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Metal hydrides are essential intermediates for
many important processes in alternative energy
production such as hydrogen (H,) production or
H, oxidation, electrochemical reduction of
carbon dioxide (CO;) to carbon based fuels, and
the hydrogenation of CO; and carbon monoxide.
These processes are the future of the alternative
energy landscape and necessary developments
to combat global climate change. Development
of catalysts that can be better tuned particular
chemical reactions will increase the efficiency
and success of the chemical processes
necessarily for alternative energy production.
The review by Drs. Taheri and Berben in this
issue discusses the efforts to prepare catalysts
that selectively perform CO, reduction rather
than favoring H, production. In their review, a
selection of iron carbonyl cluster catalysts that
vary in their ability to reduce CO; or produce H,
based on their structure and hydricity are
discussed (Taheri and Berben 2017).

Importance of Hydricity in Water

Hydricity is the thermodynamic parameter for
the loss of a hydride (H') and is defined by the
Gibbs free energy for for the hydride transfer to
solvent (AG®.) (Wiedner, Chambers et al. 2016).
Most hydricity measurements have been
calculated in organic solvents such as
acetonitrile, however, most hydride transfers in
alternative energy reactions occur in water. The
relative hydricity values change significantly in
pure water as compared to the hydricity values
in organic solvents. The hydricity value in water
can provide insight to whether the reaction will
favor H, production or CO, reduction. This
review provides great insight for the use of this
thermodynamic parameter as a measure to
evaluate electrocatalyst function.

Metal Hydride Intermediates for H, or Formate
Production

A series of different iron carbonyl cluster
catalysts  prepared, containing differing
interstitial atoms (N or C). These catalysts
exhibit different reactivity for H, production or
CO, reduction based on the identity of the
interstitial atom. The [HFesN(CO)12]" complex
containing a nitrogen atom as the interstitial
atom was found to favor CO, reduction to
produce formate through catalytic experiments
with cyclic voltammetry (HCOO’) (Taheri,
Thompson et al. 2015). Alternatively, the
[HFesC(CO)12]* complex with a carbon atom as
the interstitial atom was found to favor H,
production (Taheri and Berben 2016). The
reduced hydricity of the N containing complex
was suggested to play a role in the selectivity of
the complex for CO; reduction. The studies have
further been extended to phosphine and
hydroxyl substituted catalysts with nitrogen
atoms as interstitial atoms and analysis of the
hydricity parameters has been able to evaluate
which catalysts are effective for H, production
vs. CO; reduction (Loewen, Thompson et al.
2016). These results provide an opportunity to
classify these catalysts for CO; reduction solely
based on hydricity and help with the design of
next generation catalysts that will increase
catalytic efficiency and selectivity.

Bridging Hydride Intermediates

Bridging hydrides between two metal complexes
have often been observed as side reactions or
byproducts, because they are poorly reactive
(Johnson, Nielsen et al. 2016). Future efforts to
design CO; reduction catalysts could use the
bridging hydride design a method to selectively
tune the hydricity to conditions that minimize H,
and maximize CO; reduction (Taheri and Berben
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2017). These catalysts may have better overall
catalytic function for CO; reduction as they react
poorly and therefore are less susceptible to side
reactions that form H,. This strategy has the
potential to redirect systems formerly seen as
“failed” H; production catalysts to fully
functional systems for selective CO; reduction.

The reduction of CO;into fuels such as formate
is an important part of the alternative energy
future. These types of multimetallic carbonyl
clusters are one of the many ways we will
develop more alternative fuel catalysts in the
future.
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