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Mechanistic Understanding of 1e” vs 2e- Redox Reactions with Nickel
Coordination Compounds
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ABSTRACT

Multi-electron redox chemistry with first-row transition metal coordination
compounds are challenging to observe due to their tendency to react via
one-electron (le”) pathways. Large structural changes around the metal
center are often needed to induce potential inversion of the le- reduction
potentials, thus leading to a favorable two-electron (2e) pathway. The
unique redox cycle of nickel dithiocarbamates (Ni(dtc).) offers the ability to
better understand these reactions by displaying 2e- chemistry upon
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.: oxidation from Ni(II) — Ni(IV) but 1e- chemistry upon reduction from Ni(IV) S
o= — Ni(III) — Ni(II). Cyclic voltammetry and rotating ring-disk experiments :%:
e show that these 1le” and 2e” pathways can be controlled by the addition of =

ancillary ligands such as pyridine derivatives and Lewis acids such as Zn(II).
Specifically, the addition of pyridines to the electrolyte solution results in
transient trapping of the intermediate Ni(III) state along the 2e" oxidation
path by coordinating to the metal center. Mechanistic electrochemical
studies along with EPR analysis reveal that pyridine coordination is
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) kinetically rapid, resulting in a mixture of five-coordinate [Ni(dtc).py]* and =
s . . - . . . @
ﬁe six-coordinate [Ni(dtc)2(py)2]* species which decay to [Ni(dtc)s]* by parallc_el &
Lxd pathways. On the reduction side, the addition of Zn(II) to the electrolyte is Py
:%“: shown to consolidate the two 1e” reduction peaks into a single 2e" reduction :3;%:
= where [Ni(dtc)3]* is reduced directly to Ni(dtc)2. The Zn(II) ions are believed =
5% to coordinate with sulfurs on the dtc ligands in the secondary-sphere and 3
sﬁe aid in the disproportionation of Ni(III) intermediates so that a rapid 2e- n&
nE reduction event may be observed. Overall, these studies point to a highly Py
:%: tunable redox cycle where 1le” or 2e" reaction pathways may be dictated by :»'%:
= the electrolyte solution. Notably, in the case of Zn(Il) addition, a reversible =
5% 2e” redox wave is observed with cyclic voltammetry, therefore showing the o

. . o¥a
szt'_e storage of multiple electrons per nickel center. P
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b Byron was born in Camden, SC and received his B.S. in Chemistry from the e
sﬁ@ University of South Carolina in 2008 working with John Ferry on metal oxide w&
P photocatalysts for environmental remediation. He then obtained his Ph.D. in by
:%: Chemistry in the research group of Jerry Meyer at Johns Hopkins University :%:
o in 2012. His dissertation focused on understanding the complexities of aa
nE : : o : 78
e electron transfer associated with dye-sensitized solar cells. After completing e
sﬁe his thesis, he joined the group of Thomas J. Meyer at the University of North si;‘_e
P Carolina - Chapel Hill as a postdoctoral research associate working on by
:g; interfacial electron transfer reactions with degenerately doped metal oxide :%:
= nanocrystals. In the summer of 2016, he joined the faculty of the =
) Department of Chemistry and Biochemistry at Auburn University as an o
s‘;v:;'.e Assistant Professor to begin his own academic career. Byron’s scientific eﬁe
R interests lie in the fields of inorganic and physical chemistry with emphasis e
w in the areas of solar energy conversion, electrochemical energy storage, :%:
:%: electron transfer, and nanostructured materials. He is the recipient of a =
rA UNC-CH Postdoctoral Award for Research Excellence and an NSF CAREER =
e award. )
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