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Be hundred yoars of existense of the Ehaffield Solentifie
Seheol of Tale University have witnessed the trameition of ohemistyy
from sn ssventially empirical asd deseriptive selenes %0 a largely
exact and thesretionl ons. Ume hunired years age the propersies of
neny chonisal substances kel Yoo investigated, the 4ifference betwesn
elemsats and csmpomis had Desa recegaised, analytiesl chexistyy hat
Boon develeped o such an exient as ¢ s a reliadle $00l, many methods
of syathesis of imerganic snd organic substances had Deen discovered,
snd the foundations had been lald for an extensive shemioal industry.

However, at that time, im 1847, the correst atemic weighis of the

elements had not yet deen generally sseepted, 3o that the formula of
water was still written ae N0 by many chenists. The idea of valenes
had not yet Desh fermlated--it was not wntil five years lster that
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the statement vas Firet mads (by ¥. Prankland in Mngland ) that atoms
have s dsfinite ssmbining pewer, vhich determines the formalas of com
pounds. The first strustural formulas for moleoules were not drswm
wntil 18358, when Archibald 3. Couper imtreduced the idss of the valenes
Bend; 1n the dame yesr August Kekule, in Germeny, showed that sarben
is quadrivalent. During the next half mﬁ%w vory rapidly,
%o decome the great scisnce--and powerful ars--that {4 nov is.

Bere in Nov Haven, whers Josish Willard 01%0s was dera, studied,
worked, and died, I mfrflutnh the progress of chemical science
4uring the past 100 years Jewt W discussing chemical thermedynamies,
the field of science that, ia the werds o¢f Wilhelm Ostwald, was
founded by Oibbe. In LNT J. Willard 040bs was & bey ofhs yeaye: odd.
The first lav of thermedynsmics--ths law ¢f comservasion of energy--
hai 2ot yot deen accepted by physicists, although Joule had recently
made his determisation of the mechanisal equivalent of hest. It was
2ot wmtil a year later, ia 184S, thet Eerman Helmbolss recognised Wl
the importance of Joule's werk and fellewed ite implieations Shrough
various predlems in chemistry, physics, and biclogy. The second law
of thermodynmuies hat Besn formulated by 5. Carmet, im 1824, dut 1t vas
not uatil 1851 that Xerd Kelviz and Olausivg somdimed 1t with the firet
lav to produce the preseat science of thermodynamios, in its application
to physical phonemena. Then in the peried detwesn 1873 and 1378
Villard 81%hs pudlished his great papers dealing with the spplication of
thermodynamios %o chemieal phenomena. Gidtds' werk put the ssiencs of
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chenisal thermedysamice in nearly iss finsl fewm; sRly ons myre great
diseovery remainsd 0 Yo made--that of the third law of thernodynanios,
W ¥ . Sewnst at the bagisaing of the tweatieth ssatury.

et ws eenirast the knovledge adout a chemioal resction aveile
alle in 14T with that in 1947, In 1847 & reactien invelving the conm-
vorsien of certain resciant substances tnte certain products, such as
Miregen and hydregen inte ssmonia, eould be dissuseed enly to the extent
that direst experimantal information obsained W odserving the resstion
1%s0lf was at hand. Omly if the reactants Mad actually been shesrved to
condine 4o form the produsts oenld it de sald %0 de 2 possidle chemical
yoastion. The amewnt of heat evolved or ahsorted during the resction
would have been knwwn enly if the resction had astually taken plase,
and. the heat evelution or adeerpitien Rad desa measured. e guestion of
increasing the yisld of the preduct ceuld not heve deew diseussed at all--
there wvas 2o knevledge as %o whether increasing the temperature, incressing
the presgure, or making othar chamges in the wJuiam would imoresse or dee
cresse the smeumt of produst oblatsed. Ia 1547 it is pessidle, frem
knovleige of the Whermofynsmis properties of the reastant substances and
the products, to predmet, for a reaction that has never been observed to
ooswr, mesthf 1ts lupertaat charseteristice=-the amsunt of heat that
would Do ovelved or absorbed vhen the resction takes place, aad the ex-
St f;ﬂ“&‘t would take plase, in its dependence on Smmperature, Pressure,
consantirations of the resctants, amd other feotors. 'Here still remains,
hovever, ome most important question to which s definite anewer cazmot
in general be given. fThis ia the guestion as %0 the rate at vhich the
reaction will take place wnder given circamstanses. We are nod yot abdle



e

e make predistions abeus this rate of yeastien, exespt for certain
sinple systens. ‘the fisld of chenioal shevnedynamios is in nearly ite
final state of developmemti the field of echeuieal kineties is Just
Yogianing to %o develeped.

Ghonical thevmodynanios, like nsarly every ether field of
chenistry, has Yoen influsased Yty the great pregress thet has takea
plase in extending our knoviedge of atomie and melssular structure during
the past fov desades. The elsctiren 15a0lf was discovered in 1897, sad e
atenis muolews in 1811; sines then a ponetvating snd detalded undsrstandiing
of the elecirenic snd atonic strusture of matter hes deen odtained, and
cheniste are nov abls o talk about the atonie and electronic architestwrs
of molecules and erystals almest as @ afidenily as srehitests can Salk
about the structural slmmente of skyserspers and Wridges. Wy the metdodsS
of spectressepy, ¥-ray diffrsction, snd slectron diffrastion dututheld )
interatomic distances have Been determined for thousands of substances.
The nmagnitudes of the foross cperating Detwesn the atoms have alse beex
determined experimentally for very many molecules and orystals. Jarther
{information about $he nature of substances has been sdtainsd by the
spplication of many different techuigques of modera physies=-the study of
the dlamagnetic, paramsguetis, and ferremagaetis properiiss of the substances,
sbeir slectrical preperites, the speotroscopy mot only ef the WisiMa,
infrered, x-yay, shd uliraviolet regions tut eves, in recent years, of the
microwave and long wave ralio regiors of the spectrum. The struotural
knovledge obtained in this way abeut molecules permits the calculation
of mmmio, properties for many substances.

A signifieant start has alresly deen made on the task of



fermulating a conplate system of ohenical theymedynaniss of pure substances.
mn. Sask izvelves the determination for sach subwtance at ome tesperature
o gsaw. relativh 40 the eloments that oompome i%. I$ is further
necessary 0 deternine the sairopy of the substance at ons temperature,
which can B done Wy any oms of thres methods, the measuremsnt of a
shemical oquilibriwe imvelving the substance anbiler substances of knova
Shormodynanis prepertiss, the seasuresent of ihe heat capacity down te
Yory lov temperatures snd the spplication of the third law of thermody-
nanics, or the calexlation of the entrepy from strustural data obtained
W spectroscepis and 4iffrastion methods. XKmowledge of the heat capacity
of he substande ever a vwide range of Semperaiures, sdiained either Wy
direct expsrimeat or B caleulstion fream knowa strustural preperties, then
parmits the extension of the tables of thermedynanisc propersies over this
Jenpesratare range. V¥ s Ray well expeet that at some i in the &letant
future there will be available extensive tables of the enthalpy, eatrepy,
snd free energy of thousands of subslances over wide rangss of cenditions.
There would then still remaln, however, the problem of the thermodynmmie
preperties of solutions, for which no swch simple and inclusive set of
data could be forwmlated.

It is iateresting %o note that, in a practical sense, the thind
lew of thermodynamies differs from the firet and second lawe, in that it
sannot be applied completely indepswdsntly of structural econsiderations.
In general, thermodynamioc deductions are expecied 0 be independent of sny
structural considerations, and to be reliable, provided only that trve

thermodynamic equilibrium has besa approximated or achieved in the



experinent.  lavestigstisns sarried sut during She past twenty-five years,
espesialiy Wy Professer William F. Gisfmgy, dave shown, hewsver, that the
spplieations of the \hird Maw of \hermedyasaios %0 the salewlation of

sndrepy valuss for orystailiine sudstances Wy asasuremsnts of Mat sapasity
mée 30 lov temperatures ave often in practios net reliahls, unless some
strectural infermation abent ﬁu residunl satrepy in the crystals at the
lowset temperatures at whick ssasurments are mads is available. Thus simple
sadstances such as Wo.n. earbon monoxids, mitroms oxide, mad nitroges
uma_- have residual enbroples of signifisant amount, caused hy wmueh
strustural features as a randomness of orientation of moleculos in the
oryestal latstios. It say de said, with justico, that the experimentes have
nos yot deen aarried gut Yo sufficleasly lov temperntures, er—that—wef—
tholonbliy—iov-bonpsrniures, or that sufficlent time has not bteen allowed
for \he orystals to echievs a wtate of true thermodynmamio equilidrium;
neveriheless, the praotical prodlem atill existe--the reliadle appliesiies
of She third lav of tharmedynamics requires a penetrating understanding
of the struoturs of the erystallime substanos under investigation,

The vesent decades have seen an sxtraordimary dsvelopasat of the
art of oryogenics, the production of lov tempsratures The ploneer work of
Dewar was sxtended Y ln*urnuh Onnes, whose feat of reaching s ‘Vempeye-
tare as low as 0.71* K. esemed for many years te de incapabdle of signifi-
oart betterment. Thea, in 192?. ¥illian ¥, nqu\'/mltu uﬁf@ inte
practice the astounding new method of ceeling iy domagnesization, with which
he and other investizators have bBesn adle $o reach temperatures as lov as
abeus 0.001* K.



Alshough the predustion of levw temperatures night well b
sonsiderved $0 o a part of the scienoe of physics, the fact that Shis
final great ashievemeni of reashing the temperature of 0.001°* X, was
aads by a professor of shemistyy, using & method iavented by hingelf, has
1od e %0 include mention of it in my falk this evening. The work dome
¥y Professor Odanque illustrates the fact that the borderline detween
chenistry m physics ie & diffioult one to define, as is alse the
sorderiine Detvesn shemistry and dlology. The logarithmic dependence of
oortain thermodynamis quantities on temperature is, of courss, responsidla
for the great diffienlsy found in decreasing the temperature By successive
factors of tem, and leads to the thesrem of the impossidlity of reaching
ths adeolute sere u»f:f. It has recently deen pointed ont %o s Wy
Professor Trans Itni‘/ it Oxtord, however, that we should not fd‘hl that
shere is an interesting portien of mature $o0 which access is denied %o
man, aamely, $he pertion of mature thet deals vith the properties of matter
at temperatures lover than thoee that can ever de achieved in the ladormatory.
Prefessor Simon pointed out that the énly low temperature rangs that is
inacoessidle $¢ man is that in which ne iateresting phencmena ¢ocur, be-
esuse if any phenemena were to coour, they themselves could be used as the
method of achieving the low temperature.

let us nov return to the dasis of chemigtry--the atoms of the
shenical olemenfs. The last bundred yeass have seen the systematisation
of the slements through the periodic system of Mesdelpyev, the assignment
of precise atomic weights to most of the known elements, the disecovery of
the elemssnts predicted by the wnfilled sequences in fsadeleyer's tabls,

as well as $he unanticipated series of nodle gases, and fimally, in reoent
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youra, vhe developmeeni of modern aleheny, the conversion of one c¢lement
into another, and the artificial produstiion of aew elements. I need do
no more than to refer to Professor Lawrence's lecture this afterncon, in
which he has deseribed the development of this most sxciiing fimld of
asclunce. JNow thai four ¢raasuraniuws elements have been reported, nep~
tunium, plutonium, sasricium, and curium, we may lock forward wiih confi~
dence %o the announcemeni thel s41ll more new alements have been made, and
that pragilen] methods of mamuf=cbtuce {n large quantitles of the most reys
of the lighter eolemenis bave sleo been developsd. We may well expect
thaé ia the future world mmelear ehenlstzy will be found of the greatsss
valus in many ways, not ouly 3y the protuctios of nsw eleuents and & e
uge of radioactive elements =a iracers, but also % of now
chamical reagticns thrcugh bhe wse of bombardment with high snergy par=
viclage.

Inorgamic chemlsiry has “een making steady progresss The ine
organic chaulel of today has a great advaniage over his [ellos of preced-
ing generactions, in that he has a thorough understanding of the molacular
ghructure of most of ihe subsimnces with which he is working, snd of the
relation betwsen the phyeloal and chemical prouperiles of ths substauces
and Lhalr structurese An iilustration of the usefulnuss of slruciucal
mawlaégn/:;rwmed by the recent developesnt of sabsiances (hat are
skallae Vo arganic compounds, bak with silicon atums, which Torm the same /
totraiwdral bonds am earbon, in place of save or all of Lhe carbon abomse
The Tirst subsiance of this nature #as made hall a cenbwwry ago. It nad

not bzen founl possible Lo make in large juantitles the subetance Jimaond



whioch is a very useful material because it is the hardest of all known
wmbitances. However, it was found possidle $0 make a new substance, with
the sane tetrahedral structure as dlamond, but with half of she carbea
atons replaced by silieon atoms~—the sudstsnce ogrbdorundum, which has
now £8F many years found exteneive nse as an adrasgive, Then it was found
Shat other compounds of siliecom could be made, the silicones, whieh have,
in place of lemg chains of owrbea atoms, chains of silicon atems (usually
with oxygen atoms interspersed, in a sort of ether linkage), with methyl

3

groups or other side chains sttached] The silicones have many very use-
ful properties. They can Ve used as inwulating lacquers, permitiing
electrical motors to Yo Wuilt for eperation at mueh higher temperatures
than vith orgafiio insulators; silicene rubber can be made, sepecially for
use at higher temperatures thu/%ﬂeoa by ordimary natural rubber or
syathetlic rudber; some of the silicons oile have a very valuabls property,
that of changing their viscosity only a small ssocunt with change in temperse-
ture-~a property that seems to be due to the tendeney of the molecules to
eoil into & roughdy spherical shape at lov temperantures, and henoe to rell
over one another relatively sasily, whereas at higher temperaturss, at
which the molescules uneoil, they become sntangled with one another, and
thus overcome in large part the normal tendency of a liguid $o show a
prencunced decrease in viscosity with increase in temperature.

The chemistry of fluorine has made great progress in recent
Jears. The valuable properties of new compounds of fluorine depend cn the
volatility of fluorime compounds and the low chemical reactivity ¢f the

oarbon-fluorine bond. Useful fluorirne cempounds include the freons, sach
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o8 OGP0y, vhioh are uesd as the fluid in refrigerating machines and as
Ma-toxio selvenis for inessticiden sad siher selutes, and the flmerine-
arban high polymers, such as the extremsly uareactive phoaphis that i¢
fogued by the pelymerisation of tetsafluereetdylens.

An iateresting recent &svelepmeas in inorganic shenistry 1o
that of nev Seshniques for growing large erystale for special purposes.
Buring the war it was found possible te grev large m.mu,mm may
pouads, of sueh subetanses as sthyloncdismmontun tartrate, valuable do-
saues of their pleseslsctirie pnpoﬂtoi. which fiad wse in radar snd other
fields of modern physies. In dermany sa iateresting technique of growing
large eryetals of gynthetic mien we developed, whieh depends for iis
L L T thc erientation of the groving orystal in a stroag magnetio

he art of erganie ohemistry and the solease of organic shemistry
have moved slong steadily hand in dand. Organie chemiste develep a fesl-
fag for the ehemical properiies of the many substances 9432 whish they
work wvhioh goss far Deyenad She syatematised theoretieal knowledge that
Shoy san express; Wt the theory of organie chenietzy has nevertheless
v developed to sueh & state that She science ie ne longer s mysterious
®ae, purely an art vhose practies depends on the spplication of empirieal
Tales. It is now possidle fer the organiec chemist towae hie kncwledge
of melecular structure %o predics, with geme confidence, that certain

oould be carried out 0 preduce preducts vith cortais derived
properties. One most intewesting aprlication #f this nev method ]

orgsaic chemietfly has besn $o the manufecture of high pclvmarw, wHoh ae

the nev fidrews and plastic wndstances, which were synthesised i mwTV-bU-“-
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of predictions of their properties made upon the begie of considerations
of molesular structure.

The methods used by the srganic chemiste bDecame more powsrful
fyom decads L0 deonde. He now has at hand techniques of very high mrew-
sare hydrogenstion, the use of catalysis spesific to certain reastioms,
powerful techuiques of separation such as chromatographic analysis and
molaoular dlgtillation, and new jhysicel methods for structwral studies
such Ay W-ray a4ffraction and speotroscopy. A very interesting exsmple of
the interrelation between organic chemistry and other fields was provided
during the war by the comcerted attask on the problem of the struchwe of
Mﬁnin.* T™he crgmnic chemists who were working on the problem found
1% impossible to determine the correct strusturs by the comventicmal
methods, beosmise the molecule has some siructursl characteristics thas
haves not appeared before inm any imoen mubstances, and 1t rematlned for
pyaical chemists and physiolets, using the techniques of x-ray diffrac-
tion and intn'j'cd spectroscopy, to determine the structure for them.

I8 is the field of chemisiry in relation to biology and medioine
in which most strilking progress has been made in recent decades, and which
offers the most rrasise for the future. 3Biologists now are becoming chem-
fsts - they isolate vitamine, hormones, enxymes, aceiyl cholins in mervous
procasses, histamine in anafhylaxis and allergic responges, plant growth
factonrs, wcnré healing mubstances, flowering sudbstmnoes, subetsnces to
Rold the fruit on the Syees and $0 ripen the frult affer 4t hap left ihe
tress. o lomger is it possible for a chemist to nchieve a fesling of
superiority to the dlolegist slmply by auoting {&Q complex chemical fare
malas - nor, indsed, for the rhyslcist to overcome the chemist Yy guoting
some camplex mathematics.
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And in medicine, as in bilology, a new future 1s drawing near « &
future of great progress through ever closer cooperstion with the baasie
sclences. There hus indeed beon great progress in medlicine during the past
century. In forty years the mesn expectsney of life has incressed Prom 49
to 85 years. The childhood diseases - diphtheria, scarlet fever, whooping
cough - have decreased to 10 porcent of their mortality in a guarter »f a
century. Other infectious disenses are in the nain well under control, by
vaccines, serums, the sulfa drugs, and now penieillin. Shakespeare mentioned

"the rotten diseases of the south, the guts-griping, rupturee, catsrrhs,

loada otgravel i' the back, lethargies, cold palsies, rar eyes,

dirt-rotten livers, wheezing lungs, bladders full of imposthume,

asclsticas, lime-kilns 1' ths palm, incurable bone-ache,

and the rivelled fee-simple 0f the totter,”
Noat of these diseases are no longer important - there are unow no serious
cages, 30 far as I know, of rivelled fee-simple of the tetter, tut "incursble
bone~ache,® under which we m=ight include arthritis, is s very serious dis—
ease, of which 1little control has been obtained. There are still virus
digeases that are very troublesome - policmyelitis, influenzg, the common
cold. Then there remains the problem of the degenerative disesses - cancer,
heart disease, cerebrel Jdisesss, nephritis ~ which, as control of other
diseases is obtmined, are becoaming increasingly important. To attack these

great medical problems new basic knowledge 1s ueeded, sbout the ne'¥re of

cells and of physiologicel processes, and about the chemotherapeutiec actienm,

az wrll &8 the normal physiclogical actlom, of chemicul subetsnces.
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The grestast problem that remains to de solved ta that of the
structural basle of the physiologieal 2stivity of chamical sube S rnces.
*hen ance this problem has besn solved, nnd vhen it haa hecome possidble
to datarmine ia ‘etall the moledular struoture of the vackors of 11 wence
=ul of the constituents of the cells of the humen body, we shall be adbls
to draw up the speoificetions of the spotifio theraneutic agent to >rotect
the body against » specific danger, and then to procesd to symthesize the
Agant aocording to the speeificationss So far ws have only the hint that
chemotherapeutic agenis may aat through competition with essentisl meta-
bolites, as in the competition, noimbed out by ¥oo's and Hlﬁes.gof the
wmifa dreze ﬁth’?mﬂabamoie acid.

I believe that this ;rodlam, that of the nature of the competition
of two gubstances "remwmedly for speeific combination with some part of a
living aell, is very cloasly relnted $o the Zeneral prodlom of ths nature
of the forces that laads to the striking specificisy of properties shown
by many biological swbstences, sspecially ths nstive nroteineg and polysao~
gharidess I believe that thens forces are also operative in the phenomenon
of self-duplication shown by viruses, gones, and othar biologioal entities,
and which will be discussed by Dr. Stanley =nd Professor Beadls in their
leotures Somorrows. I myself have been especially interested in the se-
eific foroes operating detween an antidbody molecule and the molecules of
antigens or haptens with which 1t has the power of specific ccabination,
My interest in this prodlem was developed over ten years ago in conver-
gations with v, Xarl Landsteizner and the work that my collaborasors and
I have M has consisted largely in the axtension and refinement of

invemtigations inisiaied by Dr. m}ntam.‘/
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Pormit me to revier briefly the basic phenowens of lrmwmochomd sy,
Yhen » foreign matarial of lorge moleculer veight - » arotein or polysape
charids, sither pure op part of the structure of an animal or plant gell -
is injected tnto an snizel, mach »s a retbit, the enimel dn the cowse of
n few days may develop &n fte blood anéd within fig cellsy substances,
celled antidodics, that have the power of eregific combination with the
injected material, the antigen. Thug when = perticular snimal or plam
protein s injected into o rabbit, the rebbit davelops iz ite blood antfe
Podies thet are empadle of soudining with that protein, bui ROt, Or ai any
rate only very excevtionally, capable of ﬂmbinlngl with any of the tens of
Shousands of other rrotsins that exist in naturs, Yer sxsmple, an satisarum
made by injeating hemoglobin obisined from one aniral inte a rabdit is able
Vo comiding with thot form of hemoglobin, Yut not with hasaglobin cbtained
from the red oslls of other animale, except those of ¥ary closely related
wpetias. The act of combinatien of sntdbody and its homologous antigen mmy
be shown by several diffarsat phanomena, such ra the agglutination of oells,
in the oaes of a cellular antigen, the formation of a preaipitate on mixing
& solution of antigen and (tq homologous antidedy, the allergio regponae
of & sexsitined sntmal em resalving a subsequent injaction of the ant{zen,
&l the lysls or other ohanged hshavior of cells %o vhich mntibody heg
attashed {tgelf,

e phenomena of lomunachent st2y raise two @reat quostions, The
first 1o that s to the nature of the foydes between antibédy and ansigen,
which leads to the power of selsotive combinatien of satibody and the
hanologons antigen and the rejection of other meleculsa, except thoge
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vary cloesly relatsd to the homologoue antigeng. The second rodlem is
that of the medhanism of the menufscture of the sntibody, and of itm
miowsent with this power of specific combination. The great verssiility
of the living organiems in their produstien of wpetific antibodise was
shown by the early work of landsteiner with artiﬁnini conJugated roteing
ag &nﬂgmu? Iandeteiner found that 4t was possidle to causs mn animal to
oaics antibvodies with the power of speeific cambination with varicus chem~
ical substanoes of kmown structure. He achieved thin by attaching these
ahemical substances %o a protein molecule, which was then injectad m;f A
rabbit. The rabbit, wnder the influence of the injested protein, produced
an antiseruva cantaining anstibodies cauable in general of combining with the
particulser protein that was used in making the artifisial conjugated nro~
teln, and also oapable of cembining with the atisched ahemiocal subabances.
For example, an antiserws prepared by couwpling diagzotised Mmbmw
arsanic a¢id with ovalbwmin was found $0 form a precipivate strangly with
this partioular ascprotein, and also to precipitate, in mmalier amounts,
ovalbwtin iteelf snd aleo any asoprotein mede by coupling disgotised
Pesminobensenesrsonic acid with smobtber protein, such as sheep serua ale-
buanine The precipiiation by the autiserus of smah An agoprotein, i which
the protein part is compleotely differemt from that of the immunising agow
wroteln, is evidencs timt some of the mntibodies in the sntiserum have a
8pecific emmbining powsr with the Denssnearsonic meid group. Lendeteiner
and his collaborators were able in shis way o prepare antisera coutaining
antibodies with she power of specific combination with scores of diffarensy
shsaical wubstences, many of which could hardly be considered to have any
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astwral relation o the injected aniual. ‘hese results showed that the
versaiilivy of the living orgsuiss in antibody pruduction is very great,
and made 1% probable that the smiivody precursor was %o be congidered ss
2 plaghiic material, able to be imfiuenced Ly the injecksd antigen in suwch
a way as 0 cbiain directly from the sntigen itself the properiy thas
leads Lo the power ' of specific combination with it,

lanisteiner and his collaboretore also discoversd and utilized
an imporsant phanomenon, thai of haptan 13&13“10&? They fowmd that, for
sxample. when Densenearsoniec acid iiwelf is sdded to an sniiserum made by
injensing an agoprotein coniaining ths Praszobengensarsonic acid growp mo
precipitas
of the bensemearsonic acids (he Lsnzensarscuic acid in thus shown o have

ocours, although a precipitate would be Formes in the absence

the power of combining with antibody homologous to this haptenis roaping,
%0 form & soluble complexs Informetion aboui the sirvength of the combine~
tica of the hapien and of the aniibody can bs obteiued by soeing what con-
cantration of hapten is necesssry Lo prevent the precipitaiion of the
antiserus with a hapten-homologous asoprotein. lamisteiner and his colle~
borators in this way obtadnmed a greas smouns of gqualitative information
sboui the combining powers cf warious chemicel substances with antibodles
homclogous to haptenic groups of known strustures They found, for axample,
that not only bensenearsonic acid but also various subetituted bensenosr-
sonic acids have the power of combining with anti-p-azobensenearsonic acid
sorws and that the sirength of the combination depends wpon the nature of
the group substituted in the bensene ring snd on the position in which it

Lh substituteds Thms in general a group substitused in the para position

between the benzenearsonic acid and the antibody, because on addition of an

is formed. WNevertheless, it can be deduced thst combination hag occurred
azoprotein containing the p-azobenzenearsonic acid group no precipitate
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in bensanonrsonis acid inmcrenses ths combining power with amti-p-agobengene-~
sravaic acid serum, whereas the substitution of a gromp in the ertho or meta
poesition decreases the cmbining powsr with these matibodiog.

Ky callaboraters (Professar Dap H. Csmpbell, David Pressman, Garol
Tiedn, Migs fmws, David H. Brova, Jehn T. Naynard, Allan L Grosshers.
Stanley M. Swingls, John H. Aryden, leland H. Pence, snd Frank lanni) and 1
have gontinued and extanded this work, primnrily bW developing snd using
quantitative methods, permitting the determination of spproximate volues
for the equilibrium comstant of the reamction of coubinstion of hepten and
mtboéar? ¥e bave algo nads use of a simplification in the experimsnts, in-
volving the elimination of ome protein from the precipttation test. Inas-
maoh me the structure of no yrotein is s yet yilknown, n precipitation
reagtion involving two jroteims, the antibody and the msoprotein, le an
ewpacially eouplicated resction to stwdy, #nd the possibility of obimining
informakion about the antibody might well becoms grester {f the other pro-
tsin could be eliminated. Iandsteiner and van der Scheer obseyred that
sertain simpla substances thats t(hey had preperec for use as hapten innibi-
tors themselvss gave a presipitate with the hapten-homologoue antisersna.
These wubsiances vere dyes obtained by coupling two or mere heptenie groups
together ~ an axample wonld de resorcincl with two or three asobensensar-
sonic aclé groups atieched 4o it Mamy of our hapten—inhibition sxveriments
have boen omrried oui with use of precipitating polyhsviemic antigens of this
Wpe, the wyatem under stody then containing only oms substarce of unimown
structure, the satidbody iiself.
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Iandstaluerts regults conld ba indarpret:d In fzimg 27 owr modern
mowladge of aixalc ~al molacular shruckwrs Ho 2ormit + definits conclusiom
%9 be rasehsd ragarding the naturs af the spselfic forges hetwsen antidvody
and anliges, amd ths atructure 97 anbihedy asleasuls, and this goncingion
ing besn girengthensd by the addiiional inforzmsion given by tha sxoarimente
shnd sy collaberstors and I have ¢srried ous in E“naaflm?a. The conclusion
1a that the specificity of ‘:gt;rac%wn of sntivody and hemolopous antigen
rogulés from o datalled complewentarinegs in steucture, as waa first g
zasbad by Hsurawitz amd Prsini and by Jerome Alsxander ,lind 1later amphosized
by Stuars amia. The complemantariness in ziructurs must bs much as to
pormit & largs portion of she swisee of the smtizen o b2 brought into

Jusiaponition with a sorrsaponding portion »f the surface of the sntibody

"~ molsoule. The wonlk forces that oparats betwesn my =tos or mmall atanice

gromy and adjacent stoss would then eome into play betwosn sach surisce
aton of the antigen and the immediately sdjJacent stomg of Lhe antibody}
tagse wazk forcss, integrated over the Juxt=pcoe! surfscas, would produce
a ragultant forse etrong sough to l3ad to the formatlon of an effective
bond. Inasmuch »e most of the wesk forcus operabing betwaen stons nnd

1 molecules fall off very sharvly with incre-aing distance, an effecw
tive bond would be formed only if the two msleculss were in contact with
one anothar, that 1s, 4f the surfaces of thes asoms of antigen 2nd mntidbody
were to be mo mare than & vary fow ingstroms apart. The specificity of the
bond foarmsd in this way would result from the detsiled complemantariness
not only in genaral surface configuration but algo in the positions of the
groups onpable of forming hydrogen bomds and in the positiensz of the sesitive
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and negsiive electrical charges. It can readily be seen that $his mech-
aniwn does provids the pessidility of very great spesificity. Thas a
sanbining region with area of perhaps 200 squars gmg-%r«u. representing
» wrface of sbout fifty aboms, oomld be prevensed frem approaching o
oantach with the complementary regiom on the antibody simply by replacing a
mathyl group, say, on the antigen wmuxrfage, by a phenyl growp, which would
sxtend about 3 R above the former wurfase, and would hence hold tha snti-
vody 3 & farther away from the antigen. tlms reducing the farces of
attraction %0 sach an extent as no longer %o permdt them to result in a
significant bond.

The approximation of the amtibody to the haptenic group of the
fzenising antigen mast be very close. A striking dit of evidence, from
among the great mmount that axists, is that of the cross resctivity of two
closely related haptenic groups, the peamincbenmxolic aoid group and the
4=chlero-J-emincbenscic acidyserum precipitates resdily both with she

(. _ | =
haptan-homolegons asoprotein and with an asoprotein containing thamu-‘
bensoic acid group, On the other hand, the mnti-g-ascbensoic acid serun

procipitaies readily an aseprotein containing the B-asobenzole aold group,
but does net farm a precipitate with an asoprotein coutaining the Nechloro-
J~asobensoic seld group. The explanation that we propose of this eross
reactivity betwesn one mntiserum and the substituted asoprotein dut not
between the other antiserwm and the different asoprotein i{s that the

phenauenon depends upon the fact that the chlorine atom is mwch larger
than the hydrogen atom that i% replaces, the wvan der ¥sals radius of

thlm'im baing about 1.8 L. and that of hydrogen oaly about 1,2 A It it
group, which differs from the first only in having = chlorine atom 5.3

place of the hydrogen atom. Landsteiner and his collaborators found
that anti-i=chloro=3-aminobenzoic acid s
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1s asramed that the oombining region of an sntibody fits tightly about
the haptenis group of the Lmwunising astigen, the sati-li-chlaro-3-ago~
bansolo acid antibodies would contain in the appropriate place a onvity
into whiah a ehlorine atom oould fit, along with the rest of the haptenic
growp. This cavity, with radius 1,8 L., would be large snough to sccept
easily & hydrogen atom in the unsubstitubed asoprotein., and the replace~
ment of chlorine by hydrogen would have 2o effsct other than to decrease
alightly the force of atéraction Dstween the haptenio Zroup and the snti-
body, as a result of the ssaller van der Ysalas attrastion of a hydrogen
atom and of a chlorime atom for surrounding atoms. On the other hand,
the cavity in the anti-m-asobensotio acid antibody is required only to be
large enough Lo receive a hydragen atom with van der ¥Waale ryadine 1.2 K.
There might wall then be a considerable smount of a steria strain if the
Wwo—}-uﬂvmoic acid haptenic group were to be forced into thige
eavity in the antibody, and the steric sirein might be great encugh o
degrease the coubining power to wuch an extant that mo proecipitate would
be observed by the invesiigators.

This experimental result indicates that the £i% of antibody %o
antigen is, in wome cases at least, a very c loss ome, 80 that a difference
ta atomie rading of 0.6 L ts efgnificant. Our quantitstive imvestigations
in Pasadensa provided a large smownt of evidence substantiating this conclu-
sion. ' (ne extensive series of investigations was made of the combination of
agtigara homologous to the o-bensenenrsonic ssid haptenic g oup, the m-
axtbensenearsonic aclid group, and the 2-aucbungenearsonic acid group. It
was found that in each case the substituted bensenearsonic aeids with the
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sdsbitvent {n the same pesition as the ame &roup of the imemising aso-
protoin cemdine more strongly with the antidody than those with the mde-
stituent group in & different position, and the e nclusion was reached from
the values of the hapten imhibition constant that the wurface configuration
of the aambining regious of the antibody molecules approximates that of the
haptenic group %0 within clower than 1 &, A similar conolusion Nas slsc
hoen yeaddiod Wy a study of the effect of elsotrical dharge. The ratio of
Lahibiting powers of twe similer hapiens, one containing a positively
sharged group, the trimethylssmocnius ton group, and the other the wncharged
group with the same sise and shape, the Sertiary butyl group, with anti-
sorun mads by injeeting rabbits with sheap serum with attached Draschenzens~
trimethylamonium ion groups, could be interpreted to show that the positive
charge of \he charged haptenic group intersacts with a negative charge in
the antidody 7 L away. Inaswuoh 2g the positive charge in the phenyliri-
methylasmonium 100 may be considered $o0 be at the cenmter of the niirogen
abam, and the radfus of this ien (She distance from the center of the nitro-
gen atom %0 the gurface of the methyl groups) i 3.5 &, and that also the
Mdtamdwm#amhﬁmmm surface of the
anbibody mey be taken as the radius of an axygen atom, L4 £, the mintmem
distance of approadh of a positive @harge in the hapten and & negative
oharge in the antidody is caloulated to bs 49 K. The fact that the value
caloulated from the hapten-Luaidition dats is omly 2.1 R greater than
Shis again indicates that in genaral there is a very great complementariness
in structure and closaness of fit of antibody and antigen.

It 1s my opinion thet the general prodlem of the natare of speoific
biologianl farces has thus deen solved, and that with the extension of our
Imowledge of detalled atomic structure of protsins and ether hWiological






























