
~El'TIO~ B.-CHE).'ll~TH. V, C~EOLOl~Y) ~lE.TALLL; K( ~ y, 
'\II~ER.\LOCY, _\~D GEOC;R,-\PHY. 

PRESI1JEl\T OF THE S~XTroN :-H. H. (~ltEENJ D.Sc, F.eS, 

tf/ E [) l'v' h'S D.1 V. ; [.' L Y l). 

The President deli\'(,.'r<:d the followillK address:-

On(' of the most cLaracteristic feature:-; uf tIlt' den~lopmell~ 
or modern Chemistry is the ~[eadily growing- tendency to suo­
divide. Of n~l'ent vear~ thi", telldencv 'ha~ been :'0 m~\I'''ecl thai 
the variulI .... uifspring. of the mother sciellce have taken l)Jl r-lit' 

aspects of llew :'ciences. alld the time has come \vhen ll(J I.'helllisl 
can lay claim to anything like it complete grasp of thl..' ~l1hject 
t·) \vhirh he owes his name. Thi~ proce:-;s of fissioll i:-: illcvitabk 
and has its origin in the llJ,ture of the :-;cicnce itself. Being- a 
basic science, like \lathcm<1tic-s and PhYSlic,"" it enter. ... HJtO e\'l'ry 
department of human activit \', and i,t has become ,\ platitude [, I 

say that the chemist has all \'"atltrc for his provillce Like 
J\1athematics, the seienl.-~ might take for it:- ide.al the comprcssioll 
of the Universe into all t.'qllation; with (;od, mayhap, as only 
arbitrary variable. 

Th~ field of ('hL'J1li,..;tn i..; "I) \\-ide, ;w41 the mas~ ()f detail 
so ellormous, that 110 ~ill.ill" brain can hope to uo more than 
g-rasp the unde-rlying- prilll-iple-", awl meth()d~ of the science a.-: a 
\v\iole, and make ibelf master nf a comp;uatin~l\' _"mall corner. 
Specialisation has therefore proceeded, particularlv in research, 
to an extraordinary extent; and the ramihcati()ns nf the ~ubjecr­
arc so complicaterl that 1l1oq people haye un\\' the hazit'"t notio!1 
uf the meaning- of the wonl L. rhemist." 

To the altogether uneducated, the term "CIH:]\li~t" i:~ 
synonymous \vith that uf .. pharmacist" ur .. druggist." and. 
indeed, the vendors of ~tllth in hottles, Lompounder~ uf the 
decoctions prescrihed h,v those skilled ill the black art of medicil1e, 
have claimcd the word for Iheir OWI1. fndeed, <.,0 far at (1m­

time did the term lix it~<"H ill common "veedl that it pa~sed 
into legi~lative u~e, and. a~ ~ir \Vill·iam Tilden poillb Dut. "if 
Sir HUl11phry Davv hjlll~elf \verc now li\'illg- he cOl1ld llut 

ln~'ally call himself a l'ilelllist, his name \lot heill~ Oil the 
uharmacelttical re1!i~kr. ntht.:T lands <Ire morl..' disrri1l1inatin.!!" 
in their ~peech-(~erll1allY u~in~ the word "apotheker." and 
F rancc t he word " Iyha rmari en," as correspoll d in g' to 011 r ~el dum­
Llsed "pharmacist." Par he it frolll any chemist milld I'} 
decry the calling of pharmacy. Properly qualifie(l pharlllaci.,t..; 
are proud of the term, since it correspond:; to a calling- \'lith a 
definitely recognised, leg-all) protected ciiploma, and one in \\"hie/I 
it is now possihle to takt- a uni\·er:-;ity deg-rec. He it (JIIly 
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PRESIDENTIAL ADDRESS-SECTION E. 43 

emphasisec1 that it is more a\J.ied to the medkal science of 
'Pharmacology than to the a,bstract science of pure Chemi.'itry I 
whose devotees rarely ha~pen to be qualified to take a place 
on the pharmaceutical regIster. It is as much to tl1C intere~t 
of the pharrn<lcist as of the chemist to separate the two terms. 
The confus..ion, hO\vever, will doubtless last a few years longer, 
although it involves bau English and worse ~cnsc. 

To the SO)TI(.,,:\vhat better educated, a chemi~t mean~ a lllan 
who" analyses thing-s." T'his confusion is not quite so repre­
hensible, since analytical chemistry is a branch of Chemi~try 
proper, and some di~T}lity ,is graciously accorded to it-~aving­
word .. analytical." which, like thc blessed wurJ )'le:'l)p<)tamia in 
the Bible, has a fascillation for some minds. 

To the \vell-educated along- old-fashioned lint'.",. Lhcmi~tn h 

a science wbic.h thev learned all about in tl1('ir tir~t vear' at 
college; something t1~ey have forg-otten. . 

To the pY(lp('rlyeducated, Chemistry is a science underlying 
all knowledge uf material things, and prov,iding- the armuury 
of a \I other !'-(:icllces, professions, ar,ts, and trades; is nne of 
the three basic science~ of Natural Philosophv, In hi:, intro­
duction to that admirable series of cssay~, .. s.c..-iCI1CC and till' 
Nat,ioll," issued by tht, Cambridge Press, Lord }Joulton take~ 
occasion to point o lit that "in such a pre~t'ntatinn it \va-.; 
inevitable that Chemistry ~'hol1ld take the lir:-! place," 

The \var lla." done much to OP('l1 the cOllservatin' Hriti~h 
mind. al\d the n<l.tional importance of Chemi~!:r\" i" morl' 
t~lear1,' rec-og-nised. There is no douht that a Ill"W era ill 

dig-nity has da\\'ned for the c11t'mist, and that the .-;ig-lliticance 
of his work will ql1ickly filter down to ,the voter alld up to 
the nolitician, To the:\ discriminating- 'he ha,'-\ nf'\"t'r larke(l in 
dignity; nor eVt'1l to the thol1g-htles:->. \~'hell he rumeo hi,"; ~cie!lce 
into trade and made ·tracks for the Upper HOU'>l'. 

But to return to the fission of our :-;cienCt·. 
At the beginning- ,)f the hst century CIlL'lllistn' \Va . ..:. divided 

into t\VO main hranches, "IIl()r~anic'" \\-hich dealt with mctal~ 
and mineral:'., ano "Org'anic," \~-hich (,OI1Cf'flu'(l itself with com­
pounds of aninrai or ve!!l'talJle ori~il1, In 1~28 the famous 
research of \Viihlf'r. r(,~l1ltin~ ill the rOIln:'r~i()11 of ammonium 
cyanate. which had hl~ell prepared from wholly illorg:anie .",ot1rce~. 
into urea \vhich had hit'herto onlv been known as a prodllL't of 
vital acti'~I1. sma~hed the arhitrary· distinction btt\\"CclI .. organic I. 
and" inorganii.-," and relmited the hreaking science, TIlt" r('union, 
hO\\'c\'er, was of \-cry hrief duration, .;;il1ce in following tip the 
ideas involved in the hr"t org-anic :;ynthesi", it wa" ,found that 
the nll111her of derivative..; of the one element, Carbon. far 
exceeded all the other dt'rivati\-es of all other elements put 
together, and it soon hecame c"iocnt that a fresh (li\'i~ioll into 
carbon and non-carhon compol1nds had to be made, Since 
Carhon \Va.' the most characteristic j·lel11f'nt (~f the old "organic 
compounds," th" 010 term was revivt'd, and " ()r,~'aniC' ChelJ1i~trv" 
became the jj O1cmi~try of the Carbon Compounll~." The 
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44 l'({ESIOE~TlAL ADDRE::i$--SECTION n. 

IlUmlJcr l)f sll(,~h compollnd~ flOW actnally described IS 50m~­
\",here about 011(' hundred C1nd lift)' thousand, and ]lew members 
;'Ire being- au(le(1 to the l,i!'t CVlTy day. The I1nmlHT theorcticalty 
I,redicrahle i.-;. it question ollly of permutations, 

SiIIC(, the) are of extraordinary complexitv, no chemist, 
proi('s..:cd !lr~;tllic chemist th()lI~h he be, m;lke,,, the least attempt 
t() rC"lllcmIH'r, or deal with, anything more than a mere fractiotl 
I If thelll: hut n)t1tel1t~ himself with t~'pc LOl1lpotlnLis and a 
"tudy oj (h(' underlying" pri1lciples il1\"()l\-ed in their preparation 
ilr ~r\1llH.·,i, the {[l'termillat,jotl elf their cotlstitution, their sources 
pro,;cn it' ... , ;'\11d the lIses to \\'l1ic11 the\' Gill b<.' put, To attempt' 
tn memo!";'l' the \\',tV ill which the cOll~tit\1tio\1 of them all has 
heell dett'r\ninl'd wll\'\ld be a~ :;tupid as to attempt to memorise 
;l fl'\\' tll(\U~al\d g-ames (If l.."IH·~~, Obyioush'J it i .. ollly possihle 
I') !{'am the prilKiples of the ~al1le, 

'1'1)(' d()Ill;l;11 ()f tlw ()rg-~nit' cllemi,t ;" ~l) \\·ide. and the 
llrohklll. ... 11(' may ha\'e to tackle arl' ~() itl'tl'irate, that the \lwc\erll 
111VI' .... tlgal, II' usu~dh' fllld~ il I1t'rc!'-~ary [0 cullljllt hilll~d f tl) a yer)' 
"l1lall -.('ctl l lll (If hi:, bral1ch science. og-lt: rhe :tlllilllhlCids, ~i\"{' 
his h(,;lrl 1, I n ht'll>ro{'yl'iic rillg-. I lr .;oak hi" brain ill (111 <tllilinc 
dye, 1~1I1 if he d()e~ ally ()f thl'~f thillg-s he \)('I-01lle~ a \ er~' 
lI ... efl1l p('r~(\f), 

.\ ... :lll illu:-.trati{)ll of tlH' :,ig-llijirallCl' (If Org-allic ('hel11istry 
in "ur dail\' affair. .. , the dWllliqn' of co;t/-tar m;I\' he t;lkell. 

In till' (,ilrh' davs of l-(lal-di:-;tillatioll the oIllv pro dl1 rt:-; 
;Irrin'c! ;11 \\(,1"V i'llul1li'llatillg }!';L"; and coke, the hYC'-PI-oilurt, tar, 
fh,:illg- r(,'~'ar(kd a:-: Ilj little ,',dtle. \'i1T11JtI:-- ChCllli:,L"; thell took 
up till' -.tl1(I\' l)i l'(}(ll-tar, ;11 tirst ill the ;;pirit of .. pure rc:,carch," 
;ll1l\ ;It thl' prc~t'llt d<l\' the rOll11lll,'reial valul' of the tar prodtH·t:; 
far ('xt'l'vd:- tll;\t ilf tl~(' illumi1lating- ~11.';; it::,('If. The:ic prodLlcb 
;\T(' :-'1) 111I11H'TOU."; and so ill1jl'Jrt;tllt that it i" il11)l(l..;"ihl<.' to offer 
('\"l'n till' hride."t ~kctl'1l of fhem here, ,i..:;uftlre it that 11l1g"(' 

illdu..:tr;c .... han' :lri:-;en from the flr."t ;}('adclllie rescilrc1H'''i. ;1I1d 
lhat till' ll[',).l/ucb go to feed ;111 the otlwr Clrt .. and .... l·il'llL'e.... Tn 
till' dDl:lur go hi.", <l1l.csthetics, his hypnotics, hi~ fehrifuges, ;1nd 
hi~ "'\lC'citir drugs like satvar.;;;all: to the hi()r()g:i~t hi~ stains 
and :,nln'llh, and to the drer his (I\-es; to thl' soldier his 
l'Xp]l):-in's: til tIl(' photog-rapher hi" de\'eloper~; to e\'ervone. 
lhn·ctly (Ir 11\dirL'l'tly, :,omethillg-. rt would he difficult tn 
{·~ti\1\ar(' the \',dll(, ttl the cOllllllunit" of the lahour~ ,If the eadv 
nr.(!<.l1lil' (lIel\li:'t~, to whom tIl<.' (-oal=tar incltbll'\' n\\'('''; it~ origil;. 
llj(\1.1~h ~'ll1\t' ide,\ ()f it IlJJ\' be olHailwd whell it i~ clll1:-iclered 
il'at 'hd(ln,' tIl<' W;lr Germanv exported (wer tell Illillioll poulllb' 
\Yonh nf (n;ll-tar d,'{':, alolle per al\\lLHll. It lIlay not, perhap~. 
('('TIl!' ami" [.) Pl)jIH out that the fir~t step ill the :,eqllellce of 
dt','elnplllt:'[)1 \\';}" made ill Britain ;1) T8.~(), \, .. ht'll ~ir \V, H, 
I'L'rkin. t\lt"H a bur l)f eig-hteen. wa~ LiHrvin~' lim a rl'~l'arch 
with a t()tally t1iHert'llt ()hjcl't in "ic\\--a research ;l\to Quinine, 
[0 the ~-()lIr~<.· ()f h;~ work he obtained a ~u\)~t;\lll'l' \vhich 

., -.;cemed \\'() rt 11\' of further in\,l'~t iR'ation." 8eill,l!' a .~cientist 
and ]lor ;t utiltuniCln, Ill' (1i(1 lWt thrn,w it awa\', hm instituted 
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PRESIDE!'\TL\L <\DDRES~-~E("TION I:. 

further rt'~carch< 1t turned out tu hL' a dye-stuff, "Al1iline 
Mau\'l'," or .. Tyrian Purple," Ft!rth~'r in\'(~"tigation paved thl 
way for similar ::-;\'nthetic pmducts, Thi~ l'anw j\J~\ at a tlmL' 
\vhell the clw11]istt'v ()f coal-tar \\'a~ heitlg d~vdl\ped, and sincl' 
Hel1zel1l' \\'<1:- Ihe iJl\~is (It Perkil1'~ dye. the WLl\' I.\'a ..... clear f()r 
tht' L'()11l11lercial exploitation of hi:; di"c(\ver;e~ {Illke!\. tht· 
\'uuthftll l'erkill turlled sufficienth' t!li:itari;\l\ tn ,tart ;l faLlon 
;It (;rel'llfonl (;reCII, 'llthutlg-h bis heart W;l.:-; alwavs ill rescard;, 
alld ill 1~7-t, at the lIR:C of .~(). he fl,tire(l irlllll bt1~illl'S.'" :ts a 
manufacturer 10 (\l'vnte himself exclu .... ;\'l·ly to the pur.'lIit of 
kllO\vleclge for it.-; own ...;al~c. I t i~ of inten,'::-;t I( ) remember 
tJlat until ]R70 Perkill's \yorks were the only prodllcrr~ of 
artiflci;lI Alizarlt1, 

At the time of Perkin's di~cover;e" Rrit;).in \\'a~ the gTt'ate~t 
1)rot\ucer of coal-tar, and wa:; prf-eminellt in thl' dyeing- industry. 
Six years afrer rhe di~covery of .. Aniline \L1uve," Hofmann. a 
a Germal1. wr()te ill hi:; rq~Jrt 011 the LotHlon ExlJihiti(l1l of 
18('2'-

•. Enghlld 1,\.;t1. b~Y()lld qne::-;tio1\, at 1\0 (\i"tanl datI.', hCl'()m~' 
herself the g-rea[e~t COll)l1r-prodlH,'jllR c(lt1ntr~' ill the world: nav. 
b\' the strallg-e"t t)f revolutions. she t11av. l'f(' !on~', ~el1d her 
c~)al-dcri\T(\ \)l\ll'~ to itl(hg-o-g-rowin,l.! fndia, her < tar-distil1L'd 
aim~()\\~ tl) rochineal-pwducin.!; ~lexic(), and her f()~~i! :-'oub, 
~tit\.ltes for qllCfcitfOlI anil ~affio\.vn to Chllla. Japat1. alld other 
cOI1lHrie:o; whc1\(:e the.'e artide~ are now derivect." 

{\ \)lay wen lw asked \vhy Eng-li~h manubctllr('l' .... with 
exhihib ill framl's under their Iloses, all(1 prophecic:- ~uch a~ 
Hofmann's hefore thel11, did 1]ot ~l.\"ail thel1l~elve., ()f their 
opportl1ll1tie .... and \"by 1~~n~1alld 11<1-" fallcn froJl] h~r prcmier 
pl'sitioil in tile \\ or~d of chemical indu.-;try, Two Clll1S~:, for 
the dn'litle <lrt' ~lpp(lre\lt : lir!'\tly. tht' neglert of organic chc.:mi~try 
ill the "Univcrsitic .... <llld, ::'l'cdndly. the total indiffcrCllLl' of 
Illallubrturcr;-. II) the praLtic(' of n· . ...;ean:h ill rl l ll11ect;Oll wlth 
[heir u\\,11 prncc...; .. t'''. The perioll belong-ell tn till..' dark a~r .... 
(If c()l1llJlll":'(Ir\' (;rceJ..:, whel1 the Pr()k,~or of Chemi~t1"\' at 
('ambridge was a c()untn' CkrgYI1HlI, who !l()hh C;\111(' tIP 011('(' a 
vear to .~·i\ l' a course of lectures: \vhell, as Tilden rcmark.". 
it \vas thought \'en' creditahle on hi~ part to 1.\0 so much. 

Perkin him~elf. }feldola, Green. and 11llmernUS other Engli-:;h 
chemists, raised their \.'oice~ in vain a.g'ainst the national Ilcgkcf 
of chemist!'},. The l1eg-lcct continued, anu hv tlle early eig-htit ... 
(~ermany had g-ained conrrol of the infant \ndH:o:.try. \110 no1 
only of tlli~ industry. for tile hig-hly traineu research Lllemist..; 
engag-ed ill the laboratory inv(,stigation Oil synthetic (lye, 
dfveloJJed other \ine~ of research. so that on th~ olltbrcak of war 
CermallY had nractica\tv the whole traoe of tbe " fine chemicals ,. 
(highh' priced, finishtd products) in her hands: a trade so vaSl 

that the export ?'aillc was estimated by Professur G rossman, of 
Berlill, at lIil/cI\'-,~(,'i'CJl (lJ)d (/ ha.lf million, pounds per annum. 

Fortunateh-, the day of neglect is well~nigh over in Britain, 
and there i~ a chal1ce Ih;\1 part, at lea~t, (){ the trade- in dye-.quiT ... 
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PRESIDENTIAL ADDRESS-SECTION B. 

and fine chC'mical, will "come home." Shortly after the out­
break of war, when the dye-houses of Yorkshire and Lancashire 
were almost at a standstill, and a textile industry worth 200 
million pounds per annum was embarrassed for the lack of about 
olle million pounds' worth of dye-stuffs, the Government assigned 
a million ~erlillg- to an attempt to resuscitate the production of 
synthetic dyes, and to proYision for research into the making- of 
colour~ from coal-tar hydrocarbons. Further large endowments 
for g-eneral research are promised, and it is being .recog-nized 
that " scientific research ., is a matter for the State as well as for 
private en t(·rprise. It may be mentioned in passing that the 
1utfuYaJ indign industry is not necessarily past redemption. 
Cermany's (>xrort trade in synthetic indigo rose to about two 
million sterling- in H)I3, while the area under cultivation of indigo 
in India fell from one and a half million acres in I8q7 to less 
than a quarter of a million acres in T9I3. But it is not 
impossible that a little money spent on chemical and botanical 
research ill relation to ag-riculture mig-ht turn the tide, and put 
the natural jndig-o in the position to smash up the synthetic 
industn'. It must not be forg-otten ho\\' Germanv huilt up her 
trade il; sug-ar from beet. and the important part played by the 
hreeding- of high-sug-ar roots, and the utilisation of waste products 
nf the sugar factories. 

Lea\-ing now the domain of Organic Chemistry, we ma~' 
consider Inorg-anic: Chemistry, or the chemistry of the non­
carbon compounds. This branch of chemistry is also an 
enormously wide one, and concerns an enormous numher of 
compounds-all the compounds of some ninty odd elements. 
Every chemist must, of course. have a thoroug-h ,g'rounding- in 
inorganic chemistry; but. ag-ain, no modern chemist professes 
t() cover in detail the whole field. The modern investig-ator or 
practitioner finds it necessary to limit himself. after his hroarl 
general training- in atl branches of chemistn-, to some one section. 
He may. for in~tance, deyote his attention to the chemistry 
of metals. and hecome a " metallurg-ist " ; to that of minerals, and 
become a "niineral chemist." or to any other section, and label 
himself \ .... ith an appropriat(' name. Innrg-anic chemical pro­
cesses underlie so many of our industries that it is impossiblr 
to enumerate them here: the pr()duction of the metals. including­
gold: of stC'el and spt"cial allnys; nf the .~·ig-antic alkali and acid 
rCQUirf'l11Cllts: of artificial manures; of incandescent mantles; of 
;l. thot1sand and one articles of every-cla\' usC'. 

The third big <;l1b-ni\,l"ioll of Chemi~tn' is "Phvsicai 
Chemt5trv." a section nf the sClencC' O\·erlaflpin.l:!" intn physics. 
It includes what i~ termer! I( chC'miC111 statics" and "chemical 
dvnamic<' ;tnd the relationship hetwect1 chemical properties and 
physical propertie~; position nf eCluilibria ;n chemiC'al reaction . 

. ~pced of chemiC3.1 reactinl1, and influC'nC'e nf mat;s as well as of 
chemical structure of TC:lctin!!" matcri;I1~. 0ntiC'al and e~Lctric;tl 
properti('s of ~uh:;ta'n('C's. ultimate cnnstitution (If matter. and 

. so forth. It lies at thE' root nf all chemical theory, whatever 
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PRESIDENTIAL ADORESS-SECTION R. 47 

bran("h of chemistry be cOl1siciererl. The Haner process, upon 
which Germany oepenoed for her nitrogen supply during the 
war, is a technical triumph of physical chemistry, 

Physical Chemistry is, again. a section :-;0 wide, that althoug-h 
in the sense IlOW used it is a product of the last qua rter of a 
century, it is itself rapioly undergoing division. The separate 
science of "radio-activity'! has already split off as a fis5ion­
product of \'ery recent growth. hut which ill the last few years 
has contributeci enormousl\' to ba:-;ic chemical theorv and an 
l1ncier~tanding of the ultimate constitution of matter, and. which 
ie:; rapidly assuming great practical importance. H Metallog-raphy " 
is a section of physical chemistry which can also be treated as a 
hranch of ~retal1urgy. It deals ",ith the relation of the micro­
~trtl("ture of metals and their all()y~. to their physical properties. 
It is a very young- science, but it is already of enormous industrial 
ilnportance. One of its recent achievements is the production, 
for aeroplane purposes, of an alloy which. weight for weight. is 
more than twice as strong' as steel. Other fi~sion-products of 
physical chemistry are rapidly de,"eloping, and it will not be long' 
before "Col1oicla,l Chemistry" attains the tlig-nity of a separate 
science. 

These three main sections, Inorg-anic, Org-anic, an(l Physical, 
repre~ent the three primary' lines of cleavag-e of the science of 
Chemistry. Analytical Chemistry. though to s()m~ extent it is 
tallJrht as a separate science, and is practised as a separate 
profession, c~n hardly be cattcei a distinct section of chemistry, 
since e,'ery chemist must he' ;).n analvst. and ever" analyst entitleo 
to the name must be a sottll{l g-ene~al chemist with a training- in 
all three sections of hi~ science. 

For Chemistry as a \\'ho1e the ~ister science of Phy"ics is 
absolut.ely es~ential. as also a working- kl1owlell~c of 1\1 athematic~. 
For the hig'her reaches of Physical Chemi~try the investig-ator 
nlll-=t be a mathematician ()f 110 mean order. 

These three major branche" of chemistry are taught by 
separate professors in all prorerl~· cCluipped colleges, with sub­
seC'tions taught either by separate prof C'ssors or by specialist 
lectnrers, accor(ling- to the purpose for which the institution 
exi5t~. ano its financial resources. Thus in the University of 
Illi r1nj" the chemical department prn)1er i,r;; organised under seven 
di,'i~inn~. with the fotlowillf,!' staff:-

Gel/('ral Chc1IIistr.\' aJld Qualitafiz'c A)/(1l'l.'sis. 

T Professor. ,1 Instructors. 
I ,\ssistant Professor. g Assistants. 

;\ssociate. H) Graduate Assistants. 

Quantitative Allah'sis alld Food ClteJ1tistr,}'. 
I . \~sistant Profes,sor. 
I ,\ssociate. 

I Instructor. 
7 . \ssistants. 
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I'RESWENT1AL .\DDkESS-~ECTION H 

Organic Chcmistn,J. 

( PI'n (essor. 
I _ \s:;istalll Professor. 
( [n~t rLlctclr. 

'\ .'\ ~~istall t:-i. 
I (~radllat~ :\ssist:IIlL 

J:hv.',ic(ll Chj'mistrv IJltJ l~lt"Ctr(}-ChC1nistr" 

J Professor. I In.:trnrtnr. 
1 Assuciate. I ,\,,,!,j~tant. 

Professor. 
Lecturer. 

I Professor. 

Phy.fiu/o,/ifal Chemistry. 

r !\ssistant. 

IlIdltstria[ ChCJntstrv. 

I Assistant Professor. 
I In:;trllctor. 
I Assistant. 

I Professor. I In . ..;trllctnr. 

In addition to thi::. ~tafi ()f 0-0, there art' 2 research assi~tanb, 
6 fellows •. .;everal graduate scholars, I g-lass-blower, I mechanic-ian, 
I clerk, 2 stel1og'raphcr..;, I lecture assi..:r'Lll\. 4 ~tor('kecper~ and 
Iaboraton' helpers. 

Thi:-. it llIay he furt:hT a([d\:d, i~ onl\' the g<"l1l'ral chemical 
departme1lt proper. and tlol':-l not include the chemical staff of 
applied dt'pC1rtmel1ts. ,",nch as the Faculty pf :\~rit'L1ltllre. whid> 
has its 1)\\'1\ profes~()r<.; a1\d lecturers. 

The Chl'lllical Departlllent of the rmJ)crial College of Scienct­
anrl Tcrhll,)\og-\', ~1)\1th Ken~ingt()l1. LDltc10Il, i., ~taffec1 a .... 
follow, :--

I I 'I'l>fess(jr I) t (;cneral Chemistry. 
! I 'rofesslJr rlf ()rg-anic Chemistry. 

Professor of Phy~ical Chemistry. 
_\ssj~tant llf()kssor. 

I Lel'turer . 
. " J)emoll~trator:-;. 
-i . \ssi~tant I kmollstrators. 
1 Research _\s~istant. 
Profe~wr of Chemical Technolog-y. 
:\ssociate Profe".-;or. 

t Lecturer in Chemical Eng-ineering. 
I Lecturer 011 Refractorv Materials. 
2 Oemonstrators. 

Thi~, a~ain, i~ the Jc~artment of chemistry proper, and 
does nut include Metallurg-y. which has a department of its 
own, or Biochemistry. which is attached to a different department 
of the Co Jleg-e. 

The elaborate- statT:-; shuwn her~, merely for the teaching 
of one subject in it::; main a:;pccts. ~ive an indicatil)Jl of the way 
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I'RESlDEKTr:\L ADIJRES~'-SE(LlO~ B. 41) 

in which the diyi:-iion of the science has proceeded. It may bC' 
added that applied departments, which take their title fro111 the 
H gronp course " they teach, frNltlenth- appoint tlwir O\'v'l1 chemi5its 
separate from the ~lepartmellt .nf :hcmistry r,,:oncr. Thus ,the. 
Melliea\ Facultv 111 the UIlI\'('rl<;ty of Edm\mrgh ha~ l\l~t 
apnDinted ~ profes:;or of "!\f r(lical Cbcmi;-;try," whos(" dutv it 
\\I'ill pre~t1mab~y he tn arrallg'f' a COlllpact conrse specially 
arran,g-c(l fur medical reqt,irel11cnts. The eni\'er~it\" of G-lasgo\\' 
has ju"t neatcr! a rhair nf " Pll\'~i()ll)~i('a\ Chl'1l1i~tn':' ill which 
a section [)f chemi<;tn' will 1)(' tal1~ht as appl1ed to gC11l'ral Biolo;!\" 
-for ~tll(ICllts of mcdicine, purl' scicnce, and chemical tC'chnolo.lT\ . 

FaCl.dties of :\griCll1tul'r al~o ha\'e thr;r O\V!1 profc"sors of 
H AgTicultural Chemi,,,tr.\·,~' <1lld ill bi.g- \mericCln cenlre~ suh­
sections. ~L1ch as "soil cbemi.;tn'." il r1air~' c11E'mi . .;;try,'· and so 
forth. arr handled hy speciali~t lecturers, 

Thi5i reference to specialisation in chcmistn', ill direction..; 
other than suu-<;;,ertions of the pl1re sClenrC', brillR~ us to the 
second aspe~t 0 f the proce!"'s of fission. 

It will be qllite ()hvi()tI~ hy ·this time' that t~lere j" Ll(l :-IUCIl 

thing as the" Compleat C!](,1l1ist." The chemist has all Nature­
for his provi\1c~. and all I\~ature is too big a Illorsel for mortal 
man to chew. Fission is inherent in the nature of the science 
and cannot be avoided. and ",hen it g-cts down to ocd·rock it 
is the specialised man nO\\·L\.(bys \\'ho does the really scientiflC' 
work. 

Knowing this, it might be itllag;incd that the sciellce must 
of necessity (Jrift to a "pcciali-.l1tioll :;() intense that its own 
hroau problems suffcr neglect: tbat the individual worker cOlllcl 
m::ver remain broad enon,gh to vi<;ualisc the main outlines of 
~he practical application of his 0\\"\1 s11hject; that he would not 
see the \\'oud for the trees. This idea, however. is altogethcl 
erroneous, although it may perhaps havc something to uo with 
the pre-war Hriti,,,h idea that tile scientific specialist should be 
~ubordinatc to the !1l~n of .. broad" training', guaranteed to 
absorb the wood as a whole, {lllr} re~olutc1v refuse to believe in 
the existence of the trees; guarallleeu to fulfil the Euclidean con­
ception of a plane-length alld breadth without depth, It has 
taken a world-war to make the politico-legal mind realise that 
the very process of specialisatiol1 g't ves a fresh kind of breadth; . 
a capacity f()r focussing' details to a specific end, The English 
org-an ic chel11i:-;t~, mOtHlmaniacs moaning O\'er the cOT1:-;titutioll 
of the benzene ring-. cried in the wilderness for 40 years hefore 
their coul1try woke up to the ,fart that vital industrie~ turned 
lipon the question as to whether Kekllle, Claus, Ladenburg, or 
Armstrong, had been right ill their conjectures concerning the 
configuration of the aromatic nncleus. 111 the hour of tribula­
tion many men) "finding out" as 1folllton described Pope, 
"hm'v' in the extremely quiet and rlon1estic circle of crystah. 
the various molecules ,';at round the table," were called in to 
remedy the neglect of half a century, That, it may be added 
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so PRESIDENTIAL ADDRESS-SECTION n. 

parenthetically, is the modest even-tempered genius of English 
administration-the capacity to rectify her blunders at the 
cieventh hour ... even if she has to call an occasional \\'elsh­
l;~an or Scotchman to the re~cue! 

It must therefore (irn:specti, e of the parenthel\is!) he 
empbasi.sed that the movement towanls specialisation in chemistry 
is onl\' one side of the question of "broad outlines" and 
~'practicai propositions." 1 n the very process (If specialisation 
chemistry is widening- it::; sphere of lIsefulness, throwing out 
tCBtacles to grasp a whole range of subjects, which were for­
n:erly regarded as quite beyond the sphere of chemical' handling, 
and which even yet only the chemist recognises as belonging to 
his proper province. It is trite that it i:-; rapidly becoming fashion­
able for even' institution to have its" own chemist," but it is 
not so stlre t'hat every institution knows what to do with him 
,< .. hen it's got him. At the present moment administrative 
dtpartmental heads are in proce~, of c<ltching tartars-trouble­
some people who in:;;ist upon having a .• different kind" of 
breadth of outlook, and want to do things which look very un­
r('munerativl'. 

To illustrate the way ill which the hif.!hly specialised scienc~ 
throws out its tentacles to the other ~cjences and broadens the 
(Iutlook of civilisation. a fn\" COl1crete exampks may be taken. 
(loing first to the subject of Astronomy. which to the 11011-

!'cientific mind would appear to be as untainted of chemistry n~ 
could he (Icsired. a connecting link is at once provided by phy­
... ;cal chellli~try arHI it.~ ~pectroscope. by mcans of which it is 
\,ossihle to al1a'y~e substances which cannot be handled, bl1t 
from wbich ligh~ i~ availahle. and by means of which it is 
possibl4..-' to (to . ..:uch odd thillg~ a<:: calculate the speed of a star. 

\Vhen a beam of complex light is rassed through the prism 
of a spectroscope the light waves are differentially diffracted, 
~o that each wave-length can be examined separately. The 
r:mge of the rainbow colours in the visible ~pectrurn corresponds 
t(~ wave-lengths of one hltndrecl~thousandth part of an inch 
;n the ,-i(l!{'t £'\1<1. t() three hUIldn'd-thotlsandths of all inch at 
the red end, but since the range of wave-lengths capable of 
:dlecting ~ilvcr salts is \\'icler than that to which the human 
eye i!-\ sell~itivc. it is possible to photograph the u1tra-violet or 
j. invisible light." and so extend the range of spectroscopic 
analysis. Spectroscopic eX~l11ination of a substance may be 
(Ii rect, by its so-called •. emission spectrum," or indirect, by its 
so-C'a !Jed "absorption . ..;pectrun1," i.e., the spectrum obtained bv 
L".tlowillg light which flroduces a continuous spectnlm to pas's 
through the substance to be examined before entering the spectro­
scope. In the former case a series of spectral bands, of colour 
if the wave-lengths all fall within the range of the eye, is 
obtained. In the latter a series of black "absorption band~." 
characteristic of the substance, is produced. Each element, in 
the condition of vapour, has its o\\'n characteristic spectrum, 
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PRESIOENTIAL ADDRESS-SECTION n. 

and since the spectra of the known elem<:nts are known, it j" 
possible to identi fy the lines of characteristic elements present in 
bodies e!11itting- lig-ht of their own, or present in vapours through 
which light pas::;es. The delicacy of spectroscopic analysis is 
very grea-t, and it is possible, for instance. to detect one part of 
sodiul\l vapour in twenty thousand mi11ion parts of air. 

By turning the telescopic spectroscope on to the stars it has 
been ;..;howll that. although most of the \vell-known clement-; are 
there, sotne elements are present (unknown banos) wh ich have not 
yet been rtisco\'ered on the Earth. and have neVE'r heen handled ill 
our laboratories. The element Helium, which has recently 
become of great theoretical importance, and will be of great 
economic importance if it can be ohtained in sufficient quantity, 
was first detected in the sun and actually named before it was 
d~scovered on the Earth. By studying the absorption bands in 
the solar spectrum the atmosphere of the Sun has been studied, 
and the presence of about 40 terrestial elements discovered. 

By applying the telescopic spectroscope in another way it 
is possible to determine a "velocity" instead of a substance, 
and to determine the speed of stars moving in the line of sight. 
This is done hy accurately comparing- the position of certain 
lines produce<l by elements in the star with the position of the 
lines produced by the same elements in the neighbourhood of 
the spectroscope. Thlls, for instance, if the hyurogcn or iron 
line of a st:lr is nearer the violet end of the spectrum than it 
5hou1(1 be, the star is coming towards us; if nearer the ri:u end, 
the ~tar i~ travelling- a\vay from u:;. By photographing- stellar 
and terre_~trial spectra of the same clement on the same plate, 
and mea'\tlring the deviation with a microscope, it is possible to 
calcul<lte the approximate speecf at which Star and Earth are 
aprro~lching to. Of receding' frolll. each other. 

\\"hat i~<; really being done is to measure the frequency of the 
waves of light frolll the star, since the position of any line in 
thC' spectruill is conditioned by this. A rongh analogy which 
has been lIsed to explain the process to the lay mind, is offered 
by the cun~ideration of a person standing on the seashore \vith 
the waves breaking- over his feet at a steady rate-so many per 
minute _ I f he now \\'alks into the sea, he will encounter more 
\va\'e~ per minute, and the faster he moves the more frequentl}' 
will the waves appear to break over him. I f he then walks 
back to the shore, the waves will appear to come more slowly 
and fewer will break over him in any given time. In reality 
the \Va ves are coming at the same rate all the time, but by 
measuring the frequency with which they appear to come to him 
he could calculate the rate at which he was walking. ]n the 
S3me way, by measuring the deviation of frequency of the light 
Waves corning from a particular element in a star, from the 
known frequency on the Earth, or, in other words, measuring 
the displacement of its spectral lines, the speed of the star ill 
the line of sight can be calculated. 
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PRESIDENTIAL AIlDRE:-.s -SECTION D, 

It may be mentioned. as of local personal interest, that Dr. 
J ,unto of the Cape Observatory. i~ a chemist ttlrLled astronomer, 
lurec1 first by the connecting- link of t he ~pl·ctroSC()pc. :,,1 r. 
f-]. E. ""ood, of the Johanlleslmrg- Ohservatory. 011(' 01 oUt" 
vice-presidents last year. i<; a physici-.;;t turned astronorller. 

As an illustration of the application of C'helllistry to 
Geology, the work of van 't Hoff on the salt deposits at Stass­
f ort, Ea~t Prussia, may be cited, These s;'tlt beds, best known 
from their enOrmous economic importance as major source oJ 
the \'>or1<..l's supply of Potash. have Leen shown. largely by 
chemico-g-eological methods, to haye hf'cn formed hy tht· 
g-racitlal drying up of an inlalld sea, the \-arinLls "a1ts \11)\\' fl1tllld 
Leing deposited at varying temperature anel concentration in 
accordance with the laws governing ionic equilibrium ill solu~ 
tion. Van 't Hoff, from the elaborate data acquired in his work 
on the chemical comJJ()uncls occurring in the ~tassfort heds, was 
able to shmv that certain of these were only capable of simul­
tai1(~OUS deposition within narrow limits of temperature. Thus 
from the presPllre of Glauber's SC1.lt alHl .Astrakanite in the .;ame 
stratum, he could Jix the telllperatnre at which that stratl1m 
\vas lail1 clown as between .. t-.~oC and IR°C, ()ther sCll.,;tin: rL)m­
potlnds (Jefinw still narrower limits, in some ca~es giying- upper 
and lower ranges to within half a deg-ree, allll by skilful inter­
pretation of l'hemicfll dMa it became possible to determine very 
accurately the ilctua\ temperatures, aud nature of seasonal varia­
tion, under which the various strata ,-"('re deposited; thus afford­
il~g invaluable inform<ltiCJIl to the g'colog-ist ('OnCl:rnillK ('1l!1-

ditiol1s maintaining millions of years a~o. .c\..; f()r the 
present da~r. the ntilisation of these beds. \\'ith their output of 
thirteen million tons of potash salts per annum, demand~ the 
scrvices of tIle trained chemist at everv turn, \\illile the ramifi­
cations of the industries depen(lent upon them hring'~ in hi!:!,'hlv 
specialised sections of chemistry in all directions, Their use 
in agTicLllture has been associated with the lntc}Jing of pun' 
chemistry into" agricultural chemistry"-in which ('ol1Jlection it 
may be pointed out that far and away tIll' gre:lter p:lrt (If the 
basic work llDon which scientific a,g'ricultl1rc tnrns, is due to 
chemists and botanists who succumbed to the fission of their 
SClences. 

The development of Agricultural Science is ti)O long- a :-.wry to 
tell here, but the domin~nt part played by chemists is reflected 
in the personnel of institutions devoted to agricultural research, 
At Rothamsted. for instance, the succession of directors has been 
;1 succession of able chemists. That, in the opinion of com­
petent agricultural authorities, specialisation in applied sciences 
should still follo\\' the natural cleavage line of fission from the 
pure sciences, is clearly indicated by the reccnt " Memorandum 
on the Reconstruction of Agricultural Education in Eng-land 
and \Vales," published by the Agrcinltural Education Associa­
tion, Paragraph 65 rUIlS: 4/ For the 'scientific specialist J class 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

09
).



PRESIDENTIAL ADDRI~SS-SECTION n. 

o£ student we would recol~lmend the Honours Degree courses in 
pure science, rather than the agricultural degree course, as the 
normal avenue of approach to specialisation, \vith the addition 
of a post-graduate course in agricultural science. The agrictll-

,tural degree course may be made to serve as preliminary training 
lelT specialisation, thoug-h Hot as sa fi.r;fac.to ril.v, if supplemented 
for this purpose by a full post-graduate course of Honours' 
standard in pur~ science. One year's practical training on a 
farm is a most desirable part of the educ3tion of stlch a 
special i st." 

It may he added that for gen~raJ agriculturalists, sLIch as 
county advisers, non-specialised teacher~, and those following 
general agricll~tt1re as a profe!-;sion, the re\'erse mode of trluL'a­

. tion is regarded as satisfactory; a general diploma or degree 
course, embodying the general application~ of the sciences. 

'1'11 i~ em phas is on .. ptt re science fi rst." for t h<: re.~ed rch 
worker, is :I hopeful sign for education; is presumably made 
with the idea of inculcating- the method and pr£nciplcs of science 
before al1O\ving the stuoent mind to be fuddled in the cloud of 
empiricism, \\'hich of dire necessity i~ associated \\lith practice; 
the ::;peci/ic ()bjcct ill view lJC'ing- to enStlre a " :;ci<:>ntific" rather 
than ~ Ii rrofcssional " cast of thought. Each man to hi~ trade. 
In the pac;t. the progress of research bas sl1ffererl much from 
the methods of the Tacks of all Sciences, whose work too often 
was not sufficiently· fundamental to stand. the test of time. 

Agricultural chemistry is itself raridly undergoing fission 
into specialised sections connected dominantly with some one or 
other branch of a~rict1lturc. 

In re~ard to -the science of Physiology the points of con­
tact \vith chemistry, more particularly with physical chemistry, 

• are so numerous that one can hanUy venture to begin upon them. 
An the methods for the study of vital processes are either phy­
sical or chemic<tl at bottom, and indeed Huxley defined the posi­
tion of Physiological Science as 1/ midway between the 
phvsic{)-rheOlical ,mil the social ~cicnces." Physiology itself 
divides naturally into two sections, "general" and 1/ compara­
tive." The latter is largely a de~criptive science, dealing with 
the mechanism of living- structures, and merges into morphology 
and anatomy. General Physiology i~ much more fundamental, 
and deals with the way the mechanism works; deals more with 
the underlying- interpretation of physiological phenomen~. than 
with the ~imple oescription of functions. It is therefore the 
side upon which Chemistry most naturally joins forces. The 
borderline science of " Physiological Chemi~try " has been singu­
larly fruitful in recent years, and though its independent status 
is but recently acquired it now carries its own dfj>artment, and 
usually its own professorship, in progressive lmiversities. The 
somc\~'hat wi(ler term ,. Biochemi~try" is usually used as :-.ynolly­
motls with Ii Physiological Chcmistry,~' hut as the term signifies the 
" chemistry of life" its scope is so \I,ridc that still further fission 
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S4 PRESIDENTIAL ADDRESS-SECTION n. 

i~ under way. On the botanical side it is rapidly developing 
the independent off-shoot "Phytochemistry." The various 
branches of agricultural chemistry, except in so far as they are 
purely analytical, also come llnder the biochemical groUt), and 
r(~9uire a working knowledge of one or more of the biological 
sCiences. 

The science of Bacteriology, founde.a on a scientific basis 
Ly the famous French chemist Pasteur, is an off-shoot of 
chemistry which has long since attained its independ6nt status. 
and although still little marc than a fusion product of Chemistry 
and Botany in so far as pure Bacteriology, Agricultural Hac­
tnio'ogy, and Industrial Bacteriology, are concerned, its impor­
t~nce in human medicine has tended to associate it in the popular 
mind with Pathology. The general medical bacteriologist, how­
ever, is rarely a chemist, and sinle the days of Pasteur pure 
Bacteriology has suffered mtlch from too close an associatior. 
with Pathology. The modem Uniyersities are now separating the 
two subje(,ts. 

A new borderline betwcen Chemistry and Patholog-y is fast 
attaining importance. an(\ progre~sivc institutions, such as St. 
Thomas's Hospital in London, have independent le('turers on 
Chemical Pathol()gy. 

When: the chemist take" to ~1('rli('ine we ~et fresh border­
lines developeo; as in the ('a'\t' of Ehrlich, \I,,'ho \vas chemist 
first and tnedico afterwards, and did so much for the develop­
ment of immuno-chemistry. It is interesting to note that the 
famou!' "~ide-chain" theory of imnllll1ity is a direct allalog-y 
from organic chC'mistry, and that although it h;).s well served its 
day the future development of immuno-chemistry promises to 
turn on the chemistry of colloids. 

It may be added that Professor Ehrlich was also the pioneer 
in the new line of .. chemothera,pv," a borderline hetween 
chemistry and therapeutics. Since this is of popular as well as 
of purely scientific interest, an illustration may be taken of the 
e1timate fashion in which the discovery of new remedies in 
medicine depends upon combination of chemcial and physio­
logical knowlecig-e. .. ~alvarsall," "606," the notoriety of 
which has ~pread to the populace on account of i,ts 
use III curil1~ the social scourg-e of svphili", oilers one 
of the bc~t examples. The prohlem before Ehrlich. when 
hL' cmuarkerl upon hi::. researches, was to ohta in a Doi~ol1 
which, when 1n jected into the blood-stream, wouhl dest roy 
disease-producing org;allisms without affecting- the tissues of 
the bndv, i.e .. to prepare a sc/ccti'l.!{, drug. At first "ig-ht such 
:.r problem appear.s to be too complicated for solution, but the 
analogy of the dycillg vat came to the rescue. It was well known 
that certain dyes which would give a II fast ('olour" with silk 
would not do so with cottOll, and the same principle applied to 
the selective staining- of bacteria and tisslles, wa~ already giving­
fruitful results in biology. It was abo empirically known that 
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compounds of lvlercury were useful in the treatment of syphili5~ 
although the causal organism (Treponema. pa1lidum) of the 
disease had not yet been discovered. Unfortunately, however, 
Mercury compounds could not be used in adequate amount 
owing to their poisonous action on the patient, and the problem 
became one of getting- the mercury into a dye-like compound. 
which would be "electively fixed by the organism without kill­
ing the patient; in other \ .. 'ords, to "cover J, the mercury with 
chemical groupings for which the causal organisms had a .;;pecial 
affinity, but for which the tissues of the body had not. It was 
soon found, however, that dye-mercury compounds were unstable 
in the body. and that the mercury was too easily set free again 
in a form poisonous for the subject. The next problem was to 
hnd a substitute for mercur). which coula be effectively 
4/ covered" in such a way as to combine a harmless grouping for 
which the disease organism had some special affinity, \vith a 
toxic group which woukl kill it. The element arsellic seemed 
promising". and Ehrlich. in colloboration with others, finaliy 
succeeded in preparing the compound " Salvarsan," the chemical 
name for which is .1: ,f -diamino-4: 4'--dihydroxyarsenoben­
zene-dihydrochloride. Only the expert chemist can reali,;;e the 
enormous amount of labour and ingenuity expended in the re­
search which culminated so brilliantly; involving, as it did, the 
devising of methods for s~Tnthcsising- lInkno\'v'1l organic dcriva­
(ves of arsenic, and the elaborate testing of the new compounds. 
flut some idea of the lahour involved is indicated by its 
l;>.boratory nick-name "606 "-success came only after the six 
hundred and sixth compouno was prepared. Further researches, 
aiong similar lines. for specifics against hacteria. spirorh<etes. 
and trypanosomes, are 110W in progress al1 over the world, and 
i~ seems probable that a new era has been heralded ill the long 
combat against disease. But the practitioner must not expect 
immediate results. The number of compounds of the class 
under consideration is rapidly g-oing tip into the thotlsands, but 
the chase is a lOl1R" one. One of the most recent de-rivath·es. 
" l\.fargot" or " 102," is a complex organic compound of ar5~nicJ 
antimony, and silver, and is claimed to be superior to Salvarsan 
for the treatment of Syphilis. As the connection between 
chemical constitution ;\,nd physiological action becomes gradually 
worked out by the pure sciences, fresh lines of application to 
medicine will suggest themselves. 

It would take us too far off the main track of tht' ramifica­
toin5 of chemistry to f;D into other subdivisions of the horderline 
science of biochemistry. 

On the industrial side. it may be mentioned that subject~ 
sllch as Brewing are clominantly biochemical, and that the 
d;rector of the school of Brewing in the University of Birming­
ham is a biochemist of the first order. who has turned out work 
of fundamental interest to the science. In Birmingham Univer­
sity a diploma in Bre\vin~ i~ granted to students taking a thrce-

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

09
).



PRESIDE~TIAL ADD~ESS-SEC'fION H. 

year C011f~e, while a degree course ill the Biochemistry of Fer­
mentation is r>rovided for students who intend to devote them­
selves to the upper reaches of thrir subject. It may he added 
that the whole progress of brewing. from the time of Pasteur 
onwards, has been a chemist's progress. 

In regard to the industrial ramifications of chemistry. space 
forbids further mention, Suffice it that there is no industry into 
which the chemist has 110t penetr'lted~ and many industries depend 
lor their whole existence upon some basic chemical 4iscovery 
or continued chemical control. Thus the developmcnt of the 
whole mining industry of the \Vitwatersrand. ancl the very 
coming into existence of the city of Johannesburg, was con­
ditioned by ~ laboratory observation made originally by a pure 
chemist, and developed ~y a mineralogical chemist-who, it may 
be added, did not get enough Ollt of his patent to enahle him 
to abandon his practice. The cyanide process for the extraction 
of gold from low-grade ores and tailings makes just that 
difference between profitab~e and unprofitable production of gold 
in South Africa, and without it the illdustr;e~ of the \Vit\\"aters­
rand wouj(L never llavt:' reached their present de\·elopmcnt. 

In the application of his science to the imlll~tries the 
chel1li~t ha..; three lille~ of acti\'itv. He Ill;}\' be asked to control 
the technical a<:pect~ of the inclt;"try entirely, owing- to the fact 
that the\, arc so domin;tnth' chemical a~ to make U fool-proof .. 
methods- illlpos:-;ibk of ;lp~)licati{)n. (.lr he mav be asked to 
step in and subject all existin~ empirical proce"s to scientific 
study. and devise methods \\'herrby it may be improved. Or he 
may be asked to discover -a totally ncw method of carrying out 
5C,tlle desired operation, the need for which is obvious, and upon 
v,hic.h all industry is to be built up. Of this last ]inc we mav 
t2.ke as examples the problem of the commercial utilisation of 
atmospheric nitrogen, and of the preparation of synthetic ruhber. 
The atmospheric nitrog-en problem was still in the han os of the 
tbcorists 18 years ago. :\t the present day it has been solyed 
ill several different ways, and millions of pounds worth of 
nitrate and ammoniullI compounds are produced per annum. 
1 Tad it not been for the processes discovered shortly before the 
war Germany would have been beaten before" H)IS was out. since 
she \vas c()lIlpleteb' Cllt off frol11 the lIatural sources of nitrogen 
previot1!'ly used for explosives. In tbis connection the words 
uf Lord .\Ioulton at the last annual dinner of the Chemical 
Society ill London, are of interest:-

" Few people, I think, realised the extent to which this \var 
was based on chemists and chemical progress. There is not 
the slightest doubt that the do,g-s of war were held in leash until 
the completion of those great installations which produced 
ammonia by the Haber process. Germany was wise enough to 
realise that she must not be cut off from her nitrates unless she 
could prodnce at home ammonia in the vast quantities required 
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for the nitric acid for explo~ives, and she waited until the 
magnificent installations were completed by which she could 
attain thi" en<1. That W,I.', no1 al1. The (~eflmll)S knew that 
this \\"ar ,,,"ould be a war on an enormous scale, utterly deceived 
as they were as to the length of time eluring \vhich it \\lould 
last, and they looked to the large chemical installations for the 
n:an ttfact LI re 0 f <.h·cs and other chemical products to be the 
source of the ll1tllltliOIlS ncces-;ary to carryon the war." 

But the fact that the so1ution of the problem of fixation of 
atmospheric Ilitrngell malIc war possihle for the Central Po\\'er~ 
must nut oe allowed undue prominence. The problem \Vas not 
solved \'lith that end in vic\'l. Hather lc~ tiS hope that chemistry 
will makE' war altogether imllo-c,siiJle before another war-hroth ha.; 
time to l)1"(~w. i1lld dwell llpun the other ~irle of the pictllre of 
nitrogen-fixatioll: turn our eyes rather to spectacles like that 
of Saahei1l1 in Norwav, which was tr~l.1lsformed from a little 
village of 50 poverty-stricken farmers ill I903 into a prosperotls 
town of six thousand inhaoitants in' I()I.~. Britain alone im­
ported one and a 118.1£ million pounds \\"orth of Chili nitrate per 
annum in time'S of peace. and used still more nitrogen in other 
forms-hcr~elf prod<lcing nearlv half a mil~ion ton, of am-
1l10niuIl1 sulpil;lte per annulll from coal. 

The peacef ttl operation uf fertilising the soil is une 0 f the 
brgest nutlets for combined nitrogen, and the significance for 
the ,,·orld of the conversion of "air ~nd water-power)J into 
nitrate is incalculable. 

Tile second illustration we have selected of the importanct' 
of H Industrial Chemistry," concerns the future. The labours 
of the pure org-anic chemists on the synthesis of rubber are not 
yet over, as the applications for patents show, but synthetic 
rubber has been produced by several methods, such as the action 
of Sodium Oil the h"clrocarbons Isoprene and Rutadiene. The 
starting- point for the prep~ration of Butadiene j" HUlyl Alrohol 
which in turn is produced from Starch by the action of a 
microorganism-another lea f which can be added to the laurel­
wreath of Biochemistry. One of the other products of the same 
fermentation of <;;tarch is .\cetone. a so~\·ent 111uch t1sC'cl in the 
making- of explo~i\le". and for which Dritain was in temporary 
desperati(~n ,horth after the outbreak of war. To the glory 
of our :-\ciellce that d~<;;,p~rati()n ,,"as only temporary. 

But the peaceful production of rtlbber from" potatoes and 
salt J, is 110t yet ,\ rOl111lJcrciai proposition. The rubber is superior 
in some respects to natural rubber, but the techn ical difficulties 
if! the way of the s)'nthdic proccs') are still too great to allow 
of COllll\lc\'ci~1 ~lIc.l'eS~, ~o that the sha.reholuers in rubber plan­
tations need have uo im1l1ediate fear of bankruptcy. Fortu­
n;:ltely for them, scil'lltiflc research takes time, and the cheap 
synthetic rubber \\'hich is destined to pave our city streets, is 
likely to COIlle' Cln to the market so slowly as to give ample time 
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for the plantation areas to turn to providin~ nutriment for tho.:;e 
tramping over the synthetic enemy. 

So much, then, for the ramifications of chemistr~·. that most 
basic of sciences (pace sister Physics and brother Mathematics) I 
pursued for her own sake bv the punclit. cultivated for ll1terior 
motives by the worlclly-minded (pace all sensible people): life· 
time study for her devotees, first-year nuisance for the practis­
ing professions (pace Mr. Doctorman. member not of the 
"oldest profession in the world,>! bl1t of the one with the 
strongest trade-union). ' 

These ramifications of the sC'ience have only been touched 
upon, but should suffice to shO\v the fashion in which the pure 
science is throwing out tentacles to other sciences; itself suffer­
ing fission and then conjugation; narrowing by specialisation and 
widening by encroachment. On the one side the science has an 
Octopus aspect; on the other it suggests the primordial proto­
plasm of the evolutionary tree. It must have been the Octopus 
aspect which appalled Mr. \Varington Smythe when. in a witty 
comment upon Dr. Juritz's presidential actclrcss last year. he 
m.urmured, H \Vhat a miserable worm even one of us who is 110t 
a chemist must feel!" Rut it is the protoplasmic actjvit~- of the 
science which concerns the wor1d. 

I t has heen shown that specialisation in Chemistry is in­
evitable; that there is no SUC:l thing- (l" the" cO!11'lie(lt eh\ \11\ ~t ., 
as there was a century ago, when al1 that \Va:::. known conld come 
within the compass of a sing-Ie hraitl. and the principle" invo1ved 
were easily ~raspecl. 

Remains then the que"tioll of how to eclucate the speci;11i~ts. 
In the past this qnestion has heen allowed to settle itsdf. and 
the borderlines of sciences were left to individual enterprise. 
The exponent of one sci('nce was left to overlap into another· 
£!s curiosity. fate, or gambling instinct, led. 

The pure chemist passeo into appJieu chemistry by fol1mving 
a point df conta~t with another science. and then becoming a 
n~aster of the new field. One of the foremost ag-ricultttral 
chemists of the present day was a pure chemist. who became 
interested in the borderline by the cultivation of roses. Other 
agricultural chemists, men who have huilt lip the scie1lce. are 
such hy cIecree of fate; happened to get jobs which brotlg>t 
them into contact with ag-riclIlture, and compelled the acquiring 
of the requisite knowledge of that subject. 

In the Industries the pure chemist of the o~der :;ent;ratiol} 
~uffered metamorphosis into the inclllstrial chemist hy the 
pecessity for grasping the essentials of an indtl'itry which he 
\vas callecl upon to he I p. Very 0 ften dowa rig-h t eu pi d i tv was 
the motive power, and cases are not Ullcommon of a ptlre chemist 
patenting an idea and then turning- manufacturer in order to 
exploit it. In transition he had frequently to develop into a 
very presentable enRrneer. Sometimes the hyhrici re-'"'1l1ted from 
the manufacturer turtling- chemist, but this was Ie"s {r('quellt 
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owing- to the hasic nature of chemistry it self, and was .~e\\erally 
only successful \vhen the chemistry demanded was of a com­
paratively simplc order. One can, for instancc, hardly imagine 
a man u fact tt rer 0 f rtl bber goods tUrn ing; chemist and d iscover~ 
ing synthetic rubher. whcreas it requires no stretch of imagina­
tion at all to vlsualise the chemist switching from the small scale 
to the large scale and tnrning' manufacturer. Our modern 
millionaire chemists, like Sir George Bcilby, arc examples. 

The chcl11ist:- who crossed the borderlinc, not into industry 
but into other pure sciences, were mcn actuated chieflv by the 
simple love of research. an(l who saw there profitable fields for 
fre~h discovery and "scientific reputation." A borderline 
science" in process of becoming" i" always a fruitful field f(lr 
the enquiring spirit. tired of the beaten track, and relatively 
careless of J,!ain. And of sltch is the Kingdom of Science. 
Fortunately for the world 's progre~s. man's rise from the beasts 

,has bred a big sprinkling. who care more for high thinking than 
high living-, and who are satistled \\iith a competency and an 
intellectual life. For the benefit of our national allmini:.;trators 
let .us hasten to emphasise that there is no fundamenta1 i11com­
p&ltibility between hig-h thinking and high 1iving; that the world's 
masterpiel'e~ 0 f art wen' paintcd un I)ork-chop . .;, and that eVlm 
the purest of scientific palates can appreciate a little sherry in 
the trifle! 

In the borelcr-lines between two pure sciences it frequelltly 
happened that men camc over into the new territory from both 
sirles. Thu~ in that branch of Biochcmistry which lic" at the 
j l111ction of Chcmi:,try and Physiology. and is still voung-, chemists 
have ~()Ile over into Phy~iolog'Y, and physiologists come ovcr 
into Chemistry; becoming thcn "Physiological Chemists 'J nr 
"Chemical Physiologists,"' accorcling to their startil1g-points or 
their bias. Alt~lOUg-h the investigatin~ temperament is not nne 
which dC"pends 1.1p01l it~ past academic education ior it..; knowledge 
throtlg-bout life, 'but is stuflcnt all it~ uay:-;, it is still tnlt: that the 
early bias tends to reflcct itself in all the subsequcnt work of t!te 
investigator, and early training" i~ a malter of no small importance. 

The best work is frefluently accomplished by collaboration 
between different investigators crossing into the same tcrritory 
from different sciences. Each then bring'S the SlJ.>cclalis.cd 
technique, i(ka~. and cast of mind. characteristic of his own 
science. SOtLn(l cnl1ahoration between equals is the best way 
of developing lie\\, sciences or of applying old sciences to new 
problems. The \'ery prejucliccs of cach science call thcll be 
turned to accotlnt- flint striking on flint gcnerating the sparks of 

"truth. 
So 1ong', thcn. as any science is in its infancy. it can only 

~1.ve one mode of <lcve-lo·pment-fission from existing sciences. 
Orthodox training- is not yet pro\'icled. anel the science is 
dependent wholly upon private enterprise; upon" ,foreign 
adventurers," of whom any country may be justly pronu. As 
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~OO\lJ however, as development is advanced, and the oemand for 
~tuoents (}f the new science is created, it is possible to arrange 
specifically for their training-, and to offer one or more definite 
profe~siotlal courses for the comin[!' generation. This is \\"hat 
has happened in the ca~e of the hest..,known "orthodox" 
professions and professional applied sciences. Time was when 
the apothecary pJied the bleedil1g--cllp amI saw,· and wa." physician 
and surgeon of his day. That day is long- past, and once the 
medical profession establi::;hed itself, al10 arrang-ed its profes~ional 
training-, it soon succeeded, in virtue of the supreme i\11fportanc~' 
attached bv even the highest in the land to their own skins. in 
forming a "c\oseo ring- and keeping out the laymall. Time also 
was \'\Then the veterinarian \vas the local farrier. That time, 
too. is gone. althoogh it j" onl\' within rerent years th<\t the 
railing- ha.;;; won into the rank!' of the clearly rlennl'd professions 
and claimed its kll ig-hti1ood.:. for services rendered to the COn1-

mtmity. The passing- ()f ,. general practicr " ~nrl the increa~ing 
"ignificanrc of th(" \"('ter;n;lrian ill matters of " State Hy,giene." i .... 
hringing the profeo;siol1 dailv into greater promi1lence. It hrl.o; a 
dearly defineo fOllr vcar." ('ollc["e trainill.~ for ciiplol11a purpose", 
;tn\" ~pccia\isert trll.ining which the more scicntifically"-mindeo are 
rli~flO,,('r1 ~o lI11d("ft;).ke h('iL1[r If'ft to the science facu1tie, of other 
illst'i1I1tinl1'-. f\r til 1)".;;t (Tradllatc ;;;tl1(\\' 

So also with rientistf',!. a profession ,,"l1ic11 i~ fa,t passing 
Ollt of the hands of the mere1" muscular into the hands of 
qualified and scielltiflcall~r trained men" 

So also with other orthodox catting-so As soon ~s the demanrl 
for a stereotyped general tr~inin.~ becomes gTcat enollgh. it is 
met by org-aniserl te-aching institutions. lndu:-trial Chemistry and 
Chemical Engineering now Lclong to that group. The Charlotten­
burg Institute in Herlin offers a ~even years' COl1r . .;e (D.Ing-.) ill 

Illdustrial Chemistry. Most of the British technical Institutions 
offer a four years' course, leaving- the student to develop his pro~ 
fcssion further ill actl1al rrmtact with tht' particular industry into 
which he passes, or to nndertake specialisation by post-graduate 
sluoy. 

The practising profe,;;;sioll of "Analytical Chemistry," and 
the variolls requirements of the" consulting chemist," arc like­
wise Illet by orthodox curricula. In the nature of the profession, 
however. the analytical chemi~t tends to rapio specialisation. ;lncl 
tHs is rec-ognisf'ri lw the [nstitnte of Chemistry, \'.'hieh, although 
it den!J.llds a soul 1d knowledge of general chemistry in its Lnter~ 
mediate examination. allows of specialisation in its final, and 
demands spf'rial knowledge of one of seven grol1ps: (Q) 1finerat 
Che]11i~try. (b) \letallurgica\ Chemistry. (c) Physical Chemis­
try, Cd) Organic Chemistry, (e) Chemistry and }ficroscopy of 
Food and Drugs, Fertilisers ancl Feeding 5:tt1ff~, ~oil", \Vatcr. etc.; 
including the chemical-legal aspects of the group, (f) Diological 
Chemistry and ilacteriology. (g) Chemical Technology. 

Analytical Chemistry can, of course, be treated as a separate 
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science, uut a~ a practi~ing profession it is more orthodox. and 
serve~ .'iome (1cfillite social function or some dcflllCd State purpose, 
like the calling of the lln~pecialised medical practitioller. Unlike 
medicine, unfortunately, its major activities are 110t a matter of 
human Ii fe and death, and it is, therefore, much more difficult to 
exclude the 'I quack" The sphere of the analyq is too wide to 
allow of State ~perifi('ation of his flJnction~. The State cannot 
interfere with a It fellow who "'ant.e; to analyse things," or with 
one who fancies hilll:;dC as a consulting chemist. AU it can do 
j~ to take care that he j, 110t allo,,,-cd to do State \\-'ork without 
rccog-niscd fJuaiillcatiol1s. This it dues dn -Covernment, County, 
and ~:rullicipal .'\llalysts, 1l111~t all be mell of r~c()gllisecl :-:.tatl1:;. The 
same course of procedurc i~ adopted with members of other prac­
tising- prof('ssiollS. the malpractice of which ollly incidentally 
endangers human life: the electrical engineer. the n~l.\·al architect, 
the practitioner of any other g-roup of applic/J sl'icnC('~. ~iJll't' there 
is no nced for the law of the land to guard slIch J-lrofession,~ 
against a charge of homicide. the community is left to look after 
its own interests and protect itsel f ag-ainst CJuackery by the exer­
C7se of its o,,,n C0l111110n !'ensc. All the law call do is to :ope-cify 
that no man c.hall ~tvle himself th"at which he is not, but in the 
nature of things it is not easy to interfere with the lihe-rty of 
the sllbject ill calling himself names. 

The problem has to be faced. however, and if the public is 
ie, be protectEd £lgainsl the quack, some Droce~s of legislative 
interference with this libertv will have to be dcvised. The ques­
tion is partly a mattcr for legislative action and partly a matter 
for organisation aloJl£, trade l1nion lines. 

The established professions are thus fairly well looked after 
in re~ard to the training available for youthful aspirants to their 
service. A regulation academic course is provided, and the 
rnatriculatecl student knows exactly what he has to d~o a hllm­
C!rum rat-ra t tl1rough the curric.ulum. taking the ordinary precau­
t:on~ against getting" ploughed." Provided the career offered is 
~t1fficient1y respect;} bIe, and sufficiently remunerative to outrival 
the boyish fancy for brick-laying or engine-driving, there will be 
no dearth of trained men; and if a sufficient numher of pro­
fessional plums are within reach, there will Le the neccssary 
incentive to ability and energy. The rising tide of students at 
the Univcrsities, backed hy the free education of the secondary 
schools, will sec to it that anythjn~ decent and anything orthodox 
does not lack recruits. 

There is, of coursc, scope for improvement in aU orthodox 
c\1rricula-vast scopc. But the need for impro,,"ement and the 
direction it should take, are usually easy to recognise. Otherwi~e 
ig it with the more specialised workgr who hopes to devote his 
I:fe to research; more markedly otherwi~e when his research takcs 
him to the borcier-lincs of his science; and yet morc markedly 
(,therwisc when his science is the fundamental one of Chemistry 
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If he is to be a ~reciali5t his training ill his main sUhject 
must be fairly prolongeel. The major portion of the time other­
wise spent in training for an orthodox professional career must 
be spent in a more intense concentration on the subject in which 
he afterwards hopes to do rE'scarch, and more particularly in 
the time-consuming task of acquiring ., practical technique." 
L"nless hi.:; training- is to be l1nouly prolonged his ,. cognate 
subjects 'J must he well cho~en, so as to bear ltpon the prospectiyc 
border-line. and he must select ~ome unorthodox curriculum for 
himsel f. Since this is a sporting- procedure, and demalld~ a 
stronger indi\·iduality. or at lea'>t a morc impelling- if1divieiual 
taste, the number of men consciously taking to borcler-linc 
sciences will remain few. unless some definite career is ()ffered 
In' which consciousness is aroused. A." a rule, this incentive 
i~ absent. since border-line srecialisation precedes its OWll puhlic 
recognition. and remunerative occupation therein is "chancey." 
As sonn, of course, a~ the Ixwder-line is roughly mapped out bv 
inquisitive spirit" from the pure sr;ellces, the economic pos"ibilitie::; 
of the new territory become apparent. But the territory remains 
irr:pcrfectly exploited until it is in the position t<) offer a career 
tl) the ,. honest hoclmen of science," whose labour i.-; so necessary 
to develop it. 

The fir~t exp~oratioll mar demrwu g-e!lius of the hi~he.~t 
order; such ,g'enilt~ a~ on1\- arpe:\r~ at intervals ill thc history of 
~ience. But the deve~opil1g- of the new scientiflc territory 
demand~ a host of (lrdillar~·. preselltable, well-trained hrain~ and 
capahle hands. 

The prohlem of the dc\"('lnpmellt of the horder-lines of 
a science, is therefore th rcc-fold. 

First :l.1lc1 forcmost. the purelv scientific worker with no 
utilitarian end in view must be encourageci. Since his end i"i 
not utilitarian, hut his nutritional neros none the less pressing 
for that. he mnst either side-track himself in seeking nutriment 
itt ways alien to his work. in sllbsidiary IIncong-enial tasks a" the 
price of hi~ researches: or he must depend upon private or State 
endowment. The search for truth for its o\vn sake has heen 
h<1rnpered through all the ages h\" the unfortunate c;rCtll11stance 
that the most earnc3t set'ker a fter truth ha.~ ~ot a .-:tomach. 
Private endowment of pure rec;e;\rch has done l1111ch for prog-ress, 
e.'pecially in America. whe.re it i" nnw fashionanle for industrial 
millionaires to return part of their ~ooils to strengthen the ladder 
hv \vhich they climbed; as witness Rockefeller. But any nation 
which relies lIpon private enterprise for encouraging nOTl­
utilitarian \vork is destined to disaster: is, at an\, rate, an ass. 
There must be national endowment of pure research, of the pursuit 
of knowledge for its own sake, ann copious endowment at that. 
Pure research is the basis upon which the superstructure of 
economic progress is built. 

Secondly. but not less important, there must he prov; "ion for 
the band of workers who commence to carry the data of pure 
~c[ence into fields where it may find its economic application: 
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PRESIDENTIAL ADDR,ESS-SECTION B. 

who commellce to aJ-)ply the science, and carry out research in 
the zolle hetween abstract truth and downright utility. These 
are the pioneers of the profession to follow. This phase of 
the development, also, can not safely be left to look after itself, 
since ill its early stag-es it must suffer from many failures, and 
can offer no aSsurance of a li\'elihooci. It will Ilot attract those 
U tn search of a career," ami will therefore suffer neg-leet. It is 
a phase of development \vhich is highly specialised, hut which 
has not yet obtained full recognition. It is still" pure science" 
-pure science doing- its hest to get itself applied, State endow­
ment ie; imperative. either direct in the form of g-rants to Univer­
sities for" research fello\vships" and" research professorships," 
or indirect by encourag-ernellt of such work in State institutions of 
a scientific character. This latter method is important, anci 
should not be overlooked, since such institutions are usually well 
off for ap[1aratus a,nd material for resea rch, and it costs hut little 
to encourag-e "human quality." 

Thirdly comes the every-day application of the results and 
methods to utilitarian ends. The new science finds its feet, 
tlemonstrates its utility to the /. layest ,. of minds. and is nn lon,Qer 
so depencient upon endowment. It i.;; sLlf-supporting-. obviously 
adds to the wealth or well-being- of the world, ann provides 
careCrs for whomsoever carcs to take it up. The tools are 
there, the lines of application mapped out, and the journeyman 
can do the rest. The aprlied science pa.-.ses over into a trade. 
If Britain h4 c1 spent a triAe in encotlrag-illg- pure scientific research 
half a century ago, she would have sa\'e<1 herself the ignominv 
of having- to spoon-feed her industries to-day. 

It must never be lost .:;;ig-ht of that the purely scientific 
investigator lay" the foundation-stones for the superstrIlcture. 
Science cannot he applied until there is science to apply, and 
the ~enesis nf science is ahvays pure in the sense that each link in 
the chain of dcvelopment must be forged inrlependently of allv 
pur[1ose to which the whole chain ma~Y finally be put. As Huxle}' 
put it "\Vhat people call Applied Science is nothing- but the 

. application of Pure Science to particular c1a<;ses of prohlems." 
But Applied Science is something anyonc can uncierstand. 

since it touches evcr,v-dav experiellcc. and there is a dan.~er that 
aoplico science will be endowed to the detriment of pore science 
The aims of the pure researcher are not so easy to g-rasp, for 
the \Oer}' training- in "cienee tenns t() exalt the idea of knowledg-e 
for it..., o\\'n sake, anrl shell a halo rouno an hypothesis. It is. 
perhaDs. llnt cas\' fllr the utilitarian to realise the g-low of 
satidaction which !-'uffuses the mind of the invcsti~ator when he 
feels that his work has opened up a fresh line of thought, or added 
some cardinal piece of trllth to the body of human knowlecig-e, or 
pricked some current fallacy, The glol}.· is not so very much 
more inten"e when the work ol)\'iouslv has an immediate practical 
application-at anv rate. he can glm .. ; quite satisfactorily without 
that! N ()Ile the less, it is verv much to the interest of even the 
most pure-minded investigator -if he keeps an open eye upon any 
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PRESIDENTIAL A[)DRE:-iS-SgCTIO~ 13. 

immediate practical applications. It so hapJ}ens. hoWt'\,er, that 
the g-reate~t uisc()veries arc made with no eve to their immediate 
tlsefulnrss. vVhen Faraday called his \\'ite into his laboratory 
to shO\v her the first tny prog-cnitnr of the modern electro mntor, 
hi~ enthusiasm '.vas n·:)t c1i~tt1r1)cd by any considerations 
cOl\cernill~ the practical \'aluc of hi~ di"covcrv-he never made 
a ccnt out of it. anywa\', thoLlg-h the brains which de\'clopC'd hi,,; 
\,jsiolls \Vcr(' llluch inferi(lr tl) hi..; own. The man of affair:, is apt 
to take the prodllctic1Il 1)[ Sflme Yalu;].hlc new product. by the 
applicatio1l of well-worn prill('iples, as a j( triumph or science," 
hut it is not for stich tritlll1pil~ th:lt tl1C' ~cientific societies bestow 
their honClllrs. Thl' worker who i" hnllotlrecl hy his colleaRllcs 
i" the OIH' \\'],0 widen..; t~l(, h()riznn of trtlth and kno\\'ledg-e. 

It jt.; sincereh- tn he hoped that the admil1i~trat()r:; and 
:-;tate"lllt>l1 \\"110 g-uide our national dcstinit>s. no\\' that thc.\' have 
,,"akened to the need fnr ~ci('ntific research, \vill not fall into the 
trap of cllcollraging only thl' "applied :-:ciences" whose imme­
diate utility t1](.y can g-ra..;p. hut \\"i11 be far-:;;ightcd ('nough also 
to eIlCOl1rag'C' science ill the ah,tract, pure and una\1oyed. To 
1h(,111 may he COtlllllClHlcc\ ;\ ~tudy of the history of science. It 
{'an never be pre<licte(l ho\\' ,ocm all ah"tract laboratory observa· 
tion \\'ill develop enorJl1Oll~ ec()nomic importance. One of the 
[Post :-;triking iJlstancc~ of tllis i~ provided bv the TIertzian elec­
tric \\'a\'('~, \\'hich \\'CI"(' referred to in the first edition of Karl 
Pcarso[1\ " (;ra11lI11ar of ~cienc('." as of no practical application, 
hut \\'hich wC're ll..;;ed for \\"ir<:lc~s telegraphy! hy :\far~'oni before 
th(' ~ccol1d edition had appeared, nt1t before IIertz came 
Crooke~. and bcfnrc him TTittorf, Ceislcr, 1Iax\\·dl. Dc Ia Rue, 
rig-ht hac!..: to Faraday, a1\ ~tlldyillg the electric discharge for it.; 
OWIl ~ak('; each ad\'anl'ill~ his :-.cien«(' step by . ..;tep aloll~ it.s 
ll)g-ical line ()f devel()pmcnt with no inkling of the flltuT(' economic 
..;jgnitlGlllc(' of hi.s Iahol1r. That i" the history of science. As 
I lope said of Lehlanc and Faraday: " It i.s impo.ssible to ('a\cu" 
1(1te the capitalised value ()f the alkali industry founded by 
I.~b\anc. who cnm1llitte(l ~t1icide ()\ving to poverty, or of the 
chemical inuustries based 011 the \\'ork of l\Iichad Faraday. \vho 
('lIded his days in comparative comfort on a Civil Li~t pension." 

TIl(' a{\ministrators who control the money-hag's 11111st not 
I\~,k to SC'(, their money's worth before they spend the money, 
Scientific d1.~covery o[ any vital kind can not be made to orner, 
aithough to a certain extent the re~ults of scicntitlc research can 
c[,sily be applied to order. nut science in the abstract must come 
first awl f()rl'm()~t. ~ci(,lltiilc Education and Applied SLiencc 
must run parallel. For the nations which spend most freely in 
~'Lientific ed11catinn and research, can b(~ prophesied the g-reaiest 
('\~on01l1ic pro . .;perity. 
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