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Message

Peace and prosperity are fundamental aspirations of all
mankind and the role that can be played by science and technol-
ogy towards these ends is vast and boundless. '

For the development of science and technology, the Science
and Technology Foundation of Japan operates the activities to
present the Japan Prize and as well to promote the comprehen-
sive spread and development of thought and information involv-
ing science and technology. As the part of such efforts of
promotion, a Commemorative Lecture by the Prize Laureates is
held annually during the Japan Prize Week.

The Japan Prize is the award to honor those from all over
the world who are recognized to have made original and
outstanding achievements in science and technology and who
have made substantial contributions to the advancement of
science and technology and thus to peace and prosperity of
mankind. The first Japan Prize was presented in 1985.

This year, 1992, the Japan Prize was presented to two
Laureates in two Prize Categories as follows:

Category: Science and Technorogy of Material Inter-
faces
Laureate: Prof. Dr. Gerhard Ertl

Director of Fritz-Haber Institute of Max
Planck Society and Honorary Professor at
the Free University Berlin and at the Techni-
cal University Berlin (Germany)

Category:  Science and Technology for Biological Pro-
duction
Laureate: Prof. Dr. Ernest John Christopher Polge

The Scientific Director of Animal Biotech-
nology Cambridge Ltd(UXK.)

The two professors have been invited to speak at the Com-
memorative Lectures, which are intended to offer a venue for
the Laureates to speak directly to the general public who are
interested in science and technology. We sincerely hope that
these Lectures can provide inspirations and encouragement to
those who will be the potential leaders in science and technol-
ogy of the future generations.

Masami Ito

Chairman

The Science and Technology
Foundation of Japan
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OSAKA April 28(Tue.)
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Opening Remarks

Mr. Tsuguaki Kawamura
Executive Director

The Science and Technology
Foundation of Japan

Introduction of the Laureate
Dr. Akio Yoshimori

Professor

Okayama University of Science

Lecture: “Elementary Processes
in Heterogeneous Catalysis”
Prof. Dr. Gerhard Ertl

Break(15 min.)

Introduction of the Laureate
Dr. Akira lritani

Professor Emeritus

Kyoto University

Lecture:"From Frozen Semen to
the Growth of Biotechnology in
Animal Breeding”

Prof. Dr. Ernest John Christopher
Polge

Closing
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1992 (8th) Japan Prize Laureate
Prize Category: Science and
Technology of Material interfaces

Reasons for Award: :
Contributions to the new development of the
chemistry and physics of solid surfaces
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Prof. Dr. Gerhard Ertl
(Germany)

Director of Fritz-Haber Institute of Max Plack Soci-
ety, Honorary Professor at the Free University Berlin
and at the Technical University Berlin. Born in 1936.

Prof. Ertl is one of the first who noted the impor-
tance of investigating the structural aspects of
chemisorption of hydrogen, nitrogen and other
molecules on metal crystal surfaces and studying
each elementary process in the chemical changes
among adsorbed species in order to understand the
functions of heterogeneous catalysts such as the
one for ammonia synthesis. From early in 1960°s, he
initiated extensive studies in this field developing a
variety of new experimental techniques and have
developed a new research area focused on the
dynamical aspects of the chemical processes
taken place on matal crystal surfaces.

Prof. Ertl elucidated the elementary processes in
the catalysis of ammonia synthesis and showed it
possible to estimate theoretically the yields of the
products in the Iindustrial process of ammonia
synthesis. Also he found for the first time that the
rate of the catalytic oxidation of carbon monoxide
on platinum surfacs periodically oscillated with time
and elucidated that this oscillative phenomenon
arised from the coupling between the chemical
reaction and the surface reconstruction on metal
surface. He succeeded to demonstrate a wave-like
propagation of this catalytic reaction on platinum
surface. These are particularly noteworthy achieve-
ments of Prof. Ertl

With a series of excellent and exiensive studies,
Prof, Ertl has indeed brought out a great progress in
our understanding of catalytic processes and
opened a new research field in the science and
technology of solid surfaces, which is progressing
toward the goal of designing and developing a
catalyst in molecular level.
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ELEMENTARY PROCESSES IN HETEROGENEOUS CATALYSIS

Gerhard Ertl

Over the past decade the production rate of
(synthetic) fertilizers parallels the drastic
increase of the world population. This would not
have been possible without the development of a
chemical process (Haber-Bosch process) which
enables the large scale production of ammonia
(NH,) from nitrogen (N,) and hydrogen (H,).

Air pollution from automobile exhausts is sub-
stantially reduced by catalytic converters trans-
forming toxic substances like nitric oxides (NOx)
and carbon monoxide (CO) into more harmless
ones such as nitrogen, water or carbon dioxide.

These are just two examples for the operation of
a phenomenon called ‘heterogeneous catalysis’
which inter alia underlies the vast majority of
processes of chemical and petroleum industries
and without which the modem world would
certainly look quite different,

The principle underlying heterogeneous catalysis
is the following: The transformation of molecules
into new ones is very often a very slow process,
i.e. the probability of reaction upon encounter (e,
g2N,+3H,~4NH,) is very low, but may be
accelerated by the use of a catalyst. The
latter forms intermediate compounds with the
reacting molecules and thus offers an alterna-
tive reaction pathway with an overall higher
rate. In heterogeneous catalysis this role is
played by the surfaces of solid materials
(frequently metals) which form bouds with
molecules arriving from the gas phase

(“chemisorption’), and hence the study of chemis-
orption phenomena offers the key for elucidating
the mechanism underlying heterogeneously catal-
yzed reactions. This task is, however, seriously
hampered by the following two facts which still
are the reason why this field has an odor of ’
black art’. )

1. Processes occurring in direct contact with the
surface of a solid represent essentially a two-
dimensional scenaric whose investigation
requires experimental tools different from regu-
lar (three-dimensional) chemistry.

2. The surfaces of ‘real' catalysts are generally
quite non-uniform with respect to their chemical
composition as well as structure. Small concen-
trations of additives may act as ‘promoters’
which enhance the catalytic activity, and the
small catalyst particles expose surface planes
with different atomic configurations as deter-

mined by the respective termination of the crys-

- talline solid.

Both problems may now be overcome: the devel-
opment of a whole arsenal of surface physical
methods enables the study of the structural,
electronic and dynamical properties of solid sur-
faces and. of chemisorbed particles on the atomic
level, and the complexity of ‘real’ catalyst sur-
faces is replaced by using well-defined single
crystal surfaces as model systems.

One of the most recent and most powerful experi-
mental techniques is scanning tunneling
microscopy(STM) which enables direct imaging
of surfaces even with atomic resolution. Several
examples will serve to iHustrate the kind of
information which may be provided by this
method: The atomic configuration of the top-
most layer of a solid may correspond to the bulk
termination, but often it may also deviate and the
surface is reconstructed. Chemisorbed species
are frequently forming two-dimensional phases
with long-range order as a conseguence of inter-
action between them as can most conveniently be
probed by low energy electron diffraction
(LEED). The strength of the chemisorption bond
is usually comparable to that between the surface
atoms of the substrate, and as a consequence the
latter may become displaced from their original
positions under the influence of chemisorbed
species. The results may even be macroscopic
restructuring of a catalyst’s surface under the
conditions of steady-state reaction.

Most important is the ability of a catalyst's
surface to break bonds within molecules (‘dis-
sociative chemisorption’) by offering a net energy
gain through the formation of chemisorption
bonds with the fragments. This will also become
evident with the two examples of reactions
whose mechanisms could be elucidated along the
sketched strategy, namely the oxidation of car-
bon monoxide and the synthesis of ammonia.

The reaction CO+1/20,~CO, is most favourably
catalysed by metals of the platinum group
and exhibits probably the simplest mechanism
of all catalytic processes. It involves chemis-
orption of CO as well as dissociative chemis-
orption of oxygen (Q;}). Like on other tran-
sition metal surfaces, CO chemisorbs on plati-
num by coupling of its C-atom end and tends
to form a densely packed configuration.
This bond is of moderate strength and hence
in the temperature range of catalytic reaction
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(>200°C) the thermal energy is sufficient to
initiate also release of this molecule back
into the gas phase (desorption), so that at
given temperature and CO partial pressure a
steady - state coverage of the surface by CO
will result. The O, molecule, on the other
hand, interacts with the surface with bond
breaking into chemisorbed Q atoms. This
step requires an ensemble of several unoccu-
pied neighboring surface platinum atoms
which might, however, already be blocked
by chemisorbed CO molecules. In order to
reduce the CO coverage (at a given partial
pressure in the gas phase) below a critical
value, hence a high enough temperature of
catalyst operation is required. (The chemis-
orbed O atoms, on the other hand, form a
rather open configuration on the surface
which does not appreciably affect the addi-
tional uptake of CO). Once a chemisorbed
O atom is neighboring a chemisorbed CO
molecule these two surface species may
recombine into CO,which molecule is immedi-
ately released into the gas phase, whereby
the previously occupied surface sites become
again available for chemisorption of the
reactants so that the reaction can continuous-
ly go on.

Somewhat more complex is the ammonia syn.
thesis reaction which is a large - scale indus-
trial process using an iron - based catalyst.
In this case, the primary steps consist in dis-
sociative chemisorption of both reactants, N,
and H.. While this process is quite rapid
for hydrogen (H.), bond breaking of the
nitrogen molecule occurs only with rather low
probability and represents hence the rate -
limiting step of the overall reaction. In this
context a particular role is played by the
(111) crystal plane of iron. The incoming
N molecule is at first bonded ‘end-on’ to this
surface with the N-N bond remaining practically
unaffected. As a next step the molecular axis
may become inclined so that both N atoms inter-
act with the surface. In this state the N-N bond
is appreciably weakened so that this species
represents the precursor for complete dissocia-
tion. Once the chemisorbed N atoms are formed
they may successively recombine with chemisor-
bed hydrogen atoms (via NH and NH, surface
species as intermediates) to chemisorbed NH,
which eventually is released into the gas phase.

The dissociation probability of the N, molecule

is enhanced by the presence of potassium on the
surface. Although the overall content of this
element in the actual catalyst is very small (<19%),
it becomes strongly segregated to its surface
which is in fact covered by it to a substantial
extent. The role of this ‘electronic’ promoter
consists in a modification of the nitrogen chemis-
orption bond whereby the dissociation probabil-
ity is increased.

Based on quantitative information about the
individual elementary steps sketched, even the
theoretical evaluation of the overall rate of
ammonia production in an indestrial plant
became feasible, and the predicted data were
found to be indeed in close agreement with the
actual yields measured.

It has thus to be concluded that heterogeneous
catalysis needs no longer to be a ‘black art’, but
that this field now became accessible to atomic
level research.
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1992(8th) Japan Pr.ize Laureate
Prize Category: Science and
Technology for Biological Production
Reasons for Award:

Discovery of a Method of the Cryopreservation of
Semen and Embryos in Farm Animals
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Prof. Dr. Emest John Christopher Polge
(U. K)
F.R.S. Scientific Director of Animal Biotechnology

Cambridge Ltd. and Prof. Emeritus of Cambridge
University. Born in 1926 in England

In 1948, he was first successful in preservation
of fowl spermatozoa by deep freezing, and the
first calf from frozen semen was born in 1951.
These distinguished achievements were attribut-
able to the discovery of good cryoprotective
agents such as glycerol. The deep freezing tech-
nique made it possible to preserve not only
gametes and embryos, but also various biological
materials, conseqgently the technique has greatly
contributed to the development of low tempera-
ture medicine and general cryobiology.

Cryopreservation of spermatozoa and embryos
in cattle was one of the most highly estimated
works of his achivements. About 150 millions of
cows are inseminated with frozen semen and
about 100 thousands of frozen-thawed embryos
are transferred in a year throughout the world.

Furthermore, Dr. Polge has been a leading
scientist in the field of animal biotechnology
such as in vitro fertilization, cloning by nuclear
transfer and production of transgenic animals.

1
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FROM FROZEN SEMEN TO THE GROWTH
OF BIOTECHNOLOGY IN ANIMAL BREEDING

Ernest John Christopher Polge

About 50 years ago artificial insemination was
first adopted in many countries as an important
method of animal breeding. This heralded the
start of a new era of biotechnology which has
now extended into many spheres including
- embryo transfer, in vitro fertilization and genetic
manipulation. All of these have led to major
advances in genetic improvement and animal
productivity or have a great potential to do so,
but artificial insemination still remains the most
widely applied technology.

The discovery in 1949 of an effective method for
the preservation of spermatozoa by deep freezing
led to a revolution in artificial insemination. The
first calf from frozen semen was born in 1951 and
since then the preservation of bull semen by deep
freezing has been very widely applied. The
ability to store semen for prolonged periods of
time effectively removed the constraints of time
and space in animal breeding and led to
improved methods of progeny testing and the
international exchange of valuable genetic mate-
rial.

Apart from the practical applications achieved in
agriculture the demonstration that spermatozoa
could be preserved at very low temperatures by
treatment with cryoprotectants such as glycerol
and a process of slow cooling led to the opportu-
nity to preserve a wide variety of living cells and
tissues of higher ammals which otherwise would
normally be killed by freezing and thawing.
Important applications in medicine also become
possible of which the freezing of red blood cells,
bone marrow and cornea are examples.

Early experiments on the freezing of mammalian
eggs or embryos were relatively unsuccessful.
More dramatic. results were achieved, however,
in experiments on freezing and thawing of ovarian
tissue. Using slices of ovarian tissue treated with
media containing glycerol and frozen slowly to
low temperatures, orthotopic grafting experi-
ments revealed that fertility could be restored to
recipient animals that had previously heen steril-
ized by X-rradiation. This was the first example
of the survival of immature oocytes after expo-
sure to very low temperatures.
Nevertheless, it was not until the early 1970's that
real progress was made on the deep freezing of
mammalian embryos. Survival of mouse embryo
-was achieved following exposure to a permeat-
ing cryoprotective agent and very slow cooling
to a temperature as low as —60C before storage

in liquid nitrogen.

An important relationship was also established
at this time between the rate of rewarming and
the rate of freezing. The first calf born following
transplantation of a frozen/thawed embryo was
in 1973 and an important step towards achieving
this success was the realisation that embryos at
the late morula or blastocyst stage of development
were more resistant to cooling than were em-
bryos at earlier stages. Today, preservation of
embryvos by deep freezing is applied quite
routinely in cattle embryo transfer and accept-
able levels of pregnancy can be achieved.

Over the years a science of cryobiology has
emerged and we now know much more about the
nature of the damage caused to living cells by
freezing and thawing and how it can be avoided.
Experiments carried out both on spermatozoa
and embryos have played an integral role in the
establishment of cryobiological principles. The
better understanding of these principles has led to
wider opportunities as well as to the development
of more recent technologies such as the preserva-
tion of cells by vitrification techniques in which
the formation of ice crystals is avoided.

Major advances have been made during the last
20 vears in techniques for embrvo transfer and
these are now being applied commercially espe-
cially in cattle breeding. Apart from the opportu-
nity for genetic improvement and breed expan-
sion through the greater use of superior female
animals, embryo transfer provides a means for
distributing the whole animal genome rather
than just half the genetic complement as can be
achieved with semen. As an advance on frozen
semen, therefore, frozen embryos provide the
most efficient means of international exchange
of animal genetic material. The threat to a
reduction in genetic diversity, which in one way
is enhanced by modern methods of animal breed-
ing, can at the same time be reduced by the
adoption of genetic conversation programmes in
which spermatozoa and embryos are preserved
in the frozen state.

In contrast to artificial insemination, embryo
transfer is still only applied to a very limited
extent. New methods are now being developed,
however, for the large scale production of em-
bryos by in vitro techniques. These involve the
in virto maturation and fertilization of oocytes
and the culture of embryos to the blastocyst
stage when they can be frozen and distributed for
transfer to recipients. Such technologies herald a




major expansion of embryo transfer. The
methods for in vitro cattle embryo production
are now quite efficient and although early
attempts to freeze in vitro produced embryos
were not very successful many of these problems
have now also been overcome.

The production of embryos by in vitro techniques
represents one application of the recent advances
that have been made in mammalian embryology.
Other opportunities are now also provided such
as the multiplication of embryos by nuclear
transfer techniques and genetic manipuiation by
the introduction of foreigh cloned genes.

Many of these new technologies are in their
infancy. As they advance it is certain that the
ability to freeze and store valuable genetic
material in the form of gametes or embryos will
play an important role in their future application.
It is important, however, that, as with frozen
semen, the applications which arise will be
applied to enhance the peace and prosperity of
mankind.
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