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The first iron(III) complexes with a chelating diamido
ligand, {FeX[tBuN(SiMe2)]2O}2 (X � Cl, Br), form halide-
bridged dimers in which each iron(III) centre exhibits 3/2,
5/2 quantum spin admixture; the two metals show weak
antiferromagnetic coupling.

Iron() centres exhibit a remarkably wide range of single-ion
magnetic behaviour. Many octahedral high (S = 5/2) or low
(S = 1/2) spin complexes of this d5 centre are known and non-
octahedral/tetrahedral geometries can generate intermediate
spin (S = 3/2) complexes as well.1 In addition, a small group of
mononuclear iron() complexes show a rare form of magnetic
behaviour known as quantum mechanical spin-admixture, in
which there is a mixing of the S = 5/2 and S = 3/2 spin states
through spin–orbit coupling, generating a new discrete spin-
state.2–4 The history of these spin-admixed Fe() complexes has
been dominated by macrocyclic-based systems 5 as a result
of modeling studies of the bacterial heme proteins known as
ferricytochrome c�, which show spin-admixture.6 Fe(TPP)ClO4,
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Fe(Me8TPP)ClO4
8 and (Pc)FeCl 9 are among the few iron()

complexes exhibiting spin-admixture. However, the observation
of this interesting magnetic phenomenon beyond macrocyclic
systems has not been widely reported; the spin-admixed com-
plex FeBr2[N(SiMe2CH2PPh2)2] is one of the only examples
known to date.10 We herein report, to the best of our know-
ledge, the first multinuclear, non-macrocyclic Fe() complexes
to exhibit quantum mechanical spin-admixture.

Reaction of the diamido ligand Li2[
tBuN(SiMe2)]2O

11 with
FeX3 (X = Cl, Br) in Et2O at �30 �C resulted in an immediate
colour change to dark purple. From this solution, the air-
sensitive {FeX[tBuN(SiMe2)]2O}2 (1, X = Cl; 2, X = Br) com-
plexes were isolated in moderate yield.12 The 1H NMR spectra
of 1 and 2 have broad, shifted peaks consistent with their
paramagnetism (see below). Single crystals of 1 were obtained
by slow evaporation of a hexanes solution.

The single crystal X-ray structure (Fig. 1) of 1 clearly reveals
a centrosymmetric, dimeric complex in the solid state.13 The
Fe1–Fe1* distance of 3.4784(20) Å precludes any bonding
interaction between the metal centres. Each iron centre is
coordinated to two amido donors, two bridging halides
and also weakly to the oxygen atom in the ligand backbone
(Fe1–O1: 2.597(4) Å). Hence, each iron() centre is roughly
five-coordinate, with a distorted trigonal bipyramidal geometry.
The asymmetric nature of the bridging chlorides is exemplified
by the different Fe–Cl bond lengths of 2.3181(19) (Fe1–Cl1)
and 2.4652(17) Å (Fe1–Cl1*). The Fe–N distances of 1.887(5)
Å, and 1.894(4) Å are shorter than the 1.917(4) Å found
in the classic trigonal planar Fe[N(SiMe3)2]3 complex.14 Other
relevant comparisons include the Fe–N bond lengths of
1.951(6) Å in trigonal bipyramidal FeBr2[N(SiMe2CH2PPh2)2]
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and 1.896(5) and 1.900(5) Å in tetrahedral, high-spin
Fe(pyridine-d5)(NRArF)2 (R = C(CD3)2CH3, ArF = 2,5-
C6H3FMe).15 Note that 1 is the first structurally characterized
iron() complex utilizing chelating diamido donors.

The temperature (T ) dependence of the magnetic suscept-
ibility (χM) of 1 and 2 were measured from 2 to 300 K.16 The

plot of µeff vs. T  per iron atom for 1 is shown in Fig. 2; no
maximum in χM is observed at any temperature. The bromo-
analogue 2 shows similar behaviour. The µeff values of 4.5 and
4.4 µB for 1 and 2 respectively at 300 K are much lower than the
expected spin-only value for a pure S = 5/2 high spin state (µeff =
5.92 µB; 5 unpaired electrons) and significantly higher than the
spin-only value for a pure S = 3/2 intermediate spin state (µeff =
3.87 µB; 3 unpaired electrons). In addition, the data above 50 K
could not be fit at all to the equation describing two antiferro-
magnetically coupled high-spin Fe() metal centres.1 The
profile of the µeff vs. T  curve is also not consistent with that of
a thermal spin-equilibrium between either a S = 3/2 to S = 5/2
spin state or S = 1/2 to S = 5/2 spin state.1 However, the data is
readily explained if the Fe() metal centres exist in a 3/2, 5/2
spin-admixed state. The µeff value for 1 at 300 K corresponds to
a 24% high-spin (S = 5/2) admixture into an S = 3/2 state
according to the simple Maltempo model.3

Fig. 1 Molecular structure of 1 (50% probability ellipsoids are shown;
tert-butyl groups simplified for clarity). Selected bond lengths (Å) and
angles (�): Fe1–Fe1* 3.4784(20), Fe1–O1 2.597(4), Fe1–Cl1 2.3181(19),
Fe1–Cl1* 2.4652(17), Fe1–N1 1.887(5), Fe1–N2 1.894(4), Si1–N1
1.718(5), Si2–N2 1.723(5), Si1–O1 1.635(4), Si2–O1 1.637(4), N1–C10
1.466(8), N2–C20 1.471(8); Cl1–Fe1–Cl1* 86.75(6), Cl1–Fe1–N1
115.36(15), Cl1–Fe1–N2 117.63(17), Cl1*–Fe1–N1 107.90(12), Cl1*–
Fe1–N2 108.34(13), N1–Fe1–N2 115.99(21), O1–Fe1–Cl1* 79.74(9),
O1–Fe1–Cl1 166.43(9), O1–Fe1–N1 68.39(17), O1–Fe1–N2 68.55(17),
Si1–O1–Si2 141.18(23). * = 1 � x, �y, 2 � z.

Fig. 2 Graph of magnetic moment (µB) vs. temperature (K) for 1.
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The drop in the µeff of 1 from 4.5 µB at 300 K to 3.0 µB at 50 K
is indicative of weak antiferromagnetic coupling between the
spin-admixed iron atoms of the dimer. Qualitative support for
this comes from the µeff vs. T  data for mononuclear FeBr2-
[N(SiMe2CH2PPh2)2]

10 and intermediate-spin Fe(4,4�-bipy)2-
(NCS)3,

17 both of which, unlike for 1, have nearly temperature
independent magnetic moments above 20 K—no magnetic
coupling can occur in these cases. Below 20 K, both of these
mononuclear systems show zero-field splitting effects which
cause a drop in µeff to 3.5 and 3.8 µB respectively; this also
occurs in 1 but its µeff at 2 K is much lower, at 1.5 µB. Detailed
modeling of the magnetic data for 1 may not yield meaningful
results given the simultaneous presence of weak antiferro-
magnetic coupling, zero-field splitting (at low T ) and a spin-
admixed system, for which a comprehensive model beyond the
oversimplified Maltempo one is not accessible.1,4

Additional evidence discounting a pure S = 5/2 spin state
comes from the UV-vis spectra of 1 and 2. A high-spin state
would lack any spin-allowed d–d transitions. However, a spin
state incorporating either S = 3/2 or spin-admixed character
could have spin-allowed transitions. Both 1 (484 nm; ε = 4877
M�1 cm�1) and 2 (458 nm; ε = 5017 M�1 cm�1) have absorbances
in the visible region that could be assigned as d–d transitions,
as have been described for intermediate-spin FeCl3�2PMe3.

18

However, the possibility that these transitions could be due to a
charge-transfer process cannot be completely discounted.

The Mössbauer spectrum (Fig. 3) of 1 at 4.2 K provides
convincing supporting evidence for spin-admixture in these
systems. The isomer shift (δ) of 1 is �0.25 ± 0.02 mm s�1 (vs.
α-Fe foil). Iron() spin-admixture is characterized by an
extremely wide quadrupole doublet,2,9 compared with a much
smaller (or zero) splitting for high-spin iron() systems.19 The
large ∆EQ = 3.52 ± 0.02 mm s�1 for 1 can be compared with the
2.94 and 3.5 mm s�1 reported for (Pc)FeCl 9 and Fe(TPP)ClO4,

7

typical macrocyclic spin-admixed iron() systems. The bromo-
complex 2 has an identical spectrum. Importantly, the
Mössbauer spectra of 1 and 2 remain unchanged at 77 K and at
room temperature, confirming the lack of spin-equilibrium
behaviour.

In conclusion, compounds of the type {FeX[tBuN(SiMe2)]2-
O}2 (X = Cl, Br) have been shown to exhibit the rare form
of magnetic behavior known as quantum mechanical spin-
admixture. The effect of altering the electronic and steric
properties of the ligand on the spin state and coordination
geometry of these unique Fe() diamido complexes is under
investigation.
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Fig. 3 Mössbauer spectrum of 1 at 4.2 K.
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