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"Nama" things sgipogsof whatideasare impatant and whichsard the
tegtsof eqpaimeantation, verification,and repraducibility ove time

Good nanerclaure elicitsimagesand ais reasning by analogy; it is the organic
chemits 'besfriend -- Donat J Cram

Contributions to Chemistry Timeline:
Named Concepts
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CUMULATIVE GROWTH OF DISCOVERIES IN
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COMPARISON OF NORMALIZED TIMELINES FO

FUNDAMENTAL IDEAS AND INDUSTRIAL
DEVELOPMENTS IN CHEMISTRY
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DISCOVERY OF REAGENTS, CATALYSTS, ANI
NAMED COMPOUNDS TIMELINE
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REACTION INTERMEDIATES DISCOVERY TIMELINI
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Universities where famous sdentists studed:

Cambridge, Harvard, Belin , Gottingen, Munich, Leipzig, London, Heidelberg, St.
Peersburg, UC Bekeley, Paris, Columbia, Ecole Polytechniqu e Oxford, Cal Tech,
MIT, Wisconsin, Strasbourg

World Contribution to Named Things in Chemistry
by Universities in Various Countries

Number of Famous Scientists

Germany
u.s.
UK.
France
Eastern Europe
Scandinavia
Switzerland
Austria
Netherlands
Canada
Italy
Japan l
Belgium ]
India
Ireland
South Africa

Country or Region




Nobel Prizes

FREQUENCY OF GENEALOGICAL GAPS BETWEEN NOI
LAUREATES BY SCIENTIFIC AREA

160

140 B CHEM -> CHE!
BPHYS -> PHYS

120 B MED -> MED

NUMBER OF LAUREATES

B CROSSOVERS

BTOTALS

(DOCTORAL
LINEAGE)
0 (POST-
DOCTORAL
LINEAGE)
0
(COMBINED)

GENEALOGICAL G#

Nobel Prizes

80.0
70.0
60.0
50.0
40.0
30.0

Percentage of Nobel Laureates

Connections Between Nobel Laureates by
Scientific Discipline

B Chemistry 143
B Physics 172

DOMedicine 180

20.0 1
10.0 4

0.0

Percentage of Percentage of
Laureates who Nobel Laureates
studied with who did not study

another Nobel with another Nobel




Universitieswher eNobel Laureatesobtained
their doctoral degr ees

Numberof Univer sity Num ber of Univer sity Number of Univer sity
Ch emis try P hys ics P hys iol ogy
Prizes Prizes & Medicine
Prizes
7 CTambridge |19 Tambrid ge |10 Harvard
TO oUC 2 Tolumbia T7 CTambridge |
B erkele y
s FraTvaTe T TTICE0T T TOTTTT
Hopkins
5 Mu nich Berlin 10 Columb ia
Coll. Phys.
surg.
4 Berln K Harvard Berlin
T COTTITgETT 7 PTTICETOm TOTCITITCTT
Z Marburg 7 ™TT Tenna
3 MIT 5] Cal Tech WaSH\r\gtDn
(at St. Louis)
OppSaTT 9 TOTCTTITCTT 3 carTee
Copenhagen

Where tofind biogr aphicalinformation about stientig<?
GillispieCharles(@l.) Dictianaryof SiettificBogay

Obit Not FelavdRoy: Soc; Biog Men FelavdRoy. S .
Bia@g.MenNaill. Acad :i.USA Qurett Bogaphy

Rdiles Fatways andDramsSeies ACS Wasirgon,D.C.
CandidSiecess iesT heRaadlo Sakhdm

Oglvie M ; Harvey,J.(els) TheBiayahicalDictonaryd Womanin Siece
Webstes Ndoe Acadary,Named Thingsin Charisry & Physcs

Geneal: Swiss:

TheChemical Intelligercer Helvetica Chimica Acta (1918t)
(19952000)

Eur. J. Org. Chem (1998

British: American:

Chemical Saiety Reviews (1972+), Chemical Reviews (1980+), Accouns of

Journal of the Chemical Sodety (1849) Chemical Resarch (1972+), Journalof
Green Chenistry profiles(1999+),

Organic andBiomdecular Cheristry (F;'hhys cal I(?;Emst_ry F@'S"i:”ft issues,
profiles(2003+) lemica ngineering News
obituariesand profiles

Geman: Caredian:

Chemische Berichte (1868- 1997), CanadianJournal of Chemistry
Angewandie Chemie (1888+) dedication issues(1988t)

Frerch: Japanese:

Bulletin de la Sciété de Chimie de Bulletin of the Chemical Scciety of
France (1889%) Japan(Accountg

10



Keypatternsof succesful academics
AWereinspired ata young geaboutscience
4 Learned byexanple emulated pastadvisois = notion of “apprenticeship”

4 Soughtpe@le ofinfluencewhopromated ther scientifi c fortsand ideas

4 Soughtpeglewho stered hamin thepath of dher “good onnetions”

4 Soughtprofessional allis fom within and outside heir area ofséeneeas arly as pssibe
(pers and higher rankingpeoplg => sdentfic pedigrees

4 Soughtmentors who nadeno disindi an bewean exdlencein resarch and excdl ence in
teaching

4 Wereaware of “local nodes’of scientific genealog trees; were ableto distinguish “digge's”
(innovatars) from*“drillers’ (followers)

4 Wereprdficientin usingthe sdentfic literature; darified ther scientific ideas, maintained
focus @ thoseidess, and pursud them tenadously and in many instances rather séfishly

4 Adively participated in hewholeresarch/teaching enterprise initiated thar own ideas,
aska important questionsdevdopel a resarch plan, wrotetheir ovn séentfic papers and
proposals, anouned teir findings bygiving talks atcanferences

4 Willin dy opened themsdvesup to aiticismfromothe's and showd resiliene,stamina,and
belief in the r acadamic goals

Cultur eof “Academia”

Prdessmalgmakof acadenidans

(D) Tobereaanized fa thdar contributionstoafidd d sudy
(2 Topropagateand pep euatethose contributionsthroud ther sudents

Triangulation Prindpleand Rark-toRank Flav
Sdlingyaursdf varsussoneme ds=slingyou

TARGET
CONNECTION

YQURl ———
ADVISOR

11



Commentsfrom Sientids

A decisiveinfluencefor a research @ree is forit to belaunched in astrong envionment. The advisercounts themost,
but the wholeatmosphere & important, the otherprofessors and fbow stud ents, thetechnologial levelof th einstitution,
the visitors,andsoon. Thereseart seminaris probably thesinglemost critical ingredient h shapingth eyoung
researchers caeer It broadens his horizon, introdu ces himto new felds and outsd e scentists, with different styles and
approachesandteaches hinhow to onduct scentific discussons. The beginnersees how questionsareaskedand
answered, witn essegh e debatesand gradualy beomes partof theprocess - Istvan Hargittai

Avoid dumb people...always turn topeoplewhoarebrighter than yoursef.
- James Watson

Most ofwhat he [MichaelPoknyi] taught meabout p hysical chemistry | leamed ...from him. | was astudent for six
years in thed @ artment that heshapedin Manchester The profesor Meredith Evans was onef hisfavourite students
and my PhD supervisor was anothe of his, Ernest Warhurst. What | leamed from [my father's] students gavenea
seng of sdentifi c valies -- wherethefield was goingwhatwere th eimportant questions tatackle,and,to adegreg how
to tack leth em. Without those things Iwould havebeen bst. But it happens that Ididn't getth em directly from him,but
from peoplewho oweda lotto him. - John C.Poknyi

Thereisa greaterchanceof making significant discoveiesat universities that haven intellecu al ferment ofpeoplewho
exd angeideas and who havereatskill in genemting ideas.One nedsto learn the" style' of producing greatideas by
apprentichgwith such people.Good teabes tell students whatto pay attention to,whatto accept,whatto rejec, what
to retain,whatto discard. - John Polanyi (York University invited address,2000)

From [Hans] Rscherl learnt the trade secets ofbeing aresearch damist; | learnt from him how to pose aesearch
problem,what onemay and what one maynot investigate whereto startand whereto stop. | leamt the tenadty which
must accompany aeseach work. | leamt th atone must havehe audacityto attack difficult problems, even whenth ey
will takea longtime andwill require asubstantial efort.

- Costin Nenitzscuin The Cherital Intelligence, April 1999,36.

Commentsfrom Sientids

An appropriateanswerto theright problem & worth agood dealmoreth anan exacianswer to an approximateproblem.
- John W. Tukey

In scienceyou sometines fnd the solution toa problemfrom another field.- Aaron Klug

Thereisnothing morerewarding than link ingtw oquite different subjects.
- Lord GeorgePorte

It is essntial in scientific reseach tomake deckionson the basis ofncompleteinformation.
- Istvan Hargittai

It's no trick to getth eright answer about somesdentifi c question when you havgot al thedata. A computer cando
that. A realtrick is togetth eright answer when you'veonly got half the data and half ofwhatyou haveis wrong,and
you don't know which half is wrong. Then when youget theright answeryou're doing something ceative... That
philosophy can led you alsointo great troubles,and it frequently d oes but you can makeadvances that way beausethen
you won't bebotheaed toomuch by thedogmaof theday. - Melvin Calvin

It is noteasy taggetmoney for a thing which is wild -- whereyou @nnotsaythis is gongto haveresults.
- PeterDebye

Researt is not just gongfrom mountain top to mountain top,you also havéo work in the valleys, and that takestime
and freedom. - Aaron Klug

A discovely is gettinga counter-ntuitiveresult thatcan't beexplained. - JohnPolanyi

Good areas ofdenceare sedctel on the basis oivheh e theideas matter, wheh e they will changepeople's thinking
rather than if theideas will genemte weah . - John Polanyi

12



Commentsfrom Sientids

A gientificcareer ispealliar inmanyways It sraison d'etre is
theincreaseof naturalknowledge.Occagonally, therefor e, an
increaseof naturalknowledgeocaurs. Butthisistactess, and
fedingsarehurt. For in someganal degeeit isine\itablethat
viewspr evioudy expaundedareshovntobeether obsolete or
false. Mogt people | think, canr ecanizethisandtakeitin good
part ifwhatthey havebeenteadingfor tenyearsor socomesto
need alittlerevidgon; butsomeundoubtedly takeit hard , asa blow
totheir anour propre, or evenasaninvadon of theterritor ythey
havecometothink asexclusvelytheir own,andtheymus react
withthesamefer ocity asvecanseinther obinsand chaffinches
thesegoringdayswhenthey resentan intr usonintotheir little
terr itories. 1 donat think anythingcanbedoneabaut it. Itis
inher ent inthenature of our professon; but ayoungscientist may
bewarned and advisedthatwhenhehasa jewd tooffer for the

enrichmentof mankind somecetainlywill wishtoturn andrend him.

-Sir Rmat A.Fisher,BBC intervien 1947

Sur vey of ConnectionsBetween Peopleand Ideas

Typel: Namedthingshared between gudent and advisor
DielsAlder reaction (O.Diels K. Alder,1928)

Rl—/ + ’/RZ R !
SO

Baeyer-Villiger oxidation (A.von Baegyer, V. Villiger, 1899)

13



Sur vey of ConnectionsBetween Peopleand Ideas

Barn-Oppenheimer appr oximation
(M. Bor n,J.R.Oppenheimer, 1927)

Electroni cmotion and nuclear motion in molecules can eseparatel. Nudear motions
are considered fixed rdative to dectron motions. Hence, emergy of dectons may be

calaulated for a fixed position of nud 4.

W =y

molecule electrons

(W

nuclei

W

qJelectrons, - electronic rotational DquibrationaI

Eelectrons: Eelectronic+ Erotational+ Evibrational

MichaeisMenten kineticschemeand equaion
(L. Michaeis, M. Menten, 1913)

K Ky
E + S ES —— P
k2
aP]_ Kl ELS]
dt  Ky+[

Sur vey of ConnectionsBetween Peopleand Ideas
Type2 Evolution of ideasfrom advisor to udent

(innovator-follower)
Wittig reaction (G.Wittig, 1954) >

Schlosser madification of Wittig reaction (M . Shlosser , 1971)

R
/“\ + PPy + RCHBf ——4m— /Eg +
R1 Ry Ry 2

nBuLi

[0]
/H\ PhLi
+ &+ N tBUuOH +
) ) \/

PPhy R

O=PPh
HBr

LiBr
LiOtBu
O=PPh
nBuH
PhH

14



Confor mationaltheory (Sr D H.R.Barton, 1950+) ->
Wingein-Holnesequation (SWingein, N. Holnes, 1955)

— Yk [ = X], +[Y],)exd~kond]
\ \ [PT=([X], + [¥1o)(2 - exe{ ~kond))

00X, f.9 M, {
SO R A A e

R e

StefanBdtzmam angant and law (J.Stefan, L. Bdtzmam, 1879 ->
Boltzmann congant (L. Bdtzmam, 1877)

0=5669 X 1¢# JIm?2 s K k, =1380 X 102 J K?
Linear combination f atamic abitals(LCAO) (J. Lennard -Janes, 1999 >
Paisa-Par -Ppletheay (J.Pple 1963 > Magdicresonance imaging (MRI)
(PC.Lautebur, 19009

/

William S. Gosset
student t-test and probable
error of the mean (1908)

Sir Ronald A. Fisher

Karl Pearson
Pearson system for characteri

distributions: distrit_)u_tion of correlation

=> mean, standard deviation, g?ﬁfgﬁfﬁﬁtnﬁﬁitﬁ%'ozﬁn°ept

=

K fymmitSr)é,:gskewness, (1921), analysis of variance
urtosis ( ) (1923), analysis of co-variance

skew distributions (1895) (1922), concept of degrees of freedom

chi-square test for goodness (1924), theory of statistical estimation
of fit and degrees of freedom (1925), general theory of natural
(1900) selection (1930)

Chester I. Bliss

probit analysis and
determination of LD50 (1935)

15



Jacobanmatrix and deternmant (C.G.J.Jacobj 1841) ->
Hessanmatrix and deteminant(L.O. Hesse 1842)

Jacobianmatrix is first-derivative of a vedor-valued function of a vedor variable.
Hessianmatrix is second-derivative of a scalarvalued fundion of a vedor variable.

Hessianmatrix is the Jacobian matrix of thegradient.

Given salar-valued function of a vector-variable | (Xl D CYIS n)

Oof of of O

Gradientis Oof = g— —,...,—
0x, OX 0
1 2 Xn
X i af Eigenvalu es of Determin ant of Character of
Jacobian matrix J_ — | Hessian matrix H essian matrix criti cal point
element is 1 OX.
] [AmPposmive  |Posmive . [Cocar minimuarm. |
anmatri 0°f
Hessianmatrix —
element is 1 ax aX One regdive, rest [Negative Firstorder saddle
i ] positive point (transition
state)

Hessanmatrix = force constanimatix

Eigenvalesof diagondized Hessian matix = vibratonal energes

Kada'srule(M .Kasa,1950) -> El-Sayed'srul e
(M. El-Sayed, 1968)

Kasha: Lumin escence is theemissionoflight from an exéted stateto a ground state of

the sameamultip licity.

El-Saye: | ntersystan crossing from lowestsinglet siate b lowest tip let statei s a st

process.

Serols(A. Windaus) -> Sax hormones (A. Butenandt)

cholesterol

progesterone

16



Synthegsof vitaminsA and B2 (P.Karrer , 1931 and1935)
-> Discovery of vitamin K (H. Dam,1939)

X AN

OH

vitamin A
CH,OH A

(¢}

vitamin K

vitamin B2 (riboflavin)

Synthegsof nucleotidegLor d A.Todd, 1947+) ->
Synthessof genes(H.G.Khorana, 1979)

o T
— @
]

O=—=P—OH O=p——0H

b

n

O s T e O

OH

Macromdeailar/polymer chemidr y (H. Saudinger , 1922+)
->Ziegler-Natta catalys (K. Ziegler, G. Natta, 1955/6)

17



ExampleGen

Antoine Balard

Robert Bunse

Adolf v. Baeye

Emil Fscher

ealogy Tr ees

Sir J.J Thonson

ExampleGenealogy Tr ees

Type3 Novelideasmnddiscovei eshrough gener ations

Bunsen burner, actinometrf1855) (withSir Henry Roscoe )

(Ni(COY) (1890)

Discovery of metal carbonyls (1876 - 1878)

|
Wurster  dyes Mich

reagen{1879)

ler's ketone Bodenstein

Hempel pipette
Wilkinson's  catalyst pel, PP
(1965) ; organometallic
chemistry; metallocenes S

Chemistry Nobel 1973 (Michigan, 1886)

Louis M. Dennis

(1879), Wurster's (1879) steady state

approximation
(1913)

Sir Edward Frankland

Concept of valenc€l852)

Paul Harteck
(Berlin, 1926)
Discovery of

Philipp E.A. Lenard

Physics Nobel 1905

Karl Heumann

(Heidelberg, 1878)

industrial process

to produce indigo
\.(1890)

Ladenburg benzene(1869)

parahydrogef1929)

—< Investigation of cathode rays

Bronsted-Lowry definition
of an acid and a bas¢1923)
Armstrong and Wynne's
acids (1890's)

Sir William J. Pope
Discovery of asymmetric N, S,
Sn, Se compound§l899+)

l Eugene G. Rochow
silicone polyme¢1941)

Schrock  carbenes Corey-Pauling-Koltun

BU NS EN elemental spectrum analys($860) (withGustav R. Kirchhoff )
Discovery of element 37, rubidiu(®861) (with Gustav R. Kirchhoff )
Discovery of element 55, cesiurfl860) (withGustav R. Kirchhoff )
|
Ludwig Mond Viktor Meyer  method 1 Hempel column Heiki Kamerlingh-Onnes
properties of matter at low

temperatures,
superconductivi(®911);
liquid helium

(1906) Physics Nobel
1913

Penning vacuum
gauge1937)

1974,
( ) space filling mode(1959) Zeeman effect
(1896 - 1897)
I_ Physics Nobel 1902
Adolf Hermann Kolbe
(Marburg, 1843)
synthesis of salicylates
(1874)
[
Henry E. Armstrong [Beckmann Constantin Fahlberg

(Leipzig, 1869)
discovery of 1,3-butadiene [(1886)
in cracked petroleum (with

origin of colour(1888 - 93)

rearrangement (Leipzig, 1873)

discovery of sweetener
saccharin (with Ira Remser])
AK. Miller) (1886) (1878)

Walter Reppe

(Munich, 1920)

Reppe process to
make vinyl ethers
and acetylene€1928)
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BALARD TREE Antoine J. Balard

Discovery of element
35 bromine (1826)
|

! |
Maurice Hanriot Berthel ior(187
(Paris, 1ISSO) erthelot equatior{1875)

Pasteur pipet; stereochemistry (definition of
enantiomers; R/S tartra(@syi8);
alcohol fermentation; germ theory of dis§asé1);

Paul Sabatier

Grignard reaction Hydrogenations of

Grignard reagen¢1900) N
organomagnesium halides$ Chemistry Nobel 1912
in organic synthesis Antoine Villiers-Moriame

ChemistrleobeI 1912
i

Gilman organometallic

1
Gibbs-Duhem equatiofi

|
Bouveault-Blanc I |
reactioifl903) Barbier-Wieland Delepine
IAcyloin condensation reaction reactiorf1895) (1886)
(1905) (1912 - 1913)

unsaturated organic compounds

(College de France, 1880)
Discovery of cyclodextrind891)

pasteurizatior(1867); vaccines for rabbies; anthrax

Wurtz coupling reactio(i1855)
Wourtz-Fittig  reaction(1864)

—————————————

1
Friedel-Crafts alkylation Louis E. Grimaux|
and acylation reactidn.§77§50fb0nlne. 1877)|

i rGeorgesUrbain Darzens
rléigz ﬁo?ucgfg 1865) Discogve_ry of element condensation
[n 71, lutetium(1907) (1904)
_I Bouveault-Blanc
reactior(1903)

EmileRoux
(Paris, MD 1881)

reagent§l936) | ————— Acyloin condensatio(L905)

! Lobry de Bruyn-van Eckenstein
H Charles J.H. Nicolle transformatiorf1895)

Paul E.L. de Boisbaudran Investigation of typhus

Discovery of element 31, galliugh875) Physiology & Medicine

Discovery of element 62, samariu(h879) Nobel 1928

Discovery of element 66, dysprosiufh886)

Lobry de Bruyn-van Eckenstein

transformatior(1895)

HELMHOLTZ Helmholtz equation, energy(1882)

Concept of conservation of energy1847)
invented ophthalmoscopé1851)

Michael I. Pupin
frequency (1888) |(Berlin, 1889)

Wien displacementHertz unit of
law (1896)
Physics Nobel 1911

Millikan oil drop
experiment (1913)
Physics l}lobel 1923

| Hubble constant,

Hans Rau
(Wuerzburg, 1906)

Gerhard Herzberg
electronic structure and

i
Philipp E.A. Lenard | Roland Eotvos
Investigation of cathod¢ (Heidelberg, 187()

rays

Physics Nobel 1905

m——

° law (1929)
geometry of free radicals
Chemistry Nobel 1971
{ Hudson's rules (1924+) (1881)

Mutarotation of sugar§1903+)

William W. Coblentz
Development of IR spectroscopy
(1905)

Nyquist stability

theorem(1928)

Gibbs free energy
Gibbs equation Cl
Gibbs-Duhem equatiorMedicine Nobel 1961
(1876/8), Gibbs phase rule

(1875/6) Gibbs vector analysis

Henry A. Bumstead
(Yale, 1897)

'
Planck's constant,
Planck’s radiation

law (1900),
Karl Tangl Concept of blackbody
(Budapest, 1895) radiation(1901)

Physics Nobel 1918

Georg von Bekesy

Discovery of physical Laue symmetry groups
mechanism of stimulation Laue equations(1912)
of cochlea Physiology & discovery of X-ray
diffraction by crystals
Physics Nobel 1914

Schottky barrier;
diode; noisg€1939)

Johnson noise
(1928)
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otto Meyerhof

Concept of energy rich pyrophosphate bonds  (1931);
discovery of relationship between oxygen
on and lactic acid in muscle

Physiology & Medicine Nobel 1922

1 Karl Lonann

Concept of energy rich

<————

OSTWALD

Ostwald dilution law (1888),
concept of catalysis  (1894)
rates of chemical reactions;
chemical equilibrium

Chemistry Nobel 1909

= Georg Bredig

'
Lineweaver-Burk

= ==y Victor  Henri

enzyme kinetics  (1903)

1
1
| (Leipzig, 1894)
plot (1934) : pyrophosphale bonds (1931) |
1 Discovery of ADP(1934) , I - T T
1 ATP(1929) " Braune Fajans rules on bonding Evans-Polanyi relationship (1938) J
1 [Severo Ochoa (Hotdabarg, 1017)  (.918) ; Discovery of Bell-Evans-Polanyiprinciple (1936/8)
1 | Discovery of mechanism " eIemem}Ql protactinium  (1917) | Thomas R. Cech
: for biosynthesis of Fritz  Strassmanngroup displacement law (1913) I Discovery of catalytic
1 | ribonucleic and deoxy- concept of nuclear Odd Hassel properties of RNA
1| ribonucleic acids fission (1934 -45)  Conformational analysis Emest Warhurst Chemistry Nobel
1 | Physiology & Cyclohexane structures (Manchester, 1936) 1989
1 | _Medicine Nobel 1959 Chemistry Nobel 1969 ’
I John Charles ~ Polanyi i
FritzLipmann Ffa"COiSI Jacob Eugene Wigner Infrared chemilumiscence; * ggﬂfﬂgboﬁﬁgs
Discovery of coenzyme A} - Andre Lwoff Discovery and application of fundamental | |Chemical lasers principle  (1938)
Physiology & Discoveries concerning symmetry principles to atomic nucleiand | LEREMiSty Nobel 1986 Evans principle
Medicine Nobel 1953 genetic control of enzymes elementary particles, Wigner spin rules} (1939)
I and virus synthesis (1926/7) Physics Nobel 1963
FDanieI Nathans Physiology & Medicine
Discovery of restriction Nobel 1965
enzymes ¢ Shannon-Jaynes John Bardeen
_ Physiology & Medicine maximum entropy function ~ BCS theory (1957) , semiconductors
*\, Nobel 1978 (1948/1957) discovery of transistor effect (1948)
More O'Ferrall-Jencks Hillard B. Huntington Physics Nobel 1956,
diagram (1977) ; Jencks (Princeton, 1941) Physics Nobel 1972
~c\uck (1977 - 1984)
BAEYER TREE Baeyer-Villiger oxidation (1899) ;
synthesis of indigo (1878) ;
triphenylmethane dyes (1903)
discovery of barbiturates(1863)
Chemistry r\fbel 1905
rl_elaecﬁir&g;n-Burchard Otto Fischer Emil Fischer Richard Willstaetter oto Warburg Buchnaﬁl\-free
Connection between (5"350'0“"9- 1874)  (strasbourg, 1874) Investigation of plant Discovery of respiratory ~fermentation
colour and structure (1868) Chemistry Nobel pigments; chlorophyll enzyme Physiology from yeast extract
. 1902 | Chemistry Nobel 1915 & Medicine
synthesis of alizarin (1868) Arthur Harden 1 Nobol 1931 (1893-7)
(with Charles Graebe) Alchohol fermentation | Hans v, Euler- b€ Chemistry Nobel
| inbio- ] Chelpin 1007
I | chemical systems Investigation of
m;ﬁﬁ;gggg:” Sachse-Molfr g‘zgm's"y Nobel fe’mat“’“:;“m of il Krebs citrc acid George Wald
synthesis of " Concept of chairl sugarand fermentativ cycle; glycolysis Discovery of primary
ammonia from and boat ring E‘:}Zymef Nobel (1937) Physiology physiological and chemical
its elements conformations 1922""5 ry Nobe & Medicine Prize visual processes in eye
(1904-1907) (1890+) Nef reaction 1953 :h)k/)sl‘ol\%gs);& Medicine
Born-Haber Heinrich Hock (1894) obel o
cycle (1919) (Munich, 1912) Fred_erick S.  Kipping
Chemistry Hock phenol T T (Munlch, 1887_)_
Nobel 1918 procesg1944) Lauderw. Jones SolomonF. Acree J discovery of silicones
SyviaM. Stoesser  (Chicago, 1897)  (Chicago, 1902) roberth. Mazue Y
Odd Hassel (Dow Chemical Co.) Originated concept of IT 195'1)
Deciphering structure discovery of polystyrene Curtin-Hammett principle devel’opment of peptide
of cyclohexane (1939) (1907) , pH indicators sweeteners (aspartame)
and s derivaives; (1915) (with James M. Schlatter)
conformational Sarett  JosephJ. Breen (1965) )
analysis procedure (Duke, 1973) Founder of
Chemistry Nobel (1953) Green Chemistry Institute

1969
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EMIL FISCHER

Fischer indole synthegi383)

Fischer projectiofi891)

Kiliani-Fischer synthesi§1885/1889)

Fischer esterificatigh895), protein peptide structi®81)
carbohydrate chemistry; purine chemistry

Chemistry Nobel 1902

i H | |
Bergmann-Zervas | Burkhardt Piloty's acid Rudolf J. Anderson Diels-Alder
carbobenzoxy methodHelferich (1896) (Berlin, 1911) reactio(1928)
(1932) | tetrahedral | Chemistry Nobel
1 intermediate 1950
Fritz Pregl i (1930) Schlenk tube
(Graz, MD 1894; Berlf) ! Schlenk equilibriur(1929) Newman projection
Development of Zemp“_?fn's . (1955) ngﬁg{?gjgfgls)
microanalysis methods saponification (=ci
Chemistry Nobel (1924) Feigl spot test(1958) Alder rulg(1960)
Zemplen Herman F. Mark Taft equatiofi952) \ _______4
degradation of (Vienna, 1920) Kamlet-Taft solvent 1
sugarg1926) x-ray structures of paramete($976) 1

magic or superacid (1968) <
Olah's reagen973)
Investigation of carbocations,
new uses of hydrocarbons in
petroleum industry, cage molec]
Chemistry Nobel 1994

hexamethylenetetramine
(1923) , graphit924) ,
oxalic ac{d924) ,
calomé1926) , solid
C02(1925 - 6) , ethane
and borar{#925) , cellulose

,(828) , organic compour(d930) ,

polymer structur@®930s) , first electron diffraction
studies of gases, determination of bond

\Iengths and ang(&830s)

Karl Landsteiner
(Vienna, MD 1891;
Wuerzburg)
Discovery of blood
groups(1920s)
Physiology &
Medicine Prize 1930
Michaelis-Menten
equation and constal

36Physics Nobel Prizes

6;15 Sir William H. Bragg
1915 Sir William L. Bragg
1917 Charles G. Barkla
1927 Arthur Compton

1927 Charles T.R. Wilson
1928 Owen W. Richardson
1935 Sir James Chadwick
1937 Clinton J. Davisson
1937 Sir George P. Thomson
1939 Ernest O. Lawrence
1947 Sir Edward V. Appleton
1948 Lord Patrick Blackett
1950 Cecil F. Powell

1951 Ernest T.S. Walton
1952 Edward M. Purcell
1956 Clifford G. Shull

1968 Luis W. Alvarez

1970 Hannes O.G. Alfven
1973 Brian D. Josephson
1974 Sir Martin Ryle

1974 Antony Hewish

1977 Sir Nevill F. Mott
1978 Pyotr L. Kapitsa

1979 Steven Weinberg
1981 Arthur L. Schawlow
1981 Nicolas Bloembergen
1990 Richard E. Taylor
1991 Pierre G. de Gennes
1994 Bertram N. Brockhouse
1995 Frederick Reines
1996 David M. Lee

1996 Douglas D. Oesherhoff
1998 Daniel C. Tsiu

1998 Robert B. Laughlin
1999 Martinus J.G. Veltman
Q)QQ Geraldus 'T. Hooft

Sir Joseph J. THOMSON Nobel Legacy
Physics Nobel 1906

1908 Lord Ernest Rutherford
1921 Frederick Soddy
1921 John A. Cranson

8 Chemistry |:> 1921 Sir Alexander Fleck

. 1943 Georg de Hevesy
Nobel Prizes 1962 John Kendrew

1962 Max Perutz
1964 Dorothy C. Hodgkin

3 Physiology,
Medicine
Nobel Prizes

1 Peace :>
) 1995 Joseph Rotblat
Nobel Prize

1962 Francis Crick
1962 James Watson
1962 Maurice Wilkins
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Discovery of elet

THOMSON CANADIAN
CONNECTIONS

ctror(1897)

Thomson model of atom(1903)
conduction of electricity by gases

Physics Nobel 1906

- HughL. Callendar  Rutherford back
‘ (Cambridge, BA 1885)  scattering formul§1914)
j | disintegration of the
elements; chemistry of

Ernest 0. Lawrence radioactive substances
Invention of cyclotron (1929)  alpha particle1903 - 9) ,
Discovery of element 103, concept of atomic nucleug(191§)
lawrencium (1961) Chemistry Nobel 1908
Physics Nobel 1939 I

James Reekie
(Edinbuygh, 1937)

Bertram N.  Brockhouse

*| Development of neutron
spectroscopy
Physics Nobel 1994

|

. |
Etienne S. Bieler *‘ Harriet Brooks
(Cambridge, 1923)

Louis V.  King

(Cambridge, MA 191!

-+

Sir Edward C.  Bullard
(Cambridge, 1932) i

Cecil . Lan *‘

S SirJohn C. McLennan
*| (Toronto, 1900)
DavidM. Lee
Bguglas D'f Oesfpear‘hofff Hugh Grayson-Smith
IScovery of supertfiuidity of -
helium-sry " Y *| (Toronto, 1926) *‘

Physics Nobel 1996

Bertram N. Brockhouse

*‘ Development of neutron spectroscopy
Physics Nobel 1994

—
— |
I Frederick Soddy
transmutation of the elements Chemistry Nobel 1921

| (1904) Discovery of element 91
5‘* protactinium (1917)

investigations into origin

and nature of isotopes;
group displacement law(1913)

MalcomF.  Crawford
(Toronto, 1936)

Arthur L. Schawlow

Physics Nobel 1981

| Inelastic scattering of

OwenW. Richardson
thermoionic phenomena

Physics Nobel 1928

Marvin L. Cohen Hereward L. Cooke
(Chicago, 1964) e[ i, va 1903,

Cambridge)

I
Steven Weinberg
Robert B. Laughlin Theory of unified weak an
Discovery of a new form electromagnetic interactiol
quantum fluid with fractionally | between elementary parti
charged excitations Prediction of weak neutral
Physics Nobel 1998 current
Physics Nobel 1979
Frederick Reines
Detection of the neutrino
Physics Nobel 1995

John D. Joannopoulos
(UC Berkeley, 1974)

Richard E. Taylor

electrons on protons
and bound neutrons;
Development of quark
model in particle physic
Physics Nobel 1990

*‘ Development of laser spectroscopy

“Unknown” Canadian Scientigs

SCIENTIST DATES BIRTHPLA CE SCIENTIFIC

ACHIE VEMENT
Avery, Oswd d Theodore 1877 - 1955 |b.Halfax, Nova DNA as souce of heredity
MD 1904 Cobumba Scotia (1944)
Brooks, Harnet T. 1876 - 1933 |b.Exete, Ontario  [Transnutaion of the demeits
MA 1901 McGill (1904)
(L ord EmestRutherford)
Eadie, GeorgeSharp 1895 - 1976 |b.Tororto, Ortario |Eadie pot (1942
Ph.D. 1927Cambridge
(J.B.S Haldang
Giauque, William Francs 1895-1982 |[b.NiagaaFals, Absolue zerotempeature
Chemistry Nobel 1949 Ontario (19274),
Ph.D. 1922UC Be keley partition funci ons (1930
(GeorgeE. Gibson)
Goad, NormanEver et 1917 - b. Brantford, Good buffer solutions (1966)
Ph.D. 1951Cd Tech Ontario
(Hershel K. Mitchel)
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SCIENTIST DATE S BIRTHPLACE SCIENTIFIC
ACHIEVEMENT
Kamen, Martin 1913- b. Toronto, Ontario Discovery of carbon-14 isotope

Ph.D. 1937 Chicago
(William D. Harkins)

(1941)

Menten, MaudL eonora

1879- 1960 |b. Port Lambton

Michaeli s-Mentenkineics

Ph.D. 1916 Chicago Ontaio (1913

(Albert P. Mathews)

Moffatt, JohnGilbet 1930- b. Victoria, British Pfit zner-Moffatt reagent (1963
Ph.D. 1956UBC Columbia (DM SO-

(Har G. Khorang)

di cyclohexylcar bodiimi de)

Patter son, Arthu Lindo
Ph.D. 1928M cGill
(Arthu S. Eve)

1902- 1966 |b. Nelson, New
Zealand

Pat erson functions (1934)

Saunders, Frederick A.
Ph.D. 1899Johrs Hopkins
(Henry A. Rowland

1875- 1963 [b. London Ontario

Russell -Sauncers spin-or bit
coupling (1929

Winstein, Saul
Ph.D. 1938 Cdl Tech
(Howard J Lucas)

1912- 1969 |[b. Monteal, Quebec

JAnchim eri ¢ assistance (1939); Norma
salt effect (1940) with C K. Ingold;
ingein equaion; Grunwald-Wingen

lequation (1948); intimate andsol vent
separated ion pars (1952)with D .J. Cram;
Ispecid salt effed (1954);

ingein-Ha ness equé on (1955)

Leader sin Canadian Chamidry Over theYears

1950 - 1999

1900 - 1949

Otto MAAS

Frederick M.G. JOHNSON
Robert F. RUTTAN

Harold HIBBERT

Clifford B. PURVES

William Lash MILLER
Andrew R. GORDON :>
George F. WRIGHT

Fred E. BEAMISH

England

Europe

Carl A. WINKLER

Raymond U. LEMIEUX
Edgar W.R. STEACIE
Robert L. MCINTOSH

Clara BENSON
Donald J. LEROY
Harry E. GUNNING
Adrian BROOK

Ronald J. GILLESPIE
Theodore P. SCHAEFER
Albert D. ALLEN

Charles A. MCDOWELL
Keith J. LAIDLER
Howard C. CLARK
Gerald W. KING

Brian E. CONWAY

Zdenek VALENTA
Karel WIESNER

2

Paul A. GIGUERE
Henri FAVRE
Paul E. GAGNON
Marcel RINFRET
Gerhard HERZBERG

=

England <

United
States

1970 - 19B9

50+ professors from

MAAS-WINKLER lineage! . N
Pierre DESLONGCHAMPS
Walter A. SZAREK

’Bryan JONES Imre G. CSIZMADIA

Christopher J. WILLIS Bernard BELLEAU

Barry LEVER

Geoffrey OZIN

Nicolas C. PAYNE Europe

Donald C. BRADLEY George JUST

Michael A. WHITEHEAD Charles R. ENGEL

Paul DE MAYO Walter A. AUE

John C. POLANYI Camille SANDORFY

Chris E. BRION Robert L. BENOIT

Stanley J.W. PRICE
\G. Michael BANCROFT
lan S. BUTLER

Ronald KLUGER
Stephen HANESSIAN
Paul W. BRUMER
William A. AYER
Richard F.W. BADER
John A. PAGE

Robert F. SNIDER

~Peter YATES
Keith YATES
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