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ORRASA IN-NOI : SYNTHESIS AND SPECTROSCORPIC,
ELECTROCHEMICAL, AND COMPUTATIONAL STUDIES OF
ORGANOMETALLIC COMPLEXES FOR HYDROGEN PRODUCTION

THESIS ADVISOR : ASSOC. PROF. KENNETH J. HALLER, Ph.D. 145 PP.

[FeFe]-HYDROGENASE/PROTON REDUCTION/ELECTROCHEMISTRY/

HYDROGEN PRODUCTION/IRON-SULFUR COMPLEX/DFT

Hydrogen is an attractive alternative fuel for clean energy that is efficiently
produced in nature by hydrogenase enzymes. Complexes containing the [2Fe2S] core,
inspired by the [FeFe]-hydrogenase active site, have potential for electrocatalytic
hydrogen production from protons and electrons. The [2Fe2S] complexes with
unsymmetrically substituted thiolate ligands, anti-[(z-methylthiolato)(u-phenylthio-
lato)Fe(CO)g] (1) and anti-[(x-methylthiolato)(u-2-thienylthiolato)Fe,(CO)s] (2) were
synthesized by Grignard cleavage of [(x-S2)Fe2(CO)g] followed by methylation. The
complexes with methyl groups in equatorial positions and phenyl or thienyl groups in
axial positions were isolated as the major products. Structural analysis, spectroscopy,
electrochemistry, and density functional theory (DFT) calculations were performed.

Complexes 1 and 2 show similar infrared absorption spectra in carbonyl stretching
region with 1 slightly red shifted compared to 2, presumably because of more electron
richness on its diiron center of 1 which is also provides a shorter Fe—Fe bond and slightly
more negative in initial reduction potential for 1. Electrocatalyzed proton reductions of 1
and 2 were examined by cyclic voltammetry. The initial reduction occurs at —1.4 to -1.5
V vs. Fc'/Fc and generates the reactive catalysts which then catalyze proton reduction

from acetic acid solutions at about -1.8 V; at a relatively low potential compared to



[1-(1,2-benzenedithiolato)Fe,(CO)e] and [u-(1,3-propanedithiolato)Fe,(CO)g] as catalysts.
The catalytic peaks completely disappear in saturated CO solutions, suggesting that CO
may block the protonation site on the reactive species or inhibit generation of the
catalytically active species. Adding acid to the solution shifts the initial reduction in a
positive direction suggesting a hydrogen bond effect or protonation of catalyst molecules
which can reduce electron density on the iron center. In addition, the catalytic behavior of
2 is limited when adding more acetic acid up to 50 mM suggesting other processes may
proceed. Under N, saturated solution with and without acetic acid, catalytic potential at
around —2.2 V clearly shows a progressively positive shift with repeat scan without
polished electrode between each scan. One possible explanation of this positive shift is
electrode coating by reduced species.

DFT calculations of some reductive models including rotated form of dianions
and unrotated form of dianions with dissociation to monomer anions, have been
attempted to proposed reduction mechanism. The calculated initial reduction potential
close to the experimental value is obtained. However, the calculated oxidation potential

of these reductive models is quite far from the experimental value.
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