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Triethanolamine, teaHs, and diethanolamine, RdeaH;, 3d-4f and 4f compounds demonstrate an enor-
mous variety in their structure and bonding. This review examines the synthetic strategies to these
molecules and their magnetic properties, whilst trying to assess these ligands’ suitability towards new
SMMs and magnetic refrigerants.
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1. Introduction
1.1. Molecular magnetism and poly-alcohol ligands

Molecular magnetism is a wide ranging area of research that
began around 20 years ago, primarily involving the synthesis
and study of metal coordination compounds. Twin pillars of
this effort, amongst others, are the discovery of single-molecule
magnets (SMMs) [1], in which data can in principle be stored
at a molecular level; and magnetic refrigerants [2], compounds
with a large magnetocaloric effect (MCE) that can be used to
cool to and below liquid “He temperatures. Much early research
in the former area involved transition metal compounds, such
as [MHHISMHIV4012(02CCH3)16(H20)4]-2CH3C00H~4H20 [3] and
{[Fe'g0,(OH) 3(tacn)g|Bry-H,0}Br-8H,0, where tacn is 1,4,7-
triazacyclononane [4], whilst the latter topic involved cages such as
[Fel'; ,0¢(bta)g(OMe);5Clg ], where Hbta is benzotriazole [5]. Many
subsequent efforts [e.g. 6] used polyalcohol pro-ligands, amongst
others, to connect the metals into larger assemblies, so increasing
the ground state spin, S, as this was initially believed to be the key to
increasing the temperatures at which SMMs could maintain mag-
netised states to a practical level. The challenge of achieving this
is still on-going. Selected examples were well reviewed by Brechin
in 2005 [7], who showcased the SMM behaviour of mostly Mn!!!
and Fe!ll cages. The first of these ions was particularly prevalent in
early research, having a sizable single-ion anisotropy when in the
octahedral configuration, which can define an Ising-type ground
state. Introducing lanthanides into molecular magnetism, a more

recent development, led to large improvements in the energy barri-
ers of SMMs, on account of the anisotropy of Ln!!! jons such as Dy'!l,
Tb'" and Ho!", particularly by Ishikawa, with a [Tb"(Pc);]~ com-
pound [8]. The high spin and isotropy of Gd'!! has achieved similarly
impressive results in increasing the —ASy (MCE) of molecule-
based refrigerants, for example [Gd"!,(0,CCH3)s(H20)4]-4H,0 [9].

Therefore, combined with the established benefits of appropri-
ate d-transition metals, or as homometallic species, lanthanide-
based compounds impart significant structural and magnetic
properties, distinct from their 3d cousins, giving some of the best
performing SMMs and magnetic refrigerants.

1.2. Amino-polyalcohol ligands

An extension of this work uses amino-polyalcohol pro-ligands.
These would seem an ideal continuation of previous efforts as they
possess an affinity to lanthanides due to their O donors, but also
incorporate a new N functionality which can take part in bonding,
though to date there are significantly fewer 3d-4f and 4f com-
pounds of this type than with 3d metals alone, so this is an ongoing
area of research. The focus here will be on those compounds pre-
pared with the pro-ligands teaHs, triethanolamine, and RdeaH,,
functionalised diethanolamines, where R is H or C,Hj,+1; these
being shown in Fig. 1. These are flexible pro-ligands that can bond
to metals in many ways, or with many “modes”. Their profligacy
also stems from the way they exist in a variety of forms, depend-
ing on the basicity of the conditions, as singly, doubly or triply
protonated species as appropriate, in addition to their completely
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