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Geacrd Introduction: 

The subjects of nuclear chemistry and radiation chemietry have 

long been regarded, particularly by those who do not themselves work 

i n  these fields, as siamese twins, linked together in time and space. 

It is certainly true that the war time a t w i c  energy project in Canada 

gave riae te the study of radiation chemistry in this country, and &Leo 

ts the rebir th  of nuelear chem$s%ry;the batter eubjeet having its 

origin in the p%oneering work of Rutherford and SsdQy at  M c G i l l  in the 

early years of %hie century. It is also a truism that these disciplines 

are today found together in atsmfc energy eetablishente not only i n  

Gmada, but elsewhere in the  world; it is not surprising therefore that 

ttee to survey these fields should be thought sf as 

natural turd appropriate. 

Neverthefess, these subjects are in fact distinct and separate 

dfscI+pliwes, as will be apparent from the definitions and discussions 

presented in Parts H and II sf th i s  report, To anticipate these 

definitions very briefly,  ~3 (Part I) is the a t 4 y  of 

g:heac& rewusifs which are induced by abesrpt%snsf ionizing radiation. 

~t is most closely related to the well known discipline of photochemistry. 
Nuclear g:hcp~1&etmP~rlrt11) may be regarded as the study of the properties 

and the reactiom of the at 

relative of nuclear physics. The familiar and overworked term 

"radiochemistry" is avoided beqause it has become so ill-defined and 

ambiguous as t o  be almast meaningless. 

I 

@s%lectiows f  Data: 

Two b a s h  questionnaires appropriate Par each of the  two 

dieciplines were prepared and each of these in turn was produced in 

two %oms,one for university respondents and the ether for workers 



in government or industkial ldboratories. These quastionnairee were 
then sent to all knam practitioners of these subjects i n  Canadad The 
queatiennaire waa accornparbiad by a full l i a t  sf rdeipiante and each 

respondent was asked t o  add the names bf other persons the  c 

may have overlooked. All tllc data in t h i s  report rrao obtained in th ia  way." 

The response to our questionnaires was extremely aood; 80% of 

thoee p o l l e d  repl ied ,  generally in great detail, ahd supplied rhe 

conamittee with a large variety sf opinions. We believe a;t lmt the 20% 

who d i d  no t  reply represented mainly tllosc who are only marginally i n  

one or other o f  these f i e l d s ;  in a few eases, questionnaires were eent 

to persons f smcrly  active in these arcas; not unexpectedly, not all 

of these p e r ~ o n ~  In ehort, have faces and opinions fromrep l i ed ,  we 

proct i sn l ly  the satire Canadian scientific eomunity engaged i n  rseeareh 

and development in these eubjects. 

The comittce is e w s r c  of bhc use in other surveys of the 

concept of n full tino ~quivnle?at(F.T.E.)  ~ccording60 w ; r i ~ l ;a, 

faculty mcrnber who states  that he spends 25% of h ie  time on research 

astivitics would be counted as 0.25 F,T.E. Again, anotlker faculty 

~nernbcrwho spends 252 sf his time divided between two fields might be 

counted no 6.12 F.T.E. in each oE tlncee f i e l d e .  Similar division of 

time a d  interest could be made for persons i n  governneat reeserch 

laboratories. 

No calculations of F,T,E, have been mde in compiling t h i s  report. 

We have adopted the pragraatfc view that a eciantfst who declaree himself 

to b e  prastfciwg i n  one or other s f  theee araoe, and moreover is known 

to be from other evidence (e.g, gu&fieatbsne k n m  to the c~mmfttee), i b  
counted in fact as a practitioner and tabulated accordingly, We recognize 

that  t h i s  practice lends to an svercstirnste of the amber of ecbentgsts 

involved, and that the same person migllat 3e counted and l i s t e d  agein b) 

another conmittca as fictive in t k e ~ xfieid of study, We knmp for example, 

sf severn% 2crsons havlwg aetdve program& in radiation chemistry who ahso 

work and .-i;i i ~ hin the fields sf gas phase kinetics or bra the ffehd of high 

eerious, inasmuch aa no crucial nrgmenta ore developed or conclusions 

Appendix, Page 38, Table I X e  



Radiation chemistry m a y  be defined as the study of chemical 

reactions induced by the absorpt ion sf  ionfsing r ad ia t ion ,  The tern 

r ad ia t ion  includes high energy charged p a r t i c l e s  as w e l l  as X- o r  y-rays. 

The source of the r ad ia t ion  may be a rad ioac t ive  nucleus o r  a high energy 

machine --cycPotron, be ta t ron ,  sr l inear  acce le ra to r .  

Chemical r eac t ions  r e s u l t i n g  from nuclear t r ans fo rna t ions  of the 

a t m s  of a reactant molecule a r e  discussed under nuclear o r  hot atom 

chemistry and a r e  not  included i n  r a d i a t i o n  chemistry as such. By 

tradition the radiation chemist has a l s o  Bimftsd kAmseHb &athe w e  of 

particle o r  photon energies which are incapable of i n i t i a t i n g  nuelear  

t r ane fomat fons ,  

In  passing tlarmagh matter  ionisfng radiation ldses its energy in 

producing free electrons and a v a r i e t y  of ions and neutral exci ted  

molecules. The observed chemicaP change i n  the i r r a d i a t e d  medium is 

t h e  net r e s u l t  of t h e  reactions and i n t c ~ r a ~ t i o n sof all 0% the%&species. 

It is at once apparent that any radiation-induced reac t ion  is f a r  more 

complex than a typical photochemical reaction. In these Hatter r eac t ions ,  

the wave-length of the irradiating photons is ueuaPly chosen go produce 

a s i n g l e  d i s c r e t e  n e u t r a l  excited s t a t 2  of the  absorbing moPecufe, While 

t h e  inherent conplexity of r a d i a t i o n  chemistry represents  a. distinct dis-

advantagesthere a r e  a wuber of i n t r i n e h c  c h a r a c t e r i s t i e s  which have 

spurred an its development, Zn the  f i r s t  p lace ,  t h e  use s f  highly 

penet ra t ing  X=-o r  y-radiat ion a t  present  provides one sf  the best and 

Pn many instances the only method f o r  c rea t ing  a d  studgiqg the r eac t ions  

of ions and f r e e  electrons in ~ ~ P i d s ,l iqu id8  and gases a t  noweP pressures .  

Secondly, ca re fu l ly  designed radiation-chemical experiments can provide 

information about t h e  r eac t ions  s f  h8ghly exci ted  sta tes  of n e u t r a l  mslecufes. 

These states are not access ib le  to study by the techniques of u l t r a - v i o l e t  

o r  even vacuum U,V. photochemistry. 



-- Hfstoricaf Development in Canada. 


Chemieaf effects 0% ianising radiation were observed 

sfrnultaneouslby with the discovery af radioactivity at the turn of the 

Past century. Ifowever, apart from the pioneering studies of M a d ,  Lid, 

Lea and their collaborators 1betPe quantitative work in this field was 

done until high intensity radiation sources became readily available at 

the end sf the second world war. The building of the Cknalk River 

laboratories, beginning in early 1943, gave Canadian cl~emiatsa unique 

opportunity to contribute to the  daveloprnent of this new and challenging 

field. Furthemore, m enornous incentive was provided by the Canadian 

Government's decision to develop nuclear power reactors. Because of the 

earlier contributions of scientists l i k e  the late E,W.R. Steacie, Canada 

already had strong schsals  in the fields of photsehemfstry and kinetics, 

The experience carried over by graduates of these scl.roo1s was undoubtedly 

a m a j o f  factor csntribueing ts the sucseseful dtivelopment of radiation 

chemistry in Canada, 

H.ost of the early work wars done in the Gaverrmwent lnb~ratories 

at Montreal, Chalk River and Ottawa. However, Professor J.W.T. Spiwks, 

who w a s  then an established photochemist at the Llnfversitp of Saskatchewan, 

and during the war years was a part of the group in Moatreal, (see Part 16) 

realized the potential of this new science, and began the training of 

graduate students in the field Qf radiation chemistry in the early 1950's. 

In addition t s  chemical studies, much basic work on the ferrous sulpkato 

dosimeter was conducted in collaboratisn w i t h  Dr, H.E. Johns, who was 

then also at the University of Saakatclaewan i n  the Department of Physics, 

ae have continued to make significant contsibutiaas 

to radiation chemistry both in Canado and elsewhere. Dr. Spinks' book 

with R.J. Wcods, "An Introduction to Radiation hemi is try" as still the 

only general text on the subject, 

Since the initial development in the late 1940'8, radiation 

chemistry has grown into one of ghe major research f ie lds  of Canadian 

physical shemists, There are at present twelve radiation chemiste 



working in the three laboratories of MCL. In addition, three radiation 

chemists are employed by the Defence Rcaearch Board, and four by the 

National Research Council Laboratories in Ottawa.  Thirteen Canadian 

universities now have staff members who ore actively angaged in research 

in t h i s  area. At least ten univeraitiee offer chmietry courses with 

some radiation chemistry cantent. Eight of thoee at which radiation 

chemistry research is conducted offer coursae specifically in t h i e  

f i e l d ,  moat of these being at t h e  graduate level. Our survey d i d  not 

reveal any significant research or development Anvolving radiation 

chaaietry i n  Cenadian induetry. 

tfoa on the nmber 

of paraons cngeged in radiotion chemist4v reeoarch in Gave-ent 

laboratories end universities in Canada. (ha  hi icetcd earlier, 

all t h e  data in t l~ i sreport aas obtained from the quaationnairce 

prepared by Committee 12.4). 

*Illustrative comparieona of Committee 12 and C.Z.C. date ate given in 

the Appendix, Page 38, Table HX. 
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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 B ~ s c k ,  

B.C., llanitoba, H e G f l 1 ,  Queen's and Windssf: are jw t  getting underway. 

Thus it is not surprising that the number sf %-f.Sc,graduates for the next 

five gears is expected to he double that for the previous ffve years and 

the number of Ph.D.'s to be increased threefold. However, much depends 

on the supply of graduate students, which has shorn signs of waning in 

the past two gears, and the estimates are probably sveroptimisrie by 

about 30%. At the present time, three chemical engineering departments 

are active in the ffe%d, This is encouraging since a weed for greater 

emphasis on applied radiation chemistry seem to be apparent, 

It is estimated that about seventy per cent of the students who 

graduated in the past ffve years have remained in Canada. Thirty per cent 

of these found jobs in universities, 45% in government Babe and 25% in 

industry. 0% those wk6 left Canada, few~r (about 25%) went into universities 

and &out equal proportions of the remainder into government and industry, 

It should be empha~izedthat graduate work in radiation chemistry 

provides a very broad training. Students normally acquire a sound basic 

knowledge :,of the fields 0% mass spectrometry and photochemistry, along 

with a thorough grounding in kinetics and analytical chemistry, They 

are not therefare limited to this field after graduation and an appreciable 

number change, IHowever, this is compensated by the fact that kiraeticists 

and photockemiscs not infrequently switch to radiation chemistry. 

Actually an increasing number of chemists are becoming engaged in pkoto-

chemistry a d  radiation chemistry simu%taneousBy. 

Radiation chemistry has had a significant impact on scien~eand 

nuclear technology in the fast PO years, and its growth is therefore 

likely to continue. It is estimated that 6 more university staff with 

interests in t h i s  field may be required by 1972. Iwdwtry and government 

laboratories may absorb another 1% Ph.D. graduates. Thus the supply of 



Ph.D. graduates  est imated i n  Table IS: appears t o  be sufficient, 

assuming that the necessary number of incoming s tuden t s  is available 

and t h a t ,  as i n  t h ~past, 78% r ~ m a i nin Canada after graduat ion,  This 

s i t u a t f o n  represents a heal thy cornparisan to the last l5 yea r s ,  f o r  sf 

t h e  39 professionals cur ren t ly  working i n  uzkivers%ti@s or government 

l a b o r a t o r i e s ,  at least 30% came $0 Canada a f t e r  having received the 

majority of their  t r a i n i n g  elsewhere, 

The government l a b o r a t o r i e s  fisted in Table 1 provide r a t h e r  

adequate f i n a n c i a l  support for research p r o j e c t s  conducted wi th in  t h e i r  

p rec inc t s .  This survey shows t h a t  i n  these  Pabosatarfes, on t h e  averaga, 

about $60,008 i s  expended in launching a new research  project involving 

one professions% chemist, It must be emphasized, hswevsr, t h a t  t h i s  a m  

inc ludes  large pieces of equipment such as Van de Graaffs and Febetrows, 

a d  these a r e  usually shared by o the r  w ~ r k e r s  in the same laboratory.  

Of course, new p r o j e c t s  are not s t a r t e d  by every staff member every year; 

over a period of years, t h e  averagc i n j e c t i o n  of funds  f o r  c a p i t a l  

equipment has been approximately $6,000 per  s t a f f  member per  year ,  

Table PI1 shows the f inancial  support  provided f o r  r a d i a t i o n  

chemistry research i n  Canadian universities. Not unexpectedly, t he  

un ive r s i ty  r a d i a t i o n  chemist usually has a harder  t h e  es tab f f sh ing  

himself with initial equipnlent he needs thaw does his colleague in the 

government laboratory. Half sf  the radiation chemists who repor ted  i n  

th i s  survey stated that 

from their univer 

average was about  $3,800, The o v e r a l l  average of capital equipment 

g ran t s  fronag NRC and o the r  @xrernment agcncies during the  past f i v e  years  

was $4,408. Only one person ind ica t ed  regular support from indus t ry ,  

Another reported a non-recurring $20,006)i n d u s t r i a l  cont r ibut fon  f o r  

equipment. 




The pregient cost of an AECI, G a Cell, c cornonly used radiation 

source, is $17,300. I Jn i l e  MCk has loaned several of these, the average 

%%a%ivers%ty from h i s  research grant.chemist has to  meet: the entire c o s t  

Those who 28tabPisk research programs i n  departments without mass 

spectrometers and %hesther necessary analytical instrumentation are 

placed i n  an even more difficult situation. There is in fact a very read 

need far funds to purcllase items of equipment in the $10,000 to $20,000 

range. In th is  connection, gsverment laboratories i n  general ars 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, f o l 1 ~ ~ w i n et'rneir arrival in the laboratory. This  c a p a b i l i t y  is 

almost completely absent in university laborator ies ,  and its absence 

contr ibutes  to  much frustration and sheer waste of the talents of the 

young persons concerned. 'This problem, which is not unique to radiatson 

chemistry, deserves marc careful study than i t  appears to  be receiving 

at  present. 

Qii) 

The average federal operatfng grant to university radiation 

chemists in 1966-7 was $8,800. (This figure is exclusive of graduate 

student support).  Other sources of opesating funds are indicated in 

Table 111, together with annual expenditures for major equipment, 

averaged over the Bast five years. In estimating the university 

contributism shown i n  Table 111, it has not been possible to estimate 

with precision the indirect  csntrfbutions, e . g .  library, space, heat, 

light, salaries etc ,  Only has been included. 

Taking account of the number of faculty members irnrolved, it appears that 

the total annual expenditure in a l l  Canadian universities for rad%atfon 

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



Source cf Annual operating Average Annual 
Funds Fund, 1966-7 Exgendf f ure for Major 

University $1,500. 

Federal Govt. 8,800. 
(mainby NRC sr DRB) 

Total per  
staff membcr $Il,SOS, 


b d i a t i a n  chemical technology has been an essential component 

in the development of a%% types  of nuclear reastors. In the earby days 

at Chalk River, particular emphasis was placed ow tkc radiation chemistry 

of water because of its use as a moderator and coolant. The csntilrnuing 

success of the %djWreactor at Chalk River, which began operating i n  

early 1947, is an enduring monument t o  the success of the efforts of the 

radiation chemists of those days. L.dore recent work at Chalk River and 

elsewhere in the world has shown that aromatic eoanlgsunds are about two 

orders of magnitude more stable to radiation than are aliphatic hydra-

carbons, This observation culminated in the design and construction sf 

the WhPteshe1.I WR-1 reactor, which uses terphenyls and related aromatic 

cornponds as ~ ~ l a n t ~ eIt i s  extremely unlikely that the successful 

deve%opmcntsf &JR-B would have been possible without the earlier detailed 



investfgaticns sf the extent 06 chemical degradation of these coolants 

under reactor conditions. Much of this important research was done at 

Chalk River. Extensive work on the determination of radiati.cn field 

Intensities in reactors was also required, and in this area radintisn 

chemists at Chalk River again made a significant coratributian. 

It was pointed out in the Introduction that radiation can be 

used to produce electrons and ions as well as neutral excited molecules. 

A n  apt demonstration of this was obtained by cbserving the radiation- 

induced conductance of liquid hydrocarbons. Pioneer work en this novel 

and interesting aspect of t h ~field was kcnducted by chemists at the 

Univarsity sf Alberta, More recent experfacnts at Chalk River and &ahPteskell 

have shown that hydrocarbon g?bassesat Bow temperatures become photo-

conducting after e:cpcasure to fonfsing radiation. This is due to the 

photorelease of elcctrcrns trapped i n n  the hydrocarbon matrix during the 

irradiation process. While these phenomena are primarily of fundmental 

interest, they also derasnstratc the potential use sf radiation as a 

catalyst for isnfe rcaetions. As direct evfdence for this, it has been 

ny that the capture ~f electrons in irradiated hydrogen 

cyanide leads to an anionic radiation-induced polperisation. In Canada, 

fundmental work is being done both at McHaster and Lavnl on the radiatfon- 

induced polperisation of styrene and fsobutene. Both of these reactions 

are believed to proceed by cationic mechanisms, and there are interesting 

technological possibifitfes f o r  the tailoring of polymer structure by the 

controlled application of radiation dose and eleetr%ca$ fields. 

There are other chain reactions in which radiation may be employed 

as a catalyst. One of these, the hydrsbromination sf $$&ylene, is currently 

used ow an i n d u s t r i a l  scale  by the Dow ChemteaB Co, hr r ' the  United States. 

Some of the earliest work on this react ion was done at the University sf 

Saskatchewan. Another chain reaction of,commercial potential is the 

chlorination of methane, and the polperisation of inorganic materials 

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

I I 



F u t u r e  techmslogdez% ~ V ~ H C ~ Smay also be derived from studies 

of fadintion-iaduecd reactions at interfaces. Interesting studies sf the 

radiolys is  of vagjours adsorbed on s i l i ca  g e l  are in progress at Chalk 

R i v e r .  Rdiatfon-graft eo-polymerisation may be used to modify the 

surface prope r t i e s  sf natural 2nd syntlaetic fibres. Work along these 

lines at iGCLqsCommercial Products Division, McMaster: rind Toronto has 

already sham considerable success. Related basic studies on modification 

of the properties of polyrncric matertals on exposure to ionizing radiation 

are in progress at McC%%1 and Waterloo, These studies are of particular 

importance in the elucidation of problems in polymer science. 

In spite of the fnvourablc illustrations presented aboveI the 

potenti11 sf radiation chemistry for synekesis on a comercia1 scale nust 

not be oversold. The high cost sf radiation at present limits industrial 

appPicatiomsa to the production of very expensive matcrissl&s or to the catalysis 

of long chain reaetfenc suck as ~ ~ P p e r l s a t i ~ nor the hyQrsbronfm$ion 

reaction. already mentioned, Although the cost factor may become less serious 

in the future as a result of the accmulatiow of y- sources in fuel 

disposal sites at nuclear power stations, much more fundcmcntal and apglfed 

research will be required before a wide scab of industrial radiation 

chemical processes can be expected, The present rate of development of 

fundamental research in Canada appzars to be adequat~to support t h i s ,  

Ow the other hand, nltt~ougEsexcellant appl ied  w ~ r khns been done, much of 

it has been related to reactor technslsgy and there is a need for 

greater effort in other areas, Probably the most effective approach 

would be the involvement of iradustrg in joint programs wit11 government 

or university laboratories. We note fn t h i s  connection that Co-60 , 

gama rays are now used cmrnereially in Canada (Ethicon Ltd., ~eterbarsugk) 

to sterilize sutures f o r  medical USE, Other comercfal radiatfon chemical 

applications in Canada include radiation processing o f  heat shrinkable 

polyethyl.eiae f i l m s  for wrapping f s o d  products (w,R. Grace m d  Co., 

Cooksville, Ontario). F s r  the last seven years, the Comereial Products 

Division of AECL has been operating a Mobile Demonstration Irradiator, 



which esntiwues to  a s s i s t  groups to  determine the effects o f  radiation 

on their prc>ducts. It has been used to irradiate onions, potatoes, f i s h ,  

nushrssms etc., and sane comerciaf%ysignificant applications appear 

l i k e l y  to emerge, 

T h e  early work of Lea and Gray in Britain showed that those parts 

sf radiation chemistry concerned with aqueous systems and macrsmsfesufes 

should have special relevance to our understanding of the action sf 

radiation on living cells, Thus thesz has always been a strong and 

beneficial  liaisun between radiation chemfsts m d  radit-)biologists, and 

there is g o ~ dreason to expect highly significant developments BR t h i s  

borderline area in the future, A co~~siderableeffort  has already Been 

devcted to  studies of the free radicals formed by radiation damage in  

organic and b io log ica l  materials. Scientists fa the Department of 

Biophysics at  the University of Toronto, and in the  Chemistry Department 

a t  thz University of Saskatchewan are wcrking in t h i s  field, using the 

relatively new electron spin resonance tecIlniques as a method of detection. 

Chemists at the Shir ley  Bay laboratory sf DRB are using th i s  technique to  

study free radicals formed from m i n o  acids in aqueoug systems, They are 

primarily concerned wit11 tiac nechanism by which certain sulphur containing 

mino-coqounds protect mammalian systems against radiation effects* The -\k., 

radiolysds of these protective sgents  is aXsc being studied at the University 

0% Calgary and at Shirley Bay by conventional %echnfques, Thc latter 

laboratcxy is also responsible for an extremely sensitive tissue-equivalent 

dosimeter. 

The key problems in the radiation chemistry of l iquids and solids 

arise mainly from our lack of direct knowledge of the behavisur sf 

electrons in condensed media, kt present, the details of their mechanism 

of energy %ass and t h e  spatial  distribution s f  pos i t ive  ions,  electrons 

and e x c i t e d  molecules ~ a :t hz  time when they become susceptible to 

ctnemical reaction. arc arrived at mainly by inference from the results 



sf gas phase experiments. The radiation-conductivity experiments arsd 

other associated work at the University sf Alberta have provided a 

significant improvement in our understanding of this aspect of radiation 

chemistry. Znfomatisn about radiation effects on solids has come from 

spectrosc~picand 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. 

hother probl$em of more general importance in the science is 

the lack of quantitative infomat ion regarding charge and energy transfer 

processes in condensed media, Valuable eontr-fbutiona in rhPe area were 

wade through the use of fsotopfca%%y labeled Itpdrocsrbons in experiments 

at Chalk River. Experiments concerned with energy and charge transfer to 

hydrocarbons sandwiched in inert gas matrices were also i n i t i a t e d  there, 

and these have since been cantinueel at ~ueen's University. 

A t  the preaent time the f irst  second of the lifetime of an 

electron in a liquid medium remains a mystery. However, the newly 

developed technique of pulsed r a d i o l y d a  pcmfts  observations 0% 

irradiated solutions at. times of the order of 10'~ second after a sharp 

intense pulse of radiation, lasting about I O - ~second, has been delivered. 

When samples of very pure l i q u i d  water are subjected to pulse radio;kgsis 

a transient blue coloration is observed. Theoretical and chemical studies 

have shorn that t h i s  is due to the presence sf electrons trapped in sheaths 

sf polariscd water molecules. %he discovery of these solvatsd electrons 

in American and Brftisla laboratories is undoubtedly the most significant 

development in the reeewt history of radiation chemistry. Extensive work 

on their reactions with a wide range of biological, organic and inorganic 

cmpounds has already been done elsewhere, and linear accelerators for 

such studies have recently been established at the Universities sf 

Saskatchewan and Toronto, in eollaboratian with Departments sf Physics. 



Most padfat ion chemists agree that t he  technique 0% pulsed 

radislysis affords one of the greatest oppsrtmftfes for f u r t h e r  

developments in t h e i r  f i e l d ,  Thus t h e  establishment of a t  l e a s t  one 

well equipped and technica l ly  supported l i n e a r  acce le ra to r  f a c i l i t y  

i n  Canada, would seem highly 

des i rable .  This might bes t  be done on a ec-operative b a s i s  amongst 

chemists, a d  should be so administered a8 to be access ib le  t o  workers 

nt l abora to r i e s  and in un ive r s i ty  departments. It is 

estimated that a f a c i l i t y  s f  tkc  mset modern design, completely housed, 

would cost approximately $500,080. 

Studies  s f  the reac t ions  sf aolvated e lec t rons  and o the r  r eac t ive  

species  in i r r a d i a t e d  aqueous system are i n  progress at  tke t l l a ive r s i t i e s  

sf Manitoba, Saskatchewan and Windsor, Striking experiments recent ly  

performed at t h e  University s f  Brit$sh Columbia have demonstrated that 

se lvated  electrons may be intermediates i n  many f ami l i a r  chemical processes 

such as: the  so lu t ion  of a l k a l i  metals i n  water,  rcdox r eac t ions  and 

cathodic reductions. This p a r t i c u l a r  Canadian c s n t r i b u t i s n  is unique, 

and may l e d  t o  a new and b e t t e r  undergtanding of redsx reactions and 

e lec t rode  processes in a q u o u s  a d  o the r  media, 

There 8s. much more d i r e c t  i n f o m a t i o n  r e l a t i n g  t o  the behaviour 

s f  e l ec t rons  i n  gaseous systems. Because of e l ec t ron  Impact speetroscspy 

and mass spectrometq, t h e  energy l a s s  processes of f a s t  electrons and 

t he  i d e n t i t i e s  of the  primary p o s i t i v e  dona and exci ted  rnslecules i n  an 

i r r a d i a t e d  gas can of ten  bc inferred with a reasonable degree of ce r t a in ty .  

Reactions of pos i t ive  ions with neutral molecules a r e  also r ead i ly  

accessible to study by mass spectrmetry, and research in t h i s  a r e a  

has been extenstve, Chemists a t  t h e  University of Alberta have recen t ly  

employed high energy ellectrorn, proton and alphamparticle beams i n  mass 

spectrometer ion sources. Their r e s u l t s  are s f  p a r t i c u l a r  importance t o  

our mderstanding of the energy l o s s  processes i n  i r r a d i a t e d  systems, 

A fu r the r  development from t h i s  labora tory  is  a technique f o r  t h e  mass 



spectrometric identification of ions in irradiated systems at nome1 

pressures, The temperature dependence of the clustering 0%several 

different types of neutral mo%scules around positive ions has already 

been examined, and heats of association have been cafeulated. It is 

evident that this work is of profound importance to current concepts 

of ion-salvatisn. 

Unfortunately, although gas phase processes are generally 

better understood, comparatively little work on gas phsse radiolysis has 

been done to date. Mowaver, the Canadian effort in this area 5s now 

expanding rapidly. k nescence from irradiated gases has been investigated 

at Lava1 University, and the gas phase redislysis of water vapour is under 

study at WhiteehelP, At Chalk River the effect of radiation intensity on 

the radiolysis of several gases is being investigated, as well as the 

free radical intermediates formed in them, Studies of ion lifetimes are 

now underway at NRC, where significant work OE the radiolysfs of hydro-

carbons hes  already been done, Research on the mechanism sf electron 

capture in hydrogen halides is in progress at the University sf Calgary, 

and evidence of interesting electron transfer reactions between different 

negative ions has been obtained at the University sf Alberta. At the 

present time there is relatively little information about reactions sf 

electrons and negative ions in gaseous systems. Tlaus any conclusions 

derived from radiation chemistry would be of interest. 

In canclusisn, radiation cllemfdtry has already made significant 

csntribistions to general scientific knowledge, as well as to nuclear 

technology. As our understanding of radiolysis mechanisms becomes wore 

detailed, the number of these contributions should inereass, Also 

important developments in radiation biology may be ant5 cipated. The 

great promise sf fundaments% radiation chemistry l ies in its potential 

contribution to our understanding of ionic and electron reactions, as 

photochemistry has contributed to our knowledge ~f free radical processes. 



- - - - - -  
Definition of the Field 

I le f in i t ions  are arbitrary, and it is difficult to define the 

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

purposes 0% the survey the definition adopted has been work dene on 

thc following wain topics by people with experience and t r a in ing  in 

chemistry : 

A. 	 Properties and Reactions of the Atamis Nucleus, 


1. 	 Nuclear structure 

2, 	Nuclear transformintism, a - , 6 - , y - decay, neutron 

and protan emission, spe~trus~upy, 

3. 	 Nuclear reactions at low and high energy, 

4. Formation sf synthetic elements, trans-uranium elements. 

B, Radioactivity in Atomic and Molecular Studies, 

1, The chemistry of the elements at very low concentration, 

tracer chemistry, carrier-free techtiques. 


2, Hot-atom chemistry, 


3, Slowing and stopping sf ions in matter, 


4. 	 I?-esearch and development on the methods of activation analysis, 

5. ~ s s b a u e reffect. 

C, Radioactivity in Geology and A s t r ~ n m y .  

l. Fornation sf the elements, nuc%sssyntkesis,nq tu ra l  abetndanees. 

2 ,  Research and cIevePopment on '"nuclear cl~cks" 

3. Isotopic variations in the acearm, the atrnospherc and space, 

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

render is referred to t h c i r  report in this series). 

Topics  in which the nuclear  aspect is of seesndary importance 

have been excluded. For example, inorganic and physical chemistry research 

made with t h e  aid of radioactive tracers will be reported In the Inorganic 

and Physical Chemistry sections of this survey, Neutron acttvatisn 



anaiys is  is considered to bt: another advanced tcchniquc i n  t h e  amoury  

of tilt- a n a l y t i c a l  chemist, t o  bc used where it  has advantages,  and i s  a 

t o p i e  dealt w i t h  by t h e  Analytical Chemistry Committee. On t h e  other 

hand, t h e  i n v e s t i g a t i o n  of t h e  possibility of using nuclear r e a c t i o n s  

induced by f a s t  charged p a r t i c l e s  from accc l e r a tops  t o  elucfdatc t h e  

composition and s t r u c t u r e  of t h i n  oxide layers on metals is likely to 

he the p u r s u i t  of a nuc l ea r  chemist. These exc lus ions  while s~vcrcly 

l i m i t i n g  t h e  scope of nuclear chemistry,  avoid undue d u p l i c a t i o n  in 

t k c  overall survey. 

Nuclear chemistry in Canada began with  t h e  'bentietla century; 

the achievements of Rutherford and Soddy at McGiBB i n  t h e  e a r l y  yea r s  s f  

this c~lntaarya r e  :ae%l known and need not be repea ted  hcro. It is perhaps 

less wcfP known that O t t o  Hahn, thd  so-discoverer s f  fisoion, was also 

a Ruthdrford student  at E4cGill i n  t h e s e  y ~ a r s .  

Sefore going on to t r a e c  Canadian developments fslBswing the 

discovery s f  fission by i%ahnand Strassmawn in 8938, interest  in natural 

radi~actfvity, chiefly for medical purposes, should bc mentioned. TBnc 

most noteworthy Cmsdiaw chemical achievement on t h i s  topie was the 

development of thc radium industry in thc cagly 1930's. Tht: process 

used t o  isolate  radium a t  the  Po r t  i'iops, Ontar io ,  p l a n t  of Eldsrado Gold 

Mines k td .  waR s i s e n t f n l l y  t h a t  developed by the Curies, al though the 

pre l iminary  treatment of the pitchblsnd4: was worked out by the Himfcs Branch 

i n  Ottawa. In d u l l  apcrntisn, t h e  average monthly output  from t h e  Port 

Hspc refi n c r y  WCG about 8 gram, vnPued a t  about one quarter of a million 

d01Pars. 

F ~ % h o w i n gthe  r L ~ n $ % z n t i o nof  t h c  s%gnlficancL of n u c l ~ a r  energy for 

penccfu l  and m i l i t a r y  a p p l i c z t i o n s ,  n jo int  United Kingdom-Canadian atomic 

energy research p r o j e c t  was s tar ted i n  Montreal i n  1942, It a t t r a c t e d  a 

distinguished group sf scientists from overseas as wela as many outstanding 

young Canadians. Thc co l laLora t fon  of Canadian univers i t ies  was sought a t  

this t i m e  xx.3 T b l ~ d Lwith his C O - W O T B C ~ ~ S  a t  IIcMastcr Univers i ty  p a r t i e f  patad 

in thk; I I U C ~ C ~ , - I Tresecrcl~u s i n g  anass spcc t romet r fe mdt!aods. 



Thcr :loart%r?sl L~boratsky,housed i n  t l x  University of Montreal, 

rapidly  su"b-grew its quarters as nev staff  joined and tine move to t h e  

Chalk Wivcr site occurrcd in 1946. The p r o j e c t  bi:cmc a pure ly  Canadian 

venture under thc i.?ntional Research Council and cvuntusllp developed into 

Atomic Energy sf Canada L t d , ,  n C r o w  Company wlth responsibility f o r  

rcsdarch and development in the atomic energy f i e l d  in Canada. 

The w a r t i m e  sehievcments of t h ~clremists in the  MontrdaP and 

Chalk River Ic%bararoricswere first  revealed to the seicmtific community 

a t  a Cowfercnce Nuc%cmr Clae~nistryin 1947 by the Chemical,~ r a  B ~ Q ~ S O P ~ ~  

Institute of Canada at Mc!%--ct~rUntvessity. Working indepcma8ontfy sf 

parallel developments in the U,S. atomic program, these scientists had 

isslatcd micrograms of p%utsw%ua @ram irradiated uranium supplied by the 

U. S . bfs-nh,~tt and worked outan Prsje e t  , studied its chcmical p rope r t i e s  

methods f o r  separa t ing  grams sf plutonium from kilograms of uranium. 

Thc yields of the myriad f i s s i o n  products had bccw mcasurcd and the 

radioactive decay properties of the important ones ~stablished. &9kr:n 

it is rerncrnbered the U.S .  c f f o r t  that h a d  to the devclopmcnt of the 

first plutonium bomb, uscd at Nagasaki, i s  consider~dby many to be 

one of the most remarkable feats sf chcrnieal sciswed m d  technology in 

the pe r iod  of t h e  Sccond World W:?r,  the accomplishments of t h ~cherraists 

working in thc JfontrccaL and Chi-~lKRiver l.%bora%oridsarc more properly 

apprcc in ted .  

Subsequent developments i n  nuclear chemistry are closely related 

$0 thc avnilabiiity of s u i t n b l c  wuclcar research facilities in Csnada 

and these arc s u m a r l z e d  in Table IV, 

Thc h igh  flux re:?,ctsrsat Chalk River wcrc used to c ~ n t i n u st h e  

work on k r a n s u r a  clc:mcn% .is(rstopas and in the ccurse of years all the 

uns tab le  elements from ncptunium t o  f crwium~(atomic numbers 93-100) were 

s t u d i e d  i n  thcsc Haboratorics. Thc heaviest of thesc clcments were the  

sub jec t s  of j o i n t  i n v e s t i g a t i o n s  in whfcla scientists from tkac knol l s  Atomic 

Power $,cnboratory, Schenectady, l J .Y , ,  p a r t $c ipa tdd ,  using both the NKX r c s c t o r  



and the Matr?ri.aSe;Tes t - lmg  Reactor in Idaho- FissLorm by slow neutrons 

also received continuing attention, w h i l e  the need to know t h e  appropriate 

constants for other reaetfons invcrfviwg slow neutrons l e d  to many measure-

ments of suck quantities. These rtlgasurements and wrk relating t~ rhe 

production of isotopes fostered a steady interest in the decay properties 

sf the radioactive species formed in reactors and methods for determining 

their rates of disintegration. 

The lfccill cyclotron made p o s s i b l e  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 McGilh chemists 

have used it for an extensive series of investigations sf fission and 

spallation reactions fn the energy regfon where direct interactions 

with  nueleons in the nucleus are gaining i n  importance relative to 

those reactions in which t h e  cmpound wue1et.m model prcsvidczs a 

satisfactory description of the processes. Such work requires accurate 

measurement of the y i e l d s  sf the radioactive products sf the reactions 

and the M c G i . 1 1  group has made outstanding contributions to methods used 

to assay radioactive substances, 

The Ura.Lwe--~tgt of C Q = ~ ~ P . P ~ ~ - W  used at  times for thebetatron was 

preparat-inn of tracers and 'hot-atom' studies. uurl pnr chemists frm 
mcL ;also util-8zed the special features of t h i e  accelerator ts make 

ive series of photofission acperbents i n  collaboration with the 

nuclear physicists there, It is t o  be expected that the new high energy 

electron Liaae a$ Saskatoon, w i l l ,  in its turn, be called into play for 

nuclear chemistry research in Canada, 

As mentioned earlier, chemists at Mdfaster participated in the 

atomic energy program i n  the early days s f  the Montreal Labaratorye 

This interest has been maintained wfth particular attention being paid 

to the use 06 mass spectrometric techniques. These include tlneir 

application to the determination of the y i h l d s  and properties 0% the 

f iss ion products 3s well as nuclear reaction cross sections. Nuclear 

research at lfcMaeter University was greatly facilitated by the acquisition 

o f  a nuclear reactor in 1959. Early interests were continued and new 

programs in activation analysis, Rst-atom chemistry and nuclear 



spectroscopy were initiated. The scope of these researches will, no 

doubt, bc extended when the Tandem Accelerator is in operation, so that  

it is to b e  expected that McFIaster w i l l .  ~ontfnub:to be a strong centre 

for nuclear chemistry research. 

New f a c f l i t i e s  s u b t a b f ~for research in nuclear chemistry - b v e  

recently b e ~ ninstalled at a number sf other Ca~adianunfversfties or 

at: AECL as slaowm i n n  Table IV. 

Maigar Research Facilities of Use t o  Nuclear C l s e m i s t s  

Institution 


Nuclear Reactor Chalk River Muclear Laboratories 1947 
N U  


Cyelstrasrn McGiBI University 
(100MeV protons) 


Betatron University of Sa~katchewan 

(22 MeV electrons) 


Nuclear Reactor Chalk River Nuclear Eaborat~ries 1957 
NRU 

Nuclear Reactor MeMaster University 1959 

Tandem Accelerator Chalk River Nucldar Laboratories 1959-66 
(12 TIelk H'rnt on:: ) 

Cyclotron University sf Manitoba 1965 
(40 MeV protons) 

Lfnac University of Saskatchewan 1966 
(150 MeV dect rsns)  

Electron Linac University of "Polfonts 
$35 MeV electrons) 

Tandem Accelerator Chalk Wives Nuclear Laboratories 1967 
( 2 0  M c V  p ro tons)  

Tandem Aec~berator Universit6 dc  ~ontrgal 
( IL !  , ~ . b - ~ t O ! l f i )1 ' 1  

T ..i~dcnnAce~lerator MePfaster University expected 1968 
!1:) ' 1.1 j:~otc>nl:;) '' 

( t o w  energy Van de Graaffs omit ted)  



The elcctrori 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 

~f the f i e l d  in Canada, 

Vary little has been said in thia histsrica3 outline about the more 

applied areas of nuclear cllemistry. As was pointed out i n  the d e f i n i t i o n  

of the f i e l d ,  wo feel that these aspects of nuclear research belong more 

properly in areas considered by other Committees. Since the appl i ca t ims  

have i n  many cases grown fron research in teres t s  or resulted from n 

scaling-up of laboratory processes thtl dividing lines are not easily 

distinguished. Some mention may, therefore, not be out of place here, 

especially as the accomplishments are ns Pees noteworthy than sowe already 

reported, 

The development of the nuelear-electric power program has i n w l v e d  

nuclear and radio-chemical studies on an engfneerirrg sesle,  The 1ocation 

of failed f u e l  elements in the reactor, the release of fission products 

from fai led fuel and the fate of these species Pn reactor systems has 

received a greet deal of attention since the f i r s t  Canadian hfgb power 

reactor, NRX, went into operation in 194%. The chemist has participated 

as a member of a %3rgegroup of reactor s~ientistsand engineers so tl~art: 

h i s  role is hard to delineate exactly. However, the  achievement af the 

group is a matter of record, The M M  reactor reached f u l l  design power 

in January, 1949 and produced the highest neutron flux for research 

purposes in the world. It was joined in 3957 by the even more powerful. 

NRU lpeacte>r, One important use to  which these reactors have been put 

i s  fuel test ing in engbneering, loop-type experiments, On the basis of 

these tests, the first Canadian reactor used to  generate e l e c t r i c i t y ,  

the Xuclear: P ~ w e rBSmonstratiesn Reactor, or NPD, OL%S designed and put  

into operation at  Rolphtotn, Ontarabr~. It faas been supplying e l e c t r i c i t y ,  

about 20 megawatts, to  the Ontario Hydro-Electric Cmmission fur sevezal 

yeLrs, A full-scale eomercial-size wuclenr pewer s tat ion,  at Douglas 

Point, Ontario went i n t o  operation in November 1966. Other nuclear 



electric static~nsare being built at sites in Quebcc and Ontario. In 

additi~w,a Canadian-type nuclear research reactor w a s  instal led .st 

Trr~mbayin India and zurrently two nuc1ear e%cctric plants are being 

ins ta l l ed  in India and Pakistan. 

Canadian accmp%ishmentsin cogtn~eltionwith the extraction of 

plutonium frc~arm irradiated natural uranium Pw the Montreal and Chalk 

River Laboratrdries have been meaati~medalready. This  precess involved 

solvent extraction of the plutonium. SubeeguentPy, an anion exchange 

process was devclrspcd and operated on a plant scale, %;-ITA m d t h ~ ~ d  

extracting the fissilo uranium isotope, 2 3 3 ~ ,from irradiated natural 

t h o r i m  was d s s  developed and thonsaughly tested. Techniques for t h e  

concentration sf f i s s i o n  products have also been devised, APP these 

top ie s  relating to the nuclear power program in Canada have had chemical 

support that can b e  traced ta foundations in nuelear chemistry, 

The use sf radioactive isotopes for medical, agricultural, industr ia l  

and scientific rescarch purposes has grcm with the avail~bilityof 

nuclear reactors and radium now occupies a less promincme pssitisn in 

this f i e l d .  The centre sf isotope produc%i~whas conssquently shifted 

from Port Hope to Ottawa and Comercial Prcducts, a port sf Atomic 

Energy of Crinada Lhited, Many of t h e  isotopes supplied by Comercia1 

Produets require chemical separation ~ . n dpurification; t h e  6 

active tracers I4c9 3 2 ~ ,3 5 ~and 1 3 1 ~are good examples. The methods 

used t n  produce these isotopes are f i r m l y  rooted in nuclear ckmistry 

and prscdsaes being developed fsr obtaining other isotopes in comercial 

quantities are considered an a p p l i e d  aspect of the subject. 

Rad5sactivation methods of analysis using thermal neutrons have 

WOW developed to the po in t  tha t  w e  f ee l  t h i s  area is rightly included 

in the Analytical Chemistry Seetion s f  t h i s  survey, However, it was not 

always so. There  was n stage, when t h e  techniques were being developed 

and before the practicability had been established,  during which t h e  

nencldar aspects predominated, Canadian contributions during this period 



were notable, particularly in the ereas of forensic science and trace 

impurity enelysis in metala. Development of new applications of what 

are essentially nuclear techniques for analyt%colpurpoeos are in prograaa 
in the unitpereities and government imstitutioma, 

Table V shars the topics in nuclear chemistry being investigated 

end the lofatione at which these investigations are being made. The 

needs of the moment end the availability of people or apparatus tend 

to shift at a particular institution, but the long term aims remain 

rather constant. For example, a ~ t u d yof the decay properties of cr 

particular isotope of an element may have to await the autcome of a 

study an the chemistry of that element in order that aa 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 situation, 



1, Nuclear Fission a) Low Energy: 

b) High Energy: 

2, k e a y  of Radio-nuclides 

3, Nuclear Decay Properties 

4, Nuclcer ~ e k t i o nMechanisms 
and Rates 

5 ,  Act%vation h a l y s  i e  

6 .  Nuclear Chemical Methods 

9 ,  Hot-atm Chemistry 

8, Isotopic Varbatism Bn the 
Envirqment 

9, Slowing and Stopping sf Charged 
Particles in btter 

10, bsrabaaaer Effect 

MeMaetcr Univereity 
University of Toronto 
University of Waterloo 
6 


kleCi l% University 
University of Toronto 

IfcCill University 
McMaster Univers%ty 
Simon Fraser Univerei t y  
Unfverafty Lavaf 
CWL 
NRC App, Phyefcs Divfeion 

McGill University 
McMaeter University 
Simon Fraset Univereity 
University of Waterloo 
CRNL 


McGill University 
McMaster Uaiversity 
Simon Fraser University 
CRNL 

MsMaeter University 
Simon Praser Univerei t y  
Un$verefty af Toronto 
C 

Carleton University 
Unfversity of Waterloo 

MMaster University 
CrnL 



The numbers of nuclear  chemistry s t a f f ,  graduate s tuden t s  

and pos t  doctoral fcl lows,  as well as t h e i r  tecRaica l  suppart  are s h m  

i n  Table V%, A %ur%hermor2 d e t a i l e d  ana lys i s  sf the un ive r s i ty  scene 

is given i n  Table VBH. 

Graduate Post  Doctoral 
Professionals S t u d e ~ l t s  Fellows Technicians 

University 12 30 

EJRC 
(App. Phys. D i v e  2 -
*Including GnaPk River Nuclear Laboratories arid Comercia% Products Division 

About half the f u l l y  t ra ined nuclear  chemists a r c  i n  the 

unfversities, Of those i n  government Pabsra tor fes ,  about hal f  a r e  

cngaged i n  a p p l i e d  rescaoeh or dcvePoprncwt so t h a t  it is seen that 

most pure research i n  nuclear  chemistry is done in the  u n i v e r s f t i ~ s .  

In our opinion, this is as it should be. Nuclear chemistry is  an eminently 

s u i t a b l e  f i e l d  f o r  t r a i n i n g  graduate s tuden t s ,  This i s  because i t  i s  

near the  f r o n t i e r s  s f  knowledge and caw excite the carnti~usiasmof thc young. 

It avoids narrow s p e c i a l i z a t i o n  st too e a r l y  a s t a g e  i n  a s tuden t ' s  

s c i e n t i f i c  career since i t  cuts across  a number of t he  t r a d i t i o n a l  

aeadcmfc d i s c i p l i n e s ,  as w e l l  as sub-sections s f  chemistry i t s e l f ,  

Fur themore ,  the student becomes acquainted w i t %  many aspects of m~dern 

technology, c.g. e l e c t r o n i c  and e l e c t r i c a l  equipment and high vacuum 

apparatus. 



TABLE VPI 

Canadia~Universities 

Present Number Students Graduated 
sf Advanced Expected in 

Profess i sna l  Degree Students In last 5 yrs. next 5 years 
S t a f f  M,Sc, Ph,D, M.Sc. 

_sl_ 

Ph,D. 
___P_ 

Carleton 

Lava1 

McGIlI 

McMaster 

Saskatchewan 

Simon Fraser 

Toronto 

Waterloo 

There are good reasons f o r  the coatfwuatfsn sf the support sf 

high quality research in pure nuelear chemistry in government laboratories. 

Perhaps the mosc important is that such research contributes to knowledge 

generally a d  adds to the reputation of Canadian science in particular. It 

attracts able staff members and ensures that new fdeas and new techniques are 

quickly introduced for exploitation in related f i e l d b .  For example, w i t h  the 

elucidation of the phenomenm of "ckamellingPhof charged particles in crystal 

lattices at CF3L a d  elsewhere, the way was clear for the  application sf the 

ehamanelling technique ts studies of radiation damage in solids. Thus basic 

s t u d i e s  were quickly explojbted in a more a p p l i e d  field, fm this case not related 

to n u ~ l e i ~ rchemistry, 



The appl ied  research an; development progrm of nuclear 

chemistry in government laboratories are related t o  the respansibilities 

these institutions have f o r  mzeting na t iona l  aims. 'The effort mounts 

t o  about one quarter of the t o t a l  Canadian manpower working on nuclear 

chemistry. In view of the place the nuclear-power industry occupies 

in the economy and Canada's internziional role in isotope standardization. 

the numbers are c;rtainly not excessive. 

Es thn ted  apefating and c a p i t a l  expenditures en nuclear 

chemistry i n  both university and government laboratories ore given 

in Table VXPE. The mivcrsity estimates include contributions from 

both the un ivc r s i ry  itself and government grants. Tlte grants and 

university c o n t r i b ~ t i ~ ~ ~c a p i t a l  arc accurately known but thet o  

university part of operating expenses $s difficult to estimate with 

any degree  of accuracy. Furthermore, what can be loosely termed 

'overheads has not been included in these estimates for either the 

unh~ersitieso r  government laboratories. This may increase the operating 
figures given in Table VIP1 by %OX, 

It should be pointed out that nuclear chemists depend sn 

accelerator 3rd reactor fac i l i t i e s  but  thd capital  armd opera t ing  

costs of these installations axe not usually charged to the chemistry 

programs. T h i s  is ansther reason why t h ~estimat2s Bw Table VIP1 err 

on the low side. The csst to the chemist of using such fac i l i t i e s  is 

not :12g3L%gibBe, ho~stzver, for he must pay fo r  the ancillary equipment 

he needs to make use of such f a c i l i t i e s  for his experiments. 



Annual Annual Expenditures an Major 
Institution Operating Funds Equipment (Averaged over 

1966-7 

MRC (Applied Phys, 

Division n/a 7,000 


It is d i f f i c u l t  to estimate the total expenditures far nuelear 

chemistry research in Canada for the reasons already given, and also 

because a significant number of respondents d i d  not provide data about 

the ir  f i n m e i a h  support, From what infomaticm w e  have available, it 

i s  estimated that the -total annual operating funds for all nuclear 
chemistry research in Canada do not exceed $560,808, while expenditures 

for major equipment in this f i e l d  are probably less than $380,880 per annm. 

Most university eorrespoaadents stated that the ir  researeh was 

hampered by lack sf major items s f  equipment, laboratory space, and 

funds for graduate students,  post-doctoral fellows and technical s ta f f .  

I t  was painted out that simcs the results sf nuelear chemistry research 

f a l l  within areas i n  whPch the Ato'pn%cEnergy Cantrol Board has 

respansibilities, the AECB should eherefsre properly b e  a b l ~to provide 

operating and capita l  grants in support of such work. This would give 

recogr~btianto the fact that on t h e  average, equipment weed i n  this 

field is more exgdnsfve than in other fields s f  chemistry. Thus the 

prspssed AECB contributions would supplement MRC support, It is  s f  

course recognized that the b&CB does already make substantial grants 

in a i d  of raeareh in Canadian universities; the proposal is for addit ional  

small grants  for snaa%Berprograms. 



flthough our correspondents reported that their research 

program were inadequately funded, t h e  majority conceded thst, r e l a t i v e  

to the financial support prsvdded for other  a reas  s f  chemical research, 

t h e  share allotted to nuelear chemietry is not  unreasonable, 

Research i n  nuclear  chemistry is impartant t o  Canada today 

because: 

a) it is a highly suitable sub jec t  f o r  graduate student  t r a in ing  

i n  urniversfties, f o r  reasons already mentioned. 


Activity i n  t h i s  s e c t o r  is l i v e l y  and in the last $%ve gears  


graduate s tuden t s  have so-authored some 50 papers t h a t  have 


appeared i n  t h e  s c i e n t i f i c  l i t e r a t u r e .  


b l  	 appl ica t ions  of advances i n  nuclear chemistry will be of 

importance to Cznadian industry, agr fcu l tu re ,  science and 

medicine. 

C )  	 the t r a in ing  s tudents  receive i n  nuclear  chemistry research w i l l  

be of great value i n  t h e i r  subsequent careers, not only i f  they 

continue with pure research in nuclenr chemistry, but in other 

fields as we11, 

I n  t h e  h i s t o r t e a l  introduction above, sme of t h e  pas t  appl ica t ions  

of nuclear  cl~emistryi n  Canada were outl ined.  These contr ibut ions  

continue. ( i )  ~n a rea  i n  which t he re  is considerable current i n t e r e s t  

i n  both univers i ty  and government Baboratorfea is the exp lo i t a t ion  of 

the new, high-resolution, Ge(Ei.1 g a-ray de tec to r s  f o r  ac t ivs t2on 

analysis .  These detectors promise t o  give increased discrimiwatiam 

between i n t e r f e r i n g  elements and efmpPify procedures considerably. 

(it) The "channelling" technique of exploring the lattice s t r u c t u r e  

of crystals is being w e d  t o  study methods of doping semi-conductor 

rnateriaBs, especially by hplanting foreign ions in c r y s t a l s  with an 

electrostat ic  accelerator, It &so y i e l d s  use fu l  fnfsmatiow about 

fac ia t ian  damage during ish implantation. These s t u d i e s  may lead t a  



further advances in smi-conductor technology, The nuclear methods 

devised t o  study the r'mges of- energetic charged particles in salfds 

are 3150 being explo i ted  to give infomatian about impurities on 

surfaces. Because of the ir  relevance to corrosian pl~enomcnasurface 

oxide layers ark receiving most of the ,?ttentPon a% the  mowdnt. 

(iii) A third example c;f current applications of nuclear chemistry 

is the development sf methods for using "tailor-made" isotopes for 

particular purposes. Two that can be mentioned arc I z 5 1  for special 

medical applications and Iz4sb for neutron sources. 

Those who replied to our questionnaire were agreed that there 

would be an increase in demand for nuclear chemists in Canada in the 

next 5 - 10 years. Opinions differed c-m how large the increase would 

be and main reason f o r  t h i s  is the uncertainty in the rate of installation 

of major nuclear facilities in the future, Replies %raw university 

staff forecast modest increases, whereas correspondents in government 

laboratories were more certain of increased demands f o r  nuclear chcmfsts, 

particularly for appl ied  work. 

There is general agreement that the  graduate student population 

in Canadian unfversities is likely to continue to grow during the next 

5 pars, and this trend (indicated in Table VII) coupled to the recent 

emergence of sevcral new university grcups in nuclear chemistry, 

suggested very strongly that the absolute number of graduates in t h i s  

subject is l i k e l y  to increase significantby over present %evels. However, 

there nay be an important restriction on growth and that $8 the availability 

of suitable facilities for nuclear research. 

The major nuclear research installations currently available are 

bistcd in Table HV. Acce%eratorsthat  haeve come i n t o  opcafttfon since 

abt;ut 1965 have not y c t  been put to extensive use for graduate student 

training so tha t  there is considerable potential available at present. 

However, some uf it is at universities where there i s  not a nuclear 



on the tdaeking staff so  that it may tzke t i m e  

"Fh.?rzis an additional Ihitat ion. Nuclear i n s t a l l a t i o n s  i n  Canadian 

un ivz r s i tbes  are all primarily f o r  nuelear  physics research and according 

tc: "Physics in Canada - Survey and Outlookq', t h e  existing facilities 

w i l l  b e  saturated in t h e  early 1970's. They m a y  not ,  t hz re fo re ,  be  

a v a i l a b l e  f u r  t r a i n i n g  chemistry s tudents .  Ta prevent t h e  s a t u r a t i o n  

of f a c i l i t i e s ,  Canadian physicists a r e  grop~s ingt h a t  a number sf r a t h e r  

mincr installations be placed in the  u n i v e r s i t i e s  and have a190 

propvsed two major pieces (if ~UC%C~:T apparatus:  TRIWF and IWG. These 

proposals  have received support  from nuclear  chemists associated with 

t h e  spenscring ins t i tu t icsns ,  especially f o r  t h ~major facilities. 

Enthusiasm for the minor ones, usual ly  10w energy a c c e l e r a t o r s ,  is  

less because of their lim$ted usefu lness  to the  chemist, although they 

a r c  very good for studies in special Rreas, 

TR%UlI(P (Tmi  University Meson ~ a e i l i t y )is an imaginative prapesa l  

put  forward by a group of univers i t iee ; ,  tlt~Unive r s i t i e s  of B r i t i s h  

CoPumbia, Victoria, Alberta  and Sirnc~wFraser Universi ty,  f o r  a meson-

producing cyclotron. It would be used by s e v e r a l  disciplines a t  these  

u n i v e r s i t i e s ,  including nuclear physics, chemistry and s 0 l i d  state ,  

It has been suggested that it wculd se rve  about 30 un ive r s i ty  staff 

members and 78 graduate s tuden t s  i n  chemistry and s imffnr  numbers i n  

phys ics ,  s t a r t i n g  i n  f a t e  1972. 

The second major i n s t a l l a t i o n  currently mder cons idera t ion  is 

ZNG ( In tense  Neutron Generator).  The propcsal for  this advanced and 

r a t h e r  r a d i c a l  project was put forward by the  Chalk E v e r  Nuclear 

Laboratories  t o  se rve  n number of groups of s c i e n t i s t s  including 

physicists, c k ~ a f s t s ,m e t a l l u r g i s t s  and engineers.  E t  would be a v a i l a b l e  

for un ive r s i ty  staff  and graduate students. It has yet t o  receive 

govermnent approval and, i f  approved, i s  not  l i k e l y  t o  be in opera t ion  

befrdre 1974, 

c%xem%st to develop, 



The ZNG project would be a t r a i n i n g  ground f o r  s tudents  of 

nuclear chemistry, and would a l so  make available f o r  i so tope  production 

higher neutron fluxes thm m y  available today. Furtilermare, i so topes  

s f  p r a c t i c a l  value tha t  cannot be produced i n  fission nuclear reactors 

could bc ext rac ted  from the target itself', This aspect  0% t h e  p r o j e c t  

would require considerable research and development on means of obta in ing  

new o r  improved isotope products for use in comerce, science and medicine. 

h o t h e r  emerging development i n  the muclear f i e l d  i n  Canada in 

the next decade i s  a major nuclear f u e l  reprocessing i n s t a % l s t f o n .  At 

present ,  fuel  frm the Canadian power r eac to r  program is  s;>Bd in the 

world market for the values i n  transuranium elements it  conta ins ,  When 

the aarounts are Barge ewatsgl~, i t  w i l l  be economic to sxtract t hese  in 

Canada, Some of the products will be use fu l  as ext rac ted;  o the r s  can 

be converted by i r r a d i a t i o n  with an in t ense  source of neutrons t o  

i so topes  such as 2 3 8 ~ uand 2 ' 4 ~ .  These a r e  used as power sources in 

heart pacers, space s a t e l l i t e s  and o the r  remote %ocatfons, As the 

technology advances it  seem 1Pkely t h a t  the demand w i l l  grow and with 

i t ,  t h e  requirements for t r a ined  nuclear chemists w i l l  also increase. 

ary ,  t he re  w i l l  be a growing need f o r  nuclear chemists 

in Canada i n  t h e  next decade, both within and ou t s ide  the u n i v e r s i t i e s .  

A c r i t i c a l  factor i n  the future is the  provision of adequate research 

f a c i l i t i e s  for t r a i n i n g  nuclear  chemistry students, Increasing 

expPoitatPow of e x i s t i n g  f a c i l i t f e c  should be encouraged. New major 

facilities f o r  nuclear  research w i l l  be required for t h e  training of 

nuclear  physicists and chemists i n  the next decade and steps should be 

taken now t o  ensure t h a t  these installations a r e  ready when needed, 



1. This survey stmows t h a t  five per cent of all candidates  working 

towards M,Sc. o r  Ph,D. degrees in chemistry departments i n  Canadian 

u n i v e r s i t i e s  have thesis topf  cs i n  e i t h e r  r a d i a t i o n  or nuclear chemistry. 

These d i s c i p l i n e s  way t he re fo re  be regarded as s i ~ n f % i c a n tcomponents 

of t h e  t s t a f  chemical research a c t i v i t y  i n  Canada. This view is 

strengthened by exmir~ationof t h e  number and quality of t h e  research  

cont r ibut ions  being made in t hese  f i e l d s  by Canadian c h a i s r s .  

2. Radiation chemistry research  is we18 established i n  Canadian 

government l a b o r a t o r i e s  (AECL, DRB and NRC), while nuclear  chemistry 

is found mainly at MCE, with some l e s s e r  a c t i v i t y  in o the r  federal 

departments. The balance between government and un ive r s i ty  a c t i v i t y  

is judged to be reasonable in both t hese  areas of research.  No 

p e r c e p t i b l e  research o r  deve%spment work i n  industrial l a b o r a t o r i e s  

was di sc lo sed  by t h i s  survey, 

3. The supply of M,Sc. and Ph,D, graduates t r a i n e d  in nuclear or 
radiation chemistry in Canada is l i k e l y  t o  be sufficient t o  meet the  

country" nnedds f o r  such persons,  a t  least for the next  f i v e  years.  

4 ,  Pfost anraiversity respondents felt that, r e l a t i v e  t o  other areas 

of chemical research  i n  Canada, f%wanefa~support f o r  nuclear  amd 

r a d i a t i o n  chemistry appears not ipadequqte, although a number sea ted  

that t h e  absolute mawt was not s u f f i c i e n t  f o r  t h e i r  program. Moreover, 



there were reported many fnstonees of insuf f i c i ent  suppart far young 

~cientist~start ing work in university depnrtmenta, a s i tuat ion  which 

we recognize is not unique t o  these di~ciplines. This  problem ie Peee 

frequently met in government laboratories, presmably because in the 

Hatter, capital  funds to  launch research programs of ndw, young members 

of staff can be mobilized whew required. The problem scans to be not 

that the total funds proviracd co &u indavidual over his working life 

are inadequate, but rattaczf, the timing of t h e  assistance is feuPt~r 

The philosop11y s f  C ~ C  appear8 inadequatepre~erntNRC grant@S ~ S C ~ B W  

in this respect, The Committee therefore recornends most strongly 

that suftsl%,jeeaunfnietrative and financii~lbarrangement~be dev ised  to 

accord better opportunity to the young university seientiet. 

5. In the context of finnncidl support,  w e  point out that  thc  

scientific content and technical ~mplieationsof most sf the work 

in Canadion univeraitiee Pnvo3.v=Ln~uucle%rand radiation chcrnistry 

Pies within the area sf special concern -2f the Atomic Energy Control 

Board (MCB). T h a t  being so, it wculd appear reaeonable that bha grants 

program of t E C R Q  nc?w reatrictcd moiwPy to wucle;ar phy~ig38and other 

accelerator-based pllysfca progr3rn9, be extended to nuclear and radiation 

chemistry to supplement the present NRC grants, 

6 .  There is general agreement amongst radiation chemists that puleed 

rt' idioPy~Is~ t u d i e suffcr exciting ~ p p o f t u n i t i e efar tackling many of 

tlse aaneaslvcd problems in rwdiatiaaw chemistry, Despite tllmis, there ie 

not in Calnda ;a s i n g l e  s u i t a b l e  fat -Pl i ty  which has been built and i s  

being used for t h i s  kand of study, We r ~ c o m e n dthat thoee 

principnlly cilnccrened be eareournged to exminc this situation in more 

detail, taking a c e o u t  of the exprasaea desire of many rcspondeo~tethat 

such a facility, if built, be available t o  radiation ctlemists from at 

%east scvcxal cgf--~p(~ratinggovernment or miver~ltyIaboratorie~. It 

i~ es69mated thee n suftnbke facility, complete%y houeed, would coet  



7, Prospects for growth of university based rssearclk in nuclear 

chemistry cre closely related to the number and availability of 

suitabl~nuclear apesearcHm installotions in Canada. Ahnost without 

exczption such fnstaflations arc prlknnnrily f o r  nuclear physics 

research; several, of these do nst have as yet an associated signffieaxbt 

nuelear chemical resdarch activity, I n  t h i s  respect, for the  shor t  

tern, the growth prospects arc gtatrd, h%owevcr, according to "Physics 

in Canada - Survey and Outlot)kf', t h u  -xisting fgei l i t ies  w i l l  be f u l l y  

u t i l i z e d  within three years by the naccds of physics-related gregrms, 

and they may therebere not be available for training chemistry students. 

In the longer item^, the proposed facilities TRILMP and IktG, if proceeded 

with, w i l l  provide 3mple new capacity fcpr training of nuclear chemists 

both within and ou t s ide  the  universitfes, 

8 a  Acti-~itiesmore pruperly described as development or appl ied 

science are, except for AECLVs continuing contributions, virtually 

absent in nuclear chemi.s~rrgr, Applied work in radiation chemistry is 

to be f a u d  particularly at AECL and fn several ~aniversitydepartments 

of chcrnical engineering, Wsile we do not endorse the view t h s t  radiation 

chemistry has unlimited prospects in tomrrowss chemical technology, 

we nevertheless rec end that well conceived appl ied  r ad ia t ion  chemistry 

programs be ssught !mt md supported more fu3bIBy than at present ,  Areas 

sf possible application are indicated in the body sf't h i s  r epo r t .  



TABLE-. 

C~mgerisonof Data from 

g 1) - Both surveys agree in finding no R e  and B, classified as RaQ-
fation Chemi~tryas Nuclear Chemistry in industry, 

(2) Government - Both surveys agree in finding no pr~vincialgwerment 
expenditure, 

Manpower @,I ,C,  Table 16 

Radiation Chemistry 


Nuclear Chemistry 


Area 121 

The hfghor technician count by the C , I , C e  Survey may be due t o  the in-
clusion of more deve8opment war&. 

Corn, 12 C , I , @ ,  Table 37 

Radiation Chemistry $11,608 X 20 = 3;2,600 
h c 1,ear I e  

Area 121 < 732,000 

University expewdituree are notoriously dfff%cuPt t o  a s s e s s ,  

C, I , C ,  Table 38 

Acad, + P,D,F ,  Grad. Stud, Acad, 9 B,D,F, Grad, Stud, 

Radiation Chemhdtry 

Nuclear ~nernfstsy 

Area 121 

The committee evidently located more graduate students than tho C.1.C. 

General Conelusion - The differences are not greater than might be ex-
pected between e very specific and e very wide ~ u w e y ,  




