A BRIEF HISTORY OF CATALYSIS

Who’'sWho in the Early Catalysis



Early Catalytic Processes

-6000 Beer brewing by malting procedure Malt enzymes

-3000  Wine making by fermentative conversion
of grape juice sugars Yeast a.o.

-2000  Alcohol(ic drinks) by fermentation of various
carbohydrate sources Yeast a.o.

Bread and other leavened bakery products by carbon
dioxide and alcohol Baker's yeast

Vinegar (acetic acid) by aerobic fermentation of
ethanol Acetobacter

-800 Cheese making (coagulation ) by casein hydrolysis
with calf stomach extract Calf rennet (chymosin)

1850  Yogurt formation from milk by lactose to
lactic acid conversion Lactobacillus

Kieboom, Moulijn, van Leeuwen, van Santen, Stud. Surf. Sci.
Catal. 123 (1999)3-28



Andreas Libavius,

The first textbook

of chemistry, first possible for
the scientists to

compare their work with
others.

The first historical reference to
catalysis as a chemical
phenomenon; he, however,
uses the term catalysis to
describe the decomposition of
base metals into silver and
gold.
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Johann Wolfgang Dobereiner (1780-1849)

Johann Wolfgang Débereiner
1780-1849

Professor of Chemistry at Jena for
thirty-nine years, a friend and protégé
of Goethe, and the founder of the study
of catalysis, his discovery of the power
of finely divided platinum to ignite a
siream of hydrogen caused a con-
siderable stir in European chemical
cireles

From a portrait in the possession of Goethe-

Nutionalmuseum der MNationale Forschungs und
Gedenkstinen, Weimar




apothecarian, studied chemistry
later

1810 Chair for Chemistry and
Pharmacy in Jena

exchanged letters with Goethe
(and gave him one of his lighters
as a gift)

obtained several kg platinum from Duke Karl August in
Weimar

1816 conversion of alcohol to acetic acid / Pt wire

1832 conversion of alcohol to acetic aldehyde / Pt wire
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An incidental result of Débereiner’s discoveries was his invention of the first lighter. This employed
hydrogen, generated from zine and sulphuric acid, passing over finely divided platinum which then
glowed sufficiently to ignite the gas. A number of different types produced in Germany and in
England became very popular and many thousands of them were in use over a long period of time.
Many elaborate and fanciful designe on enamel or porcelain were also developed including the two
models illustrated here Courtesy of the Danish National Museum



The Dobereiner Lighter
Production of H,

- e Pt from Zn and

le, o sulfuric acid (25%)

R ) ignited at Pt

L) sponge on top



Humphry Davy (1778-1829 )

“* 1817 reactions of coal-gas
and oxygen on Pt, Pd (active)
and Co, Ag, Au, Fe

(ineffective) wires

“+» developed safety lamp for
miners

+ detected anesthetic effect of
N,O (breathing it became the
highlight of social events)

il

In 1817, the first observation that platinum induces the oxidation of
hydrogen in air.



Michael Faraday (1791-1867)

[] Catalytic properties of platinum
for the oxidation of hydrogen

[1 Both the effects of pretreatment
and poisons

[1 Required properties of platinum
for ignition:

The only essential condition appearsto ben perfectly clean and
metallic surface, for whenever that is provided, the platina
acts, whatever form and condition in other respects may be.

[] Regeneration

Berzelius did not mention Faraday’s works in the proposals of the
catalytic phenomena.



Eilhard Mitscherlich (1794-1863)

[0 Prof. University of Berlin

[ studied oriental languages, PhD
on Persian texts

[1 discovered isomorphism “an equal
number of atoms, combined in the
same way, produce the same
crystal forms: the crystal form
does not depend on the nature of
the atoms, but only on their
number and mode of combination”

[1 synthesized benzene

Mitscherlich experiments provide critical clues in establishing a
concept of “catalyst” and “catalysis” by Berzelius later.



[ 1 E. Mitscherlich, “Ueber die Aetherbildung” (On the Formation of
Ether)”, Pogg. Ann., 31 (1834) 273
- Annalen der Physik (English: Annals of Physics)
- Gilberts Annalen, Poggendorfs Annalen, Wiedemann's

Annalen and so on, or for short Gilb. Ann., Pogg. Ann., Wied. Ann.

* on photons, on Brownian motion, on mass—energy
equivalence, and on the special theory of relativity by Albert
Einstein (1905)
** on the theory of blackbody radiation by Max Planck (1901)
[1 Through careful studies on the synthesis of diethyl ether from ethanol
and sulfuric acid, it was realized that the acid was not being consumed
during the production of the ether, although the reaction would not

proceed unless the acid was present.



Jons Jakob Berzelius (1779-1848)

% studied medicine and chemistry
in Uppsala, Sweden

“* worked as medical doctor,
became Professor of Medicine
and Pharmacy, 1810 Professor
of Chemistry and Pharmacy

*» stopped teaching in 1829 to
devote himself to research

a founder of modern chemistry along with Robert Boyle,
John Dalton, and Antoine Lavoisier




German Baker’s House

In Berzelii Park in Stockholm



[1J.J Berzelius, Arsberéttelsen om Framsteg i Fysik och Kemi

(Annual Report on Progress in Physics and Chemistry),
Royal Swedish Academy of Sciences, 1835

ARSBERATTELSE
OM FRAMSTEGEN

FYSIK och KEMI

AFGIFVEN DEN 31 MARS 1835;

JAC. BERZELIUS,

K. V. ACAD. SECR.

————-—M ‘h——-—-_

;godﬂ.ﬁlﬁ. 1835.
Tryckt hos P. A. NonrsTEpT & SONER,
Kongl. Boktryckare,

245

Detta dlir en den ocorganiska, likavil
som den organiska mnaturen tillhérig ny
kraft att frambringa kemisk verksamhet, som
siikert dir mera “utspridd &n wi hittills tiinkt,
och hvars matur @#nnu lir for oss f[Grborgad.
Da jag kallar den en ny kraft, &ir det der-
vid icke min mening, att det skall vara en
af materiens elektrokemiska relationer obe-
roende formiga, tvertom, jag kan icke fur-
moda annat, in att den #r eit eget slags
yttring af dessa, men s& linge viicke kun-
na inse deras inbiérdes sammaunhang, lbittar
det wviara forskningar att betrakta den, tills
vidare, sdsom en kraft for sig, likasom det
skall liitta vart afhandlande deraf, att der-
fire #sga ett eget nawn. Jag skall derfore,
for att begagna en i kemien wilkind hir-
ledning, kalla den kroppars KAatalytiska
irqft,gsﬁnderdclning gerr:nm denna kraft
katalys, likasom wvi med ordet analys be-
teckna atskiljandet af kroppars bestindsde-
lar medelst den vanliga kemiska frindska-

n. Den katalytiska kraften synes egent-
igen bestd deri, att kroppar genom sin blot-
ta nidrvaro, och icke genom sin friindskap,
forma uppviicka frindskaper, som vid den-
na temperatur slumra, si att elementen i
en sammansatt kropp, i kraft af dessa, ord-
na sig i andra forhillanden, genom hvilka
stirre elektrokemisk neutralisering uppkom-
mer. De wverka dervid i det hela pd sam-
ma sitt som viirmet, och dervid kan den
fraga uppsti, om en olika grad al katalytisk
kraft hos olika kroppar kan uppvicka sam-
ma olikhet i katalytiska produkter, som viir-
met eller olika temperaturer ofta istadkom-



It is then shown that seveval simple and compound bodies,
soluble and insoluble, have the property of exercisiing on
other bodies and action very different from chemical
affiniry. The body effecting the changes does nor take
part in the reaction and remains unalteved through the
veaction. This unknown body acts by means of an internal
force, whose nature is unknown to us. This new force, up
tell now wunknown, is common to organic and inorganic
natrure. I do not believe thatr this force is independent of
the electrochemical affinities of marter; I believe on the
contrary, that it is a new manifestation of the same, but,
sirvice we cannot see their comnection and independence,
it will be more convenient to designate the force by a
new name. I will therefore call it the “Catalytic Force™
and I will call “Catalysis” the decomposition of bodies by
this force, in the same way that we call by “Analysis™ the
decomposition of bodies by chemical affinity.

[ ] besides “catalysis”, “polymer”, “isomer”, “protein”, etc
[ 1 discovered cerium (1803), selenium (1817), thorium (1829)

[ ] Berzelius's group students: lithium, lanthanum, and vanadium



Elizabeth Fulhame (?-?)



Rosalind Elsie Franklin (1920-1958)




X-ray diffraction image
"Photography 51”

Worked at King's
College London

. A sketch of the DNA
O . - double helix by Francis
Crick (1953)

Francis Harry Compton Crick (1916-2004) and
James Dewey Watson (left) (1928-)
Cavendish Laboratory, University of Cambridge
Received the Nobel Prize (1962)



Moo 4388 ﬂpl’l:l 25, 1953

oqlllpmnhl and to Dr, G, E. B. Descon and tho
captein and officers of BLR.S, Discovery IT for their
part in making tho ohsorvations.
'Tmﬁum:. B., Gertard, H., and Jevoms, W,, FAY, Muop, 40, 149
L] -] i ;|

mﬁ'ﬂﬂ'ﬁ}“} M. B, Mon. N, Roy. Astro. Soe.. Gooidpe. Supp,.
L r“‘fﬂ%ﬁﬁ 8, Woods Hele Papers in Phye. Oceanog. Meteor., 11
I Ekmnn, V. “-'-.. Arkiv. Afar gstron. Fyelk. (Seekbofim), 2 (11} {1906).

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Mucleic Acid

E wish 1o suggest & strueture for the salt

of deoxyribose nuoleie acid (DN.AL),  This
gtructure his novel features which sre of conaiderabla
biological interest.

A atracture for nueleis acid has alrgady  been
proposed by Pauling and Corey?, They kindly made
their manuseript available to wa in advanes of
publication. Their model consista of thees inter-
twined ohaing, with the phosphates near the fibee
axis, and the bases on the outside. In our opinion,
thiz stracturs ie unesticfactory for two rosconao =
(11 Wea halieve that material which gives the
K-ray diagrame is the salt, not the fres acid. Without
the acidie hydrogen atomsa it @3 not olear what forees
wouhl hold the atruotuse together, cspecially as the
negutively chargnd phosphates near the axis will
repal esch other. (2) Bomo of the van der Waala
distances apposr to be too small.

Another three-chain structure has also been sug-
gestad by Traser (in the press). Tn his model the
ph tes are on the outside and the bases on the
ingida, linked together by hydrogen bonds. This
strueture &8 described ia rather ill-defined, and for
this reason we shall not comment
on it.

We wish to put forward a
radically different atruetors for
the ralt of deoxyribose nuclsie
avid, This structure has two
helicnd chains each eoiled rournd
the mme axis (see disgram), We
have made the usual chembcal
sssumptions, namely, that each
ehain eonsists of phosphate di-
ester groups joining f-D-deoxy-
ribofuranose residues with 375
linkages. The two chaina (bt
not their bases) s rolatod by a

icalar 1o the fibre
axie, Hoth cheins follow right-
handed helices, but owing to
the dyad the sequences of the
atoms in the two chsine run
in opposite  directiona. Esch
chain locsely resembles  Fur-
berg’s® model No. 1; that s,
thie basss are on the insds of
thi helix and the phosphates on
tho outside, The configuration
of the pugar and the atoms
near it i3 closs to Furberg's
‘standard configuration’, the
afeer sugnr being roughly porpendi-
lins marks toe fibee axis  cular to the attached base. There
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i8 m residus on eash chain cvery 34 A, in the s-diree-
tion. We bavo assumed an angle of 36° between
adjacont rosidues in tho same chain, so that the
strueture repests after 10 residucs on sach chain, that
i3, after 34 A, The digtance of s phosphorus atom
from the fibre axis is 10 A. As the phosphates are on
the outside, cations have sasy access to them,

The stracturs is an open one, and its witer eontant
is rather high. At lowor water contents we would
oxpeat the bases to tilt so that the atrusturs could
hecome mMoTe cOWYpRT.

The novel feature of the sirueture is the manner
in which the two chaine are held together by the

u’!m and pyrimidine basos, The planes of the bases

icular to the fibre axis, They are joined
tngﬂthar in pairs, a single bass from one chain’ being
hydrogen-bonded to & single hase from the other
chain, so that the two lis side by side with identical
z-poeordinates. Ooe of the pair must be a purine and
the other & pyrimidine for bonding to oceur, The
hydrogen bonds are made as follows : purine position
1 to Ezm‘mdms position 1; purine position § Lo

e position §.

11; iz pesumed that the bases only oceur in the
structurg in the most plausible teuatomeric forma
(that is, with tho keto rather than the ennl eon-
figurations) it is found that only apecifin pairs of
bases can bond togethar. Thuss e aro ¢ adenino
{purine) with thymine (pyrimidine), snd gusnine
(purine) with aytosing (pyrimidina).

tther words, if an adening forms ons member of
& piir, on either chain, then on these assumptions
the other member rmust be thymine ; similarly for
pguanine and eylosine. The serquence of bases on a
single chain doos not sppesr to be reatrioted in any
wiy. Howewer, if only epecific pairs of basos cen be
formed, it follows that if the ssquence of hases on
one ohadn s given, then the sequonece on the other
ohain is sutomatioslly determined.

It hes boen found experimentally®* that the ratio
of the amounts of adenine to thymine, and the ratic
of gusnine to eylosine, ace always very closs to unity
for deoxyribosn nueleie acid.

Tt is probably impossible to build this strugture
with & ribose suger in place of the deoxyriboss, as
ths extra oxyvgen atom would make too close 8 van
dor Waals oontact,

The previeusly published X-tay data®* on deoxy-
ribose nucleic noid are insufficient for & rigorous test
of our atructure. 3o far a8 wo can tell, it is roughly
aompatible with the sxpormenta] dats, bat it mgat
bo regarded as unproved until it has been chacked
ageinst more exsot results. Bome of these are given
in the following communications. We were not swsra
af the details of the results presented there when we
devised our strurture, which rests mainly though not
antirely on published experimentsl dats and stereo.
chemical arguments,

It haa not esgaped our notice thet the specifie
pairing wo have postulsted immedistely suggeats a
possible copying mechaniam for the genetio material,

Full deteilz of the structuss, including the eon-
ditions sssumed in building 'Lu, together with o set
:If ac-ordinates for the atoms, will be publighed

] 9

We are much indebted to Dr. Jerry Donchus for
sonstent advice and criticism, especially on inter-
atomic distances, We have also born stimulated by
a ]mowicid@o of the genoral nature of the unpublished
oxporimentsl results and ideas of De, M. H. F.
Wilkina, Dr. R, E. Franklin and their co-workers st
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King"a Collegs, London. One of ua (J. 1. W.) has bean
aided by a fellowship from the National Foundation
for Infentile Paralysis,
J. D Warsown
F. H. C. Carox
Medical Hessarch Couneil Unit for the
Study of the Molecular Structure of
Biological Syatema,
Cavendish Laborstory, Cambeidge,
April 2.
Pmllhc In.aml cufﬁ .31:. rumﬁm 171, 26 (1858); Pros. U5
'l'mb:lw l. Avta (o, Seand., §, 654 []IIS!J
# Chargntf, B, for references o Fasmenkal, 5., Rrawerman, 6., and
. 'B.. Bisthisi o Biophys, A=, D, 408 (1952),
Cwralt, G, K., J fien. Phywisd., 38, 201 {1062).
* Astbary, W mp. Boc. Exp, Biol. 1, ¥ucleio Arnid, @& (Camb.
Tnlv. }‘I'Bﬂ.l .

"Wilkine, M. 1. F., and Tiandall, 7. 7., Hiwkies, o Fiophes, Acia,
10, 192 (1048),

Molecular Structure of Deoxypentose
MNucleic Acids

WrLE the biclogioal properties of deoxypentoss
nucleic soid suggest & molerular  strusture  cons
tnining great complexity, X-may diffraction studies
deacribad here (ef. Astbury?) show the bagic molesular
configuration hes great srmplicity, The parpose of
this communication is to describa, in o preliminery
way, some of the experimental evidenee for the poly-
nucleotide  chain nn:nl‘igﬂrﬂhun being holieal, and
exwsting in this form n in the natural siate. A
fuller account of the work will be published shc-rﬂ}'

The structure of deoxypentosn nueleie s.md 18 the
same in all species (slthough the nitrogen bisse ratios
altar coneidernbly) in muclaoprotein, extrasted or in
oalla, and in purifisd meeleats, The ssme linear group

olynuclectide chains mey pack together parallel
erent ways to give erystalline!-*, sami-orystalline
or pemeryetalline material. In all casce the X-ray
diffraction photograph oonsista of two regions, one
determined largely by the regular spacing of mmlw-
tides along the chain, and the other by the longer
apacings of the chain configuration. The sequence of
different nitrogen bases along the chain is not made
visilile,

Oriented paracryetalline deoxypentosa nucleic asid
{‘strusture B’ in the following communibeation by
TFranklin and Gosling gives n%m diagram as ahown
in Fig. 1 {ef. vaf. 4), Astbury suggested that the
atrong 3-4-A. meflaxion corresponded to the inter-
nuelsotide repeat along the fibre axis. The ~ 34 A,
layer lines, howeover, are not dus to o repent of &
polynuclentide eomposition, but to the chain econ-
figaration repest, which cawses atrong diffraction as
the nuclectide chains have higher density than the
interstitial water, The sheance of reflexions on or
mear the meridisn immedistely suggesis a helical
atructurs with axia parallsl to fibre length.

Diffraction by Helices

It moy he shown® {also Stokes, unpublished) that
the internsity distribution in the diffraction pattern
of a spriea of points o Iy apaced alo & holix s
given by the aguw Dﬁai&] fu.rlcft\iun.s..‘gA uniform
continuous helix gives a scries of layer lines of epasing
aorresponding Lo the helix piteh, the intonsity dis-
tributien along the nth layer ling baing proportions
to the square of Jy, the sth order Besssl function.
A straight line may b drawn approximately through
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Fig. 1. Fibee disgram nf‘dmmcnlw nuu'lsln ol from B, ool
Fibme axis vertic

the innermost maxima of each Beesel function and
the origin. The angle this line mikes with the equator
iz roughly equal to the angle betwaen wn clement of
the helix the helix axis. If & unit repeata w times
along the helix there will be a meridicnal refloxion
(3% on the nth layer line. The helical eonfiguration
produces side-bands on this fundsmentsl frequency,
tho effect? being to reprodduco the intenaity distribution
ahout the origin around the new origin, on the nth
layer line, correaponding to € in Fig, 2.

We will now bricfly analyse in phyaicsl terms some
of the affects of the shape and size of the repest unit
or nuoleotide on the diffrection pattern, Firat, if the
nucleotide consiats of & unit having eircular symmot
whout sn axis pam.llu! to the helix sxis, the whole
diffraction pattern is modifisd by the form factor of
the nucleotide. Second, if the nueleotides sonaiste of
& wories of points on 8 redius st right-angles to the
helix axis, the phasss of redistion acettored by the
helices of different dismeter passing through essh

oint are the same, Summastion of the cormesponding
Ee:ssc' funotions givea roinforcomens for the inner-
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g. 2. Diffraction patbern of svsbem of belleos sorrespemding
nLan.\m: of dwn‘nﬂem nur:l.elc n.ch 1I|r RATes of Heven|
funciions noe plotts e aiof ond en the frat,
sanand, lhhd and ﬂl'th Jlu-rr 'Ilmel fior half ul' (12 nu.clwt[da s
ab 205 dismeder and remainder distefbuied afong a tadiue
mass ah @ given radius be lTh.r propoiiional o the r.l.hm. About
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Elizabeth Fulhame: ‘Franklin’ in catalysis

Elizabeth Fulhame, “An Essay On

ESSAY - Combustion with a View to a New Art of
Dying and Painting, wherein the
COMBUSTION, Phlogistic and Antiphlogistic Hypotheses
are Proved Erroneous”, 1794

NEW ART

DYING axp PAINTING.

[] Invented the concept of catalysis

FHE PHLOGISTIC AND ANTIPHLOGISTIC HY POTHFESES
ARE FROVED ERRONEOUS.

[1 Presented the principle features of catalysis:

By Mas. FULHAME. L )
the presence of small quantities of water is

required for the oxidation of carbon

LONDON :
FRINTED FOR THE AUTHOR,

monoxide but the water unaffected by the

And Sold by ]. Jonwsos, No. 72, St. Paul's Chorch Yard§
G. G, and _I. Rosixson, Paternofler Row ; and

T.CapzLe, Jun. :ln._.i .“'_ Davies, Serand Chemical reaCtion

1794

LEXNITRED AT STATIONERS WALL. ]



1 Bill Palmer, "Elizabeth Fulhame: The
Invisible Chemist”, 7eaching Science, Vol.
54, No. 4, p. 12-16, December 2008

[1 Ida Emilie Steinmark, “"Elizabeth Fulhame:

The Scientist the World Forgot”,

Education in Chemistry, Royal Society of
Chemistry, 10 October 2017

[J In the preface of the essay,

“Some are so ignorant that they grow
sullen and silent, and are chilled with
horror at the sight of any thing, that
bears the semblance of learning, in
whatever shape it may appear; and
should the spectre appear in the shape of
woman, the pangs, which they suffer, are
truly dismal”

DEFINE TO ALIVE!!!




MORE WOMEN IN CHEMISTRY HISTORY

ELIZABETH FULHAME
BORN ? DIED ?

The first person to describe catalytic
processes in her only publication in 1794,
She also stained cloth with light sensitive
silver salts, later used in photography.

ANNA SUNDSTROM
BORN 1785 DIED 1871

Thought to have been the first woman
chemist in Sweden. Worked with Jéns
Jacob Berzelius, but her employment was
forcibly ended when Berzelius married.

JANE MARCET
BORN 1769 DIED 1858

Published ‘Conversations on Chemistry’,
the most popular 18 century chemistry

textbook. A standard text in U.5. girls’
schools, it also inspired Michae| Faraday.

ANNA VOLKOVA
BORN ? DIED 1876

Claimed to have been the first woman to
graduate as a chemist, in 1870. She was
also the first woman to publish her own
chemical research from a modern lab.

AGNES POCKELS

o O ELLEN SWALLOW RICHARDS
B s BORN 1862 DIED 1935

BORN 1842 DIED 1911

The first American woman to gain a
chemistry degree. Her work led to the
first water quality standards in America
and the first modern sewage plant.

Had no education in chemistry, but
carried out experiments in her kitchen
on the surface tension of water. Now
considered a pioneer of surface science.

LUCY EVEREST BOOLE
BORN 1862 DIED 1904

The first woman to research pharmacy
in England, and the first woman to co-
author a pharmaceutical research paper.
Also the first fernale fellow of the RSC.

MARGARET SEWARD
BORN 1864 DIED 1929

Tutored, researched, and lectured in
chemistry. Carried out vital work on food
nutrition during the First World \War, and

was later awarded an MBE for her work.

ANNIE MALONE
BORN 1869 DIED 1957

Malone, a chemist and entrepreneur,
developed hair care products for black
women. Her success made her the first

African-American woman milllonalre.

EDITH HUMPHREY
BORN 1875 DIED 1977

The first British woman to obtain a PhD
in chemistry. Carried out key research on
inorganic complexes, but was forced out

of a research career by sexist attitudes.

MAUD MENTEN
BORN 1879 DIED 1960

Carried out key research in biochemistry.
In 1913, she co-devised the Michaelis-
Menten equation for study of the rate of
enzyme-catalysed reactions.

ELLEN GLEDITSCH
BORN 1879 DIED 1968

In her early career, Gleditsch worked
under Marie Curie. She established the
half-life of radium and contributed to the
confirmation of the existence of isotopes.
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