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T PDLSIC —#{E%E (Allgemeine Chemie)' T4
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fTehicich s, coicbhtomubssEs Lt
DERBSpAhERE. Cok)i—ooRML L TRS
h&mat:&u&ﬁﬁmbha.&k.k%5<ﬁi
OIEFEE & e o e DIXTIESE B (IBRI24, 1049) 75
PRTHSS. CZChRERMLELES RN ) T
T, —HANCH L THRMESED 5 LGBz 2T
ORfZ A e lERcodbhicoth .

FILE O £ 8935S,

REEINCHET 5 IIEEDEEE L LT o2 1iED
20T, MHO 1AL LTI g - T s —i4
D5 BIT Einl, Mo HED LTRSS E LT
HEATRD FERPIREY MD 7o oMo R
o bEERESR L LTEMSh, (LEFEOEC2)

RELE~OH (EH 3

Richt, FoTalE e FREShiook MeEdndl of
# AfFchote. CORTIHEEDEFFICHE > TD
FLGEEEFoERIC G TOERERENMTH LR
HELboTh-1. RELAGREFTRAELY
0, HE - RO & FEHc s 5 M F20 40
ERYFWIhicH’, BbEo—-ALLTEER, &<
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BRI EFE~OMIC A - =02, 1921 —22f D
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ERTLCC Licli®T 5, 20MEEr b TS
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'On the relation between surface tension and other
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AT E R,
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THFEEZM L L, $EYp 4 VH=CM/p)™?
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CCTHREERACHEL T IS BiA S > Tla,
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T=a (l H_;—).
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B/ RRORMC R B EOMe ER T OfERS
BN TALERB BN, FRICOVWTRELR A
D, EwhclThoto HBEE LT BHEEL
LT b (BHEOHEMW EHES L & OfRic it
=T, BRERETIER Wi 5 BHF LR ORI
REEFERL, +HCHBLAK, =FArTn=—n,
LB E D RTEDCowT o RO 5
D THo e, TORBHEHEEI S oERL S
Zy ThC S REBFLS I ERMHERCE > TH D 5~
M BRn T Lo ki b oL
FERICBWTR Y52 E0L S heihdBaics L
=i, PR - HUPiREoEL L
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MAko BB Lo Than, FOE H58
BED MR 4 DR D0 T & s Rl IEF
DEWMBRDORDZ LAt FRILEML 4k
WRORMIC BT 2 W bhs LGS hi. %
FURH E W TF OERE ST 3LEMOPFRIRITR LT
MRS DTS, oic LTRSS 550 Tt
Trino e, & doe NS OIENO Fefmibag~
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b2 15 Pl 8
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TH-icht, TR 5 =B Ele iz v
ERELTHEMIFICATIs o Ldicai. FLTE
OUFFRLREL T L, TR LB L i
BOTETHZ ENTEL., L FOREO MM
LHIfE® Ebtvds-Katayama O clili+ai0TH-
iz, ShbORLHTLHMENT REDFSeTrh
i AEENGECASTZL0THD, FBARE T.%
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Az, Flaf
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TR RS WA ET 7. LORE - OEMILSTI
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CARFER SO THote. &< CHEHEICOWT DK
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WL, RGER ST iRRE T 5 RE O
Bi) thific W CHE R R EhaD L0 5 des
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Shaw DiEdhicBlF 28Rk W TEO Boiiais|
HEhTwah, ToRolffEir2, 30RBUIRLEE
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EfED Porter 35 5T Johnson WiddEs &E AN
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L LToEE LoREN SRS h, BitssTH
ORI E b\ 5 < ERPEFRRAT GRECRENA)
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W, LN T AMNCE B BEATRET S AR D
LIcHICEROFER R T2 480 h 570, &
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SEfli R T 59w T Lic. O8RSk
IR HIERE~ OB A Ec T, Shhdic
i, TASEESTR SRS 2 iRk s Rbh, Lnd
FOFEHEE Edtvis-Katayama Q30315 B804
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HoT, MNEMCGTRIli=> Fr € —CiEYTE. o
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b e E—OEME OBIEL T 5 & DB,
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Tension and Adsorption (1966)"IZ 36\~ Td  Ebtviis-
Katayama D5 EIHEhTW35, ELLdL8T
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R ANE LR TWS, N7V aW—FrliTh
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SMERRELTH Y - 77 (F=A b Va) Tang
P REEEESEE LN, BRzosB~0sy
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5 ES0ETHY, BHHCL-THREETRERETH
HCHEEERE Shichbid Tikich - 1245,
& UTRS0ERNC IS4 6452 b e 6
TE—20MECHT s~ L ¢ bkittizod
DTHot. HEILE - TRALE~DH I LD MR
TBEEHED, WEPERCASLENBRYC S
Z bhiMER SRt O E SRR b b, B
Bl MR LT 50 AC OB X
HbTUAOLDTRIELWTHSS 5. L LYTEN s
ZHvhiE—ooRhbnERE I RETHSS

=i o

AHOROMEH BT T 3 LAEADE
HAOEPETHD, EFERELTRERDI LT
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Different countries have their own traditions
in the various sciences, which therefore progress
rather differently in different places”. The
organisation of sciences is different in different
countries, and the prestige and money given to
the various sciences is not the same. Various
educational systems produce people with diverse
ideas of how the frontiers of science are to be
drawn, and with diverse preceptions of the most
interesting and fruitful lines of inquiry open to
them. Britain is an offshore island, and the
science done there is a part—often a provincial
part only—of European science generally; but
language and social institutions have given it a
unique flavour.

Nineteenth-century Britain, because of the
Industrial Revolution, played an economic and
political role quite out of proportion to her
population, size, and resources”. In the sciences,
this impo tance was perhaps reflected in geology
and biology, in which those trained in Britain
played a major role—espeacially in the field®
rather than ‘laboratory’ parts of those disciplines
—and in physics, where those trained at Cam-
bridge made fundamental contributions in many
fields. The voyages on which Darwin, Huxley,
Hooker and others began to make their mark
in the Life Sciences were a consequence of
Britain’s possession of an enormous overseas
empire, and of her having by the end of the
French Wars in 1815 eliminated the merchant
navies of most other European powers; while
physies and electric telegraphy were also closely
connected, the telegraph being vital for the
running of railways and for maintaining commu-
nications within the empire.

One might have expected that chemistry too
might under these circumstances have blossomed;
the country which was called the workshop of
the world might have led the world in the

application of chemical science to industrial
processes, and launched new science-based
industries. In the event, this did not happen:
British industry failed to recruit and use acade-
mically trained chemists and fell steadily behind
German and American practice, while academic
chemistry remained upon the whole provincial.
Those who wanted to get on had to make a
pilgrimage to Germany, the real centre of
activity across the whole science, and come back
with a PhD. We thus find that while some
fundamental chemical discoveries were indeed
made in Britain about 1900, the most interes-
ting work was being done in certain rather
circumseribed fields, and that chemists in general
were conscious that they were pursuing a German
science,

In 1800, things had been rather different.
Chemistry was then (following the work of
Lavoisier, Berthollet”, and others) a French
science, Chemists in Britain learned of what
was going on in Germany or Italy usually
through French translations; their hope was to
extend or modify the French theories, which
constituted what Kuhn calls the paradigm for
chemistry”?*!. There were few formal courses in
chemistry available; at Oxford and Cambridge,
the only two universities in England, there were
some lectures, but these did not form part of
the course required for the Honours Degrees,
which were in Classics or Mathematics. The
medical schools in these universities were dor-
mant; but at Edinburgh and Glasgow in Secot-
land there were Professors of Chemistry within
the medical schools in the tradition of Boerhaave.
It is not surprising that many of the most
eminent chemists of the day, like W.H. Wol-
laston, Thomas Thomson, and William Prout,
were medical men, while Davy had begun his
career as a surgeon’s apprentice and Dalton had
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hoped to enter medicine®.

The apothecaries, surgeons and pharmacists
who constituted the bulk of the medical pro-
fession were still trained by apprenticeship, and
did not have to learn any chemistry formally;
but in Britain as in France”, the end of the
eighteenth century saw the rise of the teaching
hospitals, which during the nineteenth century
became important centres for the teaching of
chemistry. Professors at London hospitals includ-
ed such eminent men as William Odling, a
delegate at the Karlsruhe Conference of 1860,
and Edward Frankland, the pioneer of organo-
metallic chemistry and of valence theory.

Outside medicine, some chemistry could be
learned at the Dissenting Academies®® of the later
eighteenth century, where some of the leading
members of the provincial bourgeoisie sent their
children for an education that would prepare
them for a career in industry or commerce;
Priestley and Dalton taught in such places at
different times. Dalton for the bulk of his life
had a post at the Literary and Philosophical
Society at Manchester®?, where general lectures
were given and where local industrialists imbibed
culture from the Jocal doctors and clergymen;
only a few private pupils, such as James Joule,
got a formal course in science from Dalton.
In London, the Royal Institution which had heen
intended by some of its founders to be a kind
of technical college, became very rapidly a
research centre supported by lectures to the
landowning classes™; who again did not want
formal training in science from Davy, Faraday,

Tyndall, Dewar, or Bragg, but who wanted to
feel that their country was making its contribu-
tion to science, and to have some understanding
of it themselves.

There was thus no chemical profession, and
no chemical society; both in London and in the
provinces, scientific societies were devoted to
science in general, except for the Linnean
Society which had been founded for the study of
natural history in 1788. The British Association
for the Advancement of Science, founded on
the German model in 1831, set up a Chemical
Section in 1835; and the annual meetings of
this body became important events in the
chemists’ calendar thereafter”*'. In 1841 the
Chemical Society of London was set up, long

after geology and astronomy had (like natural
history) had their specialised societies, but never-
theless the first national society devoted to
chemistry. This society published its own jour-
nal, so that chemists need no longer find outlets
in general journals such as the Royal Society’s
Philosophical Transactions or Thomas Thom-
son's Aannals of Philosophy; but for most of
the nineteenth century the Chemical Society
followed a timorous publishing policy of refusing
purely theoretical papers and favouring purely
experimental ones. From 1860 the weekly
journal Chemical News was produced by William
Crookes, and this played a valuable role in
getting new ideas into currency as well as airing
professional questions, With its small type in
double columns, and its letters to the editor, this
Journal looked more like a newspaper than like
the Philosophical Transactions; its format was
imitated by Nature when that journal began in
1869,

The middle years of the century saw the
foundation of new teaching institutions for
chemistry, beginning with the secular*® University
College in London in the 1820s, where Thomas
Graham and A.W. Williamson were to be the
leading lights; and then King’s College, under
Church auspices, also in London, where J.B.
Daniell had a chair. Durham University, found-
ed in 1832, had J.F.W. Johnston, a pupil of
Berzelius, as the first professor of chemistry;
but in all these places there was still little
practical teaching, and except for those taking
medical or engineering courses there was little
need to learn much formal chemistry—one
studied a little of the science, like the audiences
at Dalton’s or Davy’s lectures, to improve one’s
general education. The advantage of this state
of affairs was that there was not in Britain in
the first half of the nineteenth century any of
that separation of ‘arts’ and ‘science’ men that
C.P. Snow has described as the ‘two cultures’:
these had begun to emerge with professionalism
by the end of the century.

In 1840 Queen Victoria married Albert of
Saxe-Coburg-Gotha, who soon made it a part of
his duties to modernise his adopted country.
He promoted the Great Exhibition of 1851 to
encourage British industry; most of the prizes
at that exhibition were indeed won by British
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competitors, but in retrospect—and to the
perceptive at the time, such as Prince Albert
and the chemist-politician Lyon Playfair—the
exhibition marked the beginning of the end of
British dominance, Unlike later great exhibi-
tions, this first one made money, which was
used to buy land at South Kensington to house
museums and colleges; and also to proyide
scholarships for promising science students from
overseas—the most eminent scholar so far being
Ernest Rutherford, from New Zealand. Among
the institutions that moved to this site, and
were later amalgamated into Imperial College
which is still a major centre for science in
London, was the Royal College of Chemistry™.
This had been founded in 1845 at Albert’s
instigation, and A.W. Hofmann had been
appointed to the Professorship there on the
recommendation of Liebig*®. The idea was that
this college would have close links with industry,
but this never really happened; the synthetic
dye mauve was discovered there by W.H.
Perkin, but its commercial exploitation took
place in Germany. The college did on the
other hand train some of the eminent chemists
of the next generation, and marked an impor-
tant step in the slow growth of the chemical
profession in Britain.

Although the chemical community remained
an academic rather than an industrial one, the
later part of the nineteenth century saw the
appearance of the chemical consultant, especially
in the field of analysis'. As traditional in-
dustries such as brewing began to adopt chemical
methods of quality control, as chemical industry
grew, and as laws against pollution of rivers,
foodstuffs and drinking water were passed, so
experts were needed to do chemieal tests, To
represent these professional chemists, the Che-
mical Society, a learned body disseminating
original work, was inadequate; and in 1877 the
Institute of Chemistry, later dignified with the
epithet Royal, was set up. This body remained
a pillar of high standards, which meant that it
did not register the large number of little-trained
industrial chemists; and the chemical profession
was therefore divided into an elite trained to
about the level of a University degree, and a
mass of others doing repetitive work by rule
of thumb.

In the 1870s, partly in the wake of the
Prussian victories over the French, University
courses in the sciences gathered mometum, and
new Universities were founded. Manchester,
which had tottered along on an uncertain basis
for some years, became a great centre for
chemistry (now everywhere separated from med-
icine) under Roscoe; and in the 1880s money
from the government was made available to
the provincial Universities, particularly for the
teaching of science—before that they had had to
rely upon fees, charity or patronage, and a few
local grants. William Ramsay, then Principal of
University College, Bristol, was prominent in
the campaign for such founds, which marked
the beginning of central government support
for higher education in Britain'®. At the level
of technical education, Britain continued to lag
behind other industrialised countries; but in
Universities there were hy 1900 excellent oppor-
tunities to read for science degree—since then
syllabuses have changed, but the structures have
remained much the same. Due emphasis on
practical work meant expensive laboratories, but
until 1914 little training in chemical research
was given in Britain; Universities did not even
award the PhD degree, but only higher doctor-
ates given for extensive published research. A
time in Germany was almost essential for a
chemist wanting to follow an academic carrer
in Britain. Chemical industry still employed
rather few graduates, and teaching was probably
the best opportunity for a career.

Against this background, we can now turn
to seeing what investigations were being pursu-
ed. In the early nineteenth century, the most
actye sectors had been electrochemistry, chemical
analysis, and atomism and erystallography;
associated with the names of Davy, Faraday,
Wollaston, and Dalton. Much of this work
straddled the frentier that has been drawn since
the mid nineteenth century between physies
and chemistry. At this period mathematics in
Britain was weak, and it was not until the
1820s that the Cambridge school began to
rebuild the great reputation that the name of
Newton had given it*". In the hands of William
Thomson (Lord Kelvin), Stokes, Maxwell, Lord
Rayleigh, Airy, Adams, and J.J. Thomson this
mathematical school became the dominant one
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in physics in Britain. Physics thus became a
decidedly mathematical science, while chemistry
throughout the nineteenth century was largely
an experimental discipline in which the theories
were qualitative,  Faraday’s only treatise was
on chemical manipulation®; such skills were
essential for the chemist, who had to think
with his hands, while physics could be advanced
in the study as much as in the laboratory,
Chemists such as Crookes and Ramsay at the
end of the nineteenth century had a reputation
for experimental imagination and skill.

To many physicists, chemistry thus seemed
a rather primitive science; Dalton, Davy, Fara-
day, and Thomas Young had tried in various
ways to construct a chemistry based upon num-
bers, but without much success. Chemistry still
seemed to need its Kepler or its Newton who
would reveal the simple mathematical laws
underlying the mass of experimental findings,
which seemed to physicists to resemble the
tables of pre-Copernican astronomy'¥.  To
physicists, chemists all too often seemed preoc-
cupied with minutiae; while chemists were
suspicious that physicists wanted to take over
their science, and were happy with explanations
in principle rather than with the experimentally
testable generalisations of chemistry. Until the
last quarter of the century, those on the two
sides of this divide took little note of evidence
provided by the others.

Thus much early work on spectroscopy was
done in Britain, by Wollaston, Fox Talbot, John
Herschel, and Stokes; but until Bunsen and
Kirchhoff’s work from 1855 the value of this
physical method of chemical analysis was not
appreciated'”.  Roscoe worked with Bunsen,
and introduced his techniques; and soon Crookes
was identifying Thallium, and later Lockyer
Helium, through the spectroscope. Such studies
again lay on the boundary of physics and
chemistry; the identification of elements on
the one hand, and the explanation of the
patterns of lines on the other, made spectroscopy
one of the most exciting branches of science in
the late nineteenth century, as can be seen
from the lectures given at the Royal Institution.
By 1900 it was uniting physics and chemistry
at the theoretical level too, by casting light
upon atomic structure, as well as revealing the

chemistry of the stars,

Down to the 1860s, British chemists follow-
ing their empirical and experimental traditions,
had been suspicious of the atomic theory, pre-
ferring to use Wollaston’s equivalents and
taking little note of the evidence for molecules
provided by the kinetic theory of gases, of
Clausius and Maxwell'. During the 1870s,
opposition died away, chiefly because of the
success of atomism in accounting for the
phenomena of organic chemistry; but also
perhaps for its value in teaching as compulsory
elementary education was introduced and as
higher education in chemistry expanded. The
Pericdic Table of Mendeleev was curiously
slowly assimilated; perhaps by precursors such
as Newlands and Odling, too theoretical for
the Chemical Society, had been published in less
exalted journals and it was not until the end
of 1870s that Crookes published in Chemicay
News a full account by Mendeleev of his table
—by then vindicated by the discovery of pre-
dicted elements and therefore no doubt accept-
able to the empirically-minded,

Mendeleev thereafter received recognition
in Britain that was denied him at home,
delivering in 1889 the Faraday Lecture to the
Chemical Society'®. These lectures, given by
distinguished foreign chemists, were important
in preventing British chemists from getting too
insular; others were given by Dumas, Hofmann,
Cannizzaro, Wurtz, Helmholtz, Ostwald, Fischer,

Richards and Arrhenius. In the Darwinian
atmosphere of Britain, the Periodic Table was
given an evolutionary character; it was soon
taken for granted by most chemists that in some
sense the elements were all descendants of
hydrogen or perhaps helium. Crookes was
especially forward in such speculations; his work
on the rare earth elements had seemed to reveal
a group of poorly-separated species, while his
investigations of cathode rays indicated to him,
as later to J.J. Thomson, that he was dealing
with some simpler state of matter than the
elements. In the cathode rays one had again
a field of study on the boundary of chemistry
and physics.

Faraday had produced quantitative laws of
electrochemistry, and Helmholtz in his Faraday
Lecture had urged the atomic nature of electri-
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city to account for these laws. To Faraday
we owe the idea of ions; and in Britain Ar-
rhenius’ theory of ionic dissociation received a
better welcome than in his native Sweden,
heing described at some length by Oliver Lodge
before the British Association in 1886. In
Sweden, that it was neither chemistry nor
physics seems to have counted against it; in
Britain, this was probably an advantage, and
the physical chemistry of Arrhenius and
Ostwald, with its links to the prestigious ther-
modynamics of Maxwell, Thomson, and Gibbs,
was relatively quickly assimilated. When on
the other hand Ostwald in his Faraday Lecture
in 1904 sought to propagate a chemistry based
on the phase rule rather than the atomic theory,
he got a rather cocl reception; like Maxwell,
chemists were prepared to have both particles
and the laws of thermodynamics'.

Ostwald himsel{ was soon converted to
atomism when the kinetic theory of gases was
applied by Perrin and by Einstein to explain
the Brownian Motion; the kinetic theory thus
being admitted to be perhaps the best evidence
for the existence of atoms and molecules. In
British chemistry the first use of the kinetic
theory as more than supportive evidence came
when it was applied to demonstrate that the
molecules of the inert gases contained only
one atom; the ratio of their specific heats
indicating this*®. Up to this time such evidence
had only been used to confirm chemical data;
but since in 1894 Rayleigh and Ramsay could
get no argon compounds, they fell back on this
indirect determination, measuring the wvelocity
of sound in argon. Knowing that it was
monatomie, they could compute its atomic weight
from its vapour density and thus determine
where it should go in the Pericdic Table.

The discovery of argon and its congeners,
a whole new family of elements which turned
out to include the mysterious helium so far
identified only in the sun, was one of the great
events of British chemistry about 1900—com-
parable with ]J.J. Thomson’s contemporary work
on the electron. The work began in a co-
operation between a physicist and a chemist,
again indicating the importance of work strad-
dling this frontier in the British tradition. The
various gases after argon were separated [rom

air using liquid hydrogen; this had just been
made by Dewar at the Royal Institution, but
since he and Ramsay—by then at University
College in London, about 1km from the Royal
Institution—were not on speaking terms, Ram-
say and his collaborator Travers had to devise
their own apparatus. These monumental rows
were a feature of science in nineteenth-century
Britain; in all the sciences one comes across
furious quarrels, sometimes made up on death-
beds but rarely before, which do not go very
well with the vision of the man of science as
the humble seeker after facts.

Ramsay also groped, in Presidential Ad-
dresses before the Chemical Society, towards
an understanding of the role of the electron in
chemistry; but more important was his work
on the emanation from radium, which turned
out to be a member of the family of inert
gases, In Canada, Rutherford and Soddy had
been working on radicactivity, or as they came
to call it ‘sub-atomic chemical change’. In 1903
Soddy came to London to work with Ramsay
on the emanation, and they were able to follow
its decay spectroscopically, showing the appea-
rance of helium; this being the first transmuta-
tion to be followed in a modern chemistry
laboratory**. The discovery not only helped to
validate Rutherford’s conception of radioactivity,
but also reinforced the belief that the chemical
elements were somehow related to one another
in an evolutionary way. Not in Ramsay’s own
hands, but in those of G.N. Lewis in America,
the electron theory and the inertness of argon
and its family, were to be brought together in
another union of chemistry and physics to
provide an explanation of valency.

From the study of the y-rays associated
with radicactivity came the work on X-rays
of W.H. Bragg, a Cambridge-trained physicist
who from 1908 worked at Leeds, one of the
new provincial universities of the late nineteenth
century. He recognised analogies between these
two kinds of radiation, and on hearing of Max
von Laue’s success in diffracting X-rays from
crystals he took up X-ray crystallography and
determined the structures of a number of
substances in the years just hefore the First
World War; confirming the tetrahedral structure
of the carbon atoms in the diamond, and their
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hexagonal arrangement in graphite, which had
been postulated half a century before on chemical
grounds in accounting for the differences het-
ween the alphatic and aromatic series of organic
compounds®® .

It looks then as though, while enormous
changes had taken place in the structure of
chemistry and in its social context during the
nineteenth century, some aspects remained
curiously little changed. Despite Davy’s work
as the apostle of applied science at the Royal
Institution, chemists’ links with industry (except
as a source of money for analyses) were rather
weak, and the problems that the most eminent
of them investigated were not as a rule those
thrown up by industry. By 1900 there was a
strong system of chemical education, but the
leading men had grown up before it was
organised, and had probably had less systematic
training than their contemporaries in Germany
or in France. Perhaps for this reason, the
most exciting work that was going on seems to
have been on the frontier of chemistry and
physics rather than in the mainstream of organic
or inorganic chemistry, There was important
work going on elsewhere—such as Harden’s on
the fermentation of sugar—but the particularly
British contribution at both end of the century
seemes to have this frontier character.
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Liebig an Wohler
Miinchen, 31. December 1871.

Ich kann das Jahr nicht ablaufen lassen, ohne Dir
noch ein Zeichen meiner Fortexistenz zu geben und die
herzlichsten Wiinsche fiir Dein und der Deinigen Wahl
im neven auszusprechen. Lange werden wir uns Glii-
ckwiinsche zu neuen Jahren nicht mehr senden kinnen;
aber auch wenn ‘wir todt und lingst verwest sind,
werden die Bande, die uns im Leben vereinigten, uns
Beide in der Erinnerung der Menschen stets zusam-
menhalten, als ein nicht hiufiges Beispiel von zwei
Miinnern, die treu, chne Neid und Misspunst, in dem-
selben Gebiete rangen und stritten und stets in Freund-
schaflt eng verbunden blieben.

ﬁ‘.’rﬁl)_!'&[ti:lr& oADK LIRFEL, WADKN
Aaliciis ks o EdegML - L TH
Y, THERDEVE FRIMC s » 7 » A LIHRERO
TTHENET.

Zhicit s 2 — 7 -0 YFOIRTIE1 AT
A¥ sy orhbEbhELLE ChATAE
3.

Withler an Liehig
Giittingen, 7, Januar 1872,

Herzlichen Dank fiir Deinen libenswiirdigen Brief vom
31. December und Deine Gliickwiinsche zum neuen
Jahr.

Ich preise meinen guten Stern, der mich noch das
zweiundsiebzigste Jahr erleben liess, um durch Deine
liebevollen Ausdriicke der treuesten Freundschalt erfreut
2u werden.  So vielerlei Gedanken dringen sich auf
iiber die lange Vergangenheit—die am Ende doch nur
so entsetzlich kurz was—und den noch so kurzen Rest
von Zukunft,
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TR AWML, REL TV AW E BB
7z, Platon %, COFERO A LA oWREy, A
75328 (explicate) 4T bisWERAE L s Lz
(49B-C)",

(icoL~T—Platon i, "k, &, K, 'L EE
REETHMITHREHEL, ik oW & i Bk
R L, MEETHBHERICE, €F 77 AR
DEFERIC Platon BESEST B THA Y,
ez LwEt o s bbbl TR LE L
Lo iR,

3. Plawn 49T BRI, EEEL 3L BRTS
# 4 o Feif Cconceptual framework) THER Sk 1
Behy, FoRBAMERLTOM) ThS,

fE & B —

CRR i ik F A RO R B L IR d, 205

11)IE#ERYE T (elementary corpuscles) i2 4 i FlI= 281
Th3 (31B-32C).

RIF—oTRECET 2 TEYN IR R TR CES
MEDOEE LT3 (53C-54A). — "k’ BIIEME
f, ‘20 BIREARS, K ERES 1 Ee
IEA . : '

B THENE AR e SR 0MlEE L o3, k&
ARBIBEDR S, SRk E SO Ick
H3% (55E-56C; 57C-D).

WTEMH TR FE (R 1514 7) poBRER
% (B4A-55C). —"Fi ICRTEUIHfA=ATEL,
E=ffE 2% T3 Lo s Piif=fakLo 2
fiBinds. Shbit, b ‘quark’ THoT, i
FE A Cpurely theoretical constructs) TH 5.

GITCRMET R REICE . TEREhE S
(56C-57C). —FucitfafficREMRDO LD L,
RMGTEEMoLD Lo 2 il 55, HRIHTS
AHRBGE0E{ BOHOERE L THASA TV 5.
Linl, ‘t' EORF IR EQROERD LM TE
BDT, Kb GUCL2bhR~) OBEE M s
EhTEBEG:, BRELTTIRRS, RESTD
RBe () LLTHRBIHTS.

4. Vlastos {3, Platon OEBEEMZ 5 P MO HA
LA ORI ERAREMAT S ES VLT T]
B Ths, LFHiL, HoBEGOERMMNEDR
LE%ERLTw5Y, Pladn OFEHOIOL Sini{L
241, PioEEEMGERMICTINRL, LREERMIC
AR F oL TWwAZ LICiEET 3, LERE
25, —(Axi ER RS, N am
EThERC & MIE Lic\, Lavoisier DMURRFMOSE
EHEEhicue. Z O AT, Platon DR,
FomMmMEEoLrSICLBLT, BRMERTOE
BHETRENDTHD,

=3

1) Cp., Comford, F.M., Plate’s Cosmelogy, p. 6,
1937

2) Cp., Vlastos, G., Plato's Universe, pp. 79-82,
(1975)

3) Cp., Duhem, H., Le Systéme du Monde, tome |,
p. 28, (1913), And Taylar, A.E., A Commentary
on Plato's Timaens, p. 10 and pp. 364-8 (1928).
(It might be noted that Taylor considers that the
theory of matter had not constructed by Plato
himself but Timaeus.)

1) Vlastes, G., op. ¢il., p. 86
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72— D T8EHM] itoT

{LFEoEt2¥E: 58, BEOFWH, KE, 9
S O T bk, MREo%iims LT
bBTHETHY, »oAFTHCATLTOERI LS
Wwhonphd, ToNEE L TR, YRFOUMp o
FicEkbahTwaihiftftl sh, gthbi
Lic LCHEBE MR, EaEShERES R Ty

. KEMIES P4 v kT A g Lo

BEESBALNE, vov b vEREGNSETOL
HREER 1B HRRL S Y — 2 F ) OREHEEF A
i<, 1ol koBaitradvorhireFr—ic it
WO koW L ERANC, HSMcHETcES L
5HTC, ETORUNDRIELDTAEVELLLS

168, 7F ¥ FADEHEE—~F— 7V o — ¥ i
(Pieter Bruegel, 1525/30—1569) O#&, #HolEsH Gih
il L 0T T2 AT e ShT
WARZEDE L, (FRICE - THRMBFO B L mT
LoD LA h TER. BEofELTY
[0 e EHEOIERE T L T a6 oo
Biih B (H.A, Klein, Sci, Am., 1978 (Mar.), 134).

7Y = — o ORI [#ERE] (32X4dem, 74
V7R A~ VBELIEEShA -5 VED, AT~}
[~F, fih2e—353) XTOBAMTERLLL
i, ThaTERECHSHMoORREO L HTE -
LoklLTHAT %< obEtireilili+aiitco
2 TnHHDTHS.

FricmahTuwa bk, BAMELTE, &
W% (F) v+ BROLOLAR, FALLWZ, 4
sk, FLME, WAEEL TR 224, SRR, A, 7-F,
LB, KEL, EVE, MMESEE voARakEs
Hh, EHBOMRLHRNE (WS Badiree
T, EEOERIMFCTEbE5 L5 L5l
OfSH L ) ERCELTWE0EE L R TH
3. HoENZSANTEDh o TwAFENEFIC AR
IR THEDEER - TWa. Fhtdicinens
FEFTHLTWSY (LET2BhL52) b3,

Z D JEE D FUE L~ ) v E AT RS e S
hTk D (30x45.3cm, Fh), Z=oOMFEMRILISEEE
EHLEShTWS, TOYRO =~ r » S {LFERO
JiL 7 r AR (1499/M—1541) DB E, 77+~

X R K &

(HEFTER P AL )

An Alchemist at Work, after Brueghel. (An

criginal print of the engraving after Brueghel,

in the possession of Professor John Read.)
e v P (1577164 DfiiC Bz b, VA & (1546
—1616, [7 A% 3 73 1215975E): 7#V =25 (1494—
1586, T'F = v« A % 0 HJT15565E) OIEML ki
A, FEERE DU E X1 THSHE ) chivh T
2L THHS.

Lo AT, &R E CRREASIICE - T3,
REOH R YSIMTTH Y, WlFOTFRIELLHEIh
Td., #AFRTATESYHICE-TLESTWS
B, SHIZBIBMEE £ s LixBbhioy. i\,
mcokEiti AMoEEOF a5, dekms
WHEEELTHD, RAOENMAT LS >T 52,
CoBEFTLEERELEG. FEb0FTIhEbE
Wb THS. LL, WTFOMES, SWCREML
T2 AOmiF:, HRECHBWREI L TEADTEMN
FHThd. LEOHBE LTRSS, RETORS
FREEM TR, ThAEShs0RERECK-
AT ThES.

L BRo M TR, RE TRk REoBa s 1R
AETHDY, B LEFCOWTEL THREO L MR
BHZ ETHRWHEEbRS. (Weeks @ “Discovery
of the Elemems" \CiXE@EAIGIRORELE LT, i
BORKEER, MESFEATE] CIRBEY D - TV 5).

2EDN, &l (E.]. Holmyard, “Alchemy”, 1968)
OfZmRT.
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aoN— |- 7ay b, ZOEKRECET BLFEORE

4% ) AHEORRo—22, ER BE itER L,
BHOEAT = P= 7 MICEWT, flix OFBCHEF
SAETT L, £ o CREFOWEIME I, BENFE
EHRJE TR LTHES. Cho DR F 2, HAE
(Natural history) QiEREZ MM T 57D, Fe o
= 7 PO BTRILL:. CDX 5, AFVARE
5 A REDIE oM, 1TIHRoMEiio~— =
EHRORMCAMTC LNTESCALS. £2T, B
st it AT, RLIE0G, SEREATAS AEHO
HTEIC & o TH R H 5% (New Learning) 83
% = & (Instauration), £D7bic BREOMKLHED ki,
BRI ER L, mEMsEBT s onTD S
5 v Rm Lic— 2 vO BN, RN R R
Ik alDTHS,

<—z2v07FvikWcERL, HAEOPIEL M
FTedfT T a2 TREREREL, £ 12
B, EWOAFI AACEFLVERE L0, ~—
b U Z(Samuel Hartlib, c.1600-62) THa (=& 2,
Further Discovery of the Office of Address, 1648).
A= kU AR, AREOER SRR, i, e
H@cx o kLicZdtiel, chboMmAs—D0
WEVRCHBESh I BENSS C L RERLE. AA
BT s~—2yY « ~= PV FOF R 2 ARETL
POREE LTEAFTANEIORIE, - FDAR
ik (Gerard Boate, Ireland Naturall History, 1652) %
7 4 (William Petty, 1623—87) Ol & Lici%fT
Shfciiitnis 5 (History of the Cromuwellian Survey
of Ireland A.D. 1655-6, commonly called 'The Down
Survey”).

EEMEED AREICA T BB L, o1t
REECRLHO AREEFVH VDV, Thbof
T, AxDABIECHT B0, $-L3HT v
—A L@, 77 b (Robert Plot, 1640—96) OTx#
ZAZ7 +—Fve—OH K E (Natural History of
Ouxfardshire, 1677) THoiz. EDHIEE, fibicc
hE@i L PT. (12, 875—9) OEHZORMICL, 7
Bo b ASOHARCHT SHEERICL, N—=2vE
BB Eh Twab LAz LATES. I
S, AfiEmEoSk e, ANl s Eulaos
AoERZRD BB, T7vr— biEftLion,
ERfE LA Th s, oW, SHEDH

i S

(R R B

FaDnET~—z2=7 YHREFL LTOHOHE A E
b Twd, FLTAHZ A7 +— F, 16836, 1+
ATHRUDTEOTISHE T 2L &, Chic{ES
hicor, @Enitba7ry b Thoie.

HOlLEHEA~OREICE BT T LR T
¥ a €~/ (Elias Ashmole, 1617—92) TH5. thil
KEM, b L—ZH ¥ b (John Tradescant jr., 1608—
1662) bR EhicipFE=vr v vENNTEE
LEBAHLET ¥ 2= — 0B L ZT ot oI -
FURNEM & LT o4 (Ashmolean Museum) ik
L, CCicftZodgRylvhbThs., Fro b
M, BEEELT, T¥at—iOBicokonid, #
Mk 2 A7 3 — FHBETHBIMcRABEE, iy
TEF ey P OGFE, Tas—AbifLERET
HDH. FhEd e o b OEERRTE, HeincbT
SEFrLsbici, BAoEFETFELidhis, £14 40
LOEWLA bR, #obe, Kokt at
Mo EDES, LSS, TREHOMINE L
MuwbnaiEfcdh, QHREVRICER L, chifix
FTHFETH-. Linl, SOXSiclbdEs, 17kR
RKOAFY ARBOTAALEBLAEE A LbT
BT I AMMEFEDS A= Thoic, FILWLATHA A
DL Ed v, Ei OB b o Ao (b,
FhEY, HitERERTAHFELLTRMET LR
V. 16B94E1LE 7 @ » b OFEEH, ~— ¥ A (Edward
Hannes) IZt o T O E2dhiz 7 > 2 & — A LIS
Bk, #EE#ELT 3HEBR, F2A7 15— FiL
iR OFHCES T, SichU{bEOER LR,
Ao,

+ 2 A7 x— FREIL, (EFEoAkbd, ARk
LB BERTR LI, (LD RHEEEIIC s\~ T & 5l
iz, oz ERERICLOFELI WL, 7oy b
DM DI Licd 2 A7 » — FOBREEENE (Oxford
Philosophical Society, f. 1683, 0.8.) ¥4 % o7l
HY, BT v 22— EEENIEETO W L &,
OS. LA LlLADTA:SD. LiL, #7A7 5
— FE2OM A LT 21T > =& — MDD B2
fEavzyayv, B, S OlEER, 191 O®
WMo Xtz b, E£505 5l HEfhE s
%, @, (oo 3R o, MR
EHFGTHZ Eiind.
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Scheele @ £ B # B H L <
—{bZES T ¥ BILEER—

BEHFTD 2 DOMH TH 5 EFEHITEE L Rl
OETEL S DIHED—2I, BELLIERTLEEY
D, BRYEETIHENELLOND. WFELIRS
CEER coBXRLFCEAL, - lBekE
WEc A RE LT . todTIsiEoikl
E¥HFThy, EHAMTHS, A v = —F ¥ D Cal
Wilhelm Scheele M {77 = fcBERICE Y b DA % { b
BOICG D, Y c ok BABICIE L THlA K
LoRoE, BRIEGL KT, ChrBEEhT
EoteDb, HBicthT Scheele DRBEHELIDHT
LHE, Thix{tEskcbica B LFE L+ 4 b,
Scheele A DRI T o~ B 5 8T
LI RE O BT LA TELOTRARVIEFLD L
Siefeafc.

Zh L D Scheele DHBEBOFTINC IV o728, £D
AL LTI LS DIk, —2ik Beddoes 23ER, #
LI The Chemical Essays of Charles-William Se-
heele 1786, (1966) T#H b, {LO—2k Scheele Dift—
OEMROKRTHB The Discovery of Ozygen, Part
2, Alembic Club Reprints No. 8, (1923) TH2. i
e Nordenskiold 3R LI Cart Wilheln Scheele,
Nachgelassene Briefe wnd Aufzeichnungen, (1892)
mepg:, FEEsEL QI EboEcE et
Wi,

Scheele DRLORKHE RSV AL BT L,

1) PFEMERERNFLT, EEERchs T
b, EICHIBNE, FRHRO—F~hickoTuwie
[

12 EBRORHIZ—RLT7 ¥ A + vioirdhci:
STED, BRELELWIRSSY, BRI =2
FeERBTLELSRL, oSS LEMIRD.

3 BrEMHo% {RRRST, BiHrsEiks T
a.
W) —R, FECHsEMMIATLERLIR TS L
SR B, BEELTASEFhEDOBEBYASS.
¥ Bt ST P ERILE b TR

5) BAALT FRBRBERLTWAH L ST, Lildto
D &\,

Scheele ®AFETHEAPRAFLKTLEOT, 45
T T BETa s LiL BEOHEOTITH L.
T D TRIBE LR U TFOI0HH e FARRRE LT

H & 7% #

S llIPRd Al p g g ]

MU, B L D ARhSB T Lk,

) wzAE (7 {0KE)

2 k= vrvE TRty 51

3) 2% (&I

W HEEE —REEE—

5) SiAGEE KA (Bikey 7 7F¥, Bkzy

AT V) .

6 e —HH—

T FrvTrvdi— (7o KHE, »>7vEh Y

& L)

® BEroflionsk R, 78 L7 vED

9 HErolohaM (vavlh, 7=vE VY

=)

w 7Yy —pkH—

MR L 10T B 0SB Ic DT, Ml D4
T% Schecle DB EL D E Linhodfe, BECELT
ThUND 5 Tkbh Twicy ovT o fTibiui
qEhE oA, MELOHERORO Scheele THSH - &
oD SR, FORBRELTLS C 1S,
Scheele D AT &% &2 b JAURMIZ oW-T
AhpTEELE

Scheele DEE] L A2HEGIE Lavoisier 250 b0 ILRE
E BB RI LN E RE—FLTVS. Lnl
oRBmELsnE D, ERMOTMUES XML TCnEZ
ERHETET, COCTLM7rEAF YnbRLY
Rich o CHRO—2LEL bhD. LZBhi—Kick
VT, ST ERO SN2 4E D 2T e
REFMTHY, TORBMOBHL 7 v A b Vo
2 TH EHVE, BH—RLTEY, EE%ErinL
Lfifitich i onitvd o s.

ZOZ LR EEETONE OB E, EE
MNEHCERTRER N YHTRELTHWEZ L2,
T LATEBREEENE L o/ - - kI E ST S
DTV EEL S, Pind L {EFEOFETR U
FOT, ZOMOERPESLEREIEDZ L3, T
D{EFEEC A SRR T bhv L S EBbR
3. WELRXIDL S ORI LooL, B
fUEn# 0L Lio3 T B bh ¥ O EREML FLE
ELTWHD TRV, EZRNWEZATF » 7 ELTE
FMOX S TR EEIC SRS LARAK LS O
L ELHTHD. .

(—Rm 3D

43

LD RRALIC B 13 5 Sk E O F8 IR

SEC(EEORILO S\, Wy ACRME A Al ERA
oaty b (2R 5 WHEOFEDBMIATI NI 1ch, 20
EEIcizER SO NN EFLECE o LDL, £
DEBECRAEEL bR O EDLONRD 5T, Ly
DY, FRE RO GRS LT
WEMk LTt LicdiaT, AHFEFEDORRLT
RIEEOHSLE 12, AHBIORIUCKVICHAFL T
REEXD. e
C OGRSV TTHS OB RNDS D, Kt
DREEED L DIE L OIRK E L, L Paras
candola (£ I.B. van Helmont 35 1. Priestley % TO%
Rz LTS, AHFEROFEY S, Hales I

L.

C WHireir ) Helmont 746 Priestley ¥ TO MR
BAHLT, EORRICIE SOBM L Eh EFhod R
Babsc EERVA L.

" 7HEEEIC Helmont (X2 L THRA
BT, Fh bk RERM LKL MBHEDE] &
BSte. LavL, ik, Erafcrasdiciiih
Kt b DOMATH -1z RO TH] 2, s
Lo TRARORTH T, HH TN,

S MR LTRSS LD, Boyle TH -
o, BRWRER S L7 7 A F2 AR, WL
LHBDA-TWBEBCIARENI I, BELE
fikr, 73 Az bfokEkslodtEoicicE oy,
Mayow b7 Rt AR i 2.t Do,
SO L Hi & DR — D R P T o b B IRRARY
LB DTHS. )

B L OBIEL FMEL T, ARWEHOL A
BcRR 202 Hales Th » fo. HILSHOH -
B AL, Fiokn [RAY SHTRERFEES
&, COftEMEL, MbickioRRrBEEShT
WHBC Lt 2 b ERLEY, AR L
BREL 20, REAFO LML b ThS.
Rk, T RTTS ICiE, ThERZEHImcE
SRR Bich o 2. Hales O&EHIIZUBIRALE
BEHRTiieh o tt, RELBEIKEERL,
A ieoT, #irEsIosEhsMEaiEgsE
OEEEEL, BBadHor Lo bickEl &b
BE5HRE L 570 THB, Parascandola b2, = C1©
Hiles 12k 3 G #MOERE2TWEDT, [Hok
B CHEERSo bR EERLTWS, ik
Ko tchillB e H % 53w, Hales BENBDETOD

e B o#E A

FiFfz. W. Brownrige (LR ML, #ic, T. Berg-
man % Priestley & i, L L, 2D LI,
ParascandolaZi ¥ o3 PR L T\ 512 FEETIZ L.

Hales O i 8 Lfs L EiEaLTY
fomt, COMICHEETZHA Li- R I Black Th-
=, 'D. Machride 23#i4r Lcfzdd Machride D[ & 15
ERTLBA, HIc kD & ZO#IER Black A% R L
LDTHHY., WIRITHEECIL L TR B L xRS
WA ADFERRER L, CokFiclihEMliil
b TR %, BeEolREM~<30iczo
B Eo L5 Th s, LR TS 5. AT
Lo TRECEEBRENBE L@ L D, O
FhERPUGI L THHORREY LTS LA TEIL.

Z0—5k, HicCoRBIcHbh TWbRERDHR
ErgTHS., —2ORIEHEY 7~ P2GIRNTS
LiICkoT, WAERED =Y R —ARERICE .
H. Cavendishifz B i D o A HUE IR TR &K
[ degl R O

BT, R LR MR chlid
Fafmic, IFEROMCHESSAA IR LTH
%. Cavendish |%, RFXHML, ToWFANREER
L EERLICE &, SEELIAHL RN, U v A%
WP LT, EoMIc SO IFRAE Uit
Dk RieDThoi.

5 LT, Boyleichk L ¥ » foak Rt ERiRa,
Sk LMo, ARTONA, HBBEORML
R L, B¥r AR LA Prestley K21 2ath,
- O S R

. 2 ik

1) Parascandola, J. and A.]. Thde, Isis, 60, 1969, pp.
351-61. 2

2) Partington, I.R., A History of Chemistry Vol I,
London; 1961, p. 227. . :

3) Birch, T. (ed.), The Works of the Honourable
Robert Boyle Vol. |, Londen, 1772, pp. 53-4.

4) Mayow, J., Medico-Pliysico Works, Alembic Club
Reprint, Edinburgh, 1907 (originally 1674), pp.
86-90. .

5) Hales, S., Vegetable Staticks, London, 1727, Chap.
v

6) Macbride, D,, Experimental Essays, London,
1764, pp. 51-3,

7)  Cavendish, H., Phil. Tran., 56, 1766, pp. 141-84.

8) Priestley, J., Experiments and Observations on
Different Kinds of Air, London, 1774.
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—H. Davy

H. Davy 28%% (The Board of Agriculture) I
A, 18024 X b 18124 & CoOMBIE EEOMRL BT
Lok ERL{MbATVS, EfiioRBED
BEfIC L b, WO PIEY TRIESNGR] (Elenents
of Agriculiural Chemistry) &WH5 @O AL LT,
IBISHEICHEABRE O 1 itk R L 2V, IBMSEICIT F A
Y EERE, 1815%EIZIR A £ Y v 7Bk, 1BI9EILL 7 5 v &
MR ER A, Fh, T AV AT 18ISEICIETERE
ORI =a—a—2L7 437247 4 YEBERALY.
S DL 5z D&M, RO RN L
LTIRL BEE ik,

TELSEES IS (2335 | ~BEM S X OB L b
S TWaY, BH IR T, REEFoHD, BEo
MFSEONTORTLS. MR L OEBTAD, o
ZTRID, W, EEBRDD, & Gk BR K
FOLEFEB IV ThLOBEOEHENBL L Y B, ch
5L EDPIFIC LT ONT S, B0 i, #f
HOREE £ oL, REEEES, RN T,
HHEGYT, EBEOFI - SRS, MV T, kG0
WEEH, Tolp~okE, MTORES, MEvT
3, A (Bhhdy) AEEHE, MW T, RRIPES,
MEw-ciz, g BF FREOHMBEIZoWTONT
Wa,

TRECERS] 2L E L THABE LTV 5 412,
SRMT TR L TeSHEY - kEoEAIC L &
WA L o RMICESHT, BSMcEilizn
PelEFomBRoPicEAlZRHL, ThvBEEoMmE
EHAALLISEWSZ LThHELEDLASD.

ZOHEBOKED 121, WK | ~AoEA O
Had. CoORFNL, HHREFTL LT ESHoE
CRBOE-TWADTHENG, WMHOHmY - (b2
BINER, A IERT 28 & 0, M OB (LS 2 T~
Srilcd VESkFOFEAAHEhE LS5 HOR
PRS- T, 2 THEOHM - &8, 5 & koo
B E o el LDl L e 5 b o R M0 Fic, =
M RECEAA L L ORBICE B L5 iIcihoTu 5.,

BB O B S-S, WM ERES -0 L
R PL AL ZOFWOFCEL L) ARTNDS
2, E DR ERE D 4 9F T2 N.T. de Saussure,

o B BH—

w OB oK M

(LA £ 35—

T.A. Knight %, {E205%¥ Tit ].L. Gay-Lussac, L. T,
Thenard, L.N. Vauquelin, T. Thomson %Y@ Fh b
#%{AWTW5. T, Gay-Lussac, Thenard @
LRSI TORRICER 2 ST 5,

0¥, THOSITON, kg TaAREsh
1Al T ORF L OBROEFTRIIC OV TORBS + D
HWEHORE, MOFFHORBEERICE Eras
ZEFOTRBME L5 NERHELL TS

&i:&‘n"{tﬁ’d@Wﬁk—ﬁbﬁtsﬁuﬂﬁﬁm,&&ﬁ
TEYAnicb O, EESITINE LT, FIRGFIA
BHOPOTH L& OERLIET 3 BTG Tha
oL, et ofEoRit oozl Lich
hofe, LidioTRECHTsERDS5, il
SEFREB MR EE T e, L LB D
WECTOBMLAML T, MERER OV onofE
—HAZIERE L THG3BEOMES— It LTk
MBMIEESCTHBEEL 5 L TELY, Fhiin
BHELTO 7Y% =7 O HEERIELY, +HEHT
FAUGL, FEMRELNRERsC LA TERD.

X @ & &

1) EHMOF 2 Mez18145E, 53 BUz18214E, o454 5
FEIB27EE, 955 RREX1B3GE, o5 6 11839410 Hifii
i,

2) TSRS]I 0740 hckW 205805
LTk, W.D. Miles, "Sir Humphrey Davy, The
Prince of Agricultural Chemists”, Chymia, T, 126
~134 (1961) =B L {d~<dhTu 3,

3 SEHOMEORHE LTz, TROM1 s on
4 R % v,

4) D. Knight, Ann. Sci., 33, 192 (1976).

5) D. Knight, ibid., 191~192.

6) F.W.J. McCosh, Amn. Sci., 32, 481 (1975).

H. Hartley, Humphry Davy, East Ardsley, 1976,
p. 98.

7) H. Hartley, ibid., p. 97, 99.

o2, Davy@ BL#1<BIL iz, LR. Parting-
ton, “Davy on Agricultural Chemistry”, Chem. &
54, B49~851 (1935); M.W. Rassiter, The

Indust.,

Emergence of Agricultural Science, New Haven,
1975 FTL AR ahTy 35,

(—# )

45

C. Friedel L HRESHK—2OBEBRIER—

I'Friedel-Crafts Fif] CHB 7 Charles Friedel (1832
—1899) IEEARCFEOERIC RS LRMYERL(E
weh B, 1%, EHERO CaRAREOHES
gAvE, TEAELEEHORBTLRGhSEHE
FCHh B, Friedel 2% 0EEEMTT HRIESEE 84
2OPRICIAT L S ol ofed » A il H2EED
% b5 AT = KET L, Pasteur DR FITicz kic
HEHEELBR TS,

18544F Friedel 124 Y OEFEO A, Wurte OPFREE
EA-te., AUH, @LFERH X ->T H. Senarmont
1T, (B L EHEOTRICHIFL A 43T Friedel
(RS I FE R L(I8TL), 18754 Wurtz
Ryt EAaBote, FOBE Friedel 2 A4HV R
OUHEYIFE LTl bh, 1884 Wurtz © B
LW THIREEOHIC@E L.

Friedel ©FH LT3 FRIZSEIC o T
B4, wROHALSTFLRS.

1. 7bvH (BlfED s +v) BT AP

------ 1857—1866

{2 AT — L08R (1862)
2 ﬁﬂ#‘?#fﬁ%#}@ﬁ‘ﬁt (Cmfls, g&‘C’ Ladenburg
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