
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

Dalton
 Transactions

www.rsc.org/dalton

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


A Heterobimetallic [MnII5Cu
II
5] Nanowheel Modulated by a 

Flexible Bis-Oxamate Type Ligand† 

Walace D. do Pim,a,b Érica N. de Faria,a Willian X. C. Oliveira,a Carlos B. Pinheiro,c 

Wallace C. Nunes,d Joan Cano,e,f Francesc Lloret,e Miguel Julve,*e Humberto O. Stumpf,a 
and Cynthia L. M. Pereira*a 
 

Table of Contents 

The reaction of the dicopper(II) metallacyclophane [Cu2(edpba)2]
2−
 with fully solvated 

Manganese(II) ions yields the nanowheel [Mn5Cu5(edpba)5] with a S = 10 low-lying spin state. 

 

 

Page 1 of 5 Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t



Dalton Transactions RSCPublishing 

COMMUNICATION 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 1  

Cite this: DOI: 10.1039/x0xx00000x 

Received 00th January 2012, 

Accepted 00th January 2012 

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

A Heterobimetallic [Mn
II
5Cu

II
5] Nanowheel Modulated 

by a Flexible Bis-Oxamate Type Ligand†  

Walace D. do Pim,a,b Érica N. de Faria,a Willian X. C. Oliveira,a Carlos B. Pinheiro,c 
Wallace C. Nunes,d Joan Cano,e,f Francesc Lloret,e Miguel Julve,*e Humberto O. 
Stumpf,a and Cynthia L. M. Pereira*a 

 

The synthesis, crystal structure and preliminary magnetic 

characterization of a new heterobimetallic [MnII5Cu
II
5] wheel 

containing a flexible bis-oxamate type ligand are described. 

This decanuclear compound exhibits a relatively strong intra-

wheel antiferromagnetic interaction leading to a ground spin 

state S = 10. 

The search for high nuclearity Magnetic Metal Organic Materials 
(MMOMs) is a very active research domain, one of the main reasons 
for this interest being based on the possibility to build molecule-
based devices. One of the examples of these MMOMs, the so-called 
metallacycles, can present different size, symmetry and shape such 
as cages, squares, grids, double-decker wheels, “ring of rings”, 
metal-organic frameworks (MOFs), etc.1 Since these chemical 
systems can behave as nanoparticles due to their limited size, several 
applications can be envisaged, such as gas storage systems, catalysts, 
single molecule magnets (SMMs) or magnetic coolers.2 Although a 
good variety of magnetic homometallic macrocycles have been 
described in the literature,3 the number of examples of heterometallic 
wheels are by far less abundant.3b,4 

In this work, we present a new example of heterometallic wheel-
shaped motif, [Mn5Cu5(edpba)5(dmso)7(H2O)7]•4dmso•2H2O (1) 
hereafter noted [MnII

5CuII
5] [H4edpba = N,N’-2,2’-

ethylenediphenylenebis(oxamic acid); see Scheme 1].5 Due to the 
presence of the –CH2–CH2– fragment between the two phenylene 
rings in the edpba4– tetra-anion, this bis-oxamate type ligand can 
adopts the anti or gauche conformations depending on the conditions 
of the synthesis.5,6 It deserves to be noted that a few examples of 
oxamate derivatives resulting in metallacycles have been reported, 
most of them being based on metallacyclophane moieties.7 

Single crystals of 1 were obtained from the diffusion reaction 
between (Bu4N)4[Cu2(edpba)2]•4H2O (Bu4N

+ = tetra-n-
butylammonium cation) and MnCl2•4H2O in a dmso/water (1:1 v/v) 
solvent mixture. Crystal structure was refined using 
PLATON/SQUEEZE routine,8 since dmso and/or water molecules in 
the voids of [MnII

5CuII
5] (~ 3070 Å3) could not be properly 

modelled. 1 crystallizes in the monoclinic P21/c space group and its 

crystal structure shows the occurrence of neutral decanuclear 
[MnII

5CuII
5] rings containing five fully deprotonated edpba4‒ ligands 

(see Figure 1). The oxamate groups of each edpba4‒ ligand in 1 adopt 
bis-bidentate bridging modes. Two solvent molecules in cis positions 
[dmso/water] complete the somewhat distorted octahedral 
environments around the five crystallographically independent MnII 
ions [Mn1, Mn2, Mn3, Mn4 and Mn5]. The set of the five MnII ions 
within each decanuclear ring in 1 exhibits an envelope conformation 
(Figure S1 in the ESI†). One of the five crystallographycally 
independent CuII ions in 1 [Cu1] is four-coordinate in a distorted 
square planar environment built by two amidate-nitrogen and two 
carboxylate-oxygen atoms from two oxamate groups. This donor set 
also occurs in the other four copper(II) ions, but all of them are five- 
coordinate in a distorted square pyramidal surrounding with a water 
(Cu4) or a dmso molecule (Cu2, Cu3 and Cu5) in the apical position. 
 

 
Scheme 1. Representation of the molecular structure of H4edpba. 

The intraring distances between neighbouring metal ions in 1 are in 
the range 8.264(2)–8.884(2) Å (Cu···Cu), 5.395(2)–5.489(2) Å 
(Cu···Mn) and 10.556(2)–10.786(2) Å (Mn···Mn). The neutral rings 
are well separated from each other. The shortest inter-ring 
metal···metal separations being 6.913(2) (Mn4···Mn5i), 6.173(2) 
(Cu1···Cu1ii) and 7.708(2) Å (Cu5···Mn4i) [symmetry code: (i) = 
1‒x, 1‒y, –z and (ii) = –x, 1‒y, ‒z]. 

The π-stacking interactions of the aromatic rings involving the 
edpba4‒ ligands creates lipophilic cavities in each ring of 1, this 
structural feature being most likely the driven force accounting for 
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the formation of wheels instead of linear chains.9 No solvent 
molecules are found within these cavities and the empty space 
results in a sort of star-like shape owing to the flexibility of the – 
CH2–CH2– bonds. The elemental analysis and thermal study (TGA 
and DTA measurements) of 1 allowed us to fix the number of 
crystallization molecules and the chemical formula (see Figs. S2 and 
S3, ESI). 
 

 
Fig. 1 Perspective drawing of the crystal structure of the [Mn

II
5Cu

II
5] decanuclear 

ring with the atomic numbering scheme related to the metal ions. Hydrogen 

atoms and the non-coordinated solvent molecules were omitted for the sake of 

clarity. Carbon, oxygen and nitrogen atoms are represented in grey, red and sky 

blue colours, respectively. 

The magnetic properties of crushed single crystals of 1 were 
investigated in the 2.0-300 K temperature range. They are shown in 
Figure 2 in the form of χMT vs. T plot [χM being the magnetic 
susceptibility per MnII

5CuII
5 unit]. At room temperature, χMT is 

equal to 21.5 cm3 mol–1 K, a value which is smaller than that 
expected for a set of five manganese(II) (SMn = 5/2) and five 
copper(II) (SCu =1/2) ions magnetically non-interacting [χMT = 23.5 
cm3 mol–1 K with gMn =1.98 and gCu = 2.08]. Upon cooling, χMT 
decreases continuously to reach a minimum at ca. 108 K, and it 
further increases sharply to attain a quasi-plateau below 10 K with 
χMT ca. 51.5 cm3 mol–1 K. These features are typical of a 
ferrimagnetic behaviour arising from the intraring antiferromagnetic 
interaction between the CuII and MnII through the oxamate bridge 
that would lead to a ground spin state S = 10. The fact that the value 
of χMT at very low temperatures is somewhat below that calculated 
for S = 10 (ca. 55 cm3 mol–1 K) reveals the occurrence of dipolar or 
inter-ring antiferromagnetic interactions. The M versus H plot at 2.0 
K for 1 (see Fig. 3) provides additional support to the occurrence of 
a ground spin state S = 10, the quasi saturation value of M at 5 T 
being very close to the expected one (ca. 19.5 instead of 20.0 BM).  

The dc magnetic susceptibility data were analysed by means of 
the spin Hamiltonian shown in eq. (1), which includes different g-
factors for CuII (gCu) and MnII (gMn) ions through the Zeeman term 
and magnetic coupling constant (J) from a isotropic Heisenberg spin 
model. 
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Fig. 2 Temperature dependence of the χMT of 1: (o) experimental; (−) best-fit 

curve through eq (1) (see text). The inset shows a detail of the low temperature 

region. 

 
Fig. 3 Magnetic field dependence of the magnetization for 1 at 2.0 K: (o) 

experimental; (−) theoretical curve simulated from the values of the gCu , gMn 

and J parameters obtained through the fit of the χMT data through eq (1). 

Simulations were made by exact diagonalization of the energy 
matrix built from the use of Irreducible Tensor Operators 
(ITO). The inclusion of different g values was done through the 
Wigner-Eckart theorem that reproduces well the exact results 
for a gA/gB ratio smaller than 1.2, being gA > gB. These 
techniques were used as they were implemented in the 
XVPMAG programme.10 Least-squares best-fit parameters are: 
J = –28.1(2) cm–1, gCu = 2.08(3), gMn = 1.98(2) and θ = –0.11(1) 
K with R = 4.4 x 10–5 (R is the agreement factor defined as 
∑[(χMT)exp – (χMT)calcd]

2 /∑[(χMT )exp]
2). The θ term was included to 

account for the weak inter-ring magnetic interactions, which are 
detected at very low temperatures (see inset of Fig. 2). The 
calculated curve reproduces well the magnetic data in the whole 
temperature range investigated. 

The g values of the CuII and MnII ions and the nature and 
magnitude of the magnetic coupling agree with the results observed 
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in previous magneto-structural studies of oxamate-bridged CuII-MnII 
systems (values of –J in the range 18.9-32.5 cm-1).11 A good 
simulation of the experimental magnetization curve at 2.0 K is 
achieved by using the values of gCu, gMn and J from the previous fit 
(Figure 3), confirming thus their validity. No out-of-phase ac signals 
were observed in the temperature range 2.0-9.0 K and variable-
frequency (0.01-10 kHz) in the presence and absence of a dc 
magnetic field. No magnetic hysteresis was observed for 1 at 2.0 K 
(Fig. S4, ESI). 

In conclusion, a new example of heterobimetallic oxamate-based 
[MnII

5CuII
5] molecular wheel with a high-spin low-lying level is 

described herein. The flexibility of the edpba4‒ ligands proved by the 
structure of 1 together with the simplicity of its preparative route 
allow us to anticipate the achievement of broad family of 
multifunctional tailor-made metallorings, behaving as single 
molecule magnets (SMMs) or magnetic coolers for instance.2b 
Further efforts will be devoted to increase this family and foresee 
their possible applications. 
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