Annual Address to the National Institute of Sciences of India.
NAGPUR, 1945.

By Sir JNxax Cuaxpra GuosH, Kt., D.Sc., F.N.I., F.R.AS.B.

I am sorry that I am not present with you at the Annual General Meeting of the National
Institute of Sciences of India. As you are aware, early in 1944, an invitation was received by your
Council from the Royal Society to send a representative to London to discuss with the officers
and Council of the Royal Society the whole question of the establishment and recognition of an
all-India Society of eminent scientific workers. The Council felt that the President should be
the representative to be entrusted with these delicate negotiations. Accordingly I joined
the delegation of Indian scientists who were invited by H.M. Government to visit the United
Kingdom to study on the spot how science has been organised and utilised there for the pro-
secution of the war. I hoped that I would be able to return to India early in December; but
the Government of India thought that the Indian Scientific Mission could with advantage also
visit the United States of America and Canada so that their experience might become more
useful for the post-war planning of scientific training and research in India. Hence it is that
I shall be in the Tennessee Valley, U.S.A., and not in Nagpur on the day of the Annual
General Meeting.

During the year, we have lost by death a great Indian scientist and patriot—Sir Prafulla
Chandra Ray. At a special meeting held on the 19th June, the Council passed the following
resolution of condolence :—

‘This meeting of the Council of the National Institute of Sciences of India places
on record its deep sense of sorrow and loss at the death of Sir P. C. Ray, a Foundation
Fellow of the Institute, an eminent scientist, and the first founder of a school of chemical
research in India. He clearly visualised the important part which the application of science
plays in the growth of industry and devoted his life in exhorting his countrymen to emulate
the example set by him. The Institute conveys its sincere sympathy and condolence to
the University of Calcutta at the loss suffered by the death of its illustrious Emeritus
Professor.’

I had the privilege of knowing him very intimately for the last thirty-five years, and I recall
to-day his wide culture, large-hearted charities, intense love for his countrymen, his high
endeavour and few wants.

You will be interested to learn that in July last the Hon’ble Sir A. Ramaswami Mudaliar
and the Hon’ble Sir Azizul Haque were elected Ordinary Fellows under Regulation 12 and later
on Sir Henry Dale and Prof. A. V. Hill were elected Honorary Fellows of the National Institute
of Sciences. They have taken keen interest in the progress of science in India and their
election as Fellows of the National Institute will, T hope, lead to closer contact of our Society
with the Government of India and the leading scientific organisations in the United Kingdom.

The war increased considerably the financial difficulties that the learned scientific societies
in India were experiencing in publishing papers embodying the results of original research
carried out by our scientists. As it is, the funds of the societies are generally inadequate for
this purpose even in peace time. The position became very serious last year due to large
increase in the cost of publication. The Council of the Institute accordingly approached the
Rockefeller Foundation for a grant of Rs.15,000 to help in the publication of scientific journals.
This grant was immediately sanctioned by the officers of the Rockefeller Foundation; and
Dr. Hanson, the Associate Director, in communicating this sanction expressed his gratification
that it had been possible to extend this assistance to the scientific societies of India, through the
National Institute of Sciences of India. I hope to meet Dr. Hanson and the other officers of the
Foundation in New York early in January and offer them personally our thanks for this valuable’
help. I hope that this grant will be continued every year for the period of the war.* Such

* In his letter dated the 13th February, 1945, Dr. Hanson writes that he is happy to inform me that the
officers of the Rockefeller Foundation have approved an action allocating Rs.15,000 as a grant to the National
Institute of Sciences of India to be available for the period of one year following the terminating date of the
current grant.
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gestures of good-will have a value in cementing international friendships which cannot be
expressed in terms of money only.

On the 7th of November, we had the privilege of meeting the British Scientific and Par-
liamentary Committee in the Houses of Parliament. The Committee felt that Great Britain
was falling far behind the U.S.A. and U.S.S.R. in the scale in which financial provision was being
made for scientific research; they look forward to spending at least four times the present
available funds annually after the war in order to provide the basis without which British
Science cannot effectively meet the needs of the future. As a matter of fact, the Royal Society
appointed at the end of 1943 expert Committees in Physics, Chemistry, Biology and Bio-
chemistry, Geology and Geophysics to report on the needs of research in fundamental sciences
after the war. They estimate that provision will have to be made for one million pounds a
year for ordinary expenditure on research in these fundamental subjects. ‘This figure of a
million pounds does not include the capital cost of building new laboratories, or extensions or
renovations to laboratories, which in many cases are required in order that the increase in staff
and research activities can be accommodated. These were considered to be a direct respon-
sibility of the Universities and were, therefore, not included in the research bill. It also does
not include the salaries of (permanent) academic staff (in Universities and Research Institutes
for pure science) but it does include the ordinary costs of their research work.” It is hoped
that a million pound grant will be distributed annually by H.M. Government through the
Royal Society to the Universities for research in fundamental sciences.

In India, research is still a responsibility of the Central Government and, I hope, will
continue to be so in future. If the needs of Universities and research institutes in the U.K.,
whose resources are incomparably greater than those of similar institutions in India, are being
so carefully looked into now, how much more imperative is it for us to make a similar review of
our post-war needs of research in fundamental sciences? I hope that the Council of the
Institute will take up this matter for serious consideration early next year and put up
comprehensive proposals before Government. The Government of India are now considering
post-war plans for universal primary education and adequate secondary and technical education;
and it is time that they are fully informed of what we consider as reasonable requirements
for higher scientific education and research in the country.

The Council of the Institute with the approval of a large majority of the Fellows have
taken the momentous decision to transfer our headquarters from Calcutta to Delhi (a) on the
following conditions: (i) that suitable accommodation be made available in Delhi, (ii) that
an annual grant of Rs.15,000 be sanctioned by Government to meet the travelling expenses
of Fellows for attending meetings of Council ; and () on the understanding that the National
Institute of Sciences of India will be granted a Charter and given statutory authority on the model
of the Royal Society. It is not possible yvet to announce any definite results, but I feel that we
have no reason to be dissatisfied with the progress of our negotiations with the Government
of India and H.M. Government. I shall be failing in my duty if I do not express on this occa-
sion my warm appreciation of the help which Prof. A. V. Hill has rendered us in this connec-
tion. He spent the winter of 1943-44 in India as a representative of British Science and as an
Adviser of the Government of India on the organisation of scientific research. He expressed
fully the opinion that the National Institute of Sciences of India is the nearest equivalent in
India of the Royal Society and recommended to Government that statutory recognition be given
to our Institute as the body best suited by constitution and membership to assume the rdle of a
national academy of sciences such as

The Royal Society (London),
The National Academy of Science (Washington),
The Academy of Science of the U.S.8.R. (Moscow).

It is a welcome sign of the time that the Government of India should be taking a keen
interest in the development of industrial research in the country. The Council of Scientific
and Industrial Research, which has now been attached to the Department of Planning and
Development, appointed early in 1944 an Industrial Research Planning Committee consisting
of influential representatives of business and science, to report on the steps and measures that
should be taken to promote, direct, control and organise industrial research activities in India.
In response to a request by the Committee, the Council of the National Institute of Sciences
submitted the following memorandum, which I consider of sufficient interest to be quoted in
full :——
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‘At a symposium organised by the National Institute of Sciences of India on this subject,
held at Calcutta on the 27th and 28th September, 1943, and concluded at Delhi on the 30th
and 31st December, 1943, it was recommended that a National Research Council should be
created, with a Member of the Viceroy’s Executive Council as its President, and that it sheould
function through four Research Boards as follows :—

1. Board of Scientific Research (Mathematics, Statistics, Physics, Chemistry, Botany,
Zoology, Geology, Geography, Psychology, etc.).

Board of Agricultural Research (Soils, Crops, Animal Husbandry, Fishery and
Forestry).

Board of Medical and Public Health Research including Medical Science.

Board of Engineering Research including Mining, Metallurgy. ’

And such other Boards as may be considered to be necessary.

The President of the National Research Council shall appoint the Chairman of
each Board in consultation with the National Research Council. The Vice-Chairman
shall be elected by each Board from amongst its members.

o
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It was contemplated that all the existing research organisations should be fitted into the above
scheme.

The terms of reference to the Scientific and Industrial Research Planning Committee are,
however, much narrower. They exclude any consideration of agricultural, medical and
public health research.

The views of the Council of the National Institute of Sciences of India are as follows:—

{i) There should be created a Board of Scientific and Industrial Research under the
direct control of a Member of the Viceroy’s Executive Council who should, if
possible, be also the controlling authority for scientific research in all branches

. of knowledge.

(ii) The Board should consist of (@) a General Council, of which the Chairman shall be
the Member of the Viceroy’s Executive Council in charge, and (b) an Executive
Committee.

(iii) The General Council may appoint Research Committees as approved in the resolu-
tions passed at the Delhi symposium.

(iv) Finances: The Central Government should provide an adequate initial capital grant
which may amount to at least 10 crores of rupees for bringing into existence
the various laboratories for conducting industrial researches. Such industrial
researches should be of two categories: long-term research which will include
research of fundamental problems and short-term research pertaining to the
immediate needs of industries. For the present the following laboratories may
be envisaged :—

National Chemical Laboratory.
National Physical Laboratory.
National Metallurgical Laboratory.
Fuel Research Institute.

Glass and Ceramics Research Institute.
Fertilisers Research Institute.
Electrochemical Research Institute.
Textile Research Institute.

Institute of Dyestuffs Chemistry.
Institute of Fermentation Technology.
Radio Research Institute.

Leather Institute.

Institute of Food Research and Technology.

(v) Constitution of the General Council and Executive Committee: It is considered
that a majority of the members of the General Council and of the Executive
Committee should be scientists. :

(vi) Existing Research Institutions: The scientific departments of the Indian Uni-
versities and the research institutions should be encouraged to improve their
research facilities and should be invited to participate in the programme of
research that may be laid down by the Board by generous grants-in-aid. -
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(vii) Training of Research Workers: Funds should be allotted in an adequate measure
for the training in research of able post-graduate science students in laboratories
of Universities and Research Institutions wherever capable investigators in the
permanent staff are available to guide and supervise the work of such students,
and the Universities and Research Institutions should be encouraged to develop
and maintain permanent schools of research on specific lines by generous grants-
in-aid.’

We hope that the Committee will take a very wide view of their functions and make far-reaching
recommendations for the benefit of Indian industries and India.

The suggestion that ten crores of rupees should be provided as capital outlay for bringing
into being several all-India research laboratories in the essential branches of science and
industry may appear extravagant to those who are familiar with Indian conditions only, or
with scientific departments of British Universities. In England, I was greatly impressed by
many magnificent research organisations outside the Universities, e.g. The National Physical
Laboratory, The Royal Aircraft Research Establishment, The Anglo-Iranian and Shell Group
Organisation, The Brown-Firth Research Laboratories, The Shirley Institute and the Imperial
Chemical Industries Research Laboratory. The last-mentioned laboratory has in its staff
about one thousand able research workers representing almost all branches of science and has
a recurring annual expenditure of two million pounds. In the U.8.A,, scientific and industrial
research has been developed on a vaster scale; and an expenditure of five million dollars a year
in a laboratory is not considered at all exceptional. Such laboratories are often integral parts
of the giant industrial concerns which dominate American business. But sometimes they
are the outcome of private generosity; for instance, the Mellon Institute at Pittsburg. This
Institute was founded in 1911. The two brothers, Andrew and Richard Mellon, felt that their
vast wealth could not be better used than by establishing a Research Institute which will
help manufacturers, who have little research facilities of their own, to develop new products
or improve old processes. Such an Institute will be a strong force in the direction of improving
the standard of living through discoveries and inventions. The magnificent laboratories
built for this Institute in 1937 have set up a new standard for research institutes, even in
America.

Pittsburg is the centre of researches on coal in the United States. 'The Council of Scientific
and Industrial Research in India naturally attaches the greatest importance to the study of
Indian coals and is anxious to establish a National Fuel Research Laboratory at Dhanbad
on an adequate scale even in war time. I was, therefore, anxious to familiarise myself with the
nature of investigations that were being carried out in the various laboratories at Pittsburg,
which 1 visited in mid-December. Researches on the production of coke from American coal,
on the recovery of by-products and on the design and fabrication of coke oven plants are being
carried out in the laboratories of the Research Division of Koppers Inc. in Pittsburg. We
visited their latest plant at Kearney N.J. which handles 15 million tons of coal every year.
The heat balance in the ovens is so perfect that we walked about the basement underneath the
ovens; we were told that this space would be used for stores and office purposes.

Production of industrial chemicals by low temperature oxidation of coal is the primary
concern of the Coal Research Laboratory of the Carnegie Institute of Technology, Pittsburg.
The Bureau of Mines Reserach Laboratories were primarily interested in the processes of coal
analysis, in complete gasification of coal, and in carbonisation both at low and high tempera-
tures. In view of the plentiful supply of petroleum available in America there was little interest
in the synthetic production of liquid hydrocarbons either by the Bergius process or Fischer-
Tropsch process. In 1942, the Bureau of Mines, however, started research on Fischer-Tropsch
reaction and in 1944, Congress approved the new synthetic liquid fuel programme which would
extend over a period of five years in the first instance. The appropriation for the purpose,
for the year 1944-45, has been increased to three million dollars. It is now recognised that the
development of the Fischer-Tropsch process offers great possibilities not only for the production
of synthetic fuel but also as a source of raw materials for a great variety of chemical products
such as wax, fats, synthetic rubber, plastics, ete.

Some of us, who have worked on Fischer-Tropsch reaction in India, cannot help suffering
from a sense of frustration when we compare our exceedingly meagre resources with those
that are at the disposal of the workers on this problem not only in the U.S.A. but also in the
U.K.; and sometimes from a sense of despair at the inadequacy of our facilities, we feel like



210 ANNUAL ADDRESS.

giving up this work altogether. Yet the contribution on this subject from the laboratories
of the Dacca University and the Indian Institute of Science is generally recognised as of
considerable significance. 1 feel that a short account of this work will not be out of place.

The Fischer-Tropsch process originally consisted in passing synthesis gas containing a
mixture of carbon monoxide and hydrogen in the ratio of 1 : 2, carefully purified from sulphur
compounds, over catalysts whose main ingredients were cobalt and keiselguhr; under suitable
conditions, as much as 150 grams of liquid petroleum can be obtained from 1 cu.m. of synthesis
gas. Cobalt is a comparatively rarc metal, and in times of war is not obtainable in most coun-
tries. The same is true of keiselguhr. In 1933-34 we carried out laboratory investigations
on the use of cheaper and more readily available catalysts like iron and copper for this synthesis.
Fischer and Decarrier, by using iron catalysts, could not obtain more than 35 grams of liquid
hydrocarbons per cubic metre of synthesis gas and discarded such catalysts as unsatisfactory.
Ghosh and Sen obtained a powerful catalyst by soaking 2-5 grams of asbestos with a concen-
trated solution of nitrates containing 4 grams of iron, 1 gram of copper, 0-25 gram of nickel,
-03 gram of thorium and -004 gram of cerinm. The oxides of these metals were deposited
from the nitrates in the ashestos fibres by slow ignition, and the asbestos thus prepared soaked
with }9% solution of potassium carbonate and dried. At a reaction temperature of 238°, as
much as 85 grams of higher hydrocarbons were obtained per cubic metre of synthesis gas.
These results were published in 1935 and were considered surprisingly good in Japan. The
Japanese Society for the promotion of scientific research financed very generously further
developments of such iron copper catalysts with the result that in 1940, the Institute of Physico-
Chemical Rescarch in Tokyo produced a catalyst containing iron, copper, caustic potash, borie
acid and keiselguhr in the ratio 75 : 25 : 2 : 2 : 125 which could be used with purified water
gas containing carbon monoxide and hydrogen in the ratio of 1 : 1 and yield steadily 90 c.c.
of oil per cubic metre of gas at 260°. We are now told that the Fischer-Tropsch plants in the
Axis countries use catalysts whose ingredients are mostly iron and copper. Indian investiga-
tions on this problem, which were suspended in 1935, were stimulated by the war with Japan,
and some of the results obtained in the laboratories of the Daceca University and in the Indian
Institute of Science appear to Le very interesting. It is generally believed that nickel is not
suitable for Fischer-Tropsch synthesis in that it favours the formation of methane in preference
to higher hydrocarbons. As is well known, a catalyst surface is composite and contains points
of varying activity. Based on this idea, a catalyst has Leen developed at Dacca which gave
practically no methane when treated with synthesis gas at about 200°-230°, and converted
569, of the carbon monoxide into higher hydrocarbons at a space velocity-of 260 c.c. per hour.
The composition of the effluent gases after dehydration and absorption by active charcoal
remained practically the same as the original synthesis gas. The catalyst contained 45-89%,
Ni, 8:29%, Th, 469, keiselguhr and was prepared by precipitation with potassium carbonate,
reducing at 350°, cooling in an atmosphere of hydrogen, washing slightly with dilute acetic
acid and drying.

Again the economies of the Fischer-Tropsch process can be improved very considerably
if (1) instead of synthesis gas, water gas can be used as such with very high efficiency of con-
version, and (2) instead of atmospheric pressure, medium pressures can be used which will
bring down the capital cost of construction of plant per ton of oil produced. The investigations
in Bangalore were pursued with these objects in view. A study of adsorption of hydrogen
gas by catalytic materials indicated that at about 200°C, it is most adsorbed by chromium oxide. '
This led to investigations of catalysts which contained chromium oxide as promoter. A
catalyst containing 349, cobalt, 4% copper, 2:5%, thorium oxide, 29, cerium oxide, 4-69%,
chromium oxide and the rest keiselguhr gave very satisfactory results. At a pressure of five
atmospheres, and 205°C, and a space velocity of 600 c.c. per hour, a steady output of as much
as 150 grams of liquid hydrocarbons was obtained per cubic metre of water gas. Fischer-
Tropsch reaction is a rich mine which has been scratched merely on the surface. It will yield
unsuspected wealth if looked into carefully in the Indian Institute of Fuel Research,



