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From these representations, it can be seen that some mJ states are prolate (i.e. they 
align with the magnetic easy axis), while others are oblate (with the principal axis in 
the easy plane), and we can rationalise how the strength and geometry of the ligand 
field will influence the energies of these states. At very low temperatures, such as 
those involved when considering single molecule magnets, it is possible to consider 
just the lowest energy mJ state, and with the aid of low temperature EPR studies (<10 
K, where kT< 7 cm-1), suitable ligand field models can be described that may provide 
a lead to improved magnetic properties. 21  
However, the situation is still more complex if we consider spectroscopic techniques 
that are routinely applied at ambient temperatures. If we consider that the relative 
energy (and indeed relative order) of the mJ  states is determined by the crystal field, 
while the relative population of the mJ states will be given by a Boltzmann 
distribution, it is clear that even subtle changes to the local ligand field can skew the 
relative populations of the mJ manifold. For instance, in computational models of the 
mJ manifold in [DTMA.Yb.F]2+, (DTMA:1,4,7,10-tetraazacyclododecane-tetra-
acetamide) changing the Yb-F bond length fundamentally alters the relative energies 
and populations of the four ytterbium (III) mJ levels, (2F7/2 ground state, with ±7/2, 
±5/2, ±3/2 and ±½ mJ states), as illustrated in Figure 3a. 8 This change in population 
can radically alter the nature of the anisotropy, leading, vide infra, to very large 
changes in observed spectroscopic phenomena. Similarly, changes to the substitution 
pattern in a series of [Ln.DTMA] derivatives can cause dramatic variations to the 
observed magnetic anisotropy, suggesting that even subtle changes to the ligand 
donor set or solvation sphere can be used to “tune” the anisotropy. It is thus necessary 
to consider the whole of the local environment around the metal centre and its 
geometry, rather than just the metal itself or the donor set of a multi-dentate ligand.  
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Figure! 3! ! ! ! a)! Calculated! variations! in! mJ! energy! levels! and! magnetic! anisotropy! for!
[Yb.DTMA.F]2+! for! Yb:F! separations! of! 1.89! (left)! and! 2.32! Å.! The! coloured! shapes! represent!
vertical! sections! through! a!magnetic! anisotropy! spheroid!plane!defined!by! the!Yb:F! axis;! their!
relative! size! reflects! the! Boltzmann! population! of! the! levels! in! each! manifold! at! 298K.! 8! b)!
Representing! the! variation! in! observed! magnetic! anisotropy! for! a! series! of! ytterbium! (III)!
complexes!with!ligands!related!to!DTMA,!in!the!presence!and!absence!of!fluoride!9!!

R=R’=H	
R=H,	R’=Me	
R=R’=Me	
R=H,	R’=	Bn	
R=H,	R’=C6H4OMe	
R=H,	R’=C6H4NO2	
R=H,	R’=C6H4F	
	
	


