
• C.I.C. R. and D. SURVEY 

Committee 10 - Chemical Kinetics etc. 

Final Report 

This committee was assigned a assortment of physical 

chemistry topics, some related and some not. For reasons of 

convenience these topics were placed in three groups, and each of 

the three members of the committee prepared what are essentially 

separDte reports on these subsections. C.H. Amberg prepared a 

report on subsection 2694, catalysis and surface chemistry; 

R.A. Back prepared a report combining subsections 2695 (chemical 

kinetics), 2708 (molecular dynamics), and 2711 (photochemistry 

and energy transfer); and D.M. Wiles prepared a report on 

subsection 2712, polymer chemistry. In this way each of us 

was dealing with subjects close to his own research field and 

reasonably related to one another. 

I' R.A. Back 
Gomm1t-tee--C-hairman 
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• A feH statistics from the C.I.C. survey of chemistryl R. and D. in , , 
Canada arc given In Tables ~.10.1 and.9~iO.2 at the end of this report. Ex

pendi t ures and manpove r effort for the C. 1. C. R. and D. a r cas ass l gned to 

the comm l t t ce are compared v l th the totals for all such areas. 

In Table 9.10.1, government expenditures assigned to this committee's 

areas are about 3% of the total. For industry, this percentage is about 1~ 

and for universities (institutes) about 10%. Universities and goverru~cnt fav

our basic research ~lile industry favours applied research. 

In Table 9.10.2, it Is seen that gove rrunent relies largely on Ph.D's 

and industry less so. The compar Lson of manpower ass igned to cor.uu i t t co areas 

with that assigned. to all areas is quite similar to the comparison of expend

itures in Table ,9.10.1. 

The overall picture presented is about what one vou l d expect con

sidering the character of the areas covered by the cOIi1mittee. 
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• Subsection 2694: Catolys:1.s Glnd Surface Chemlstry 

This subsection includes the field of heterogeneous c~taly~is 

Hhcre the emphasis is on chemical-kinetic studies and examinntion of 

surface-chemical processes and systems. Excluded are: Homogeneous 

catalysis; nrens in which chemical engineering aspects predominate; 

surface physics. The latter exclusion is particularly arbitrary and 

excludes only a small number of workers who are, however, making 

important contributions. Colloid chemistry, covered by Committee 11, 

is also excluded. 

Research and development work in catalysis is of prime importance 

to Canadian industry, particularly the petrochemical industry. Better 

understanding of catalysts and catalytic prbcesses can lead ultimately 

to the ability to design new catalyst systems rather than use current 

trial-and-error methods; it ca.n lead to the development of new 

chemical processes and to the improvement of existing processes and 

catalysts. Heterogeneous catalysis is largely an interdisciplinary 

subject, closely involving such related fields as the structure of 

solids, metals and semiconductors, surface structure, transport properties 

(diffusion in solids, sintering processes, fluids in porous systems), 

the kinetics of reactions on surfaces, a.nd thermodynamic equilibria of 

solid and solid-gas systems. 

Unfortunately there had been no continuous, consistent R.and D. 

effort in cata.lysis in Canada. Some very few industries have developed 

catalytic processes of their own rather than using imported "know-ho\llll. 

Catalytic effort in general was p~obably initiated by Shawinagan 

Chemicals in the 1920's under McIntosh. ·Chemcell in Edmonton were 

the first to use a fluid-bed catalytic dehydrogenation some ; decades 

later. Both firms have devoted considerable attention to the 

development of new processes and the improvement of old ones • 

•
 



Industries whose primary interests lie in the field of polymerization 

~	 (Polymer Corp., Dow, Imperial, Dupont, C.I.L.) and thus mostly 

in homoeeneous reactions are known to have been actively engaged 

in the development of solid catalysts for the production of initial 

reactants. A major programme on the catalytic oxidation of ethylene 

was undertaken by N.R.C. following the development of the Cambron 

silver catalyst. This has extended over a period of about 15 years 

and sparked a great variety of associated projects. 

In surface chemistry, the first important research in Canada 

was done by Maass and coworkers at McGill in 1927 on the surface 

energy and heat of solution of sodium chloride and was followed 

by a series of papers on the adsorption of water vapour by wood 

and cellulose. Tremendous activity 1n the field was stimulated 

by World War II, when the Chemical Warfare group spent much or its 

R. and D. effort on producing efficient charcoals for respirators. 

A number of Maass's collaborators and others involved in chemical 

warfare are now pursuing fundamental studies in surface and colloid 

chemistry in universities and government laboratories. Major 

contributions to the present time have been made by E.A. Flood, 

J.R. Dacey, R.L. McIntosh, S.G. Mason and J.A. Morrison, to name 

only a few. In several instances one may now perceive a "second 

generation" of former pupils and collaborators of the latter group 

developing research in related topics. This reporter attaches 

considerable importance to such master-apprentice relationships. 

In the ~ollowing list are groups active in heterogeneous 

catalysis and surface chemistry in Canada. Each entry shows the 

institution, department, name of supervisor, main emphasis of 

research (S = surface chemistry, C = catalysis), and the number 

of people known to be involved, including supervisors, other 

professionals, and graduate students. 
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D.B.C., Chern.: Harrison (C,2); Samis (S,3). 

~	 D.B.C., Chern. Ene.: Lielmezs (C,2). 

D.B.C., Mineral Eng.: Leja (S,;). 
Simon Fraser D., Chern.: Gay (C,l). 

U. of f~lberta, Chern. Eng.: Da.lla. Lana (C,6).
 

Albcrt~ Research Council, Fuels Div.: Habgood (C,;).
 

D. of Manitoba) Chern.: Gesser (C,;). 

D. of Western Dnt., Chern. Eng.: Shelstad (C,5).
 

Waterloo D., Chern.: Moffat (c and S, 4).
 

Waterloo D., Chern. Eng.: Silveston (C,2).
 

McMester D., Chern. Eng.: Anderson (S,2;C,2); Crowe (C,2).
 

McMaster D., Chern.: Dawson (S,l).
 

Toronto D., Chern.: Barradas (S,2).
 

Toronto D., Chern. Eng.: Basmadjian (S,2); Graydon (C,2).
 

Ont. Research Foundation: McAdie (C,2).
 

Queen's D., Chern.: McIntOSh (S,6).
 

Queen's D., Chern. Eng.: Downie (C,2); Wojciechowski (C,l).
 

R.M.C.) Chern.: Dacey (S,;).
 

Ottawa D., Chern. Eng.: Lu (S,2); Mann (0,5).
 
Carleton D., Chern.: Amberg (C,4); Holmes (S,2); Shigeishi (S,l).
 

N.R.C., Ottawa, Pure Chern.: Morrison (S,2); Flood (S,;).
 

N.R.C., Ottawa, Applied Chern.: Antoniou (S,3); Ovetanovic (0,3).
 
N.R.C., Ottawa, Bldg. Res.: Litvan (S,l).
 

Mines Branch, Fuels: Parsons (0,4).
 
McGill D., .Chern i t Mason (S,;).
 

McGill, Chern. Eng.: Fuller (C,2).
 

D. of l\1ontreCll, Chern. Eng.: Rouleau (0,;).
 

D.N.B., Chern. Eng.: Ruthven (C,;).
 

Mt. Allison D., Chern.: Read (C,2).
 

Dalhousie D., Chern.: Davies (S,l); Hayes (0,7).
 

• Memorial D., Chem t Machin (S,;) •i 
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Totnl numbers in this list are 45 in surface chemistry 

(18 supervisors, 27 others), and 72 in catalysis (25 supcrvisorf 

~ 47 others). 

The information that could be obtained about industrial 

research is very sketchy. It is estimated that Shawinigan have 

the full-time equivalent of about 4 professionals plus several 

technicians on R. and D. in heterogeneous catalysis. Chemcell 

at Edmonton appear to operate on a similar scale. Dupont of 

Canada probably devote about 50% more effort in this area. Only 

a limited effort is expended by all the other companies mentioned 

previously. 

Research and development in catalysis and surface chemistry 

in Canada is clearly not very extensive. It can be argued, for 

instance, that with petroleum being one of our major national 

resources and the petrochemical industry an active sector of the 

economy, major fundamental research is indispensable for healthy 

growth and development. From all appearances, however, many of 

the petroleum industries prefer old, tried catalysts, with, 

possibly, engineering modifications of the process employed. 

A comparison with the activities of other nations may be 

helpful. Several of the smaller European countries such as Holland, 

Poland, and Czechoslovakia, have active and coherent research groups 

in catalysis, and surface and colloid chemistry where excellent 

fundamental and applied work is done. Of the large nations, in 

the U.S.S.R. the Siberian Institute of Catalysis alone has a staff 

of 200, and there are many other renowned groups in both catalysis 

and in surface and colloid chemistry. The Catalysis Society of 

Japan has a membership in excess of 1000. By comparison, I would 

estimate that a formal constitution of our Canadian catalysis 

group would result in no more than 100 members. Even with due 
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• allowance for differences in national populations, our own effort 

is still well below the level of the two latter countries. 

Comparisons on the basis of economic growth or of export volume 

would	 undoubtedly be more meaningful (and at a guess would chew 

un up	 in on even worse light). 

Can nnything be done to stimulate the growth of rcnearch 

a nd dcve lopment in cata lys:ta and currncc chernlstry? It is my 

op LnIon that potentially, neither funds nor equipment have been 

lacking, but rather (a) a strong "center of gravity" alluded to 

earlier, and (b) positive and identifiable motivation on the pDrt 

of industries that would be the chief users of R. and D. findings. 

As a working hypothesis the following steps might be proposed to 

initiate increased activities: 

(i)	 Concensus should be sought among the pertinent industries in 

Canada that this would indeed be desirable and fruitful. 

This concensus probably already exista in academic circles. 

(ii)	 The extent should be ascertained to which such industries 

might be Willing to back increased activities either by direct 

funding, through contract research, or through the use of 

consulta.nts. 

,(iii)	 A working group (or institute) could be established at one 

of the academic centers now engaged in catalytic and surface

chemical research. Possibly two or three different centers 

might be set up as a co-operative assQciation or with liaison 

be twe en them. 

(iv)	 If such an institute is to be set up, it should be headed by 

an outstanding scientist in the field who could, if necessary, 

be brought in from outside Canada. If this could not be done, 

a visiting scientist ,of outstanding caliber should be retained 

•
 



- 7 

• 
for a one or two year period, after which time he might 

oct in an ndvisory capacity • 

(v) Although the initiative for this type of undertaking must 

come from within the scientific community, government aeencles 

could assist, particularly with points (i) and (ii). 

Inevitably, government funding would also add considerable 

incentive. 

C.R. Amberg 

February 26, 1968 
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Subsection~; ~'G~-.J5: Chemical KInetIcs 

•	 270B: Moleculcr Dyn3mic8 

2'/11: PhotochemIstry 8nd Energy Tr8n0fer 

These three somewhat related subsections have been grouped 

together for convenience in a slngle report. Chemical j~inet:i.cs 

is concerned with the quantitative measurement of reaction rates 

and the factors that control them. Kinetics cuts across many 

branches of chemistry, as it represents a method of investisation 

.rather than a clearly defined areD of reseDrch, and the resulting 

over18p with many other sections of this survey will be fairly 

obvious. Molecular dynamics involves the study of collisions 

between molecules, both reactive and unreactive, and may be 

regarded DS A specIal, very fundamental branch of kinetics. 

includes both molecular beam experiments and studies of builk. i 
i :Li 

phenomena which are designed to yield information about COlli~i9~ 

processes nt the molecular level. Collisional quenching of' excited 

spccle~, electron impact, photon Lrnpa ct and molecular sCcltter,ijny 
studies are among those included. Photochemistry is conccrne1 II 
With the chemical effects of light, and may ranee from s Irnp Le • 

li 
identification of products and measurements of relative yleld~, 

! 

as in much organic photochemistry, to very detailed and ! 

30phtsticated investigations providing information about primary 

prOC8GSeS, transient intermediates, and the basic molecular 

dynamics of the system. . Photochemistry is a very powerful tool 

Ln t hc study of fundamental chemical kinetics. Encr'i>Y t r-ans t'e r

incJudc3 interchange and transfer of translational, rotational, 

vlbrntional and electronic excitation energy between molecules. 

It is of bDSic importance in kinetics, molecular dynamics and 

photochemistry, and indeed is basic to an u~derstanding of all 

chemic81 processes. 

I
f/


,/ 

I 



- 9 

In both chemica 1 kinetics and photccherms t r-y , there lrl very 

• extensive use of analytical technlques, notably gas chromatogr2phy, 

mass spectrometry and spectrophotometry; this should be noted in 

reference to the report of committee 01 on analytj.cal chemistry. 

Research in these fields is essentially fundamental rather 

than applied and its purpose is to increase our basic understanding 

of chemical reactions. It is thus of the gre~test ultimate significance 

to all brClnches of chemistry. Ktnetic studies may often be of more 

direct practical value, as for example, the study of the kinetics 

of an industrial process can be used to determine optimum conditions. 

A few photochemical reactions are of industrial importance, although 

to the best of our knowledge none are being employed on a large 

scale in Canada. Photochemical and kinetic studies are also of 

some practical importance to the understanding and control of 

air pollutlon. 

Canadian laboratories have played a role of considerable 

impor.tonce jn the development of these fields, particularly in 

the past ;0 or 40 years. The contributions of the late 

E.W.R. Steacie to Canadian achievements was outstand~ng, both in 

his own research activities and in the stimulation of students 

and colleagues. Steacie had by the late thirties established a 

strong school of photochemistry and kinetics at McGill. He came 

to N.R.C. early in the war, and in the post-war years built up at 

et the Council a photochemistry and kinetics group which established 

8n international reputation in this field, and attracted to it a 

number of excellent scientists both from Cana.da and abroad. Many 

or these men are now established in universities and other 

lobor2tories across the country, and account to a considerable 

extc~t for the present high level of activities in these fields. 

A ~umbcr of other names must be mentioned. Winkler continued 

the kinetics tradition at McGill; Thode, at McMaster, pioneered mass t 
! 

------_.~-_.,. --~------.
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spectrometry in 'Canada j LeRoy ('roronto), Gunni ng (f1lbertD), 

•	 L3idler (Ottawa), Giguerre (Laval), McDowell (U.B.C.) and Schiff 

(McGill, Yorlc), are among those who e s t ab Ll s he d and maintained 

strong research groups in kinetics, moleculDr dynamics and 

photochemistry. 

The present level of activity in these fields in Canada 1s 

relatively high and will probably remain so. Most of the work 

is being done in university and government laboratorles, wIth very 

little in industrial laboratories. The latter lack of activity 

is not surprising because of the essentially fundamcfltal nature 

of research in these fields, and because few industrial laboratories 

in Canada are large enough to support extensive research which has 

little immediate value to them. There appears to be general but 

not universal a~recment among chemists active in these fields that 

the present level of financial support j.n university and government 

laboratories is fair and reasonable. A general shortage of good 

graduate students and technicians appears to be a much more serious 

limiting factor than lack of money. Good arguments may be put 

forward for maintaining the present strong support for research 

in kinetics, molecular dynamics, etc., as it makes good sense to 

reinforce our effort in areas in which we are a1ready strong rather 

than to spread our research resources too thinly. 

The following list of laboratories active in the fields of 

kinetics, molecular dynamics, photochemistry and energy transfer 

hOG been compiled from a variety of sources. ~hese include 

personal knowledge and communication, surveys of scIentific 

journals, abstracts from recent C.I.C. meetings, annual reports 

of Govcr~lent laboratories, and N.R.C. lists of research grants 2nd 

gredu8tc students in Canadian universities. Research in industrinl 

laborutories has been difficult to assess. Once again the marked 

------ -._ __ .. ---_._.__.-.__ ~	 ~--_. __.__ 
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overlap with other fields should be noted, particularly in
 

chemical kinetics (as one can do ]{inetic studies in 81most any
 

•	 br-a nch of chem i s try) and in pho t ochemtc t r-y , where the overlap 

of organic photochemistry with organic chemistry is obvious. In 

the list are shown the institution, departme~t, supervisor, and 

field of resenrch (K = kinetics, P = photochemistry, M = molecular 

dynamics and E = energy transfer). 

u. of Victoria, Chern.: Kirk (P) 

D.B.C.,	 Chern.: McDowell (KM), Walker (K), D.G.L. Jamer. (PK), 

Porter (PKE), Farmer (KM), Ogryzlo (K), Basco (PK), Brion (M), 

B.R. James (K), Coope (M), McGreer (KP), Hayward (P), Snide:r- (N), 

Stewc.:rt (K). 

D.B.C., Metnllur~y: Warren (K), Samis (K). ! 
S.F.U., Chern.: Chow (P), Sherwood (K), Bell (K), Funt (K). [

f 

B.C. Ronc8rch Council: Harkness (K), Murray (K). t 

fisheries Research Board: Werner (K). I
U. of Alberta, Chern.: Gunning (PK), Strausz (PK), Freema~ (K), 

f 
Dunford (K), Kebarlc (PK), Pertel (P), Allen (PK), McGeachin (P), I. 

Sandin (P), Tanner (PK), Kopecky (P); Crawford (K). 

U. of Alberta, Chern. Eng.: Dalla Lana (K). 

U.	 of Calgary, Chern.: Hyne (K), Armstrong (PK), ~schuikow-Roux (PK), 

SWaddle (K), Tavares (P). 
AJbert8	 Research Council: Blades (K), Klemm (PK), Habgood (K),
 

Be r-kow; t z (K).
 

U.	 of'S88k. (Saskatoon), Chern.: Bakhsh I (K), Knight (PK), Lee (K), 

E3ger (K), Bardwell (K), Roberts (K), Tinker (K), McCallum (K), 

U. of' :/bnitoba, Chern.: Gesser (K), Queen (K).
 

f\.r:.C.li. VIhitcshell: Singh (PE).
 

S c l;\~~ r'j,: Co llc[$e, Phys c : Schulz (E).
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L~1kchc:"1d U., C:ICnl.: Havrton (K). 

•	 l\lcr'bstcr U., Chem. Eng.: Anderson (K). 

McMnstcr D., Metall. Eng.: Lu (K). 

Ncf'1ostcr D., Chern.: Thode (K), McCullough (P), Yar-wood (PK), 

\'1a r kentin (K) •
 

BI'ock D., Chem Cherniak (PK), Hiatt (K).
i : 

Waterloo li, Chern. Eng.: Byerley (K), Enns (PK), Silveston (K). 

Waterloo D., Chern.: Fraser-Reid (P). 

",r i nd S 0 r U., C j1(':1":1. En r-;.: Mat hu r (K) • 

Hinc1sor U., Chem , : McKenney (K), Price (K), Rutherford (K). 
\oJindsor TTu. , Physlcs: Krause (E). 

u.	 of Western Ont., Chern: Bidinosti (M), de Mayo (P), Jacobs (K), 
Gr~h~m (PK), Stothers (K), Baldwin (K). 

U. of ~estern Ont., Eng. Sci.: Shelstad (K).
 

Feder~l Dept. of Agriculture, London 16boratory: Stoessl (P).
 
U.	 of Toronto, Chern.: Burns (PK), Deckers (MK), Dove (K), 

Barrada3 (K), Cook (K), Harrison (K), LeRoy (PK), Polanyi (MK), 
Rldc1:tck (K), Schmid (K), Still (P), Yates (K), Llster (K), 

Allen (K). 

U. of Toronto, Chern. Eng.: Rapson (K), Sandler (K).
 

Yorl( H., Chom , : Goodings (K), Hunter (f\1), Lundell (K),Pritch8rd (K),
 

Schiff (1\). 

Dow ChemicDl Co., Sarnia: Quinn (K), Tolgyesi (K), Glew (K). 
QUC:C;;1'~) D. Cherm : Davis (K), Russell (K), \1heeler (Kf.1), TIuncel (1\). 

Q,uccn 's li., Chern. Eng i Downie (K), vlo jcLechcwski (K).: 

R • I;~ •C., Chem.: Da cey (p ), Ba rt 0 n ( K ), Jones (K ), Ve nugopala n (K). 

O~~~:,:"j"!C U., Chem t Laidler (K), Back (K), Conway (K),' Durst (P),i 

Holmes (PK). 

at t,::1'::'; II., Chern. Eng.: Mann (K). 

It
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C~n"Jcton U•. Chcm , : l\p Sil":10n (P), Lc ught.ori (K). 

•	 Trent H., Chcrn • : I-larch (K). 

N.R.C~. Ottnw8, Applied Chern.: CvetDnov~c (KP), Ingold (K), 

Pot t ic (K), Preston (PK), Ame nomf.ya (K), By;..Jater (1\), 'dhaJ.lcy (K). 

N.R.C., OtL3\!18. N.fI.• E.: E'I I a s (K). 

N.R.C., Applierl Phys.: KJ.assen (PK), Turner (E), Gillis (K). 

N.R.C., Pure Cbcm c : Los s f.ng (K), Robcrtson (K), Kutschke (PK), 

DdCk (PK), Yip (P), Edwards (P), Jones (P). 
Mine~ Br3Dch, Ottawa: Ingraham (K), Bright (K), ParDons (K), 

Boyd (K). 

NcG1IJ U., Chcm , : Chan (KE), Grosser (]'vl), Harpp (P), But Ler (K), 

Just (P), Sehon (K), Winkler (K). 
C.A.H.D.E.: Hampson (K). 

U. of Montreal, Chern.: Gravel (P), Rousseau (PK), Zador (K).
 
SlY' G. vlilli8ms H., Chem , : Rye (K).
 

LCyDlo College, Chern.: McElcheran (K).
 
LClvD 1. U., Chem i Forst (KE), Gullet (K), Giguerre (K), Herman (PK),
: 

Kc rVl :tn ( 1\1) •
 

L~!v[11 U., Chern. En!'.:.: Blanchet (K).
 

Lava] De, MinC3 and Metallurgy: Beaulieu (K).
 
Bishops D., Chern.: Arnot (K), Bauslaugh (P).
 

Mt. Allison D., Chern.: Grant (K).
 
U. of N.B., Chern.: Dnger (PK), Semeluk (PK), Findlay (P). 

U. of N.B., Chern. Eng.: Washington (K).
 

Dalhousle D., Chern.: Leffek (K), Jones (K), Hayes (K), Jcjrniesor. (K).
 

~.S. Tech. Call., Chern. Eng.: Dillon (K)
 

St~ __~~~.X. U.• Chern.: Berry (PK), Secco (K), Bunbury (P), McDonald (K).
 

SL. Dunf', t2112. U., Chern.: Abu-Isa (K).
 

j'·~'-.'1;1()-::-·J::; 1 U., Chern.: Barton (K), Thorne (K).
 

It
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•	 The names in the list above are of permanent staff members. 

Total numbers of staff members active in each field are as follows: 

kinetics 152; photochemistry, 55; molecular dynamics, 10; energy 

transfer, 6. There will be associated with them ·the usual numbers 

of graduate students, techn~cians, postdoctoral fellows, etc. 

R.A. Back 

February 28, 1968 

•
 
-----_ ...... __.•._---_.. '-.. --- ----~ 
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• 
Subsection 2'"(12: Polymer Chem:tstry 

The aspects of polymer chemistry covered in this report are 

•
 

the physical-chemical investigations of natural or synthetic 

macromolecules, i.e., rheology, morphology, electrical, optical, 

and other physical properties in bulk and in solution. In view 

of the committee heading, it 1s important to note that kinetics of 

polymerization and of depolymer1zation are not dealt with here 

but :1.n the report of Committee 07, area. 091, under Organic Chemistry. 

R. and D. in this area is important because it fills the 

gap between research on the preparation of polymers and polymer 

derivatives and that on the usefulness or applicability of these 

materials. Investigations of the "academic" type are important 

in trying to establish patterns of behaviour for big molecules 

in the liquid state, for example, or in liquid-solid transitions. 

Except in the case of severe space, personnel, or financial limitations 

all non-commercial laboratories in the country in which rezearch 

is being done with macromolecules should be investigating one or 

more physical-chemical properties of polymers. All industrial 

R. and D. laboratories must be concerned with the physical aspects 

of polymer chemistry systems (e.g. extrudabillty moldabilltYj flow, 

film- and fiber-forming properties) because these largely determine 

the commercial potentialities of the systems. 

Studies of the structure and properties of polymers have 

been underway in this country for perhaps 50 years or more, although 

pUblications in the field first appeared in quantity in the 1920's. 

Much excellent work during this period is associated with Whitby, 

Hibbert and Chalmers at McGill originally involving natural rubber 

and cellulose-based polymers. Blaikie and his colleagues, at the 

Shawinigan Chemical Company, were responsible for notable 
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•

devc Lopnc nt c Ln the pr-cpar-a t t on of v Lny I a co t a t c and re1atcd
 

polymers and prc s umabLy they wer-e concer-ned wl t h polymer 

choracterizotion studies as well. Courtaulds, Canadian Celanese 

and C.I.L. introduced polymeric products based on cellul03C in 

the period between the two world wnrs. 

Early in the second world war, a period of intensified 8ct:vity 

resulted from the need to establish a aynthe t ac rubber produc Ing 

capability. The facilities which are now part of the Polymer 

Corporation were bUilt, Dnd interest in the properties of Dn 

ever-\'ridcn:tng group of synthetic polymers f'o L'lowed , resulting in 

the beginning of research groups in universities, in industrlal 

laboratories and in government laboratories such as N.R.C. and 

O.R.F. ExceJ.lent work on colloidal, solution and other propertics 

of cellulose-based polymers has been ca.rried out for many yeu..T's at 

the Pulp and Paper Research Institute. 

Since the war, an Associate Committee on H:i.gh Polymer RCSC8Y'ch 

has operated under the sponsorship of the N.R.C. A useful liaison 

was established in this way among Canadian scientists en~8ged in 

rcsedrch on various aspects of polJ~er science. The effectiveness 

of the committee was limited, however, because of the reluctance 

of members representing industrial laboratories (excluding the 

Polymer Corpora.tion) to discuss the wor-k in their laboratories. 

This S8me reluctance made it difficult to obtain some of the data 

on which this report is based. Credit is due the Associate 

Corn..mi t t e e for initiating the Cenada.an High Polymer Forum, a 

conference devoted to all aspects of macromolecular science which 

has been held at approximately 18-month intervals since its 

inception 18 years ago. The recent formation of the Division 

of ~rcromolecular Science of the C.l.C. is a result of increased 

interest in this area of science in Canada and a desire to provide 

•
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for applied ~s well an fundamental studies on ~acromolecular 

•	 systems. The forum '-Till continue to operate a s a s Lgn l f'dcarrt 

part of the new C.I.C. Division. 

Perhaps the major factors which have resulted in the current 

moderately high level of activity in industrial laboratories have 

been: (i) development of the capability for synthesizins polymer 

molecules having controllable configurations with respect to the 

main chain atoms; (ii) the necessit~ for large quantities of 

technological "know-how" in the preparation and processinr; of 

plastics and synthetic fibers. Research and Deve Lop.ncrrt efforts 

have probably produced adequate technology to enable industry to 

keep up with the latest advancen in the processing and applications 

of stereoregular polymers and fiberforming macromolecules. There 

have not been, however, significant major advances which are 

clearly the result of Canadian research and/or are specific to 

Canadjon needs. Encouraging exceptions to this lack of distinguished 

wor-k are probably the Polymer Corporation, Dunlop Canada Ltd. 

~nd the Pulp and Paper Research Institute. 

It is difficult to estimate the level of research on the 

physical propertien of polymers in industrial laboratories. 

However, owing to the fact that most of our chemical indu3trics 

Jre subsidiaries of foreign-based companies, it is safe to say 

that a higher level of R. and D. is justifiable (if not essential) 

in order to do more than just try to keep up with the technological 

8dvances which originate 1n other countries. Interest in this 

~reo of polymer chemistry In universities ha.s been abysrna L'ly Jew 

nnd is only just starting to pick up. This is probably due to 

ti-1C lCJ ck of course work, even at the introductory, undergraduate 

Jevel, at most universities. Finally, considering the very large 

•
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commercial and industrial importance of polymers, the R. 8nd D.
 

effort in government laboratories is sporadic and lacks direction
 

and/or coordination.
 

One of the greatest handicaps to an increase in R. and D. 

has been a lack of qualified personnel. Hopefully, this will 

soon be eased by the output from the new polymer schools at the 

University of Toronto, the University of Waterloo and McGill 

Univer~lty. There is a "vicious circle" aspect to the situation, 

howevcr-, because many properly-trained people will find employment 

in the U.S.A. unless more research of a challenging nature is 

undertaken in Lndustir'LaI and government laboratories. Lack of 

funds to purchase major pieces of equipment is a.lso a problem. 

As in many other areas of chemical research, "analys:l.s" (in the 

broadest sense) or characterization of polymers is of the utmost 

importance. Unfortunately, the equipment required for this purpose 

is expensive by the normal standards for chemical instrumentation. 

Nuclear magnetic resonance,' low-angle X-ray diffraction, eJectron 

microscopy, ultra centrifugation are a few examples of techniques 

which require expensive apparatus. 

It must be emphasized that the list of research progra.ms 

attached to this report could give the misleading impression 

that the level of R. and D. activity in the physical-chemical 

aspects of polymer science is high. The list might seem to 

indicate an acceptable level of interest in universities whereas 

this is not the case. The problem is that there is no obvious 

fair way to distinguish between members of staff who are dabbling 

in the field in a rather unproductive way and others who are 

turning out good work. It could be said that polymer research 

constituted a high proportion of the fundamental research effort in 

Canada ;0 to 40 years ago than it does today, in the "age of plastics". 
p" \Y\ C Y'Q C( <'. l''';'Cl'' t5 ( d \ 's <. It ,".'~; or-, o~ \"j() Il'\ Yl, t. ,~'1 r..z, e \ , : ; L, \':; 

\-~j , (', \ _. +~Ct (. D.M. vll1es 
,;•
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TABLE A. 10. 1 

INTRAMURAL CH~1ISTRyl OPERATING R. and D. 

EXPENDITURES (1966 or 1966-67) (Tables lla, 26 and 39, Section 18)
 

(In thousands of dollars)
 

Applied Development Totals 

-. ""---...--- .•.,. -:-..Government 
"' 

.... ~~~.--•• _,.-.. ,j,~.~ "/~r J (/ 

Committee 10 Areas 25.6 ii{~b.~;~ft. ~,J(};4· 
~, r;'('2.. ?> '!!:t~!.~~, -1: '':.:' i., . : 

All C.I.C. Areas 6-;-M-l'~' -2 .'.., .... 2-4-,'ir2~' ~ --e'" 
~:,:~:,£~-:;, 

:'~~;.Industry 
:~~"'.,'"

\.0\1
Committee 10 Areas 190.7 221. 3 978.60 42.,)/I.S ')/,'i;l:.;.;. 
All C.I.C. Areas 8,299.p ·42- ,.2-!Q.-6--# 9Gt~·--l"""'.1 

Univ. (Ins t. ) 

Committee 10 Areas 1,768.3 47.3 3.4 1,819.0 

All C.I.C. Areas 17,000.5 2,945.7 881.7 20,837.0 

1. Including chemical engineering and other related disciplines - See Section 3.1 

•
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TABLE ,fj. 10.2 

MANPOWER EFFORT ON CHEMISTRyl INTRAMURAL
 

R. and D. (1966 or 1966-67) (Tables 16, 27A, and 38 - Section 18
 

(man-years)
 

Q!:. Na. Ba. Techn. Total 

Government 
~lr).o a. :": \ $', 0 ss: s 

Committee 10 Areas 38-.·-e···'~\ 19"-.-{}..\.) 0.0 jG-.-& j":e\2,~~II/·ll 'L-"L.(.U '. <'. ' v-r471·7 1(., ,'J ."
All C.I.C. Areas 411.1 ~1 ~ ~-~l'l ~.-&~, 

I 
l:~ft, 4~;l": 

Industrx 

Committee 10 Areas 9.0 6.0 17.0 26.0 58.0
I. b ;"4 .., 5'~ Iii?i. t...., 

All C.I.C. Areas 686.0 442.0 1-,64ti.' 0--,., 2,919.0 S-"'-S-t-;-e-.~•.' 
J 

~. P.D.F. Grad. Stud. ~. Total 

University (Inst) 

Committee 10 Areas 83.0 48.0 193.0 19.0 343.0 

All C.I.C. Areas 1,042.0 378.0 2,187.0 598.0 4,205.0 

1. Including chemical engineering and other related disciplines see Section 3.1 
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