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The Evans NMR method (1) for determination of
paramagnetic solutes in a diamagnetic solvent is very
attractive because a common NMR instrument, often
found in a department of chemistry, allows the accurate
measurement of paramagnetic susceptibilities (2). Nu-
merous applications have been found in coordination
chemistry for the determination of the effective magnetic
moments of complexes (2, 3) and for the quantitative de-
scription of spin-state equilibria of iron complexes (3, 4).

We wish to draw attention on the problem of the “sol-
vent correction” used in the Evans method, which has
been critically reexamined recently by Grant (5) for small
paramagnetic molecules in which the diamagnetic con-
tribution is negligible. According to Evans (1), the mass
susceptibility χ (cm3 g{1) of the dissolved substance is
given by eq 1, where δν is the shift in frequency (Hz)
from the value found for the pure solvent (δν > 0 for para-
magnetism and δν < 0 for diamagnetism); m is the con-
centration of the solute (g cm{3); Sf is the shape factor of
the magnet (4π /3 for a cylindrical sample in a supercon-
ducting magnet (sample axis parallel to the magnetic
field) and {2π/3 for an iron core magnet (sample axis per-
pendicular to the magnetic field) (6); ν0 is the operating
frequency of the NMR spectrometer (Hz); χ0 (cm3 g{1) is
the mass susceptibility of the pure solvent (χ0 < 0); and
d0 and ds are the densities of the pure solvent and solu-
tion, respectively.

   
χ = δν

ν0 Sf m
+ χ0 + χ0

d0 – ds

m (1)

Introduction of the diamagnetic contribution of the
compound χM

dia (cm3 mole{1) together with substitution of
the paramagnetic mass susceptibility (χ) by the para-
magnetic molar susceptibility χM

p (cm3 mole{1) leads to eq
2, where M p is the molecular mass of the dissolved para-
magnetic compound (g mole{1).

   
χM

p = δν p Mp

ν0 Sf mp + χ0 Mp + χ0 Mp d0 – ds
p

mp – χM
dia (2)

Since ds
p tends to d0 for diluted solutions, many au-

thors (2–4) neglect the term (d0 – ds
p) / mp and the effec-

tive magnetic moments µeff (in Bohr magnetons) can be
obtained using eq 3 (6).

   
µeff = 2.828 T Mp

Sf mp
δνp

ν0
+Sf mp χ0 –

Sf mp

Mp χM
dia (3)

However, Grant (5) has recently pointed out that this
approximation is erroneous because both the numera-
tor (d0 – ds

p) and the denominator (m p) tend simulta-
neously to zero for diluted solutions, producing an inde-
terminate value for the term (d0 – ds

p) /mp whose limit

is approximately equal to {1 (5). Grant thus concludes
that the third term of eq 2 cancels the second term and
that less error is introduced if both terms describing the
“solvent correction” are neglected, leading to eq 4.

   χM
p = δνp Mp

ν0 Sf mp – χM
dia (4)

For small molecules, it is certainly justified to ne-
glect the diamagnetic contribution χM

dia (5), but large
paramagnetic supramolecular assemblies (7) or biomol-
ecules (8) require a dependable determination of the dia-
magnetic contribution because the temperature-depen-
dent paramagnetism is often only a small part of the
whole signal (8). To solve this problem, the diamagnetic
susceptibilities of the appropriate apoprotein (i.e., the
derivative of the actual protein in which the paramag-
netic ions have been eliminated [9]) or of the analogous
supramolecular assemblies where the paramagnetic
metal ions have been replaced by appropriate diamag-
netic ions must be studied independently. When the
Evans NMR method is used for the determination of (i)
the paramagnetic moments (χM

p) and (ii) the diamagnetic
contributions (χM

dia) of a large molecule in a given sol-
vent (i.e., a paramagnetic protein and its apo- form or a
paramagnetic supramolecular assembly and its diamag-
netic analogue), the “solvent correction” affects both mea-
surements similarly and is canceled when χM

p is calcu-
lated with eq 2.

Let us consider a paramagnetic supramolecular com-
plex of molecular mass M p and its diamagnetic analogue
of molecular mass Mdia, where the paramagnetic metal
ions are replaced by similar, but diamagnetic, ions. In
the first experiment, the diamagnetic contribution is ob-
tained with the Evans method applied to the magnetic
susceptibility of the diamagnetic complex according to
eq 5 (δνdia ≤ 0). This contribution is then introduced into
eq 2 and the paramagnetic susceptibility is measured
in a second experiment for the paramagnetic supramo-
lecular complex. The paramagnetic susceptibility (χM

p) is
calculated according to eq 6 (δν p ≥ 0).

   χM
dia = δνdia Mdia

ν0 Sf mdia
+χ0 Mdia +χ0 Mdia d0 – ds

dia

mdia (5)

   
χM

p = 1
ν0 Sf

δνp Mp

mp – δνdia Mdia

mdia
+χ0 Mp – Mdia

+ χ0

Mp d0 – ds
p

mp –
Mdia d0 – ds

dia

mdia

(6)
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As the two complexes are very similar, their molecu-
lar masses are almost identical (M p ≅ Mdia) and the sec-
ond term of eq 6 tends to zero. For sufficiently large mol-
ecules, the diamagnetic contribution is large enough to
be detected by the Evans method at concentrations simi-
lar to those used for the calculation of paramagnetic sus-
ceptibilities. Under these conditions, m p ≅ mdia and
ds

p ≅ ds
dia; the third term of eq 6 is essentially canceled,

leading to the approximate eqs 7 and 8 for the calcula-
tion of the paramagnetic susceptibility and magnetic
moment, respectively.

   
χM

p = 1
ν0 Sf

δνp Mp

mp – δνdia Mdia

mdia (7)

   
µeff =2.828 T

ν0 Sf

δνp Mp

mp – δνdia Mdia

mdia (8)

It thus appears that the solvent corrections are can-
celed if the diamagnetic and paramagnetic contributions
can be determined independently using the Evans
method and the following criteria: (i) the analogous para-
magnetic and diamagnetic compounds display similar
molecular masses and (ii) the same conditions are used
for both experiments (temperature, concentration, sol-
vent). Recently, Linert et al. (10) have used a related
method for the determination of the diamagnetic sus-
ceptibilities (χM

dia) of heterocyclic ligands in iron com-
plexes, but they neglect “the solvent corrections” with-
out explicit justifications.

Supramolecular lanthanide assemblies offer a
unique possibility for testing this technique since the
free-ion approximation (8) still holds for the calculation
of paramagnetic moments in complexes of lower symme-
try as a result of the significant shielding of 4f orbitals
by 5s and 5p electrons (11), and this provides reliable
predictions for the magnetic moments of complexes in
solution (8). We have recently shown (7, 12) that the seg-
mental ligand L reacts with Zn(II) and Ln(III) (Ln =
Lanthanide = La, Ce, Pr, Nd, Sm, Eu, and Y) to give quan-
titatively the heterodinuclear triple helical complex
[LnZn(L)3]5+ in acetonitrile (Fig. 1). During the first ex-
periment, the diamagnetic contribution is measured for
the diamagnetic complex [YZn(L)3]5+ in degassed aceto-
nitrile containing 1% TMS as an indicator (mdia = 0.0181
(g cm{3), δνdia = { 4.4 Hz at ν0 = 300.075 3 106 Hz), then
the paramagnetic moments of Ln(III) (Ln = Ce, Pr, Nd,

Sm, Eu) in [LnZn(L)3]5+ are determined under the same
conditions using eq 8 leading to values of µeff very close
to those reported for the free ions (12). This simple ex-
ample clearly demonstrates that eq 8 is experimentally
confirmed and that the solvent correction is removed for
large paramagnetic molecules.
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Figure 1. Self-assembly of [LnZn(L)3]5+ in acetonitrile.


