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"Scire ubi aliquid invenire possis, ea demum maxima pars eruditionis est.”
("To know where you can find anything, that in short is the largest part of learnir
-- Anonymous

"Knowledge is of two kinds: we know a subject ourselves, or
we know where we can find information upon it."
Samuel Johnson (1709 - 1784)




" Higoryisa thing stientigsdowhen theycan't dostience
anymore.’
- Oxygen, a playby Profs. Roald Hoffmann and Carl Djerass

" If [thiswere]true then thereislittle chanceof the younger
generation e followngusandbecomingchemigsthensd\es'
— Cdin Rus=ll, Prof. Emeritusat Open Universty, UK

Cur rent challenges

=>minimalrefer encingtoori ginalwork inunder graduatetexts

=>br eedingof misconceptionsand incar ect asociationsbetween
peopleandideas

=>gudentsfed detached fr om aubject

=>perception of pasdsvepedatas

=>ladk of ingir ation

=>deengdtizal tosef-discovery approachwhich isthedriveofr esearch

=>humandimendonislod in a deligeof fadsthatnea tobememari zed
inashor ttime

=>pr ofesor shecaneintereded n higory of <iencein“ svan®ng’ of ther
careers

Why bother with " higory" ?
=>gienceisa human adivity

Tradition of naming& scientificgeneabgies

=> ggnpodsof impor tant eventsandideasin a fied

=> connedionsbhetweea ideasarer evealed

=> connedionsbhetweean pe@learereveakd

=>order of development of ideasisreveakd

=> patternsof succesin carear devdopment are revealed

=>identifyingmajor playersin a field

=>identifyinginnovators and folloners

=>how ideasare generated

=>how discover iesare made

=>howto decidewhichideasareworth pursuing
andwhich are not

=>howtoak the" right" qu esions




Gettingthe“BigPicture”: Dat-to-Dat Diagram

L 3R BN I BN BN NN BN
a8l e

P eB®
=
[¢r]
\essnes
(%]
[=2]

>
¢

[3%]
oh

YEEEEER

BN BN BN BN BE BN
a8 8

AR E R B-R

TEE RN

. I BN BN OB BN

' BN BN B BN B B BN

2 88
810 &
L] B

[ 3N B BN BN BN N
L3 B BN BN BN BN N
L 3 B BN BN N
88 9P 00D

)
N ow
Ce
“e
L I
B BB BN OB OB OB BN NN-AN BB B B BN O
"IN BN OB BN BECEE BECEE BN BN N ONE BN OB BN B

22001 8 33

W34
a2 & 88
Bl e 3
a2 8e
28838
a8 88

T EEEEEEEREEEREERN
"IN NN NER-ENE NN NN

Gettingthe“B igPicture”:

Dat-to-Dat Diagram
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Gettingthe“BigPicture”: Dat-to-Dat Diagram
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Gettingthe“BigPicture”: Dat-to-Dat Diagram
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Gettingthe“BigPicture”: Dat-to-Dat Diagram
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Evolution of Chenistry

Schreiber,
Nicolaou,
Whitesides
(1990s+)

Watson, Crick,
Pauling (1950s)

Rouelle, Berard,
Lavoisier (1770s)

Wohler, Liebig,
Bunsen, Kekule,
Hofmann (1860s)

Pasteur, Michaelis,
Menten, Krebs (1880s-19:

New Paradigm

how to determine rate §f
reaction of a substancg in
a chemical reaction;

what is matter <::|::>

what is light1

reaction mechanism?

74

what is energy ?<::|:>

what is the mathematical
description of optimizatign?

g

how to determine chemi
structure of a substance

a

g

how to determine if
substance is pure?

what is connection between
chemical structure of a substg

and its properties, reactivity,

and function?

how to come up with efficient

synthetic strategies for creating
new chemical structures with desi
properties, reactivity, and functi




Laws (47)
Constants, T

(18)

Laboratory Apparatt
(53)
Concepts Named

Units BL——NAMED }—— After People (409)
Equationse———THINGS }——— concepts Not

(77) Named After Peopl
1 \ (181)
Rules (3

Reagents/Catalysts/ R€actions (275)
Compounds (171)

: I
Non-chemists (9) Structures
Places (55) (785)
Trivial/lUnusual
(238)

Functional Groups
(188)
Acronyms (124)

Optical lllusions

Scientific Genealogy

(64) Birthday & Master Index (1062)
Discovery Memorial Genealogy Trees (10
of Reaction Calendars . .
Intermediate® Women in Chemistr
(38) 1 and Physics (40)

Minerals (166 ——NAMED }——— Anecdotes & Statis
Chemical«—THINGS |——> Discovery of Eleme
Industry (145) . of Periodic Table
Physics (26/ - ' Sra. Mathematics (488
Canadian Connections Mathematics (488)

(32)
Isrfieeﬁgfsts 1 l 1 Nobel Laureates in

Chemistry (143)
(1041) Physics (172)
Index of Obituaries & InventionsPhysiology & Medic
Named Biographical (162) (180)
Things R2e7f<irences Glossary of
(1164) (271) Coined Scientific

Terms (287)




20 March 1879- 20July 1960
Caradian b. Port Lambton Ontaio, Canaa

Michaeli s-Menten equation
Henri, V. Lois générales de l'action des diastases, Paris, 1903
Michaelis, L.; Menten, M.L., Biochem. Z. 1913 49, 333

Biographicad Refererces

Rayner-Canham, M.; Rayner-Canham, G., Women in Chemistry, ACS:
Washington, 1998, p. 15 7

Stock, A.H.;Carpenter, A.M., Nature 1961, 189, 965

Smith, D.B. Trends Biochem. Sci. (Pers. Ed.), 1979 4, N150

Ogilvie, Marilyn; Harvey, Joy (eds.) The Biographical Dictionary of Women in
Science, Routledge: New York, 2000, p. 882

Where tofind biogr aphicalinformation about scientigs?
GillispieCharles(el.) Dicianaryof SiettificBogagty
Ohit Nat FelavdRoy: Soc; Biog Men FelavdRoy. S .
Biag.MemNatl. Acad Si.USA CQurett Bogaphy
Rdiles Fatways andDremsSeies ACS Wadirgon,D.C.
CanddSieces iesT heRaadlo Sakhdm
Odlvie M ; Harvey,J .(@ls) TheBiayahicalDictonaryd Womeanin Siece
Webstes Ndoek Acadary, Names Thingsin Chamidry & 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




"Named" things sgipodsof whatideasare impatant and which gand thetests
of epeaimentation, veificatian, and reproducibility ove time
Good nanerclaure elicitsimagesand aids reasning by analogy; it is the organic
chemits 'besfriend -- Donal J Cram

Organic Name Reactions Timeline

B Number of Reactions Not Name|
After People

BNumber of Reactions Named
After People
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1838 - 1847
1848 - 1857
1858 - 1867
1868 - 1877
1878 - 1887
1888 - 1897
1898 - 1907
1908 - 1917
1918 - 1927
1928 - 1937
1938 - 1947
1948 - 1957
1958 - 1967
1968 - 1977
1978 - 1987
1988 - 1997
1998 - 2007
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Sur vey of ConnectionsBetween Peopleand Ideas

Typel: Named thingshared between Sudent and advisor
DidlsAlder reaction (O.Dids, K. Alder,1928)

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

R




Sur vey of ConnectionsBetween Peopleand Ideas

Type2 Evolution of ideasfrom advisor to sudent
(innovator-follower)

Wittig reaction (G.Wittig, 1954) >

Schloser madification of Wittig reacion (M . Shlossr ,1971)

R
+ PPy + RCHBf —0 ¥ | +
Ry Ry 2
nBuLi
PhLi
+ & + 3 tBuOH +
) ~"

PPy R

[ 0=PPh
"l HBr

LiBr
LiOtBu
O=PPh
nBuH
PhH

ExampleGenealogy Tr ees
Type3 Novelideasmnddiscovei eshrough gener ations

Bunsen burner, actinometr1855) (withSir Henry Roscoe )

N 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 )

BUNSE

Ludwig Mond
Discovery of metal carl
(Ni(COY) (1890)

Viktor Meyer  method
bonyls (1876 - 1878)

|
Wurster  dyes Mich

(1879), Wurster's (1879)

reagen{1879)

ler's ketone Bodenstein

steady state
approximation
(1913)

Sir Edward Frankland
Concept of valencgl8

Paul Harteck
52) (Berlin, 1926)
Discovery of

Ladenburg benzene(1:
Philipp E.A. Lenard

869) parahydrogef1929)

—< Investigation of cathode rays

Physics Nobel 1905

Karl Heumann

(Heidelberg, 1878)

industrial process

to produce indigo
\.(1890)

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+)

1 Hempel column

Wilkinson's  catalyst Hempel pipette
(1965) ; organometallic
chemistry; metallocenes
Chemistry Nobel 1973

Louis M. Dennis

(Michigan, 1886)

~—] discovery of 1,3-butadiene |(1886)

l Eugene G. Rochow
silicone polyme¢1941)

Corey-Pauling-Koltun

space filling mode(1959)

Schrock  carbenes
(1974)

—

Adolf Hermann Kolbe
(Marburg, 1843)
synthesis of salicylates
(1874)

Heiki Kamerlingh-Onnes
properties of matter at low
temperatures,
superconductivi(®911);
liquid helium

(1906) Physics Nobel
1913

Penning vacuum
gauge1937)
Zeeman effect
(1896 - 1897)
Physics Nobel 1902

Henry E. Armstrong [Beckmann

(Leipzig, 1869)

in cracked petroleum (with

origin of colour(1888 - 93)

Constantin Fahlberg
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)

10



“Unknown” Canadian Scientigs

SCIENTIST DATES BIRTHPLACE SCIENTIFIC
ACHIEVEMENT
Avery, Oswald Theodare 1877-1955 |b. Halifax, Nova DNA as soure of heedity
MD 1904 Columbia Scotia (1944)
Brooks, Harriet T. 1876- 1933  |b. Exeter, Ontario Transmutaion of theelementp
MA 1901McGill (1904)
(Lord Ernest Rutherford)
Eadie, GeargeSharp 1895- 1976  |b. Toronto, Ortario | Eadieplot gplied to Michaelig
Ph.D. 1927 Gambridge -Menten equaion (rte of
(J.B.S. Haldang) readion, v, vs. V/[S]) (1942)
Giauque, William Fancis 1895-1982 |b. Niagara Fdlls, Absolute ze tempeature
Chemistry Nobel 1949 Ontario Measuremats (1927)
Ph.D. 1922UC Berkeley Partition inctions(1930)
(Geage E. Gibson)
Good, NormanEverett 1917- b. Brartford, Good bufersolutions(1966)
Ph.D. 1951 Gd Tech Ontario
(Hershel K. Mitchdl)
SCTENTIST DATES  |BIRTHPLACE SCTENTIFIC
ACHIEVEMENT
Kamen, Martin 1913- b. Toronto, Ontario Discovey of @bon-14
Ph.p.' 1937 Chcago isotope(1941)
(William D. Harkins)
Menten, MaudL eonora 1879- 1960 |b. Port Lambton : : P
Ph.D. 1916 Chicago Ontaio xg{gé sMentenkinetics
(Albert P. Mathews)
Moffatt, JohnGilbert 1930- b. Victoria, British PfitznerMoffatt reagat
Ph.D. 1956UBC Columbia (DM SOdicyclohexylarbo-
(Har G. Khorana) diimide (1963)
Patter son, Ar thg Lindo 1902- 1966 |b. Nelson, New Paterson funtions(1934)
Ph.D. 1928M cGill Zealand
(Arthu S. Eve)
Saunders, Frederick A. 1875- 1963 [b. London Ontano Russl -Saunders spin-tit
Ph.D. 1899Johrs HOkanS Coup“ng(lng)
(Henry A. Rowland
Winstein, Saul 1912- 1969 |b. Monteal, Quebec |Anchimeic assstance1B9

Ph.D. 1938 Cd Tech
(Howard J Lucas)

Nomal salt &ect (1940)

Grunw ald-Winstén equation
AN, intimateandsdv ent
searatal ionpairs (1982) eial
salt éfect (1951 Winstein-

Holnesseaqiation (1965)
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1900 - 1949
Otto MAAS

oS TTTAN
RT

1950 - 1969

William Lash MILLER
Andigy R. GORDGA
George F. WRIGHT
Fred E. BEAMISH

Clara BENSON
Donald J. LEROY

Harry E. GUNNING
Adrian BRQOK

England

Keith J. LAIDLER
Howard C. CLARK
Gerald W. KING

Zdenek VALENTA
Karel WIESNER

United

Europe States

w e,
Henri FAVRE
Paul E. GAGNON
Marcel RINFRET
Gerhard HERZBERG

Bryan JONES
Christopher J. WILLIS
Barry LEVER

Geoffrey OZIN

Nicolas C. PAYNE
Donald C. BRADLEY

i EHEAD

Paul DE MAYO
John C. POLANYI
Rl BRIQL

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

Ronald KLUGER
Stephen HANESSIAN
Paul W. BRUMER
William A. AYER
Richard F.W. BADER
John A. PAGE
RODert . SN
Peter YATES
Keith YATES

Leade sin Canadian Chamidry Over theYears

1970 - 1989

Pierre DESLONGCHAMPS
Walter A. SZAREK

Imre G. CSIZMADIA
Bernard BELLEAU

Europe
George JUST
Charles R. ENGEL
Walter A. AUE
Camille SANDORFY
Robert L. BENOIT

|
J

Cultur eof “Academia”

Prdessmalgmakof acadenics

(D Tobereacanizad fa thdr contributionstoafidd d sudy
(@ Topropaateand pap duatethase amtributionsthroud thar sudents

Triangulation Prindpleand Rark-toRank Flav
Sdlingyaursdf versussoneme dssslingyou

Post-Doctor
ADVISOR

Doctoral
ADVISOR | &——> | STUDEN
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Jons Jakob BERZELIUS
(Uppsala, 1802)

Eilhard MITSCHERLICH

(Goettingen, 1814)

James FRANCK
(Berlin, 1906)
Physics Nobel 1925 |

Gustav MAGNUS
(Berlin, 1827)

Emil G. WARBURG ~ August KUNDT
(Berlin, 1867)

(Berlin, 1864)

Franz S. EXNER
(Vienna, 1871)

Friedrich HASENOHRL
(Vienna, 1897)

Karl F. HERZFELD
(Vienna, 1914)

Walter H. HEITLER
(Munich, 1926)

Fe———

@© Dr. John Andraos, 2002

Johannes Peter MULLER
(Bonn, MD 1823)

Hermann von HELMHOLTZ
(Berlin, 1842)

Wilhelm WIEN
(Berlin, 1886)
Physics Nobel 1911

Hans RAU
(Wuerzburg, 1906)

Gerhard HERZBERG

r-=-=-- (TU Darmstadt, 1928; Goettingen)

[NRC] Chenllistry Nobel 1971)
i

John W.T. SPINKS
(Darmstadt) [Sask]

Anthony J. MERER

(NRC) [UBC]

John C. POLANYI

(NRC) [Toronto]

Chemistry Nobel 1986

Boris P. STOICHEFF

(Toronto, 1950; NRC)
[Toronto, Physics Dept.]

Robert H. LIPSON
(Toronto, 1985) [Western]
Stephen C. WALLACE
(Toronto) [Toronto]

LEMIEUX CiMord B. PURVES
(St. Andrews, 1929) [McGill]
Robert K lISROWN R dUILEMIEUX G DITHORN I I |
obe . aymon . eorge D.
McGill, 1946) (Mg’GiII, 1946) (Mcegm, 1947) Arthur S. PERLIN Lloyd D. HAYWARD Robert Y. MOIR
[Alberta] [Sask; Ottawa; Alberta] | [Mt. Allison] (McGill, 1949) [McGill] (McGill, 1949) [UBC]

(McGill, 1946) [Queen's]

Wilma E. ELIAS
(UBC, 1956) [Victoria]

(Ottawa, 1958)
[Sherbrooke]

Gerard E. PELLETIER Bertram O. FRASER-REID

Robert J. CUSHLEY

(Alberta, 1964) ‘Walerloo] (Alberta, 1965) [SFU]

Michael K. GEORGES

(Waterloo, 1983) [Toronto] Bruce J. FORREST

Frank P. ROBINSON.
[Alberta, 1962) [Victoria]

Edward PIERS
(Alberta, 1963) [UBC]

John M. CHONG
(UBC, 1983) [Waterloo]

H i
Brian A. KEAY Guy L. PLOURDE
(UBG) [Calgary] (UBC) [UNBQ)

@ Dr. John Andraos, 2002

(SFU, 1978) [Brandon]

H 1
I ] !
H 1
Ole HINDSGAUL David R. BUNDLE J. William LOWN
Alberta, 1980) (Alberta) [NRC] (Alberta) [Alberta]
Alberta]

France |. AUZANNEAU

Brian M. PINTO
(NRC) [Guelph]

=" (NRC) [SFU]

Kerry B. REIMER

X. Chris LE

(Alberta) [Alberta] (SFU, 1991) [UNBC]
David C. SCHREIMER

(Alberta) [Calgary]

Frank SCHWEIZER

(Alberta, 1998) [Manitoba]
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