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Introduction and Sumary

In October 1969, the National Research Council of Brazil ((NPq) and
the U.S. National Academy of Sciences (NAS) initiated an experimental pro-
gram in postgraduate research and teaching in chemistry in Brazil. The
main purpose of the program was to determine whether the growth of ad-
vanced research and teaching in chemistry in Brazil could be accelerated
through collaborative projects between Brazilian and U.S. chemists. A
second purpose was to explore the feasibility of involving eminent U.S.
scientists on a part-time basis and younger Ph.D.s full time in a long-
term development program.

The program operated as follows: senior Brazilian chemists chose
U.S. colleagues with wham they wished to establish a productive cooperative
research program based on compatibility of interests and availability of
graduate students, instrumentation, and laboratory space. Since it was
impossible to attract top-level U.S. senior chemists (who have continu-
ing research programs with large groups of senior colleagues and students
at their home institutions) to move to Brazil for long periods, young
American Ph.D. chemists (usually from the laboratory of the senior U.S.
professor) were selected by the U.S. and Brazilian scientists for assign-
ment to Brazilian universities for two to three years. Their positions
in Brazil were equivalent to those of assistant professors in the United

States; they conducted specific research projects with Brazilian graduate
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students and taught courses in their research area. The senior U.S. pro-
fessors participated in each project through semiammual visits to Brazil
and through continuing commmication with their Brazilian counterparts
and with the young Americans for whom they were also responsible.

Another aspect of the program was the emphasis placed on training
Brazilian doctoral candidates in Brazil, rather than abroad. The reason
for this was twofold: 1) in order to train first-class Ph.D.s, the
Brazilian institutions needed to modernize their laboratories and equip-
ment; and 2) these upgraded facilities would be conducive to keeping
trained Brazilians in Brazil by offering them good research facilities.

The program was truly cooperative. The collaboration included both
professors and institutions. The CNPq committed itself to provide fel-
lowships to Brazilian students, purchase necessary equipment and supplies,
modernize laboratory facilities, hire a full-time program coordinator,
and find a continuous procedure to expedite importation of small amounts
of chemicals not available in Brazil. The NAS accepted the responsibility
of finding financial resources to cover the travel of NAS professors to
Brazil for short visits; stipends and travel for the Fellows (including
a three- to four-week orientation trip, approximately six months prior
to relocation to Brazil, and scientific meetings in the United States);
Portuguese language training in the United States; publication charges
for papers written by the NAS Fellows; and salary for a full-time co-
ordinator and secretarial assistance.

After seven years of operation (ending in 1976), the program re-
sulted in the establishment of research groups now in full operation
in the following fields:



° At the University of Sfo Paulo in electron scattering, ion cyclo-
tron resonance, photochemistry, organic and inorganic synthesis, and
electro-analytical chemistry.

° At the Federal University of Rio de Janeiro in polymers, photo-
chemistry, X-ray crystallography, and biochemistry.

To date, these groups have published over 100 papers in international
journals, and twenty-three more have Been accepted for publication. Two
books have been published, ten papers have been submitted for publication,
and twenty-seven papers are in preparation. Program participants have
so far been awarded fifty M.S. degrees and sixteen Ph.D.s; one hundred
M.S. candidates and thirty Ph.D. candidates are enrolled. The program
has also provided substantial assistance to other Brazilian research groups

not directly participating in the program in Rio and S3o Paulo.



intormation on activities ot the research groups in Sao Paulo and Rio associated with the
CNPg/NAS Joint Program in Chemistry

Period: September 1969 through October 1976

Beginaing Degrees g‘;’ml Papers Published | Papers Presentel
Present Head of Group d:? Locstion Grantea |Throughout Inter- |t Mostings
group . M.S8ec.} Ph.D. "l;rmcg:;t' ?om:i }ﬁf,’f,',,'.ﬁl, National m{{‘itgx{:l
Ricardo Bicca de Alencastro [  9/75 UFRJ . s |- 1's - 2 2 -

Ernesto Giesbrecht 9/69 | usp 1 |1 1 1 18 30 3
Bruce Kover ' 9/69 | UrRy 5 | s 20 - - 2 4
Elolsa Biasotto Mano® 9/89 UFRJ n | - 50 [} 17 19 (]
Eduardo de Almeida Neves s/s | use 2 | s 13 - 8 20 -
Anita F. Panek o/14 | UFRJ - | - 16 - - 1 10

Eduardo M. A. Petxoto /69 usp - |- | n 1 17 28 1
Nicola Petragnani » 00 usp n\|s 20 1 14 40 4
Vicente Toscano s/70 | usp - |4 10 - (] 21 1
9/69 1 |3 8 3 17 18 8

——)

8This growp also obtained two patents.



In Retrospect

The timing of the begimming of the chemistry program was a vital
factor. The key ingredients for a successful venture of this type were
already firmly in place in Brazil: the Brazilian economy was booming;
the reorganization of the university structure in Brazil was already
decreed; a well structured CNPq/CAPES (Ministry of Education) postgradu-
ate program was already under way; the need to increase investments sub-
stantially in science and technology was widely recognized at the high-
est levels of the Brazilian Government; and the relationship between
the (NPq and the NAS had progressed to the point that open and frank
discussions could be held regarding the feasibility of the program. In
addition, many Brazilians were aware of the necessity of increasing the
status and prestige of scientists and engineers in Brazil. The ground
was thus well prepared for many necessary changes, such as: increasing
Brazilian professors' salaries; increasing Brazilian student fellowships;
and more flexible control over the use of research funds.

Furthermore, the U.S. Agency for International Development (USAID)
in Brazil advocated the use of science and technology in its programs
of assistance to Brazil, and its Mission Director, Mr. William Ellis,
encouraged and supported the relationship between the CNPq and the NAS.
The USAID Mission sought and made possible a special contractual ar-

rangement with the NAS and CNPq, which allowed the two scientific



institutions to operate the chemistry program without USAID admini-
strative involvement in day-to-day activities.

Many U.S. science organizations and Brazilian agencies such as the
Brazilian Ministry of education (CAPES), Federal University of Rio de
Janeiro's Postgraduate Program, Brazilian National Development Bank
(BND), and the Fund for Special Studies and Projects (FINEP), con-
tributed substantially to the program. In the University of Sao Paulo,
the State's Foundation for the Support of Science (FAPESP) played a
decisive role by providing funds not only for a large number of student
fellowships but also by equipping a mechanic and electronic shop, pur-
chasing instruments and accessories for the electron, atomic, and mo-
lecular beam-scattering laboratory and covering general support for
administrative functions. Contributions critical to the initiation and
success of the program were received from the U.S. National Science Foun-
dation, the Alfred P. Sloan Foundation, the Atlantic-Richfield Foundation,
the Anderson Foundation, the E. I. du Pont de Nemours § Campany Incorpor-
ated, and the Atlantic Petroleum Company of Brazil.

Brazilian officials in Washington facilitated progress in a number
of important ways, including issuing special visas for the NAS Fellows
and assisting in transferring materials to Brazil.

The achievements of the program are summarized in the following
recomnendations of the November 1976 Joint Meeting. A fuller account
is provided in the Final Report by U.S. Panel, June 1976 (Appendix iii).




Recommendations of the Joint Meeting of the CNPq/NAS Program in Chemistry
Held in SHo Paulo in November 1976 |

1. The several projects of the program, after an investment of about
1.5 million dollars on the part of the CNPq and of 1.1 million dollars on
the part of American sources, are fully functional with a total of about
100 graduate students and researchers actively engaged in their scientific
and technological investigations. To protect the capital and efforts al-
ready invested and to produce the desired result of training of personnel
at a level of international competence of the highest caliber it is es-
sential that this research should continue. We therefore emphatically
recommend that the CNPq should furnish to the different projects, for

this new phase of those activities, annual funding for the upkeep of the

research on the same order of magnitude of that which was allotted in 1976.
This represents a minimm additional investment necessary to protect the
initial investment, guarantee a satisfactory yield, and avoid the waste
that could result if these funds were not made available. This recom-
mendation is based on the principles adopted during the July 1976 meeting
in Rio de Janeiro by the "Consulting Committee' of the cooperative CNPq/
NAS program and approved by the Scientific Advisory Board of the CNPq.

2. The interaction between scientists at a national and inter-

national level is vital to the performance of research, and strong



scientific bonds were established during the lifetime of the present
program. We recommend that resources be allocated for the continuation
of this interaction in the form of bilateral visits of researchers for
the program. The American professors who participated in the ONPq/NAS
program have already expressed (during their March 1976 meeting in
Pasadena, California) their firm support for this recommendation and
have made themselves available for this interchange.

3. It is still too early to assess the total impact of the program
on the Brazilian scene. This assessment can better be done two or three
years from now, when the current activities will reach their optimal
yield. Such an assessment should indicate that the relatively small
amount of resources recommended above should have a very large cost-
effectiveness, as a result of the high return on the resources invested.
We recommend that an assessment of this kind be made.

4. In some of the projects, conditions may exist to permit a partial
funding of their work through specific bilateral agreements with foreign
agencies, which could reduce the Brazilian cost of these programs. We

recommend that the pursuit of such agreements be encouraged.



Appendix i

Current List of Brazilian and NAS Panelists

Brazilian Panelists

Rio de Janeiro

Professora Eloisa Mano (Chairman), Instituto de Macromoléculas
Universidade Federal do Rio de Janeiro

Professor Ricardo Bicca de Alencastro, Director, Instituto de Qu{mica,
Universidade Federal do Rio de Janeiro

Professor W. Bruce Kover, Instituto de Quimica, Universidade Federal
do Rio de Janeiro

Dr. Manoel da Frota Moreira, Consultoria Cienti’fica, Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico

Professor Walter B. Mors, Centro de Pesquisas de Produtos Naturais,
Universidade Federal do Rio de Janeiro

Professora Anita Panek, Departmento de Bioquinﬂ.ca, Instituto de Quimica,
Universidade Federal do Rio de Janeiro

Professor Peter Rudolf Seidl, Segao de Quimica, Instituto Militar
de Engenharia

Dr. David Tabak, Instituto de Macromoléculas, Universidade Federal
do Rio de Janeiro
S%o Paulo

Professor Paschoal Senise (chairman), Instituto de Quimica, Universidade
de Sd@o Paulo

Professor Ernesto Giesbrecht, Instituto de Q.ﬁmica, Universidade de
S¥o Paulo

Professor Simdo Mathias, Instituto de Quimica, Universidade de Sdb
Paulo
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Professor Eduardo Neves, Instituto de Q.n."mica, Universidade de
S¥o Paulo

Professor Eduardo M. A. Peixoto, Instituto de Qﬁmica, Universidade
de S3o Paulo

Professor Nicola Petragnani, Instituto de Quimica, Universidade de
Sao Paulo

I . . ./ - . - -~
Professor José Riveros, Instituto de Quimica, Universidade de Sao
Paulo

Professor Vicente G. Toscano, Instituto de Qﬁmica, Universidade
de Sdo Paulo

Brazilian Program Coordinator

Dr. Attila Alberto Jancso, Bilateral Cooperation Coordinator,
Conselho Nacional de Desenvolvimento Cientifico e Tec-
nologico

NAS Panelists

Professor Aron Kuppermann (Chairman), Division of Chemistry and
Chemical Engineering, California Institute of Technology

Professor Fred C. Anson, Division of Chemistry and Chemical
Engineering, California Institute of Technology

Professor John D. Baldeschwieler, Division of Chemistry and
Chemical Pngineering, California Institute of Technology

Professor Russell A, Bonham, Department of Chemistry, Indiana
University

Professor Michel Boudart, Department of Chemical Engineering,
Stanford University

Professor Harry B. Gray, Department of Chemistry, Califomia
Institute of Technology

Professor William S. Johnson, Department of Chemistry, Stanford
University -

Mr. Robert N. Kreidler, Executive Vice President, Alfred P. Sloan
Foundation

Professor James A. Marshall, Department of Chemistry, Northwestern
University



Dr. George S. Menger-Hammond, Merrill College, University of
California at Santa Cruz

Professor Charles G. Overberger, Vice President for Research,
The University of Michigan

Professor Sten Samson, Department of Chemistry, Califormia
Institute of Technology

Professor Henry Taube, Department of Chemistry, Stanford Uni-
versity

Professor Emest Wenkert, Department of Chemistry, Rice Uni-
versity

NAS Program Coordinator

Mr. B. K. Wesley Copeland, Board on Science and Technology
for International Development, Commission on Inter-
national Relations, National Academy of Sciences



-12-

Appendix ii
List of U.S. Panelists - 1969-1976

Professor Fred C. Anson, Division of Chemistry and Chemical Engineering,
Cajifornia Institute of Technology
September 1074--76

Professor John D. Baldeschwieler, Division of Chemistry and Chemical
Engineering, California Imstitute of Technology

1969--76

Professor Russell A. Bonham, Department of Chemistry, Indiana University
April 1970--76

Professor Michel Boudart, Department of Chemical Engineering, Stanford
University
December 1971--76

Prolessor Carl Djerassi, Department of Chemistry, Stanford University
1969 - Dec. 1975; Chairman 1969-72.,

Professor Harry B. Gray, Department of Chemistry, California Institute
of Technology
1969--76

Professor Robert E. Ireland, Department of Chemistry, California Institute
of Technology
1969 - March 1975

Professor Willi¥am S. Johnson, Department of Chemistry, Stanford University
1969-- 76

Mr. Robert N. Kreidler, Executive Vice President, Alfred P. Sloan
Foundation
1969-- 76

Professor Aron Kuppermann, Division of Chemistry and Chemical Engineering,
* California Institute of Technology
1969-76; Chairman 1973-76.
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. Professor James A. Marshall, Department of Chemistry, Northwestem
l&iversity
cember 1971--76

Professor George S. Menger-Hammond, Merrill College, University of
California at Santa Cruz, and Foreign Secretary, National

ﬁgggn_umof Sciences

Professor Charles G. Overberger, Vice President for Research, The
E%&g%ty of Michigan

Professor Sten Samson, Department of Chemistry, California Institute
of Technolo
March 1975--76

Professor {lgeggy ;%ube, Department of Chemistry, Stanford University

Professor Ernest Wenkert, Department of Chemistry, Rice University
September 1975--76



-14-

Appendix iii

Final Report by U.S. Panel, June 1976

1. Background
In 1965 some members of the U.S. National Academy of Sciences

(NAS) Latin America Science Board (LASB) met in Brazil with repre-
sentatives of the CNPq (at that time the Conselho Nacional de Pesquisas,
which has since been restructured into the Conselho Nacional de Desen-
volvimento Cientifico e Tecnologico while retaining the CNPq acronym)

to discuss possible areas of cooperation. As a result of this meeting
the first of a series of CNPq/NAS workshops was organized on the Contri-
bution of Science and Technology to Development, held in Brazil in April
1966. The second workshop occurred in Washington, D. C. in February
1968 to review joint study programs initiated during the first work-
shop and to hold a panel discussion on U.S. and Brazilian science poli-
cies. In this discussion, chemistry was identified as an area requiring
improvement. Dr. Antonio Couceiro, then President of the (NPq, charac-
terized chemistry as the Achilles heel of Brazilian scientific develop-
ment. Its importance for physics, geology, biology, medicine, agricul-
ture and for industrial development was emphasized. This led to a
recommendation for the establishment of a joint CNPq/NAS Committee on
Chemistry in Brazil and Dr. Couceiro asked Dr. Carl Djerassi, Professor

of Organic Chemistry at Stanford University and Chairman of the LASB,
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to help organize such a committee. Djerassi put forward the basic
premise that a program sponsored by a committee of this kind should
aim at the implantation of areas of chemical graduate education and
research at sufficiently high levels to produce scientists whose pro-
fessional qualifications could match those in the advanced world.

This principle received general support and it was jointly decided
that to maximize the chances of success, this new program should be
located in places which had reasonably sound undergraduate programs in
chemistry and had already taken some steps towards the establishment
of graduate programs. It was jointly decided that the Universidade

de Sao Paulo (USP) and the Universidade Federal do Rio de Janeiro
(UFRJ) most closely satisfied those criteria. Furthemrmore, those areas
of chemistry in which the needs were greatest were identified by the
Brazilians and a list of possible American participants was prepared
by them. It is important to stress that not only the request for co-
operation and the choice of areas of cooperation were done by the
Brazilians, but even the list of potential American participants,
based on scientific reputation, was prepared by them, in consultation
with Djerassi. This amounted to a strong mandate and was instrumental

in helping him convince his American colleagues to join the program.

2. Basic Concept

The problem of how to rapidly implant or improve a graduate educa-
tion and research capability in a developing country is not an easy one
to solve. Several approaches have been tried at different times and

places in the past. A common one has been to establish an extensive
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fellowship program for the graduate training abroad of scientists. By
itself, this approach has usually resulted in disappointing failures.
The individuals thereby trained, upon returning home, would find the
local conditions inadequate for the utilization of their training,

and felt powerless to change by themselves the local organizational
structure and working conditions. A second approach has been to invite
visiting foreign professors to help implant new programs and a new
scientific spirit. This requires extensive periods of stéy, of sever-
al years, of the foreign participants away from their own country and
professional activities, something which most highly active scientists
find very undesirable if not unacceptable. This mechanism introduces
a bias against the participation by the most prominent and qualified
individuals. A third concept was proposed by Djerassi, which could
overcome these difficulties. The highest quality foreign professors
would be invited to participate in a collective program by implanting
research groups in the country in question. This they would do with
the help of young Ph.D.s of their choice, whom they would either have
trained or with whom they would have strongly interacted. These Ph.D.s
would go to the developing ocuntry for a period of several years and
implant the research program somewhat as a junior faculty member would
do in the United States, and would also initiate the teaching of gradu-
ate courses. The senior foreign professor would maintain strong ties
with the new program by a few visits per year to the host country and
would help maintain the continuity of the program at the time of re-
placement of the resident young American by another one. As an integral

and essential part of this concept, for each component of such a project
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in the host country, there should be the participation of a senior pro-
fessor of that country who would be strongly committed to it and willing
to give it the administrative and, where appropriate, scientific support
essential for a successful implantation of this new area of research.
Djerassi had arrived at this concept as a result of extensive prior experi-
ence in Mexico and Brazil, and the CNPq agreed to adopt it in the joint
venture in chemistry being contemplated.

It was envisaged that approximately five new research groups at USP
and anotherfive at UFRJ would be established, and that they would last
for a period of between five and ten years. With one American Ph.D., one
Brazilian professor, and several graduate students per group, there would
be a total of about 30 people involved in the overall program in each one
of these two locations. It was hoped that this would constitute a criti-
cal mass, and that after five to ten years the corresponding laboratories
would be well established and enough Brazilian Ph.D.s would have been
trained to permit a natural continuation of the research efforts and a

withdrawal of the American participation.

3. Implementation

The plans, as formulated, involved joint sponsorship by the NAS and
the NPq and bilateral funding. Such funding, for a period of five years
was secured. The total U.S. expenditures to date were approximately $1.1
million and came mainly from the Agency for International Development, with
additional contributions from the Alfred P. Sloan Foundation, the National
Science Foundation, the E. I. du Pont de Nemours § Company, Incor-
porated, the Anderson Foundation, the Atlantic-Richfield Founda-
tion and the Atlantic Petroleum Company of Brazil. The contri-

butions from private sources were extremely useful as they
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constituted in part seed money which helped catalyze the
availability of the large amounts of Federal Funds. Further-
more, the flexibility in their use constituted an important asset. The
U.S. funds were used mainly to pay the salaries and travel expenses of
the American Ph.D.s who received the title of NAS Overseas Research
Fellows, and for the expenses associated with the visits to Brazil of the
senior American participants and other visiting foreign lecturers. Our
guess of the Brazilian cost is approximately $1.5 million used mainly to
purchase capital equipment and research materials and supplies.

Djerassi and Dr. Manoel da Frota Moreira, Scientific Director of the
CNPq, organized a meeting for August 1968 in Rio and S3o Paulo. It in-
cluded the following American professors, who were potential partici-
pants in the cooperative program: John D. Baldeschwieler, Carl Djerassi,
‘William S. Johnson, and Henry Taube of Stanford; Harry B. Gray, George
S. Hammond, Robert E. Ireland, and Aron Kuppermann of Caltech, and Charles
G. Overberger of the University of Michigan. In addition, Dr. Victor
Rabinowitch of the NAS and Robert N. Kreidler of the Alfred P. Sloan
Foundation participated in this meeting. The Brazilian representation
at the meeting was: Professors Marcelo Moura Campos, Bernardo Geisel,
Eloisa B. Mano, Sim3o Mathias, Walter Mors, Claudio Costa Neto, Paschoal
Americo Senise and Ernesto Tolmasquim. After their return to the United
States, the American contingent held a meeting at Stanford and a unmani-
mous decision was reached to initiate the cooperative venture in the
fall of 1969 with Djerassi as chaimman of the U.S. panel. Joint pro-
grams were established in Rio in Inorganic Chemistry, Photochemistry,
and Polymer Chemistry and in SHo Paulo in Synthetic Organic Chemistry,
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Inorganic Chemistry, Photochemistry, and Physical Chemistry. The American
panel was later joined by Professors Fred C. Anson and Sten Samson of Cal-
tech, Russell Bonham of Indiana University, James A. Marshall of Northwestern
University, and Ernest Wenkert of Rice University. Professors Eloisa Biasotto
Mano and Paschoal Senise were the Brazilian Chairman for the programs in Rio
and Sao Paulo, respectively.

A joint meeting of the American and Brazilian participants of the pro-
gram was held in Rio in November 1973, four years after its inception. By
then, the President of the (NPq was General Arthur Mascarenhas Fafanha and
its Scientific Director continued to be Dr. Manoel da Frota Moreira. Both
continued to give competent, enthusiastic and vigorous support to the program.
An assessment of the progress up to that time was made, and it was jointly
decided that a two-year extension beyond the initial five-year schedule was
needed to fulfill its objectives. It turned out not to be possible to get
significant additional funding for that augmented period from American sources,
and as a result the CNPq, now under the presidency of Jodo Dion de Melo Teles,
agreed to accept responsibility for all those expenditures which it legally
could, and which amounted to about 95 percent of the additional cost of the
last two years of the program. This commitment can be considered as a
measure of the Brazilian interest in the venture and in its success. The
chairmanship of the American panel was assumed in early 1973 by Aron Kupper-
mann. The NAS program coordinator since the program's inception was Mr. B.

K. Wesley Copeland.

4. Overview of Accomplishments

A brief overview of the accomplishments of each project follows. Not
all research programs were initiated simultaneously and this should be taken

into account when comparing their achievements.
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4.1. Inorganic Chemistry, Sfo Paulo

The senior participants were Professors Henry Taube (Stanford) and
Emesto Giesbrecht (USP) and the American Fellows were Drs. John Malin
(70-73) and Edward Dockal (73-75). This project is an ideal model since
it satisfied all of the criteria deemed desirable for its potential suc-
cess and therefore for the testing of the Djerassi concept. Professor
Giesbrecht gave the program very strong administrative support. Six
graduate students are being or have been trained in it; one obtained a
Ph.D. and one an M.Sc. A third completed all the requirements for her
Ph.D. degree but died in an accident before the final defense of her
finished thesis. The other three students are Ph.D. candidates. New
areas of research on the kinetics and mechanism of reactions of compounds
of cobalt, ruthenium, vanadium, osmium, and iron were established, using
a wide variety of modern experimental techniques. From this work, 12
publications in international journals have resulted so far. A graduate
course on Mechanisms of Inorganic Reactions in Solution was taught twice
by Dr. Malin in Portuguese, to about 20 students each time. The first
Brazilian Ph.D. emerging from this program, Dr. Henrique Toma, is now a
member of the academic staff of the USP and is unofficially guiding the
research of new graduate students. At present, there are no American
Fellows in this project, things are running well, and the goal of self-
sufficiency for the Brazilians has been attained in six years in this
instance. Furthermore, there is appreciable interaction between Henrique
Toma and- Eduardo Neves (see section 4.6), which is a highly desirable
kind of byproduct of the program.
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4.2. JTon-Cyclotron Resonance Mass Spectrometry (Physical Chemistry)

S&o_Paulo

The senior participants were Professors John D. Baldesclwieler (in-
itially from Stanford and now at Caltech) and José Riveros (USP), and
the American Fellows were Drs. Larry (Blair (70-71) and Patrick Jones
(71-73). Seven graduate students joined the group, two of whom have ob-
tained their degrees and become assistant professors (at USP) and one
who has obtained an M.Sc. and is continuing work for the Ph.D. Of the
other four, three are Ph.D. candidates and one has given up. Thirteen
publications on the work of this group, on ion-molecule reactions done
with a sophisticated Varian ion-cyclotron-resonance mass spectrometer,
have appeared in international journals. The role of the American Fellows,
although useful, was not central to the success of this program. Although
Dr. Riveros, a young, high-quality, Harvard-trained Ph.D., took the leader-
ship in establishing this program from its initiation, the role of the
American Fellows was important in establishing the basic research objectives
of the program.

4.3. Photochemistry, S¥o Paulo

The senior participants were Professors George S. Hammond (initially
from Caltech and later at the University of California at Santa Cruz and
Foreign Secretary of the NAS) and Vicente Toscano (USP) and the American
Fellows were Drs. Richard Weiss (71-74) and Frank Quina (75-77). Nine
graduate students have participated in this program, one of whom obtained
her Ph.D. while six of the others are still working towards their degrees.
This project was slow in starting, due to the initial unavailability of a
senior Brazilian partner. Studies in organic photochemistry were initiated,

and six publications have since appeared in international journals. Due
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to its late start, the project is not yet self sufficient, depending
on the active participation of an American Fellow.

4.4. Synthetic Organic Chemistry, Sdo Paulo

The senior participants were Professors William S. Johnson (Stanford),
Robert Ireland (Caltech)’, James A. Marshall (Northwestem), Marcelo Moura
Campos (USP) and Nicola Petragnani (USP), and the NAS Fellows were Drs.
Simon Campbell (69-72), Robert Ronald (70-72), Thomas Meteyer (72-74),
and Timothy Brocksom (72-75). Sixteen graduate students have been in-
volved with this program, of whom one has obtained a Ph.D., another
eleven an M.Sc., and the others are working towards a graduate degree.
Three of the people who obtained an M.Sc. are continuing towards a Ph.D.
An appropriate research laboratory was set up and equipped. Six papers
have appeared in international journals. Dr. Brocksom, the NAS Fellow,
settled .pennanently in Brazil which should help the project acquire

continuity and self-sufficiency.

4.5. Atomic and Molecular Dynamics (Physical Chemistry), Sdo Paulo

The senior participants were Professors Russell Bonham (Indiana Uni-
versity), Aron Kuppermann (Caltech), SimBo Mathias (USP), and Eduardo M.
A. Peixoto (USP). Professor Peixoto is a young man who obtained his Ph.D.
at Indiana University with Professor Bonham, and it was deemed ummeces-
ary and even undesirable to arrange for an NAS Fellow to join this group.
Six graduate students are being trained in it, none of whom have received
graduate degrees as yet. Seven publications have appeared in international
journals. It was decided by the senior participants to undertake the con-
struction, in Sao Paulo, of an electron scattering apparatus. This was
done in order to assess the feasibility of building, in Brazil, modem

experimental equipment, something essential for the development of new

*professor Emest Wenkert (Rice University) succeeded Professor Ireland,



- 2%

areas of physico-chemical research. This slowed down the progress of
the project, but it eventually was successful. This group now has the
capability of designing, constucting, and operating sophisticated in-
strumentation. It has attained self-sufficiency and continuity.

4.6. Electroanalytical Chemistry, S¥o Paulo

This is the most recent Sao Paulo project. It was started in early
1973 with Professors Fred Anson (Caltech) an_d Eduardo de Almeida Neves
(USP) as senior participants. Professor Neves, prior to that, had spent
one and a half years in Professor Anson's laboratory at Caltech and this
resulted in a close cooperation between the two, obviating the necessity
of an NAS Fellow. Eight graduate students have been involved in the
work of this project, two of whom, who had been graduate students since
1971, have obtained degrees (one Ph.D. and one M.Sc.). A good electro-
analytical laboratory has been developed and six papers have appeared in
international journals. In spite of its youth, this program has already
attained self-sufficiency and continuity.

4.7. Photochemistry, Rio

The senior participants were Professors George Hammond (Caltech and
the University of California, Santa Cruz) and W. Bruce Kover (UFRJ), and
the NAS Fellows were Drs. David Mog (70-73) and David E. Nicodem (72-75).
Seven graduate students have been involved in this program, of whom one
has obtained a Ph.D. and one an M.Sc. In addition, nine undergraduate
students are presently doing research in the group. The infrastructure
at the UFRJ made the establishment of this research grow rather difficult
and slow. However, it was accamplished, and a functioning organic photo-
chemistry lab in Rio does exist. It has not yet generated any publications

in intemational journals, but these should be forthcoming. It is,
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however, training Brazilian graduate students, and would not have been
established in the absence of the cooperative program. Its continuity
and self-sufficiency are, however, not yet established.

4.8. Inorganic Chemistry - X-ray Crystallography (Rio)

The senior participants were Professors Harry Gray (Caltech), Henry
Taube (Stanford), Sten Samson (Caltech), Jacques Danon (CBPF), Vicente
Gentil (UFRJ), and Aida Espinola (UFRJ), and the NAS Fellows were Drs.
Michael Flood (69-73), Diane Gutterman (70-72), and Ray Harrigan (70-72).
The project lacked from the beginning an interested senior Brazilian par-
ticipant associated with the UFRJ. The project was terminated in 1973,
but same positive results were obtained. As a consequence of consider-
able personal initiative and tact Harrigan was able to initiate a small
program in inorganic photochemistry involving two students. After his
return to the United States he completed one of the projects begun in
Brazil and the results have been published. One student obtained an M.Sc.,
an automatic x-ray diffractometer was acquired and recently made opera-
tional due to the strong efforts of Dr. Sten Samson (Caltech), a student
was trained at Caltech to operate it, and a young Brazilian professor,
Ricardo Bicca de Alencastro (UFRJ), is setting up a program for its util-
jzation. At Caltech Drs. Gretchen and Neil Mandel have put the computer
'~ software programs in operation, which gives the project the ability to
solve x-ray structures of small molecules.

4.9. Polymer Chemistry, Rio

The senior participants were Professors Charles Overberger (Michigan)
and Eloisa B. Mano (UFRJ), and the NAS Fellow was Dr. Robert F. Tarvin
(72-74). In addition, two young Brazilians, Drs. Ailton de Souza Gomes,
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and David Tabak, who obtained their Ph.D.s in the United States, partici-
pated actively in the project. A new polymer chemistry laboratory, desig-
nated NUMA (Nucleo Lhcromolgcular) was established. About 30 graduate
students have been or are associated with it, and 17 have obtained M.Sc.
degrees. Currently there are seven Ph.D. candidates in the program. Six
of the M.Sc. graduates have been hired by PETROBRAS; three of the others
returned to their original institutes. Technological research in the group
involves today 34 industrial projects completed or under way, some of which
have no sponsors. About nineteen publications have appeared or are in press
in international journals. It has become a major operation and a new build-
ing to house it is being constructed at the UFRJ campus on Fundao Island.
The NAS Fellow played a small role in its development, mainly because a sci-
entifically active and interested senior Brazilian was involved and needed
only the material and intellectual support to proceed.

4.10. Biochemistry, Rio

This is the most recent project in the chemistry program, having started
less than a year ago. The senior Brazilian scientist was Dr. Anita F. Panek
(UFRJ). Dr. James R, Mattoon (Johns Hopkins University) was the senior U.S.
scientist/NAS Fellow (75-77) Projects involving porphyrin biochemistry and
mitochondria and a study of the biosynthesis of citrochrome oxidase have
been initiated. Six graduate students are working in the growp. This project

gives signs of vigor and rapid development.

4.11. Other Activities
One of the byproducts of the program has been to establish an inter-
action among Professor Michel Boudart and PETROBRAS, IME, Professor
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Claudio Costa Neto, and Professor Ricardo Bicca de Alencastro. As a
result of these several interactions, a program in heterogeneous catalysis
seems to be taking shape in Rio, although not under the umbrella of the
CNPqMNAS program,

5. Discussion

The NAS,'CNPq cooperative program for the development of graduate
research and education in chemistry at the Universidade de S3ao Paulo and
the Universidade Federal do Rio de Janeiro was strongly based on the
Djerassi concept. According to it, a number of groups are set up con-
sisting of the following elements: (a) a scientifically active, high-
quality foreign professor; a young, high-quality NAS Fellow whose Ph.D.
was obtained under that professor or who has strongly interacted with
him; (c) a senior local professor, preferably active scientifically,
very interested in the future of the project, and capable and willing
to give strong administrative (and, when appropriate, scientific) support
to the NAS Fellow, even at a significant cost in time and effort; and
(d) a number of graduate students who are the primary target of the
graduate training program, and who spend full time doing research and
taking graduate courses. Enough such groups should exist at any one
time to create a critical mass capable of maintaining enthusiasm, an
interactive and progressive scientific environment, and forward momentum.
Periodic visits by the senior foreign professors and other visiting
lecturers should occur in order to increase interaction with the inter-
nationai scientific cammmity.

The present NAS/CNPq program has thoroughly tested this concept,

verified the basic validity of its premises, located some of its weak
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points, and indicated ways to improve it in future programs. The con-
clusions are given below.

a) The Senior Foreign Professor. He plays a vital role in

the program and in ascertaining its continuity. He must maintain an
active and continuous interest in the project which manifests itself

not only through frequent visits to the host country but also through
fairly constant correspondence with his colleagues in the developing
country (the Fellow and local professor) on scientific and administrative
matters.

b) The Young NAS Fellow. The existence of this Fellow is

essential when there is no local scientist trained, available, and
willing to play a personal and direct role in getting the new program
implanted. The Fellow must be highly qualified scientifically and very
adaptable personally. He must derive satisfaction in contributing to
the progress of a developing country and realize that his own rate of
scientific progress is apt to be significantly slowed down. He must

be able and willing to become rapidly fluent in a foreign language and
to adapt to different cultural attitudes and backgrounds. He should
preferably be single, but, if married, his wife should have similar
adaptability qualities. It is also essential that the Fellow should
either have received his doctoral training under the foreign professor
or have spent enough time thereafter in the latter's laboratory in order
to be able and willing to carry on a research program of mutual interest.
Without this characteristic it is difficult for a strong scientific
interaction to be maintained among the two and, when the time comes

for the Fellow to be replaced by another one, to maintain scientific
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continuity. He must nevertheless be given a high degree of autonomy
in the conduct of the scientific affairs of his research group and be
permitted to organize and to teach graduate courses. Last, but not
least, it is extremely important that the choice of the Fellow be made
jointly by the foreign and local senior professors. A weakness of
the concept is the difficulty of ascertaining scientific continuity
of the ongoing research projects upon changeover from one Fellow to
another.

c¢) The Senior Local Professor. This individual plays an

essential role in the success of the program. There is an added ad-
vantage if he is scientifically active in parallel research projects

of his own, which will be strengthened as a result of the implantation
of the interaction with the cooperative project being established. Even
if not active scientifically, he must be interested in the success of
the program to a sufficient degree to devote the time necessary to help
the NAS Fellow overcome whatever administrative or bureaucratic barriers
that are apt to appear in his patlway. He must also be sufficiently
well established at his local university to be effective in this role.
Under certain circumstances, the NAS Fellow and the senior local pro-
fessor may be combined into a single individual, as has happened in the
two physical chemistry projects in Sdo Paulo. In both cases, the Brazil-
ian participant was a young, U.S.-trained Ph.D. They had not yet es-
tablished research groups or projects of their own, but were willing
and able to do so, and were very receptive to and interested in a co-
operative venture which would furnish them with the necessary means to

accomplish their goals.
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Such a situation has both advantages and disadvantages, and
its departure from the NAS Fellow model must be recognized and handled
appropriately. First, there is a diminished role and need for a NAS
Fellow as a participant in the group organized by the young local sci-
entist, Such a Fellow may have to play a less autonomous role and may
in fact be in direct conflict with his local counterpart in terms of
competition for prestige, graduate students, equipment, and financial
resources. Under these circumstances, NAS Fellows should not participate
in such individual programs, but instead the young local scientist should
be given equivalent support by the collective program, both in temms of
resources and scientific interaction with the foreign professor. An
inherent difficulty appears under these conditions. The young Brazil-
ians were, in this case, not well established and therefore less able to
handle local bureaucratic problems. To alleviate such a difficulty it
is important that the local chairman of the program take special pains
to help such participants. It was extremely fortunate for the program
that in this instance a chairman of this caliber did indeed exist in
the form of Professor Paschoal Senise. As a result, both of those physi-
cal chemistry projects succeeded. A similar situation existed in Rio,
involving a senior rather than a junior Brazilian scientist, Professor
Eloisa B. Mano, an extremely energetic and dedicated person. She was al-
ready a full professor, well-established, and ready and eager to start
a polymer chemistry project. She was also the chaimman of the (NPg/NAS
program for Rio. In her case, the project would have succeeded even
without a NAS Fellow. Therefore, the concept of a NAS Fellow must be
generalized to take into account such variations. It is actually very

advantageous for the host country to encourage cases of this type, since



the scientists involved are local and will remain in the host country.
To inject a NAS Fellow who will eventually be replaced by somebody local
is an unmnecessarily long route under these special circumstances. Avoid-
ing NAS Fellows in these cases also circumvents the problem of securing
scientific continuity upon replacement of one Fellow by another.

d) Graduate Students. It is centrally important that special

efforts be made to rapidly recruit high quality graduate students into

a cooperative venture of this kind, since they are the central target of
the program. In addition, without them the initiation process is much
slower and less rewarding. It should be kept in mind that there may be

a strong competition with industry for good students, making it difficult
for the latter to complete their graduate studies before being lured away
by a high-paying job.

The degree of success of each of the projects of the program corre-
lated strikingly well with the degree of fulfillment of the above criteria.
In addition to these comments on the basic concept of the program, the
following remarks should be made.

1. Rapid importation of chemicals and small equipment replacement
parts is a vital ingredient for success. Despite numerous attempts, this
problem was only temporarily solved via a special mechanism involving the
Brazilian Embassy in Washington, the Brazilian Air Force, and the good
offices of the National Academy of Sciences. When the program ends in
Decenber_ 1976, this mechanism is likely to become unavailable and it is
very important that means be found by the Brazilians to solve this serious

problem.
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2. Basic support facilities, including machine, electronic, and
glassblowing shops, stockrooms, and secretarial and other administrative
backup help are important and should be explicitly discussed at the in-
ception of any new venture of this kind.

3. The concept that in addition to the initial capital investment
there are systematic maintenance and upgrading costs associated with
modern research equipment was a difficult one to introduce. Similarly,
the concept that there are significant costs of expendables and supplies
associated with the day-to-day operation of any research group, with the
cost per capita being approximately constant within a group as the size
of the group increases, was also difficult to introduce. Finally, the
frequency at which funds for such costs were received by the various pro-
jects was not constant and interfered appreciably with the orderly oper-
ation and planning of the several groups. In any future venture, the
importance of these points must be stressed and specific commitments on
both sides made to avoid the problems resulting from the lack of realiza-
tion of their significance.

4, It should be ascertained that the salary coammitments to NAS
Fellows be met promptly since they are entirely dependent on these funds
for their financial solvency and do not have a local extended family to
resort to at times of financial crisis. The problems associated with
their visas and importation of personal belongings should also be tackled
at the early stages of discussion of new programs to avoid an unnecessary
and excessive diversion of the Fellow's efforts away from his scientific

responsibilities.
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5. The role of visiting lecturers* and the other participating
foreign professors, is an important one in establishing scientific inter-
course with the international scientific conmmity. Bqually important
is the travel abroad of young local scientists to international meetings
and for visits to other laboratories, after they have reached a level of
training which makes these travels profitable. In addition, stimulating
travel within the host country by the young local scientists to speak
about their research project and results is also highly desirable.

6. As local students camplete their graduate or postdoctoral train-
ing and become ready to initiate research groups of their own, they
should receive support from the host country's research support organ-
izations. This might take the form, for example, of allowing them to
transfer specialized research equipment which they have used to their
new location and giving the means to the senior local professor with
whom they have worked to replace this equipment with a more up-to-date
version of it or with different kinds of equipment if he wishes to
change the direction of his research. In other cases the recent gradu-
ates should be given funds to build or to acquire their equipment.

7. After the program terminates in December 1976, there will still
be many students in the "pipeline'". They will need continued support,
not only in the form of stipends but also in the form of research sup-
port. It should be realized that a large investment by the (NPq has
been made in setting up the various research groups, and that it is es-
sential that these groups continue to be supported for this investment

not to be lost.

*See Appendix iv.
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8. The problem of finding adequate jobs for the returning NAS
Fellows is a serious one and deserves special attention. It is highly
desirable for funds to be available for them to spend up to one year in
the laboratory of the senior foreign professor with whom they had been
associated. From this location they can effectively institute a search
for jobs with the professor's aid. We have found that it was very dif-
ficult for the NAS Fellows to find positions in the United States while
based in Brazil. In several cases, only after they had been back for
many months did they find such positions.

9. On occasion, misunderstanding and sometimes delay of the work
occured because American participants, both professors and Fellows, did
not understand the different structure of the two Brazilian universities
and the support system of the country. This kind of problem is probably
unavoidable because a foreigner can never really learn entirely the charac-
teristics of the institutions of another country without long study. These
problems may be minimized by recognizing their inevitability and antici-
pating the need for ad hoc adaptive procedures.

10. An interesting byproduct of programs of this type is that they
tend to catalyze an evolution in the administration of scientific research

in the country concerned as well as in the foreign agencies involved in

intemational programs. This tends to facilitate future research efforts

of a national or international character.



Appendix iv

Visiting lecturers - September 1971-June 1976

A new element, visiting lectures by eminent U.S. chemists not in the
bilateral program, was added to the program the latter part of 1971. The
five major objectives of these visits were:

1. To increase the nmbers and points of contact between Brazil
and the United States;

2. To broaden the knowledge and interest of program participants,
Brazilian students, and others at the universities in areas other than
their own discipline;

3. To decrease the feeling of scientific isolation among the sci-
entists in the program in Brazil;

4. To provide up-to-date information on research in a particular
discipline; and

5. To provide information that may give guidance to the future ad-

ministration of the program.

Lecturer/Affiliation/Date of Visit

Dr. Herbert Morawetz, Polytechnic Institute of Brooklyn,
September 21-23, 1971

Dr. Dale Margerum, Purdue University, July 23 - 6 August, 1972

®Dr. Sten Samson, California Institute of Technology, October 15 -
November 3, 1972

Dr. Hermann F. Wellenstein, Indiana University, December 6 - 20, 1972

'Subsequently became a senior U.S. scientist in a program project.
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Dr. John Stille, University of Iowa, March 9 - 24, 1973

Dr. Vincent McKoy, California Institute of Technology, March 23 -
April 2, 1973

Dr. Stephen Berry, University of Chicago, April 19 - May 6, 1973

Dr. George H. Buchi, Massachusetts Institute of Technology,
June 11 - 15, 1973

*Dr. Fred Anson, California Institute of ';‘?chnology, October 21 -
, 1973

Dr. Harry Morrison, Purdue University, November 20 - 27, 1973

Dr. William Dauben, University of California at Berkeley,
November 28 - December 5, 1973

Dr. Paul J. Kropp, University of North Carolina at Chapel Hill,
December 3 - 8, 1973

*2Dr, John M. Malin, University of Missouri, May 14 - 28, 1974

Dr. Eugene E. van Tamelen, Stanford University, September 15 -
21, 1974

**Dr. John M. Malin, University of Missouri, September 1975

Dr. Angelo Lamola, Bell Laboratories (New Jersey), November 10 -
21, 1975

Dr. Roger S. Porter, University of Massachusetts, November 15 -
22, 1975

Dr. Neil Mandel, California Institute of Technology, May - June 1976

*Subsequently became a senior U.S. scientist in a program project.
**Lormerly a NAS Overseas Research Fellow.
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