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General Introduction:

The subjects of nuclear chemistry and radiation chemistry have
long been regarded, particularly by those who do not themselves work
in these fields, as siamese twins, linked together in time and space.
It is certainly true that the war time atomic energy project in Canada
gave rige to the study of radiation chemistry in this country, and aleo
to the rebirth of nuclear chemistry; the latter subject having its
origin in the pioneering work of Rutherford and Soddy at McGill in the
early years of this century. It is also a truism that these disciplines
are today found together in atomic energy establishments not only in
Canada, but elsewhere in the world; it is not surprising therefore that
a single committee to survey these fields should be thought of as

natural and appropriate.

Nevertheless, these subjects are in fact distinct and separate
disciplines, as will be apparent from the definitions and discussions
presented in Parts I and II of this report, To anticipate these
definitions very briefly, radistion chemistry (Part 1) is the study of
chemical reactiens which are induced by absorption of ionizing radiationm.
It is most closely related to the well known discipline of photochemistry.
Nuclear chemistry (Part II) may be regarded as the study of the properties
and the reactions of the atomic nucleus, and 'is therefore a close
relative of nuclear physics. The familiar and overworked term
"radiochemistry" is avoided because it has become so ill-defined and

ambiguous as to be almost meaningless.

!
Collection of Data:

Two basic questionnaires appropriate for each of the two
disciplines were prepared and each of these in turn was produced in

two forms, one for university respondents and the other for workers



in government or industrial ldboratories. These questionnaires were
then sent to all known practitioners of these subjects in Canada, ' The
‘queationnaire waas accompanied by a full list of recipients and each ’
‘respondent was asked to add the names 6f other persons the committec
hay have overlooked. All the data in this report was obtained in this way.*

‘ The response to our questionnaires was extremely good; 80% of
those polled replied, generally in great detail, ahd supplied the
committee with a large variety of opinions. We believe that the 20%
who did not reply reprecsented mainly those who are only marginally in
one or other of these fields; in a few cases, questionnaircs were sent
to persons formerly active in these areas; not unexpectedly, not all
of these persons replied. In short, we have facts and opinions from
practically the entire Canadian scientific community engaged in research
and development in these subjects.

The committee is aware of the usc in other surveys of the
concept of a full time equivalent (F.T.E.) according to wiich a
faculty member who states that he spends 25% of his time on research
activities would be counted as 0,25 F.T.E. Again, another faculty
member who spends 25% of his time divided between two fields might be
counted as 0.12 F,T.E. in each of these fields. Similar division of
time and interest could be made for persons in governmént research
laboratories. .
No calculations of F.T.E. have been made in compiling this report.

We have adopted the pragmatic view that a scientist who declares himself
to be practicing in one or other of these aress, and moreover is known
to be from other evidence (e.g. publications known to the committec), is
counted in fact as a practitioner and tabulated accordingly. We recognize
that this practice leads to an overcstimate of the number of scientists
involved, and that the same person might be counted and listed again by
another committce as active in their fieid of study. We know, for example,
of several -sorsons having éctive programs in radiation chemistry who also
work and . iish in the fields of gas phase kinetics or in the field of high
polymers. However, we do not iegard these admitted inconsistencies as
serious, inasmuch as no crucial arguments are developed or conclusiéns

drawn from manpower data adduced in this part of the survey.
*I1lustrative comparisons of Committee 12 and C.I1.C. data are given in the

Appendix, Page 38, Table IX.




PART I - RADIATION CHEMISTRY

Definition and Scope:

Radiation chemistry may be defined as the study of chemical
‘reactions induced by the absorption of ionising radiation. The term
radiation includes high energy charged particles as well as X- or y—réys.
The source of the radiation may be a radicactive nucleus or a high energy
machine =--cyclotron, betatron, or linear accelerator,

Chemical reactions resulting from nuclear transformations of the
atoms of a reactant molecule are discussed under nuclear or hot atom
chemistry and are not included in radiation chemistry as such. By
tradition the radiation chemist has also limited himself to the use of
particle or photon energies which are incapable of initiating nuclear
transformations.

In passing through matter ionising radiation loses its energy in
producing free electrons and a variety of ions and neutral excited
molecules. The observed chemical change in the irradiated medium is
the net result of the reactions and interactions of all of thesc species.
It is at once apparent that any radiation-induced reaction is far more
complex than a typical photochemical reaction. In these latter reactions,
the wave-~length of the irradiating photons 1s usually chosen to produce
a single discrete neutral excited state of the absorbing molecule, While
the inherent complexity of radiation chemistry represents a distinct dis-
advantage,there are a number of intrinsic characteristics which have
spurred on its development. In the first place, the use of highly
penetrating X~ or y~radiation at present provides one of the best and
in many instances the only method for creating and studying the reactions
of ions and free electrons in solids, liquids and gases at normal pressures.
Secondly, carefully designed radiation-chemical experiments can provide
information about the reactions of highly excited states of neutral molecules.
These states are not acceésible to study by the techniques of ultra-violet

or even vacuum U.V. photochemistry.



Historical Developument in Canada.

Chemical effects of ionising radiation were observed
simultaneously with the discovery of radiocactivity at the turn of the
last century. Illowever, apart from the piloneering studies of Mund, Lind,
Lea and their cellaborators little quantitative work in this field was
done until high intensity radiation sources became readily available at
the end of the second world war. The building of the Chalk River
laboratories, beginning in early 1943, gave Canadian chemists a unique
opportunity to contribute to the development of this new and challenging
field, Furthermore, an enormous incentive was provided by the Canadian
Government's decision to develop nuclear power reactors. Because of the
earlier contributions of scientists like the late E.W,R. Steacie, Canada
already had stromg schools in the fields of photochemistry and kinetics.
The experience carried over by graduates of these schools was undoubtedly
a major factor contribucing to the successful dévelépment of radiation
chemistry inm Canada.

Most of the early work was done in the Government laboratories
at Montreal, Chalk River and Ottawa. However, Professor J.W.T. Spinks,
who was then an established photochemist at the University of Saskatchewan,
and during the war years was a part of the group in Montreal, (see Part 1I)
realized the potential of this new science, and began the training of
graduate students in the field of radiation chemistry in the early 1950's.
In addition to chemical studies, much basic work on the ferrous sulphate
dosimeter was conducted in collaboration with Dr. H.E. Johms, who was
then also at the University of Saskatchewan in the Department of Physics.
Many Saskatchewan alumnae have continued to make significant contributions
to radiation chemistry both in Canada and elsewhere. Dr. Spinks' book
with R.J. Woods, "An Introduction to Radiation Chemistry" is still the
only general text on the subject.

Since the initial development in the late 1940's, radiation
chemistry has grown into one of the major research fields of Canadian

physical chemists. Therc are at present twelve radiation chemists



working in the three laboratories of AECL. 1In addition, three radiation
chemists are employed by the Defence Research Board, and four by the
National Research Council Laboratories in Ottawa. Thirteen Cenadian
universities now have staff members who are actively engaged in research
in this area. At least ten universities offer chemistry courses with
some radiation chemistry content. Eight of'those at which radiation
chemistry research is conducted offer courses specifically in this
field, most of these being at the graduate level. Our survey did not
reveal any significant research or development involving radiation
chemistry in Canadian industry.

Manpower

Tableé I and II contain statistical information on the number
of persons cngaged in radiation chemistry research in Government
laboratories and universities in Canada. (As indicated carlier,
all the data in this report vas obtained from the questionnaires
prepared by Committec 12;&).

*I1llustrative comparisons of Committee 12 and C.I.C. data are given in
the Appendix, Page 38, Table IX.



TABLE I

Distribution of Manpower in Govermment
Laboratories - Radiation Chemistry

Institution Dept. Prof. Staff Technicians
DRB Defence Chemical 3 3

and Biological
Research Labs

AECL Whiteshell, 4 4
WNRE

AECL Chalk River 6 6
Nuclear Laboratories

AECL Commercial Products 2 5
Division, Ottawa

NRC Pure Chemistry 2 -
Division Ottawa

NRC Applied Physics 2 -
Division Ottawa
Totals 19 18

WNRE = Whiteshell Nuclear Research Establishment,
Atomic Energy of Canada Ltd., Pinawa, Manitoba.



Manpower Statistics for Radiation Chemistry

Research in Canadian Universities

FPresent No.

Students Graduated

University Dept . Prof.Staff of students Last > years Next 5 yrs,
M.Sc. Ph.D. M.Sc. Ph.D, M.Sc. Ph.D.
Alberta Chem. 2 - 7 - 7 1 8
Brock " 1 - - - - - -
B.C. " 1 3 - 1 - 5 5
Calgary " 1 1 1 1 4 2 3
Laval " 1 - 3 2 4 6
Manitoba " 1 1 1 - - 7 2
McGill " 2 - - - - - 7
MeMaster Chem.Eng. 1 1 - 4 1 4 2
Queens Chem, 1 1 - - - 2
Sasl stchewan Chem, 4 3 3 10 2 12 6
Toronto Biophysics 1 - 2 - - n/a n/a
Toronto Chen.Eng., 2 - 3 n/a n/a n/a n/a
Windsor Chenm. 1 2 - - - 1 5
Waterloo Cheu.Eng. 1 1 2. n/a n/a nfa n/a
n/a = no information .
Tot:als 20 13 22 18 16 39 46
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The graduate programs established at the Universities of Alberta,
Calgary, Laval and McMaster in the early 1960's have already produced a
significant number of graduates. Radiation chemistry programs at Brock,
B.C., Manitoba, McGill, Queen's and Windsor are just getting underway.
Thus it is not surprising that the number of M.Sc. graduates for the next
five years is expected to be double that for the previous five years.and,
the number of Ph.D.'s to be increased threefold. However, much depends
on the supply of graduate students, which has shown signs of waning in
the past two years, and the estimates are probably overoptimistic by
about 30%. At the present time, three chemical engineering departments
are active in the field., This is encouraging since a need for greater
emphasis on applied radiation chemistry seems to be apparent.

It is estimated that about seventy per cent of the students who
graduated in the past five years have remained in Canada. Thirty per cent
of these found jobs in universities, 45% in government labs and 257 in
industry. Of those whc left Canada, fewer (about 25%) went into universities
and about equal proportiomns of the remainder into govermnment and industry.

It should be emphasized that graduate work in radiation chemistry
provides a very broad training. Students normally acquire a sound basic
knowledge of the fields of mass spectrometry and photochemistry, along
with a thorough grounding in kinetics and analytical chemistry. They
are not therefore limited to this field after graduation and an appreciable
number change. However, this is compensated by the fact that kineticists
and photochemists not infrequently switch to radiation chemistry.

Actually an increasing number of chemists are becoming engaged in photo-
chemistry and radiation chemistry simultaneously. ‘

Radiation chemistry has had a significant impact on science and
nuclear technology in the last 10 years, and its growth is therefore
likely to continue. It is estimated that 6 more university staff with
interests in this field may be required by 1972. Industry and government
laboratories may absorb another 15 Ph.D. graduates. Thus the supply of



Ph.D., graduates estimated in Table II appears to be sufficient,
assuming that the nccessary number of incoming students is available
and that, as in the past, 707 remain in Canada after graduation. This
situation represents a healthy comparison to the last 15 years, for of
the 39 professionals currently working in universities or government
laboratories, at least 30%Z came to Canada after having received the

majority of their training elsewhere.

Financial Support

(1) Capital Funds

The government laboratories listed in Table I provide rather
adequate financial support for research projects conducted within their
precincts. This survey shows that in these laboratorieé, on the average,
about $60,000 is expended in launching a new research project involving
one professional chemist. It must be emphasized, however, that this sum
includes large pieces of equipment such as Van de Graaffs and Febetroms,
and these are usually shared by other workers in the same laboratory.
0f course, new projects are not started by every staff member cvery year;
over a period of years, the averagc injection of funds for capital
equipment has been approximately $6,000 per staff member pcr year.

Table III shows the financial support provided for radiation
chemistry research in Canadian universities. Not unexpectedly, the
university radiation chemist usually has a harder time establishing
himself with initial equipment he needs than does his colleague in the
government laboratory. Half of the radiation chemists who reported in

this survey stated that they had received no funds for major equipment

from their universities over the past five years. The overall amnual

average was about $3,000. The overall average of capital equipment
grants from NRC and other government agencies during the past five years
was $4,400. Only one person indicated regular support from industry.
Another reported a non-recurring 520,000 industrial comtribution for

equipment.
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The present cost of an AECL Garma Cell, a commonly used radiation
source, is $17,000. While AECL has loaned several of these, the average
university chemist has to meet the entire cost from his tesearch‘graﬁt.
Those who establish rescarch programs in departments without mass
spectrometers and the other necessary analytical instrumentation are
placed in an even more difficult situation. There is in fact a very real .
need for funds to purchase items of equipment in the $10,000 to $20,000
range. In this connection, govermment laboratories in general are able
to mobilize their capital funds as required, so that new members of staff
may begin significant research activity within a few weeks or at most,
months, following their arrival in the laboratory. This capability is
almost completely absent in university laboratories, and its absence
contributes to much frustration and sheer waste of the talents of the
young persons concerned. This problem, which is not unique to radiation
chemistry, deserves more careful study than it appears to be receiving

at present.

(1i) Operating Funds

The average federal operating grant to university radiation
chemists in 1966-7 was $8,800. (This figure is exclusive of graduate
student support). Other sources of operating funds are indicated in
Table III, together with annual expenditures for major equipment,
averaged over the last five years. In estimating the university
contributions shown in Table III, it has not been possible to estimate
with precision the indirect contributions, e.g. library, space, heat,

light, salaries etc. Only direct earmarked support has been included.

Taking account of the number of faculty members involved, it appears that
the total annual expenditure in all Canadian universities for radiation

chemistry research was approximately $300,000. in the 1966-7 academic year.
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TABLE III

Expenditures per Faculty Member in Canadian Universities on Radiation

Chemistry Research

Source of Annual operating Average Annual
Funds Fund, 1966=7 Expenditure for Major

Equipment, over last 5 yrs.

University $1,500. $3,300.
Federal Govt. 8,800. 4,400,
(mainly NRC or DRB)

Prov, Govt, 400. -

U.S. GOVt. 6000 -

Industry 300. 500.

Total per ' !
staff membor $11,500. $8,200,

Canadian Contributions and Prospects

Radiation chemical technology has been an essential component
in the development of all types of nuclear reactors. In the early days
at Chalk River, particular emphasis was placed on thc radiation chemistry
of water because of its use as a moderator and coolant. The continuing
success of the NRX reactor at Chalk River, which began operating in
early 1947, is an enduring monument to the success of the cfforts of the
radiation chemists of those days. More recent work at Chalk River and
elsewhere in the world has shown that aromatic compounds are about two
orders of magnitude more stable to radiation than are aliphatic hydro-
carbons., This observation culminated in the design and construction of
the Whiteshell WR-1l reactor, which uses terphenyls and related aromatic
compounds as coolants., It is extremely unlikely that the sdccessful

development of WR-1 would have been possible without the earlier detailed
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investigaticns of the extent of chemical degradation of these coolants
under reactor conditions. Much of this important research was dome at
Chalk River. Extensive work on the determination of radiation field
intensities in reactors was also required, and in this area radiation
chemists at Chalk River again made a significant contribution,

It was pointed out in the Introduction that radiation can be
used to produce electrons and ions as well as neutral excited molecules.
An apt demonstration of this was obtained by cbserving the radiation-
induced conductance of liquid hydrocarbons. Pioneer work cn this novel
and interesting aspect of the field was conducted by chemists at the
University of Alberta. More recenﬁ experiments at Chalk River and Whiteshell
have shown that hydrocarbon glasses at low temperatures become photo-
conducting after exposure to ionising radiation., This is due to the
photorelease of electrons trapped in the hydrocarbon matrix during the
irradiation process. While these phenomena are primarily of fundamental
interest, they also demonstrate the potential use of radiation as a
catalyst for ionic reactions. As diract evidence for this, it has been
shown in Germany that the capture of electrons in irradiated hydrogen
cyanide leads to an anionic radiation~induced polymerisation. In Canada,
fundamental work is being done both at McMaster and Laval on the radiation-
induced polymerisation of styrene and iscbutene. DBoth of these reactions
are believed to proceed by cationic mechanisms, and therc are interesting
technological possibilities for the talloring of polymer structure by the
controlled application of radiation dose and electrical fields.

There are other chain reactions in which radiation may be employed
as a catalyst. One of these, the hydrobromination of ethylene, is currently
used on an industrial scale by the Dow Chemical Co. in:the United States,
Some of the earliest work on this reaction was done at the University of
Saskatchewan. Another chain reaction of commercial potential is the
chlorination of methane, and the,polymerisation of inorganic materials

by radiation is under study at AECL's Commercial Products Division. °

! . {



~-13-

Futurce techunological advances may also be derived from studies
of radiation-imduced reactions at interfaces. Interésting studies of the
radiolysis of vapours adsorbed on silica gel are in progress at Chalk
River. Radiation-graft co-polymerisation may be used to modify the
surface properties of natural znd synthetic fibres. Work along these
lines at AECL's Commercial Products Division, McMaster and Toronto has
already shown considerable success. Related basic studies on modification
of the propérties of polymeric materials on exposure to ionizing radiation
are in progress at McGill and Waterloo. These studies are of particular
importance 1in the elucidation of problems in polymer science.

In spite of the favourable illustrations presented above, the
potential of radiation chemistry for synthesis on a commercial scale must
not be oversold. The high cost of radiation at present limits industrial
applications to the production of very expensive materials or to the catalysis
of long chain reactionz such as polymerisation or the hydrobromination
reaction already mentionaed. Although the cost factor may become less serious
in the future as a result of the accumulation of v~ sources in fuel
disposal sites at nuclear power stations, much more fundamental and applied
research will be reguired before a wide scale of industrial radiation
chemical processes can be expected. The present rate of development of
fundamental research in Canada appears to be adequate to support this.

On the other hand, although excellent applied wurk has been dome, much of
it has been related to reactor technology and there is a need for

greater effort in other arcas, Probably the most effective approach

would be the involvement of industry in joint programs with government

or university laboratories. We note in this connection that Co~60

gamma rays are now used commercially in Canada (Ethicon Ltd., Peterborough)
to sterilize sutures for medical use. Other commercial radiation chemical
applications in Canada include radiation processing of heat shrinkable
polyethylene films for wrapping food products (W.R. Grace and Co.,
Cooksville, Ontario}. For the last seven years, the Commercial Products

Division of AECL has becen operating a Mobile Demonstration Irradiator,
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which continues to assist groups to determine the cffects of radiation
on their products. It has been used tov irradiate onions, potatoes, fish,
mushrooms etc., and some commercially significant applications appear
likely to emerge. ,

The early work of Lea and Gray in Britain showed that. those parts
of radiation chemistry concerned with aqueous systems and macromolecules
should have special relevance to our understanding of the action of
radiation on living cells., Thus there has always been a strong and
beneficial liaison between radiaticn chemists and radiobiologists, and
there 1s gond reason to expect highly significant developments in this
borderline area in the future. A considerable effort has already been
devcted to studies of the free radicals formed by radiation damage in
organic and biological matcerials. Scientists in the Department of
Biophysics at the University of Toronto, and in the Chemistry Department
at the University of Saskatchewan are working in this field, using the
relatively new electron spin regconance techniques as a method of detection,
Chemists at the Shirley Bay laboratory of DRB are using this techaique to
study free radicals formed from aminc acids in aquecus systems. They are
primarily concerned with the mechanism by which certain sulphur containing
amino-compounds protect mammalian systems against radiation effects. The
radiolysis of these protective agents 1s alsc being studied at the University
of Calgary and at Shirley Bay by conventional techniques., The latter
laboratory is alsc responsible for an extremely sensitive tissue-equivalent
dosimeter. | »

The key problems in the radiation chemistry of liquiﬁs and solids
arise mainly from ocur lack of direct knowledge of the behaviour of
electrons in condensed media. At present, the details of their mechanism
of energy loss and the spatial distribution of positive ions, electrons
and excited molecules at the time when they become susceptible to

chemical reaction arc arrived at mainly by inference from the results
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of gas phase experiments, The radiation-conductivity experiments and
other associated work at the University of Alberta have provided a
significant improvement in our understanding of this aspect of radiation
chemistry. Information about radiation effects on solids has come from
spectroscopic and electron spin resonance investigations at Chalk River

of trapped electrons and free radicals in organic glasses. Studies of the
decomposition of inorganic compounds by conventional and by electron spin
resonance methods have been performed at the University of Saskatchewan.

Another problem of more general importance in the science is
the lack of quantitative information regarding charge and energy transfer
processes in condensed media. Valuable contributions in this area were
made through the use of isotopically labeled hydrocarbons in experiments
at Chalk River. Experiments concerned with energy and charge transfer to
hydrocarbons sandwiched in inert gas matrices were also initiated there,
and these have since been continued at Queen's University.

At the present time the first 10™2 second of the lifetime of an
electron in a liquid medium remains a mystery. However, the newly
developed technique of pulsed radiolysis permits observations of
irradiated solutions at times of the order of 1078 second after a sharp
intense pulse of radiation, lasting about 10~ 2 second, has been delivered.
When samples of very pure liquid water are subjected to pulse radiolysis
a transient blue coloration is observed. Theoretical and chemical studies
have shown that this is due to the presence of electrons trapped in sheaths
of polarised water molecules. The discovery of these solvated electrons
in American and British laboratories is undoubtedly the most significant
development in the recent history of radiation chemistry. Extensive work
on their reactions with a wide range of biological, organic and inorganic
‘compounds has already been done elsewhere, and linear accelerators for
such studies have recently been established at the Universities of

Saskatchewan and Toronto, in collaboration with Departments of Physics.
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Most wadiation chemists agree that the technigue of pulsed
radiolysis affords one of the greatest opportunities for further
developments in their field., Thus the establishment of at least one
well equipped and technically supported linear accelerator facility
in Canada, specifically for pulsed radiolysis studies would seem highly

desirable. This might best be done on a cc-operative basis amongst
chemists, and should be so administered as to be accessible to workers
in both government laboratories and in university departments. It is
estimated that a facility of the most modern design, completely housed,
would cost approximately $500,000.

Studies of the reactions of solvated electrons and other reactive
species in irradiated aqueous systems are in progress at the [Universities
of Manitoba, Saskatchewan and Windsor. Striking experiments recently
performed at the University of British Columbia have demonstrated that
solvated electrons may be intermediates in many familiar chemical processes
such as: the solution of alkali metals in water, redox reactions and
cathodic reductions. This particular Canadian contribution is unique,
and may lead to a new and better understanding of redox reactions and
electrode processes in aqucous and other media,

There is much more direct information relating to the behaviour
of electrons in gaseous systems. Becausec of electron impact spectroscopy
and mass spectrometry, the energy loss processes of fast electrons and
the identities of the primary positive ioms and excited molecules in an
irradiated gas can often be inferred with a reasonable degree of certainty.
Reactions of positive ions with neutral molecules are also readily
accessible to study by mass spectrémetry, and research in this area
has been extensive. Chemists at the University of Alberta have recently
employed high energy electron, proton and alpha-particle beams in mass
spectrometer ion sources, Their results are of particular importance to
our understanding of the energy losé processes in irradiated systems,

A further development from this laboratory is a technique for the mass
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spectrometric identification of ions in irradiated systems at normel
pressures. The temperature dependence of the clustering of several
different types of neutral molecules around positive ions has already
been examined, and heats of association have been calculated. It is
evident that this work is of profound importance to current concepts
of ion-solvation.

Unfortunately, although gas phase processes are generally
better understood, comparatively little work on gas phase radioclysis has
been done to date. Howcever, the Canadian effort in this area is now
expanding rapidly. Luminescence from irradiated gases has been investigatcd
at Laval University, and the gas phese radiolysis of water vapour is under
study at Whiteshell. At Chalk River the effect of radiation intensity on
the radiolysis of several gases 1s being investigated, as well as the
free radical intermediates formed in them. Studies of ion lifetimes are
now underway at NRC, where significant work on the radiolysis of hydro-
carbons has already been done, Research on the mechanism of electron
capture in hydrogen halides is in progress at the University of Calgary,
and evidence of intéresting electron transfer reactions between different
negative ions has been obtained at the University of Alberta. At the
present time there is relatively little information about reactions of
electrons and negative ions in gaseous systems. Thus any conclusions
derived from radiation chemistry would be of interest.

In conclusion, radiation chemigtry has already made significant
contributions to general scientific knowledge, as well as to nuclear
technology. As our understanding of radiolysis mechanisms becomes more
detailed, the number of these contributions should increase. Also
important developments in radiation biology may be anticipated. The
great promise of fundamental radiation chemistry lies in its poteantial
contribution te our understanding of ionlc and electron reactions, as

photochemistry has contributed to our knowledge of free radical processes.
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PART I1 - NUCLEAR CHEMISTRY

Definition of the Field

Definitions are arbitrary, and it is difficult to define the

boundaries of nuclear chemistry to everyone's satisfaction. For the

purposes of the survey the definition adopted has becn work done on

the following main topics by people with experience and training in

chemistry:

A. Properties and Reactions of the Atomic Nucleus.

1,
2.

3.
4,

Nuclear structure

Nuclear transformations, « - , B - , vy - decay, neutron
and proton ¢mission, spectroscopy.

Nuclear reactions at low and high energy.

Formation of syanthetic elements, tramns-uranium elements.

B. Radioactivity in Atomic and Molecular Studies.

1.

The chemistry of the elements at very low concentratiom,

tracer chemistry, carrier-free techniques.

Hot-atom chemistry,

Slowing and stopping of ioms in matter.

Pesearch and development on the methods of activation analysis.

MBssbauer effect.

C. Radiocactivity in Geology and Astronomy.

1.
Z.
3.

Formation of the elements, nuclcosynthesis, natural abundances,
Resecarch and development on ‘nuclear clocks",

Isotopic variations in the oceans, the atmosphere and space.

(Topic C is also covered in part by Committee 19, and the interested

reader is referred to their report in this series).

Topics in which the nuclear aspect is of secondary importance

have been excluded. TFor example, inorganic and physical chemistry rescarch

made with the aid of radioactive tracers will be reported in the Inorganic

and Physical Chemistry sections of this survey. Neutron activation
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analysis is comsidered to be another advanced technique in the armoury
of the analytical chemist, to bc used where it has advantages, and is a
topic dealt with by the Analytical Chemistry Committee., On the other
hand, the investigation of the possibility of using nuclear reactions
induced by fast charged particles from accelerators to elucidate the
composition and structure of thin oxide layers on metals is likely to
be the pursuit of a nuclear chemist. These exclusions while severely
limiting the scope of nuclear chemistry, avoid undue duplication in

the overall survey.

The Growth of Huclear Chemistry in Canada

Nuclear chemistry in Canada began with the Twentieth century;
the achicvements of Rutherford and Soddy at McGill in the early years of
this century are well known and need not be repeated hers, It is perhaps
less well known that Otto Hahn, the co-discoverer of fission, was also
a Rutherford student at McGill in these years.

Before going on to trace Canadlan developments following the
discovery of fission by Hahn and Strassmann in 1938, intcrest in natural
radicactivity, chiefly for medical purposes, should be mentioncd, The
most noteworthy Canadian chemical achievement on this topic was the
development of the radium industry in the early 1930's. The process
used to isolate radium at the Port Hope, Ontario, plant of Eldorade Gold
Mines Ltd. was essentially that developed by the Curics, although the
preliminary treatment of the pitchblende was worked out by the Mines Branch
in Ottawa. In full operation, the average monthly output frdm the Port
'Hopc refinery was about 8 grams, valued at about one quarter of a million
dollars.

Following the realization of the significance of nuclear energy for
peaceful and military applications, 2 joint United Kingdom-Canadian atomic
energy research project was started in Montreal in 1942. It attracted a
distinguished group of scicentists from overscas as well as many outstanding
young Canadians. The collalioration of Canadian universities was sought at
this time and Thode with his co-workers at McMaster University participated

in the nuclear research using mass spectrometric methods.
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The ilontreal Laboratory, housced in the University of Montreal,
rapidly out-grew its guartors as new staff joinad and the move to the
Chalk River sitc occurred in 1946, The project became a purcly Canadian
venturce under the Mational Research Council and eventually developed into
Atomic Encrgy of Canada Ltd,, a Crown Company with responsibility for
rescarch and development in the atomic encrgy field in Canada.

The wartime achicvements of the chemists in the Montrcal and
Chalk River laboratories were first revealed to the scientific community
at a2 Conference on Nuclear Chemistry im 1947 sponsored by the Chemical
Institute of Canada at McMaster University. Working independently of
parallel developments in the U.S. atomic program, these scientists had
isolatced micrograms of plutonium from irradiated uranium supplicd by the
U.5. Manhattan Project, studied its chemical properties and worked out
methods for scparating grams of plutonium from kilograms of urarnium,

The yields of the myriad fission products had been measured and the
radiocactive decay properties of the important ones established. When
it is remembered the U.S. cffort that lcad to the development of the
first plutonium bomb, used at Nagasaki, is considercd by many to be

one of the most remarkable feats of chemical science and technology in
the period of the Sccond World War, the accomplishments of the chemists
working in the ilontreal and Chalk River laboratorics arc more properly
appreciated,

Subsequent developments in nuclear chemistry are closely related
to the availabiiity of suitable nuclear rescarch facilities in Canada
and these are summarized in Table IV, |

The high flux resctors at Chalk River were used to continue the
work on transuranium clcment isotopes and in the course of years all the
unstable elements from neptunium to fermium (atomic numbers 93-100) were
studicd in these laboratories. The heaviest of these clements were the
subjects of joint investigations in which scientists from the Knolls Atomic

Power lLaboratory, Schenectady, H.Y., participated, using both the NRX reactor
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and the Materials Testing Reactor in Idabo. Fission by slow neutrons
also received continuing attention, while the need to know the appropriate
constants for other reactions involving slow neutrons led to many measure~
ments of such quantities. These measurements and work relating to the
production of isotopes fostered a steady interest in the decay properties
of the radicactive species formed in reactors and methods for determining
their rates of disintegration.

The McGill cyclotron made possible studies of nuclear reactions
at energies higher than any that had been available in Canada previously
and greatly widened the scope of nuclear research., The McGill chemists
have used it for an extensive series of investigations of fission and
spallation reactions in the energy region where diréct interactions
with nucleons in the nucleus are gaining in importance relative to
those reactioﬁs in which the compound nucleus model provides a
satisfactory description of the processes. Such work requires accurate
measurement of the yields of the radioactive products of the reactions
and the McGill group has made outstanding contributions to methods used
to assay radioactive substances.,

The Univercity of Sackarchcwan betatron was used at times for the

preparatinn of tracers and 'hot-atom' studies. MNurlear chemists from .
AECL also utilized the special features of this accelerator to make an
extensive series of photofission experiments in collaboration with the
nuclear physicists there. It is to'be expected that the new high energy
electron Linac at Saskatoon will, in its turn, be called into play for
nuclear chemistry research in Canada.

As mentioned earlier, chemists at McMaster participated in-the
atomic energy program in the early days of the Montreal Laboratory.
This interest has becn maintained with particular attention being paid
to the use of mass spectrometric techniques. These include their
application to the determination of the yiélds and properties of the
fission products as well as nuclear reaction cross sections. WNuclear
research at lMcMaster University was greatly facilitated by the acquisition
of a nuclear reactor in 1959, Early interests were continued and new

programs in activation analysis, hot-atom chemistry and nuclear



spectroscopy were initiated. The scope of these researches will, no
doubt, be extended wheu the Tandem Accelerator is in operation, so that
it is to be expccted that McMaster will continue to be a strong centre
for nuclear chemistry research.

New facilities suitable for research in nuclear chemistry _have
recently been installed at a number of other Canadian universities or

at AECL as shown in Table IV,

TABLE IV
‘Major Research Facilities of Use to Nuclear Chemists
in Canada
Facility , Institution Date of Operation
Nuclear Reactor Chalk River Nuclear Laboratories 1947
NRX
Cyclotron McGill University 1949
(100 MeV protons)
Betatron University of Saskatchewan 1952-66
(22 MeV electrons)
Nuclear Reactor Chalk River Nuclear Laboratories 1957
NRU
Nuclear Reactor McMaster University 1959
Tandem Accelerator Chalk River Nuclear Laboratories 1959-66
(12 eV Trotona)
Cyclotron University of Manitoba 1965
(40 MeV protons)
Linac University of Saskatchewan ' 1966
(150 MeV clecctrons)
Electron Linac University of Toromnto 1967
(35 MeV clectrons)
Tandem Accelerator Chalk River Nuclear Laboratories 1967
(720 MeV protons)
Tandem Accelerator Université de Montréal 1967
(12 0% »rotons)
Twndem Accelerator McMaster University " expected 1968
(LS 7Y protons)’ '

(Low cnergy Van de Graaffs omitted)
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The electron linear accelerator recently brought into operation at the
University of Toronto has already been used for nuclear chemistry
investigations of photofission of thorium and uranium. Many of the other
facilities listed in Table IV are potential sources for further expansion
cf the field in Canada.

Very little has been said in this historical outline about the more
applied arcas of nuclear chemistry. As was pointed out in the definition
of the field, we feel that these aspects of nuclear research belong more
properly in areas considered by other Committees. Since the applications
have in many cases grown from research interests or resulted from a
scaling-up of laboratory processes the dividing lines are not casily
distinguished. Some mention may, therefore, not be out of place here,
especially as the accomplishments are no less noteworthy than some already
reported, |

The development of the nuclear-electric power program has imvolved
nuclear and radio-chemical studies on an engineering scale. The location
of failed fuel elemcnts in the reactor, the release of fission products
from failed fuel and the fate of these species in reactor systems has
received a great deal of attention since the first Canadian high power
reactor, NRX, went into operation in 1947. The chemist has ﬁarticipated
as a member of a large group of reactor scientists and engineers so that
his rcle is hard to delineate exactly. However, the achievement of the
group is a matter of record. The MNRX reactor reached full design power
in January, 1949 and produced the highest neutron flux for research
purposes in the world. It was joined in 1957 by the even more powerful
NEU reactor. One important use to which these reactors have been put
is fuel testing in engineering, loop-type experiments. On the basis of
these tests, the first Canadian reactor used to generate electricity,
the Huclear Power Demonstration Reactor, or NPD, was designed and put
into operation at Rolphtoun, Ontario. It has been supplying electricity,
about 20 megawatts, to the Ontario Hydro-Electric Commission for several
yecrs. A full-scale commercial-size nuclear power station, at Douglas

Point, Ontaric went into operation in November 1966. Other nuclear
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electric statioms are being built at sites in Quebee and Ontario., In
addition, a Canadian-type nuclear research reactor was installed =t
Trombay in India and currently two nuclear electric plants are being
installed in India and Pakistan.

Canadian accomplishments in connection with the extraction of
plutonium from irradiated natural uranium in the Montreal and Chalk
River Laboratories have becen menticned already. This process involved
solvent extraction of the plutonium, Subsequently, an anion exchange
process was develeped and operated on a plant scale, A method for
extracting the fissile uranium isotope, 233U; from irradiated natural
thorium was also developed and thoroughly tested. Techniques for the
concentration of fission products have also been devised., All these
topics relating to the nuclear power program im Canada have had chemical
support that can be traced to foundations in nuclear chemistry.

The use of radioactive isotopes for medical, agricultural, industrial
and scientific research purposes has grown with the avgilability of
nuclear reactors and radium now occupies a less prominént position in
this. field. The centre of isotope production has consequently shifted
from Port Hope to Ottawa and Commercial Prcducts, a part of Atomic
Energy of Canada Limited, Many of the isotopes supplied by Commercial
Products require chemical separation and purification; the common radio-
active tracers l*C, 32?, 355 and 1311 are good examples. The methods
used to produce these igsotopes are firmly rooted in nuclear chemistry
and processes being developed for obtaining other isotopes in commercial
quantities are considered an applied aspect of the subject.

Radiocactivation methods of analysis using thermal neutrons have
now developed to the point that we feel this area is rightly included
in the Amalytical Chemistry Section of this survey. However, it was not
always so. There was a stage, when the techniques were being developed
and beforc the practicability had been established, during which the

nuclear aspects predominated. Canadian contributions during this period
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were notable, particularly in the areas of forensic science and trace
| impurity analysis in metals. Development of new applications of what
are essentially nuclear techniques for analytical purposes are in progress
in the universities and government institutioﬁs.

Present Level of Nuclear Chemistry Activity in Canada

(1) Topics

Table V shows the topics in nuclear chemistry being investigated
and the locations at which thege investigations are being made. The
needs of the moment and the availability of people or apparatus tend
to shift at a particular institution, but the long term aiﬁa remain
rather constant. For example, a study of the decay properties of a
particular isotope of an element may have to await the autcome of a
study on the chemistry of that element in order that a suitable
source can be prepared. For this reason the topics and locations
given in Table V cover the five year period 1962-7 rather than just

the current situatien.
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TABLE V

Nuclear Chemistry Topics and thair Location in Cenadian Institutions

Nuclear Fission a) Low Energy:

b) High Energy:

Assay of Radio=-nuclides

Nuclear Decay Properties

Nuclear Reaction Mechanisms
and Rates

Activation Analysis

Nuclear Chemical Methods
Hot-atom Chemistry
Isotopic Variations in the

Enviraonment

Slowing and Stopping of Charged
Particles iun Matter

Mossbauer Effect

Isotope Production

McMaster University
University of Toronto
University of Waterloo
CRNL

McG1ill University
University of Toronto

McG1ill University
McMaster University
Simon Fraser University
University Laval

CRNL

NRC App. Physics Division

McG1ill University
McMaster University
Simon Fraser University
University of Waterloo
CRNL

McGill University
McMaster University
Simon Fraser University
CRNL

McMaster University
Simon Fraser University
University of Toronto
CRNL

Carleton University
University of Waterloo

Carieton University
McMaster University

McMaster University
CRNL

CRNL

University of Waterloo

Commercial Products, AECL



(1i) Maunpower

The numbers of nuclear chemistry staff, graduate students
and post doctoral fcllows, as well as their techmical support are shown
in Table VI. A further more detailed analysis of the university scenc
is given in Table VII,

TABLE VI
Manpower in Muclear Chemistry 1966/67

Graduate  Post Doctoral

Frofessionals Students Fellows Technicians
University 12 30 11 _ 1
AECL#* 8 - - 11
NRC
(App. Phys. Div. 2 - - 2

*Including Chalk River Nuclear Laboratories and Commercial Products Division

About half the fully trained nuclear chemists are in the
universities. Of those in government laboratories, about half are
e¢ngaged in applied research or development so that it is scen that
most purc research in nuclear chemistry is done in the universitics.
In our opinion, this is as it should be. Nuclear chemistry is an emincntly
suitable field for training graduate students, This is because it is '
near the frontiers of knowledge and can excite the enthusiasm of the young.
It avoids narrow specialization at too early a stage in a student's
scientific career since it cuts across a number of the traditional
academic disciplines, as well as sub-sections of chemistry itself.
Furthermore, the student becomes acquainted with many aspects of modern
technology, c¢.g. electronic and electrical equipment and high vacuum

apparatus.



TABLE VII

Manpower Statistics for Nuclear Chemistry Research in

Canadian Universities

Present Number Students Graduated
of Advanced ; Expected in
Professional Degree Students In last 5 yrs. next 5 years
University Staff M.Sc. Ph.D. M.Sc. Ph.D,
Carleton 1 1 2 3 10
Laval 1 6
McGill 1 5 15 20
McMaster 4 1 7 1 3 9
Saskatchewan 1
Simon Fraser 2 2 [
Toronto 1 2 7 3 12
Waterloo 1 3 . o . _10
12 9 21 11 21 73

There are good reasons for the continuation of the support of
high quality research in pure nuclear chemistry in government laboratories.,
Perhaps the most impottant is that such research contributes to knowledge
generally and adds to the reputation of Canadian science in particular. 1t
attracts able staff members and ensures that new ideas and new techniques are
quickly introduced for exploitation in related fields. For example, with the
elucidation of the phenomenon of "channelling' of charged particles in crystal
lattices at CRNL and elsewhere, the way was clecar for the application of the
channelling technique to studies of radiation damage in solids. Thus basic
studies were quickly exploited in a more applied field, in this case not related

to nuclear chemistry,
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The applied research and development programs of nuclear
chemistry in government laboratories are related to the responsibilities
these institutions have for meeting national aims. The effort amounts
to about one quarter of the total Canadian manpower working on nuclear
chemistry. In view of the place the nuclear-power industry occupies
in the cconomy and Canada's internacional role in isotope standardization,

the numbers are cértainly not excessive,

(1ii) Financial Support

Egtimated operating and‘capital expenditures on nuclear
chemistry in both university and government laboratories are given
in Table VIII. The university estimates include contributions from
both the university itself and govermment grants. The grants and
university contributions to capital are accurately known but the
university part of operating expenses ls difficult to estimate with
any degree of accuracy. Furthermore, what can be loosely termed
'overhead'! has not been included in these estimates for either the
universities or government laboratories. This may increase the operating
figures given in Table VIII by 307%.

It should be pointed out that nuclear chemists depend on
accelerator and reactor facilities but the capital and operating
costs of thesc installations are not usually charged to the chemistry
programs. This is ancther reason why the.estimates in Table VIIT err
on the low side. The cost to the chemist of using such facilities is
not negligible, however, for he must pay for the ancillary equipment

he needs to make use of such facilities for his experiments.
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TABLE VIII

Average Expenditure for Nuclear Chemistry Research

per Professional Staff lMfember

Annual Annual Expenditures on Major
Institution Operating Funds Equipment (Averaged over
1966«7 last 5 years)
Universities. $20,000 $21,000
AECL ' 32,000 8,400
NRC (Applied Phys. .
Division . nfa ' 7,000

It is difficult to estimate the total expenditures for nuclear
chemistry research in Canada for the reasons already given, and also
because a significant number of responderits did not provide data about
their financial support. From what information we have available, it
is estimated that the total annual operating funds for all nuclear
chemistry rescarch in Canada do not exceed $500,000, while expenditures
for major equipment in this field are probably less than $300,000 per annum.

Most university correspondents stated that their research was
hampered by lack of major items of equipment, laboratory space, and
funds for graduate students, post-doctoral fellows and technical staff.

It was pointed out that since the results of nuclear chemistry rescarch
fall within areas in which the Atomic Energy Control Board has
responsibilities, the AECB should therefore properly be able to provide
operating and capital grants in support of such work., This would give
recognition to the fact that omn the average, equipment need in this

field is more expensive than in other fields of chemistry. Thus the
proposed AECB contributions would supplement NRC support. It is of

course recognized that the AECB does already make substantial grants

in ald of research in Canadian universities; the proposal is for additional

small grants for smaller programs.
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Although our correspondents reported that their rescarch
programs were inadequately funded, the majority conceded that, relative
to the financial support provided for other areas of chemical research,

the share allotted to nuclear chemistry is not unreasonable.

- The Importance of Nuclear Chemistry in Canada at Present

Research in nuclear chemistry is important to Canada today
because:

a) it 1s a highly suitable subject for graduate student training
in universities, for reasons alrecady mentioned.

Activity in this sector is lively and in the last five years

graduate students have co-authored some 50 papers that have

appeared in the scientific literature.

b) applications of advances in nuclear chemistry will be of
importance to Conadian industry, agriculture, science and
medicine.

c) the training students receive in nuclear chemistry research will
be of great value in their subsequent careers, not only if they
continue with pure research in nuclear chemistry, but in other
fields as well.

In the historical introduction above, some of the past applications
of nuclear chemistry in Canada were outlined. These contributions
continue. (i) An area in which there is considerable current interest
in both university and government laboratories is the exploitation of .
the new, high-resolution, Ge{(Li) gamma-ray detectors for activation
analysis, These detectors promise to give increased discrimination
between interfering elements and simplify procedures considerably,

(11) The “channelling" technique of exploring the lattice structure

of crystals is being used to study methods of doping semi-conductor

materials, especially by implantihg foreign ions in crystals with an

electrostatic accelerator. It also yields useful information about

raciation damage during ion implantation. These studies may lead to
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further advances in semi-conductor technology. The nuclear methcds
devised tc study the ranges of energetic charged particles in solids
are also belng exploited to give information about impurities on
surfaces. Because of their relevance to corrosion phenomena surface
oxide layers are receiving most of the attention at the moment,
(1i1) A third example ¢f current applications of nuclear chemistry
is the developmgnt of methods for using "tailor-made" isotopes for
particular purposes., Two that can be mentioned arec 1251 for special

medical applications and !2%Sb for neutron sources.

Future Development of Nuclear Chemistry in Canada

Those who replied to our questicnnaire were agreed that there
would be an increase in demand for nuclear chemists in Canada in the
next 5 - 10 years. Opinions differed on how large the increase would
be and main reason for this is the uncertainty in the rate of installatiom
of major nuclear facilities in the future, Replies from university.
staff forecast modest increases, whereas correspondents in government
laboratories were more certain of increased demands for nuclear chemists,
particularly for applied work.

There is general agreement that the graduate student population
in Canadian universities is likely to continue to grow during the next
5 years, and this trend (indicated in Tabie VII) coupled to the recent
emergence of geveral new university groups in nuclear chemistry,
suggested very strongly that the absolute number of graduates in this
subject is likely to increase significantly over present levels. However,
there may be an important restriction on growth and that is the availability
of suitable facilities for nuclear research.

The major nuclear research installationms currently available are '
listed in Table IV. Accelerators that have come into operation since
about 1965 have not yet been put to extemsive use for graduate student
training so that there 1s considerable potential available at present.

However, some of it is at universities where there is not a nuclear
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chemist on the teaching staff so that it may take time to develop.

Thare is an additional limitation. Nuclear installations in Canadian
universities are all primarily for nuclear physics research and according
tc "Physics in Canada -~ Survey and Outlook", the existing facilities
will be saturated in the early 197C's. They may not, therefore, be
available fur training chemistry students. To prevent the saturation

cf facilities, Canadian physicists are propesing that a number of rather
mincr instéllations be placed in the universities and have alsc

propused two major pileces of nuclecr apparatus: TRIUMF and ING. These
proposals have received support from nuclear chemists associated with
the sponsoring institutions, especially for the major facilities.
Enthusiasm for the minor ones, usually low energy accelerators, is

less because of their limited usefulness to the chemist, although they
are very good for studies in special areas.

TRIUMF (Tri University Meson Facility) is an imaginative propesal
put forward by a group of universities, thc Universities of British
Columbia, Victoria, Alberta and Simon Fraser University, for a meson-
producing cyclotron. It would be used by several disciplines at these
universities, including nuclear physics, chemistry and sclid state.

It has been suggested that it would serve about 30 university staff
members and 70 graduate students in chemistry and similar numbers in
physics, starting in late 1972.

The second major installation currently under consideration is
ING (Intense Nuutron Generator). The propesal for this advanced and
rather radical project was put forward by the Chalk River Nuclear
Laboratories to serve a number of groups of scientists including
physicists, chemists, metallurgists and engineers. It would be available
for university staff and graduate students. It has yet to receive
government approval and, if approved, is not likely to be in operation
before 1974,
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The ING project would be a training ground for students of
nuclear chemistry, and would also make available for isotope production
higher neutron fluxes than any available today. Furthermore, isotopes
cf practical value that cannot be produced in fission nuclear reactors
could bc extracted from the target itself. This aspect of the projéct
would require considerable research and development on means of obtaining
new or improved isctope products for use in commerce, science and medicine,

Another emerging development in the nuclear field in Canada in
the next decade is a major nuclear fuel reprocessing installation. At
present, fuel from the Canadian power reactor program is sold in the
world market for the values in transuranium elements it contains. When
the amounts are large enough, it will be economic to extract these in
Canada. Some of the products will be useful as extracted; others can
be ccnverted by irradiation with an intense source of neutronms to
isotopes such as 238Py and 2"%Cm., These are used as power sources in
heart pacers, space satellites and other remote locatioms. As the
technology advances it scems likely that the demand will grow and with
it, the requirements for trained nuclear chemists will also increase.

In summary, there will be a growing need for nuclear chenists
in Canada in the next decade, both within and outside the universities,
A critical factor in the future is the provision of adequate research
facilities for trainipmg nuclear chemistry students. Increasing
exploitation of existing facilities should be encouraged. New major
facilities for nuclear research will be required for the training of
nuclear physicists and chemists in the next decade and steps should be

taken now to ensure that these installations are ready when needed,



Summary and Recommendations:

1. This survey shows that five per cent of all candidates working
towards M.Sc., or Ph,D. degrees in chemistry departments in Canadian
universitics have thesis topics in either radiation or nuclear chemistry.
These disciplines may therefore be regarded as significant components
of the total chemical research activity in Canada. This view is
strengthened by examination of the number and quality of the research
contributions being made in these fields by Canadian chemists.

2. Radiation chemistry research is well established in Canadian
government laboratories (AECL, DRB and NRC), while nuclear chemistry
is found mainly at AECL, with some lesser activity in other federal

. departments. The balance between government and university activity
is judged to be reasonable in both these areas of research. No
perceptible research or development work in industrial laboratories
was disclosed by this survey.

3. The supply of M.Sc. and Ph.D. graduates trained in nuclear or
radiation chemistry in Canada is likely toc be sufficient tc meet the
country's needs for such persons, at leaét for the next five years.
4. Most university respondents feltvthat, relative to other areas
of chemical research in Canada, financial support for nuclear and
radiation chemistry appears not inadequate, although a number stated

that the absolute amount was not sufficient for their program. Moreover,
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therc were reported many instances of insufficient support for young
scicentists starting work in university departments, a situation which

we recognlze is not unique to these disciplines. This problem is less
frequently met in govermnment laboratories, presumably because in the
latter,:capital funds to launch research programs of now, young members
of staff can be mobilized when required. The problem scems to be not
that the total funds provided vo an individual over his working life

are inadequate, but vather, the timing of this assistance is faulty.

The philosophy of che preéent NRC grants system appears inadequate

in this respect. The Committee therefore recommends most strongly

that suitable adaministrative and financial arrangements be devised to
accord better opportunity to the young university scientist.

5. In the context of financial support, we point out that the
scientific content and technical implications of most of the work

in Canadian universitiles involving auclear and radiation chemistry

lies within the area of special concern >f the Atomic Energy Control
Board (AECB). That being so, it would appear reasonable that the grants
program of AECB, now restricted mainly to nuclear physics and other
accelerator-bascd physics programs, be extended to nuclear and radiation
chemistry to supplement the precsent NRC grants,

6. There is gencral agreement amongst radiation chemists that pulsed
» radiolysis studies coffcer exciting opportunities for tackling many of

the unsolved problems in radiation cﬁemistry. Degpite this, there is
not in Canada a single suitable facility which has been built and is
being used specificaolly for this kind of study. We recommend that those

principally concerned be encouraged to examine this situation in more
detail, taking account of the expresseca desire of many respondents that
such a facility, if built, be available to radiation chemists from at
least several co-operating government or university laboratories. It
is cstimated that a suitable facility, completely housed, would cost
approximately $0.5 million.
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7. Prospects for growth of university based researcl: in nuclear
chemistry are closely related to the number and availability of

sultable nuclear research installations in Canada. Almost without
exception such installations are primarily for nuclear physics

rescarch; several of these do not have as yet an associated significant
nuclear chemical research activity. In this respect, for the short
term, the growth prospects arc good. However, according to "Physics

in Canada - Survey and Outlook', the ocxisting facilities will be fully
utilized within three years by the nccds of physics-related prcgrams,
and they may therefore not be available for training chemistry students,
In the longer term, the proposed facilities TRIUMF and ING, if procceded
with, will provide ample new capacity for training of nuclear chemists
both within and outside the universities.

8. Activities more properly described as development or applied
science are, cxcept for AECL's continuing contributions, virtually
absent in nuclear chemisiry. Applied work in radiation choemistry is

to be found particularly at AECL and in several university depértments
of chemical engineering., While we do not endorse the vieﬁ that radiation
chemistry has unlimited prospects in tomorrow's chemical technology,

we nevertheless recommend that well conceived applied radiation chemistry
programs be sought out and supported more fully than at present. Areas

of possible application are indicated in the body of this report.
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APPENDIX

TABLE_ IX

“ Comparison of Data from

Committee 12 and C,I,C, Data

(1) Industry - Both surveys agree in finding no R, and D, classified as Rad-
fation Chemistry or Nuclear Chemistry in {ndustry.

(2) Government - Both surveys agree in finding no provincial government
expenditure,

Manpower - Comm, 12 pp, &6 and 27 C,1.C, Table 16

Radfation Chemistry 18 Proi, 18 Techn, 17.5 Prof, 28 Techn,

Nuclear Chemistry 10 % 1y " 12,4 " 17 "
Area 121 _ 28 " 31 " 29.9 » 45 "

The higher technician count by the C,I.C, Survey may’be due to the in-
clusion of more development work,

(3) Universities

Operating Expenditures

C,I1,C, Table 37

Comm, 12

Radiation Chemistry $11,600 x 20 = 232,000
Nuclear " < 500,000

Area 121 < 732,000 $546,000

University expenditures are notoricusly difficult teo assess,

Manpowver Comm, 12 pp, 6 and 28 C,I,C, Table 38
Acad, + P,D.F, Grad, Stud, Acad, + P,D,F, Grad, Stud,

Radiation Chemistry 20 3s

Nuclear caemistry 12 30 - —

Area 121 _ 32 65 36 49

The committee evidently located more graduate students than the C,I.C,

General Conclusion - The differences are not greater than might be ex-
pected between a very specific and a very wide survey,





