2.2. General synthetic strategy for 1 and 2.

To pale pink solutions of Mn(ClO4)26H20 in MeCN were added equimolar amounts of
the derivitized oximes, the corresponding carboxylic acid and CH3ONa. The solutions
were left stirring for ~45 min, filtered and then left to slowly evaporate. In each case
suitable crystals grew after a period of 3-5 days. Anal. Calcd. for [MnsO2(Me-sao)s(1-
naphthoic)>(H20)(MeCN)]4MeCN (1 4MeCN) (Cso H73MnsN11019): C 52.73, H 4.04,
N 8.46%. Found C 52.60, H 3.82, N 8.29 %. Anal. Calcd. for [MnsO2(Me-sao)s(2-
naphthoic)>(H20)(MeCN)]3MeCN'0.1H20 (2:3MeCN-0.1H>0) (C78H70MnsN10O19): C
52.60, H 3.96, N 7.86%. Found C 52.49, H 3.92, N 7.80 %.

2.3. Single-crystal X-ray crystallography

Diffraction data for 1-4.4H>0O'1.6EtOH, 2'6EtOH and 3-6EtOH were collected at 100 K
on an Xcalibur PX diffractometer. All structures were refined by full-matrix least-
squares techniques on F? with SHELXL [43]. Data collection parameters and structure

solution and refinement details are listed in Table 1.



Table 1

Crystal and structure refinement data for complexes 1 -5

Compound reference
Chemical formula

Formula Mass

Crystal system

alA

b/A

c/A

a/°

Bl°

V/°

Unit cell volume/A®
Temperature/K

Space group

No. of formula units per unit cell, Z
Radiation type

Absorption coefficient, z/mm!
No. of reflections measured
No. of independent reflections
Rim

Final R, values (I > 20(]))
Final R, values (all data)
Final wR(F?) values (all data)
Goodness of fit on F*

CCDC

1
CgoH73MngN;1019
1822.13
Triclinic
15.080 (4)
15.886 (5)
18.511 (5)
101.71 (3)
109.29 (3)
106.55 (3)
3790 (2)
100
P-1
2
Mo-Ka
1.05
52489
28759
0.024
0.034
0.0583
0.082
1.01
XXX

2
Cr8H7020MngN;0O19.10
1782.88
Triclinic
14.435 (4)
15.562 (5)
19.002 (6)
104.56 (3)
10750 (3)
100.31 (3)
3787 2)
100
P-1
2
Mo-Ka
1.05
45700
25977
0.029
0.043
0.0845
0.090
1.00
XXX

3
Cs4HosMngNeO,4
1903.31
Monoclinic
15.999 (4)
19.739 (5)
14.485 (4)

112.83 (3)

4216 (2)
100
P2|/C
2
Mo-Ka
0.95
17846
11086
0.024
0.044
0.0621
0.116
1.04
XXX

4

CgsrHooMngNeOo4

1875.26
Triclinic
11.650 (3)
13.763 (4)
15.329 (4)
94.44 (3)
111.22 (3)
113.36 (3)
2032.1 (13)
100
P-1
1
Mo-Ka
0.99
26840
15085
0.022
0.032
0.0501
0.080
1.00
XXX

5
CooHosMngNeOs
2061.37
Triclinic
12.123 (4)
13.349 (4)
16.575 (5)
101.67 (3)
110.49 (4)
105.99 (3)
22787 (17)
100
P-1
1
Mo-Ka
0.89
16434
12119
0.037
0.056
0.1052
0.135
1.01
XXX
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3. Results and discussion

3.1. Syntheses

The reaction between Mn(ClO4)26H20O, salicylaldoxime-like ligands and various
carboxylic acids in a 1:1:1 molar ratio in basic alcoholic or acetonitrile solutions
afforded hexanuclear species of general formula [Mn"6O,(R-sao0)s(R’-
CO2)2(sol)x(H20)y] (R = H, Me and Et; R’ = 1-naphthalene, 2-naphthalene and 1-
pyrene; sol = MeOH, EtOH or MeCN; x = 0-4 and y = 0-4). In all five clusters, the
manganese centres were found to be in the 3+ oxidation state due to the facile oxidation
of Mn?* to Mn*>" under standard aerobic conditions. Upon changing the nature of the
base from NEt; or CH3ONa to either NMe4sOH or NEt4OH we did not manage to isolate
any different products, as verified by pXRD measurements. Finally, repeating the same
reactions under solvothermal conditions yielded an amorphous yellow precipitate in

each case, which could not be further characterized and identified.

3.2. Description of structures

All five clusters (Figures 1-3) display similar but not identical structures; two [Mn3;O(R-
sa0)3]” sub-units are linked together to form the final hexametallic core. Yet, there are
significant differences between the seven structures. More specifically, the seven
complexes may be divided in three distinct types:

Type I: complex 5 displays the “prototype” [Mne¢/oxime] structural pattern [26]. The
cluster crystallizes in the triclinic P-1 space group. Its structure (Figure 1) consist of
two off-set triangular [Mn3(u3-O)(sa0)3]" sub-units, which are linked via two Oox atoms,
to form a [Mne(u3-O)2(sa0)s]*" metallic core with a central {Mn-Oox-Mn-Oox} rthomb
between the two triangular units. The edges of each triangular sub-unit consist of —Nox-
Oox- bridges, forming a {Mn-Nox-Oox-}3 ring, while the charge of the hexametallic core
is counterbalanced by the presence of two syn, syn- #': #': u carboxylates, with each
one capping a triangular unit. The oximate ligands adopt two different coordination
modes: four are found in an 5': 5': ': 1 fashion, while the remaining two, responsible
for the inter-triangular linkage, adopt an % #': 5': us coordination mode. The
coordination environment of the metallic centres is completed by four terminal

solvent/water molecules. Four of the six manganese centres are six-coordinate adopting



Jahn-Teller distorted octahedral geometry, while the remaining two are five-coordinate
adopting square-pyramidal geometry. Finally, the two trimetallic planes, [Mn3] and thus

the JT axes, are parallel to each other.

Figure 1. The molecular structure of Type I cluster 5.

Type II: clusters 3 and 4 (Figure 2) display a slightly different structural motif than 7Type
I clusters. The two main structural ingredients, the [Mn3(p3-O)(R-sa0O)3]" sub-units, are
still retained, but now two extra bridges are present arising from two Or alkoxide
groups belonging to two oximate ligands, each on a [Mn3(u3-O)(R-sa0)s]" unit.
Therefore, in Type II clusters the inter-triangular linkage takes place via four bridges
vs. two in Type I complexes, forming two {Mn-Or-Mn-Nox-Oox} and one {Mn-Oox-Mn-
Oox} thombs. Furthermore, the two carboxylate ligands found in the structures are in
terminal mode (vs. bridging in Type I clusters). In addition, all manganese centres are
six-coordinate, with JT elongated octahedral geometry. The two [Mns] planes are still
retained parallel to each other, as in Type I clusters.

Type III: clusters 1 and 2 (Figure 3) present highly distorted intermediates between Type
I and /I complexes. Both clusters crystallize in the triclinic P-1 space group. Again, as
in Type I/II clusters, the main structural ingredients, the [Mn3(u3-O)(sa0)3]" units, are
still present, but now the trimetallic planes are converging, deviating from parallel by
21.58° and 27.55° for 1 and 2, respectively. As a result of this distortion, three main

structural consequences unfold: 1) a central oxo group of one triangular sub-unit is now



1e-O* further bridging a manganese ion in the other [Mns] unit, ii) there is only one Or
alkoxide bridge from one aromatic group of an oximate ligands vs. two in Type II
clusters, and iii) two long inter-triangular Mn-Oox bonds are formed (~ 2.6 A).
Therefore, the bridging between the two triangular units occurs via five bridges vs. four
bridges in Type II and two bridges in Type I complexes. Finally, the two carboxylate
ligands are found to bond in a syn,syn- n': n': u fashion. Here, we note that a similar
type of complex was reported recently by Poole et al. [35], with the main difference in

the latter complex being the presence of two p,4-021gr0ups (vs. one in clusters 1 and 2).
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Figure 3. The molecular structures of Type III complexes 1 (left) and 2 (right).

In Figure 4, the metallic cores of all three types of clusters are given, and it becomes

apparent that Type I and Type II complexes are closely related, while Type III clusters



are so distorted that the connectivity between the two triangular units is completely

different.

Figure 4. The metallic core of Type I (left), Type II (centre) and Type III (right)

complexes, highlighting their main differences (dotted lines).

In the crystal the packing of Type I complex 5 shows six intermolecular H-bonds to the
co-crystallized solvent molecules, creating chains of [Mns] units running along the b

axis of the unit cell (Figure 5).

Figure 5. Crystal packing for Type I complex 5, showing the inter-molecular H-bonds
(dotted lines).

In the extended structures of Type II clusters 3 and 4 the Mn6 units stack directly upon
each other forming sheets of molecules (Figure 6), while Type III complex 1 exhibits

four inter-molecular H-bonds, creating isolated {{Mns]-[Mn¢]} dimers (Figure 7).



Figure 7. Type III {{Mns]-[Mns]} dimers in the extended structure of cluster 1.

3.3. Magnetic properties



Dc magnetic susceptibility measurements were performed for all compounds in the 5-
300 K temperature range under an applied field of 0.1 T. The results are shown as yuT
vs. T plots in Figure 8.
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Figure 8. yuT vs. T plot for complexes 1-5 under an applied dc field of 1000 G. The
solid lines represent simulations of the data in the 5-300 K temperature range (see text

for details).

Complexes 1 and 2 display similar behaviour; the value of y»T decreases upon cooling
suggesting the presence of dominant antiferromagnetic interactions, while in complexes
3 and 4 yuT increases upon cooling suggesting dominant ferromagnetic interactions.
Finally, for cluster § the yuT product decreases upon cooling until ~25 K, before it
increases upon further cooling. More specifically, for complexes 1 and 2, the room
temperature yuT values of 18.14 cm®mol'K and 18.26 cm®mol 'K, respectively, are

very close to the spin-only value of 18 cm®mol 'K expected for six non-interacting



Mn'" jons (g=2.00). Upon cooling the yuT value remains almost constant until ~120 K,
below which it gradually decreases to reach minimum values of 8.42 cm*mol'K and
8.35 cm®mol 'K, for 1 and 2, respectively. For complex 3, the room temperature yuT
value of 18.43 cm’mol 'K slightly increases to 20.86 cm>mol'K upon cooling until
~150 K, while upon further cooling it reaches its maximum value of 77.40 cm*mol K.
For complex 4, the room temperature yuT value of 20.40 cm®mol 'K slightly increases
upon cooling to 22.58 cm®mol'K at ~150 K, before it reaches a maximum value of
58.00 cm*mol 'K at 5 K. Finally, for complex 5 the room temperature yuT value of
16.47 cm®mol 'K, is smaller than the theoretical value expected for six non-interacting
Mn'! centres (g = 2.00), indicating moderately strong antiferromagnetic interactions.
Upon cooling the yuT value reaches its minimum value of 8.30 cm®mol 'K at ~20 K,
before it increases to a final value of 12.94 cm*mol 'K at ~5 K.

We were able to successfully simulate the magnetic susceptibility data for all
complexes, adopting two general exchange coupling schemes: 1) For clusters 3, 4 and
5 we used a scheme based on the well-established torsion angles rule, with the main
parameter governing the number of J values employed in each case being the magnitude
and size of the Mn-N-O-Mn torsion angle, 7 (Table 3). Therefore, for cluster 5 we
adopted a 2-J model (Figure 6, left). Employment of [isotropic] spin-Hamiltonian (1),
H=-271(S18>+ 8585 + SiS5+ S17°S>" + S>°S3" + 81°S37) -2J2(S184" + 828" + 81827 (1)
and using program MAGPACK [44], yielded J; =-7.95 cm™, . =+13.80 cm™ and g =
2.00. These parameters lead to a spin ground state of S = 4 for cluster 5.

For clusters 3 and 4 we adopted a 1-J model (Figure 6, right) and spin-Hamiltonian (2),

H= -2J1(§1S'2 + 8585 + 8185+ 817"+ 8283+ S1°S5+ SiS1 + 818> + 8518 ) (2)

which afforded Ji = +1.35 cm™ and g = 2.00 for complex 3, and J1 =+0.82 cm! and g
= 2.00 for complex 4. These parameters lead to a spin ground state of S = 12 for both
complexes.

11) For complexes 1 and 2, which are non-classical examples of [Mne¢/oximate] clusters
since they present an extra bridge through the u4-oxo ion, we modified the exchange
coupling scheme by adding this extra feature. More specifically, for complex 1 we

adopted a 3-J model (Figure 7) assuming one J; interaction between a) Mn1-Mn2 and



Mn2-Mn3 mediated by an ps-oxo bridge and an oximate ligand with Mn-N-O-Mn
torsion angles of 15.95° and 17.73° respectively, b) Mn4-Mn5 and Mn5-Mn6 mediated
by an pz-oxo bridge and an oximate ligand with torsion angles of 21.25° and -19.69°
respectively, and ¢) Mn2-Mn6 mediated by two monoatomic Ooxim bridges (Mn-Ooxim-
Mn: 95.0° and 98.3°); one J> interaction between a) Mn1-Mn3 and Mn4-Mn6 mediated
by an p3-oxo bridge and an oximate ligand with Mn-N-O-Mn torsion angles of -33.96°
and 39.56° respectively, and b) Mn1-Mn5 mediated by an oximate ligand with torsion
angle of -88.13° (inter-triangular linkage), and one J3 interaction between a) Mn1-Mn4
and Mn2-Mn4 mediated by an p4-oxo bridge and an Ooximate bridge, and b) Mn3-Mn4
mediated by an p4-oxo bridge and an alkoxo group of the oximate ligand. Using the

program MAGPACK and spin-Hamiltonian (3),

H=-2J1(S1S> + $28; + $4S5 + S5S5+ S286) -2J2(S1S5 + S4Ss + S185) — 2J3(S184 + $28, +
8359 (3)

afforded the parameters J; = -1.25 cm™, J» = +3.70 cm™, J5=-1.00 cm™ and g = 1.99.
These parameters lead to a band of near degenerate S states of value S =4, 5= 3, §=2
and S = 1, all within ~5 cm™'. Again, the ferromagnetic nature of J> corresponds to Mn
pairs bridged by —N-O- oximate species with large torsion angles.

Finally, for complex 2 we adopted an analogous 3-/ model (Figure 7) assuming one J;
interaction between a) Mn1-Mn3 and Mn2-Mn3 mediated by an u3-oxo bridge and an
oximate ligand with torsion angles of 24.78° and -16.42° respectively, b) Mn4-MnS5,
Mn4-Mn6 and Mn5-Mn6 mediated by an u4-oxo bridge and an oximate ligand with
torsion angles of -3.87°, -29.82° and 20.38" respectively, and ¢c) Mn5-Mn2 mediated by
a monoatomic Ooximate bridge (Mn-Ooxim-Mn: 100.9°), one J> interaction between a)
Mn1-Mn2 mediated by an u3-oxo bridge and an oximate ligand with torsion angle of
49.98°, and b) Mn3-Mn4 mediated by an oximate ligand with torsion angle of -85.93°
(inter-triangular linkage), and one J3 between a) Mnl-Mn4 mediated by an u4-oxo
bridge and an Ooximate bridge, b) Mn1-Mn5 mediated by an x4-oxo bridge and an oximate
ligand, and ¢) Mn1-Mn6 mediated by an us-oxo bridge and an alkoxo group of the
oximate ligand. Using the program MAGPACK and spin-Hamiltonian (4),

H=-2J1(S1S; + S285 + S4S5 + S4Ss + 586+ S582) -2J2(S182 + S384) -2J3(S184 + Si1S5 +
S185) (4)



afforded the parameters J; = -0.65 cm™, J» = +3.20 cm™, J3= -0.8 cm™ and g = 2.01.
Again, as in the previous case, these parameters lead to a non-isolated spin ground-state
for the cluster, since the S =3, S= 2, S= 1 and S= 0 spin states are located within ~4 cm"

! All parameters obtained from the magnetic analyses are summarized in Table 3.
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Figure 7. Exchange interaction scheme for complexes 1 and 2.



Complexes Torsion Angles (a°) J coupling g factor Hamiltonian S, ground state S-, 1 excited

(em™) (J1/J2/J3) Equation state
14MeCN 1595  17.75 3396 @ 2125 19.69 39.56 -1.25+3.7/-1.0 1.99 3) n/a n/a
2:3MeCN-0.1H,O 4998 | 1642 2478 3.87 20.38 = 29.82 -0.75/+3.2/-0.8 2.01 “4) n/a n/a
3 41.45 40.56 33.74 +1.35 2.00 2) 12 11
4 42.77 33.29 38.48 +0.82 2.00 2) 12 11
5-6EtOH 28.24 15.94 20.76 -7.95/+13.80 2.00 @) 4 3

Table 3. Magnetostructural parameters for complexes 1-5.



In order to investigate possible SMM behaviour, ac magnetic susceptibility
measurements were carried out under zero static field in the temperature range 1.8 — 10
K with a 3.5 G ac field oscillating in the 500-1500 Hz frequency range. We chose to
measure only complexes 5 and 6 due to their high spin ground-state of S = 12. The in-
phase and out-of-phase signals are plotted as ym 7T vs. T and ym”” vs. T, respectively, in
Figure 9. The ac susceptibility measurements reveal features typical of SMM behaviour
for both complexes. For complex 5 the ym'7T value increases slightly upon cooling until
~5 K, indicating the presence of exited states with S values smaller than the ground
state, before it drops rapidly to a minimum at ~4 K. Below 5 K, frequency-dependent
fully formed out-of-phase (ym"") signals are observed. Complex 6 display similar
behaviour with fully formed out-of-phase signals at ~3.5 K. The ac data of complexes
5 and 6 were fitted to the Arrhenius relationship (eq. 6),

7 = 10eXp(Uett/kT) (6)
where U.sis the effective relaxation barrier, 7 is the relaxation time, 7o is the pre-

exponential factor and & is the Boltzmann constant, yielding U.sr = 63 K and 1o = 1.52

x1071 s for complex 5 and Uesr =36 K and 19 = 1.42 x10°® s for complex 6 (Figure 10).
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Figure 9. Plot of the in-phase signal as ym T vs. T for complexes 5 (top, left) and 6 (top,

right); plot of the out-of-phase signal as ym”" vs. T for complexes 5 (bottom, left) and 6
(bottom, right).
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Figure 10. Arrhenius plot using powder ac magnetic susceptibility data for complexes

5 (left) and 6 (right).

4. Conclusions

In this work we have reported the synthesis and magnetic studies of seven new members
of the [Mns/oxime] family. The use of substituted salicylaldoxime ligands, R-saoH> (R
= H-, Me- and Et-) and carboxylate ligands, R’-CO>H (R’ = 1-naphthalene, 2-
naphthalene, 9-fluorene and 1-pyrene) in manganese chemistry yielded seven
complexes with formulae [MnsO2(sao)s(1-naphth-CO,)>(EtOH)4]3EtOH (1 3EtOH);
[MngO2(sao)s(2-naphth-CO2)2(H20)4] (2); [MnsO2(Me-sao)s(1-naphth-
CO2)2(H20)(MeCN)]'4MeCN (34MeCN); [MnsO2(Me-sao)s(2-naphth-
C02)2(H20)(MeCN)]3MeCN0.1H20 (43MeCN-0.1H20); [MneO2(Et-sao)s(2-naphth-



CO2)2(EtOH)4(H20)2]  (5); [MngO2(Et-sao)e(2-naphth-CO2)2(MeOH)s] (6) and
[MneO2(sao)s(1-pyrene-CO»)2(H20)2(EtOH)2] 6EtOH (7-6EtOH). All clusters, besides
complexes 3 and 4, display the typical [Mns/oxime] core, which describes two parallel
[Mn3] planes bridged by oximate ligands. On the contrary, in complexes 3 and 4 the
[Mn3] sub-units are bridged with an extra us-oxo bridge and, as such, the triangular
[Mn3] planes are converging with a deviation from the parallel arrangement of 21.58°
for complex 3, and 27.55° for complex 4. Dc magnetic susceptibility studies for all
complexes revealed dominant antiferromagnetic behaviour for complexes 1, 2, 3, 4 and
7 with spin ground states of § = 4 for complexes 1, 2 and 7. For complexes 3 and 4
susceptibility data suggests the presence of a band of S states (S < 4) that are likely to
be populated even at the very lowest temperatures. Complexes 5 and 6 display dominant
ferromagnetic interactions between the metallic centres with spin ground states of § =
12. Finally, these two clusters display Single-Molecule Magnet behaviour with Ukt
values of 62.67 K for complex 5, and 35.74 K for complex 6.

From these results three significant conclusions may be extracted: i) the [Mne¢/oxime]
family is further extended with seven new complexes;

i1) the “torsion angle” rule is valid for the five new classical (Type I, Type II)
[Mng/oxime] complexes. The Type III structures characterized also appear to follow
this general trend, although several new analogues will need to be made to confirm this
very tentative conclusions;

ii1) despite more than 10 years of research into manganese-oxime cluster chemistry,
new species with novel structural topologies and magnetic behavior are still uncovered,
highlighting the enormously rich coordination chemistry and magnetochemistry that

can be discovered via thorough investigation of synthetic space.

Supplementary material

CIF files of complexes 1-5.
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