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• INTRODUCTION 

kly survey of pure and appli~d research and development in 

inorganic chemistry is faced with an initial hurdle which i~, simply 

and s t rnLgh t fo rwa rdLy , the ques tion: "What is Inorganic Chem:i.stry? 

How does one define it?" It becomes immediately apparent, when one 

attempts to answer these questions, that no two respon~ents will give 

the same answers. In order to prepare this report, it hns been 

necessary to adopt a conventional, if somewhat elastic, definition of 

inorganic chemistry. 

We feel that we cannot do better than quote from the intro­

duction to a recent article entitled "Inorganic Research in Canada" 

which appeared in the June, 1967, issue of "Chemis t ry in Canada":', 

and of whLch the author of this portion of the present survey was a 

co-autbor. 

"We have defined inorganic chemistry as that "'hich is studied 

by those of us who call ourselves inorganic chern.l.s t s ; or that wh J.ch 

might be regarded by an inorganic chemist as a legitimate research or 

development project for an inorganic chemist. By this definition, 

inorganic chemjs t ry , like beauty, is in the eye of the. beholder". 

An alternate definition of modern inorganic chemistry was 

quoted by R.S. Nyholm in his article entitled "The Renaissance of 

Lno r gan i.c C1Jc'r:istry", Journal of Chemical Education, Vol. ]_-1, p. 166 

(195i'), and is as f oll.ows : "Inorganic chcmLs t ry today is the integrated 

• 1: "Inorganic lte s oa r ch in C~inClcln.", by R. D. Hcyd i ug , J. B.Taylor and 
N. F. H. Bright, "Chemistry in Cunad a'", Vol. )..9_, [6], np. 22--27 (1967). 
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study of the formation) compos I t Lon , structure an d r e ac t Lons of the 

• ch cm.Lc a L c Loincut.s and t.he Ir compounds) excepting mo s t: of tho s o of 

ca rbori'". 

•
 

This de f LnLt Lon , by its exc.Lus ion of mos t c a rhou corupound s , 

draws att~ntion to a particular probl~m: Is one to conclude that aJJ 

wo rk involving every other element than c a rbon is ne ce s s a r Ll.y Lu­

organic? Certainly not) nor is all the work involving carbon, organic; 

for example, that distinguished Canadian contribution to high-tempera­

ture t echnoLogy , the manufacture of calcium carbide, is certainly .~9.r:. 

organic chemistry. The writer feels that while inorganic chemistry 

concerns itself with those compounds that are, in the main) not 

carbon-containing, nevertheless, mauy compounds of metals with organic 

ligands, a field which has achieved great prominence in recent years) 

should properly be considered as inorg2uic. 

The definition of inorganic chemistry js more a matter of 

philosophy of outlook, purpose of investig~tion) and attitude of rnj~d 

than of precise statement. For instance) inorganic compoupds are 

frequently investigated by physico-chemical techniques, and a dis-

t i 11C t i on rna y ha v 8 to bed r a wn as to \v he therag i ve n r e. sea r ch j s ph ysica 1 

or Lno r gan Lc chemi s t ry. He have had to b3SC this dis t inc t Lon all 

JntS'_J_,-~: wherc the inve.stigation is pr Lnc i pal ly concerned wi t h th c 

app l.Lc a t Lon of t echnLques or the physical principles behind tlu-rn it ruav 

best be rp~·.:lnlt""d as physical chemistry, but wb e r e specific p to pc r t ics­

of the wor klng substance are of Lmp or t auce , and the s t udy of t hc.se by 

some physl co-scb er-Lc a l. t echn i.quc is merely the mCDr'S of a ch i cv ing ~:'.. 

des i r ed end) t he wor k should be classified as Luorgan i.c chcmLs t r y • 
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Sd m l.a r when one wo r k s c a.Le ,• i Ly , comes to on a larger the 

development of an inorganic process for industria] manufacture t in 

which, inevitably, engineering problems have to be overcome, then 

the kinetics and thermodynamics of the inorganic system involved, 

the chemistry of any corrosion problems that may have to be tackled t 

and so on, fall within the scope of inorganic che~istrYt whereas the 

engineering methods that are devised to cope with these problems 

more properly lie Hithin the domajn of chemical enginpering. 

In the field of organometallic ccmpounds t it is often not 

the organic ligands per se that are of interest, but their configura­

tion about, and their influence upon, the electron envelope of the 

metallic central ion. Thi~ He feel, is inorganic chemistry. Where, 

however, tllcse types of compounds are used as intermediates in the 

preparation of more complex organic molecules (e.g' t Grignard reagents)t 

or whe r e they are used t.o produce certain catalytic or other e f f cc t s 

in organic systems (e.g., lead tetra-ethyl in gasoline), then the 

emphasis here is on organic chemistry, or possiblYt when carried out 

on the TIwnufacturing scale t on chemical engineering; these are not 

inorgenic chemical studi.es. 

SimilarlYt in the field of mineralogic~J. and metallurgical 

chcrais t r y , it is true that most, if not a l L, operations deal wLt h 

f no r gau J.c chemical rna t e r iaLs , often at high t empcra t.ur es and/or 

pres su res and t owi.rig to the na t ur c of the r e scur-ces 0 f our count r y , 

often on. .:1 grand scale. Howcvc r , \oJC have corrce r ncd ourselves in this 

s e c t i on of the survey and in Scc t Lon No, 3 merely with the chvu.Lca l. 

• processes Lnvol.ve d in these industries and wIth the chr.mLca I dl~v('lopI'1l'T1t 
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wor k that led to their being set up. The physical metallurgy of th« 

I metaLl.Lc products does not concern us) although the chemical factors 

controllinB the structure and chemical nature of the alloys and 

inter-metallic compounds tllat may result from such operations) do. In 

mineralogy) the chemical factors) such as phase equilibria) controlling 

the stability of the various minerals i.l1 a natural assemblage do) we 

feel) lie within our purview. The texture of the mineral and the 

techniques of i.ts beneficiation are the concern of the mineralogist 

or of the ore dressing engine.er) not the inorganic chemist. There 

will) naturally) be some overlap between this section of the report in 

this area and the Section from Comnlittee No.3) dealing with Metal­

lurgical Chemistry. 

In wha t f oLl.ows , we propose to give a brief ac coun t of the 

historical backgr00nd of inorganic chemistry in Canada. We will th0n 

review the scope of the present work, not only as regards the per­

sonnel involved, but also in relation to the projects in progress and 

to the dollars and cents spent t he r con , An assessment of the ba l.a nc e 

or imbalance of this work in the Can~dian context, recommendations for 

any future modifications of the emphasis of effort, and a prediction 

of the scale of operations in the foreseeable future wiJ.l also be given. 

\.Jhile we have, of necessity, leaned very he av i l.y on the 

v I cwe exp12~:-: sed by our various respondent s in the diff e r en t fields of 

effort, we have not hesitated to state our own views, ~~2re~ as a 

r c su l. t of COIlS Lde r a t Lon of the information U1l~.3 rna de avn i 1able to us, 

we have felt that certain statements needed to be made for the good 

of the future healtll of b2Sic inorganic chemistry in Canada. 

I 
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• HISTOI~Y AND PROGRESS OF RESEARCH AND DEVELOPNE?\1' IN INORGANIC CHEi·nSTRY 

IN CANADA • 

When one looks at the history of chemistry in Canada, it 

appears that the various areas of chemical specialization are so 

closely interwoven that it is difficult to separate inorganic chemistry 

from the other specialties. In the early years, many of the research 

or development programmes were undertaken because of the availability 

of certain Canad fan res ourccs such as rC1'1.·! ruat.e ri 21s or ',,;'[',tcr pcv c.:, • 

Some grew out of the exigencies of war or out of other special sit ­

uations in the history of the country. Many of the early research 

progra~nes were on a pilot scale or were even full-scale operations, 

perhaps because laboratory or bench-scale equipment was not available 

and laboratory techniques wc re not well deveLopcd , 

Some historical landmarks in industrial inorganic chemistry 

include the following: 

1.	 Discovery of the present commercial process for producing 

calcium carbide by T. L. Hillson (1892), a CC'nadian in the 

U.S. The first Canadian carbide plant built by Willson at 

Merritton, Onto (1896). 

2.	 First cyanamid plant in North America built in 1909 at 

Niagara Falls, Onto Production of cyanide from cyanamid 

in Canada 1916. 

• 

3. First surphuric acid pJClnt in Canada (1867) blliJt by 

Canadian Chem.i ca l. Co , , in London, On t . , by Ilovman and 

Smallman. [Bowruan l s son extended th i.s operation to 

the production of nitric and muriatic acids, phcsphoric 

a c idand variou s ph0 S P110 t e s , s u 1ph Ll r 0 us 2. C idE:.n d b isu J .-­

phitcs] . 
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t13Ilufacl'm:e of Portland ccmcnt '(ca , 1830), e x t cud cd 

to r ap I d'-ha r dcu inr; a l.umi nous c emr-u t (19 3~.) . 

5.	 DeveLoprncnt; of refractory industry, Canad i an Refrac­

tories Lt d , , (1934) with technical assistance from 

N.R.C. and the Ceramics Section of the (then) Dept. 

of Mines and Resources. 

6.	 Development of phosphorus industry (1896) in 

Buckingham, Quebec. 

On the academic side, the teaching of chemi.stry began in 

several Canadian colleges before 1850, but little research appears 

to have been carried on there in the early years. At the University 

of Toronto in the 1890's, W. H. Pike instituted an Honours course in 

Chemistry and Nineralogy and introduced a research problem in the 

final year 0 f t ha t course, and, by 1897, the Ph. D. in Chemis try \0735 

eslablisL(;u as a research degree. 

Howeve r , owLng to the prominence and popularity of physi' ­

cal chemistry and organic chemistry, inorganic cheQistry 1angui5h~d 

in largely-deserved obscurity fur many years. The subject itself was 

almost entirely factual and descriptive, and practical work in it 

was largely confined to qualitative and quantitative analysis. The 

fact is that, for several decades, there was lacking a gerre r a lLy 

acceptable theoretical basis for s ys tcma t Lz f ng the study of Lno r ga uic 

chcmt s try ; lacking such t hc o r e t Lca l. gu i.de l.Lnc s t.hc s ub j e c t did not 

appcnr to offer avenues for fruitful r~search, and, in North America 

at any rate, it fell largely into neglect. OnJy during and after 

World War II did inorganic chemistry become seriously reinst2ted in 

the unC:ergradu=i.te curriculum Clnd develop into an area of a signifi ­
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'l'h« r c s u rgcn c e of Lno r g anLc ch cm i s try ltns b e en rnCldC' 

po~ s I b I.c by a much mo re H:Lde::;p::ead ap p r e c La t Lo n of the COlleIus i ou s 

to be d r awn from quantum mechanics concerning t he states of electrons 

in atoms and uo l.ecu l cs , t he nature and spatial characte r Ls t i.cs of 

chemi.cal bonds, and so forth. Also, there has come to the c hcm l.s t's 

disposal an array of optIcal, electrJcal, and TI1flgnetic techniques 

that permit him to investigate the structure of compounds in terms of 

physical properties predicted by or related to his theoretical models, 

and so enab]e the theoretical basis of his structur0S to be tested. 

Some concerns have been expressed, and possibly with some justification, 

that the new generation of chemists will be better versed in suCtl 

theoretical cons iderations than they are acquaLnt.cd wLt h the fac U-; of 

inorganic cnemis try whi.ch the theory is in tended to explain. 

Research in inorganic chcrnf s t ry in official institutions 

such a s the Na t Lona l. Research Council, the other t e chrri.c e Lly-ib as ed 

Government Dcpar tncnt s such as the Depa r t rnen t s of Agr i.cul.t ur e , Eealth 

and Helfare, and Energy, Nines and Res our c es , t he Cr own-Co r po r a t .i.o n 

type of organizations such as the Atomic Energy of Canada Ltd., 

Eldorado Nininz and Refining Ltd. and the Polymer Corporation, and 

also the Pr'ov i nc La l. Re s car c h Councils or Re s e a r ch Found a t Lons , vhe r e 

such e x i.s t, do tL'8 o r Lgi.uaLl.y from ab o ut 50 year~: c) go. It Hc1S the 

Lnc i dc nc e of ~':crlc1 \-!2.r I that really prcc ipLt.a r cd the Fc de r a l and 

Pr o v j n c j ale 0 V i:~ r n III "-~ 11r sintot 11 e P r o ::; e c uti 0 n 0 f s .::: i ..:-n1 i fie r l' S e ~ 1r c iJ • 

Survey of Cauada , are rnuch older, but, it \...a8 only the: s tr e s s of var­

tim~ conditloDs that caused the spread of research in chemistry as D 

http:chemi.cal
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Lt s c r op of official resC'clrc:h Lus tLt.uri ous , notab Ly A.E.e.I,. and 

Eldor~do, hoth associated originalJ.y with Can~da's effort in th~ 

atoolic energy field. Inorganic chemical research and development 

are now being actively pursued in many of these establishments, 

particularly in those "..rLt h a me t a l.LurgLca l. bias such CIS Eldorado 

and the Mines Branch in Ottawa. 

If one looks for parallelism of development of research 

activity and facilities in the academic, institutional and industrial 

of organization that one is considering. Thus, one finds relatively 

little effort being exerted in industry that is of interest to the 

modern academic; the reverse is even more true. The effort in the 

official laboratories manages to pursue a middle course in blending 

pure and applied work and so tends to be of more general interest to 

the other two sectors. 

These various trends will, we hope, be substantiated by 

the statistical data which follow in the later sections of this portion 

of the survey. Whether or not tllese trends can be regarded as healthy 

and desirable for the future of Canada's scientific effort will also 

be considered. 

PERSONNEL, PROJECTS AND PZ~CE 

A. Pe r sounc I--- .._--_.­ .~. ~.~--

In this port Jon of the r ev Lew and also in the' s uc cecd i n6 

po r t Lons , the comments wi l.L be sub-divided into t.hrec a r eas cle a Lt ng, 

r cs pcc t Lve l y , wLt h the academic) institutional and Lndus tr ia I con t e x t s . 

•
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I. 

In the academic field, to ascertain the extent of the 

effort and the trends that are becoming apparent, one sboulcl con­

sider the number of mcmhers of the university staffs engaged in 

teaching and in research in inorganic chemistry, the nu~)er of post­

graduate students and post-doctorate fellows working in this area, 

and also the number of undergraduate students currently specializing 

in chemistry. It is, of course, the last-mentioned group that, by 

1972, \·;rill be contribut.ing t owards the numbers in the second group. 

Also, the nunilier of undergraduates controls, in large measure, the 

number of faculty members needed to instruct them. It is, however, 

not easy to predict the proportion of these undergraduate students 

that will choose to specialize in inorganic chemistry in their post­

graduate and later studies. It is considered probable that there 

will not be much change from the present di.stribution of interests. 

Less than a decade ago, there were fewer than IS modern 

inorganic chemists in Canadian universities. True, there were, a~~ 

still are, some older members of staff villose outlook has been almost 

entirely coloured by the "classical" Lno r garr'c and analytical chemis­

try of the n Lnc t cen t.h century. Howcve r , the t r ad t t t ona l as s oc La t Lon 

of inorganic with analytical chend.s t ry has novr all but d f.s app ea r cd , 

and courses in "classica]" de:>criptive inorganic chemistry have been 

hCDvJly cU~lniled. In looking to the future, we feel that this trend 

will be majntained. 

At the present time, there are about 80 professors in 

Canadi.an universities and similar institutions that offer two or t.hr ce 

I 
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• lory Lus.Lr uc t Jon , as \-Jcl.l as, Ln most d epa r t.mo nts also, g r adur.t.o 

courses. 

•
 

On the b a s Ls of at least tentative envo l iuont. forecasts 

[or the universities lip to 1972, one can estimate with r ca son.ib Lc 

reliability that about 143 inorganic chemistry professors will be 

required in Canadian universities by that date. 

According to the National Research Council Survey of 

the academic session 1965-66, 58 graduate students working for the 

Master's degree and 79 doctorate students. The corresponding figures 

for the year 1966--67 we r e 63 and 106, r espec t i veLy . \\lhen erie con-­

siders that, since 1962, only 72 candidates have been awarded tIle 

Master's degree and only 84 h~ve obtained Doctoral degrees ill inor­

ganLc chemistry, it is apparent that. a co ns Ld c r ab l.e g rovt.h in the 

co r r es pcud i ng figures for the next five years must be e xp cc t.cd . 011 (' 

should also make an allowance for the contributions that the ne~2r 

universities wi.ll make to these figures. 

Based on estimates given by 22 un ivc r s it i e s \·;110 o f f e r od 

f or cca st.s of t he i r future cxpa us Lon , the numb c r of g r a dua t e s t uclcn t s 

in Lno r ga nLc c henris t r y , s ca l cd up to include 2J I Canad Lan un Lvc r-: 

s i t i.c s , woul.d , in 1972, be of t lic order of 530. Howcve r , a brief 

s ubr ri t. t ed hy t h e Clren.J.s try Der-<lr t u.e n t. 0 f the Un Lve r s i ty of ~\! e s tern 

Ontario suZ;gcsts that t he expansion of the g r adua te s t ud en t po pu la Li.o n 

will not be q u i t e so d r arnat Lc ovc r the next five years. The i.r f or e-

cast for inorganic post-graduat2 students in 1972 is of the ardor of 

325·-390. Nevertheless, even t hJ.s more conservative f i gur e do es 
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• 
. l' . 1 1'1auo: C2tC a vc;~y cons i.c e r au. e Lnc r ea s e in the p,n::chlate s t.ud cn t po:;u-

La t Lon , po s s Ib Ly by a factor of 2. ° to 2.:;' by compari s on wIth the 

present figure. 

Agai n , based on a somewha t limited r e spons o , one is Led 

to expect a rather rapid increase in the number of pos t-vdoc tor a r e 

f e Ll.ows workLng in i.norganic chemistry in CanadLan universities. 

The 1966-67 figure is about 25, whereas the projected 1972 figure 

could be as high as 110-120, i.e., a five-fold increase. Thus, 

there is an indJc2.i.::ioll that, over the next five year~, although 

the number of faculty members is likely to increase from 80 to 

about 148, a grmvth factor of 1.8, the number of graduate students 

might increase by a factor of 2.0 to 2.5, and the number of post-­

doctoral f e I Lows by a factor that could be as high as 5.0. It wo u l.d 

app ear that, not only \-lill the number of supervisors Lnc r cas e , but 

also that the number of. students, graduate. and post-c.octol"21, per 

supervisor will also increase. It may, therefore, well be a ID2tter 

of s ome concern as to hOH we Ll. the supervisor HiJl be able to dis­

charge his t cach i ng responsibilities to an Lnc r eas i ng numb e r of 

undcrgraduatPs, Hhile, at the same time, directing the researches 

of an Lnc r eas Iug number of graduates and £e110':.'s. It is perh ap s 

approp r La t e to inject the ccrnmeu t that wh i l e university dc-pa r t mcn t s 

are prone to be optimistic. in estimating t.heir e::t-j<.~n~;joi1, cons t r a i n t s 

that are b cg Lnn.i ng to make t hems e l.ves felt in t.h> f i nanc i ng of 

un Lve r s i. t.i e s across Canada could i mpos e limi t s app r ec Lab ly be lO~l 

those given here • 

•
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II The Il1~'3t:U:'-ILi()n.::d Fic<td 

---- .. - -_.--- . --. --_.. ------_.- ... -._­~--~--

The types of institution Lnc Lud ed under t h i s hc ading a r c 

Federal and Provi nc Lal Government Departments, Crot...n Corporations, 

which, in sBvernl instances, arc operated much like private industrial 

6perations, Provincial Research Councils and Foundations, where such 

exist, and the few co-operative or non-profit organizations operated 

collectively by groups of related industries, e.g., the Pulp and Paper 

Research Institute. 

institutional laboratories in Canada in 1967 was of the order of 230, 

including both professional and technical personnel. From the usual 

pattern 0 f d i Lbu t I a f proIesslonar- • 1 Vls-a-V1S' tecnnlca"1 1lstr1 utlon \. personne, 

it would be indicated that there are probably about 100 professional 

scient is t s ernp l.o yed in the inorganic chemical field in Canada at 

present in institutional laboratories." 

Prcd ic t ions for the future 0 f inorganic chem.is try in these 

Labo r a t o r Les generally point to a steady rather than a dramatic ex·' 

pansion. There is no indication of any "explosive" increase in activi.ty. 

Organizations su~h as Atomic En~rgy of Canada Limited, Ontario Research 

Foundation, Polymer Corporati.on and the National Research Council's 

] ahara t or I es .91-~~ s L0_~ the Ot t awa a rea, have defini t e plans for c xp atr­

sion vh t ch involve staff f.nc r eas cs in inorganic ch cmi c a I prog r a.na.e s of 

30% to 50% oyer the next Live years. This vo ol d meau a tua xLnnrm 

inc r ea s e of ab out 30 in the nurnb e r of prof es s Loua L s t a f f 11I21<lO'::IS 

etnpLoy e d in t.hr-s e Lab ora t o r t cs , Fe de r a I Cov ern.ncu t L.:l~)oratorJes .in th<2 

• ~'; "Ch emLs t r y ill Can ad a'", loco cLr ,, Vol. J._~", [6], pp. 22--27, (19(17). 
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Ottav: a or en 2. r e 1I S U .::J 11y J.essec.r t:a inab 0 U t t 11 c.i r f tJ L u i e 8 r (11.7 t 11 a 11d 

t hc e s t i mar es ava l l ab I.c we r e more conservative, b e Lng in the r ang« 

of 15% to 25% so far as professional staff increases were concerned. 

It was felt that even these figures might be optimistic in the 

present economic climate. 

In total, it is doubtful whether the institutional require­

ments for new professional inorganic chemists will exceed 50 spread 

over the next five years. About half of these requirements will be 

for graduates at the Ph.D. level. The requirements f6r technical 

support will proLably be orily slightly higher. 

III The Industrial Field 

The greatest difficulty in adducing reliable information in 

this area again arises from the various interpretations of the meaning 

of the term "inorganic chemistry" by the different recipientf.; of 

questionnaires. 

One good example of the difficulty of defini.tion of in­

organic chemistry in the industrial context occurs with many of the 

large metallurgical corporations in Ca~ada, both ferrous and non­

ferrous. Although, unquestionably, the ma t er i a l.s that they deal v Lt h 

and produce are inorganic in nature, and the chc~ical reactions on 

which their operations are based are inorg2nic, yet those corporations 

choose to regard their operations as lying wLt.h i n the discipline of 

metallurgical engineering rather than thD.t of inorg:1Dic chemistry. 

Consequently, much of the work, some of a very high scientific calibr2, 

condvc t cd by such corporations has not found its vay into the mat e r i.a I 

and statistics reported in this survey . 
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• 
Many Canad .ian chemical 1nd U~; t r La l e~3 u~l) .llshu.on L~; ~ '.vllOf; c 

ma Lr: concern Ls de f i.nLte l.y in the inorganic ar ea , c la Liucd t.o do no 

r es carcb or development wo r k at all and stated that they "-Jcre monu­

f ac t ur i.ng facilities only; the research work for t lieir industries 

was done by t.heir principals, generally either in the U.K. or i.n the 

U.S.A. There are a few notable exceptions to this state of affairs 

but, in general, it is true to say that, to a large extent, Canada's 

i.ndus trial inorgcmic chemical "know-how" is imported and not self­

•
 

Of approximately 70 questionnaires sent out by the author 

to Canadian chemical industrial establishments which might reasonably 

be expected to engage to a greater or less degree in inorganic chemi­

cal research and/or develop~ent, 38 were returned and, of these, 18 

claimed not be be so engaged at all. Thus, only t~enty organizati0~s 

wer e LeI t from ,.chi.ch to dr aw coric l.us ions. Only five of these twen t y 

claimed to be conducting inorganic chemical research in sufficient 

extent to need the employment of ten or more professional ch cn i.s t s , 

Only one of these companies could be. considered strictly "c.hcmt ca L'"; 

the others Here couc e rncd either wl.th some phas e of clicru Lca I me t a l>­

lurgy or with ceramics and refractories. Out of a totnl professlon&l 

chemical population of abo u t l~60 reported by t hes e companies, 173 

were stated to be engaged in inor2aDic che@istry. Of these, about 

50 "Jere "re t r eadcd" Jnor ganJ.c chein Ls t s t r a Lncd o r Lgi.nn Lly in other 

df s c i pl.Lnns . Very f ew of t.hos.e trained (lr_J.z.-;.:.I~.~:J1.Y.. in Lrior gan i.c 

chemistry had ceased to he so engaged . 
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Lns of a r as technic aI suppor t; is co nc c r ucd , th c r e ~l ppc <J r s 

• to be about 1.25 support personnel per professional chemist, 

irrcspective of his particular interests. 

The predictions offered by the respondents as to their 

future requirements over the next five years for professional and 

support personnel indicated that an approximately 50% increase in 

professional inorganic chemists was expected to occur, with a 

slightly greater percentage increase in support personnel. 

industrial sector issued for the various years by the Dominion 

Bureau of Statistics are not categorized under suitable headings 

to allow information relating specifically to inorganic chemistry 

to be accurately or readily extracted. If one provisionally 

assumes that Canada" s inorganic chern i ca L popu.la t iou is employed 

solely for in one or other of the following divisions of thQ labour 

force: Nines, Primary Hetals (ferrous), Pr Lmary Ne t a I s (non-vf c r r ous ) , 

and Nou-met a l Lfc Hineral Produc ts, then, for the mos t recent year 

for which full data are available (1965), the fieur2s of Table J 

can be quoted. It is r ea l f z ed that., in all these f i gu r c-s , there 

will be included a considerabl~ proportion who are not inorganic 

chcmi s ts nor, Lnd ccd , chcm i s ts of any kind. Ilowcvc r , the f igur es 

should serve to indicate upper limits, and are probably c o r r e c t a s 

to order 0f magnitude . 

•
 



•
 •
 
TABLE I 

NUMBER OF PERSONS ENGAGED IN R&D, BY INDUSTRY k~D TRAINING, 1965. 

DBS 13-527 (1965) Table 25 

"~" ! ;Industry i I Primary Heta1s I Primer)' Metals i Non-Metallic 
'Level _ Ii Mines ~ (Ferrous) I (Non-f-errous) I Hinera1 Products Totals_________ I , 

,~ rJ)! 

~, 

I' I I
'J)~; Bachelors I 174.; 85 ,1Ll3 46 

-rl (1.)I (I I 
~ rJ,
 
c:: '1;j e,' ~i~ste:"s I 40 I 14 i, 36 7
I
Q) ~ -""!I I, I' 

"M '''' to I I 

(.) c;11 Doc tors ! 23! 14 39 4I i 
'J) ~i i! 

I I! ! l-' 
0' 

SUB-TOTAL i 237 1 113 I 218 j 57 625 
'! II 

en .-1 I I
~ CJ 

-r-i I:": Technicians 202 , 70 I 283 73 
.1-' C
 
:-t 0
 

~ ') 1o 'J) Other J.,~ "_ 62 1 200 36 
0..!-' 
0. Q) 
::l c.... i,-+J1 

seB-TOTAL 323 132 /;33 109 lO(~ 7 
I 

G:lAND TOTAL 560 245 721 166 1672 
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ThC' d i v J f~ :L onOr the pro f h:; ;,:i 0 n a1 sci en tis t s anrl ('n ::i. n c· CT S 

• amougs t the various c l.as scs of empLoyme nt wi.th.tn thebe four Ludus.t ri.e s 

is given in Table II. The figures represent full-time equivalents. 

TABLE II

Scientists and Engineers engaged in R&D, by Industry and Scientific 
Discipline of Ewp10yment t 1965. D.B.S. 13-527 (1965) Table 27 • 

..........,.::------------...-----__r---------~--------.--------

• 

Primary Metals 
Mining (Ferrous) 

'~~l------'---'-- , 

~ en 
z H 
<t: en 

H 
VJ 0 
~ a 
~l .....:l 
r.'.:l 0 
z ;~4 
H ~,'" 

~-'''' 
0 U 
Z ~~ 
~.~ H 

~ 
en 
~ 
z
WH 
u 
Cf.) 

Civil 

Chemical & Food 

Electrical & 
Electronic 

HcchCl.nica1 

Netc:llurgical 

i-1ining 

Other 

35 

10 

14 

3 11 

7 

95 

II! 

1 

3 

55 

----.-----.-----··--·--1------- ...· --'­
Sub-To t aI I 155 93 

Primary Meta1sl Non-Metallic 
(non-ferrous) jMineral Products 

3 

58 . 14 

7 1 

20 3 

54 2 

II 

3 

-:hel~,ists-------l---5~- -----:------ ---~~-------~------------I
 
Earth Sc i.en t Ls t s . 

Na t heraat; icj 811S 

Physicists 

Admj.nistrC"'tors 

OtheL 

-----------.------.------.-.--.------ '---'. -----I 
143 26 Ld 7 I 

6 2 7 

6 1 

1 11 

19 8 12 

- .. - ...-----.-- ..---..----.. ,...-...----....-.;.-------.----. --··-------·----·-----r·-·---· .. " ...--_.-._.-- ".­
Sub-Tot ,,1 82 20 I 75 

2
 

10
 

..-- ....--~.----.-.----
31 

~-~-~~~:~~,D-~~~~J~_-~_:~[:-~~;-~~~_=_~l;~~[~_-~~_~~-=-l~ 57_~~~~=~·.
 

r 
TotaJI 
---_.__ .\ 

-_.-_.­
2C::_ 

~~-,~.
 
From our pr cscnt; point of v i C·~,1, the mo s t r e Lcvn n t fjgures in t hc.s c t ab l.e s 

"-""'~.-.' 
~.;5:be 
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Undoub ted ly, ~Oj~12 \v11O are incl uel ed as chcuIca I and !lle' t a I> 

Lurg i.c a 1 engineers could r co souabLy be regarded as inorganic 

chcrals t s , It woul d thus appear that the figure of 173 ob ta i.ne d in 

the forMer, more limited survey, is certainly not in error by any 

order of magnitude. It would also appear to be true that tIle ratio 

of professional to support personnel lies generally in the range 1: 

1 to 1.5, again agreeing with the former survey. This being so, one 

is, therefore, led to hope that the prediction of a 50% increase for 

seriously in error. 

It is of interest to see how the professionals in the four 

industry groups considered are distributed amongst basic research, 

applied research and development types of activities. This is shm;n 

in Table III. 

Scien tis t and Engineers engaged I.n R&D, by Inc1us t ry and. Type of 
Activity, 1965 D.B.S. - 13-527 (1965) Table 28. 

--------.~~;~~-~;;-----------~-r l-:l-~-;~I:~~·~'-·~.~~~-~-;.-~--;·~:-:"~~~·li c .--_.-.iI~~-~; ~le~ a ­
~ Hinillg (Ferrous) 
--_._-_.._-_..._.... _._-_._~ --------------

Basjc Research 16 8 

Applied Researc.h 112 40 

DcvcJ.opuent 109 65 

._--- ---'---'--'.- _. __ .- ..,,--.-. - '- _--_._----,_.- -----_.._--_.. _---~ --­

TOTALS 237 113 

(Non-Ferrous) 
----------. -... -.-' 

30 

42 

lt~6 

_._._.__.-_ -----_. ---_..­

218 

Nineral Pr'o duc t s Toto; 
.._--------_._----­ ._----­

6 60 

21 215 

30 3)0 

-- .._---------..__._- .-.--- ._ . 

57 6: ~; 

'1'h13 ts 9.6% crnp l.oye d b I.c ~i4.!!-~ OIlr cp r e s o n on a s r e s cn rch , 

• 
apr1 j l' J r f~ ~3 car c lJ and 5 6 ~~ 0 n devel 0 P [11,~:1 t . I t td 11 be 0 fill t e r f' S t t o 
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comp3~e thes2 figures witll the assessment by the reporting industries 

of the dLs t r Lbu t Lon of their J2.E.Q:L~£L~. amongst the three types of 

activity. (see page 28). 

In surveying the types of project on which Canada's inorganic 

chemists in the three main sectors are engaged, it has been convenient 

to divide inorganic chemistry into twenty areas and to locate each 

project in the most nearly appropriate area. This list of twenty 

inorganic chemical topics is given as Appendix I. (see page 44). 

The various sectors were asked to designate their projects as being 

either (i) pure or basic research, (ii) applied or developmental work, 

or (iii) contractual studies. Again, we will consider the three 

sectors in succession. 

I. The Academic Field 

Current academic research programmes can be classified prin­

cipally as pure or basic chemistry. Based upon the NRC Survey of 

Research in Canadian Universities for 1966-67 and upon replies obtained 

to questionnaires associated both with this present survey and witll the 

"Chemistry i.n Canada" article* , it would appear that, of the close to 

200 projects reported upon, only 7 were considered to be applied, and 

2 we r e given as being c.ontractual. If one we i.gh t s the amount of t Lrnc 

spent upon projects of various types, then the perc~ntagc of pure or 

basic research vls--~-vis applied research becomes over 98%. This is, 

of course, to be e xp cc t cd and is, indeed, ?S it shou l.d he. The un Lve r-: 

sity is, more t.hr n any o t he r cuvLr oument , the pl:iCC~ \-J~l"'rc c"l(lv~il1cc":; in 

___._._._ . ..__ • •.._•. ._. ... . .__ .. .. • . - __ ._ ..__•__. .., - __.__ ._~ ·_a .. 

;', "Choiai.s cry in C:l!1<:lda", loco c t t , , Vol. );>1-,. [6], Pil. ~:~·-27, (1967). I 
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failing in half the purpose for which it is set up and docs not pro­

• vide the proper stimulus for either student or professor .
 

The range of subjects studied under tIle heading of inorganic
 

chemistry in Canadian universities is as diversified as the subject 

itself. Indeed) one is tempted to speculate as to whether or not we 

are spreading ourselves too thinly. Possibly) we would do better to 

establish "centres of excellence" in a more limited variety of fields. 

However) the academician does not like to feel that he is restricted 

or fettered in any way in his choice of research area. 

The assignment of ahy particular project into one or other 

of the twenty classifications referred to above was) to some ext~nt) 

arbitrary) as many projects overlap two or more Qf the twenty areas; 

however) the general picture is probably clear and correct. The dis­

tribution of these projects amongst the various universities is shown 

in Table IV. Those universities not mentioned in the Table did not 

report any research activity in. inorganic chemistry to any of the 

three sources used for the production of this information. The diver­

sity of the work and the very great predominance of basic or "pure 

chemistry" projects are the two most obvious factors to be discerned 

from this Table. The most popular topics for research are obviously 

those associated with coordination compounds (Topic 4») with the 

structure) crystallography and spectroscopy of inorganic compounds 

(Topic 15») and with the non-metallic elements (Topic 13); in this 

last-mentioned category) fluorine occupies a pronrl.nrr.t place. The 

transition elements (Topic 18») also claim a fairly large measure of 

attention. Those aspects of inorganic chemistry that could be con­

• sidered as being more nearly related to the industrial context) 
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TABLE IV 

Wc s t e r n Onta r i o 
'Natcrloo 
Nlc1'vle:.stcr 
Brock 
TO::"Ol~t0 

~10:1t r e al 
Lava l 
New Bn_L15\,,"ick 

}'·lCt.:'..t All.i s on 
Dal h ou s i e 
Nov a Scotia Tccr.. College 

St. F'r anc i s e Xav i c r 

•
 

I 

1...... J 

1 
"' \' 

2 

1 , 1 1 1!2 
4 11 

1 

I 2 
I
I ~ 
I.L 

11
l , 
i ~ 

I 
, 

1 : 
I 1 
I 

1 ; 1 I 
I 
I 

! 
: 2 

: 'J 
~, 

, 
.L 
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• name l.y, topics 2, 6, 7, 8, 10 and 20, are obvi ou.:1y among the mos l 

neglected areas. One is tcwpte~ to wonder whether tllis is because it 

may be relatively easy to produce some sort of results th<:lt Hould be 

pub Lf.shabLe wh f.Le work i ng wI th the mul tiplici ty of coo r d i110 t Lon com­

pounds, or with the sophisticated spectroscopic techniques that are 

available today, whereas to produce publishable work in a number of 

the other fields such as Nos. 7, 10, or 20, is more time-consuming, 

as well as being often more demandi~g experim~ntally and more diffi.cult 

to interpret. 

\\Thi.1e Canada can quite legitimately claim to provide "centres 

of excellence" in the fields of transition elements, co-ordination 

COmpCilJT1(~S, fluorine chemistry and inorganic spectroscopy, it would be 

enco ur ag Lug to see even .Q!l£ university emerge as an Ln t er ua t LonnLl.y ­

recognized centre in, say, high-temperature inorganic reactibns or in 

phase-·equilibrium and thermodynamic relationships. Perhaps our nearest 

approach to pre-eminence in this area is at the University of Manitoba, 

where for many years, the thermodynamics and phase relationships of 

aqueous salt solutions and halide melts llave been under study. With 

the cme r gence of Canada as the wor Ld t s leadi.ng potash producer, such 

work becomes of special siguificance. 

In Canada a t the present time, we have a group of very riew , 

smcl Ler unf ve r s i t es , These, of course, wi l.L gradu:Jlly be bu Ll.d i n; up 

t he.I r research p r og r a llEfl'23 • I t is Log I c aI and, j ud e ed , a l.rno s t Lncv i Lab] e ~ 

t ha t many of t hc faculty rncmbe r s of t hcne newc r uu i ve r sit Les sbou ld be 

yo ung e.r 1lJPIl t;110 have t r a i ncd und er the more senior p r o f es.s or s of our 

•
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• equf.Lfb r Lum arid t he rrnodynam.l.c relationships in i.norganic systems 

o lde r universities. This Hill lead in many cases, to i1 tnus hr oom i ug 

of the effort cxp ended :i.n those research areas of interest to these 

senior profes so r s . Consequently, those sub j ect s on whi.ch ccns Lde r ab l.e 

effort is already heing placed will tend often to become still more 

widely studied, whereas those areas that have hitherto been neglected 

by comparison, are likely to remain so unless some effort is made by 

the older universities to bring in senior professors \vhose interest 

lie in the "negleeted" areas. In time this would result in more wide­

spread effort being directed towards these areas. One realizes that 

this could not easily be a~coill~lished as senior professors probably 

would not be too willing to come to universities where, so far as their 

research interests are concerned, they would be compelled to wo r k in 

intellectual isolation. Nevertheless, we feel that the effort \~ould be 

worthwhile and that the Canadian inorganic chemical scene, both 

academic and industrial, would inevitably benefit therefrom. 

II. The Institutional Field 
--------~-_._-----

Our information on the projects worked upon in the Canadian 

institutional laboratories rests very largely on the data gathered by 

Dr. J. B. Taylor.* This is summarized in Table V, the topics again 

being as listed in the Appendix I (page 44). 

It wi Ll. be seen that the effort is di r ec t ed very largely 

along the lines that are associeted in some way or other with Canadian 

inorganic materials reS01lrccs, their processing, and their developo2nt. 

For example, there is considerable effort being plac~d en inorganic 

reacti.on lilecbanisms and kino-tics, (Topic 11) pr2suIT13.bly related to 

process development. Probably for a similar reason, the study of 

* "Chemistry :1.11 C:-1Li<Jda", loco c Lt . , Vol. 1_9_, [6], pp. 22-27, (1967). 
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(Topic 7), is fajrly widely conducted in institutional laboratories, 

whereas there is little or no effort placed on the more theoretical 

or esoteric suhjects such as co-ordination chemistry (Topic 4), and 

the halides, chalcogenid2s and pnictides. On the other hand, it 

must not be thought that the institutional laboratories ar~ entirely 

oriented towards "practical" topics, since a significant number of 

theoretical inorganic chemical projects are under way in these estab­

lishments. 

Dr. Taylor, in his comments on the results of his survey 

of institutional inorganic research in Canada makes the following 

comments: 

"There is no doubt that much of the current activity is 

related to programmes started at least five to ten years ago, and an 

e Lemeu t of s e l.f-vper pe t ua t Lon is evident." 

"Some pure research is done in most institutes but very f ew 

engage in "way out" research to any extent. At NRC, there is a more 

definite bias t owards pure r e sea r ch and, at the same time, a noticeable 

sensitivity in some sectors to questions aimed at determining potential 

applications of the work. At several institutes, there is consid~rable 

emphasis on exploitation of particular Canadian resources and the work 

is, in many cases, good sound long-term applied researcll and not just 

development". 

"In the f Lel.d of inorganic chemistry, there is no f ound a t Lon 

at all for any suggestion that insufficient applied '::ork is being done 

in Federally-supported institutes. It would not be difficult to argue 

tha t there is, in fact, a distinct o f f-vb a l ance £Y!'.0.Y_ f r om pure research". 

The author of this portion of the s ur vey is compelled t.o s.~y 

that he is not in full ag recmen t wi t.h this last quotation from Dr. 

Taylor's comments. 
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Since Lnc t Lt u t Lona I Labo r a t or i.es are mainly supported by 

public f und s , it is quite proper that the activities in whI r-h they arc 

engaged should be seen to have some relevance to the public interest. 

The author feels that, in general, there is a reasonable balance in 

the types of projects studied in institutional laboratories between 

pure research, applied research, and development. Their principal 

field of activity should be applied research and this is just where 

their predominant effort lies. 

I I I • JE_e I n t!}~~_t ~i.~l .1'J:.~l£ 

It has been rather more difficult to obtain reliable infor­

mation concerning the distribution by topic of the inorganic chemical 

research currently being conducted by industry for several reasons. 

The gross amount of research that is done i.s rather limited; many 

companies do no research but are merely manufacturing f ac Ll i t Les , wi t l. 

their research being done by principals in other countries; in addition, 

some of the ccmpan Les who are engaged in research and development arc. 

somewhat reticent to reveal the detailed nature of the projects on 

which they are engaged. In the following table, details arc given of 

the research being conducted by twenty industrial respondents to our 

questionnaires, with the topics again being assigned to one or other 

of the same twen t y areas that Here used in the case of academic and 

institutional research topics. No attempt has been made to distinguish 

between research and development, although the co~panie3 were asked 

to indi.cate whether their projects should be considered as falling 

under the head I ngs of pure, applied or contractual r e s ca r ch . The 

companies havE been identified by nUl~er and province only . 
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TABLE_YI 

Committee Research Data 

..
 
1­
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It will be seen that 80% of the projects are considered 

• to be applied; one would presume that a considerable proportion of 

these would actually fall. under the heading of development rather 

than applied research, although no figures can be quoted. 10% of the 

projects were stated to be contractual; it is probable that most of 

these would be considered as applied research. The remaining 10% 

were considered to be pure or fundamental long-term research, with­

out immediate hope of financial return being attached to them. 

The 10% pure research figure accords well with the 9.6% 

basic research figure quoted earlier (page 18) for the number of 

people involved in certain inorganic-oriented industries. The 

figures of 80% of applied projects plus 10% of contractual projects 

are not in conflict with the figures of 34.4% of personnel engaged 

in applied research and 56% in development work. 

The industrial research areas in which the greatest effort 

Ls being placed are in hLgh-e t emper a t ure studies (Topic 20), gener aLl.y 

related to refractory products and processes, rnetallurgical processes, 

carbides, refractory metals, ceramic oxides and sinilar materials. 

Considerable effort is also put into studies of the mechanism and 

kinetics of inorganic reactions (Topic 11), obviously \-1i th the view 

of achieving a greater understanding of the inorganic processes in­

volved in the manufactures. No other area of research is followed to 

anything like the same extent as these two. 

Fu t u~~)~..;:Q.i~.c t.? 

• 
Respondents from the academic, institutional and industrial 

contexts Here all rather r e t i.cent; in speaking ofthei r intentions for 

future projects. In the academic area, the fields of study will, 
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• 
of course, be very largely dependent on the individuals who happen to 

be directing research at that time. ,However, it appears entirely 

likely that those areas where the greatest effort is currently being 

placed will continue and may become even more predominant, whereas, 

regretfully, the current "neglected" areas are likely Eo become even 

more so unless 'vigorous st€PS are taken to prevent this (see page 23). 

In the institutional field the distribution of activity 

between the various topics will probably not change very much, partly 

because of the continuing interests of the persons involved, and also 

because of the specific purposes for which the institutes were set up 

and their conunitments to the Canadian public. 

• 

In the industrial field, there at present appears to be 

little likelihood of revolutionary new programmes. Projects based on 

Canada's mineralogical wealth will continue to predominate. There is 

some intention to increase the amount of research on fertilizers. 

More sophisticated analytical procedures, applied to inorganic materials, 

are the objectives of several companies; the introduction of on-stream 

and automatic methods of analysis applied to inorganic and metallurgical 

processes will increase. There will, in all probability, be a notice­

able increase in effort on the technology of the more exotic ceramic 

matertals such as ferrites and piezoelectric materials, both for 

Defence purposes and in the private sector, also on semiconductors and 

nuclear fuels, the latter associated with the resurgent demands for 

uranium and nuclear power in the 1970's. Automation in the control of 

inorganic reactions on a large scale will be increased, particularly 

in the hydrometallurgical field. There will also probably be a signifi­

cant increase in interest in the chemistry of phosphorus, sulphur and 
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t l.c ll'::tl()~,,-,ns, t.h- f o associated wi t h Ll.Lc materials,rme r o r gnuomc t.n 

• the La t r er t.UO pitl! bleaching agents for the t ex.rJ Lc , pulp [mel papl-'I" 

Ln-Ius t r i c s . 

•
 

C. Pence 

The cletenn:Cnation of the precise exp end Lt ur e of funds 

on research and development in any area is fraught with difficulties 

and uncertainties. The greatest uncertainty, and one that is especially 

characteristic of universities and to some degree also of publicly-­

supported in~titutes, li~s in assessing overhead costs chargeable to 

R&D in equitable proportion to those associated with other activiti~s. 

I. The Academic Field 

The data from the collated results obtained from replies 

to questiounaires sent out in connection with the C.l.C. survey are 

given in Table VII. 

TABLE VII---_._--_.---

Lnt ramura I Ch enris t ry R&D Expenditures (1966-67) C.l.C. SUl'V£:y Tc.bl~ 37. 

(In thousands of Dollars) 

- --- .----- --..----...---.---.- -----:-r·--·-----··--·------·-----·r---------···-··--·­
Operating I Haj or I Haj or 

SUBJECT and I'1!nor I EqUiPmen.t Instal- I Sub-TotalI 

[ Equipment I ~i~~O~o~) I lation 
--_.__.__.._--_._--_.._-- .__._ .._--_.__._-- _._--_._- -----.•.•.._,---._._- .-------_._._. _._._- --_._---_.... 

~ene~al InOrgal1i~ Cheilli~try 642 160 25 827 

Iphyslcc1J Lno r gan I c Chem i.s t ry 479 J.ll7 25 651 

~heoretic21 Inorg23ic Chemistry 78 0 0 78 

.._---_..__ ...._..._---------.----_..._-------_.._.... --_._._..-.. _---_._._....-~--·_·--·--I··--·--·-·-·_· ._'_.. ,._.- ---...-....-.-- ----
TOTAl. 1199 307 50 

L__.__.__ __.__.__ _. __ -_. .. __. .._-.. .. _, __..__ --..----.- .- --.---- --- :.--. __._ 
1556 

""'.'. _._­
The tot.al funds aval l cb l e to un i vc.r .s i t i.e s for DIJ. b r an chr.s 

of Ls t ry (.in t hous ands of lla r s ) [or s p e r Lod art' givenchcn do the am.: 

as j8,OL,9 for r.cach i.ug , 10,178 f or Rand D, and 515 I ':.11' other pL;QWSC:3, 

giving a total of $28,7 £12,000 (C. I. C. Table 35). 1 t woul.d thus :tppe,?r 



• 
that less than on e-i s Lxth of t he chcudc al Rand D funds of the univer­

sitles are spent on inorganic chemical work. 

In the aforementioned article in "Chemistry In Canada",* 

Dr. R. D. Heyding quotes the following figures for the academic year 

·1966-67 and forecasts, as given by the university personnel themselves, 

of their figures for 1972. These figures do not include fellowships 

or demonstrationships awarded to students and are based on a rather 

limited number of replies, pro-rated to the total university inorganic 

TABLE VIrI
 

University Grants in Inorganic Chemistry (Heyding Data)
 

----I----~---_·

PARANETER --r.. 1966/67 ~ 1~/~2.rO\"tht LrOJCcted Factor 

------~---------------- ------.--- -­
Operating and Equipment Grants 

per student 

Student and PDF Support from 
gra.nts, per student 

Total Grants per student 

% Industrial supF'0rt 

% u. S. Support 

$4,000 $3,300 0.8 

1,400 2,000 1.4 

5,400 5,300 0.9 

0.8 0.8 1.0 

7 0.9 0.13 

Total G~ants per ~Iember of Staff 11,000 20,000 1.8 

TOTAL GRANTS 

Dr. Heyd i.ng cornmen t s "In v i ew of the exparis Lon e xp ec t c d Ln 

staff a~d students, estimate~ of the cost of acaderrlic research by 1972 

are remarkably con s e r va t Lvu'". A r e a l Ly aCCU1"<1'.:e figure for a 1972 

for c C as t if; d1f fie u 1 t , if Il 0 timP0 S s Lb .1 e , to a c.11 i C've . 

'k "Chc.njs try in Cnuncla'", loco c it ; , Vol. 1-2., [6] pp. 2?-21, (1967). 
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• d.i.f f f cu l t to sort out the expenditures relevant to inorganic e f f ort 
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\"]hile quite compr chcns Lvo data are nvall.ah l o concerning
 

the cxpcnd I t ure.s involved over the who Le of chcmLs t ry in government
 

and other institutional laboratories engaged in Rand D, it is diffi ­

.cult to extract from this information the figures that apply only to 

inorgani.c chemistry. 

The C.I.C. Table II shows about one million dollars 

expenditures in government departments under committee 02 and about 

3-1/4 million dollars under committee 03. Of the one mi]lion under 

02, about 865 thousand had to be classified as "other", i.e., it was 

outside the numbered list of specialties which are similar to the 

committees 20 "Topics". 

Dr. Taylor, in his studies, has stated that, if one 

includes salaries but not capital depreciation and support services 

costs, then the large spenders of research monies in this area in 

the Federal Government are N.R.C., A.E.C.L., Eldorado, and the Mines 

Branch of the Department of Energy, Mines and Resources. Each of 

these organizations "spends between one quarter and one-half ~illion 

doll<1TS per Clnnura on inorganic projects. Very fe\ol programs can be 

operated for less than $20,000 per annum per man, although the }fines 

Branc.h and NRC appear to spend less than this at times. It is po s s Lb I.e 

that thjs may be the result of the use of the relutively cheap Post-

doctorate Fc l.Lo.r as the operating scientist. On the other hand, 

SOl1lC~ proj e c t s run as high as $50, 000 per man. 

lIT. T1Ie Tndu s t r i a L Field-- ..._--,_._-~~-_ •.. ~------_.,--

Hen? again, and perhaps to an even greater extent, i.t 1s 



-----

------- ----------- -----------

- 33 ­

•
 

r----~----_._------....._-.-----_t_--------------.L--.----.--------'--·-----.--------..1
Primary He t a l s Ipri.mary Hetals ~on-:ktallic , 

Category Hines (Ferrous) (Non-Ferrous) Mineral Products' 
------------_._----- ----­

Wages and Salaries 4,922 1,912 6,256 1,339 

Other 3,895 2, 10t~ 4,092 765 

. -------..----.I----l-·----·---·-------.-----'--.-----.-.--­
TOTAL 8,817 4,016 10,348 2,104 I

-~_-c_=-"~_~""o= _~~_-"~==_=_,~~ __==,=_=~~_=_,~~~_:_:_ .. __==,="~~_~~-_,~=,_==:_:=~=o-==_=-==-,-:==_,__ ~ 
CAPITAL EXPE{\DITURES (in thousands of dollars) 

---~---;:~-~:~;~-~~--I-~~:--~I- Pr-~~a r-~--c~,~~~ sj"rr:oary Het-:~-;'T-,~~" ~;~ ta-~-;-:~---I 
Expendittlr~__ , r aries I (Ferrous) (Non-Ferrous) INLlwr"l Products I 

--l~~'nd ~--~~~ Bu ~U~~~l~:~;--f---~~;;;---I---~ ~~~ -------~;------_..-.39;--------

Eql~::~~~ L_~~l~~_L ~~O?O :::~ =- . 
_:=__=___ TOTAL .. .1 2,289 I . 2,990 I 3,838 . . . . 823 .• I 
TOTAL n~-rRA·-r'lURAL 11,106 7 s006 14,186 2,927

EXPLrl)TTl.TIzr.S 

from thO:3C relating to chcml s try as a \-71101e. In gn t he r i ng Lnf o rma t i.cn f r orn 

the respondents to the afor cmcntLo nc d "Chemistry in Canada" article, insuf­

f fc.Lcn t figures conce rn Lng exp end tt ur cs we r e obtained, owJ.ng largely to the 

reticence of the respondents to divulge the information, to make meaningful 

summaries or predictions therefrom. 

From the information published by the Dominion Bureau of 

Statistics in their 13-527 documents "Industrial Research and Development 

Expenditures in Canada", it is not possible accurately to extract the 

information relating to chemistry as a whole; much less inorganic chemistry 

as such. HO:'lcvcr, adopting the same arbitrary method as 'vas used for the 

personnel figures, viz., selecting the four- areas most likely to contain 

inorganic chemical effort, one arrives at the following figures for the 

year 1965, the most recent year for which full infonlation is available. 

TABLE IX

Current and Capital Intra-mural Expenditures by Industry. 1966 
D.B.S. 13-527 (1965) Tables 182 
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TllC p r op o r t i011 of t h ......... ::; c: f un d ~_.; d eva ted t:Odu CJ (':.1 r ell C l-SY ,
 

s pa c c travel aud defence r cqu.l.r cmcut s are Lls t cd in 'Lc;b.1.c X for the
 

year 1965 (in thovsands of dollars).
 

TABLE X---_._--
CurrCtlt Intra-mural R&D Expenditures, by General Field of Application 

and Industry 1965, D.B.S. 13-527 (1965) Table 13 

•
 

-~__ IndustrY--Hine-~ Pri~ary-Metals-I'primary Metals! Non-£Iet.allic----j 
Applicat}':1)~-­
Nuclear Energy 

Spa ce Travel and 
Communi.ca t ion 

I 
Har and Defence 

1,440 

44 

373 

(Ferrous) 

49 

-

52 

(Non-Ferrous) 

109 

-

348 

Ni.ner a I 

22 

14 

109 

Products 

Other 6,547 5,502 9,214 1,639 

TOTAL 8,404 5,603 
I 

9,671 1,784 

This shows that defence and related a r eas f oim only qu i.t c a 

small fraction of the total expenditures in these fields. 

The distribution of these funds between basic, 2nd applied 

research, and developmental projects for 1965 are listed (in thousands 

of dollars) in Table XI. 

TABLE XI 
~---

Current Intra-mural R&D Expenditures, by Type of Activity and Industry. 
1965. D.B.S. 13-527 (1965) Table 14 

__._,_~~r...• -.-._ ... 0. __ _._- -+.--.---- .------- --·---··--r----·----------.-.....__.__.---4-----1" ---

Non-1·1etalJicj---- Lndust r y I Suh- I IPrimary Metals ,Primary Netals " I 
lArea Total rlining I (Ferrous) I (Noo-Fe r rous ) I Hlncral Products j---------J 
1----­ - ­ ···---·---------r ---­ ----­ ..-­ ----------------,------------------------------. ­ -- -----.----------.-. 
Be.sic Bes,--·('.J.~ch! 1, 7!:·1 513 139 83Lf 255 

I 

Applied 
Research 8, 7!fO 4,132 2,633 1,316 659 

Deve Lopmon t lLf ,98J. 3,759 2,831 7,521 870 

----;~'A;"--·-----·~-5 ,~~-;---;:-~-~~:_--I--··'--;~-~O 3·--·---- ---;~~-;~-----J---J~~--------. 

I=_===cc.:c--:==-==--====-=--==:-.J=-=--=--==---=.===-=--==-=--=====-..=.===·cc:==::-:::::==.:: 
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• over 50~~ of t hei.r e:".p":~Il(:'-LtU1~('S on ap pLie d research aud less t ha n C'nc-tl~ird 
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This is in good qua Ll t a tLve a~;rcenI2nt w i.t l: t lu: data g i veu 

earlier (p ag e s 26 <11H1 27) on the types of inorganic Rand D projects 

being uud c r t akcn in indus try. Table XI 8110\\7S that less th0.11 10~~ of 

their expenditures go on basic research, while about 60% go on develop­

ment a.l projects) the remainder going on applied research wo r k , From 

more recent information for the year 1966 available from data obtainC'd 

in connection with the C.I.C. survey) the industrial expenditures on 

research and development in inorganic chemistry per se and on rnetal­

lurgical chemistry are as follows: (Figures in thousnnds of doJ.lars). 

TABLE XII 
\i'.I,\ ~., .: ',./ 

Intra-mural Rand D Operating Expenditure; for C.I.C. Areas and Character 
of Rand D. 1966 C.I.C. Table 26 

l-B~;;S j~-- -App1iei------------l·-S;lO=- -_.\ 
C. I. C. Area IResearch Research Devc Lopiuen t. Tot al S \ 

----.. --~----------~--------- -----. ~- --- - -.------\.~-:. s ~. S--~-------------~~ ;~~j-~-::-\ 

Ccuc r a l Inorganic Chemistry 367.4 l~O~), 93].2 J,-52'f'~1'+\ 

Phy s j c a 1 Lno r ga n i.c Ch cm:' s try 92L~. 7 28 J.. (~181.6 J.,387.7 

These figur-es d i.s c l o s e t b e fact t l.a t , a s mi:;::.I·lt be e:~recl-..~'J, 

gan i.c ch e.n ist r y in t he I ndus t r La I scene, and only bc t ve sn 2. and 3? in 
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on dcvr-Lopmcnt . It is felt that, either applied r es ea r ch is 511b--· 

• s t an tLa I l.y more cxp cus i.ve to conduct than an equivalent arucun t of: 

developm2nt work or the assignment of mRny projects to the 2pplied 

•
 

research field may be somewhat; erroneous and they should, i.n fact, 

have been considered as development. This latter reason is, we feel, 

the more likely explanation of this apparent discrepancy. 

In summary, the expenditures ahow that, in the three con-­

texts, the universities are the heavy spenders in basic or pure 

r e s earch , the f ns t f.t ut e s s pr ead their cxpend i t ur cs mo r e evenl.v but 

tend to lean most heavily tmvards applied research, \Vhile industry spends 

its money largely on developmental work and, to a lesser degree, on 

applied researcll. This distribution is as expected and is probably 

the way it should be. 

To forecast future expenditures with any degree of accuracy 

is even less reliable than the asseSSillent that has been given of fu~ds 

currentJy being devoted in the various sectors on Rand D in inorganic 

chemjstry. 

Future estimates for academic expenses have already been 

given (see pa2e 30). Insofar as institutional and industrial labor~-

t or ie s at-e concerned one can only assume the present f r ac t i on of support 

for inorganic chemis try ~..,:Lll remain eons tant Hi tl1in the to tal expend it ur e 

forecast for chemistry Rand D. Thus, of the following estimates for 

]970 one ~ay anticipate that about 15% will be devoted to inorganic work . 
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TABLE XIII----_._--

Con~ariGon of Expenditures for Chemistry R&D. 1966 and 1970. C.l.C .
 
Survey - Tables 2 arid 24.
 

1966 1970 estimates 

($000) ($000) 

Federal Government 
.~ ',: - .t ' 

Operating 37,283 
Ie" <:': 

Capital 19"445', 

Provincial Government 

Operating 289 

Capital 32 45 

Industry 
t ;~1 --","",,~i : .;1' ! ~!-. 

Operating ~\I 120-'~\-, ) 

~~ .c» j 7; :7!, '{ 
Capital 3-3-,500\ 1~, Oe9- l -, 

Of these figures those relating to capital outlay for government instal ­

lations are the most difficult to predict because they are particularly 

susceptible to the influence of prevailing financial conditions. 

These figures have, presuffiably, taken into account the 

effect of inflation on the value of the dollar, and, accordingly, must 

be interpreted toEignify only a modest incre.ase in investment in 

chemfc2.1 R&D vlithin the industrial sector. It is difficult to recon­

cile these estimates wi t h a frequently stated national objective to 

incr~ase the percentage of the G.N.P. devoted in Canada to scientific 

research and development. And there are no indications that inorganic 

chem.i s t r y is apt to fare r e la t i.vely any better than other b r anch e s of 

t he c h ('Ed cal fie] d . 



38
 

• Front t h« t e i aI presented in the fOI'VE',oillg h.ip rc s inma r c r 

t h is So c t Lon of the Survey, it Hill, we t h i.nk , be appa r cn t that: 

Lno r g.m I.c c hern I s try in Canada is 110,v a dynamic science: in the a c ad cru.Lc 

sphere; it is extensively practised f n certain governmental and o t.lie r 

official laboratories; it is beins ever more widely used in tIle 

industrial sector. In general, therefore, we report a healthy state 

of affairs. But there is yet far to go to achieve an optimum state, 

imbalances and neglects. 

The most obvious area where such effort is necessary arises 

from the diverse nature of inorganic chemistry itself. So many p~ases 

of study can legitimately he considered as being inorganic cllcmistry, 

that it is not really surprising that it appears to emerge as t~o 

almost totally unrelated sciences when practised in the ucade~ic 

context or ~~en prn~tised in industry. On the one h2~d, we have ~8rc 

the 0 ret i c Ct 1 aspe c t S 0 f t he sub j e c t, bas 2.d Up 0 nth '2. q U C',~1 tum t 11 co r y , 

s true t ural and bODdi'lg cons Lde ra t ions, s p c c t r o s c op i.c b eh 2V lour a nd 

r e 1a t c'd top i c S, t hat. a J: e, to ana Jruos t exc 1 us Lv € e x ten t, S i..: ud j e c1 in 

the universities. On the other hand, ~':E:' have the mQL~ p r ac r i ca l 

c hcn.i s t.r y , c tc ; ; t.h i s ar e a is f oun d , to an a l mo s t eqLi;'cl dC'c;l·\.'," of 

e xc l u s Lon , J n the industrial Labora ro r ic-s • Of f i.c i.a l c; gC)V,-Trlh:::nLll 

Lab o r a to r Le a at t e.up t , not entirely s uc c os s f ulLy , t.o briG~~f' t hc E~,[lP, 

but, neccssnrily, they le~~ marc towards the practical or r~sourcc-

based 3re;1:~ •• 
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• to huy the cvc r-uuo r e-scompLic a t ed and sophisticated e qu J.p.nan t that 

is used in tnocleru Lno r gan Lc chemical research, money to travel to 

conf ercnc e s for the purpose of cornmun Lca t Lon wi t h f e l Low s c i en t Ls t s , 

money to cover the stipends of more post-graduate students and post­

doctoral fellows, money to develop processes currently operated only 

on the bench or pilot-plant scale. 

overlooked in the~e ubiquitous demands for more fin3ncial support. 

In the last analysis, therq is only one real source for such funds, 

and that is the taxpayer's pocket. Surely, in some instances at least, 

it wo ul.d be more economical and woul.d by-ipas s the Ln cv i table a L r e nu­

ation of 2vailable funds due to administrative cOSt6, for tIle industry 

to p Lough a higher p r opo r t ion of its own profits ~U·-_l~~.tJ~ b ac l; into 

research and/or dcve l oj.men t effort a nrl , h enc e , e l.Ltni nat e t hr: necessity 

for Govern~ent hand-outs. The unive~sities, of courS2 i do not have 

this recourse available to them, but even they should be prep2red to 

"so i 1 their hands" wi tl: a proportion of con t rsct; r e s e.vr ch and t hcr cb y 

earn. t lreris e Lves SCL1C rro r e funds ~.rhich they could plough b a c k Lnt o t he i r 

more pref~rred academic av~nues. 

Although the f o Ll.ov i ng comment does not ap pLy exclusively 

to Lno r gun i.c chc.nis t r y , it is perhaps n.o r c r c l.cvan t in t h e Lno r ga n t c 

industries t.h ar: e l.s cvhc.r e . A very r e a l effort rnus t b e put forth to 

enrlc';n'(lUr to t ak« p r oduc t s to D more sophisticated a ucl ad.vc~!H.:ed Sl.'-~gP 

of f nb r i ca t.Lon . Canad a not mer e l y be (1 supplier of 1':1'·,; Il1i.1t,',·.Lals11111St 

• 
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• money to be Tl1nc112 hy advanc crl t e chuoLogy of the products t han in n-er e Ly 

s upp l ying pn r t Ly-pro ccs s ecl r aw mat c r LaLs . 

The subjects coming under the heading of inorganic 

chl2mistry that appear to be neglected by comparison with other arC2S 

are as f ol.Lows : 

(i)	 The chemistry of glass and ceramics; this has been 

quoted by many different respondents as being a prime 

is a need for the setting up of courses at the 

Institute of Technology level, at the University level 

and at the	 pos t-graduate level to train teclmologis ts 

and p ro I es s i.cna.L scientis ts in the r e chu.iquc s and 

p r Lnc i.pLes	 of h i gh-i t empe r a tur e inorganic c l.erc i s t r y 2S 

they apply	 to the fields of glass and c e r anri c s . The 

Lndus t r I a l.	 scene also ne gLcc t s these areas r a th e r 

shamefully. The advice of the Canadia~ Cer3~ic Society 

could profitably be sought in this regard. 

(ii)	 So Lid-vs t a t e chunis try; this could have TI12ny areas 01 

appli.c.ation, e.g., mineralo~y, c~ysLallosr2phy, s2~i-

conductor technology, electronic C1nd mazn2tic ceramics, 

computer and space technology. 

(iii) 

(i v ) 

(v) Ex t r cuu- hj~)h-tc!Upnrc~tu[2. pJa::-~n"1 s t udi.o s . 



There wer c several comments by r e.spcnd en t s in a Ll arC,-1E: 

t hat: emph as Lzc t lie dcs Lr ab Ll Lty of the f o I Low Lng cour s e s of action 

bei ng f oLl owrd : 

( L)	 Provincial Research Councils and similar organizations 

should consider the purchase of the expensive and 

sophisticated items of research equipment needed for 

today's inorganic chemistry. These instruments could 

be made available on a time-rental basis to smaller 

nor necessity for the full-time use of such equipment. 

(ii)	 Industrial research laboratories, in man~ cases, would 

prefer to take the graduate at the Honours B.Sc. level 

and train him i.n the pc:.rticular areas relevant to their 

0\,,11 interest. Howeve r , a mechanism for a Ll.ow ing credit 

towards a higher degree is urged, based on the research 

work done in the industrial context. The university, 

of course, must remain the final arbiter of the technical 

coinp e t e nc e of the wor k done and of its wor t h t ot...a rds 

the gralltinG of a research degree. 

(iii)	 Industry could very profitably make much wi de r use of 

acaderu i.c personnel as consultants, to the b enc f i t of 

both parties. 

(iv)	 The unlv c r s it.Le s s ho uLd t r ea t inorganic ch e.nis t r y on 

a par wi t h the other branches of the science in t or us 

of personnel and the ,~llocation of funds, and should b e 

p r cparc d to make. sf;'.!~.5-2.!. ap po i n t.men t s in t h.: Lie] d of 



(iv) canl.lel. 

• Lnor gan I c c hcnris try. Thes e men should have wLdc 

interests and be able to stimulate the ab ov c-rncntLo ned 

neglect.ed arC8S. 

(v) There appears to be wi de-i fe I t need for the Na t Lona I 

Research Council to become more heavily committed in 

the field of inorganic chemistry by setting up a 

range of research programmes in this area. 

The r e If, C1. tend ('DCy YOr un 1_ vc r si ty l-CS cnr ch to be' 

spread rather too thinly over a wide variety of topics 

at anyone location. The development of "centres of 

excellence" in specific fields would appear to be 

generally desirable. The appointment of the above­

mentioned senior members of faculty should assist 

towards the attainment of this ohjective. 

(vi L) Insofar as is possible, university research p r ogr acunc s 

should be oriented towards the Canadian context and 

concerned with the resources in the country. A suitahle 

choice of systems on which to work could often help in 

this regard, while not Lnva Lida t i ng the acad emi c Ln t e g r i.t.y 

of the project. 

(viii) Universities must diso..buse tht::ir graduates of thE-' 

impression that applied research conducted in an 

industrial env.i r onrncn t is, in any I·lay, inte.llectually 

inferior to the ao-ic a.l.Led "pure" research conducted 

in the academic environment. In some way also, they 

• 
should endeavour to cease producing post-gradu8tes for 

their own co ns urnp t ion only, and m.ike t h crn ava iLab Le to 
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(viii) cant'cl. 

th« Lns t.it ut.Lona I end industrial f i.e Lds . 'I'hc ie• hn s been a mar ked t cnd en cy for the un Lvc r s it Los 

to be inbred and "cct111dbaljstic" in the production 

of research	 personnel. 

(ix)	 There is a general high regard for the quality and 

training of the technologists t.urned out by the 

Institutes of Technology and the Community Colleges. 

speciali7.e	 in inorganic chemistry. Further, serious 

thought must be given to the problem of career 
I. 

development for such personnel; it is also necessary 

that they should be plac.ed under the technical 

direc.tion of professional scientists, rather than under 

p e r s onneL of their own level of training. In this 

\O]8Y, their level of training and usefulness can be. 

enhsnced . 

•
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•	 
AP2Et;Inx I0_- __._....... .'_.__ ,,_ .. ....
 

1.	 Atomic structure. 

2.	 Boron and silicon compounds; asbestos, clay, glass, etc. 

3.	 Carbon, germanium, lead, tin; includes graphite, etc. 

4.	 Coordination compounds. 

5.	 "Electron deficient" compounds; boron hydrides, metal aJkyls, etc. 

6.	 Ef.cct iopos Lt Lve eleiil':':dU: and r hcLr cornp ound s (alkalies and 
alkaline earths, building products, etc.). 

7 •	 Equilibrium and thermodynamic relationships in inorganic systems. 

8.	 Hydrogen and the hydrides; high energy fuels. 

9.	 Inner t r ans I t Lon e Lemen t s . 

10.	 Inorganic materials useful as solid state electronic devices, 
semiconductors, etc. 

11.	 Nechanism of Lno r gan i.c reactions; reaction k I nc t Lc s , 

12.	 Nomenclature 2nd symbolism. 

13.	 Norune t a l s ; halogen, oxygen, and n i tro gen familie.s, hi.g~ energy 
oxidizers. 

14.	 Sol u t Lo ns arid so 1v en t theory; I10nb a c t eric I.o gic':1l CLS~; 2C t ~~ of 
water chemistry. 

15.	 Struc t ure of Lno r ga n Lc compounds; c r ys r a llog r aphy , s;;cctro'3c,-'=:',., c.r c . 

16.	 Synthesis of incrga~ic materja12. 

1-'I.	 Thc o r c t LcaI Lno r g-m ic chcn i s t r y; liSc~nd f I e Ld ~:H:·:.;r::, IT'.I,:,lec'-J12:: 

o : b:i t E) 1 t 11 e ') r:', i 0 n i c vmo d 2 1S, theo r> 0 f me La l::c" 2 t c . 

18.	 'I'r an s j t iC'T1 eJ C~llL~:l. t s . 

19.	 Sulphur, s el.en ium , tellurium. 

20 . 

• 




