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Magnetic Studies and 1 and 2 
 

Experimental 
The samples used for magnetic measurements were sealed under vacuum in 3 mm diameter 

quartz tubing. The sample magnetization was measured using a Quantum Design MPMSXL7 
superconducting quantum interference magnetometer. For each measurement the sample was 
zero-field cooled to either 2 or 6 K and the moment was measured upon warming to 320 K in an 
applied field of 0.001 T. Additional time was allowed between each measurement at the lower 
temperatures to ensure thermal equilibrium between the sealed sample and the temperature 
sensor. Diamagnetic corrections of –0.000672, –0.000591, and –0.000455 emu/mol Fe, obtained 
from tables of Pascal’s constants, have been applied to the measured susceptibility of 1-3, 
respectively. 

 

Results and Discussion 
Magnetic Properties. The magnetic properties of 1 have been measured from 6 to 320 K in 

a 0.001 T applied field. The resulting effective magnetic moment, μeff, and the inverse molar 
magnetic susceptibility, 1/χM, are shown in Figure A. In 1 1/χM is linear from 6 to 320 K and 
yields a Curie constant, C, of 3.496 emu K/mol Fe, a Weiss temperature, θ, of –5 K, and a 
corresponding μeff of 5.29 μB, values that are fully consistent with the structure of 1 which 
contains two very well separated, virtually paramagnetic, high-spin, iron(II) ions. 

A fitA,B of either the observed μeff, see Figure A, or of χMT, of 1 from 30 to 320 K yields g = 
2.167(2) and J = –1.11 cm–1, a fit that indicates the presence of weak, but not unexpected, 
intramolecular or intermolecular exchange coupling between the iron(II) ions. Below ca. 30 K 
the moment is somewhat higher than predicted on the basis of the exchange coupling fits and 
may indicate the presence of some single-ion zero-field splitting. [I have tried fits with D, but so 
far they fail. I will continue trying to do fits below 30 K.] 

The magnetic properties of 2 have been measured from 2 to 320 K in a 0.001 T applied field; 
the resulting μeff, which decreases almost linearly from 2.74 μB at 8 K to 2.43 μB at 320 K, and 
1/χM are shown in Figure B. The plot of 1/χM is not strictly linear but does correspond to the 
expected paramagnetic nature of 2. Because of the curvature found in 1/χM, linear two least 
squares fits have been obtained. Between 2 and 100 K the fit yields a C of 0.914 emu K/mol Fe, 
a θ of 0.32 K, and a corresponding μeff of 2.70 μB. Between 200 and 300 K the fit yields a C of 
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0.632 emu K/mol Fe, a θ of 49 K, and a corresponding μeff of 2.25 μB. These results are 
consistent with the approximately trigonal iron(V) coordination environment of 2 and an iron(V) 
3d3 electronic configuration with two paired electrons and one unpaired electron; the 
corresponding ground state could thus be a 2A, 2B, or 2E state. The exact reason for the virtually 
linear decrease in μeff upon warming from 8 to 320 K is not obvious but is probably the result of 
a combination of spin-orbit coupling, a varying orbital contribution, and a second order Zeeman 
contribution to the magnetic susceptibility. The decrease in μeff below 8 K is, no doubt, the result 
of weak long-range intermolecular antiferromagnetic exchange.  

 

References and Notes 
(A)  Ginsberg, A. P. Inorg. Chim. Acta 1971, 5, 45-68. 
 
(B)   For the details of the Hamiltonian used in the fits see: Sutton, A. D.; Ngyuen, T.; 

Fettinger, J. C.; Olmstead, M. M.; Long, G. J.; Power, P. P. Inorg. Chem. 2007, 46, 4809-
4814. 

 
Figure Captions 
 
Figure A. The temperature dependence of μeff of 1. The solid line corresponds to a molecular 

exchange fit with g = 2.167(2) and J = –1.11(3) cm–1. Inset: The temperature 
dependence of 1/χM and its linear fit with the Curie-Weiss law. 

 
Figure B. The temperature dependence of μeff of 2. Inset: The temperature dependence of 1/χM 

and its higher and lower temperature linear fits with the Curie-Weiss law. 
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Figure A. 
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Figure B. 
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DFT calculations on model species M2 
 

All the electronic structure calculations were performed with Gaussian 03 program [Ref 
R1] using several hybrid and pure functionals (see Table S1) combined with a double-ζ quality 
6-31g* basis set or with Slater type orbitals using TZP basis set of triple quality and PBE0 
functional, as implemented in ADF [Ref R2]. Optimization of the model compound M2, 
Ar*Fe(NBut)2 (Ar* = (2,6-Ph)2-C6H3) at various levels of theory yielded structural parameters 
reported in Table S1. The bond lengths, bond angles and the close-to-planarity structure of the 
CipsoFeN(N) core are reproduced correctly (with the overall best agreement with experimental X-
ray data for BLYP/6-31g(d) and B3LYP/6-31g(d) levels of theory) except for the N-Fe-N angle, 
which is clearly overestimated in all the optimized geometries. This is most likely due to steric 
constraints present in the Kohn-Sham crystal lattice due to the very large size of the terphenyl 
ligand.  

The analysis for the Kohn-Sham [KS] orbitals shows that the unpaired electron is almost 
exclusively localized in the dxz orbital of the iron, as visualized by the corresponding spin density 
plot (see Fig. S1) as well as the corresponding spin density from the Mulliken spin population 
analysis (Table S2). Only very slight spin polarization is observed on the nitrogen atoms. The 
HOMO can be described as a bonding π type orbital extending over the N-Fe-N core of the 
molecule, with essentially two pz N orbitals in phase with the two lobes of the dxz orbital of Fe, 
while the LUMO is essentially the same type of orbital with inversed phases for the nitrogen pz 
orbitals.  

Additional calculations performed on the fully symmetrized model species with reduced 
ligand size (PhFe(NMe)2) where the orientation of the phenyl ring was set either coplanar, 
perpendicular or at 45º relative to the NFeNCipso plane (53º in the X-ray structure of the title 
compound), did not show any significant differences in the MO picture relative to this 
orientation, except for a very slight changes in the order of the molecular orbitals. Interestingly 
(and in accordance with the trend observed for the previously optimized M2 structure), the 
lowest energy was obtained for the species where the phenyl ring is perpendicular to the 
NFeNCipso plane (relative energies for the perpendicular, 45º bent and planar forms are 0.0, +0.7 
and +1.4 kcal mol-1 respectively.). This probably explains the “intermediate” 53º Ph-NFeN angle 
obtained from the X-ray structure, that could be caused by the inability of the big terphenyl 
ligand to adopt a more perpendicular structure due to the steric constraints. 
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Figure S1. Geometry of the M2 model species Ar*Fe(NBut)2 (Ar* = (2,6-Ph)2-C6H3) optimized 
at BLYP/6-31g(d) level of theory. 
 
 
 
 
 

 
 
 
Figure S2. Plot of the spin density for the M2 Kohn-Sham Ar*Fe(NBut)2 (Ar* = (2,6-Ph)2-C6H3) 
species. 
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Theoretical level CipsoFe Fe-N(1)/N(2) CipsoFeN(1)/N(2) N(1)FeN(2) Planarity1 CCipsoFeN2

       
Experimental 2.013 1.619 (1.642) 118.6 (119.5) 121.9 359.8 51.7 
B3LYPa/6-31g(d) 1.974 1.614 (1.614) 108.2 (108.5) 141.4 358.1 66.3 
SVWNb/6-31g(d) 1.893 1.596 (1.597) 106.0 (106.8) 138.4 351.2 51.3 
PBE0c/6-31g(d) 1.948 1.615 (1.616) 109.8 (109.9) 136.4 356.1 59.7 
BLYPd/6-31g(d) 1.973 1.624 (1.625) 111.5 (112.1) 133.4 357.0 63.5 
HCTHe/6-31g(d) 1.959 1.606 (1.608) 111.1 (112.2) 133.4 356.7 63.7 
PBE0c/TZP (STO)1.968 1.621 (1.622) 108.3 (108.7) 140.4 357.4 60.4 

 
Table S1. Important geometrical parameters of the optimized M2 model species. 1Calculated as 
Σα(CipsoFeN(1) + CipsoFeN(2) + N(1)FeN(2)). 2By convention, the smallest angle is reported. 
aB3LYP is Becke three parameter hybrid functional with the correlation functional of Lee, Yang, 
and Parr using local and non-local terms. LYP provides the non-local correlation, while the local 
correlation is provided by VWN Vosko, Wilk, and Nusair 1980 correlation functional functional. 
bSVWN of a Local Spin Density Approximation (LSDA) type uses the Slater exchange and the 
VWN correlation functional of Vosko, Wilk, and Nusair. cPBE0 is a hybrid functional using the 
exchange term of Perdew, Burke and Ernzerhof and a gradient-corrected correlation functional 
of the same authors. dBLYP is a pure gradient corrected LSDA method functional using 
exchange correction of Becke and the correlation function of Lee, Yang and Parr. eHCTH is 
Handy's family functional (HCTH/407) including gradient-corrected correlation. 
 
 
 
 
 
 
 
 

Atom Cipso Fe N(1) N(2) C(CH3)3  
      
Spin density -0.049 1.050 -0.018 -0.025 0.017 

 
Table S2. Mulliken spin densities for selected atoms in the optimized geometry of M2 obtained 
at PBE0/TZP level of theory.  
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Relevant KS-MO’s for the M2 model species obtained at B3LYP/6-31g(d) level of theory. 
Orbital energies in [eV]. 
 
 
 

α β 
  

 
-2.18866 

 
-1.56279 

 

 
-1.81123 
 

HOMO-LUMO GAP  

 
 
-5.45519 
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Relevant KS orbitals for the PhFe(NMe )2 model species in perpendicular conformation (phenyl 
ring perpendicular to the NFeN fragment) with the corresponding symmetry labels. 
Computed electronic state = 2B2. 
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