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ABSTRACT:

The late Professor Su-Moon Park was an exemplary scientist, teacher and human being. It was my
good luck and privilege to have had the opportunity of working under his guidance as a graduate
student. Herein, I describe briefly the development and growth of some of the ideas in his career

and how he and they influenced my career.
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1. Introduction

In the Fall of 1976, I became a graduate student at the
University of New Mexico and there began taking a
class in electrochemistry taught by Professor Su-Moon
Park, who was a brand-new faculty member, recently
having gotten his PhD under the direction of Professor
Allen J. Bard at the University of Texas. It was to
become a life-changing experience to be taught by this
bright, energetic, young professor. I ended up working
in his group, doing research in organic electrochemistry,
and becoming one of the first of his students to earn a
Ph.D. Subsequently, he continued to build an impres-
sive career, contributing greatly to several areas in elec-
trochemistry. The ideas he developed were based on his
early experiences, and the ideas [ have been developing
have also been based on my early experiences in his

group.
2. Early Influences
After graduating from Seoul National University and

working in industry for several years, Su-Moon Park
decided in 1970 to take a giant step, moving to the USA

*Corresponding author. Tel.: +81-55-254-7137
E-mail address: donald@yamanashi.ac.jp

and entering graduate school. As a Master’s student in
the Department of Chemistry at Texas Tech University,
Park came into contact with two of the University’s
leading lights, Professor Pill-Soon Song and Professor
Henry Shine. Song was a great role model, being a
major researcher in photobiology as well as being the
editor of the Photochemistry and Photobiology. He
made many contributions to the understanding of light
receptors in biological systems, as well as to the
mutagenic effects of photoexcited molecules,' Shine
was an authority on radicals and electron spin resonance
spectroscopy.® Park also met Professor William Hern-
don of the University of Texas at El Paso, who was a
quantum chemist and an authority on conjugated 7-
bonded systems and graph theory.*® From all three
men, Park learned the art of identifying a fertile research
area and then developing it intensively. From Song, he
gained a deep appreciation of photochemistry. From
Shine, Park began to appreciate the interesting aspects
of radicals, cation, anion and neutral, which were highly
important in his PhD work. From Herndon, he learned
to appreciate m-conjugated systems, which were also
important in his PhD work and became even more
important in his subsequent development as a young
faculty member, specifically on the electrochemistry of
both polycyclic aromatic hydrocarbons and conductive
polymers.
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3. Graduate Studies

Park then joined the group of Professor Allen J. Bard
at the University of Texas at Austin in 1972 and began
working on one of Bard’s well known projects, electro-
generated chemiluminescence (ECL).”"!° This was to
become an area shared between these two scientists.
ECL is an intriguing phenomenon in which an electro-
chemical reaction produces light: a cation radical is pro-
duced at the positive electrode in an electrochemical
cell, and an anion radical is produced at the negative
electrode, in close proximity to each other, so that they
can combine with each other to produce an electroni-
cally excited species such as an excited dimer (exci-
mer), if the radicals are produced from the same
compound, or an excited complex (exciplex), if the rad-
icals are produced from different compounds.'’ Typi-
cally, relatively large polycyclic aromatic compounds
are used in order to stabilize the charges, by allowing
the charge to be highly delocalized.

In Austin, the art of identifying broad research ideas
in need of development was reinforced. Bard continued
a long string of numbered ECL papers and also initiated
another long string of numbered papers on semiconduc-
tor electrochemistry. At the time that Park was at UT-
Austin, the Bard group was without a doubt one of the
most active in the field of electrochemistry. Professor
Larry Faulkner was also at UT-Austin, and he and Bard
began collaborating on one of the best-known books on
electrochemistry, Electrochemical Methods.'> Many
members of the Bard group went on to high-level posi-
tions in industry and academia. Park was able to gradu-
ate in only three years with his PhD, demonstrating his
work ethic and focus.

4. University of New Mexico

In 1975, Park joined the faculty of the Department of
Chemistry at the University of New Mexico in Albu-
querque, New Mexico. Even though the Department
was not at the level of the University of Texas, for
example, Park decided that it was a place where he
could build his career. The Department had a number of
excellent faculty members, including several of his own
generation, and it had close ties to Sandia National Lab-
oratory, also in Albuquerque, and Los Alamos National
Laboratory. The Department Chair was Professor Guido
Daub, a prolific synthetic organic chemist. Park joined
the other members of the analytical chemistry division,

including Professor Thomas Niemczyk, an expert in
atomic absorption spectroscopy, and Professor Thomas
Jones, an expert in separations. In 1973, T was working
as an analytical chemist with the State of New Mexico’s
Department of Health and decided that I should take
advantage of the opportunity to take part-time classes at
the University of New Mexico, so I began to take
classes in the analytical division. Finally, in 1976, 1
decided to enter graduate school full-time. It was then
that I first met Professor Park, as a student in his course
in electrochemistry.

Through the enthusiasm of Professor Park, I quickly
became interested in electrochemistry. At that time, it
was a very mysterious subject for me, having only been
exposed to potentiometric methods with ion-selective
electrodes as an analytical chemist. It became clear that
the subject was much larger, encompassing all sorts of
interesting phenomena and applications. I checked out
every book in the library that I could find on the subject
and found several by Professor John Bockris that also
fueled my enthusiasm."*!* Bockris was a very interest-
ing writer, with a unique viewpoint, which involved
heavy criticism of the analytical bent of most electro-
chemists at that time. In his classes, Park also talked
about many non-analytical aspects of electrochemistry,
having come from the Bard group, in which every pos-
sible aspect was represented.

At that time, [ was very much excited by the prospect
of photoelectrochemical water splitting, which had been
published for the first time by Fujishima and Honda in
1972, a paper that engendered intense interest around
the world.!® Park was starting a project on this topic, and
I was keen to work on it, but another student, James
Wilson, selected it first.'®!” Little did I know at that time
that I would have a chance to work with Professor
Fujishima in Japan, although on other topics.

My second choice was the electrochemistry of poly-
cyclic aromatic hydrocarbons (PAH), many of which
had been shown to be both mutagens and carcinogens.
This was an area that Park had become interested in at
Texas Tech. Luckily, Professor Daub at UNM had syn-
thesized a number of different monomethyl and dime-
thyl benzo[a]pyrenes (B[a]P), which could be examined
electrochemically (see Fig. 1A for the B[a]P structure).
One undergraduate student, Jon Michnovicz, and I
started to work on this topic, he taking the dimethyl
B[a]P compounds'® and I taking the monomethyl com-
pounds.' I preferred the latter, because we had the pos-
sibility of examining all twelve of the possible isomers,
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Fig. 1. Space-filling representations of optimized structures
for (A) benzo[a]pyrene (B[a]P); (B) B[a]P-6-oxo radical; (C)
B[a]P-9,10-diol; (D) B[a]P-9,10-dione; (E) B[a]P-9,10-dione
anion radical; (F) B[a]P-9,10-dione anion radical adduct with
0,, front view; (G) B[a]P-9,10-dione anion radical adduct
with O,, side view; (H) Pt(111) 40-atom cluster with O,
adsorbed in a bridging configuration. The optimizations were
carried out with the Accelrys DMol® density functional
theory package (54, 55) using the dspp pseudopotential (56).

checking their electrochemical properties and compar-
ing those with their mutagenic properties. It was also
possible to carry out extended Hiickel molecular orbital
calculations on such compounds, as well as their oxida-
tion products. It was at this point that I became inter-
ested in theoretical calculations, which seemed even
more mysterious than electrochemistry.

When I started this work, there were several different
hypotheses that were being tested around the world
regarding the reasons for the mutagenicity of B[a]P, one
of these being the fact that it was able to form a rela-
tively stable oxo radical (Fig. 1B), due to the effective
conjugation with the benzo ring system. Even though it
is stabler than other radicals, it was thought to be suffi-
ciently reactive to covalently bind to DNA bases.?**!
Therefore, my research plan involved testing this
hypothesis electrochemically, by determining the stabil-
ity of the respective oxo radicals of this set of com-
pounds." As it turned out, there was not a statistically
significant relationship between the radical stability and
the carcinogenicity data that we were able to find. This

was not surprising in retrospect, because a group at the
US National Institutes of Health was coming up with
the real reason for the high activity of B[a]P compared
to the other BP isomer, B[e]P, in which the benzo ring
attached to pyrene was in a different position. These
workers found that for B[a]P and other similar com-
pounds, there is a “bay” region (due to its bay-like
shape) that is easily attacked by cytochrome P-450 to
produce a highly mutagenic product, a diol epoxide.”**
The latter was found to be a precursor for a radical that
was able to covalently bind to DNA bases.

Even though this was almost certainly the major path-
way for the mutagenesis, we were able to show that, if
one oxidized B[a]P electrochemically in the presence of
water and DNA, the oxidation products, which could
have included the oxo radical, were able to bind
covalently to DNA.*

Also, as it turns out, another well-known electro-
chemist, Professor Ralph Adams of the University of
Kansas, who had also written an influential electro-
chemistry book,” was studying the electrochemical oxi-
dation of B[a]P and found that the oxidation products
included several diones or quinones (see, e.g., Fig. 1D),
which can easily be converted electrochemically or
chemically to the corresponding anion radicals (semi-
quinones) (Fig. 1E).% Other groups had found that the
chemical or electrochemical reduction of the quinones
of PAHs and similar aromatic systems can produce
semiquinones, which can in turn reduce dioxygen to the
superoxide anion radical O,*™, if their standard electrode
potential is negative enough (see Figs. 1F, 1G) (27).
These diones then have the possibility of being cyto-
toxic.

Parenthetically, the interaction of O, with non-metal-
lic systems such as this is still a matter of some contro-
versy, which is beyond the scope of the present paper.
Briefly, we find a significant difference in O, adsorption
behavior comparing a semiquinone such as that shown
in Figs. 1F and 1G with that for a metal surface such as
Pt(111) (Fig. IH). We intend to report those results in a
separate publication.

Certainly, we were a bit disappointed that we did not
find the key to the mutagenicity of PAHs, but we felt
that it was useful to have tested our hypothesis. There
were other benefits for me, such as a long-term interest
in carbonaceous materials and also a long-term interest
in dioxygen reduction, both of which have continued to
the present. Later, when I went to work for Professor
Yeager at Case Western Reserve University (CWRU), |
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found that one of his great interests was dioxygen
reduction on non-metallic electrodes such as graphite.”
30 We then worked on elucidating the surface functional
groups on carbon and graphite surfaces that might be
catalytic sites, concluding that these were quinone-
like.>! Also, the same reaction pathways that Jeftic and
Adams had identified for B[a]P? are generically the
same as those occurring during the oxidative degrada-
tion of carbon black support materials in polymer elec-
trolyte fuel cells.*

Another one of Park’s early students was an under-
graduate, Mark Paffett, who later became a graduate
student at Caltech with Professor Fred Anson, publish-
ing a large number of interesting papers. There, he met a
graduate student from Korea named Chi-Woo Lee, the
current President of the Korean Electrochemical Soci-
ety. At that time, Lee and Park did not know each other
but later became close associates, especially when Park
returned to Korea. Paffett later worked at Los Alamos
National Laboratory and carried out some interesting
work on platinum-chromium alloy catalysts for dioxy-
gen reduction in acid solution as a model system for a
proton-conducting ionomer.

In that work, he and the other authors claimed that the
enhancement in the electrocatalysis was due simply to
the increased roughness of the surface that developed
when the chromium was leached out in the acidic envi-
ronment.*® Even at present, in our work at the Fuel Cell
Nanomaterials Center, we cite this paper, because it was
the first to state this surface area model for enhanced
alloy catalysis. However, even though this model might
be valid for platinum-chromium, we believe that it is
not valid for our catalyst of choice, platinum-cobalt. For
the latter, our Center’s Director, Professor Masahiro
Watanabe, proposed in 1994 that the enhanced catalysis
was due to an electronic effect of the alloy acting
through an extremely thin, pure platinum “skin” layer,
even after correction for any changes in surface area.**

In fact, Professor Watanabe and his group have been
working on the detailed explanation of this effect at
present, using a combination of several powerful exper-
imental techniques, including X-ray photoelectron spec-
troscopy combined with electrochemistry (EC-XPS)*>
3% and electrochemical quartz crystal microbalance
(EQCM), ¥ as well as density functional theory (DFT)
calculations. Many other groups have also been work-
ing on this problem, and there has been a kind of con-
sensus that first-row transition metals such as iron,
cobalt and nickel, when alloyed with platinum, weaken

the adsorption of the dissociation products of dioxygen,
O and OH, which could otherwise tie up adsorption
sites at which O, could adsorb.*' However, we are find-
ing evidence to the contrary. We, like Professor Park,
believe in doing electrochemistry in our own way.

The largest research area that Park claimed as his own
was the electrochemistry of conductive polymers.
When [ was at UNM, another PhD student, David Stil-
well, was already starting to work on the first papers in
this long numbered series. These papers are among the
most highly cited of Park’s impressive list of publica-
tions.**” The general theme of imbuing organic poly-
mers with interesting, useful properties such as
electronic conductivity was then just at the very begin-
ning, but it continues even today. Polyaniline, for exam-
ple, has turned out to be an exceedingly versatile
material, finding applications in electroanalysis, batter-
ies and fuel cells.

One of the other areas that Park pioneered was the
electrochemistry of coal slurries. Another member of
our early group, Patrick Dhooge, was the PhD student
working on this topic. One of the motivations was to see
if coal could be utilized directly as a fuel in an electro-
chemical cell, without much preprocessing.*®* This
line of research was definitely something novel, and one
could just proceed without worrying whether someone
else was doing the same thing, but there were also very
few guidelines. However, this did not deter Professor
Park. This was a good example of his fearless approach.
The idea of using solid carbonaceous fuels directly in
fuel cells continues even today.

Professor Park continued to be a strong contributor to
the Department of Chemistry. One of his contemporar-
ies was Professor Robert T. Paine, an inorganic chemist
and pillar of the Inorganic Division. Paine writes, “Su-
Moon Park and I were close friends and colleagues, and
it was with great sadness that I learned of his recent
passing. We shared many of the same professional
experiences during the start of our independent scien-
tific careers in the Chemistry Department at the Univer-
sity of New Mexico. We both began, one year apart, as
Assistant Professors in a department where teaching
loads were high and research progress was accom-
plished against many internal and external hurdles with
minimal financial backing. During the twenty years that
we were colleagues, we witnessed many changes in the
local education culture, and we and others molded a
dramatically different organization within the Chemis-
try Department. In this period, Su-Moon was a steady,
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dependable leader. He was a creative and demanding
classroom instructor in both the undergraduate and
graduate programs. He was also a wonderful mentor to
his own graduate students and other students in the
Analytical program. The impact of his research pro-
gram initiated at UNM was extensive at the time and his
contributions continue to be trend setting today. Su-
Moon’s leadership and grace has been greatly missed
since his return home to Pohang University.”

5. Pohang University of Science and Tech-
nology

While at the Electrochemical Society Annual Meet-
ing in St. Louis in 1979 to present my graduate research,
to which we had journeyed in Professor Park’s automo-
bile, I met Professor Ernest B. Yeager of Case Western
Reserve University. I ended up working at CWRU with
him for many years. Then, in 1995, at the suggestion of
Professor Daniel Scherson, I applied to work with Pro-
fessor Akira Fujishima, of photo-assisted water splitting
fame, at the University of Tokyo. Soon after joining
Fujishima, Professor Park very kindly invited me to
visit him in his laboratory at the newly established
Pohang University of Science and Technology
(Postech), which he had just recently joined. He was so
kind that he arranged for me to take a grand lecture tour
of Korea, including stops in Pusan to visit Professor
Yoon-Bo Shim of Pusan National University, with
whom he was collaborating, Dr. Gwanghoon Kwag of
Kumho Petrochemical in Daejeon, who had been at
CWRU working with the well-known inorganic chem-
ist, Professor Malcolm Kenney, and Dr. Chong-Hong
Pyun of the Korean Institute of Science and Technology
in Seoul, who had gotten his PhD at UNM shortly after
me and was an expert on inorganic phosphors and digi-
tal instrumentation.

Later, Professor Park visited the Fujishima Labora-
tory in Tokyo, and these two men started a new collabo-
ration on diamond electrochemistry. Fujishima had a
large project on this topic, and I was one of the members
of the diamond group. In fact, Professor Park and Pro-
fessor Fujishima published three papers together,’!->
two of which [ was a coauthor. As you can see, one can
work together over many decades!

Not too long ago, Professor Park and Professor
Watanabe had a chance to meet at a conference to com-
memorate the retirement of Professor Hasuck Kim from
Seoul National University. This also became a chance to

renew my contact with Park, and he and I corresponded
about another possible visit to Korea, which he was
planning for me. Early this year, I was greatly saddened,
as were many people, to hear of his passing. We miss
him very much. Let us strive to keep his fearless, inde-
pendent investigative spirit alive.
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