®YHKUUOHAIIbHARA CNELUANM3ALNA NONYLIAPUA MO3TA.
PUNOCODCKUM ACNEKT

J1.H.Jllo6uHckas (Mockea)

PaGoTs! 0 TOM, 4TO yHKIMH NEBOFO M MPaBOro MonywapHs 4CHMMETPHYHBL
NosBHIMCE ewe B cepennte XIX B. Opaniuysckue yuensle lakc u Bpiok omeqa:
W, 4TO HapyHICH}HE PEYH HACTYNAET TONBKO NPH MOPAKEHHH JIEBOTO NOTYIApHs
O cneundudecknx GpyHKUMAX NpaBoOro NONYIapHs N0ATr0 HUYETo He cooﬁmanocx,.
B 1981 r. 6s1na npucyxnesa HoGenesckas npemus npodeccopy Kanuq)opﬂnﬁcxoi
ro uHcruTyta CILUA Pomkepy CneppH 3a oTKphiTHe ByHKLMOHATBHOM CIIEIHATM-
3auuu nonymapuii Mo3ra. ITocie 3TOro OTKpBITHS [OABUIOCH OFPOMHOE KOJHYe-
CTBO paboT ¥ IKCIEPHMEHTAIILHOTO, H TEOPETHYECKOTO xapakrepa. Heeneayerca u
PAZL HOBLIX BOMPOCOB, HAMPHMED, O TOM, YTO B 3a4aTOYHOM COCTOSHHHM (eHOMEH
(yHKUHOHANLHOM CTIeLMAaNu3aLMK IOy apui HabmonaeTca ¥ BBICILIHX 00€3bsH.

B Haiwem coobueHnn Mbl XOTHM 06paTHTL BHUMAHKE HA TO 06CTOSTENbCTRO
HTO NMPH U3YHEHNH YKA3aHHOTO (eHOMEHa 060rallialoTCA ¥ HalllM NPECTaBIeHUs c;
BO3MOXHOCTAX METOMOB, HCMONb3YeMbIX B ¢unocoduu. CpaBHUTENTBHO HEAABHO
M3BECTHBIR ¢uiiocod Hamed cTpansi dennkc Tpodumoswy Muxaiinios mokasan
UTO B psifie CIry4aes LenecoobpasHO UCIONB30BATh METOMI, KOTOPBIH YCIOBHO B03:
MOXHO Ha3BaThb «MeTon M3yueHUA OTCYTCTBYIOWIEro o0nekTa». B croeil Kuure
«3arazka uenoseueckoro » u apyrux pa6orax @.T.Muxaiios MHIIET O TOM. YTO
M3YHCHHE MO3HABATENBHBIX BO3MOXKHOCTEH JIONEH, THIEHHBIX 3DEHUA W CJ;yxa
MOXET ObITh HCIIONB30BAHO KakK CPEACTBO Ans Gonee ry6okoro nommauw;
$yHKuUMi 3THX OpraHOB y Tex MmoaeH, KOTOpbie 06/1AAIOT CITyXOM H 3peHHEM.

Oxa3pIBaeTCs, 4TO ITOT METON, @ HMEHHO METOR H3yYeHHs OTCYTCTBYIOLLETO
00BbeKTa, MOXET GbITb MCIONB3OBAH M TPH JaNbHeilueM H3yyeHHH ¢eHoMena
$yHKUMOHANbHOK CrieUManK3aUMK NOTymapHi Mosra. Bee neno B ToM, 4o yKa-
3aHHadA QyHKIMA AMHAMUYHA U TOABHXKHA. OHa HanboNee CHIILHO Bpr;l)KCHa yT-
pom K ocnabeBaer k Beuepy. OHa cnabo BLIpakeHa B OHTOTEHE3e, ¢ npenensHoi
TNOJIHOTOH NPOSBJIAETCSA B 3PENIOM BO3pAcTe, K B FEPOHTOrEHE3e 0cnabeBaer. Kpo-
M€ TOTO, ClIEYeT NMETL BBHIY, YTO UMEIOTCS 3a60NeBaHMs, MPU KOTOPHIX (YHK-
LHOHANBbHAA aCUMMETPHA MOYTH NMOSHOCTHIO OTCYTCTBYET. MMEHHO Hccenoranme
A@HHOTO ICHXUYECKOTO 3a60NEeBAHNA U NMPENCTABNAET HHTEPEC B TUIAHE TIPHMEHE-
HUS METOJIAa KM3YUEHNS OTCYTCTBYIOIIETO OOBEKTAY.

CPenenm 0 cneuuduKe BIAHMO3aBHCUMOCTER MEXITY NEATENBHOCTBIO nony-
LapiH BOIMOXKHO NOYEPIHYTE, €CTH NOAOGPATH CHTYAlIHH, B KOTOPBIX SPKO MPO-
ABNIAOTCA PA3NHINA B MOBEACHUH AeTel u B3poCHbIX. ONHOM M3 TaKMX CHTYauui
ABAACTCA MPOCMOTP TeaTpanbHbIX cnekrakie#. HanmoMHHM, 4TO 4yBCTBEHHBIH 06-
pa3 CTPOHTCS, OCHOBBIBAACH Ha AEATENLHOCTH MPABOTO MoNMywapus. Yo kacaercs
THOCEOIOTHIECKOTO 06pa3a, abcTpakTHOrO MBILILIEHMS, TO 3a ero (opMupoBanue
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OTBETCTBEHHO JieBoe ronymapue. JleTH ¥ B3poCibie NpH MPOCMOTPE CNEKTakiA B
Teatpe BenyT cebsl n0-pasHOMY. 3/1ech 0COOYIO POJIb HIPacT CHMBONIMMHOCTL TEAT-
panpHOro AeHCTBHA KaK MPOM3BEACHHA KyNbTYphi. Pebenox criocofeH TONBKO HAa
fonee HU3KMX YPOBHAX OCMBICIHTbH CUMBOJTHUECKHE (OPMBL. ITH BOMPOCH ABIA-
IOTCS IPEAMETOM PacCMOTPEHHMA B UCCIIEOBAHMSAX MO PELENTHBHOMN ICTETHKE.

Llenecoobpa3HbiM, HA HAll B3IVIA], ABJAAETCK M OCMBICIIEHHE CaMOro Meroia
M3yuEHUs OTCYTCTBYIOWEro 06bekTa ¢ No3uum#H napameTpudeckoil obimei Teopun
cHUcTeM, pa3paboTaHHON M3BeCTHBIM JorukoM A M.YemoBbiM. B 370l Teopry Jio-
6as Bellb PACCMATPHMBAETCA KaK CHCTEMA B MpENENbHO OOUIEM CMBICTE: CHCTEMBI
MOTYT GBITh H C MCUE3AIOIUMH 3NEMEHTaMH, aKLICHTHPYETCA BHUMAHUE HA COXpa-
HEHHH ONpENENEHHBIX OTHOMERHH 1 dyHKumH (Yemon A.H. OcHoBBL opManbHO-
ro anmapara napameTpudeckoit obueit Teopuu cucteM // CHCTEMHbIe McCTen0Ba-
uus: Exeron— M.: Hayka, 1984.- C.152-180). Hcnonbs3oBanue napaMeTpieckol
obiell TeopHM CHCTEM B MpOLECCE NANbHEHINETro HM3yueHHs GYHKUMOHANBHOM
cneuv UKy noTymapuil Mo3ra, 6€CCIIOpHO, ABJAETCA NEPCTIEKTUBHBIM.

100 YEARS OF CHEMISTRY — REFLECTIONS
IN THE LIGHT OF NOBEL PRIZES

A.Neubauer (Berlin, FGR)

Gottfried Wilhelm Leibniz, founder of the Academy of Sciences in what was
then the Electorate of Brandenburg, stated in 1680: «It is a real disgrace for the
human race to see how small is the number of those really working to make inven-
tions; we owe almost our entire knowledge ... to a handful of people».

In the 20th century the Nobel Prize Winners in the field of physics, chemistry,
physiology or medicine are doubtless among the limited number of figures who
have recorded outstanding research achievements in our time. As far as chemistry
is concerned, in the period from 1901 to 1990 a total of 82 Nobel prizes were
awarded to 115 persons. 56 Nobel Prizes in chemistry went to individuals, 19 to
two-man teams and 7 to groups of three (Table I).

Although I shall not go into the oft discussed question of the distribution of
Nobel prizes by country, the record of Nobel prizes for chemistry as per 1990 is
given in Table 2. Scientists today attribute the dominant position of the United
States not only to achievements deserving to be honoured with a prize. The Ameri-
cans are said to work systematically towards Nobel Prizes. Hartmut Michel, one of
the Germans who won the Noble Prize for chemistry in 1988), described the situa-
tion as follows: «It's a fact of life that even at high school Americans learn to sell

themselves better than we Europeans» [1].
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Studies by Harriett Zuckerman have shown that a special conveyance mecha-
nism exists between Nobel Prize Winners and their pupiis. She put it in a nutshell
like this: «Laureates breed laureatesy. _

Table 3 uses abbreviations to show for what research achlevemf.:nts Nobel
Prizes were awarded in the field of chemistry. Looking at the pri{zewinmng accom-
plishments, it can be said that those singled out for the Nobe‘l Prize reﬂegt the his-
tory of chemistry over the past 100 years in many of its hlghllghts and major brsfak-
throughs. The period of 100 years is chosen deliberately smce.the ﬁr_st Nobe_:t prizes
for chemistry were awarded for work begun in the 1880s. This applies for instance
to the Nobel Prize awarded to Svante Arrhenius for his work on the theory of elec-
trolytic dissociation. )

Fruitful sources for those interested in the history of chemistry are to be found
both in the specialist publications put out by the laureates _and the papers on the
history of their field, e.g. which they were prompte_d to deliver at the a_ward_ cere-
mony, frequently occasioned by the award of the prize. ‘The recorq of prizewinning
achievements provides a useful orientation for those interested in the_hls_.tory of
science, even though that history is often reflected long in areas. The_sxgmﬁcance
of certain discoveries is often not immediately apparent. This is why Et took much

longer for certain achievements to be honoured. While Butenandt received a Nobe%
Prize for his work on sex hormones in a matter of three years and Hahn ’for thq
splitting of uranium in seven, it took fully three decades before Staudinger's work
on macromolecules was recognized. It would, of course, be too much to expec_t the
list of Nobel Prizes to present a complete picture of the development of chemlstry&
The limit of three persons per discipline and year is far too sma!l for that. These
and other restrictions, e.g. the fact that only living persons are eligible, mean that
major achievements like the development of nyloxj (Carothelrs) :Emd. peil'lon
(Schlack) were passed over by the Nobel Prize Committee. At this pomt. it might
be appropriate to recall the words of Bagge: «The award of Nobel Prllzes only
placed beacons in a few prominent places. These beacons do not alwa_ys light up at
the right time. Sometimes they appear very late in the day and oc_casnfmally not at
all, and certainly not because the candidate to be honoured has died in the mean-

ime» [2].

tlmelf,[ t%} gain a better overview and depict connections alvnd development !:rends,
we try to break down the research projects honoured with tl}e Nobqe1 Prize fqr
chemistry by subject areas, we encounter in a numnber of cases dlfﬁcultles of classi-
fication and, of course, problems with the definition of such subject areas. Sqme
results are on the borderline between one area and another or clearly have a bearing
on more than one area, so that multiple classifications would result.. "l_"able 4 shows
three different versions using eight subject areas. The differentiation cm_xld, of
course, be taken further. Analytical chemistry, for example, might be determined to
include partition chromatography, mass-spectography and polarography. On the
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other hand, many prizewinning projects in synthetic chemistry also embody a ma-
Jor analytical element, so that it is difficult to use this as a criterion for classifica-
tion. Some people might miss the inclusion of «theoretical chemistry» as s subject
area if they think of the Nobel Prizes awarded to Mulliken {1966) and to Fukui and
Hoffmann (1981), but the theory of chemistry can hardly be reduced to the applica-
tion of quantum mechanics and molecular physics to the solution of problems in
chemistry {3]. All subject areas used for the categorization in Table 4 imply
theoretical chemistry.

All three versions in Table 4 only give two Nobel Prize Winners in the field of
chemical engineering. The figure refers to Bergius and Bosch who were honoured
in 1931 for the development of chemical high-pressure methods. It is typical of
Nobel prizes that they are awarded mainly for achievements in basic research and
only rarely for technical or technological accomplishments (inventions). This is
due to the understanding of science held by the Nobe! Prize Committee whose task
it is to propose the candidates. It is therefore a lost cause to try and gain an impres-
sion of the advances in chemical engineering in the 20th century by looking at the
Nobel Prizes awarded in this field. The major subject areas of organic chemistry,
physical chemistry and biochemistry are represented almost equally in Version 1
(¢.30 Nobel Prize Winners). If we look at the number of Nobel Prize Winners for
chemistry as it developed over the years, organic chemistry is represented very
evenly throughout. In the case of physical chemistry, a very sharp rise is noticeable
beginning in the early sixties. The rapid advances made in biochemistry in the 20th
century can be gauged very well from the award of Nobel Prizes for chemistry.

Whether one regards biochemistry as coming under chemistry, biclogical sci-
ences or as a discipline in its own right, it is indisputable that major accomplish-
ments in the field have been honoured with the Nobel Prize for chemistry. If we
take the most favourable version for biochemistry in Table 4, we find 31 Nobel
Prize winners in this field. While in the 70 years from 1901 to 1970 we find 15
Nobel Prize winners for chemistry in the field of biochemistry, there were a further
14 in the past 20 years (1970-1990) alone. If we further consider that a number of
accomplishments in biochemistry were honoured with the Nobel Prize for physiol-
ogy or medicine, this quite clearly reflects mounting achievements and a rapid pace
of advance in the field in question. It is, of course, particularly attractive for a sci-
entist working in chemistry to trace the success of his discipline in the 20th century
in Nobel prizewinning accomplishments. Since 1 must assume that there are very
few chemists in the audience, I shall concentrate in my remarks on biochemistry.

A large proportion of the «biochemical Nobel Prizes» were awarded for work
with proteins. The focuses of this work included the structures and reactions of
enzymes. No less than Emil Fischer — the first German to win the Nobel Prize for
chemistry — had referred in his acceptance speech in 1902 to the importance of
enzyme research and expressed his belief that a time would come when artificial
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enzymes were synthesized. «Ferments, usually called enzymes in more recent

times, occupy an outstanding position among the chemical ingredients of the living
organism, apd it may be claimed that chemical transformations in the living cell are
overwhelmmgly associated with their action. An examination of artificial gly-
cosides has now shown that the effect of the enzyme depends to a high degree on
tpe configuration of the molecule on which it acts, that the two must fit together
like a key in a lock. If this is the case, the organism can use the enzyme to bring
abou_t very specific chemical conversions which would never be possible with con-
ventional agents. If we wish to gain access to nature here, we must use the same
means, and I‘thercfore foresee the time when not only natural agents will be used
On an extensive scale as agents in physiological chemistry but artificial ferments
will be produced for their purposes» [4]. '

The first person to be awarded a Nobel Prize for outstanding work with en-
Zymes was Ec_iuard Buchner in 1907. You will recall that his discovery of unicellu-
lar fermentation exploded Pasteur's dogma that fermentation was not possible in
the absence of life. Later Nobel Laureates included Harden and Euler-Chelpin
(192.9) for their investigations on the fermentation of sugars and the enzymes act-
ing in this gonnection and Sumner, Northrop and Stanley (1946) for their work on
the crystallizability and preparation of enzymes and virus proteins in pure form. In
the seventieg Anfinsen, Moore and Stein (1972) were honoured for their work‘ on
the connection between the spatial structure and biological functioning of en-
zymes, as was Cornforth (1975) for his investigations into the stereochemistry of
enzyme-catalyzed reactions,

Tpe time for Fischer's prediction on the synthesis of enzymes to materialize
came in 1969 when Merrifield (Nobel prize winner 1984) succeeded in synthesiz-
ing rlbgnuclease, an enzyme consisting of 124 amino acid building blocks, using
the solid-phase peptide synthesis technique he had developed in 1959. Tho,ugh he
has "pnly" managed to synthesize a naturally occurring protein, the Merrifield
tcchmgue does provide the basis for the synthesis of artificial enzymes. Other No-
bel prizes for work with proteins were awarded to Tiselius (1948) for his use of
electrophoresis to separate serum proteins, to Vigneaud (1955) for the structural
analysis and first synthesis of a polypeptide hormone, to Pauling (1954) for the
study of the nature of the chemical bond - let me just mention the a-helix here, to
Sanger (1958) for the determination of the structure of the insulin molecule anc’l to
Kendrew and Perutz (1962) for the determination of the three-dimensional siructure
of the globular proteins myoglobulin and hemoglobulin.

The other group of substances vital to life, the nucleic acids, played a part in
Nobel prizes for chemistry when Todd was heonoured (1957) for his work on syn-
theses. of nuc!eotides {(We have classified this as beionging to the subject area of
organic chemistry.). The well-known work on structural chemistry A structure for
deoxyribonucleic acid written by Watson and Crick in 1953 formed the essential
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basis for the 1962 Nobel Prize for physiology or medicine which the authors re-
ceived together with Maurice Wilkins in 1962. The British physical chemist Rosa-
lind Franklin, whose research provided a valuable base for determining the struc-
ture of DNA, had been dead for four years by the time. Since the rules for the
award of Nobel prizes do not allow them to be conferred posthumously, Mrs.
Franklin does not appear among the laureates, In 1980 2 Nobel Prize went to Berg
for his work on recombinant DNA and to Gilbert and Sanger for their determina-
tion of the order of bases in nucleic acids. This won Sanger his second Nobel Prize.
Most recently of all - in 1989 - Altmann and Cech were honoured with a Nobel
Prize for chemistry for their discovery of the catalytic properties of ribonucleic
acids. Since both the scientists who determined the structure of proteins and of
nucleic acids were awarded Nobe! prizes, it was to be expected that anyone reveal-
ing the structure of nucleic acid protein complexes would be well in the running for
the same reward. The development of crystallographic electron microscopy en-
abled Klug (Nobel Prize for chemistry, 1982) to determine the three-dimensional
structure of such complexes, e.g. chromatin, and to contribute to a considerably
more profound understanding of genetic processes at the molecular level.

Other Nobel Prizes which might be regarded as belonging to the realm of bio-
chemistry went to Virtanen, Calvin, Leloir and Mitchell. Virtanen's studies on ni-
trogen assimilation in plants made it more economical to produce protein-rich basic
fodder and his method of fodder preservation using mineral acids during silage
making has won recognition in agriculture worldwide. Modem analytical methods
helped Calvin to make a revolutionary breakthrough in discovering the «material
steps» involved in photosynthesis. The Germans Deisenhofer, Huber and Michel
were received into that select group of Nobel prize winners for chemistry in 1988
as a reward for discovering the exact arrangement of more than 10,000 atoms com-
prising the protein complex of a photosynthesis centre.

Leloir scored a pioneering achievement in the biochemistry of carbohydrates
when he discovered sugar nucleotides and revealed their role in the biosynthesis of
oligo- and polysaccharides. He was awarded the 1970 prize for his efforts. Follow-
ing decades of scientific debate Peter Dennis Mitchell of Great Britain was finally
able to state in his 1978 acceptance speech that his chemosmotic theory explaining
the mechanisms by which energy is generated in the mitochondria of living cells
and transferred by biological means had gained general acceptance. Mitcheil's re-
search is one of the few examples in which theoretical work was found worthy of
recognition with a Nobel Prize.

From the list of Nobel Prizes awarded in the area of biochemistry it can be
seen that in the 20th century outstanding achievements in the principal areas of
biochemical research have been well reflected when it came 10 selecting the win-
ners of the Nobel Prize for chemistry.

Let us now return to Table 4. The most conspicuous difference compared with
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Version 1 is to be found in Version 3 with regard to polymer chemistry and bio-
chemistry. The increase in the number of prizes awarded in the area of polymer
chemistry is due first and foremost to their deduction from the category of bio-
chemistry. Achievements in the field of biopolymers are attributed to polymer
chemistry. This method of classification accords with the views of Flory, prize-
winner in 1974 for his contribution to the physical chemistry of macromolecules.
He stated his view as follows: «The tendency to allocate biopolymers and technical
polymers to different categories is prejudicial to a better understanding of both. If
molecular biology is to rest on a solid molecular foundation, logic demands that
this foundation be formed by the science of polymer molecules. For this purpose a
polymer science is required which concerns itself with the fundamentals of the
behaviour of molecules in the broadest sensen {51

The classification in Version 3 of the work carried out by 22 Nobel Laureates
in the field of polymer chemistry underlines the fact that the chemistry of polymers
has developed to become a mainstay of research over the past 60 or 70 years.

The awarding of Nobel Prizes focuses the attention of experts and laymen
alike on certain areas of research and certain branches of science. It enhances the
prestige of these branches and that of the prizewinning scientists. Robert Huber,
one of the team awarded the 1988 Nobel Prize for chemistry, stated: «As I see it,
the conferring of the prize ... gives an enormous boost to a broad field: to the sub-
ject of biochemistry, the narrower subject of structural biology and the still nar-
rower subject of photosynthesis» [6].

The advancement of physical chemistry was greatly encouraged in the early
20th century by the prizes awarded to its outstanding representatives. The fact that
it was not a leading figure in organic chemistry, like Adolf von Baeyer or Emil
Fischer, who was the first to be awarded a prize, but to Jacobus Henricus van't
Hoff, a representative of the fledgling science of physical chemistry, led to a major
growth in the importance of this discipline. Many researchers turned their attention
to such domains in view of the promise they held of more lucrative projects to
come. Since there is sometimes a considerable time lag before outstanding
achievements are rewarded and not all work which might deserve a Nobel Prize
can be honoured in this way - there are simply too few prizes - the prizes are orly
suited to a limited extent to draw attention in good time to emerging focuses of
research.

Such research strategy objectives are better served by thorough analyses of the
projects cited. The well-known science historian Garfield discovered that Nobel
Prize winners cannot always be found among the most cited authors. On the other
hand, what he did find in the list of the 300 most cited authors between 1961 and
1976 were 26 Nobel Prize Winners, including 6 winners of the prize for chemistry
and three authors (Brown, Hoffmann and Berg) who received the Naobel Prize for
chemistry afier 1976 (1983 analysis) [7].
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The meost cited works include first and foremeost such as pyovide Fhe key to a
new method or technology with numerous applications. Also cited quite oﬁen_are
theoretica! projects which are not universally accepted from th_e start by the scxlen-
tific community but rather call for control tests. .I would mention as an cxalmpde.a
work by Peter Mitchell, the 1978 Nobel Prize winner for chemistry. Comp eteh in
1966 and entitled Chemiosmotic coupling in oxidative and photosynthe;:tcfp os%
phorylation, the work was cited 1619 times up to 1986 [8]_. Even though the actlo
being «most cited» is not an absolute criterion for awarding a_a.Nobcl Prize, ana y;
ses of citation' frequencies do, of course, present a useful basis for the selection o
candll\?litidsi.scussion of the elite among chemists may have created th'e impress;l;).n
that we owe progress in the field of science to a chosen few. I should _hke to put tfxsr.
in perspective by quoting Emil Fischer, the ﬁfst German N_o?el pnzcdwmner (r)lt
chemistry. During his acceptance speech back in 1202 he :salc_i. ‘«The a vanc;leme
of science today rests not so much on works of genius by individual researchers as
the planned cooperation of many observers» [9]. bl 1

Nobel Prizes for Chemistry, 1901 - 1990

The 82 Nobel Prizes for chemistry awarded in this period went to 115 persons
(3 women, 112 men): o

56 Nobel prizes for chemistry to one individual = 56 persons

19 Nobel prizes for chemistry to two persons = ;? persons

7 Nobel prizes for chemistry to three persons = 21 persons. .

B.sts.erip‘_)t; The female Nobel prize winners were: M?ne Curie-Skodowska
(1911), Irene Joliot-Curie (1935), Dorothy Crowfoot- Hodgkin (1964).

Table 2
Distribution of Chemistry Nobe! prize winners 1901-19%0 b)_/ countries
Total number of prize winners: 115. Number of countries: 18

Country Number of prize Percentage
winners
35
SA
l(J‘xermany 27 =80%
Great Britain 2—?
France
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Sweden

Switzerland
Canada

Netherlands
Argentina,Belgium,Finland, It- =20 %
aly,Japan,Norway, Austria, Soviet ’
Union, Czechoslovakia, Hungary,
one each 10

b ) B

- Table 3
Key-words for research achievements honoured with the Nobel Prize for chemis-

try. Assignment of the accomplishments to subject areas as per version 1, compare
table 4, ,
'IESEZVINICAL CHEMISTRY: High pressure processes.
MER CHEMISTRY: Theory of macromolecules izati
' ; : , polymerizat -
fins, physical chemistry of macromolecules. povm ton of ole
ORGANOMETALLIC CHEMISTRY: Gri i
: gnard reagent, sand -
pounds, boranes, organoboron compounds. ® wadwich com
!NO.RGANIC QHEMISTRY: Noble gases, fluorine, inorganic complexes, de-
termination of atomic weights, boranes, transfer of electrons in metal complexes.
mas:l;l)g‘]:fAR (}ZIHE,MISTRY: Decay of etements, radium, polonium, isotopes
. ograph, deuterium, new radioactive elements, nucl i ,
suranium elements, C-14 — method. » noclear, fisston, tran-
ORGﬁfN[C_ CHEMISTRY: sugars, purines, dyestuffs, hydroaromatic com-
pounds, allcycllf: compm!nds, hydrogenation of organic compounds, plant dye-
stuffs, quantitative organic microanalysis, bile acids, sterols, vitamins, haemin
chlorophyil, carbohydrates, vitamin C, carotinoids, flavins, vitamins A and B sex:
ual hormo_nes, polyme‘fhylenes, terpenes, alkaloids, synthesis of dienes, sym’.hcsis
of nugleotldes, synt_hesns of natural substances, conception of conformation, stereo-
cherr_\(;stry ot; organl:c molecules and reactions. Wittig-reaction, ylides soli,d~phase
peptide-synthesis, host-guest-chemistry, synthesis of natur , es i
taglandins and leukotrienes. o substances fike pros-
- BIOCHEMISTRY: _Cell-free fermentation, fermentation of sugar, fermenta-
tion enzymes, conservation of animal feeds, crystallization of enzymes, making
pure enzymes and virus proteins, electrophoresis, serum protein, partition chroma-
tqgraph_y, biochemical sulphur compounds, polypeptide hormones, three-
dimensional structur.e of proteins (a-helix), carbon dioxide assimilation, protein-
structurgs: fnyoglobm and haemoglobin, sugar nucleotides, ribonuclease, activity
;c.entr"es in ribonuclease, enzyme-catalyzed reactions, vectorial metabolism, recom-
ination of DNA, base_ sequence of nucleic acids, nucleic acid-protein complexes
centre of photosynthesis, catalytic properties of RNA. '
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PHYSICAL CHEMISTRY: Chemical dynamics, osmotic pressure, electrolytic
dissociation, catalysis, reaction kinetics, synthesis of ammonia, thermochemistry,
colloid chemistry, disperse systems, surface chemistry, dipole moments, diffraction
of X-rays and electrons, chemical thermodynamics, behaviour of substances at low
temperatures, chemical bond, structural elucidation of complex compounds, reac-
tion mechanisms, polarography, structural elucidation by X-ray-analysis, chemical
bond: MO-method, fast reactions, thermodynamics of irreversible processes, elec-
tronic structure of molecules, especially of free radicals; dissipative structures,
method of frontier orbitals, orbital symmetry, direct methods of determination of
crystal stractures, dynamics of chemical elementary reactions.

Table 4

Options for classifying the Nobel Prize winning achievements
for chemistry {1901-1990) by subject areas

Number of Nobel Prize Winners
Subject area per subject area
Version 1 Version 2 ‘ Version 3

Technical chemistry 2 2 2
Polymer chemistry 4 2 22
Organometallic chemistry 4 7 5
Inorganic chemistry 6 6 6
Nuclear chemistry 12 12 12
Organic chemistry 28 27 26
Biochemistry 31 30 14
Physical chemistry 28 . 29 28

Total 115 115 115
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