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REPORT
Philip Coppens

During my 16 day visit to Japan I participated in the Sagamore
Conference on charge, spin and momentum densities and visited a number
of laboratories. I was impressed by the time, effort and means presently
being invested in Japanese science.

The Sagamore Conference at Nikko is a continuation of a series
started in 1964 in Sagamore, N.Y. The conferences bring together a
community of solid state physicists, theoretical physicists and chemists
and crystallographers, interested in the measurement of electron densities
and their interpretation in terms of properties of molecules and solids.
A strong interaction between theory and experiment is typical for the
work, with at present experiment being ahead of theoretical calculation
in several cases, such as anisotropy of momentum densities, detailed
Fermi surfaces and charge densities 4n complicated molecules. The
advent of synchrotron radiation is 1ikely to further improve the quality
and detail in experimental resuits. Undoubtedly this will be accompanied
by new theoretical advances and stimulate debate at future Sagamore
conferences. Hopefully cross-fertilization between the different
specializations, which is still inadequate notwithstanding the success
of the conferences, will improve with further meetings.

The laboratory visits I made were at least as interesting as the
conference. I visited the Photon Factory at Tsukuba, the Institute for
Solid State Physics in Tokyo, the High-Intensity X-ray Laboratory in
Nagoya, the Institute for Molecular Sciences in Okasaki, the Department
of Materials Science at Hiroshima University, and the Chemistry Depart-
ments of the Tokyo Institute of Technology and Keio University in
Yokohama. The Photon Factory seems well advanced and ahead of other
comparable facilities abroad in several of the experiments planned.

I was especially impressed by the active participation of University
based researchers in the work. The existence of the Photon Factory
appears to stimulate inter-University cooperation, a considerable fringe
benefit. I believe that it will similarly serve to promote international
exchange in particular between Japanese and U. S. Tlaboratories.
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REPORT

Ferenc Mezei

I have arrived to Japan on August 1, 1982 by Aeroflot via Moscow in
company of my wife and our daughter, who was 6 months old at that time. This
date was later than originally planned. The delay was due to the combined ef-
fect of a conference, of the complexity of the arrangements necessary (visa
problems, advance booking of the flight) and of the lack of flexibility in
our planning due to the problems caused by the baby, which obliged us to tra-
vel together all the way and on a relaxed and safe schedule.

During my stay in Japan, I have stayed at and visited the following ins-
titutions :

- August 1-15 : Institute of Solid State Physies of the University of
Tokyo, host : Prof. Y. Ito. From there,I have made short visits to the Depar-
tment of Physics, Ochanomizu University (Profs. H. Ikeda and A. Ito) and to
the Japan Atomic Energy Research Institute, Physics Division (Dr M., Iizumi).

- August 16~26 : Physics Department, University of Sendai, host Prof.

Y. Ishikawa.

— August 27-31 : KENS facility at the National Laboratory for High Ener-
gy Physics, Tsukuba, hosts : Prof. Y. Ishikawa and Prof. N. Watanabe, and vi-
sited the Electrotechnical Laboratory, Tsukuba (Prof. S. Ogawa) and the Insti-
tute of Physics, Tsukuba University (Prof. H. Nagasawa).

- September 1-4, Hakone : participation as invited speaker at the Yamada
Conference VI. on Neutron Scattering.

- September 5-10, Kyoto : participation as invited speaker at the Inter-
national Conference on.Magnetism 1982.

- September 11 : Faculty of Engineering Science, Osaka University, host
Prof. Y. Yamada.

Most of the discussions during these visits centered around neutron scat-
tering methods, facilities and results. In particular various aspects of the
Neutron Spectral Modulation (NSM) technique have been thoroughly discussed
with Prof. Ito and his group, who are pioneering this method, which represents
a new manner of using polarization modulation in high resolution inelastic
neutron spectroscopy. The method is being tested at JAERT on the versatile
polarized neutron spectrometer PANSI, with promising results. Another center



of gravity of my visits was the KENS pulsed neutron source at the KEK in
Tsukuba. This facility, including by now 8 neutron spectrometers, was built
in an impressively short time and it places Japan in the front-line of advan-
ced neutron source research., On the whole, the development activity in the
field of neutron scattering became very important in Japan in the last few
years, and without doubt, this marks just the begimning of a process which
will assure a faster progress of neutron scattering research in Japan than in
most other countries. This choice is well justified and in view of the stea-
dily widening field of applications of neutron scattering, many of which are
unique, the substantial development effort in this field corresponds to the
general interest of a balanced evolution in condensed matter research.

One of the key factors of the efficient use of neutron scattering fa-
cilities is their availability for a wide community of university researchers,
for whom the neutron information can be an indispensable complement to their
research. This approach has good traditioms in Japan, and my visits allowed
me to get aquainted with a few examples. This aspect is also emphasized in
the organization of the user groups at the KENS facility, and I think it has
to be maintained and developed in the future. In the past, the relatively low
flux neutron sources available in Japan were mainly suited for diffraction
work, and the majority of the university groups worked in this field. I consi-
der the very big variety of subjects as an importamt asset of Japanese univer-
sity research, which is certainly due to the large number of universities and
independent research groups within these universities. Compared with other
countries, a larger fraction of the permanent staff enjoys positions which al-
low them to be very independent in their research (professors and associate
professors). This certainly helps to develop a wide spectrum of subjects, as
long as the number of graduate students is suffiecient (as it seems right now).
The small number of technicians employed was a surprise to me, but the scheme
gives good results. For example, the construction of the neutron scattering
instruments at the KENS facility would have required at least two times as ma-
ny permanent people in Europe.

In this context, I would like to stress one aspect of the organisation
of scientific activity. The two opposite extreme points of view, namely the
search for fashionable highlights which are rapidly changing, and the syste-
matic exploration of a broad spectrum of subjects, appear contradictory in
practice. Of course, both approaches should be ideally pursued at the same
time, but with the evolution within a given field of research the emphasis
might shift in time. In my opinion, in condensed matter research this shift
happens now towards the systematic, wide spectrum approach. This might happen
because with time research has to go in more and more details and extend to
more and more complicated systems, and at the same time, the interest boosted
by industrial applications does not decrease. This is why I think that the
very broad spectrum with a large number of independent research groups in
Japanese condensed matter physics, which is a disadvantage under certain cir-
cumstances, becomes more an advantage in the following decades.

To conclude, I would like to thank the kind support of Yamada Science
Foundation and the hospitality of my hosts at the various places we went to.
They organized our trip in a perfectly smooth way and were kind emough to
belp us with getting everything we needed for eurselves and, more particular-
ly, for the baby. On the basis of our experience, I would encourage anyone
who might hesitate, as we did, to embark on the adventure of travelling with
a small child as far as Japan, to go ahead with confidence.
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REPORT
E.R. Marshalek

1. Lectures

I had the honor of delivering two lectures at the Kyoto Summer
Institute, entitled "Boson-Fermion Expansions." A nicely comple-
mentary treatment of the same subject was also discussed at the
KSI by Prof. Yamamura. In this way, the students obtained a well-
rounded view of this aspect of nuclear collective motion.

On July 23, I was invited by Prof. Miyanishi to Tecture at
the physics department of Nagoya University. The title of the
lecture was "Treatment of Goldstone Modes in Nucear Physics."
This was an expanded version of the talk I had given earlier in
the month at the Mount Fuji Conference. Since Prof. Miyanishi
has been studying the problem of Goldstone modes associated with
particle-number conservation from a somewhat different perspective,
the visit was mutually very beneficial.

2. Scientific Discussions and Collaborations

During this period, I profited greatly from many discussions
with Japanese colleagues, as well as with foreign guests during
the KSI. In particular, I would 1ike to cite valuable conversations
with Prof. Yamamura and Dr. Matsuyanagi and their students. Prof.
Yamamura unveiled a new boson expansion for the group SU(2n+l),
which I found very intriguing. This work is especially interesting
for two reasons. First, as a point of general interest, it shows
that systems with odd fermion numbers can be described entirely
in terms of bosons. Many people have believed this is possible
only for even numbers of fermions. Second, I believe that there
are many possibilities for applying this new expansion in nuclear
physics. Prof. Yamamura and I hope to collaborate on such applica-
tions in the future.

Dr. Matsuyanagi and I have been discussing the theory of high-
spin states. We have both been interested in épplications of the
random-phase approximation (RPA)} to this regime. In particular,
the standard theory of oblate isomors seems to have same deficiencies.

— 13—



To remedy this in the standard approach requires going beyond the
RPA. However, I have pointed out a possibility for solving the
problem within the realm of the RPA, provided that in the oblate

limit certain parameters remain finite. To settle this question

shall require further calculations on which we hope to collaborate.

3. Research

In addition to the above activities, I have been continuing
work started in the U.S.A. on the application of the Marshalek-
Weneser method to three-dimensional nuclear rotation at low spin.

4.  Concluding Remarks

I wish to express my deep appreciation to the Yamada Science
Foundation for its generous support, and to the members of the
Kyoto University Physics Department with whom I interacted for
their incomparable hospitality. I am very grateful for the oppor-
tunity to experience first-hand the outstanding and imaginative
physics being done in Japan today. I hope that I have been able

to make some small contribution in return.
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REPORT

Henri Beneit

Following the kind invitation made by the Japanese Polymer
Society and your generous allocation of travel expenses, it has been
possible for me to visit Japan, unfortunately only for a few days because
it was the beginning of the academic year in France and it was impossible

for me to stay longer.

On october 15th (Friday) I arrived at 6h30 at OSAKA International
Airport where I was meet there by Prof. Nakajima and two of his coworkers.
They brought me to the Kyoto Hotel where I had a very comfortable room
and the next day I went to Kyoto University to discuss with scientists
working on topics which are very similar to what we are doing in Strasbourg.
In France we can use the neutron facilities of the Institute von Laue-
Langevin which is a high flux neutron reactor with two small angle equipments
using two dimensional detectors. This gives information which are similar
in nature to the informations you can obtain with small angle X rays
scattering as they are used in Prof. Nakajima's group and we had a very
stimilating discussion about the respective advantages of both techniques.

Moreover, Dr. Hayashi who has been working in Stanford with
Prof. Flory and has obtained very interesting results on chain statistics
of polyisobutylene showed me his results, this allowing a comparison between
his results and what we did obtain on atactic polystyrene in Grenoble.

Both results are in good agrgement showing that in a domain

of scattering vector of the order of 10 Al

the local structure of the

chain has a significant influence on scattering diagrams. This provides
a new technique for studying chain conformation.



At the end of the afternoon I met Prof. R. Koyama from the
College of General Education of Kyoto University. He is working on the
theoretical explanation of neutron scattering as function of concentration
and we have some contradictory point of view which needed to be clarified.

On Sunday I had a sightseeing afternoon with Prof. Inagaki, of
course, with scientific discussion. We had dinner in a typical Japanese
restaurant and immediately after I took the train to Nagoya. On Monday 18
I did attent the S.P.S.J. Polymer Symposium commemorating the 30th Anniversary
and gave a lecture from 11:20 to 12:10 A.M. Tts title was : "Light scattering
and neutron small angle scattering by partially labelled polymers". The
general idea was the following : if you have a melt of block copolymers the
scattered intensity shows as function of .the observation angle a maximum
in the domain of gR = 1. If you have a dilute solution of the same polymer
depending on the index of refraction of the solvent or its coherent
scattering length you observe a maximum or a classical curve. In this lecture
I presented an unifying theory which, at least, qualitatively allows to
understand the behavior of these systems in the whole range of concentra-
tion, starting from the bulk and going to infinitely dilute solutioms.

This theory explains why when you increase the concentration you obtain
anomalous light scattering curves. Many attempt have been made specially
by Japanese scientists to give an interpretation of these phenomena. I
think that what I have presented is a good explamation which has been
verified by many experiments on neutron and light scattering which were
presented during this lecture.

The reception during the afternoon was very interesting since
it gave me the possibility of meeting many polymer scientists, either I
knew them personally or from the literature. It was stimulating to discuss
with them and to learn what is actually their field of interest.

On Tuesday 19 I went back to Kyoto where I had a long
discussion with Dr. Inagaki at the Institute for Chemical Research.
Both Dr. Inagaki and myself have been involved in copolymers and it was
interesting and stimulating to exchange our ideas and recent results.
This discussion was hold in conjonction with Dr. T. Fukuda who has also
made an important contribution in this field.

Back in Kyoto I had an appointment in my hotel with Prof.
Yamakawa. He has a large reputation mainly because of his well known
book and it was interesting to obtain his point of view on the recent
developments of polymer physics in France.

On Wednesday 20 I left Kyoto for Osaka at noon and took a
plane to go back home via Hong Kong.

This trip even being so short was very interesting and
stimulating. I think it was useful for me to meet my Japanese colleagues.
I learn many things for them ; we renewed friendships and I hope I did
bring to them some insight of what we are doing in our laboratory.
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REPORT

OlliV, Lounasmaa

In the following I shall first mention, in chromological order, the

research establishments I visited during my two weeks in Japan.

In a short

report it is impossible even to list every laboratory I saw or every

scientist I had contact with.

In the end I shall make some general

comments about my impressions of ultralow temperature research in Japan,

including a few recommendatioms.

Oct. 3 (Sunday):

Arrival, together with my wife, at the Narita Airport.
Prof. M. Kobayashi drove us to Tsukuba.



Oct. 4: A short general introduction to the Tsukuba Science City; it is
really an impressive undertaking. Visit to the Electrotechnical Laboratory
with Dr. K. Koyama. I saw many projects involving advanced cryogenics and
latest superconducting technology, including magnets for fusion research.
An interesting discussion with Prof. H. Hayakawa on recent advances in
Josephson junction materials and devices. The equipment is of top quality
everywhere but many groups would benefit from increases of manpower.

Oct. 5: In the morning, visit to National Laboratory of High Energy
Physics with Prof. Kobayashi. Discussions with Dr. S. Isakawa about
research on polarized targets and on atomic hydrogen; he has worked a year
at CERN in the group of my former student Dr. T. Niinikoski. In the
afternoon, visit to the Physics Department of Tsukuba University.
Discussions with Prof. Y. Narahara and Prof. T. Soda about superfluid JHe
in rotation. Imn the evening by train to Tokyo.

Oct. 6: Physics Department of the University of Tokyo. Discussions with
Prof. W. Sasaki and Prof. S. Kobayashi and with members of their research
groups. Many important projects have been completed here, ipcluding a
study on the escape rate of surface electrons from liquid %He. This
laboratory would benefit from increased funding to modernize much of its
equipment.

Oct. 7: Institute of Solid State Physics, University of Tokyo.
Discussions with Prof. K. Ohno, Prof. H. Ishimoto, and Prof. A. Ikushima
and with their coworkers. The Institute has three nuclear refrigerators of
advanced design and a home-built dilution cryostat which reaches 2.6 mK.
One of the nuclear refrigerators is the largest in the world. So far most
of the ultralow temperature research has been directed towards constructing
apparata; for the next several years the cryostats should provide excellent
possibilities for carrying out research. Dr. Y. Takano, who obtained his
Ph.D. Degree under my guidance in Finland, is now working with the big
machine.

Oct. 8: Shinkansen trip from Tokyo to Sendai. Afternoon visit to Prof. T.
Ohtsuka's laboratory at the Physics Department of Tohoku University.

Oct. 9: Another visit to Prof. Ohtsuka's laboratory. Discussions with
him, with Prof. T. Satoh, Prof. T. Fujita and their coworkers. Interesting

work has been done here on the %He circulating (Leiden type) dilution
refrigerator; 3.4 mK has been reached and a characteristic flow instability
has been found. Work is being done to cool liquid “He to very low
temperatures by means of the "hyperfine enhanced" compound TmVO04. Prof.
Ohtsuka has been active in applied cryogenics, including the levitated
train project.

Oct. 10 (Sgnday): Flight from Sendai to Osaka. Mount Fuji was very
clearly visible from the airplane window!

Oct. ll_(Holidaj){ Visit to the International Conference Center at Kobe
with Prof. T. Shigi, Very impressive place!

Oct. 12: Visit to Prof. Shigi's laboratory at Osaka City University.
Discussions with him and with Dr. T. Kodama who, in 1976, spent three
months in my laboratory in Finland., 1In spite of rather modest research
funding, apparent from the scarcity o
has been carried out here. One sl

! Prof. Shigi clearly deserves more



Oct. 13: 1In the morning, visit to Osaka University's Laboratory of Applied
Superconductivity with Dr. J. Yamamoto. Many interesting projects with
industrial connections were shown. In the afternoon I was at the
laboratory of Prof. T. Haseda., His group has investigated spin ordering in
several antiferromagnetic systems, some of them showing "frustration"
effects. TFor this work the laboratory has a 14 T superconducting magnet.
Prof. Haseda and his chief assistant Dr. K. Amaya are also interested in
industrial applications of cryogenics.

Oct. 14: Visit to the Central Research Laboratory of the Mitsubishi
Electrical Corporation with Dr. M. Iwamoto and Dr. J. Yamada. Many
advanced products of the Cryogenics and Superconducting Technology Group
were shown to me, including a 30 MVA superconducting gemerator. Of special
interest were the closed circuit refrigerators intended for on—board use in
levitated trains. In the evening, travel by Shinkansen to Nagoya.

Oct. 15: Prof. Y. Masuda's labor
Discussions with him and coworkers, i
successfully concluded, among othe
measurements on solid °He near Teo
PrNig first stage, is under constru
solid 2He in the hcp phase will be us
funded reasomably well.

Oct. 16: By Shinkansen to Tokyo and departure from the Narita Airport in
the evening.

During my visit to Japan, I gave eight seminar talks on research done in my
laboratory in Finland:

"NMR experiments on superfluid JHe-A and 3He-B in rotation"; Oct. 5 at
Tsukuba University, Oct. 7 at the Institute of Solid State Physics in
Tokyo, Oct. 8 at Tohoku University, Oct, 12 at Osaka City University, and
Oct. 15 at Nagoya University.

"Nuclear antiferromagnetism in copper .at nanokelvin temperatures"; Oct. 6

at the University of Tokyo, Oct. 9 at Tohoku University, and Oct. 13 at
Osaka University.

This was my third two-week visit to Japan; the earlier study tours were
made in 1970 and 1977. I have thus seen how, during the last decade, Japan
has reached world pre-eminence in industrial applications of cryogenics and

is becoming ome of the main centers of low temperature research. A
considerable amount of money has been invested to purchase and build
equipment for work at millikelvin temperatures, with ‘the result that the
world's highest concentration of nuclear refrigerators is now in Japan.
Some very good research has already been done but many laboratories are
still completing their most advanced cryostats. There will be an
opportunity, which should be seized with vigor, to use much of the present
apparata for experiments until 1988 at least. Ultralow temperature
research is one of the frontiers of physics at which new and significant
discoveries will probably be made. Japanese scientists are now in an
excellent position to participate in this quest for the unknown.

Some of the laboratories I visited have clearly received more money than
others, some obviously need additional funds, and some are short of
manpower. For Japan to reap full benefits from her investment in ultralow
temperature physics, support of all laboratories should continue, with
adjustments made according to their scientific achievements in terms of new
and significant experimental data. It is also important that Japanese low
temperature physicists have plenty of opportunities to present their work
at international conferences. Meeting foreign scientists abroad and at



home requires special efforts
geographically isolated.
steadily improved,
in communicating with foreigners.

in Japan because the country is
Even though their knowledge of English has
many Japanese scientists still experience difficulties

I hope that now, when a Cultural Exchange Program has been signed between
Finland and Japan, the number of contacts between our countries will

increase. I am always happy to accep
to my laboratory for short visits or

t Japanese low temperature physicists
for long periods of time, including

gifted students for our Ph.D. program.

sincere thanks to the Yamada Science
. possible. For me the trip was most
cts with Japanese low temperature
» I should also like to acknowledge
ors Kobayashi, Ohno, Haseda, Ohtsuka,
higi who was the main organizer and
tcellent job. My wife and I enjoyed
to Japan, a well balanced program,
ral activities and many dinmers with

our friends in traditional Japanese restaurants.
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REPORT

Joho R. Klauder

My visit to Japan (March 31 - July 10) started with a six week

stay at Gakushuin University in Tokyo where my host was H. Ezawa. At

Ezawa's request a sixteen hour lecture series on Special Topics in

Field Theory was presented detailing recent progress in understanding

nonrenormalizable scalar field theory.

Discussions on these topics

involved Ezawa, K. Nakamura, M. Ohya, and A. Arai among others.

Similar topics were discussed in seminars at Tsukuba University, Tokyo

University (Hongo), and Waseda University, and discussions involved

8. Kamefuchi, K. Nishijima, T. Eguchi, M. Suzuki, and M. Namiki among

others.

During the visit to Tsukuba I had a tour of the National

Laboratory for High Energy Physics (KEK) and a meeting with the

Director General, T. Nishikawa.

At the seminar of S. T. Kuroda of

Tokyo University (Komaba) informal lectures by D. Fujiwara and H.



Kitada on path integrals were followed by my seminar on Wiener Measures
for Quantum Mechanical Path Integrals reporting on recent work. Several
informal discussions on path integrals with A. Inoué and T. Ichinose
were also held in this period. Work on a joint paper with Ezawa entitled
"Remarks on a Stochastic Quantization of Scalar Fields" was started, and
a related computer study with the assistance of T. Kawai of Keio
University was initiated.

On May 14 I transferred to Kyoto University where H. Hasegawa was
my host. During my visit I held several discussions with Hasegawa and
H. Nakazawa regarding quantum stochastic differential equations. Over
six hours of lectures were presented as a special graduate course on
Stochastic Phenomena in Physics. A-seminar was presented at Osaka
Uniyersity on the Nontriviality of Nonrenormalizable Interactioms,
followed by discussions with K. Kikkawa, A. Hosoya, and E. Takasugi
among others. At the Research Institute for Fundamental Physics of
Kyoto University I lectured on Wiener Measures for Quantum Mechanical
Path Integrals.

On June 10 I transferred to Nagoya University where T. Hida served
as my host. Almost immediately I returned to Tokyo at the invitatiom
of A. Tonomura to present a lecture at the Central Research Laboratory
of Hitachi on The Role of Basic Research at Bell Laboratories. This
lecture was repeated the next day at Gakushuin University. This visit
to Tokyo also provided an opportunity to get a first~hand account of
Kawai's computer studies. Upon returning to Nagoya a Workshop on Path
Integrals organized by Hida began at which I presented three lectures
on the application of coherent states for various kinematical groups to
path integrals, Many discussions were held with the workshop participants
including Y. Ohnuki, I. Kubo, §. Takenaka, and Ezawa among others. This

opportunity was also used to complete the paper prepared in collaboration

— 920



with Ezawa.

Quantization of Scalar Fields

A seminar on this joint work entitled Parisi-Wu Stochastic

was presented at Hiroshima University, and

on the return trip to Nagoya a one-day stop over at Kyoto University

was included at the request of Hasegawa and Nakazawa to discuss their

latest results.

quantization of scalar fields was repeated.

Upon returning to Nagoya the talk on stochastic

On July 8 an internatiomnal

conference on Stochastic Analysis and Applications began at the Research

Institute for Mathematical Studies of Kyoto Uniyersity, which I attended.

On the afterncon af July 10 we left Kyoto for the Osaka airport and our

return flight to the USA.

I was especially pleased by the opportunity to visit Japan for such

an extended period and to have the opportunity to interact with so many

active scientists on a number of topics of current interest.

It is

a pleasure to thank the Yamada Science Foundation for a grant to’ cover

expenses within Japan, the American Institute of Physics for travel

support, and Bell Laboratories for continued salary support during

this period.
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REPORT
James A, Krumhansl

The central scientific theme of this visit was theoreti-
cal condensed matter physics. 1In particular, I was asked to
present a general view of the soliton idea in physics, which
I did. 1In the appendix I list concisely the places visited,
seminars and discussions. The schedule was very full and the
success of this complicated program is due to the highly effec-
tive coordination by Professor C. Horie of Tohoku, with the
additional help of Professor R. Kubo in Tokyo. Although the
soliton concept was the central theme, it will be noted that
there were significant discussions of structural phase tran-
sitions and their kinetics, of the current question of frac-
tional charge in polymer systems and the -role of Coulomb in-
teractions, of low dimensional and amorphous materials, and
of new developments in molecular biophysics. In addition I
met with a Planning Committee of the Japan Science Council to
discuss my ideas on the Future of Condensed Matter Physics.
The list of topics was extensive so I will confine my remarks
to main points.

With respect to my principal topic (solitons) I found
research in Japan to be more widespread than I had appreci-
ated, and certainly at the forefront. Qualitatively, there is
more work here on the formal and mathematical aspects than in
other places; but I was very impressed with the progress being
made on some very tough formal problems (e.g. exact statistical
mechanics of solitons, solitons in higher dimensions). On the
more physical side, the research on solitons in polyacetylene=
like materials is strong in electron-electron interaction ef-
fects. I hope that some collaborative work might result from
our discussions of these topics.

In regard to solitons and structural aspects of phase
changes and in texture kinetics I had particularly fertile
discussions with Prof. Kawasaki's group, and also here hope
to develop joint work. On other topics in theoretical mate-
rials science I found the ideas here on graphite intercalation
compounds, and on amorphous materials, to be very timely and
interesting scientifically. Finally, I was stimulated by sev-
eral discussions of work being done in Japan on theoretical mo-
lecular biophysics, where soliton concepts may play an impor-
tant role.

Let me complete this brief report with some general obser—
vations. By and large all groups I met are well informed on
developments in their fields. This comes about, first, because
the Japanese make extremely good use of the literature and the
preprint system. However, that alone is not sufficient and
I note that a significant effort is made by various Foundations
to promote visitor programs and workshops; these are important
since at the forefront conceptual level there is no substitute
for direct interpersonal interactions. In this respect I am
pleased to applaud the Yamada Foundation for its aims and ef-
fectiveness.

However, I have had one thought for an additional thrust
as follows. Presently your sponsored visitors are all senior
authorities in their fields, which is appropriate-but the
exposure is relatively brief. At the same time I have been



struck by the fact that among postdoctoral research associates
here I have seen no American or Europeans! (This is greatly
different from the USA where there are many Japanese postdocs.).
So my point is that if you were to invite new Ph.D. students
trained in America or Europe to work in Japan for 2 years you
would effectively import the same fresh ideas their supervisors
are working on, but have longer periods for exchange and de-
velopments. If the Yamada Foundation were to establish such
a postdoctoral program I would, however, make two suggestions
which are essential: First, that as part of the appointment,
a provision should be made (and paid for as part of the package)
for the holder of such an appointment to return to his home
country for a month early in the second year in order to inter-
view for a job after his return; second, .the present appoint-
ment and program committees of the Yamada Foundation have
Japanese membership only but for selection of foreign post-
doctoral fellows there should be committee members from other
countries.

I thank the Yamada Foundation for providing this oppor-
tunity to visit the Japanese scientific community.

Tohoku University

Seminars: T. Solitons and Fractional Charges in Polymers.
2. General Overview of Solitons in Condensed

Matter Physics (CMP).

Discussions: Horie: Intercalation Compounds in Graphite.
Mivazaki: Same.
Watanabe: X-ray Studies of Valence Fluctuations.
Kuramoto: Charge Density Waves in High Magnetic

Field.

Tsuzuki: Statistical Mechanics of Solitons.
Sasaki: Same.
Sawada: Flux Solitons in Josephson Geometries.

Keio University
Seminars: 1. Introduction to Structural Phase Transitions.
2. General Overview of Solitons in CMP.
3. Solitons in Biopolymers.
Discussions: Yonezawa: (a)Equation of State and Metal-Insulator
Transition of Metallic Vapors in
Critical Region.
(b) Computer Studies of Glass Transition.
Takano: Renormalization Group and Coherent State
Studies of Spin Dynamics.

Discussions with Science Council Group
Future Directions in Condensed Matter Physics.

The Institute for Solid State Physics, The University of Tokyo

Seminar: 1. Solitons and Fractional Charge in Polymers.
Discussions: Fukuyama: Fractional Charge and General
Commensurability.
Nakajima: New ISSP Programs, including Surface
Science.

Imada: (a)Impurities and Soliton Dynamics.



(b)Statistical Mechamics of Solitons in
Quantum Limits.
Toyozawa: Self-trapping and Excitonic Polarons.
Yosida: Anderson Orthogonality Catastrophe.

The University of Tokyo
Seminar: 1. General Overview of Solitons in Physics.
Discussions: Y. Wada: Soliton Theory.
Kamimura: (a)Coulomb Effects and Localization,
(b)Electronic Theory of Staging in
Graphite Compounds.
Kobayashi: Small Particles.
Ono: Topics in Localization and Chaos.
A. Wada: Biopolymers.

Kyushu University -
Seminar: 1. General Overview of Solitons in CMP.
Discussions: Kawasaki: Solitons and Texture Kinetics.
Gotoh: Scaling in Coarsening Kinetics.
Onuki: Instabilities and Normal~Superfluid
Temperature Gradients.
G3 & Braun: (a)Solitons in Biopolymers.
(b) Computer Studies of Proteins.

Research Institute for Fundamental Physics, Kyoto University
Seminar: 1. Fractional Charge and Higher Commensurability
in Polymers.
Discussions: Takeno: (a) Solitons in 2-Demensions.
(b) General Soliton Theory.
Nagaoka: Lacalization in High Magnetic Fields.
Fukutome and Sasai: Unrestricted Hartree-Fock
Methods in Polyenes and
Polyacetyléne, Soliton Im-
plications.
Ende: Critical Point Properties of Mercury
Amalgams.
Jimbo: Painleve Transcendents.
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REPORT

Robert G. Parr

This constitutes a report of my visit to Japan, May 4 through May 15,

1982.

This visit was made possible by a grant from the Yamada Science

Foundation.

I believe that it was scientifically a very productive visit,

and both my wife and 1 are most grateful to everyone concerned for making our

stay personally very pleasant as well.
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Before I describe the detailed schedule for my stay, let me say a word
about my own professional work over many years, as it has been affected by
foreign travels such as this one. I believe such travels have been the
single most important factor contributing to such professional success as I
have had. This is because of the inherently international nature of my
subject (theoretical chemistry), the need for an active worker to keep
abreast of advances in the subject everywhere, and the need to keep coming
into ones own laboratory a flow of the best young workers from everywhere.
From the day I first met Professor Masao Kotani in 1951 I have been aware of
the high quality of, and I have followed the Japanese research in theoretical
chemical physics. I have now visited Japan four times. T have had several
important Japanese scientists in my laboratory for extended visits, and 1
have had many more Japanese scientists in my laboratory for one or two days.
My own research has profited very much from all of this exchange.

Now for the details of May 4-May 15 last. I list below only the
formally arranged discussioms. Much of the rest of the time also was spent
in discussions on various topics, especially with Professor Fukui and Dr.
Nakatsuji.

Thgrsdayz May 6. Spent in the Department of Hydrocarbon Chemistry, in
discussions with Professor Yonezawa and Dr. Nakatsuji. At 14:00 delivered a
departmental seminar on the subject Aspects of Density Functional Theory.

Saturday, May 8. Spent participating in the symposium honoring the
retirement of Professor Fukui. At 13:00 delivered a talk

entitled Theoretical Chemistry: The Changing Core of the Science of
Chemistry. —

Monday morning, May 10. Spent in discussions with Professor Yonezawa
and Dr. Nakatsuji, including discussion of proposed scientific exchange
program between the Department of Hydrocarbon Chemistry, Kyoto University,
and Department of Chemistry, University of North Carolina [A formal exchange
subsequently has been approved. ]

Monday afternoon, May 10 and Tuesday, May 11. Spent in discussions of
scientific questions with Drs. Machida, Fujimoto, Yamashita, Morishima and
Nakatsuji.

Thursday afternmoon, May 13. Spent in Department of.Chemistry, Faculty
of Science, University of Kyoto. Discussions with Drs. Hirota, Yamamoto,
Saika and Shida; seminar entitled The Concept of Electronegativity.

In all, this trip was very valuable for my scientific work, and I thank
you and your colleagues at the Yamada Science Foundation for making it
possible.
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Functionalized Polymer Latices.
Catalytic Effects of Imidazole-Containing

Latices on Hydrolyses of Phenyl Esters

Zong-Hua Sun

Various kinds of functional polymers which contain one
or more catalytically active groups, have often been synthesiz-
ed and studied as enzyme models.l Among them imidazole-
containing polymers have been extensively examined,za_b
because imidazolyl groups are known to exist at the active
site of various enzymes, such as e—chymotrypsin, carboxypepti-
dase, ribonuclease and so on.3 Almost of all the imidazole-
containing catalysts ever examined were linear polymers.
Paying attention to a similarity between polymer latex parti-
cles and globular protein (enzyme) molecules, it is interest-
ing to examine the catalytic effects of polymer latex parti-
cles as enzyme models. Polymer latices are known to disperse
in solution and the estimation of reaction rate in the polymer
latex system seems easier than those in other heterogeneous
systems.‘l—6 In this paper we introduced histamine or L-
histidine onto polymer latex surface by carbodiimide method
and examined the catalytic effect of these imidazolyl group-
containing laticés on the hydrolyses of phenyl esters.
Thermodynamic parameters of these reaction systems are deter-
mined to clarify the enzyme-like behavior of heterogeneous
polymer latices.



EXPERIMENTALS
Materials p-Nitrophenyl acetate (PNPA) from Tokyo Kasei,
Tokyo, was recrystallized twice from chlroform. p-Nitrophenyl
valerate (PNPV) and N-carbobenzoxy-L-phenylalanine p-nitro-
phenyl ester (Z-Phe-ONP) were purchased from Sigma and used
without further purifications. 3-Nitro-4-acetoxybenzoic acid
(NABA), an anionic phenyl ester, was synthesized following
the method by Overberger et al.7 1-Ethyl-3-(3-dimethyl-
aminopropyl)carbodiimide hydrocloride (EDC) was obtained from

Nakarai Chemicals (Kyoto, Japan).

Polymer Latices Two kinds of latices, AA-2 and AA-3, were

prepared by an emulsion polymerization initiated by potassium
peroxydisulfate (KPS) and purified by dialysis and ion

exchange resin method.5 The recipes of polymer latex solutions
were shown in Table I. The diameter of the latices were
determined from electron micrographs using a JEM-100U (Nihon
Denshi Co., Tokyo, Japan) (Figure 1).

Modification of Polymer Latices Histamine or L-histidine

was coupled to the polymer latices using EDC at pH 4.5 for

2 days.8 After 2 days, the reaction mixture was centrifuged

at 35,000 g for 10 minutes and the supernatant solution was
drained. 20 ml of N/20 NaOH solution was added and the solu-
tion was vigorously stirred with a glass rod and kept at 25°¢
for 1 hour to hydrolyze acylated imidazole ring of_histamine.9
Then the solution was centrifuged and washed with water

several times until the supernatant lost catalytic activity.
Finally, the latex was suspended in 100 ml of water and used

as a catalyst (His-AA-2 Latex). To promte the substrate bind-
ing ability of the latex, we introduced n-hexyl group into

AA-2 latex by the reaction of AA-2 with n-hexylamine in the
presence of EDC. Then we further introduced L-histidine onto
the latex using EDC (C6—L-His—AA—2 Latex). From both elemental
analyses and conductometric titrations, imidazolyl and carboxyl
contents of modified latices were determined and shown in

Table II.



Homogeneous Imidazole-Cotaining Polymers Homogeneous
imidazole-containing polymers were synthesized for comparison%0
From both elemental analyses and conductometric titrations,
structures of these homogeneous polymer catalysts were deter-
mined (Table III).

Kinetic Measurements Esterolytic reaction was followed by
the increase in the absorbance at 400 nm (PNPA, Z%Z-Phe-ONP,
and PNPV) or 418 nm (NABA) using a high sensitivity spectro-
photometer (SM-401l, Union Engineering, Hirakata, Japan).
Reaction at high pressure was studied using a Union high

pressure spectrophotometer.ll

RESULTS AND DISCUSSION

At first we examined the esterolyses of PNPA, NABA and
PNPV catalyzed by His~AA-2 Latex. The reaction rates increase
linearly with the addition of latex solution suggesting that
the reaction rates are expressed as V_ = VSp + kcat[c]o[s]o'
where VO and VSp are the observed reaction rate and spontane-
ous reaction rate, respectively. kcat was the second-order
rate constant of the latex catalyzed reaction and [S]O and
[C]0 are the initial concentrations of substrate and imidazole
residue of added polymer latex solution. These linear rela-
tionships of catalytic activity are attributed to weak
interactions between substrates and polymer latices because
of hydrophilic acrylic acid residues on the surface of polymer
latices.

With C6-L-His—AA—2, we could not observe the saturation
phenomenon in the hydrolysis of PNPV. In the hydrolysis of
more hydrophobic substrate Z-Phe-ONP, however, a clear
saturation phengmenon islobserved. By the double reciprocal

plots (Vo—Vsp)_ vs [C]; , both the dissociation constant, K,

and the reaction rate constant of CE—L-His—AA—Z latex—-substrate

complex, k2, (0.16 mM and 8.7 x 10 ~ s l, respectively) are
estimated using the following Scheme I and Equation (1),
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The pH effects on the catalytic activity of imidazole-
containing catalysts were also examined. The pH profile of
His-AAm is similar to that of imidazole except the position

of the maximal value of k On the contrary, those of His-

AA-2-Latex and His-AA shi%itto alkaline region in comparison
with those of other catalysts. The ratios of imidazole and
carboxyl-residues of His-AA-2-Latex and His-AA are about 1:2.5
and 1 : 5.7. This means that imidazole groups are surrounded
by carboxyl groups. The environment of imidazole residue is
more acidic than bulk phase, resulting in the shift of the
pH profile to alkaline region.6'12'13
The maximal value of k2 for His-AA-2-Latex is about
twice higher than that for imidazole, and 7 times than that
for His-BAm. This is probably because of the enhancement of
the nucleophilicity of imidazolyl groups by neighboring
carboxyl groups. When the fraction of acrylate groups to
imidazolyl groups (100 x [COOH}/[COOH] + [Im])) on the latex
surface is changed, kcat shows a maximum. This change also
suggests the cooperative effect of acrylic acid on the nucleo-
philicity of imidazole group.12 In the case of hydrolysis of
neutral ester, PNPA, catalyzed by random copolymers which
contain both imidazolyl and carboxyl groups, Overberger et al.
could not so clearly observe such an enhancing effect and

maximum, probably because the random copolymer is extended by



the electrostatic repulsion and partly because of weak inter-
action between a substrate and catalyst.

The thermodynamic parameters (AH76 and AS¢) for the
esterolysis of PNPA catalyzed by histamine, His-AAm and other
imidazole~containing catalysts are shown in Figure 2. The
large negative entropy of imidazole-catalyzed reaction of the
neutral ester was attributed to an increase in polarity and
2b AH# and AS#

values for the hydrolysis of PNPA catalyzed by various homo-

subsequent electrostriction of solvent water.

geneous polymer catalysts behaved quite similarly with each
other and were smaller than those of imidazole catalysis.14
On the other hand, AH7é and AS¢ values of the hydrolysis
catalyzed by the latices are larger than those by other homo-
geneous polymer catalysts and are comparable to those by

small molecular catalysts. These phenomena might be attributed
partly to the loss of freedom of the active group in the

#

initial state (AS gain) and partly to the high density of
acrylic acid (Since catalysis of polymer latex was carried
out by both imidazolyl and carboxyl groups cooperatively,

#

might be relatively smaller than that for linear polymer

loss of AS’ by the electro-striction in the transition state
because of a large amount of hydrated water to the acrylic

acid in the vicinity of imidazole group in the ground. state).
Overberger et al. suggested that the dimension of macromole-
cules was temperature dependent.15 In the case of the
functional latices, however, this dimensional factor seems

to be smaller than soluble macromolecules because of restricted
conformation. Thus, the obtained thermodynamic parameters of
latices would be closer to those of low molecular weight
catalysts than those of linear polymer catalysts.

By the double reciprocal plots Vg, - Vv )_l vs. [C];l at

sSp
various temperatures, we estimate the thermoodynamic para-
meters of both the substrate binding and the reaction of
catalyst-substrate complex. Obtained results are shown in

Table IV together with those for linear polymer catalysts,



C12-L-His—AAm and C6—His—AA. The positive enthalpy change
and large positive entropy change for the linear polymer
catalysts, C6—His—AA and C12£L_His_AAm' are similar to those
evaluated by Kunitake et al. On the other hand, AH and AS
values of C6—L—His—AA—2 Latex catalyzed reaction are quite
different. Extremely large AH value might be attributed to
the stability of hydrophobic domain on the latex (though the
hydrophobic interaction increases up to SSOC}7 the molecular
motion by the thermal energy might destabilize the hydrophobic
domain in the linear pPolymer). The difference in AS values
can be accounted for as follows ; in the case of the homo-
geneous catalyst, so called "looping effect" decreases the

AS value, that is, the polymer catlayst forms catalytic loops
upon substrate binding and the catalytically active site is
relatively fixed.

On the contrary, the limited mobility of catalytic group
on the latex does not permit looping to be substantial ; in
other words, a cooperative action of binding site and active
site is not so easy in the latex catalysis.

In conclusion, heterogeneous but hdmogeneously dispersed
catalysts could be obtained esily using polymer latices as
carriers. By the presence of carboxylic residues in the
vicinity of imidazole groups fixed on the latex surface,
thermodynamic properties of the catalyst latex were different

from those of corresponding homogeneous polymer catalysts.
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Table I. Preparation of Carrier latices

Charge Number Charge Diameter
Density
(charge/%)  (R)
a 6
AA-2 1.6x10 0.20 1600+40
b 5
AA-3 6.8x10 0.019 3420+100
o o
a. 60°C 4 hours b. 70°C 3 hours

Table II. Composition of Acrylate Derivatives

on the Surface of Latices?

Free COOH (%) Im (%) n=C.H,3- (%)
His-AA-2 Latex 71 29 0
L-His-AA-2 Latex 73 27 0
C6—L—His—AA-2 Latex 50 11 39
His-AA~3 Latex 35 65 0
L-His—-AA-3 Latex 45 55 0
a. molar ratio of total acrylate derivatives in the latices;

AA-2

: 12.3% AA-3 : 0.57 %



Table III. Structures of Homogeneous Polymer Catalysts

Catalyst Acrylamide N-Methacryloylhistamine Vinyl Lauyl

(or -L-Histidine) ether
His-AAm 0.90 0.10 0
L-His-AAm 0.82 0.18 0
Clz-His—AAm 0.74 0.21 0.05
Clz—L—His—AAm 0.76 0.22 0.02
Catalyst Acrylic Acid M-Acryloylhist- N-Acryloylhexyl-
amine amine
His-AA 0.85 0.15 0
C6—His—AA 0.58 0.20 0.22

Table IV. Thermodynamic Parameters for the Catalytic
Hydrolysis of Z-Phe-ONP

AG AH AS Ned N4 ad”

(kcalmol ™ (koalamol™ (cal.mol ™ keal.mol ™ (calmol deg Y)
cﬁ;L—His 3.510.2  3.140.2 2241 215040.2  7.640,2 54
Co-His-AA 37402  3,440.2 241 20,510.2  5.8:0.2 294
Co-L-His  -5.210.2  9,9:0,2 5141 21.610.2  4.040.2 04

gA—Z—Latex



Figure 1 Electron micrograph of the
polymer latex AA-3

-40 -20
45%  (calmol'deg™)

Figure 2 1Isokinetic relationships in catalytic
processes of hydrolysis of PNPA

l:Histamine, 2:L-Histidine, 3:His-AA-2 Latex,
4:L-His-AA-2 Latex, 5:His~AA, 6:PVIm, 7:Cg-His-AA,
8:Imidazole, 9:His-AAm, 10:L-His-AAm, 11:Cyp-
His-AAm, 12:Cqy5-L-His-AAm
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