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Results

Introduction
In this work, we investigate novel high spin Cobalt (II) complexes in a variety
of electronic environments using multi-frequency, high field Electron
Paramagnetic Resonance (EPR). EPR is a spectroscopic method that is often
used for transition metal ions to sense the interactions of their unpaired
electrons with the environment. Standard EPR works at an X-band microwave
frequency of approximately 9.5 GHz, while in this work frequencies up to
50-650 GHz were used. In order to obtain spectra, a sample is placed in the
magnetic field which is swept from 0 to 14.5 T. The sample is irradiated with
microwaves of fixed frequency and the energy absorption is recorded as a
function of the magnetic field.

Theory
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A spin state S has 2S+1 sub-states characterized by the MS quantum number.
In a free ion, the energies of all MS states are equal, but interaction with the
electric fields of neighboring atoms combined with the spin-orbit coupling
may split them even in the absence of the magnetic field. The spins state
energies can be calculated by methods of quantum mechanics using the spin
Hamiltonian operator Ĥ = µBB·{g}·Ŝ + D{Ŝz2-S(S+1)/3} + E(Ŝx2- Ŝy2)
The D value describes the axial component of the interactions (deviation from
the octahedral symmetry), and E describes the deviation from the axial
symmetry.
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(Above) EPR Spectra of a Co-A18 at 5K and 208 GHz. (Exp: Blue, Sim: Red)
(Below) Frequency Dependency of Co-A18. The green, blue and red lines are
calculated at the X, Y and Z orientations, respectively.
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(Above) EPR Spectra of a Co-A17 at 5K and 208 GHz. (Exp: Blue, Sim: Red)
(Below) Frequency Dependency of Co-A17. The green, blue and red lines are
calculated at the X, Y and Z orientations, respectively.
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The above picture was produced using D = 2cm-1 and E=0.4 cm-1 for S=1.
The upper level has the MS quantum number 1, below that follows 0 and -1.
Labels |1>, |0>, |-1> are often used. The distance at zero field between the
upper levels is 2E. The three zero-field energies are actually -2D/3, D/3-E, D/
3+E. The transitions were calculated with frequency 224 GHz. Energy axis is
in cm-1.
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A18
(Above) For negative D values, an "uniaxial" spectrum is expected - only the
molecules whose Z axis is close to the magnetic field direction contribute to the
powder spectrum. Experimental(Blue) Expected (Red)

With the same D and E one gets for S=3/2 the picture below. Note that even
with non-zero E there are unsplit level pairs at zero magnetic field. The
distance between these Kramer’s doublets at zero field is 2 D 2 + 3E 2

Conclusions
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In A17(left) the crystallography reports the asymmetric unit (black inset). The molecule contains a twofold symmetry axis, or a C2 axis, passing through Co and the N atom upper-left from Co. A 180 degree
rotation of the asymmetric unit about that axis generates the remaining atoms. A18 (right) does not
have such symmetry.

The zero-field splitting parameters D and E in both compounds studied here are of the
order of hundreds of cm-1 and even with frequencies as high as 600 GHz no transitions
between the Kramer’s doublets can be observed. Only the transitions within the lower
Kramer’s doublet are seen. The spectra of both complexes could be simulated with
axial g values (gx=gy), a very large positive D value and quite different E/D ratios. The
higher E/D ratio of 0.295 in A18 compared to 0.115 in A17 is associated with the lower
symmetry of A18, as it is lacking the two-fold axis. Future studies will include the
magnetic susceptibility measurements and by incorporating that data into the analysis,
we may be able to determine a precise D value.
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