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Table S1. Pre-edge energies at the Co K-edge for compounds in Co oxidation states ranging

from +3 to -1, including additional commercial reference compounds not listed in Table 1.

Sample Oxidation state Pre-edge energy (eV)
Co(NH3)eCl3 3 7709.7
LiCoO, 3 7709.7
Co(acac)s 3 7709.8
Co(acac), 2 7709.3
Co(acetate), 2 7709.3
CoCl, 2 7709.2
CoF, 2 7709.2
CICo(PPh3);3 1 7708.4
ClZr(MesNP'Pr,);Col (3) 1 7708.4
('PrNHPPh,);Col (4) 1 7708.0
HOZr(MesNPPr,);CoCO (5) 0 7707.8
[Co(CO)4]Na -1 No peak
(THF)Zr(MesNPPr,);CoN, (1) -1 No peak
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Figure S1. Solid state XANES Co K-edge spectra from 7680.0 eV to 7760.0 eV of complex 1
and the Co™ complex Na[Co(CO),].
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Figure S2. Solid state XANES Co K-edge spectra from 7680.0 eV to 7760.0 eV of complex 1
and the Co" complex Co(acac); (acac = acetylacetonate). The Co'™ reference has a pre-edge
feature at 7709.8 eV, while the pre-edge feature of 1 is absent (the small shoulder observed in
this region is the leading edge of the XANES and not a pre-edge feature). The significantly
higher energy of the edge of Co(acac); is indicative of a higher oxidation state, as would be

expected.
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Figure S3. Solid state XANES Co K-edge spectrum from 7680.0 eV to 7760.0 eV of complex 1

(blue) and its first derivative (red). The position of the edge energy is denoted by a vertical

dotted line.
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Figure S4. Solid state XANES Co K-edge spectrum from 7680.0 eV to 7760.0 eV of complex 3

(blue) and its first derivative (red). The position of the edge energy and the pre-edge energy are

denoted by vertical dotted lines.

Normalized absorption

1.2

1.0

0.8 -

0.6

0.4

0.2

0.0

-0.2

7680 7700 7720 7740 7760
Photon energy (eV)

S5



Figure S5. Solid state XANES Co K-edge spectrum from 7680.0 eV to 7760.0 eV of complex 4

(blue) and its first derivative (red). The position of the edge energy and the pre-edge energy are

denoted by vertical dotted lines.
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Figure S6. Solid state XANES Co K-edge spectrum from 7680.0 eV to 7760.0 eV of complex 5

(blue) and its first derivative (red). The position of the edge energy and the pre-edge energy are

denoted by vertical dotted lines.

Normalized absorption

1.2

1.0

0.8

0.6

0.4

0.2 -

0.0

-0.2

7680 7700 7720 7740 7760
Photon energy (eV)

S6



Figure S7. Solid state XANES Co K-edge spectrum from 7680.0 eV to 7760.0 eV of

Na[Co(CO),] (blue) and its first derivative (red). The position of the edge energy is denoted by a

vertical dotted line.
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Figure S8. Solid state XANES Co K-edge spectrum from 7680.0 eV to 7760.0 eV of

CICo(PPh;); (blue) and its first derivative (red). The position of the edge energy is denoted by a

vertical dotted line.
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Figure S9. Solid state XANES Zr K-edge spectrum from 17960.0 eV to 18060.0 eV of complex

1 (blue) and its first derivative (red). The position of the edge energy is denoted by a vertical

dotted line.
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Figure S10. Solid state XANES Zr K-edge spectrum from 17960.0 eV to 18060.0 eV of

complex 3 (blue) and its first derivative (red). The position of the edge energy is denoted by a

vertical dotted line.
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Figure S11. Solid state XANES Zr K-edge spectrum from 17960.0 eV to 18060.0 eV of

complex 5 (blue) and its first derivative (red). The position of the edge energy is denoted by a

vertical dotted line.
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Figure S12. Solid state XANES Zr K-edge spectrum from 17960.0 eV to 18060.0 eV of

complex 6 (blue) and its first derivative (red). The position of the edge energy is denoted by a

vertical dotted line.
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Table S2. Comparison of selected interatomic distances derived from the DFT-optimized

geometry and the experimentally determined geometry (X-ray crystallography) of 1.!

Computed (DFT-optimized) Experimental (X-ray)!
Zr-Co 241 A 236 A
Zr-0O 249 A 246 A
Zr-N (avg) 2.18 A 2.15A
Co-P (avg) 2.26 A 222 A
Co-N 1.81 A 1.83 A
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