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B.H. Kyauenos, AA, lMevyeukuu, X,B, Tpedbtunosa (CCCP)
HCTOPUA XMMUH U TEOPUA PA3IBUTUA XUMUH

Jlio6oi npouecc xak cMeHa cocTosHufi mognaeTcs ommcanmio. Ho pnaxe
caMoe TOYHOe OMHMCaHHe NMpOoLecCa He TOXAECTBEHHO ero obbiCHEHHIO, KO-
Topoe OGBIYHO BhlpamaeTcs B GOpMe TeOpHH, BCKPbIBAKILE# 38KOHOMEpPHOCTH
npouecca.

YeMm ynopsmodyeHHee mpouecC H HYeM GNHMXe OH K NPOrpPeCCHEHOMY pa3BH-—
THIO, TEM TpylHee ero o6GbSCHUTL, M3BeCTHO, KAKMe TPYAHOCTH BCTANMM HA
IYTH COB[AHHA TEeOPHH SBO/IOLMOHHOro pa3BuTHR GuocucreM. Co3paHue xe
TEOPHH PA3BHTHA HAYKH sBIseTcH ewe Gofee CNOXHOK 3anayeft.

Hacrosmee coofmenne npecliieayeT OrpaHMYEHHYI0 Le/lb: O6paTHTH BHM-
MaHHe Ha AKTYANbHOCTL paspaGOTKH TeOpHM PalBHTHS HAYKH H Ha NpuMepe
XMMHH OGCYOMTE BO3MOXHBIE MYTH pelleHMs 3TOR 3apaum,

B oauo#t n3 Haumx pabor [ 1] yxe 6bUI0 MOKa3aHO, HACKOILKO BAMEH
TeOpeTHYECKH aHaIu3, C/eAyOWHl H3 MCTOPHKO-XHMHYECKOr'O OMHCAHHA
HOell O OMCKPeTHOCTH M HeNpepbIBHOCTH XHMHMYECKOR OpraHM3alH BelleCT-—
Ba, 3TOT AHAMM3 MO3PONHWI BCKPLITH Pl TeHOSHINAi PASBHTHS XMMHH, 3a
noclegHee BpeMs HA OCHOBE HCC/INIOBAHHR B OGJIACTH HCTODHM Y4YEHHS O
NepHOAHYHOCTH, YYEHHS O XHMHMYECKOH CBS3H M OCOGEHHO KHHeTHKM M KATa-—
/IE38 HAMH MNOJIy4eHbl HOBbIE BBLIBOAbI, OTHOCHAWMHECH K TEOPHH Pa3BHTHSA
XHMHH.

Hayuas ucTopuio xaramatuyeckoft xumuu, B.Octeamsa (2], A.Muttaw u
3,Tesc [ 3], a 2arem u Mu B cBoMX paforax O6paTH/M BHMMAHHE HA OAHO
B BHICIIeff CTENeHM HHTepPeCHOe H BMeCTe C TeM CTpPAHHOe ABJIeHHe; pasBH-
THe Haelt B oGNACTH KaTa/M3a NPOHCXOAH/IO HE TOMLKO HEepaBHOMEpPHO, HO
1 He Bcerna nporpeccuHeHo (puc. 1), Cneppa sHameHHThie "KaTamaTH4Yec—
ke orkpuitHa” K.Kmnpxroda, I'.[lseu, U.leGepeftnepa u J1.Tenapa (1812-
1820 rr,) pui3Ba/mM MACCY pas/HYHBIX CHIOTe3 O npupode xkatamuaa (Bep—
uemmyc, Jlubnx, Mutwepmix, Kiomeman,dapaneit). 1830-1840-e roam cram
anoreeM pA3BHTHS PA3MMYHLIX KaTamTuyeckux Teopufl B XIX cronerun,
Ho zareMm, yxe B 1850-x rogax, ABHMEeHHe KATAMHTHYECKON MBIC/IH OCTA-
HapnuBaeTcs, a B 1880-x u nayane 1870-x roaoe 914 MLK/L Ha4HHAET H3-
FOHATLCH H3 XHMHH KaK epeTHvyeckas, XapakTepH3ysa sTOT nepuon, B.OcTt-
BalLA NMHMCAll, YTO HAayKa TOro BpeMeHH “KAaTa/lM3a CTOPOHHIACE KAK 3aKo/-
AOBAHHMOr'O MecTa”, a CaM0 C/IOBO KATA/NH3 “CRASLIBAJIOCE C HEMHCTHIM [Ay-—
xoM” (4,5]. Ho BoT B 1877 r. NOABNAIOTCA 3HAMEHHThIE KATAIMTHYECKHE



cuurean I, T'ycrascouna, UW.®punena u Ox, Kpabprca, u moryuyee nocpen-—
HHYeCTRO KATA/M32 BHOBbL OKA3LIBAETCH B LUEHTPEe BHMMAHHUA XxMMHKOB, W
BHOBL B CBSI3H C 3THM I[OKB/AIOTCA OAHa 3a ApYroft KatamM4ecKHe CHNOTe—
3bl U Teopud, C TOro BpeMeHM KATA/NMTHHECKAS XMMHS YXe He 3HAeT npe-
naTcTRMA B cBoeM pa3puTHH, CTyneHs 3a CTYNEeHLIO NOAHMMAETCH OHa K
6MOXMMHH, NMpeaMeTOM KOTOpPOH AB/ISIOTCH BbLICOKOOPraHM3OBAHHbLIE M CaMOo-
pas3BHBaOIMECH KaTa/MTHYECKHe CHCTeMbl.

[o cux nop He 6bu10 Hafneno OGbACHEHHs CTO/bL NPHYYAHBONR KPHBOl
(puc, 1) pasBaTHA KaTanMTH4ecKoi xumuu, Jluwe OTAeML-HbIe HCcrenopaTe-
M NMpPUIMMCHIBANIM pPerpecc KaTa/MTHYeCKHX HAeft MOpOYHOMY cYObeKTHBU3MY,
npuBHeceHHOMyY B xumuio Bepuemycom. Ho Mul nokasamu, uto sta Touxa
3peHHMs sBlseTCs HecocTodTenbHOR: maen Bepuenuyca crnirpami orpomsyio
H BechbMa NPOrpecCHBHYIO PO/b B PA3BHTHH KaTa/maa.

Ob6nacHeHHe ocOGeHHOCTefi xoda pa3BHTHA Y4YEeHHS O kaTanu3e, MO Ha-
weMy MHEHHIO, MOXHO HaHTH B OCOGEHHOCTHX CaMHX KATAIHTHYECKHX CHC—
Tem. Henamuo A.[l. Pynenko (6] Ha ocHope o6o6wenuss OrPOMHOrO aKChNe-
PMMEHTA/ILHOIO MATepHana KO/M4eCTBEHHO nokasall, 4YTO BCe H3BeCTHbe A0
CHX MOp KATAMMTHYECKHE CHCTEeMBl MOXHO PpACMNO/IOKMTL B TAKOR psaad, Ko-
TOpBIfi OTPaXaeT BLICOTY HX OpraHH3alMH, Onpefe/ifeMYI0 4YHC/IOM SBOJIIO—
UMOHHBIX H3MeHeHHR UeHTpoB Katanu3a - M, B pes3ympTaTe nonyyaeTcs

Hepapxusi KATANHTHYECKHX CHCTeM Kak CBoeo6pasHbii clen XuMHYeCKOH 2BO-
mounu (pHc. 2).
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Oreer Ha HMHTepecOBaBWHA HAC BOMPOC HanpawHupaeTCd caM no cebe:
TEeOpHH KATanuaa NosBASIOTCA ApPYr 3a ApYroM B Takofi noc/enoBaTe/lbHOC—
TH, KOTOpas CTpOr'o COOTBETCTBYET HepapxMM MATEepHa/IbHBIX KATalMTH4YecC-—
kux cucrem (puc. 3).

MoxHo nonaraTh, YTO 3TOT BLIBOA OTHOCHTCH HEe TOJLKO K KATAMMTH—
yecKofl xuMuH, ECTeCTBEHHO BCIO HCTOPHIO XHMHH pAaCCMATPHBATH He Kak
paPHOMepHbI JHHeHHbI! npouecc (puc. 4), a KaK NpoLecC BOCXOMXAEHHS
OT oaHO# cucTeMbl Teopu#t k Apyro#, Mccnenopanus B 06nACTH XHMMM yKA-
3BIBAIOT Ha TO, 4TO 6onee ageKkpaTHOR MoOesLIO NMpouecca pa3BHTHA XHMHH
AB/AeTCA CxeMa, NpUBefeHHas Ha pHC. 5. 3aeck NokasaHa noclenopaTe/b-
HOCTbL CHCTEM TeOpHH, M/, KAK Mbl HX HA3pIBAEM, KOHUEMNTYal/lbHbIX CHC=-
TeM: y4yeHHe 06 s/leMeHTAX — CTPYKTYpHble TEOPHH = KHHeTHYEeCKHe Teo-
PHH — TEODHH SBOJIIOLMOHHOI'O KaTanu3a. [lpuyeM nocnenoBaTenbHOCThL 3Ta
B KakoR-TO Mepe o6yclioR/leHA 3aKOHAMM XHMHYECKOH SBOMOLMH, T.e, Hepap-—
XHelt MaTepHalbHbIX XHMHYECKHX CHCTEM: ATOMbI = MpoOCTefuHe MOoneKy/sl—
KMHeMATHYECKMEe CHCTEeMb! — pnpenbGuonoruyecKkne CHCTEMBL.

KpuTepuem e OTHpaHMYeHHS OOHOR KOHUENTY&lIbHOM CHCTEMBI OT ApY-—
roft apnsieTca cnocob pelleHHs UEHTpaNbLHOR nMpobneMbl XHMHH - NMpobieMel
peaKkuHoOHHO cnocoGHOCTH, M/AH reHe3uca cpoficTe, [loaToMy monoxeHue H
HepapxMio KOHUENTYAa/lbHbIX CHCTEM Mbl OMKCHIBAEM HEe CTOILKO TPHBHA/L—
HOft cxemoft (CM. puc. 5), CKONbKO CXeMOH B3aHMOCBSI3AHHBLIX NOHATAMN,
neXaumMx B OCHOBE TeOpH#t reHeauca cpoiicts (puc. 8),
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[lepeas KoHuenTyanbHad CHCTEMa — 3TO COBOKYIMHOCTb TexX KOHUemnumii,
KOTOpbie pellaloT npobnemy reHesuca CBOACTB BelleCTBA TO/NbLKO B 3aBH-—
CHMOCTH OT COCTABA, — OT NPHPOAbLI M KO/MHYEeCTBA XMMHYEeCKHx 3/1€ MEHTOB,
cocTapgIoUMX AaHHbIA xumuueckuit mnmubua, Cioga OTHOCATCS: ydeHue o6
anemerTax Bofuia ¥ J/laByaspe, BCe MNOMNLITKH CHCTEMATHKH 3/I€MEHTOB.
[lepuoauveckuly 3axkoH MeHaoeneepa, Teopud NEepPHOAMYECKOR CHCTeMB! aTo-
MOB H TEODHH BAJ/ICHTHOCTH, 3Ta KOHUENTYya/lbHad CHCTeMa [OABH/I4CH pa-—
Hee OPYrHX M 00 OTKPbLITHSA SABIEHHt H30MEpHH Obula €AMHCTBEHHOH B OOb-
sICHeHHH cBoficTB BewecTpa, OHA HenpephIBHO pa3BHBA/IACHE H MPOAONKaeT
pa3BMBATLCH Tenepb, SBNAACHL ¢yHnameHTOM Apyrux Gonee no3anux u Go-
Nlee C/IOKHBIX KOHUENTYa/bHLIX CHCTeM, 3aMeTHM, O[dHAaKOo, YTo cnocob pe-
weHWsA npobnemel reHeauca CBORCTB TONLKO B 3AaBHCHMOCTH OT COCTaBa
NMpHMEHANCA M Torfa, Korga MOABHIHCE CTPYKTYPHble H AaXe KHHEeTHYeC-—
KiHe TeopuH, [0 CHX NOp ele WHPOKO HCMOAL3yeTcd pad mMeToaoB (Hampu-—
Mep, KOppenslMOHHLIfi AHAM3), KOTOpLIe NO3BONAIOT OCBODOKAATRECA OT
TPYOHOCTEH CTPYKTYPHOH XApAKTEpPHCTHKH BewecTBa H YOAOB/ETBOPHTE/ILHO
OMHC pIBAIOT CJ/IOMHBIE XHMHYECKHE CHCTeMbl /MIlE NOCPeaCTBOM BbIAB/IEHHS
3ABHCHMOCTH Mex/AdY COCTABOM H CBOHCTBAMH,

Bropas KoHlUenTyal/lbHas CHCTEMA = 3TO COBOKYNHOCTb CTPYKTYpPHBIX
TeopHil, pewaowux npobneMy rexHeauca CBOKCTB ApPYr¥M cnocofom, - B
3aBMCHMOCTH He TOILKO OT COCTABA, HO M OT CTpoeHusi Bemecrtsa, CTpyk-
TYpPOit BewecTeBa Mbl Ha3biBaeéM YCTOHYHBYIO YNOPAAOYEHHOCTb OTHOCHTE]lb—
HO 34MKHYTOR XMMH4YeCKO# cHCTeMbl [lOHATHE CTPYKTYpbl B XMMHH NOCTO-
AHHO 2BOJIIOLMOHHPOBAJIO, HO BMeCTe C TeM OHO HeH3MEHHO COXpaHas0 Ccpoe
IapHOe Hal3HauyeHMe Ons JUoOOfl TeopuM, ONepHpOBaBUieil ITHM NOMATHEM:
OHO BCeraa OTpaXAa/l0 HHBAPHAHTHBI acnekT CHCTeMbl,

C nospieHueM CTPYKTypHoro $akropa B XHMMH MNOSBHIOCH H HOBOE
[MOHATHE, paCLWHpAOUee CMpICT TNOHATHS CBONCTB BewecTpa, JTO — NOHATHE
peakunoHHoit crnocobHocTH. HoBoe noHsTHe M WHpe M YXe NOHATHS CBOACTB:
lUMpe B TOM CMBIC/IE, YTO OHO XapaKTepHayeT CBOACTBa CTPYKTYPHbIX ane-
MEHTOB BelleCTBA — MOJIeKYJ/ H Aaxe OTAe/bHBIX YacTell MoileKkyl, - pad—
HbIX €€ GYHKLMOHA/LHBIX IpyMIMpPOBOK, a yKe B TOM CMbIC/Ie, YTO HCKIO—-
YaeT OAaHHble O QH3ANYECKOH XxapaKTepHCTHKe BellecTBa.

BTopas KOHUeNTya/lbHad CHCTeMa 3HAMEHYEeT BeChbMAd 3HauMTe/LHblil ne-—
pesopor B paapuTuk xumuu, OHa oSecrneynpaeT NpeppawleHne ee U3 HAYKM
NMpeHMYLIeCTBEHHO AHA/MTHYECKOt B HAyKy CHHTeTH4eckylo, C nogeleHHem
CTPYKTYPHbLIX TEOpPHH AeBH3OM XMMHMKOB CTaJso yTBepmeHué “ pafiTe HaM
BOAY, BO3AYX M YIOMb H Mbl CMOXeM CHHTE3HPOBATHL HA 3TOfi OCHOBe CKOJb
yrogHo cnoxsele pemwecTsa”, OaHako Mo Mepe COBeplIeHCTBOBAHHS MeTO-
AOB CHHTE3a CTaHOBH/IOCH Bce OOfee 4cHbIM, YTO 3HAHME OfHOJ /MWL CTPYK—
TYPbl BOBCE He rapaHTHpYeT YCNelHOro peueHHd 3afadd NoJly4YeHHS Be-—
WeCTB C 3apaHee 3ajaHHbiMM cpoficTBami. Okalanoch, YTO peakUMOHHAS
CnocobHOCTL fj060ro BEWeCTBA 3aBHCHT HE TOMLKO OT ero cob6CTBEHHOIl
NPHPOAbl, HO TAKKE M OT NPHPOAbI €r'0 COPeareHTOB, B TOM YMC/I® CTEHKH
cocyna, npuMmeceit W T.04. [logeunace HeO6XOA¥MOCTL M3YHYaTb BCIO CHCTe-
MY PpearHpymolHMXx BelleCTB KaK HeKHMi KMHeTHYEeCKM{t KOHTHHyym., Ho aty
CHCTeMy H3-3a ee I'JIaBHOH 4YepThl a06COMIOTHOH HEYCTOAYHBOCTH Y¥e Hellb—
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39 OMMCHIBATL NMOCPEACTBOM MOHATHHS CTPYKTYPHl; Mg 2TOoro HeobGxommmo
HOBOEe MOHATHE — MOHATHEe OpraHM3alMH, KOTOpoe Cl/leAyeT pacCMATpPHBATH
KakKk BapMaHTHBIfl ACNeKT, H/H HeYCTOHYHMBYIO YNOpPSANOYEHHOCTHL CHCTEMbl,

3TOo BBHI3BAIO NOMAB/IEHHe TpeThbero cnocofa pelweHus npobGnemel reHe—
3KCa CBOACTB, KOTOpbIA xapakTepH3yeTcsd Olnpeae/leHHeM CBOACTB XMMHYeC-
KOro HHAMBHAA B 3aBHCHMMOCTH He TO/IbKO OT €ro COCTABRa M CTPYKTYpHI,
HO M OT NMPHPOAbI PEATHPYIOWHMX C HHM BEIIECTB, 8 TAKKEe OT TEepPMOAHHA—
MHYeCKHX ycropuit peakimu, C yueTOoM BCejfi CHCTEMbl PearupylolHMX Be-—
uecTs, NMOHMMAEMO#t Kax CBOeoOpa3Hbifi KHHeTHYEeCKHH# KOHTHHYYM, 3Ty npob—
neMy pewajoT KHHeTHYeCKH, OHH-TO H COCTABNAIOT TPeThLIO KOHUENTYAallbHYIO
cHCTeMy XxMMHMH. [Ans XxapakTepHCTHKH KHHETHYECKOI'O KOHTHHYyMa Mbl BBE—
M1 HOBOe NOHATHe - XMMHYecKkas opraHMaauMs pemecTsa, [lon nocnennei
Mbl Nogpal3yMeBaeM HeYCTOHYMBYIO YNOPAAOYEHHOCTL CHCTEMbl, T.e, BapH-—
aHTHBEIf ee acleKT.

HenapHo noseunack HOBag, 4YeTBepTrad, KOHUENTYya/lbHAs CHCTEMA — Teo—
pHs 3SBO/IIOLMOHHOO KaTa/maa, JTO cBoeobpasHas 4aCThb XHMMH, BKJIIOYAO—
was TEeOpPHH CJIOKHBLIX NMpeNbOHONOrHYeCKHX, H/IH OGHOOpPraHM4YeCKHx, CHCTeM

B COYeTAHHH C TeOpHAMH TaK Ha3bipaeMoro AMHaMH4YeCKoro [ 5 ], HekK/ac-
CHYeCKOI'O KaTamaa,

*kk

OcywecTBneHHbIf HAMH aHA/M3 KOppensiudi MeXAy NpouecCOM PAa3BHTHS
HAYKHM H NpOUeCCOM SBOMIOLUMH MAaTepHaNbHBIX CHCTEM Mbl pacCMATpPHBaeM
NMOKA TOMLKO KAaK MepBblii WAar HA NYTH NOCTPOEHHS TEOPHMH pPAa3BHTHS XHMHH,
3TO He CTONLKO BLIBOAbI, CKOMLKO elle He3aKOHYEHHBIH IKCNepHMeHT ofHa-
pPYMeHHs cBa3efl Mexay HCTOpHeH XHMHH M TeopHefi ee pa3BHTHSA.

1"



Minoru Tanaka (Japan)

SOME METHODOLOGICAL FROBLEMS IN THE HISTORY
OF CHEMISTRY OF 19TH CENTURY

Foreword

The whole process of conceptual development of chemistry
during the latter half of the 19th century may be characterized
firstly by fusion of a couple of molecular concepts - chemical
and physical molecule - and secondary by establishment of the
conception of the chemical structure followed by its transition
to the physical structure of molecule, It should be emphasized
that the saild transition consisted in the fact that the concep-
tion of chemical structure of Butlerov in its strict meaning had
the Terner's cosordination theory. The main subject of this re-
port deals with the transition of molecular conception to the
up~-to-date one,

1. Chemical molecule and physical molecule

By "chemical molecule" I mean the smallest quantity of a che-
mical substance constructed by building up its constitutive parts
empirically assumed from a series of its chemical behaviors, The
nphysical molecule” means the smallest quantity of the same sub-
stance defined by the relative mass of particles caluculated on
the basis of the Avogadro'’s hypothesis, It is a "physical" one,
because the hypothesis deals with corpuscular structure of gases
derived from the fact that all gases notwithstanding their diffe-
rences, obey one and the same phyasical law,

The circumstance of chemistry that the Avogadro's hypothesis
of 1811 could enjoy general acceptance not until to 1860 's may
be observed from the following passage of Kekule in the Lehrbuch

of 1859, as it was cited by C.Grabe in his "Geschichte der orga~
nischep Chemie™ (1920):

"Wenn man die .., chemischen Molekulargewichte vergleicht
mit den spesifischen Gewichten in Dampfform, so findet man, dass
beide fur nahezu alle und namentlich fur alls kohlenstoffhalti-

gen Verbindungen identish sind-»,
12



Kekule concluded: "dass die chemischen Molekule identisch sind
mit den physikalischen Gasmolekulen", A.Ladenburg charaéterized
rightly this state of chemistry as "Verschmelzung der Begriffe
von physikalischem und chemischem Molekul", It means according
to the present author, that the general acceptance of the Avo-
gardo's hypothesis could not take place until chemistry had
nearly reached the conception of chemical structure,

Although the so-called physical structure gave no physical
data about mass, size, form, etc., it denoted really a physical
existance in its essential meaning, inasmuch as it offered the
indispensable basis for the establishment of structural chemis-
try and furthermore, as it prepared the way for the kinetic
theory of gases attained by physicist,

2. Chemical and physical structure of molecule

In the beginning of 1860's chemists confronted a rather
perplexing situation. On one hand, molecule as a whole could be
measured with physical rQality in term of its relative mass, On
another hand, any internal picture of molecule could yield no
information about the actual arrangement of atoms or radicals
within it,

Therefore, it could be an easier way for chemist to deny objec-
tive meaning of chemical formulae, which might be interpreted as
a more expression of the mode of chemical reaction of the substan
-ce in question,

It was the conception of "chemical structurem by A, M,Butlerov
in 1861, which rescued chemistry from its crieis by making logi-
cally clear that chemically determined picture of molecule could
be a reliable reflection of actual picture of molecule, namely
the "mechanical structuren,

G.V.Bykov pointed out rightly in his "Istoriia klassicheskoi

teorii khimicheskovo stroepiam (1960): "Butlerov considered that

any hypothesis on the existance of physical atoms could be of no
importance for chemistry at that time... In chemistry there had
13



been a firm tradition to correlite the chemical properties of
molecule to its spacial structure, Butlerov disengaged himself
from this tradition,.. According to Butlerov chemist could with-
out bringing any damage to science, put aside for the moment the
problem of special structure of molecule",

I may take into consideration the attitude of Butlerov against
the "firm tradition® of chemistry. This tradition of chemistry,
generally speaking that of atomism of natural ecience, had al-
ways acted as a strong incentive for chemists to take insight in-
to structure and laws of invisible world, What Butlerov dared to
put aside, should have not been this "tradition" itself, but a

blind belief of any imprudent follower of the tradition.
It should have been the intention of Butlerov to make clear

the course of chemistry: namely, truly physical structure of
molecule, the mechanical structure, may be reached only through
finding out the chemical structure, For this aim, the task of
chemistry at that time should have consisted in clarifying the
range and limitation of chemical molecule,

Another point. In 1861, preceding the Congress in Speyer,
Butlerov characterized in his article published in Scientific
Papers of the Kazan University the present state of chemistry
as "transitional", It was transitional, according to him because
not only the oléer theories but also the newer ones could not
give satisfactory explanations for chemical facts., He wrote that
chemistry is waiting the appearance of its Gerhardt and Laurent,

However, chemistry at that time, in the long run, may be
characterized "transitiopal”, because the conception of "chemi-
cal structure” comprised in itself a necessity to be transformed
into mechanical structure.

3. Stereochemistry

It is significant that in 1860 L.Pasteur made a lecture,
"Recherches sur la dissymmetrie moleculaire des produits orga-

igues paturelles" summarizing his early btudy in 1848, Concer-
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ning the existence of onme set of isomeric bodies - laevo - and
dextro tartariec acid - he said:

"From now on, the knowledge of the chemical and physical
similarities and differences corresponding to this kind of
grouping, the relationships between which we know, effers ape-
cial interest and gives a firm foundation to molecular mechanics.
It permits us to determine the relations between physical and
chemical properties and the molecular arrangement which is the
cause of these properties",

This statement stood, on the contrary to Butlerov, on the "firm
tradition" of chemistry, This idea of Pasteur found its first
application in 1869, when Wislicenus suggested the necessity of
stereochemical explanation for the existance of isomeric lactic
acide - optically in active lactic acid and active para-lactic
acid, Following his ideas on the "geometrical isomerism" in
1873, there appeared in 1874 the stereochemical theory of van't
Hoff and Le Bel., The success of the two chemists depended with-
out doubt upon the conception of "chemical molecule" which yel-
ded reliable chemical species in question., The stereochemical
gtructure differs itself from the chemical structure in its
rigorous meaning. At the same time it differs also from the "me-
chanical structurev, It belongs, so to say, to a trapsitional
form from the chemical structure to the mechanical (physical)
structure, The special structure was assumed not by physicist,
but by chemist by taking in consideration the relation between
chemical and physical properties, as mentioned by Psateuﬁ. In
this respect the stereochemical structure resembled to the Avo-
gadro's gas. Thus, the conception of stereochemical structure
may be considered as an extension of that of the Butlerov's
chemical structure,

4, Co—ordination theory.Ionic hypothesis

The co-ordination theory of A.,Werner belongs without doubt

to the transitional form from the classical to modern concept of
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molecular structure. As widely known, A, Werper started from

stereochemical researches of organic compounds. However, it did
not puffice for him to reach his theory of co-ordination, He wro-

te in his "New Ideas on Inorganic Chemistry":

"As a result of many such attempts, it may be taken as conclu-
sively proved that the doctrine of valency, although adequate to
provide constitutional formulae for carbon compounds, is unable
to do for other elements. Consequently the theory of the forces
which are responsible for the building up of the inmorganic mo-
lecules has to be developed independent of the original concep-
tion of wvalency, i.e. solely from the properties of the compounds
in question©.

This statement is very characteristic., Abandoning all sorte
of presuppositions based on existing theories. Werner depicted
exactly the nature of the subject as seen from the present state
of the matter, This way of thinking, which permitted Werner to
find out the conception of Webenvalenz and Koordipation, is
common with Cerhardt-T.aurent in their unitary theory of 1840's
and also with Butlerov in hies chemical structure im 1861.

Finally one word about the physical theory of the 19th cen-
tury which developed essentlially on the basis of atomistic noti-
on and the kinetic theory. The ion of S.Arrhenius, one of the
greatest discoveries of physical chemistry, belonged to the
transitional form from the claseical to modern comcept of ulti-
mate particles of chemical species, As the van't Hoff's tetrahed-
ron lacked any information about its actual size, the Arrhenius!

ion was indifferent to the actual nature of the electric charge,
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P.B. Do6poruu (CCCP)
K UCTOPMU MOLEJIEX B XUMHUU

Mopems sBngeTCHS OOHMM H3 BaXHEMUMX HHCTPYMEHTOB COBpeMEeHHOH
HayxH. B HacToameM coobmeHHR cnesiaHa MONLITKA HAa OCHOBE aHAMM3a HC=—
TOpHYECKOI'0 MATEpHA/A NPOBECTH K/AACCHOHKALMIO H BBLISICHHTL psi CleuM-
¢mueckux ocobGeHHOCTefl NpEMeHeHHa Modeneft B oGnacTd xumuH. OcHOBHOe
pHHMaHHe GyneT YAeneHO HAea/bHBLIM (MuIC/eHHEIM) MoaensM, MneanbHbie
Moae/l, HCNOMb3yeMble B XMMHH, €CTECTBEHHO NOApA3[e/OTCH HA [Be Ka-
TeropHn: ¢M3HYeCKHe H XHMMHYeCKHe,

PuaHYeCKkHe MOAE/H HCMONL3YIOTCH /19 BhHIPAXEHHS XHMHYEeCKHX SBJe-—
HHff C NMOMOWBIO TeX H/M HHbIX PH3HYeCKHX 3axoHoB, Cpeam ¢HaMuUeCcKHX
Mopeneff BCTOPHYECKH NepBOe MeCTO 3aHHMAIOT MexaHH4YecKHe MOoM4eH, WH-
POKO pacnpocTpaHeHHble ANg OOGbACHEHeHHS XHMHYECKHX SBMNeHHHl BIUIOTL A0
xouna XVIII B, Taxopm mMopemnm xuMMYecKHX npeppalieHnfi, AABaeMEIe aTO-
MHCTHKOR KApTe3HaHCKOro Thna, cuctems! Bofina, Bowxoenya nm Jlomono-
copa [ 1]. PaccmoTpenne 9THx Mmooeneft BEIXOAMT 38 PAMKH HACTOSIIEIO
coofnesns.

Boflee NNIonoTBOPHEIME A/ HAYKH OKA3A/MCHL NpeacTap/enus HploToHa,
AromacTrka [lameTOHA ABASETCH NMPOAOMKEHHeM 5TOf (HblOTOHMaHCKOR) M-
ueH, OaHAaXO B XHMHH AnS XApPAKTEpHCTHKH BelleCTBA OAHOR MACCH! OKa3a-
nock HepocTaTouwHO, [lns oTpamenns paaHooGpasus xHMHYECKHX Tpespauie—
HHff aTOMAM, KpOMe MACCHI, 6bUIO NMPHMHCAHO elle OAHO CBOfCTBO - 3apsn.
Tax BO3HEK/A 3/IeKTPOXMMHYECKAS MOOe/k, CO30AHHAS, B OCHOBHOM, Tpyja-
MH WU.A. Bepuennyca B nepuoa c 1802 no 1812 r, Ipa stom Bepuemyc
omEpancs HA mcchnenopasns BombTa, Hukonbcona, Kapneiina, Putrepa, [l3-
B, I'porryca m nop. {2 1 dnexrpoxummyeckas mopmems oueHn cxopo o6ua =
PYXHNA CBOH YAHBHTE/LHble SBPHCTHYECKHE BOSMOMHOCTH H IWHPOKO HCNOIL—
aopanace xumukamiu. B cepeamne XIX B, HacTynaet HekoTOpoe paaouapo-
BAHHE B S/IGKTPOXHMHYEeCKHX NpeACTAB/CHHSX M OTBeYAOWMX MM MOAe/dM.
Xopouo H3BEeCTHO KpHTHYECKOEe OTHOLIeHHe K S/IeKTPOXMMHYEeCKOMY AYAu3-
My Xepapa, Menneneesa m ap. BmecTe ¢ TeMm eme B 1877 r, A.Kekyne
npeackasan, YTO K SNeXTPOXHMHYeCKOR Moaemu "... BepHYTCH H Toraa oHa
B oMonoxenHoft popme Taxke npmuecer csom naoan” (3 L [eficTEuremuo,
HOBYIO XH3Hb S/IeXTPOXMMHYeckas MOAe/: Noayumaa yxe B 80-x rogax B
TeOpHH SMeKTpOonMTHYecKkoff Amccommaumu. 3atem B koHue XIX - navane
XX B, pasBEBaeTCH 9/IeKTPOHHAS TeOPHS XHMH4YeCKOfi CBA3H B Tpynax AGer—
ra, Boonennepa, Koccena n ap. OweBraHO, 3nexTpoHHAs MOAeNb .TeCHef-
umM 06pa3oM cpa3aHa C NpequecTeyoweR et aneKTPOXHMHYECKOR Moaelkio
Bepnemayca.

Ymxe B XIX B, BcTpeualoTcs DoneITkE HaftTH ¢HAMYECKYIO MOAe/h, OTpa-
xalomyio Bollee NMOMHO AMHAMEAM CBS3eff ATOMOB B XMMHUYECKOM COEIHHEHMH
(nanpumep, [O.U. Menneneepa, 1880) [ 4], dPuanuecxue ocrHoem ana coana-
HHS Taxoff ModemM GwulM, OAHAKO, pa3paGoraHbl Tonbko B Hauane XX B,
Korga Ha cMeHY 3/IeXTPOHHBLIM MOAe/AM MpHLUIM XBAHTOBOMEXAHHYECKHe.
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PaccMoTpeHHe 3THX MOfenefl nOIKHO SABHTLCA OOBEKTOM crneuManbHoro
HCCIeAOBAHH H.

Hapaay ¢ ¢uauyeckuMu HaAM MpedcTaBigeTcs Uenecoobpa3HbiM Bblielle-
HMe 0COBOH rpynnbl xHMHYEeCKHX Mofdeneit, B XMMHYECKHX MOOeIdaX MCIO/b—
3YIOTCS TOHATHH, KOTOpPHIE He BCerfa MOCYT WMeTh OAHO3HauHoe ¢manzec-—
Koe oBocHoBaHue. 3AeCh YMECTHO NMpHBECTH BhicKasnisanne Koyncona o Towm,
yTo "xuMMa OeficTBYeT HAa M3BECTHOM YpoBHe IyOuHbl. Ha sTol rnyGune
onpegelleHHLIe NMOHATHA HMEIT CMBICIT H = eC/IH NO3BOJINTE/ILHO TAK CHKa-—
3aTh - peanbHOCTh, [lonbiTka MATH raybke npuseneT x Qu3HKe M ClIOK—
HbiM BbluMcneHusm” [5]. OcHoBHOe MOHATHe, KOTOPOe HCHONBL3yeT XHMMHUYec—
KOe MOEEHHPOB&HHE‘, - 3TO NOHATHe (t)p&I‘MeHTOB, Ha KOTOpkle B KaxXooM
cnyyae paafefsieTCs xMMHYeckas cHcrTema, Monenu, ocHOBaHHble Ha pad-—
MHYHBIX (parMeHTax, MOryt OwiTe noapa3flefleHbl HA KAYECTBEHHbIE K KOMH~
4yeC TpeHHbIe,

[Teperie nmpencTarnAwT cofolt pasanuyHble BHAbLI (OPMYI, YHHTHIBAIOWHX
panMKalbl HIM XMMHYeCKHe CBA3H ATOMOB, HX MeOMETPHYECKYK0 KOHQurypa-
LHIC M B3auModeAcTBue, PaccMmoTpeHHe MCTOPHH Pa3BUTHA 3THX Moaeseit
CBOAMTCSH MO CYWeCTBY K HCTOPHH pa3BHTHA TEOPHH XMMMYECKOro CTPOEHHS.
BOnpoC 3TOT MOXHO CHMTATHL XOpowo u3yuexusm (6],

Ham xouercqa ob6patTHTh Gonblie BHHMAHWA Ha APYFYylO CTOPOHY Meroaa
MOOeIHpOBaHMA, T.2, H& TO, 4YTO MOXHO HA3BATHL KOAHYECTBEHHbIM XMMH-—
YeCKHM Mouenupos&nuem. l'[apa.rmenhl-lo C pBGBHTHEM Y4YeHHd O CTPO&HHH
pa3BHBal/ioCsL HanpaplleHHe, CTapsillee cBOoejl 3ada4vefl HAXOXOeHHe KO/MMYecT-
BeHHBIX COOTHOWEHMH MeXay CTpoeHHeM BeuleCTBA H HX CBoMCTBaMH. Paa-
pabarsiBaeMble NMPH 3TOM NMPHEMbl pacyeTa MO3BOMSIH HEe TONMLKO KOMHYeCT-
BEHHO OLEHHBATb M NpeACKA3hIBATL CBOACTBA, HO H pewaTh ofpaTHylo 3a-
oavy = nojiyyaTrk AaHHE®e O CTPUBHHH. nhoH Cp&By e rnocjie pO3HHKHOBEHHS
aroMHoit Teophu J[lambTOHa MNOSBH/IACE BO3MQXHOCTH TMOCTPOSHHST MO—
OeNH COeAMHEeHHt B NMpeanofioKeHHH O[MHAKOBOCTH CBOHCTB, PACCYHTaHHBIX
Ha MOMNeKynapHoe xo/m4decTnO (kKonnuratubBhble mMopemu no Octeanbay). [lpu-
MEepoM NpHMEeHeHHdA TaKux Moaenel apnsiorcs 3akoH [Qiononra u [ltu (1818)
u 3axkoH Aporagpo (1811). [etanbHoe HCCnenOBaHHe KOMVMraTHBHOH MO-
Oe/H M MNONLITKH ee NMpHAoXKeHHdA K Gosee WHPOKOMY Kpyry o6bekToB nHo-
Kasan¥ ee He[doCTATOYHOCTh.

Kak ecrecTeeHHOoe clieqcTeHe MNOSBH/IACHL 8AAHTHBHAS MOfel/lb, YYMTblBAK-
was onpefe/leHHple Pa3/H4YMA NpPUPOAbl MOJleKyl. Y yeHne 06 afAAMTHBHOC TH
3aHHMAET 3HAYMTe/lbHoe MeCTO B HCTOPHH TeopeTHHecKo# xumuH. Hecmor- ~
P Ha De3Kyl KpHTHKY “anauTuBHOro meiunexus” (Xwokkenn) (7] u cy-
uleCTBROBaHKA onNacHOR Gnm3aocTH Kk ynpowennomy Mexanuamy (B.M. Kenpos)
aAOATHBHOCTL NpPOAOMKAET XHTbh, PA3BHBATLCH H WHPOKO HCNONL3OBATLCH.
AnnMTHBHBIE COOTHOLWEHHS OAHMMM M3 MepenX ObUIM HafOeHHl Ala TennoemM-—
kocTH: Hefimann (1831), Oxoyne (1844), Konn (1864). OanoepemeHHo
oHKH ObUM OTKpbITHI And obwemos: [lioma u Jle-Pyape (1821), KapcTten
(1824), B ocobennocry Ammepmonnep (1840) u llpenep ¢ ero paralle—
losteri smus oM (1840), Konn (1847), LWnudxd, Topn u ap. DBsenehne
ofbema, HCNpaBIeHHOrO Ha (YHKUMIO MoKa3aTeld NpeloMieHxs, NPUBENO K
popMy/HMpoBKe anaMTHBHOCTH pe¢parumn: Beprno (1858), 'meactoH, [ais,
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Jlanpomsr (1863-1864), Kanonunkos (1880). MHTepecHwe paGoTet no ag—
AMTHBHOMY pacyeTy OTHOCHTCH K TAKHMM CBOACTBAM, KakK TeMnepaTypa Ku—
nemus (Konn), tennoswe addextn (10.Tomcer, 1880), aumamarxHetnam (Ien-
puxceH, 1884), noBepxHocTHoe HaTaxeHHe (Menmenees, lludd).

B cepemnne XIX B. MOXHO YCMOTpeTh TEHAEHLMIO 3aMEHb! AAAHTHBHLIX
COOTHOWeHHA panaMH CXOOHBIX BeLlECTB, rAe HabnogaeTcs KO/MYEeCTBEHHOe
CooTBeTCTBHEe Mexay ceoficTeamu (HanpuMep, pec—-obbem), T.e., Hameuya-
eTcs nepexol OT AOAMTHBHOINO COOTHOWEHHS K KoppensuuH ceoficte, [lo-
nofunie 3aKOHOMEPHOCTH BCTPEYAIOTCH YKe B CepeMHe MpOWNOro Beka B
Tpynax ne-leena, lludgpa, [ioma, OcobeHHo 3HAMMTENbHBLIR BK1aq B pa3-—
pabGoTKy KOppensUMOHHBIX COOTHOWEHHR BHec Aporagpo.

KoppengunoHHble COOTHOWEHHS YXe OTHOCATCH K Clenylowemy aTany
PA3BHTHS XOMHYEC TBEHHOIO XHMHYeCcKoro Moge/mpopanud, OTMeTHM B 3TOR
CBA3H KOppensuMio, BhIABIEHHYI0 [lOTHUMULIHBIM, MeXAY NPOLEHTOM B3aHM-
HOr'0 3aMelleHHs [a/loreHoB M aTOMHBIM BecoM, bobuioe H n/oAOTBOpPHOE
Pa3BHTHE Y4YEHHe O KOppe/siMM NoJy4u/o B paGorax NO paBHOBECHIO H
KHHeTHKe, 3aeCh YMECTHO HAaNOMHHTL O cBoeobpasHof, eeneHHo#t 10.Tom=—
ceHoM, Mepe “xanHocTn” xuciaor (Aviditdt), KoTopas  IWHPOKO HCMNOMBL30O—
paHa OcTeanbaoom, "2KaoHoCcTs “KuC/oT AB/IseTCHA KOMHYECTBEHHOA Mepo#,
Koppe/mpyomef CO MHOPHMH CBOACTBAMH pPacTBOPOB KHC/IOT: CKOPOCTH pe=—
axuuil, KaTanMTHYECKOe AeficTBHe, CHMA KMC/OT, KoppensuMoHHble COOT—
HOLWeHH npeAcTap/glT COGOR xapakTepHei! MpHMep TOro, 4TO Mbl Npea-—
naraeM HalblBATL KO/MYECTBEHHBIM XMMHMYECKMM MOAE/MpPOBAHHEM, 31eCh
CloxHble CTPYKTYPhl H B3aHMOAEACTBHA B BellleCTBE 3aMEHSIOTCH YNpo-—
IUEHHBIMH COOTHOIIEHHSIMH, AEHCTBYIOIIMMH B OMPAHMYEHHOM Kpyre CBOMCTB
H BapHauMft cocrapa,

B 3akmoveHHe OCTAHOBHMCH HA MCTOPHYECKOM MeCTe KO/M4YeCTBeHHbIX
XHMMYECKMX Mofe/lefl B N/laHe BhISICHEHHS AMAJ/IEKTHYECKOR JIOCHKH pa3BH-
THS XMMHYECKOfl HayKH.

XHMHA OTHOCHTCH K UMKJIY HAYK, B KOTOpbX, No BhlpakXenuo B.M,Ken-
poBa, “KaYecTBeHHAS CTOPOHA MO CBOEMY YAe/NLHOMY BECY ... OAHOIO Mo-
pagKa © KomMuec TBeHHOR", 9TO croeo6pa3noe OTHOWEHME HAXOAHT CBOE
BhlpaeHHe B caMoM dakTe “nymbcauufi” Mexay CTPOrHMH (H3MYECKHMH
Mopenamu M TeM, YTO Mbl HA3LIBAEM XHMHYECKHM MOAe/MpOBaHWeM. Xopo-
WO H3BECTHO, YTO BOSHHKHOBEHHE ATOMHCTHKH [lamuToHa 6bLUIO MOArOTOB/AE=—
HO QJIMTe/LHbIM NMEPHOAOM KOJHYECTBEeHHBIX HCCIIeNOBaHHil, A TOMHAS TeOopHs
KAK Y3/IOBO# NMYyHKT SBMNACL HAYAJIOM HOBOI'O Pa3BHTHS, NPHYEeM MHOIOYHC—
JleHHbl® KO/IMraTHBHbIe U B OCOGEHHOCTH aAAMTHBHLIE MOAE/H nepsBof no-
nosunst XIX B, npeacrapnami coGoi NONBITKY KO/MMYECTBEHHOrO PA3BHTHS
aToMHOR TeopuM [lamsToHa., BriaBNeHHble TakuM 06pa3’oM 3aKOHOMEPHOCTH
HE TOMLKO MOATBEPAM/H TEOpHIO, HO H, Nepefils rpaHHlbl K1ACCHYECKOH
ATOMHCTHKH, NMOArOTOBH/IM HOBLIR KA4YeCTBEHHbI CKAYOK, BHECH MOMEHT
CTpPOEHHA MOJIeKY/l H KayeC TBEHHOI'o cpoeofpa3nss aTomop, 3TO OGbLI0 pac-—
KPBITO NO3¥e B TEOPHH CTPOEHHA H NepHoaAMYeCKOM 3akoHe, [lankHeituee
pPA3BHTHE KOMIM4YeCTBEHHOO MOOEe/HPOBAHHSA WO MO MNYTH BBIABJIEHHA 3aK0-—
HOMepHoCTefl yXe Ha 6al3e CTpPOEHHA H MEpPHOAHYECKOro 3akKoHa, 3TO Gwul
HOBbI# 3Tan, rae Hapaay CO CTapeIMH MeToaaMu ocofoe 3HAYeHHe Hauana
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npuobpeTaTs Koppensuus, ITO CNnocobCTBOBA/IO fAa/lbHeMeMY pA3BHTHIO
TEOpHH CTPOEHHSA M NEepHOAMYEeCKOro 3aKOHA H Nepexoay K 3/eKTPOHHOH M
KBAHTOBOH# TEeOpHH CTPOEHHS aTOMOB H MOJeKYy/L.

Hrak, paspaGoTka MeTOOOB KO/MHM4YECTBEHHOrO MOAe/MpPOBAHHA €CThL NYThb
NnoaAroTOBKM HOBBIX PyHoaMeHTAal/bHbIX TEOpPeTHYECKHX KOHUEeNuMH.

Jinteparypa

1. B.Il. 3y60p. PaseuTHe AaToMHCTHYeCKHX npeacrasieHnfi no mavana XIX sexa.
M., "Hayxa”, 1965.

2. OH, Conosren, B.U. Kypennoi. flko6 Bepuemuyc. M., Han-so AH CCCP,
1961.

3. A.Kekule. Die wissenschaftliche Ziele und Leistungen der Chemie. Bonn, 1878.

4, .M. Menneneesp. [loneTka NPHAOKEHHA K XMMHH OQHOIO H3 HAYAII eCTeCT—
seHHOR ¢unocopuu Helorona, CI16,, 1889,

5. C.A.Coulson. Present State of molecular Structure calculation Revs.—Mod. Phys., 1960,
32, 170.

6. I''B. Brikop. HMcTOopHa KNacCH4YECKO{ TeODHH XMMHYECKOI'o CTpPOeHHH.M.,3n-Bo
AH CCCP, 1860; Hcropus sneKkTpoHHbix TeopHfi opraHuwdeckofi xumuu.M., Han-so
AH CCCP, 1863; Hcropus cTepeoxuMHH OpraHMyecKux coegmHesuf, M., “Hayxa”,
1966,

7. Wliickel. Die Chemische Binding.-J. prakt. Chemie, 1957, 5 (4), 105.

A.A, Makapens, C.A, llykapen (CCCP)
O MNEPHOOAM3ALIMK PA3BUTHUSA XUMHH

Pa3aubiM¥ ABTOpPaMH Hepefko NpeAlaranucs B MPOWIOM M MpeanaraioT-—
Cs Tenepb pa3/iyHpie NepHOoAM3alUMM pa3BHTHS XMMHH. CpeaM HMX OO KOH—
ua XIX B. npeobnapanu Te, KOTOphle CTPOMAHChL /MHGO Ha OCHoBe cnocoba
MbuueHns (HHAYKTHBHBIR M AeAYKTHBHbIR MeToasbl), MMG0O HA aHaNOrHE C
OCHOBHBIMH 3TanamMil pa3BHTHA OGmECTBﬂ' m6o Ha yYueTe NeaTe/IbHOCTH
Hanbonee BbUAKIIKXCA TBOPLOB HAYKH,

Co sropo#t nonosunst XIX B., HapaQy C yKka3aHHbIMM, CTa/M NOABAATBECH
aNeMEeHThl MHOCeoJorHYecKoro noaxona k npobneme, Mmenno Tako#t noaxon
Mbl BCTpeuyaeM B Tpynax Ocryca Jlubuxa, [A.U. Menpeneera u 3nsapna
depbepa. ¥ 3THX aBTOpOB Mbl BHAMM nonbl'rxly HCXOQHThL M3 CNeUHDHKHM XH-
MuYecKnx 06beKTOB H crnocoGop ee MO3HaHHA'.

KoHeuno, BO BTOpO#t nososuHe XX B, K BOMNPOCY O NEpHOAH3ALMH Clle-
aopano 6ul NOAXOAMTL C MO3HUMIA CHCTEMHOrO aHa/maa.

Ecm yyHTBIBATB, YTO Pa3BHTHE KaxAOH M3 HAYK MMeeT CBOW cneuxdu-—
Ky, onpefenseMyio chneudPuxofi u3yyaeMbix el OGBEKTOB, SBJIEHHHt H Crno-

1ﬂonom.no nonuefi 0630p atux nonurok aAaH C.A. lNoroamusim (“Bonpocs!
HCTOPHH ©CTECTBO3HAHMS M TexHHku", 1968, sbmn. 24, ctp. 32-40).
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coboB MX NMO3HAHHSA, TO Hay4HAS MNepHOAH3ALMH AOIKHA CTPOHTHLC i Npexae
BCEr0o HA OCHOBe J/IOFHKH pAl3BHTHHA OAHHOR HAYKH.

[lockonkky naHHA® HAYKa pa3BHBAeTCH He HI3OMMPOBAHHO OT noTpeGHOC-
Telt obwecTpa, OT APYrHX HaYK, OT COLHA/MLHO-OKOHOMHYECKHX H IO/ TH-—
yeckux ¢aKTOpOB, TO Ha OTAe/LHLIX 3Tallax ee pa3BHTHSA OefiCTBHE ITHX
BHewsux ¢akTopoB GyaeT pewAalommMM.

TaxkuM 06pa3oM, rilaBHbIfi Te3HC, KOTOPbI# Mbl BLUIBHI'aeM, COCTOHT
B YTBEDKOEHHH B/MAHHHA HECKONbLKHX (AKTOPOB KAK BHEIUHHX, TAK H BHYT=—
PEHHMX, HA OCHOBHEIE 9TaNbl PA3BHTHA XHMHYeCKOR HaykH. HH oauH u3 or-
OeNbHO B3AThHIX PAKTOPOB HE MOXeT pacCMATPHBATLCH B KAYeCTBE pelial—
wero mpH pelleHUH NpoGiemMsl NMepHOOH3aUMHM BCEH MCTODHM DA3BHTHS XHMMM.

B ceg3m C STHM HecC/IyYafiHbl M pDa3/IHyHbe ONpefeleHHd NpeaMeTa XH-
MHH, KOTOphIe JAaBa/liCh TBOpPLAMM STOH HayKu, a No3AHee H ABTOPAMM MHO-
ro4uc/ednbx y4yeOuukos., Mbl 3HaeM, 4YTO Tak Ha3blBaemas Hay4yHad XHMus
HaunHaetrcs ¢ cepeaunsl XVII B.; Torna xe P.Bofib naetr onpenenense xu-
MHM KaK HAYKH O XMMHYeCKHx sjlemeHTax, [loanHee Guum NaHbl onpenene—
HHSI XMMHH KaK HayKH O BellecTpBax, HX lpeBpalleHHAX M fABJIEHHSX, CO-
MPOBOXKAAIOLWMX STH NpeppalleHHs (3TO onpene/leHHe OTpaXaeT, B HYACTHOC—
TH, NMepexol OT CTATHYECKHX K AHHAMHYECKHM npeﬂcrannermnu). H, HaxKo-
Hel, Telepb HEKOTOPbIe ABTOPLI AAIOT OMNpeae/eHHe XHMHH Kak HAYKH O CHH-—
Te3e MATepHa/loB (OHO CBH3aHO C HeBHAAHHBIM paHee pas’MAXOM MPOMBIl-
JIeHHOR XHMHH, B KOTOpO#l Beayuwas po/b MPHHANJIEKHT MPOH3BOACTBY MC—
KYCCTBEHHBIX MATEpHAa/oB).

Mgl npeanaraemM, Kaxk NpenBapuTe/bHYIO, OTPaXaloWylo Npoueade 3Ta-—
Nbl PA3BUTHA XHMHH, CleayloUYio CXemy:

1) nepuon NepBOHAYANLHOI'O HAKOI/IEHMS NPAKTHYECKHX XHMHYeCKHMX pak-—
TopoB ¥ GOpMy/MpPOBKM OOUMX HMAel;

2) nepuoa yTBEepXAEHHA XHMHHM KaK CAMOCTOSTE/ILHO# HAYKH O XHMH-
yeckux anemenrtax (c cepemmunt XVII B.);

3) nepHoa pa3BHTHS XHMHM KAK Hayku o6 aTromax H Monekynax (c Ha-
yana XIX B.);

4) nepxon $OpMMpPOBAHHS OCHOBHLIX HaNpap/leHHH XHMHH, ONHPAIOLHMXCSH
HA YYyeHHe O XMMHYECKOM CTpOeHHM (OopraHuyeckas xuMusl), O CHCTEMe
3NneMeHTOB (HeOpraHHYecKas XMMHs) H S4KOHBI, YNpap/siOllie NpeppalleHH-
eM BewecTB (puanyeckasg xummsg, BKAIOYAS XMMHYECKYIO TEPMOAMHAMMKY)
(c 70-x romoe XIX B,), cTaHOBNeHMe XMMHYECKOH NPOMBULIEHHOCTH;

5) nepuon nEdbepeHIMAIEH XHMHYECKHX HAYK, CTAHOBJIEHHE COBpeMeH-
HO/ TeopeTHYeCKO# XHMHM H XHMHYEeCKO# XHHeMATHKH, & TaKke YTBep—
HaoeHHe H AajbHefllee pPA3BHTHE XHMHYECKOR TeXHOJIONHH H XHMMYeCKOH
npoMbouwyieHHocTn (C Hawana 10-x romoe XX B.);

6) nepHon BOSHHKHOBEHHS MHTErpajbHbIX HAYK KAK B paMKax cCaMoO# xu-
MMH, TAK H HA CTHIKAX C APYrHMH Haykamu (6GHOXHMHS, FEOXHMHS, KOCMO-—
XHMHS), 8 TaKKe BCECTOPOHHErO B3aMMOAefCTBHA TEOpPHH H MPaKTHKH,
BK/IOYAs NPOMbIUJIEHHOE OCYIIECTB/IGHHE CHHTe3a MATepHaloB C onpeaefleH—
HbIMH, 3apaHee 3afaHHbIMM, CBoMcTBaMu (HauuHas c 30-x rogoe XX B.).

XapakTepuCTHKA STAalNoB, HX XPOHOJOrHYeCKHe PAaMKH He OO/KHbI pac-—
CMaTPHBATBECH KaK (OpMANIbHAS MECTKAs CXeMa: XHMHS BCerfla 3aHMMA=—
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JlAaChL BelleCTBaAMH, 31e MeEHTAMH, MATepHAalaMH H eCJIH TOT HJIH HHOR 3Tan cesa-
3pIBAETCH C KAKHMM-TO Oflpefe/leHHbIMH OOGBeKTaMH H DACKPLITHEM KAKHX-TO
onpene/leHHbIX CTOPOH NO3HAHHS XHMHMYECKHX siBlleHH#f, TO 3TO O3HaYaer,
4YTO 3TH PaKTOpPLI Pa3BUTHA XHMHMH B AGHHBIA HCTOPHYECKHH NMEpPHOA BHICTY-
nanM KaK OCHOBHpIe, pewanomue., Ho oHm dopMupoBanuch ewe Ha npeamecT-
ByIWeM 3Tane H NPOAO/MKAMCHL Ha nocineaywouwnx. [1o 9THM xe npuumHam,
odepuMBas I'PAHHUBLI NMEpPHOAOB, C AOCTOYHOR YBEPEHHOCTBIO MOXHO HA3-
BATHL TO/ILKO HAYA/IO HX, HO TPYOAHO CTO/Mb Xe€ OAHOSHAYHO CKA3AaTb, 4YTO B
TaKOe-TO BpeMs MPeKpaTH/IOCh IOJHOCTLIO AeHRCTBHE TOrO H/M HMHOrO dax-
TOpa. STHMH NOACHEHHAMH MOMHO ONDAHHYMTHLCSH, OMHCHIBAA NpoGieMy ne-—
pHOAM3AlMH B JAHHOM KOHKDPETHOM Cllydae, XOTH HaQO NPH3HATb, 4YTO Mkl
panexku OT TOro, 4roGhl NpH3HATL caMo& npobnemMy yXKe pelleHHOH.

[peanpunumaeMas B HacTosmee Bpems paspaboTka /TOFHYECKHX OCHOB
HayKu ofemaeT COOefiCTBOBATEL M pelleHHI0 NMpobilemMsl neproau3aumH, Kpo-
Me TOro, B pa6orax HCTODHKOB XHMHH INOY4YAIOT OCBelleHHe KOHKDETHbIe
BONMpOCHI (NepHonH3auHs HCTOPHH HIYHYEHUS OTAE/LHLIX Npo6GIeM WK OT-
pacieft HayKH)<.

Moxuo 610 661 nogpob6Hee pacCMOTPeTh MCTOPHIO OAHOrO U3 O6bek-
ToB (CKaxeM, BOAbI), OAHAKO W3 MpoueccOoB (HanpHMep, NONY4YEHHA aMMi—
aKa), OOHOrO M3 NMOHATHIt (HANpHMep, KMC/OTA, XMMHYeCKas AKTHBHOCThb,
XKMMHYECKHI 2NeMeHT), H Mbl 6bl YBHAENH, KAKOe MEeCTO B HX H3YYEHHH
Chirpa/la NMpakTHKa, CBA3b C OPYTHMH HayKamu (MpOsSBHBILASCH B OCHAaue-
HHHM TEeXHHKOH 3KCNepHMeHTa, MeTOdaMH MCC/eNOBAHHH M AHA/M3AMH pe-
3ynbTaTOB, TEOPeTHYECKMM annapaToM), HO BMeCTe C TeéM Mbl yBUAE/H Gkl,
KaK CO BpeMeHeM 3TH (AaKTOpEl HAYMHAIOT AEHCTBOBATL B COBOKYMHOCTH ,
MeHseTcs B/MsHHE OTAENbHbIX OTKpPbITHIL Tak, OTKphITHe "necHoro rasa”
Bau-Tencmontom B nauane XVII B,,u xucnopona B konue XVIII B, nepe-
BEpHY/IO HE TONLKO NMHEeBMATHYECKY!0, HO M BClO xumHio, OTKpeiTHe coean-
HEeHMH MHEepPTHbIX raaoe B 1962 r, wm deppouena B 1851 r, yxe B MeHb-
Wef CTeNeH¥ NOB/MANO HA “XMMHYECKOe MHPOBO33peHHe” B LeJIOM, a OT-—
pasH/IoCh /Wb Ha onpeaeeHHOR oGnacTH XMMHHY.

Bo Bcex OTMeUEHHbIX NpHMepax BC/len 3a pacClWIMpeHHeM O6NacTH Hayye-—
HHS COeOHHEeHHHA cllefoBAll0 BO3HHKHOBEHHE HOBBIX ]'IOH!ITHﬂ. MeHdgBULHX On-

2
O pom rakux pabor copeTckux uctopukoe xumun B.M, Keaposa,

‘T.B, Bnixoea, 10.M, ConoeneBa u ap. npu obCyxAeHHH yKka3aHHOR npoGne-
MBIl FOBOPHTCH B cTaThe A.A, Makaperu “Bxnag coBeTCKHX Y4YeHbIX B HC=—
Topuio xuMuu” (“Bonpochl HCTOPUH eCTeCTBO3HAHMA M TexHuku™, 1871,
pem, 3-4 (38-37), crp. 38).

3Kax 3aMeTHNn nMpH oTKpeITHH V MeXayHapodHOro KOHrpecca no Merail-

noopranndeckoft xumuu A.H, HecmesHos, “OTKpbiTHe eppoueHa aano Tpe-
THR 3BOHOK K OTNpapleHHO B NYTh CKOpOro noeana Me TaJy1o0prainyec -
KOf xuMHH",
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peAeneHHYo CHCTeMy NpeAcTaB/leHHH (OKHCIHTebHO-BOCC TAHOBH Te/IbHble
npouecckl — B NepBOM Cl/ly4ae; HeKOTOpbie acleKThl TEeOpPHH XMMHYeCKOit
CPA3U - BO BTOPOM), XOpOWoO K3BECTHO, 4TO O6beM M coOAepKaHHe NOHs-
THHl HaxoAaTcsa B ob6paTHOM oTHoweHud, Ham aymaercs, 4YTO B HCTOPHMH H3Y -
YeHHA NpedMEeTOB M dABJIEHMH 4YepefOBaHHe CTYyNeHeiji npouecca NO3HAHHA
CKa3LIBAETCH HA NPONOMKHTELHOCTH OTAe/LHbiX Tanop (nepHoloB H HX
OTPe3KOB) aHaloru4HeiM ofpa3om, [lpamna, CNOKHOCTL NMpouecCa pPAa3BHTHA
HAYKH B Le/IOM 3aTyliepblBaeT MHOIAa 4HYeTKOe NpOAB/IeHHe 3TOr0 3aKOHA,
HMeplee MeCTO B OTHOLWIEHHH OOHOH H3 ee BeTBejL

HecMoTps Ha CNOKHOCTbL KAPTHHBI B LelIOM HAM MpeAcTaBiAseTcs, 4ro
TepMuH “Neproau3aauma” sABISETCH NPAaBU/LHbIM, 60 NMPOUECC NO3HAHHS HO—
CHT MepHoAMYeCKHii XapaKkTep, NpPHYEM NOBTOpPAETCHA AENCTBHE Tex e MM
aHaNOrHYHbIX (aKTOpPOB, & ANHHLI NepHOAOB OKA3BLIBAKOTCH pa3HbIMH, HO 3a-—
KOH UX U3MEeHEeHHs YCTAHAB/HBATL MOKa MpexaeBpeMeHHo, XHMHUA ABNSeTcA
ewe CIMIWKOM MOIOAOH Haykoft, 4TOGLl NpocnedMThL XapakTep Bl3aumMoaeiicT-
BHS BCex (aKTOpoB, onpeAelsOLMX €e. pa3BHTHe, 3TO Xe O6CTOATENLCTBO
3aTpyaHseT OCylleCTB/IeHHe NMPOrHo3HpoBaHHsi B ob6nacTh xumuH ( T.e. on-
penenenue GiMKafUMX STANOB pa3BHTHA),

OnnuM M3 (GaKTOpOB, OnpefeNsiollKM MHOMHEe CTOPOHbl PA3BHTHA XHMHH
M ApKO MNpOABNAKWHMCH B HaCTOfllee Bpems, SBISeTCS B3aHMOCBA3b Ha—
yk. OHa cpgablBaeT BAMHYIO poib B paszpaboTke TeOpuH (CBA3bL C (u3nkoi)
H GOpPMHPOBAHHH MOHATHI M KIAaCCHOMKALMOHHBIX NpHHUMNOB (CBA3b C GHO-
norueit), OHa oka3biBaeT pewawllee BIMSHHE HA MNOCTAHOBKY H peuleHue
KOMIIJIeKCHBIX NMpo6ieM, KOTopble CTaBMT MNepen HAYKOH cOBpeMeHHas Ha-—
Y4HO=-TeXHHYeCKas PpPeBOOUMS.

Ham npeacrapnsieTcst, YTO ABa OBCTOATENLCTBA B H3YYEHHM 3THX BlaH-
MOAeHCTBHR NpeacTap/giOT ceHYac 0coOblii HHTEpeC B CBA3W C BbIICHEHHEM
npeacKas’aTeNbHO! CH/LI CXeMbl NepHoau3aLMH:

1) nporso3npopaHHe MO AHAJION'HH C TeM, YTO MMEeT MeCTO B pal3BH~-
THH CMEeMHbIX HayK;

2) paccMoTpeHHe B3aMMOBIHSHHII HAYK C no3uusk “obpatHoit cea3u”.

Tak, Ha HAW B3rnsAA, KIBECTHO aHanorueit ¢ Tem, 4To HabGmopanoch
B Npouecce pa3BHTHA PU3HKH, HO C YYeTOM cCneuHPHKHM XMMHYECKOt PopMbl
OBHMXKEHMS MaTepHH, apngercs obpallcHHe XHMMHKOB K H3y4YeHHIO HeyCTOoi-
YMBBIX COCTOAHMH H TaK HA3pBaeMpIX 3PeMepHbx Molekyl. [lopo6Ho
TOMY, KAK H3Y4Y€eHHe 3/leMEeHTapHLIX YaCTHL MO3BOIHIO NPO/IHTL CBET HA MpH-
poAy MaTepHH, TaKk H B 3TOM c/y4yae MoxeT ObiTb packpbiTa NpHpoaa XH-—
MHYeCKHX HaMeHeHuit. Ha /mHun cBa3u ¢ 6HonorHet pa3pHpBaeTCa NOHKMAaHHe
CneungHuKky MaKpoMaseky/, NoHMMaHWe OMOXMWMHYECKOR WHOMBHAYAaNbHOCTH.
PaapabGarsiBaeMbie NpH 3TOM MeToAbl MHAMBHAYa/LHOIO aHann3a 6Geayc-
NOBHO HAWAYT NpuMeHenHe B xumuu. Bo BCAKOM cnydae 3nech MHTepoCHa
paxe caMa NOCTAHOBKA BONpoca O NO3HaHHW 60/lee CNOXKHOIO M HCHO/Nb—
30BAHMM €ro AN NO3HAHHS XHMH4eCKOi GopMmbl ABMXKeHHsl MaTepuH (3akoH
o6paTHOi CBS3H).

Hcnonbaopalne 3akoHa oGpaTHO CBA3H AOMKHO MMETL MeCTO H Ha /-
HHH XHMHS — reonorusi (3aechr “MHTErpaTH3M” HHOMO pofda B HEXHBOW NpH—
poae), [loHuMaHHe reONOrH4YeCKOft H reOXHMHMYECKO# HMHAMBHAYA/ILHOCTH MO-—
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3BO/MT PACKPHITH HOBHIE 4YepThl CneuMdHKH HeOpraHu4eCcKHXx OGLEKTOB M
npoGeMbl PAa3BHTHA B HeXHBOHR npHpoge (aHalorHg C 3aKOHOM 06paTHO#R
CBS3H B H3YYeHMHM KMBOH Npupoast).

Paspa6oTka BOMPOCOB NEpPHOAH3ALHMH KOHKPETHbIX SBMEHHA NO3BOMMT B
GyayweMm CO30ATL €AHHYIO TEOPHIO NepHOoaAM3alMH,

Michelle Sadoun-Goupil (France)

L'ORGANISATION DE L'ENSEIGNEMENT DE LA CHIMIE
A LA CREATION DE L'ECOLE POLYTECHNIQUE

L*Ecole Polytechnique est l'une des grandes ecoles francai-
ses les plus renommees, pour le haut niveau des etudes qui s'y
poursuivent, Si, actuellement, la place occupee par la chimie
y est assez modeste, la place preponderante etant laissee aux
mathematiques, ceci n'etait pas le cas lors de la creation de
1'Ecole. Tous nous propogons de la motrer dams cette courte
etude, en exposant comment la chimie y fut alors enseignee, sur
des bases entierement nouvelles,

Rappelons que la creation de l'Ecole Polytechnique fut deci-
dee par le Comite d'Instruction Publique, instituant, le 21 ven-
tose an II (11 mars 1794), une commigsion chargee d'organiser
unc ecole ou seraient formes tous les futurs ingeniers de la
nation., Cette commission, qui comprenait plusieurs chimistes,
etait formee de: Lamblardie, Fourcroy, Prieur,Monge, Guyton,
Serthollet, Chaptal, Vauquelin et Hassenfratz. Elle travailla
d'avril a juillet 1794; la chute de Robespierre et les troubles
quil suivirent retarderent l'etablissement de ses travaux et ce
n'est qu'en novembre 1794 que, la Convention Wationale ayant
adopte le projet d'orpanisation presente par Fourcroy (1), et
nomme les professeurs, l'Ccole put s'ouvrir, sous le nom d'tcole
centrale des Travaux Publiecs (2).

Cans bion des cdomnaines, en particulier en chimie, elle inno-

vait des mz2thodes d'ensei-nement; ceci necessitait les recherches
constantes de tous;, administrateurs, professeurs et eleves, po-

ur ameliorer le traviail et le niveau des etudes; a cette fin,
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avait ete cree le conseil d'inatruction (3), qui se reunissait
deux fois par decade pour examiner tout les problemes poses

par le fonctionnement de l'Ecole et qui prenait toutes les dis-
positions capables de le perfectionner, Les registres des pro-
ces-verbaux des seances de ce consell, conserves dans les archi-
vea de l'icole actuelle (4), sont une source precieuse de ren-
seignements sur le grand travail pedagogique realise par ses
membres.,

L'enseignement de la chimie etait l'objet de beaucopu d'atte
-ntions., Cette science venait en effet, avec Lavoisier et plu-
sieurs savants que nous retrouvons dans la commission d‘'orga-
nisation, de prendre un essor spectaculaire et ses applications
s'averaient tres interessantes dans le domaine public. Jusqu'
alors, son enseignement avait ete essentiellement theorique;
les createurs de l'Ecole Polytechnique voulurent le completer
par un enseignement pratique, ce qui etalt une nouveaute "re-
volutionnaire" dans le cadre des etudes scientifiques, Dans le
projet d'organisation aqu'il presenta devant la Convention Natio-
nale le 3 vendemiaire an III, (24 sept. 1794), Tourcroy s'ex-
primait ainsi (5):

"La physique et la chimie n'ont encore montrees qu'un theo-
rie en France; l'Ecole des mines de Schenitz en Hongrie nous
fournit un exemple frappant de l'utilite de faire exercer ou
pratiquer par les eleves les operations qui font la base de ces
sciences utiles,., Le Comite de Salut Public a pense qu'il fal-

lait introduire dans 1'Ecole des Travaux Publics cette methode.,."
Quelques mois plus tard, l'Ecole ayant deja fonctionne, Prieur,

dans un memoire presente aux autorites revolutionnaires precisait:

"La chimie est une quatrieme partie de l‘'enseignement de
1'Ecole des travaux publics, qui s'y donne d'une maniere nouvel-
le et qui n'a encore rien de semblable en France..." (6).

Une telle methode exigeait des locaux, des appareils et des
produits, ainsi aque des instrcteurs nombreux: les organisateurs
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etabl ir=nt des projets renondant a ces besoins, Teur realisation
parfoin incomplete, rerorerente un effort remurcuable, couronne
e succes non moins remarocualle, surtout si l'on considere les
conditions duns les quelles vivait alors la France, dont l'eco-
nomie etait bloquies par les guerres revolutionnaires,

Nous allons examiner successivement les aspects principaux
de ces projets et de leur realisation pendant les deux premieres
annees d'existence de l'kcole Polytechnique.

1. Les hommes: eleves et enae;gpanta

L'Ecole etait prevue pour accueillir environ 400 eleves pour
une duree d'etudes fixee a trois ans,., Ces eleves, dont le nombre
exact etait surtout fonction du niveau des candidats, etaient
repartis en 3 divisions, correspondant a chaque annee d'etude;
la premiere formee des eleves debutants, la troisieme de ceux
terminant leurs etudes (7).

Fins chanue division ils etaient reunis en groupes d'une
vingtaine, ippeles bripades, places sous l'autorite d'un chef
de brigacde, Ce darnier, choisi parmi les ecleves les plus ages

et les plus forte, etait responsable de la discipline dans les

salles de cours et de travaux pratiques, charge des rapports
avec les professeurs et l'administration:; il devait en outre
veiller au travail de ses camarades et le faciliter par tous
les moyens, en particulier lore des ranipulations de chimie (8).
Quané 1'Ecole commenca a fonctionner, avec les 336 eleves
qui venaient d'etre admis, on dut adopter um recime transitoire:
des cours preparatoiree furent institues pour tous, selon un
programme qui presentait en racourci l'cosemble des trois ans
d'etudes (9). Ces courcs preliminaires, apples aussi revolution-
naires, durerent 3 mois, du debut de decembre 1794 a celui de
naras 1795. Les eleves furent ensuite repartis dans les 3 divisi-
ons prevues: les plus jeunes et les moins forts, dans la premie-
re ou ils firent 3 ans d'etuces complets; les autres, dans les

2% et 33, n'en {irent que deux. Les premiers chefs de brigades
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furent recrutes parmi ces derniers; dans la suite ce furent des
eleves ayant deja fimi leur temps d'etude (10).
Pour enseigner la chimie, il y avait 3 professeurs, appeles

8 llorigine instituteurs (11),un pour chaque divisior . et?3 adjoints,
4 chaque division etait attache um preparateur-repetiteur

dont les attributions etaient a la fols techniques et pedagogi-
ques: il devait ailder le srofesseur ou son adjoint dans la pre-
paration et la recherche des experiences, ainsl que les elaves
dans leurs manipulations, Appeles "artistes-chimistes" la pre-—
miere annee (12), ils devinrent "instituteurs" la seconde, avec
des charges plus grandes (13).

Il y avait encore un preparateur general charge de l'ensemble

des experiences realisees dans tous les laboratoires et un con-

servateur du magasin de chimie, responsable de l'ensemble du
materiel (14).

Enfin, pour chaque brigade, en plus du chef de brigade dont
noug avons vu les attributions et l'origine, on avait prevu des
aides de laboratoire: ctetalent des jeunes gens qui, tout en
faisant leur service de preparation d'experiences, devaient
a'instruire, Ils etaient admis a suivre les cours de mathemati-
que aux moments ou ils etaient libres et receaient unme formation
de chimiste aupres des professeurs, instructeurs et preparateur
(15).Leur nombre fut reduit a 10 et ainsi fixe dans le deuxieme
decret d'organisation (ref, P.6).

Voici lr'etat nominatif du personnel d‘'encadrement des ele-

veg pour les deux oremieres aonees, 1794-1795 et 1795-1796:

1° Division 2° Division 3° Diviseion
Inctituteurs Fourcroy Berthollet Guyton
Adjoints Vauquelin Chaussier (16) Pelle tier
Iostructeurs Raymond Welter Bonjour

Conservateur du magasin de chimie: Pluvinet

Preparateur genecral : Boulllon-Lagrande




2. Locaux af materiel

Un tel enseignement, avec cours magistraux et travaux prati-
ques, demandait des locaux bien adaptes; les organisateurs les
avalent prevus, Il y avait trois salles de cours, une pour cha-
que division, assez grandes pour recevoir tous les eleves de

cette derniere et amenagee de maniere a permettre des experiences
On avait aussi prevu pour chaque professeur et pour chague ad-

joint, un laboratoire particulier, Enfin on avait projete pour
chaque brigade, un laboratoire de manipulationse (17). Bien en-
tendu, un prajét aussi etendu ne fut que partiellement realise,

Les salles de cours furent les premieres ouvertes; suivirent
les laboratoires particuliers dans lesquels certains eleves
etaient admis suivant des dispositions variables prises par
le conseil d'instruction (P,V.C.I); ensuite les laboratoires
de travaux pratiques. Lorsnue les cours normaux commencerent,-
le 24 mars 1795 13 laboratoires etaient prets et 4 allaient
lretre (18), L'annee suivante, a la meme epoque, 18 fonctionnai-
ent normalement (19),

Ils furent amenages au fur et a mesure des besoins et des
arriveesde materiel; ils recurent en effet de nombreux appareils
et produits provenant des collections national isees par la Con-
vention Nationale, en particulier celles de Lavoisier (20).

Tout devait etre soigneusement economise: 1'Ecole n'achetait
que les matieres fondamentales; les eleves recueillaient les
produits de leurs experiences pour les utiliser a d'autres fins
(21).

3. Programmes

Reparti sur l'epnsemble des trois annees, l‘'enseignement
donnait une vue complete de toutes les connaisances chimiques.
Il etalt divise suivant les trois grandes branches de la chimie:
premiere annee les substances salines, etudiees par Fourcroy et
Vauquelin; la 1° partie du cours etalt consacree aux lois fon-
damentales: deuxieme annee, les substances organiques, vegetales
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presentees par Chaussier, animales par 3erthollet: troisieme
annee, les mineraux etudies par “uyton,

Les programmes de ces differents cours furent presentes de-
vant le conseil d'instruction, le 2n frimaire an III (1D dec,
1794) qui les adopta immediatement (22).

Certains des cours professes la preniere annee mrurent dans
le Journal de 1'Ecole Polytechnique, (3° cahier, prairial an IV)

4° " vendimiani an V.

4. Repartition des cours

Dans l'emploi du temps general, la chimie occupait une bonne
place, deux jours par decade lui etant entierement consacres
{23): La journee commencait par un cours, de 8h a 9h; les eleves
allaient ensuite, par brigade, dans leurs laboratoires, fairg
les experiences prevues et expliquees par les professeurs; ils
y restaient jusqu'a 2h., Apres l'interruption du dejeuner, ils y
revenaient de 5h a 8h et si leur travail n'etait pas termine,
ils devaient le faire le lendemain apres-midi prevu pour le
repos, On voit done, par ces details, que la plus grande part
du temps etait reservee aux travaux pratiques; ceux-ci se fai-
saient sous la direction des professeurs et instructeurs; avec

les services des aides de laboratoire et des chefs de brigades,

Ceux qui avaient elabore um programme aussi precis, le com-
pleterent par des regles severes d‘'application; ils essayerent
de trouver les mesures les plus aptes a donner un bon rendement,
afin que les efforts consentis pour donner aux eleves les meil-
lauru‘moyena de s'instruire soient compenses par un travail
serieux, efficace et reussi avec la plus grande economie dans
les depenses, Dans ce but, le conseil d'instruction avait cree,
le 28 nivose an III (17 janv, 1795) une commission interieure,
appelee "conference de chimie" (24), Formee des instituteurs,
des instructeurs, du conservateur et des chefs de brigades, elle

devait se reunir une fois par mois pour traiter:



nde tout ce qui concerne l'enseignement de la chimie, le travail
des cleves, la manlere de les diriger, les progres qu'ils font,
ltapprovisionnement des matieres et des ustensiles... les opera-
tions importantes a entreprendre, les projets et reglements a
faire pour obtenir le meilleur travail possible et en meme temps
l'conomie dans laquelle il est indispensable de se renfermer",(25)
Clle etablit un reglement methodique de discipline et de contro-
le du travail dans les laboratoires; il fut presente par Guyton
au conseil d'instruction gu!l l'adopta immediatement, le 25 ger-
minal an III (14 mai 179%5); approuve par les comites d'Instruc-
tion Publique et des Travaux Publics, ce reglement fut ltobjet
d'un arrete du 18 floreal (7 juim) (3). Par la suite, il recut
de nombreuses additions ou modifications qui temoignent de la
preocupation constante des responsables pour ameliorer le mode
d'enseignement qu'ils etaient en train de creer et de developper.

Tous les efforts poursuivis par les professeurs, preparate-
urs, administrateurs et eleves, travaillant en collaboration et-
roite, porterent heureusement leurs fruits: les plus grands
chimistes francais du debut du 19° siecle furent formes a l'Ecole
Polytechnique dans les premieres annees de son existence; Gay-
Lussac, Thenard et Dulong sont parmi les plus celebres; des ele-
ves moins connus deviprent d'excellents ingenieurs, Par ailleurs,
l'enseignement pratique completait harmonieusement la formation
purement theorique des mathematiciens; sane aucun doute, en leur
donnant la possibilite de frequenter le monde concret des labo-
ratoires, il contribuei 2 faire des jeunes brillants mathemati-
ciena tals que Biot, Malus et Arago, des physiciens de classe
exceptionnelle,

NOTES

(1) La bibliographie presentee a la fin de cette etude donne les
references exactes des textes clites. Les textes imprimes sont
classes par ordre chronologique et notes symboliquement de P,l a
P.6.; c'est a ces abreviations que nous nous refererons, Ici:P.l,

30



(2) L'“cole Centrale des Travaux Publics prit officiellement le
nom d'leole Polytechnique, le 7 vendemiaire an IV, (29 sept,
1795) ref, P,6, a la suite d'une propoeition de Prieur, faite
dans un memoire de pluviose an III, (fevrier 1795) ref. P.5.
(3) Ref, P,3 (titre III) et P,6 (titre III),.

(4) Hous nous y refererons sous l'abreviation P,V.C.I.

(5) Ref. P.1, p.17.

(6) Ref. P.5, p.13.

(7) Ref. P.3, titre II et P.6, titre III.

(8) Ref. P.6, titre III. et P.V.C., nombreuses seances.

(9) Ref, P.3, titre V et P.V.C.I., 1, fasc.1, p.1 (=seance du

20 framaire an III).

(10) ﬁef. P.6 tiltre III (article 17).

(11) Ce terme fut remplace par celul de professeur, a partir de
1797, a la suite d'une proposition faite par Fourcroy au
conseil d'instruction, le 6 fevrier 1797 (P.V.C.I., 1,
fasc, 2, p.129).

(12) Ref, P.3, titre IV,

(13) Ref, P,6, titre III (article 16).
(14) Ref.P.6. titre III article 11 et P.3, titre IV,

(15) Ref. P.3. titre IV; P.6. titre III (article 19) et P,V.C.I.,
(nombreuses seances),

(16) Chaptal occupa ce poste pendsn?\lss cours preliminaires,

(17) Il y avait 20 brigades,

(18) p,v.C.I., 7, fasc.1,p.23.

(19) 1id. p.80 (20) Cartom 1794, 1, dossier 3.

(21) P.2., p.20 et P,V.C,I., nombreuses seances,

(22) Ref, P.V.C.I., 1,fasc,1,p.T. Coples manuscrites signees
de Fourcroy et Guyton, pour les programmes des 1° et 3°
parties: carbon 1794, 3: on en trouve le texte dans le
programme general imprime: ref, P.4.

(23) Ref, P.3, titre 2 et P.6., titre II, article 7.

Ces deux jours etaient le 4° et 9' precedant les jours
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(24)
(26)

de repos, Par comparaison, signalons que la physique
n'etait enseignee qu'une heure par decade et gue le cour
etait le meme chaque annee (meme reference).

et (25) P.v.C.I., 1, fasc.1, p.T70.

P.V.C.I., fasc.1, p.24; original de la main de Guyton:
carton 1794.1.
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Sumio Mitsul (Japan)

HUNDRED YEARS OF CHEMISTRY TEACHING FOR
SECONDARY SCHOOL EDUCATION IN JAPAN

Foreword

It was in 1872, namely the fifth year of the new regime of
Japan, that her modern system of education was for the first
time established through promulgation of Fundamental Regulation
for School System, It was in very same year that Japan construc-
ted her first railway between Tokyo and Yokohama and that she
adopted the solar calendar officially. In the tenth year of the
new regime, 1877, Japan founded her first university, iancorpo-
rating a faculty of science, and also her first polytechnical
college, both placed in Tokyo, There are enough reasons that
science education was expected by governmental authorities to
play an important role in the national education, which, without
doubt, decisively contributed to the rapid’'deve lopment of modern

Japan,

33
1056 3



I may discuss here the development of science education du-
ring hundred years since the start of new Japan, Restricting the
subject to chemistry teaching for secondary school. I may consi-
der two problems: First, progress of text-books for chemistry
teaching evolved from the mere translation of the "estern ver-
sions, By the.end of the 19th century Japan already had compiled
text-books including physical chemistry as important teaching
materials, ilmost certainly Japan then was the most advanced
country in this respect. Second, establishment of modern method
of chemistry teaching. It was during a few years after the VWorld
War I that chemistry teachipg in Japan reached a state of self-
reliance and succeeded in establishing an effective method and
system for chemistry teaching.

1. Perspective of development of chemistry teaching

The development of chemistry teaching in national school
education in Japan may be considered as divided in five periods
(more precisely in nine), each of them almost corresponding to
the periods of development of chemical science in Japan, as pro-

posed by °rof, Tanaka,

Periods Years Levelopment of chemistry
1 1873- 1371 13837-1867 germination
2 1872 - 1885 1865-18T76 transition
3 1886 - 1901 1877-1900 fondation
4 A 1902 - 1917

1901-1930 independence
B 1918 - 1930

A__1931 - 1941
5 B 1942-1946
C. 1947-1961
D 1962-p.t.

1931- present time

The first years of each period are characterized respectively
by following events:

34



1837: Yoan uUdagswa's comprehensive treatise on chemistry, a
first of this kind, published;

1872: Foundamental Regulation for School System promulgated;

1376: Regulation for secondary school issued;

1902: Curriculum and its details for secondary school issued;

1918: Items of chemical experiments to be performed by pupils
of secondary school issued;

1931: MNew curriculum issued, in which chemistry teaching was
reocuired starting from lower classes of secondary school;

1942: War-time curriculum issued, The existing subject "Science"
(including chemistry) was divided into "Physical World"

and "Living Naturev,

1947: Educational system reformed and compulsory secondary
school (junior high school) established, in which chemis-
try and all other branches of natural science should be
taught for all pupils;

1962: Doctrine of "Learning for Living and by Doing" for science
teaching since 1947 abandoned. lew curriculum based on the
doctrine oi systematic teaching esiablished. The subject
"Science" divided into "First Field" covering physics and
chemistry, and "Second Iield" covering biology, geology,

astronomy and meteorology.

2. Development of chemistry teaching and the

growth of physical chemistry in Japan

The science teaching, including that of chemistry, began at

first through transplantation of estern education as in the case
of natural science resewrches. However, it must be noted that

chemistry as a science had been already familiar to the learned
men, The comprehensi?e treatise on chemistry by Yoan Udagawa,
pabliﬂhcé since 1837, had been‘uaed as a text-book in some tech-
nical Institutions of the ancicnt regime con:iributing much to
populdrization of this science, In the beginning of the new regi-

me, the text-books of chemistrv written by H.Toscoe, I.Renmzen s
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and others were translated and used in school education, Not
until 1890 an original text-book of chemistry written by a Ja-
pinese chemist appeared, The author, Toyokichi Takamatsu, profes-
sor of applied chemistry in Tokyo University from 1884 to 1903,
studied chemistry under H.Roscoe of Owens College in London. It
was H.Roscoe himself who gave a great influence upon the chemis-
try teaching during early years of modern Japan,

As pointed out by Prof.Tanaka, scientific studies of chemist-
ry in Japan had attained a satisfactory level by the end of the
19th century and established its foundation for later develop-
ment, The newly-risen physical chemistry was quickly taken up
as an important subject of study and a lectureship was estab-
lished in Tokyo University.

About at the end of the third period (1877-1900), there
appeared two epochal text-books of chemistry, in which physical
chemistry was regarded most essential as basis for chemistry
teaching, Onc was written by Prof, Yukichi Osaka of Kyoto Univer-
sity and published in 1397 and another written by Prof,Kikunae
Ikeda of Tokyo University was published in 1898, namely only
about ten years after the first publication of "Zeitschrift fur

physicalische Chemie", Prof, Osaka emphasized later that their
text-books were really the first in the world which treated phy-

eical chemistry as essential part for chemistry teaching in secon
~dary school, It muat be noted that these chemists, following
their common teacher, Prof,Joji <akurai of Tokyo University, an
eminent pupil of A,W.Williamson and the first introducer of phy-
gical chemistry into Japan, made basic contributions for develo-
ping this new branch of science in this country,

The reason why such pioneering work in chemical education
could be attained within only about two decades after the estab-
lishment of the first university may be explained as féllows:
Japan was culturally a new but fertile ground in which new
science and new science education could take root without being

cisturbed any traditional ones,
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The eppearance of the said text-books contributed much to
later progress of chemistry teaching. First, it was the first
successful experience for Japanese scholars to find out pedago-
gically effective and indispensable teach;ag materials and their
sequence or teaching, Second, chemistry teaching was largely
improved by introducing physical chemistry, with meant banish-
ment of too much a descriptive style of traditional text-books
of chemistry,

3. The heuristic method of H,E.Armstrong and

establishment of modern method of chemistry
teaching

What could be a distinctive landmark to ascertain the point
at which chemistry teaching in Japan, which started from trans—

plantation of Western way of education, reached a state of self-
reliance to -have agy modern method of teaching? As the landmark

two conditions may be counted, namely: (1) establishment of pe-
dagogicnliy appropriate and indispensable materials for chemis-
try teaching: (2) innovation of teaching method for natural
science,

As for teaching materials, the Ministry of Education issued
in 1902 an epochal plan for science teaching. It contained as
materials for chemistry teaching the following ltems: "Common
gases: oxygen and ite compounds; halogens and their compounds;
solusions; nitrogen, phosphorus, arsepic and their compounds;
active mass, carbon, silicon, boron and their compounds; metals
and their compounds, the periodic system; fundamentals of orga-
nic chemistry; aliphatic compounds; aromatic compounds; fermenta-
tion and putrefactionn,

"We gee that the said teaching plan, in comparison with tra-
ditional one which treated exclusively inorganic chemistry,
taught pupils not only in iporganic chemistry, but also in orga-

nic chemistry and to some degree in concepts of physical chemia-
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try. I may consider this plun of 1302 as having established a
modern system of chemistry teaching.

As for the teaching method, the outbreak of the World War I
gave a decisive incentive to its reform. In 1913, Prof.Gentaro
Tanahashi of Tokyo Higher Normal School, who had returned from
his studies abroad, published "lNew iHethods of Science Teaching".
He wrote: "Elementary and secondary schools in Europe and America
are provided with, alongside of science teaching rooms, labora-
tories for physics, chemistry and patural history to teach pupils
through the so-called laboratory method", The said method was
being practised, particularly in Fngland, combined with the
v"heuristic method" proposed by H,%.'rmstrong at the end of the
19th century,

The necessity and effect of experiment to be performed by
pupils themeelves could not be realized by educational authori-
tieg until the Torld Tar I forced them to recognize the social
role of effective science teaching, particularly in physics and
chemistry, In 1917 the Ministry of Education issued a budget to
provide secondary schools with satisfactorily equipped laborato-
ries and in the following year the Ministry issued detailed
items of "experiments to be performed by pupils", which. included
60 chemical experiments based upon the "laboratory method of
teachiog".

It was through these official measuree that innovation of
teachiog method for chemistry could fipmally be attained. I con-
sider'therefora, that the chemistry teuching for secondary school
in Japan reached a state of self-reliance, getting out from trans
-plantation, by establishing a modern system of teaching (the
curriculum of 1902 cuubined with the laboratory method) suppor-
ted financially by national budget im 1917,



David F, Larder (Canada)
THE PROBLEM OF CONSTITUTION AND STRUCTURE

IN NINETEENTH CENTURY CHEMISTRY

When the historian of chemistry views developments of the
nineteenth century, he finds no clear out distinction in the
writings of chemists between the concepts of constitution and

chemical structure, In the basence of satisfactory and generally

accepted conceptual definitions these terms are used interchange-
ably, and contemporary historians introduce into their writings
a certain ambiguity and lack of precision which leads to what I
have called the problem of constitution and structure,

If we examine the changes in thought during the nineteenth
century as to the relevant factors involved in considerations
of the nature of the chemical compound, we can trace either the
evolution of a number of theories, or else, as is proposed here,
the conceptual evolution of three major ideas - composition,
constitution, and chemical structure., Our understanding of this
latter approach is facilitated by our knowledge of the former,
but it has the advantage of resolving the problem at hand in a
more readily accessible manner,

With the establishment of the qualitative and quantitative
natures of chemical compounds, and with the guidance of Dalton's
atomic theory, it became possible to represent compounds symboli-
cally by empirical formulae by which gross trannfaémations in che=-
mical processes could be followed. The nature of a chemical com~-
pound was seen to be dependent on the nature and amount of the
constituent elements - in other words, on the chemical compo-
sition.

Chevreul's early, but highly influential, work on fats, and
the. studies of Liebig and Wohler on the benzoyl radical, confir-
med the necessity to think in terms of the retention of groupi-
ngs of atoms, and thus of some physical organisation or arran-

gement of the atoms in the molecule, The recognition of wide-
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spread isomerism in the organic realm reinforced the viewpoint
that the differing arrangements of the atoms were responsible
for different properties, and this was supported by the pheno-
menon of isomorphism. As early as 1823 Chevreul defined the che-
mical species as "a collection of identical bodies by anature,
proportion and arrangement of their e].aments"1, thus including
both the earlier concept of composition (i.e. nature and propor-
tion) and the mew distinctive feature of arrangement,

There is a progression here from the concept of composition
to that of constitution or physical structure, in which the or-
ganisation of the molecule, in terms of the mechanical atomic
arrangements, is considered to be the main feature contributing
to the nature of a chemical compound, Hence the motion of arran-
gement seemed to provide the means for understanding the chemi-
cal nature of the molecule,

The constitutional concept is here at a primitive stage,
since actual arrangements were not known, but nontheless the
principle is clearly expressed., Attempts to more sharply define
the concept constitute the history of the next thirty years whiech
time does not permit us to examine. Wontheless, the representa-
tion of this concept finds its highest expression in the die—
sacted atomic formulae of Couper and Kekule in 1858 and, in
their more modern form, in those of Crum Bromn in 18612 and
1864 and van't Hoff in his three dimensional extemnsion ten years
later. In these formulae valency theory is rigidly applied to
portray the linking of each individual atom in the moleculs,

But already by the 1850°‘s, before these essentially modern
constitutional formulae had been proposed, & new question was
being asked, a new problem formulated, though not very explicit-
ly. It had become generally accepted that, in principle at
least, two molecules may be physically distinguished in terms
of their atomic arrangements. Attention was now directed towards

the very different behaviour of certain compounds of essentially
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the same atomic arrangement towards a single chemical reagent,
and therefore also to consideration of what factors are involved
in the molecule during the course of a chemical transformation.
The type theory was recognised by some as inadequate, becau-
se of the realisation of a more complicated mechanism in opera-
tion, while the use of several rational formulae for a single
compound as a modifying factor, was negated by considerations
of a single physical copstitution for the molecule, The focue
began to shift for some, from the static concept of the physical

molecule to a dynamic chemical concept of the molecule in the

course of chemical change. Thie is what distinguishes the cop-
stitutional model from the chemico-structural one.
If this dietinction of the molecule into its physical (sta-

tic) and chemical (dypnamic) components is accepted, and this is
analogous to the necessary distinction between the physical and
chemical 'atom' (though here also this distinction is not always
unambiguously made), the problem of constitution and structure

begins to evaporate.

In the writings of Couper and Kekule of 1858 there is the
establishment of a static constitutional model, expressed in
constitutional formulae and, having established this on the
basels of valency theory, they begin to reflect on dynamic chemi-
cal considerations, For Couper, his sudden demise from the che-
mical scene led to no further developments; for Eekule, this was
not his ultimate goal, Crum Brown, however, in 18671 in his M,D.
thesis, proposed a constitutional method of formulation, and
immediately began to reflect at greater depth on the chemical
significance of this. Even before this he had recognised the
distinctiveness yet interrelatedness, of the physical and chemi-
cal pmpertiu". as had Butlerovs, and in Crum Brown's 1864 pa-
per on isomerism he carefully distinguishes the chemical from
the physical position of the atoms in the molecule, meaning by
this that the formulae of molecules are based on inferences from
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their chemical behaviour as well as on valency rules, and do
pot necessarily present the actual physical arrangements.

But already, in 1861, Butlerov had explicitly recognised
the legitimate sphere of physical considerations of the statis
physical molecule, though he concentrated his attention on the
chemical aspects, He reformulated and extended the contemporary
trend of thought towards chemical structure in viewing the prob-
lem from a dialectical standpoint, and focussing attention on
the dynamice of chemical change, or the changing interatomic
affinities during a chemical reaction.

Chemical structure, for Butlerov, is "the manner of the

mutual binding of the atoms inside a compound subutanceis. and
he reformulates the depedency of the chemical nature on the na-
ture, quantity and arrangement of the component atoms to a depen-

dency on their nature, quantity and chemical structure (i.e.

chemical cohesion).

Here the idea of physical arrangement is replaced by one of
the total chemical arrangement, which additionally includes in-
teractions between atoms not directly combined with each otherT,
and which is a varying relationship in the course of a chemical
transformation.

This change in the direction of thought by Butlerov was not
immediatelly recognised nor accepted., It came too closely to the
constitutional developments of the late 1850's which were mecha-
nically oriented, The constitutional model was part of the deve-
lopment of chemical thought relating to classification of orga-
nic compounds and the ability to represent all possible reaction
sites under a wide variety of reaction conditions and, at first
»eading, Butlerov's ideas seemed not to advanc;e the constitutio-
nal model. Indeed, the constitutional model itself was still
largely suspect in practice, though not in principle, since it

seemed to represent the actual arrangement of the atoms which
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could not be confirmed experimentally, and this was the major
criticism of Couper's work.

Howaver, as the constitutional model became accepted, to no
small degree through Crum Brown's formulation in 1864, it also
became interpreted in the light of Butlerov's consistent use
of chemico-structural principles through the 1860's . Imper-
ceptibly, the two models in the minde of most, but by no means
all, of the chemists began to fuse into one theory through ap-
propriate interpretation, Any attempt to examine the origins of
structural formulae inevitably led, not to Butlerov's theory of

chemical structure, but to the comstitutional models of Kekule,

Couper, and Crum Brown, since similar formulae are used today
to represent both the physical molecule and the chemical nature
through appropriate interpretation.

The theory of chemical structure, as opposed to physical
structure, considers the total chemical function of the molecu-
le in a manner universally accepted in modern chemical theory.
The chemical properties of a compound arise as a result of the
physical molecule undergoing change in a chemical transformation,
and the concept of physical constitution is both historically
and Philosophically prior to the theory of chemical structure.
The problem of constitution and structure arises in a failure
to show a demarcation between the two, and in a failure to re-
cognise the legitimate spheres of each.

It is clearly necessary for the historian to be precise in
his terminology in order to avoid ambiguities in the historical
accounts of the period. If the molecule is considered to have
both a physical and & chemical nature, use of the terms consti-
tution and structure respectively for these two aspects will
enable historians to communicate more precisely and avoid the
problem of constitution and structure in nineteenth century

chemistry.
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Johannes Williem VAN SPRONSEN (The Netherlands)

THE SPECIFIC HEATS OF THE ELEMEN1S AS ONE
OF THE PILLARS ON WHICH THE PERIODIC SYSTEM
OF THE ELEMENTS CO2ULD BE BUILD

Before the periodic svstem of the chemical elements could
be discovered, several conditions should be fulfilled, The two
most important ones ticreof were: first a sufficient number of
elements must be known, cecondly their atomic weishts must have
been determined in the correct way,
llotwithstanding that John Dalton already in 1303 had defined
the atomic weisht conmcept, and had determined some numerical
values though in an incorrect way, the other values, determined
in the course o1 years, could not be much more than equivalent
weights, which is to be ascribed to the missing definition of

the valency concept,

However, by applying the law discovered by Dulong and Petit in
1819 which states that the product of the atomic weipght and the

specific heat of each element is a constant, it was possible to
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determine the right magnitude order of the atomic weight. Dulong
and Petit could do so themselves, in 1819, for only eleven ele-
ments of the almost fifty known ones, They indeed involved two
more elements in their law, namely cobalt and tellurium, but the
correct values of their atomic weights were not available thro-
ugh that, however. In both the cases this was owing to a wrong

value of the specific heat, The cobalt used was probably impure
for carbon admixtures. Its atomic weight had a value 39.4 inste-

ad of the correct value 58,9, The value determined for the ato-
mic weight of tellurium (64.5) was almost exactly half the cor-
rect value 127.6. Only in 1840 Regnault determined the correct
value for the specific heat of tellurium and obtained so, by
applying the law of Tulong and Petit, the atomic weight value
128.,3, determined by Berzelius already long before,

So we do not owe to these two French scientists that Doberei-
ner, in 1329, could form the triad with the elements sulphur,
selenium and tellurium, From these three elements it was only
sulphur that, in 1819, was involved in the law of Dulong and
Petit in the correct way.

But there are also examples which show that this law was pre-
ferable to Berzelius' mode of determining, The elements silver
and bismuth are two of them,

Because Berzelius considered silver, especially as an oxide, to
be apnalogue in chemical properties to lead and copper, he found

a twice too great value for the atomic weight,

Although Berzelius, in 1827, could agree with the (correct) value
for the atomic weight of bismuth, as a consequence from the law

of Dulong and Petit, he gave, in 1835, confused as he was by its
analogies with lead and also by the existence of several biemuth

oxides, a value that was too low by u factor 2 . Also in this
' 2
case it was Regnault who, in 1840, agreed with Dulong and Petit,

Berzelius thought he could maintain again his rejection of the

law cf Dulong asnd Petit through the fact that the elements
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arsenic, antimony, platinum and mercury did not fulfil this law,
We do not know which value Berzelius had in mind for the speci-
fic heat of arsenic, neither Dulong and Petit nor Gmelin in

his Handbuch der theoretischen Chemie of 1827 give any value.

Also Regnault proved in 1840 that it did not fulfil the law
mentioned, Another point ie antimony; its value for the specific
heat was known to Berzelius as well as to Dulong and Petit, And
with this value (0,0507) the value of its atomic weight deter-
mined by Berzelius in 1815 (256) could have been halved, In 1827
Berzelius did still advocate this atomic weight, but on other
grounds,

In this year we also meet with the correct atomic weights for
arsenic, platinum and mercury., But long before Dulong and Petit
had divulged the correct magnitude order for the atomic weight
of platinum, in spite of a misprints misery, It surprises that,
although the two French investigators knew the correct value for
the Specific heat of mercury, they did not include this element
in their series of relationships, Thereby they did not seize the
opportunity of halving the atomic weight determined by Berzelius
in 1815 at 405,

In 183i Neumann extended the law of Dulong and Petit to compounds
and was able so to verify seven extra atomic weights, namely that
of magnesium, calcium, chromium, arsenic, strontium, barium and
mercury, But these seven atomic weights had already been correct-
ly determined by Berzelius in 1827, It was Regnault using the
law of Dulong and Petit and that of Neumann and using his own

very accueate gpecific heat determinations, who again gave their
correct value to several ones, In 1840 it were fourteen elements

of which twelve atomic weights had already been determined by
Berszelius,

Tha alkali-metals, sodium and potassium were given by him values
that were twice too great values which he was still advocating
in 1845,
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Finally Regnault, in 1856, determincd four more values, among
others those of tranmsition metals, which were like those of Ber-
zelius, a little on the high side, however the atomic weight of
the alkali-metal lithium had the correct value which Berzelius,

in 1845, was not yet able to give,

In this way, thanks also to the application of the law of Dulong
and Petit and that of Neumann, 42 correct atomic weights had
been determined. But all this turned out not to be sufficient
for discovering the periodic system of the chemical elements,
which will mean not sufficient for distinguishing .also the
horizontal connection besides the vertical one., In 1857 and
1858 0dling and Numas took a good step in that direction, it is
true, but the Congress of Xarlsruhe remained to take place for
putting the chemical-theoretical chaos in order, We must give
however full credit to Dulong and Petit, Neumann and Regnault
for correcting Berzelius as to the practical chemical results
in the matter of the atomic weights, although we have not to
forget that in essence the controversy was also on the theore-
tical field, whereby the being long of the valency concept

was playing a big part. Only after Frankland, in 1852, had in-

troduced thin concept for the nitrogen group, but especially
after Kekule, in 1857 had taken the tetravalency of carbon, the

way was paved for discovering the periodic system of elements,
while using the correctly determined atomic weights. In the
mean time also the numbers of discovered elements had increased

to a satisfactory level (60).
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Hunpux MNuukasa (HCCP)
OB O0HOW AHTHATOMMCTHUYECKOW TEOPHH

Pew, noitaetr 06 oaHOM 4YelwlCKOM ¢(H3IHKO-XHMHKE, KOTOpPbIH NyG/IHKOBa
ceou paGornl ¢ 80-x rogos AlX cronerus no 1920 r, 3to dpanu Bansa,
KDTOphIﬁ caenaln noneiTKY H3MeHHTEL TeOpeTHYeCKHe H MeTOAo/IOrH4YecKHe
OCHOBbLI XHMHMH W CO30aTh A/l Hee HOBBIfl HayuHblH (yHAaMeHT, 3Ty 4YacTb
CBOejt NeATe/NLHOCTH OH CuYHTan camoil paxHoi, Bce ero crateu Gbim Ha-
AAaHBl OOHOBpPEMEHHO Ha YelCKOM H HeMelKOM HA3bIKax. B ceoux ¢HJTDCU¢O—-
CKMX W MeTOAONOrHYeckux Barnsaax Banea 6w nocneaosarenem OcTeaib-—
na, Ero cratey nosensmce, B wypuane ' Zeitschnft fir  physikalische
Chemie' non penakuneit Banr-Toppa n Bunurensma OcTsanbpa, a noaaxee
B '‘Chemiker Zeitung'' u B wecTn ToMax MIBECTHbIX exeroasukos ' Annalen
der Naturphilosophie' Octeanbna,

[eppas ero kuura ‘‘Uber die Entwertung der Energie’’ 6bina uapana s
1889 r., BTOpas MNOABHIACL HA YelICKOM f3blKe Noa Ha3paHueM " XHMHsa
dasucos” (1919),

Hcropurko-dunocopckuit anama so3apeunit ¢.Bamspa po cux nop ewe
He caenaH. MMeloTca Tonsko ABa KpHTHYeCKHMX OT2blBA HA YelCKOM H TPH
Ha HeMelUuKOM HA3blKe C Ha4ala ,\'K CTO/IeTHH. ﬂp}'rue OT3bIBLlI NMOSABH/MCL B
cpi3u c wbuneem ¢,Banwna, npeyesemunpalollMe ero 3HayeHue Gea gocrta-
TOYHOI'O KpHTH4YecKoro pasabopa,

B 1908 r. Bamba cran nepeeiM npodeccopoM ¢H3HYECKOR XMMHM M Me-
Ta/UTypruM Ha XHMHYECKOM (aKy/lbLTeTe 4elLICKOro BhICIEero TeXHHYeCKoro
y4yeOHoro 3apenenud. [lepepie paGorel Banbaa nocesueHbl TepMOAHHAMHKE,
OH npaBu/IbHO ONUCHIBAET pa3/MuHble GOpMbI SHEPrHH, HMX XapaKTep M OT-—
HOWeHHe K obpaTHMbIM H HeoBpaTHMEIM npoueccaMm, B atux pabGorax Bamsn
npexae BCEro HCCleAyeT NPOH3BONLHbIE XMMHYECKHe npeppaueHHd. OH yne—
nset Gonblloe BHMMAHME Bonpocy nonHo# obpatumocT. [anee Bamba noka-
3aplBAe@T HEPABHOLEHHOCTb Teniia H pa6GoThl, KOTOpY!O CUMTAeT 3a MpPHYHHY
aerpagaums 2Heprud. Ounbka, KOTOpPyK OH pa3fenseT CO BCeMM XHMiKaMu
¥ $H3uKaMu 3TOro BpeMeHM, COCTOMT B TOM, YTO OH I'OBOPHT O TeNie M
paboTe kak O puaax SHeprud. Tepmuubl “pabora” M “Tennora” nyywe oc-
TaBHTb KAK Ha3BaHHe TOMLKO /s nMpouecca NepeHoca 3IHEprdH 3a rpaHMuy
CHCTeMbl 38KOH BO3pPaCTaHHS SHTPOMHM OH CHYMTAET NPOSB/EHHEM Kay3lalb-
HO'O 3aKOoHa M OQHOBpeMEeHHO HeobX oA M biM ycnopHeM HMH3HH. Banwa He
HCK/IOYaeT HeKOTOpble KaTacTpoduueckue NOCNeACTBHHS oGecuUeHeHHs 3Hep-
riuu. Ero aHama sakona sHTpomuMu HeobwiieH, EMy kaxercs, uro aToOT
NPHHUMIT HeNb3d AOKA3A4TL AEAYKTHBHO, YTO OH HBJSETCH IMNUpPHHYECKOR Teo-
pemoit. A noaroMmy Banba cunMTaeT, 4TO OHa A0MKHa GbITh 3KCNEepHMEHTAallb-—
HO npopepexa, [Ipy 3TOM Hano cCOrnacuTeCs C €r0 YTBEpPKAEHHEM, 4YTO Aa-
e ZKCNnepEMeHTAa/lbHO NMpOBEepeHHpe TeOopHH He MOryT elle NoATBepdHTh
npeano/ioMeHnd, H3 KOTOPBIX OHH 6b/l4 BEIBEOeHbl, M OH NMpHNOMHHAET HaM
AeAYKIMIO BTOPOroO Hayana w3 npeanonaraemoro ' vis caloricum’ KapHo, ko-
TOpOEe ABHral/lo ero MAeanbHyio MawmuHy., Banbn rosopuT: "Bropoe Hauamo
MeXaHHYeCKOH TeOpHHM Ten/oThkl Hellb3d TeOpeTHYEeCKH olpefelleHHO OOKa-—
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3aTL, NOTOMY 4TO Mhl He pacnojaraemM 3HaHueM o6 abcomoTHO ofpaTUMBIX
NpeBpalleHHEX CHCTeM H O Nepefaye TemOThHl BO BPeMeHHOR GecKoHeu-
HOCTH M HHKorna He 6GydeM 3Toro 3HaTe”,

A aymaw, yro Bamsn 6naropaps cBouM naesm Y¥e B 1887 r. 6wl Ha
YPOBHE JyquHMX (HIHYECKHX XHMHKOB CBOero speMeHH, OH H3noxun He-—
OGBLIKHOBEHHO SICHO OMeHb CJ/IOMHYK TeOpHK rabBAHHYeCKHX 3/1eMeHTOB,
B 1802 r, oH 3aHAMancs BOMPOCOM MPOH3IBOILHBIX XHMHYECKHMX NpPOUECCOE
H YCTaHOBH/, 4YTO XMMHYeCKOe CPOACTBO HaA0 M3MEpPHTE BHYTpeHHe{l CBO-—
GonHoft sHepruei#t, a He TennosmimMu sdpdexramu. Banba yTeepwoaer, yro
mobas peakuMs MOXeT B OnpeaelleHHbX OGCTOATENLCTBAX GbITh W 9K30—
TepMHMYECKO! H 3HAOTEepMHYeCKof,

B 1895 r. npoucxoaaT GonmuwiKe H3MeHeHnsd po Barnanax Banwbna. Ou cra-
HOBHTCS padMKANLHbIM 3MIMPHKOM Noa BAusHueM Maxa u Cremno (no ero
COB6CTBEHHOMY NPH3HAHHIO),

Bamea BHICTYN@eT Kax HeNpuMHPHMBIA NPOTHBHHK aTOMMCTHYECKOH Teo-
pun, 3Ty Gopp6y OH HauWHAET B CTaThbe “BO3HHKHOBEHHE CTEXHOMEeTpHYeC=—
KMX 3aKOHOB”, rae 'yTeBepkaaeT, 4YTO XMMHMHECKHEe 38KOHbl NPOH3BO/LHbI,

[To ero MHeHMIO, €AMHCTBEHHble HEONpPOBEpXHUMbIE 38KOHBI — 3TO ABA Haya-
Nla TepMoaMHaMMKH, Ha Hx ocHOBe AOMMHBI GbITE OOBLACHEHBI BCE OCTAMBLHEIE
3aKOHbl, OTr CONPHKOCHOBEHHA ABPYX BeleCTB, KOTOpble OCTalHChk B COCTOHA-
HHH paBHOBECHs, BO3HHKaeT HOBOe BelecTBO, XHMHYECKOe BellecTBO He
MOXET HH COEAHMHMTBLCA  C APYIHMM BelleCTBOM, HH OTAE/MTBCHA OT Hero
6e3a KopeuHoro uamenemuda. Orciona Banba aAenaer BbIBOA O CYWECTBOBAHMH
He MeHee yeM OBYX HeoGpaTHMbXx nepBopewecTs, [lanee Banbo BeiBOAMT
CTexHoOMe TPH4YeCKHe 3AKOHbI H3 TepMOAMHAMHYECKHX NOTEeHUMAJIOB H Nnony4a-
eT BecoBble COOTHOLIEHHs KaK YTo-TO camo coboft pasymelomeeca. Ho yxe
3neCh Mbl OGHApYyMHBAeM HEKOTOpYI0 HenocieabpaTe/bHOCThL: 4T0Gbl onpe-—
Oe/MMTh DHTANLIMMIO CMeCH, OH BBOAMT B HesBHOM BHAe “BecoBnle nponop-—
wau”,

B 1897 r, Bamen dopmupyeT CBOKXO nporpaMmy pagHKalnbHOr'O SMIHPH3-—
ma B Takoit ¢opme: "Beiony ceftuac yyBCTBYeTCH YCH/IHE BbIPA3HTL B3au-—
MOCBA3b Mexay HabaonaeMbiMu PakTamMH npsamo, 6e3 noMoumy CHOOTETH=—
YeCKHX BCTIOMOraTe/lbHblX KOHCTPYKuMil, OH HMIOCTHPYET CBOIO MBE/L pe—
axunests Ca(Oil),+CO,=CaCO3+H,0. Opurunanshost o6paGoTkoit napum-—
anbHbIX OupdepeHUMALHBIX YpaBHeHH#i OH NOAXOAMT K 3akoHam Bojna u
Fesfi-/lioccaka, Ho 3To MoxHO 6bIIO YyXe 3apaHee npeanonarats, B 1836 r,
-Banba opuruHanphHo o6bACHUN ¢da3ucHoe npasuno 'nb66ca B COOTBEICTBHH
paXe C CEerofHMIUHHM ero H3JIOKeHHeM.

[TocpeAncTBOM CHCTEMBbI I'OMOCEHHbIX JMHEeRHbIX YpaBHEHHit OH nonyyaer
MaTeMaTHYeCKY0 GOpMYJ/HMPOBKY 3aKOHA NPOCThLIX KPaTHLIX OTHOWEHHH, ITH
HccnenosaHus Banbaa BhI3BaM KPHTHYECKHEe 3aMeuyaHHs HEeKOTOpLIX ChnelHa-
mictoB, Yeuckuit xumuk lleGop oveHs nerko nokasan, 4To Bamsa co
cpoeit CIOXKHOR annapaTypOft He NOMYy4YHJl HHYero, 4TO He/lb3d NOMYHHTL H3
aTOMHCTHHECKHMX NpeAnoChU1OK,

Bamsn Bcerpa CoMHeBa/ICH B HAIMYMH XMMHYECKHX 3J/IEMEHTOB M B HX
NOBEAEeHHH B COOTBETCTBHM C HX CBOHCTBAMH B XHMHYECKHX peakuMsi.
lNoaTomMy oH BBOAMT NMOHATHe “COCTaABHOIO BelwecTBa, Y KOTOPOro Her lipea-
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cywecTpopaHHa”, OH Takke NpeanaraeT M3MeHMTb XMMHYECKHe 3HAKH H 3a-—
MMCh peakKuMii, KoTopaa 6bl YCTpaHHA MOJEKYNApHble CTPYKTYpPbBl M3 opra-
HHYeCKOR xuMMH. Yewckue cneuma/micTel No opraHMyeckoi xumuu (BoTouex,
MalwmH) nokasaiH, yTO HeaTOMMCTHHeCKad CHMBO/MMKa Banbaa o6oCcHOBbI=
BaeTCH BHe 3aKOHa A2HCTBYIOUMX MAacC,

B ero cucremax /MHefHbIX MOMOreHHbIX YPaBHEeHHH NyTeM HCKIIOYeHHs
3aBHCHMbIX YpaBHEHMH NO/yYaeM KO/MMYECTBO "COCTAaBHBIX 4acTejf, Copna-—
pamlee C KoOMM4eCTBOM 3nemMeHToB”, B ypaBHEeHHSAX He BO3HMKAIOT XHMH-
YecKHe CHMBO/bl, 8 MO3TOMY YHYEeHHE O MNepBOHAYA/ILHOM CylueCTBOBAHHH
3/1eMEHTOR B BellecTBax ABMAeTcd copceM GecrnonesHoi runorezoi, O.Kyu
ua TopuHo ykaspiBaer Ha TO, 4YTO Banpa HUYero Hoeoro He nonyuun, Banba
Ha 3TO 3aMeyaHHe OTBETH/, YTO €ro ONMOHEHT HUKAK He MOXeT 3a6hITh
cTexuOMeTpHYeCKHe 3akoHbl, OOHAKO Ke crpemiende Banbna mMatemaTH-
3MpoOBATb XHMMIO GblIO nMporpeccuBHbiM, M naxe ero onpeneneHHe BalleHT—
HOCTH Ha OCHOBe MaTeMaTH4YeCKHMX onepaudii 6bl/10 TaKKe OpPHIHMHABLHBIM.

Teopus Banbnoa, KOoHe4YHO, He B COCTOSHHMH OOGBACHMTL H3OMEpHIO H
nonkMmepHio. Boofle xHMHKW—-OpPraHuky ynpekam Banboa B TOM, 4YTO OH
HCHOpHpPYEeT 3KCIUVIMKATHBHYIO CHJY CTPYKTYpHOH Teopuu. [locne oTkpbrrusa
pPagHoaKTUBHOCTH, OpPOYHOBCKOro ABHMEGHHA M 2neKTpoHa B 1809 r, naxe
OcTeamsa npu3Han Kpax ceoeil Teopuu M nobeny aroMHcTHKH. Banbg nocne
atoro ny6iMKyeT CBOM MCC/eOBAHMS TOMLKO M3peaka (B Teyenne 7 ner
He TIOSABH/IOChL HHYero W3 obnacTn oGwe# xummu), a B 1916 r. on npo-
BO3IVIACH/1, YTO HOBaAfd ATOMHCTHKA H ero HCC/IeAOBaHHS — OBa COBepLUeHHO
pa3/muHblx cBeTa 6e3 kakoi—H60 CBA3H.

Bamso Bcerga nosTOpsii, YTO ATOMHCTHKA M TeopHs 3/MeMEHTOB He 0aloT
BO3MOXHOCTH MCC/ICAOBATH XHMHYECKH HeuucTble (a3uchl HEnocTOAHHOM
CTPYKTYpbl. OH CuMTaeT 3Ty TeOpHI0 MeTadu3uyeckoi, cyOGcTaHUMaNLHOH H
naxe HeadppekTupHon, Ewe B 1909 r. B craTthe: "3OKcnepuMeHT H TeopHus
B xumuu” Baneg mucan: "§fl yGexaeHn, 4TO Tenepu BCeM COBEPWEHHO SICHO,
4YTO 3Ta HayKa O NeppoHaya/JbLHOM CYLECTBOBAHMH 3/IeMEHTOB COBEpIIeHHO
He Hy#kHa u spngerca GecconepkaTensHofi MeTadu3uyeckod runore3oi”.

KoneyHo, crpemienne Banbna cospaTh HayKy 6e3 runorea M mMoaenei
HaunpHo., Wnnio3opHa M ero HagexHa pa3BMBATH TEOPHIO KAK KpaiHe 3MIH-—
puueckylo, Banba nocnepopan 3a OcTpa/lbAOM H OTBEpPr aTOMbl H MOJEKY/bl
KaK Taxkosbie.

Bubnuorpadua pabor ®.Banvaoa

Zeitsohrift fur Physikalische Chemie

1) Uber den zweiten Hauptsatz der mechanischen Warmetheorie I.
1, 408 (1887)
2) atto 2, 523 (1888)
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3) Zur Theorie der chemischen Gleichgewichtszustande
' 3, 40, 299 (1889)
4) Der Energieinhalt und seine Rolle in Chemie und Physik
8, 272 (1891)
5) Genesis stechiometrischer Gesetzen 19, 337 (1895)

6) Die chemischen Proportionen I., 22, 253 (1897)

7) dtto 23, 79 (1897)

8) Phasenregel und physikalische Eigenschaften chemiker Ver-
bindungen 24, 315 (1897)

9) Verbindung und Substitution 25, 525 (1898)

10)Die rechonerischen Grundlagen der Valenztheorie

26, 77 (1898)
11) Was ist das chemische Individuum ? 28, 13 (1899)
12) fver die Ableitung stechiometrischber Gesetzen

63, 307 (1908)
Chemiker Zeitung
1) Sind die stechiometrischen Gesetze ohne Atomhypothese ver-—

sténdlich ? 30, 963,978 (1906)

2) dtto 31, 7% (1907)
Analen der Naturphilosophie, Band 1,2,3,6,8.
Zeitschrift des Oesterr. Ing.u.Archit. Jahrgang 1908
Chemie fasi, Praha 1919.

Madeleine Courtin (France) -
LECOG DE BOISBAUDRAN (1838-1912)

ET DECOUVERTE DU GALLIUM
Paul-Emile (dit Prancois) LEC0OQ de BOISBAUDRAN, ne en 1838

a COGNAC descend d'une noble famille protestante du Poitou rui-
nee par la Revocqtion de 1'Edit de Nantes, puis par la Revolu-
tion francaise. Son pere sans fortune fonde a Cognac une maison
de commerce de la celebre Eau de vie dans Laquelle doit travil-
ler toute la famille, Aussi a sa sortie de L'Ecole primaire il

n'est pas question que Francois poursuive des etudes, et-des
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L'age de 15 aps il est charge du negoce avec l'Angleterre. Du-
rant ses rares loisirs et prenant sur son sommeil, il ccmble

les lacunes d‘'une instruction sommaire en Letters et en Mathema-
tiques aupres de sa mere fine et cultivee et de son oncle, anci-

en polytechnicien. Mais c'est absolument seul qu*il lit avec

passion des ouvrages de chimie minerale repetant en plein air
dans la cour de la maison les experiences qui y sont decrites.
Apres dix ans de services rendus au commerce familial et devant
une telle ardeur a l'etude son oncle obtient que Francois ait
des libertes pour pouvoir approfondir la chimie. Il lui donne
quelqutargent pour se rendre a Paris et se procurer les appare—
ils utiles a ses recherches. Jusgqu'alors il n'a observe dans

la cave de la maison paternelle. avec un outillage tres insuffi-
sant, que les spectres de flamme etudies par Bunsen et Kircchoff
et, curieux de la constitution de la matiere s‘'est initie a la
Theorie atomique,

TRAVAUX SPECTROSCOPIQUZS

De retour a Cognac, il commence en 1864 (il a 26 ans) toujo-
urs dans la cave de la maison, une etude d'ensemble des techni-
ques de l'Analyse spactrale et les perfectionne: spectres de

flamme, mais surtout spectres d'etincelle appliques aux soluti-

ons salines en faisant jaillir ltetincelle non condensee d'une
bobine de Rhumkorff enire un fil( ) de Pt dispose peu au dessus
de la surface du ligquide coﬁgenu dans une nacelle ouverte d‘une
contenance de deux des a coudre, traversee a sa partie inferieu-
re par un fil fin de Pt(-) recourbe en boucle dans le liquide.
Tres habile manuellement et soucieux d'economie, ce material est
son oeuvre, Il etudie les spectres lumineux de tous les eslements
connus (62) et consigne ses resultats dans un Memoire adresse en
1870 a la Societe des Sciences naturelles de Charente Inferisure
sous le titre: "Constitution des Spectres lumineuxm. En 1871 fi-
gure un travail apalogue dans les Annaleg de l'Academie des Sci-
ences completant une Wote de 1865 sur les causes de variations
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des longueurs d'onde avec la lourdeur de la molecule qui attire
l'attention des savants et qui lui vaut en 1872 le prix BORDIN
de lr*Academie des Sciences (2000 F).
L'annee suivante parait a Paris "Spectres priamatiques et en
longueurs d*onde destines aux recherches de chimie minerale", Ce
livre est Edite en deux tomes, le premier contient la description
precise de chaque spectire etudie, le second est un remarquable
atlas de 29 planches entierement dessinees de sa main, indiquant
la position des raies et des bandes sur l'echelle du micrometre,
leur intensite relative selon les conditions variees d'excitation
ainsi que le spectre de l'air, de la flamme bleue du gaz exempt
de corps etrangers (1).

Cette etude prealable des spectres a un but: servir a la re-
cherche d'Elements inconnus, question qui le hante depuis des
annees,

DECOUVERTE DU GAILIUM Pour mieux saisir le cheminement de sa

penses, sans la trahir, nous le laisserons parler en citant son
Memoire sur le Gallium paru en 1877, qui revele l'thistorique de
la question (2). Il debute ainsi: "Depuls que je m*occupe de
chimie, mon attention s'’est toujours portee sur la question phi-
losophique de la classification des Elements. Des rapports inte-
ressants avaient deja ete eignales (en particulier par MR DUMAS)
entre les poids atomiques de certains corps simples et les pro-
prietes qui ont engage les chimistes a grouper ces corps dans
une meme famille natureller, Les idees de L de B, a ce sujet
remontent a 1863, mais en cherchant a faire intervenir les spect
res de Elements, et il ecrit: "Je m'attachai a decouvrir de

(1) Plus tard il etude les spectres de renversement et de pho
~sphorescence.

(2) cf. Annales de Physique et Chimie - 5e serie, Tome X
(Historique,etude du Gallium pour, de ses sels et action

des resotifs sur oceux ci.).
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nouveaux rapprochements, soit par comparaison de poids atomi-
ques, soit ‘par leurs qualites telle que l'emission a haute
temperature de rayons lumineux de determinees. Je parvins
ainsl a des relations encore inconnues et j'en tirai quelques

deductions qui me parurent assez curieuses (3).
...Parmi les conclusions que l'on pouvait tirer de mes essa-

is de clagsification chimique se trouvait la probabilite de
l'existence d'elements inconnus venant remplir des cases vides
dans les series naturelles", Il ajoute: "lalgre 1'importance

que je ne pouvais m'empecher d‘'attribuer aux hypotheses nees

de mon imagination, je nt*ai pas cru devoir les publier sans les
avoir soumises au controle de l‘'experience...”

En 1866, il acquiert la certitude de l'existence d'un metal in~
connu situe entre l'Aluminium et l'Indium (metal qu'il n'arrive-
ra a isoler que 10ans apres),

En 1869, apres avoir constate la similitude des spectres d'emis-
sion des metaux alcaline, sensiblement superposables par trans-
lation, lignes et bandes reculant vers le rouge lorsque croit

le poids atomique, il formule une Loi de correspondance des spect-
res d'elements d'une meme famille naturelle: la variation de
l'accroissement de A des raies homoloques est proportionnelle a
la variation des poids atomiques., Enappliquant ses lois spectra-
les jointes a ses idees theoriques sur une clagsification des
Elements qu'il garde par devers lui, il calcule a priori le poids
atomique (69,8) de l'ement presume (4), presente comme une premi-
ere approximation vu l'arbitraire du choix des raies et bandes

considerees comme homologues,

Mais comment devouvrir ce metal hypothetique? Il ecrit plus loin

(3) dont il fait part a Vurtz et Priedel au cours de Conversa-—
tions.

(4) En 1878 1l determine experimentalement le poids atomique du
Galliun qui confirme ses calculs. Actuellement, on donne

Ga = 69. ?2.
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"ia premiere tentative de recherche remonte a une quinzaine
d'annees; a cette epoque je ne possedais pas de laboratoirs et

ne disposais que d'instruments insuffisants... En 1863 je s
construire mon laboratoire actuel et je m'ou tillai mieux, Je
renouvelal mes tentatives sans succes. J'avais employe trop peu
de matiere", En Fevrier 1874 il commence a traiter 52 kg de blep-

de des Pyrenees amassee depuis 1868, et le 27 Aout 1875, seul

dans la cave de Cognac, il decouvre lt'element prevu, Ecoutons

le »“Entre 3 et 4 heures du soir, j'apercois les premiers indices
de lrexistence d'un Element nouveau que j'al nomme GALLIUM en
lthonneur de la France - GALLIA (5)-... Outre de nombreuses rai-
es connues, la trace tres faible d'une raie violette situee vers
417 sur l'echelle des A , n'existant dans aucun de mes dessins
de spectres je nme doutais point avoir affaire a un Element nou-
veau", Poursuivant la concentration de la solution restante il
obtient renforcee la raie ultime (A =417) et une autre raie faib-
le situee vers A =403, "J'avais donc aéquia la certitude dans
la nuit du 27 au 28 aout de l'existence du nouvel element", Le
29 aout, il adresse un pli a l'Institut et trois semaines apres
sa decouverte se rend a Paris invite par VVurtz pour y executer
devant la section de Chimie de l'Academie des Sciences des ex-
periences precisant les caracteres propres au Gallium,

Son but est maintenant d'isoler le metal: il l'obtient en
Novembre 1876 par electrolyse: 1,6 mmg depose sur une lame de

Pt en 4h 30 par un courant fourni par 5 piles au bichromate!
Puis, le 6 Decembre VVurtz presente en son nom a l'Academie 3,4

mmg de Ga obtenu en 5h 40, Finfin en Fevrier 1876, il obtient

le Ga liquide (F = 30°C) qu*il signale a l'Institut le 6-3-1876. .
Mais MENDELEEV a appris la decouverte de L de B, et pense

aussitot a identifier le Gallium avec l'ekaaluminium dont il a

predit L'existence en le situant dans sa classification entre

(5) Et non par allusion a son nom (GALLUS =Coq) II tepait beau-
coup a rectifier cette erreur dans l'esprit de certains,
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Al et In. II envoie a Paris und Note a DUMAS qui figure aux C.R.
du 22-11-75, A la fin de son Memoire de 1877, L de B, rappelle
les hypotheses de liendeleev (qui lui etait inconau en 1875 tout
comne il l'etait du savant russe), Le point le plus interessant
est relatif a la densite du Gallium que il.a calculee (5,9) et
qui ne cadre pas avec celle mesuree par L de B, (4.7). Celui ci
reprend ses mesures sur la plus grande quantite possible de Ga
pur qurtil possgede (58 cg) et retrouve la valeur 5,9 ., Il ecrit
"Je n*al pas besoin d'insister sur l'extreme interet qui s'atta-
che a la confirmation des vues de ¥MrM. en ce qui concerne la
dénsite du Ga.,. et conclut: Zh chimie mirerale les clasgifica-
tions approchent assez de la verite pour que les donnees theori-
ques qui en decoulent puissent desormais etre utilisees dans la
Science", Ainsi Lecoq de Boisbaudran a contribue au succes des
vues de Mendeleev,

Concluons a notre tour: Entre 1863 et 1875 les travaux de L de

B ont pcur but la decouverte d'Elementc inconnus qui doivent se
placer dans les cases vides d'une classification periodique

des llements groupes en familles naturelles et dont les poids
atomiques peuvent se calculer a partir des spectres des elements
connus qui les encadrent.

Ilais alors gque des 137¢ Armand Gautier (6) divulgue en France
les idees de L de B, et de M, sur la périodicite et la provision
des elecments non encore isoles, L de B, nc fait connaitre son
Tableau (7) qu'en 1895, sans que dans celui ci figurent tous les
elements connus, simplement parcequ'il n'est pas encore certain
de la fonction de ceux qu'il n'introduit pas, Par contre, on
remarque une colonne eantierement vide (ce sera celle des Gaz

rares), En fait, bien qu'a cote de llendeleev sont evoques les

(€) Revue Rose du 6-8-1876 Le Gallium et les elements inconnus.
(7) 1835 C.R, Tome 120 p.1097 Classification des Zlements chi-

miques,
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noms de savants avant eu les memes soucis mais sans aboutir (8),
celui de L de B. reste dans lt*ombre, et pourtant n'est ce pas
lui le plus proche du grand savant russe?

Aussi m'a-t-il paru equitable de faire revivre ce Francais
trop ignore meme de ses compatriotes, Simple et modeste, prudent
dans toute affirmation que ne lui dicte pas l'experience, cet
autodidacte n'a travaille que pour la joie de la decouverte et
ainsi qu*il 1'a ecrit peu d'annees avant sa mort "pour la Science

qu*il a tant aimee par elle meme et pnon par ambition,
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TABLEAU DE CLASSIFICATION DES ELELENT 8 LECuQ de
BOISBAUDRAN)

Extra hauts ? Bi!' Pv! TL*
Superieurs Ba'' Cs' 7 I Te'' 5Sb' Sn'' In'
Surnoeuds Sr'' RY! ? Br! Se'' As' Ge'! Ga'
Noeuds ca'' K e s Em gt Al

Sousnoeuds Mg'' Na' ? F1' Q'' As' c'' Bo!'
Inferieurs GLi'' Liv 7 7?

H H H H H H H H

Des corps n'ont pas ete classes parce qu'on ne connait pas

assez leur fonction.

Dans chaque famille naturelle l'element-noeud resume les proprie-
tes caracteristiques de lLa famille dont il est le centre.

Dans les familles ou n'existe gu'un seul corps inferieur au
noeud (H non compris) il existe un corps additionnel au dessus
de la triade superieure. A partir de H, chaque famille est for-
mee de 5 accroigsements successifs. Cette classification a donne
le poids atomique du Gallium et permis de rectifier celui du
Cermanium.

L' argon decouvert en 4895 par RAMSAY se place sur le Noeud do
la 3e colonne Lecoq de Boisbaudran definit alors "l'existence

de corps metalloidiques dont les wvaleurs seralent (sous noeud
=20, inferieur de 3,9 a 4,4, surnoeud entre 83 et B4, superieur
=132) et qui doivent etre prives de se combiner aux autres
(valence O)". Par la suite sont decouverts Ne = 20, He = 4,

Kr = 83,8, Xe = 1%1).
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John Parascandola (USA)
BENJAMIN WARD RICHARDSON'S STUDIES ON

STRUCTURE-ACTIVITY RELATIONSHIPS

AND HIS THEORY OF DISEASE

The purpose of this paper is to examine the relatiomship
between Benjamin Richardson's studies in chemical pharmacology
and his view of disease causation (1828-1896) was a British phy-
sician who was also an active experimenter in the medical soi-
enoesq. He was one of the many scientific investigators in the
second half of the nineteenth century who attempted to apply
chemistry to medicine and physiology. His belief in the importance
of chemistry was so strong that he felt that there was probably
no mechanical force or principle that could not be traced back
ultimately to a chemical agency=.

The idea that diseases were caused by chemical substances
or poisons had many adherents at about the time when Pasteur
was developing his germ theory, and Richardson was one of the
strongest supporters of the chemical appromhz'. In fact, he
never came t0 accept the germ theory of disease although he did
not die until 1896". His first major work, The Cauge of the
Coagulation of the Blood (1858), already indicates a strong
leaning towards a chemical view of disease causation. In his
search for the factors involved in coagulation, Richardson stu-
died the effects of various chemicals, especially acids and
alkalis, on the blood. These experiments led to certaim specu-
lations about disease processes. He notes, for example, that
when ammonia is introduced into the body in large quantities,

it produces typhoid-like symptoms. Excess lactic acid seemed
to him to produce sdymptoms which are essentially those of acute

rheumatic inflammation. He suggested that under certain altered
metabolic conditions, the body might produce an excess of ammo-
nia or lactic acid and this could lead to the abovementioned

diseases. Every pathological state, he generalized, may be vie-

wed as a modified physiological procasas.
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In this same monograph, Richardson also noted that some dise—
ases seem to be caused by the introduction of "animal poisons"
into the body. There is some evidence, he auded, that tne poi=-
son that causes yellow fever is identical to the venom of the
cohraﬁ.

In 1860, he published a paper expressing the view that all
communicable diseases are the result of albuminous matter which
causes certain chemical chenges in the body through a fermen-
tative or zymotic prooens7. This fermentation results in the
production of inorganic poisons, specifically acids and bases,
which are responsible for the disease symptoms. The albuminous
matter or snimal poison may be produced in the body by a modi-
fied metabolism, or it may be introduced from without. These
diseases are contagious because the animal poison can be tran-
sferred from one person to another. Richardson's ideas were
obviously influenced by Liebig's theory of fermentation and
Farr's zymotic theory of disease, and he does refer to both of
these doctrines in his paper.

Richardson's theory of disease was further developed in 1867
in a pamphlet entitled On the Poigons of the Spreading Diseases.
In discussing the causes of disease, he placed the greatest

stress on the "organic poisons", which he considered to be the
cause of small pox, cholera, yellow fever, and most of the im-

portent ccmmunicable diseases. A specific poison is responsib~
le for each of these diseases, and they are all derived from
albumen. These poisons are not living nor capable of self-repli-
cation, but they act as catalysts to turn the albuminous parts
of bcdily secreticns into poisinous substances similar to them—
selves. The poisons responsible for the disease symptoms were
thus altered albuminous conatituentalot physiological secreti-
ons. This view represents somewhat of a modification of his
earlier version of the theory, which postulated the catalytioc
production of incrganic acidic and alkaline poisons.
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The organic poisons may be transmitted to other individuals,
according to Richardson, through the air or via the water supply
e still retained his belief, however, that organic poisons
could be produced de novo in a person who had not been previous-

ly infected. A bodily secretion could change and become poiso-
nous under certain conditions without the aid of an external
catalyst. In addition, poisons from animals, or even rrom plants,
could also produce communicable diseases in man. He attributed
measles, for example, to an organic poison produced by a fungus.

Cobra venom he viewed as the prototype of all the organic poisons.

Richardson believed that he had actually isolated the poison
responsible for hospital fever. He prepared an extract from the
fluid of the perivoneal cavity of a woman who had died of hos-
pital fever, and was able to produce the disease in an animal
by introduction of the extract.

In the light of his high regard for chemistry and 'his view
of disease processes, it is not surprising that he aecided to
investigate the chemical properties of arugs. In the 1860's,
he made what was perhaps the rirst systematic attempt vo rel ate
the physiological action of organic compounds to their chemical
structureg. Since structural organic chemistry was still in its
infancy at the time, it is understandable that his investigations
were limited to relating pharmacological activity %o the presen-
ce of certain elements or functional groups. He believed, howe-
ver, that one could make a beginning in this field by attempting
to discover the specific action of each element on the living
animal. One could then proceed to investigate how this action
is modified when the elements is combined in a radical. By
proceeding stepwise .in this fashion, one could eventually under—
stand the mode of action of the most complex d.t‘uga10. Richard-
son investigated the pharmacological action of a substance such
as amyl nitrite, for example, and compared it to the action of

amyl alcohol, where the nitrite group has been replaced by a
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hydroxyl group, to the action of amyl iodide, where iodine has

11, In this

been substituted for the nitrite radical, and so on
manner, he did manage to assocliate certain functional groups
with particular physiological properties, and thus to establis?h
at least a crude relationship between structure and activity.
Thus, the nitrite group was associated with vasodilation and
quickening of the heart, the hydroxyl group with depression of
the celebrospinal system, etc.

This work served to reinforce his faith in the chemical app-
roach to medicine, and he predicated that the chemist and physi-
cian would soon be one. He was optimistic that a rational scien-
ce of tharapedt.ios. based on chemistry, would soon be dewvelo-
pad12. These studies also provided him with further evidence
for his chemical theory of disease. While investigating the
properties of amyl nitrite, for example, he found that he could
place animals in an aspperent state of suspended animation. He
suggested that in catalepsy a chemical substance was foraed
in the body which possessed this same power of suspending vital
prooeaaes”. His experiments with amylene indicated that human
subjects could perform acts under the influence of the drug
which they could not later recall. He felt that he might have
discovered the key to sleepwalking, postulating that an abnormal
process of digestion or respiration of the starchy elements of
food might lead to an agent with properties similar to those

14, One final example of this reasoning is Richardson'.

of amylene
suggestion that hallucinations and other sensory disturbances
may be due t0 the production of certain organic poisons in t he
organism. In support of this view, he cited his investigations
on the action of sulfur-containing organic compounds, which he
demonstrated could induce symptoms of hysteria and muscular
debility 1”2,

The idea that modified constituents of bodily secretion play-

ed an important role in disease causation was further developed
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by Richardson into what he called the ";jlandulLar theory of dise-
e|l1u'

as e noted that the number of communicable diseases is
clusely related to the number of glandular secretions of the
body, and postulated that each uvf these diseases is associated
with a particular secretion. For example, he believed that the
poison of hydrophobia was derived from the salivary secretion
and that of diptheria from the mucous secretions of the throat.
He still held to the view that an external poison was not al-
ways necessary to initiate the disease. For example, an extreue
nervous impression, due perhaps to fear or anxiety, nmight alter
the glandular function in such a way as to produce the same
phenomena as are induced in other cases by the action of a épe—
cific poison. Those who are very susceptible to contagious dise-
ases, he believed, are born with a nervous impression which
tends to produce a glandular secretion which is easily charged
into a poison.

The concept of auto-poisoning continued to hold an iuportant
place over the years in his thinking about disease. In his auto-
biographv, written literalily just before he died, he returned
several times to the idea that perverted chemical processes in
the body could lead to the production of disease-causing poi-
sons1?. In this connection, he referred to his studies on che-
mical pharmacology as demonstrating that substances wich could
conceivably be produced in the living organism were cagpable of
inducing disease symptoms. iHe also reemphasized his earlier
hypothesis that nervous influences were often involved in the
alteration of glandular secretions, and in fact at this time
referred to his own view as the "mervous theory" of spreading

disease.
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Medica, London, 1897 and A.S.MacNalty, Biogr of sir
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Maurice CROSLAND (Great Britain)
THEORIES OF ACIDITY IN THE EARLY NINETEENTH CENTURY

One of Lavoisier's contributions to chemistry was too imk ro-
duce a chemipgal theory of acidity. His confidence in oxygen as
an acidifying principle is reflected in the very name he chose
for the new gas: oxygen = aoid producer. It is my bellef that
Lavoisier's theory was a more rational one than is commonly
allowed and it was certainly supported by a considerable body
of evidence. I cannot here ﬁasin to attempt a proper Jjustifica—
tion of Lavoisier's views but will be content with the reminder
that many common acids, such as thoge derived from sulphur,
carbon and phosphorus fitted very well into Lavoisier's acheme.
The trouble came, of courase, from the exceptions and even in
Lavoisier's life-time Berthollet's analysis of prussic acid' had
auggeated that substancea could be acidic without necesaarily
containing oxygen. Berthollet pointed out that the presence of
oxygen in boric, fluoric and muriatic acids had still to be
demonstrated. Although Berthollet did not press the conflicting
evidence as hard as he might, when he defended the etymology
of the term 'oxygen' his defence was based less on its correct—
ness than on his view of the unimportance of otymlop'.z In
1798 he mentioned hydrogem sulphide as a counter example to
the Lavelsier theory but refreined from classifying it as an

acida’. In his Esgel de Statique ghimiqus of 1803 he discussed

the problem of acidity agein and remarked that the faot that

oxygen oonfers acidity on a large number of nubstmn“ did not

imply that no substance could be acidic without 1it.
Por the next genmeration the problem of a comprehensive theo-

ry of aocidity was one which could not be much longer delayed
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and it was left to Berthollet's protege, Gay-Lussac to pursue
this difficult goal. His efforts in this direction in the pe-
riod 1810 to 1816 were paralleled in Zngland by the work of
Humphry Davy. The fact that best chemical minds of that age
wrestled with the problem makes it all the more profitable to
explore this episode in the history of chemistry. The different
opinions expressed by each in turn indicates the intractable
nature of the problem for the nineteenth century man of science.
The paper I am presenting today forms a part of larger study
unrestricted by the conventions of our conference.

Gay-Lussac, like most of his contemporaries, began with a
general acceptance of Lavoisgier's theory of acidity. In his
1810 memoir with Thenard in the analysis of vegetable substan-
ces, he divided them itno three classea according to the propor-
tion of oxygen to hydrogen which they contained. The first class
that which contained the highest proportion of oxygen, consti-
tuted the vegetable acids’. This snalysis accorded well with
Lavoisier's theory. Gay-Lussac also pointed out that the propor-
tion of oxygen in acetic acid was rather lower than had been
thought and this helped to explain the ease with which wine
changed into vinegar by atmospheric oxidation.

But at the same time as Gay-Lussac's research was tending to
confirm Lavoisier's theory of acidity, Davy was challenging the
right of oxygen to be regarded as the unique acidifying princip-

le. Already in 1800 the English chemist had commenteds
"It is a singular faot that nitrous gas (NU, which contains

in its composition a quantity of oxygene so much greater than
nitrous oxide (Nao) should nevertheless posses no acid proper—
ties"®.

Ten years later, in the paper in which he argued for the
elementary nature of chlorine, Davy threw out the following
speculation:

"May it not in fact be a peculiar acidifying and dissolving

principle, forming compounds with combustible bodies, analogous
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to acids, containing oxygen... On this idea muriatic (i.e.hydro-
chloric) acid may be considered as having hydrogen for its basis
and oxymuriatic acid (i.e. chlorine) for its acidifying princi-
ple“?.

This might seem at first a decisive breskthrough but I would
suggest that Davy's positlon is leas revolutionary than might
he thought. He is accepting the view that acidity is to be ex~-
plained in terms of the presence of certain elements. His inno-
vation consist in his willingness to consider extending the
class which for Lavoisier had oxygen as its unique member, to
comprise oxygen and chlorine. In fact Berthollet had hinted
previou.slys that substances other than oxygen might be able to
confer acidity and Gay-Lussac was quite prepared to accept this.
By 1814 Gay-Lussac had extended the group of acidifying princip-
les to include iodine, sulphur and even nitrogen. He believed
then that a satisfactory theory of acidity could be established
by considering the relative amounts of "competing” elements in
a compound, the one exerting en acidifying effeot and the other
an alkalising effect, and in a supplement to his 1814 major
memoir on iodine he tried to work this outg.

Davy, like Gay-Lussac and most other chemists in the early
years of the nineteenth-century worked within the general frame-
work set up by Lavoisier but he differed from Gay-Lussac in his
tfrequent rebellions agalnst the great eighteenth-century French
chemist. There are many instances of this ambivalent attitude.
Having demonstrated in 1807 that potash and soda were composed
of new metals with oxygen, he thought that he had also demonst-
rated the presence of oxygen in ammonia and he concluded trium-
phantly:

"Oxygen then may be considered as existing in, and as farming,
an element in all the true alkalies; and the principle of acidi-
ty of the French nomenclature might now likewise be called t he
principle of aloalasoema"m.
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#e may note in this passage once again the acceptance of the
idea of property-bearing principles this time combined with a
scathing attack on the actual application mage of this idea by
Lavoisier. Lavoisier's theory could apparently be stood on its
nead.

Actually Lavoisier had been quite aware that alkalis could
contain oxygen and this may be a convenlent opportunity %o clear
up a potential misunderstanding. Onme assumption we might tend %o
make is that any theory of acidity would be based on a fundamen-
tal distinction between acids and alkalis. This need not be so,
and it was certainly not the case for Gey=Lussac, who developed
Lavoigier's theory and placed these apparent opposites within
the same class:

"All the combinations which bodies form may be divided into
two sets. In the one there is perfeot neutrality; in the other
acidity and alkalinity"'l.

Although Davy's experimental evidence of the presence of
oxygen in ammonia was soon refuted, we can understand that
Davy's active mind should have been searching for an altermative
approach to the problem of acidity. His experiments with iodine
provided a basis for a new approach. He reminded chemists that
the properties of compounds are not necessarily related to tho-
se of their constituents. In a memoir sent to the Roayl Society
in January 1814 he suggested that:

"acidity... seems to depend upon peculiar combinations o
matter and not on any peculiar elementary prinniplo"“a. He made
the same point again the following year:

"acidity does not depend upon any peguliar elementary sub—
stance but upon peculiar gombingtiong of various substances" .

This may be considered on a second theory of acidity.

But while Davy was thinking of these lines, Gay-Lussac was
advancing a third theory according to which the property of
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acidity was a consequence of the internal arrangement of the
atoms in a compounds

"the arrangement of atoms (molgguleg) in a compound have the
greatest influence on the neutral, acidic or alkaline character
of the ooupou.nd.“'"'.

Such a statement did not come easily from the pen and the
disposition of their partialaa"ﬁ.

Having no direct means of knowing the internal strugture of

matter, Gay-Lussac felt that a sclentist should not pronounce
of the subject. His unease with this "atomic" conception is al-
so suggested by the fact that he was simultaneously trying to
construct a viable theory of acidifying principles. The fact
that he proposed such an “atomio™ theory agalnst all his inatin-
cts is to his oredit and can be explained by his study of or-
ganic compounds, in which he was one of the first to appred ate
the phenomenon of isomeriam.16

His remark quoted above about the crucial importance of the
arrangement of particles was made in the context of his obser—
vation that acetic acid and cellulose contained the same ele-
ments in the same proportions, yet onme was acidic and the other
neutral. Yet Gay-Lussac's unwillingness to pursue wholeheartedly
the implications of a structural theory of acidity enabled his
rival, Humphry Davy, to claim oredit for this.1?

In 1816 Davy emerged as the chemplon of this structural theo-
ry of acidity and far from aknowledging any debt to Gay-Luasac,
on this occasion he launched a bitter attack on the French che-
migt for his "attempt to introduce into chemistry a dootrine
of occultqualities and to refer to some mysterious and inexpli-
cable energy what must depend upon a peculisr corpuscular arran-
geunt"18.

Davy had obviously forgotten hls own earller adherence to
this "dootrine of acoult qualities™ and one wonders what had

caused him to change his mind. No chemist was working on the
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problems of acidity in isolation and just as Gay-Lussac's study
of organic compounds had led him to a new hypothesis, in the
case¢ of Davy it was the problem of the composition of diamonds
which had influenced bim. In a paper read to the Royal Society
in Februar; 1814 Davy considered that the only plausible expla-
nation of the physical difference between diamond and charcoal

must be a difference in chemical compoaition19

yet four months
later, having failed to detect any such difference after repeat-
ed trials, he was driven to couclude that the difference must
depend upon crystalline from related to their respective "corpus
-cular a.rrangement:a"ao.

Thus in 1814 the world's two foremost chemists independently
were driven towards a corpuscular arrangement view of chemical
phenomena in quite different contexts. Gay-Lussac and Davy ap-
plied it in turn to explain the rapidly expanding group of acids.

To sum up, I have suggested in the paper a rather different
interpretation of the history of theories of acidity vhan is
provided by the traditional broad view of Lavoisier's oxygen
being replaced by hydrogen as a principle of acidity. In what I
see as the crucial period (1810-1816) there were, I think, three
main theories of acidity and each was adopted successgively both
by Gay-Lussac and Davy. The first I call the constituent theory;
acidity depends either on the presence of oxygen (Lavolsier) or
of elements similar to oxygen (e.g.chlorine, Davy). The failure
of this thedry to include all acidic substances led to a second
theoryi According to this acidity does not depend upon any ele-
ment or elements as guch but rather on these elements reacting
with other elements to form particul;r compounds. The third
theory was based on the growing evidence that the properties
of compounds depended not only on elements present, and their

proportions but also on their grrgngement. This theory has obvi-
ous implications for the whole of chemical theory and particu-

larly tor organic chemistry. As far as theories of acidity go
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however, this development has been obscured by the introduction
at the same time by Gay-Lussac of the new class of hvdracid321.
This enabled him to reconcile Lavoisier's oxygen theory of acidi-
ty with experimental evidence of acids devoid of oxygen, particu-
larly hydrochloric and hydriodic aclds. This was obviously the
first step in the development of a fully-fledged hydrogen theory
of acids, which is however another atoryzz.

In this paper I have drawn attention to the alternatives of
a chemical and a physical theoty of acidity. It was not only
Dalton but also Gay-Lussac and Davy who reached back to the se-
venteenth-century for a corpuscular theory in order to account

for new phenomena.
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David hKnight (Great Britain)
SYNTHESIS OF QUALITIES IN NINETEENTH-CENTURY
CHEMISTRY

In Book XLII of his Philogophy of the Inductive Sciences

William whewell discussed the place of the sciences in a general
intellectual education. Natural philosophy and mathematics -
egpecially geometry - had an important place in his scheme, for
through them clarity would be given to our conceptions of space,
number, and force; and moreover t hey would provide strenuous
exercise for the mind, increasing its strength and activity.

The capacity for exact thought could only be acquared through
the labour of close thinking; and natural philosophy was an ex—
cellent discipline. But there were dangers in the uancontrolled
use of the deductive method, as #hewell had pointed out in his
criticism of Laplace's atonism and cosmology; natural histary
was an important corrective tor such habits of thought, leading

us to luok at things rather than books and not to take defini-
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tions too seriously. Natural philosophy and natural history
could therefore profitably be studied by everybody; but chemis-
ry was still incoherent and could not "with any advantage, form
a portion of the general intellectual education". Sir John Her-
schel had likewise commented upon the lack of an adequate theory
in chemistry; and for Augusts Comte the subject was an erudition
rather than a science. To thogse trained in the rigorous discip-
lines of mathematics and natural philosophy, chemlstry must have
seemed a mass of illrelated facts and manipulative technique s3
and this impression sccords with a cursory view of the multi-vo-
lume Systems of Chemistry of the early nineteenth centuryl
Whewell's remarks were written in the 1840's; by then che-
mistry had perhaps passed the pesk of its popularity. About
1800 very large audiences indeed had flocked to hear chemical
lectures; and the science had aroused the passionate interest
of - among others - Shelley and John Henry Newman. They were not
excited by mere heaps of facts, however unexpected; and we can
without difficulty find philosophers also who took a higher view
of chemigty. 'hus John Stuart Mill wrote of "that favourite of
my boyhood, Thomson's System of Chemistry™; Schelling described
the enthusiasm aroused by the study of "the most active phenome-
na of nature, such as electricity and chemical change", which
had produced the view that the key to the explanation of all
natural phenomena was to befound in chemistry; and Coleridge
described chemistry as poetry substantiated. Schelling admitted
the incoherence of chemical theory: "the more all explanation
of nature has been reduced to chemistry, the more difficult
chemists have found it to account for chemical phenouns“z. It
was possible to0 make a virtue of this, seeing with Humphry Davy
theories as artificialarrangements”" of racts; but what attracted
philosophers to chemistry was not at this period usually itis
empirical nature. Rather it was that chemistry railsed important
general questions although it could not answer then satisraoto-
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rily; its very incoherence could be seen as evidence of vitali-
ty and progress which contracted with the "well-established
idees'" in vhose sciences which Whewell relt proper for a general
education. ¥hat these general gquestions were can be seen from
Whewell's book, where he discusses in Book V and VI the sciences
depending upon polarity in general, and chemistry in particulas.
Whewell believed that a science consisted of a clear Idea
imposed upon numerous facts; for chemistry the Idea, which B8de-
termines the philosopher's researches into the unknown, and gi-

vas us the form of knowledge even before we possess the matter",

would be derived from the principle of polarity. Davy had intro-
duced polarity into chemistry; his ideas had been general or
even vague, and the attempt to give precision to them had led
to the introduction of features which it was afterwards found
necessary to abandon. These "superfluous and precarious partas"
were gradually dropping off, and Faraday had concluded that"
chemical synthesis and asnalysis must always be conceived as
taking place in virtue of equal and opposite forces, by which
the particles are united or separated". Further, the connex on
of themical , electrical, magnetic and optical polarities was
"gertain as a truth of experimental science™; and had often
been a regulative principle for eminent scientists, giving t heir
work "a charaoter of generality and self-evidence which experi-
ence alone cannot bestow". Such principles needed to be tested
olearly and decisively at every stags; and chemists had not yet
brought complets consistenocy into their ideas of polarit‘ya. Tur-
ning then to chemistry, the science of the composition of bo-
dies, Whewell explored the question of chemical synthesis and
argued that atomism cannot provide a satisfactory basis for
chemistry.
The soience had gone astray when in place of the "obscure and
recondite” Idea of Elementary Composition man had chosen some

idea more obvious, more luminous, or more familiar. The first
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such error was the assumption that compounds derived their
qualities by resemblance; they were not because ‘the,y contained
a hot element and so on. Yhewell criticised this as "baseless
and unphilosophical™, remarking that '"the common operations of
chemistry give rise in almost every instance to products which
bear no relation to the materiale employed". He does not say
80, but this idea lies at the basis of Lavoisier's chemistry,
in the doctrines of acidity and of heat; which had peen in
sngland and in Germany criticised as materialistic. whewell
also criticised the Newtonians' theory that attraction similar
to that observed in the gpheres of astronomy and mechanics was
responsible ror the phenomena of chemistry. 'hese views had not
helped anybody to explain or to classify; and until "some ad-
vance of vhis kind can be pointed out, we must necessarily con-
sider the power which produces chemical combination as a pecu-
liar principle, a special relation of the elements, not rightly
expressed in mechanical terms™?,

Chemigtry was the real not of gttraction but of elegtiye
affinities. Whewell called attention to the comparison made by
Boerhaave, and echoed by Dumas, of chemical combination and
marriage; which "contains this truth that the two become one
to most intents and purposes, and that the unit thus formed
(the family) is not a mere juxtaposition of the component parts".
He did not refer to Hegel, who in his Logigc includes love and
friendship under “chemism" and for whom chemistry marked tie
highest inorganic level on the way towards the self-stimulating
and self-sustaining process of organism. For Hegel, the chemical

process was a transmutation, a flux of accidents in which all
properties change; only the organism can maintain its individu-

ality. For Whewell, on the other hand, divorce is possible when
marriage has taken place; he gives credit to Mayow for percei-
ving that elements are not destroyed on combination, but can

be recovered from it. The conception of analysis and synthesis,
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each supposing the possibility of the other, was for him the
fundamental principle of chemical operations. Affinity must be
¢lective and definite; if not, the world would be all "confusi-
on and indefiniteness", whereas we know it to consist of bodies
of different and distinguishable kinds”.

For #hewell, the ultimate particles of bodies are held toge-
ther by powers which contain the reason for all their properties;
"if these forces are not the cause of these peculiarities, what
can be the cause?". Composition must determine properties; Davy
was right to suppose that there must be some chemical difference
between charcoal and diamond. Here Whewell differed from Davy's
final view, that charcoal and diamond were chemically idemtical
and that properties depended upon the powers or forces and not
upon material components; indeed here Whewell seems perilously
close to the view he had earlier condemned as "baseless and
unphilosophical™, that compounds derive their qualities by re-
semblance. Coleridge's opinion was very different; the "charm
of chemistry; and the secret of the almost universal interest
excited by its discoveries" was that it revealed the unity of
principle through all the diversity of forms in the inorganic
world similarly. Humboldt interrupted his reflections upon the
plants of Bouth America to remark that the "phenomena of vege-
table chemistry, clearly prove that substances composed of iden-
tical elements, few in number and proportional in quantity,
exhibit the most heterogeneous properties, on account of that
particular mode of combination which corpuscular chemistry ¢ alls
the arrangement of the particles“ﬁ.

Neither Whewell nor Coleridge could have accepted that jux—
taposition or particles could give rise to chemical differences.
They sought a dynamical framework, and in this they had verlous
allies and followers down to the time of Ostwald at the begin-
ning of the present century?. Chemistry did lack throughout the

nineteenth century an adequate and generally accepted theoxy
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of chemical synthesis. Nevertheless, chemical energetics am
valence theory were gradually developed; chemistry was not
incoherent unless one demanded to the most general gquestions.
Manipulative ablility was essential to the chemist as it was
perhaps not to other scientists; the greatest chemists displayed
rare ability to turn apparatus to new uses; and perhaps similar—
ly to bend theories to suit their purposes, and to throw them
out when their usefulness was over. Chemistry was not a neat
deductive system to be contemplated; it did not lend itself
happily for.example to being treated as material for a Bridge—
water Treatise proving the goodness of God. But if one wanted
like Coleridge to find in the sciences "the exhilarating sur-
prise and the pleasurable sting of curiosity™ then one could
have found it in the chemistry of Whewell's day and his Jjud-

gement of its educational value seems haraha.
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JeanClaude Guéden (Canada) .

LE LIEU DE LA CHIMIE DANS L'ENCYCLOPEDIE DE DIDEROT

81 l°'Bncyclopedie s fait recemment lfobjet d‘etudes genera-
les tras serieuses et tres poussees (1), les etudes qui se con-
centrent sur un aspect particulier de cette meme Encyclopedie

son encore relativement rares, La chimle n‘'echappe pas a cet etat
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de faits, en depit de deur articles qui furent publies lors du
deuxieme centenaire de cette grande entreprise (2).

Une etude de ce genre presente pourtant de nombreux avanta-
zes, On peut deja soulirner que la chimie qui va etre exposee
dans une oeuvre collective comme I'EEPEPEEEEQEE sera, elle-meme,
l'aboutissement d'efforts collectifs. Par cela meme, les diver-
gences et les accords de la facon de penser d'une epoque histo-
rique seront mieux eclaires que par l'etude, plus classique il

est vrai, d'une personnalite ou d'un concept donne. On peut en-
suite remarquer que toute entreprise encyclopedique vise d'une
facon ou d'une autre a fixer les connaissances d'une periode.
Ctest, si l'on veut, le jugement d'un age par lui-meme: 1'histo-
rien peut alors mieux eviter le traguenard qui nous guette tous
en histoire des sciences, la projection des idees contemporaines
sur le passe,

Cela dit, il est clair que je ne peux guere, pendent les
quelques minutes qui me sont allouees, faire une description
complete de la chimie de l'Encyclopedie (3), aussi me limiterai-
Jje simplement a un aspect particulier de cette question, Je vails
donc tenter de tracer a grands traits l'espace ou se loge cette

oeuvre theorique gqul se cache derriere le mot de chimie,

Ce lieu se trouve forcement a l'intersection de deux grands
axes, Il y a, d'un cote, une histoire, ou diachronie, pour rep-
reodre un mot a la mode; de l'autre, on decouvre une classifica-
tion des sciences ou synchronie,

Ou en etait la chimie d‘*apres les encyclopedistes? Deux in-
dices peuvent nous guider a cet egard: il y a d'abord L'attitude
des encyclopedistes en face de l'alchimie et puis on retrouve
empiriquement, par la lecture des textes, la repetition d'une
opposition de termes: chimie moderne et chimie ancienne.

L'alchimie, c'est a la fols alterite et tentation, Ainsi on
lit: "Dire que l'Alchimie n'est qu*une science de visionnaires,

et que tous les Alchimistes sont des fous ou des imposteurs,
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c'est porter um jugement injuste d'une science reelle a laquelle
deg gens senses et de probite peuvent s'appliquer: mais aussi il
faut se garantir d'une espece de fanatisme dont sont particulie-
rement susceptibles ceux qui s'y livrent sans discernement..."(4)

Mais en quoi reside cette tentation? D'abord eu ce que, dit-
on, ctest"la chimie la plus subtile,.." (5). Il y a donc conti-
puite enptre les deux sciences au niveau de la theorie, De plus
"Il se peut aussi que la chimie ait,.. ete portee a un si haut
point de perfection, qu'elle ait pu faire des choses gque nous
ne pouvons faire aujourd'hui, et que nous ne comprenons pas
commet il serait possible que lt*on executat" (6).

L*histoire recele donc peut-etre des tresors caches que
l'alchimie possede et sans lesquels la chimie voit ses progres
retardes (7), et la se trouve bien le noeud de la questicn,

Cette ideologie du progres qui transparait dans toute 1l'kEn-

cyclopedie fait donc un detour par l'antiquite chez les chimis=~

tes: dans l'ancienne querelle entre les anciens et las modernes,
on voit donc que les chimistes prennent le cote de ceux-1la,

Mais ces anciens, paradoxalement, s'octroient le titre de
modernes et s'opposent fermement a une chimie ancienne qu'il va
oous falloir definir,

De leur point de vue, ce qui caracterise la chimie moderne,
c'est son mode operatoire fondamental qui n'est plus le feu, mais
l*analyse menstruelle, "On analyse par combinaison, par precipi-
tation, par extraction, par intermede: c‘'est ainsi que les chi-
mistes modernes appellent la voie de proceder a l'examen chimi-
que des corps, en separant par ordre leurs principes constitu—
tifs par le moyen de la dissolution partiale et successive" (8).

C'est l'introduction de l‘'analyse menstruelle (9) qui a fait
progresser ce champ de connaissances que l'on appelle la chimie,
Par consequent, on peut facilement s'opposer a cette vieille chi-
mie qui se limitait au feu de facon dogmatique, Peu importait

aur encyclopediastes que l'analyse menstruelle ne fut pas si mo-
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derne (10), ce qui compte c'est la prise de conscience d'une
situation qui permet de ce definir par rapport et par opposition
au passe (11). Nous pouvons donc conclure cette premicre partie
en rappelant que l'encyclopediste se voyait precede d'une chimie-
alchimie antique, potentiellement de grande valeur, et d'une
chimie ancienne a laguelle il s'oppose et par rapport a laquelle
il mesure ses progres.

Reste a reconpaitre maintepnant la place de la chimie par
rapport aux autres sciences ou, si l'on prefere le curollairé de
cette question, par quelle methode et en quel objet la chimie
trouve-t-elle sa specificite?

Il faut tout d'abord bien mettre en relief le cote "imperiali-
ste" de la physique au dix-huitieme siecle,

Vers la fin du siecle, Sigaud de la Fond definira la physi-
que comme etant "..., a proprement parler, la science des corps.
Son objet est de determiner leur nature, leurs proprietes, les
lois auxquelles ils sont soumis, les effets qu'ils produisent,
et de rendre, en un mot, raison de tous les phenomenes naturels"
(12).

Une definition de ce penre englobe naturellement toute la
chimie, ce que Sigaud de la Tond accepte avec une belle logique,
(13) et c'est contre cette pretention de la phyeique que 1l'Cncy-
clopedie reagit: d'une part clle rejette la philosophie corpus-
culaire d'un 3oyle (1¢), d'autre part, elle refuse l'extension
de l'attraction Mewtonicnne aux phenomenes de la chimie (15).
Elle refuse la matiere homogene, quest une consequence necessaire
du concept de l'attraction universelle, et la loi drattraction
elle-meme pour leur substituer respectivement une matiere hete-
rogene (16) et le couple chaleurrapport (17).

Cette vehemente reaction contre le monopole pretendu de la
physique, quelle qu'elle soit, entraina un deplacement de 1l'ob-
+-t de la chimie par rapport a celui de la physique. La matiere
chimique est differente de la matiere physique, et par la, lu
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chimie peut s'eriger en science independante, Il serait aise
de montrer, si nous en avions le temps, qu'il en fut de meme poor
la methode,

Une autre consequence, plus subtile celle-~la, derive aussi
de ce deplacement, "n effet, en s'opposant a la physique, la
chinie se definit et n'a donc plus besoin de s'opposer a l'alchi-
mie comme le faisait un Lemery, Bieo au contraire la chimie peut
alors se retourner vers cette alchimie mysterieus et trouver
en elle lrvinspiration de sa specificite et de son independance
vig a vis de la physique, C'est dans ce sens, et non a cause
d'un pretendu romantisme (17) de Jacobin que Venel appelle de
tous ses voeux un nouveau Paracelse: comme l'ancien docteur, il
rejettera les traditions, cette fois physiques, pour etablir la
chiimie sur ses bases propres.

Quel nom peut-on donner a cette chimie contestataire? Je pro-
posc de lrtappeler chimie rouellienpe, et ceci pour plusieurs
raisons. D'abord un grand nombre des collaborateurs chimistes de
1l'Cncyclopedie ont ete des disciples de Rouelle, Mais, et de fa-
con plus decisive, de Ratte lui-meme analysait l'attitude de Ve-
nel de la facon suivante: "Un point, qui dans cet article (chimie)
parait lui tenir infiniment a coeur, est une espece de partage
qu'il pretend faire entre la physique et la chimie en assignant
a l'une et a l'autre des objets separes,,, Tout ce sgysteme de
division porte uniquement wur l'idee restreinte que 1,Venel,

apres M.Rouelle (je souligne), s'etait faite de la physique,.."”

(18) on retrouve cette there dans le cours de chimie de Rouelle
tel qu'il subeisten en un certain nombre -de manuscrits,

Je distinque, aussi la chimie encyclopedique de la chimie
stahlienne (13) parce que les encyclopedistes, tout en reconnais-
sant volontiers l'importance de 5Stahl, ne se privent pas de le
critiquer quand il le faut (20) ou de montrer qu'ils ont bien

pro~resse par rapport a ses travaux.
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En appelant cette chimie, chimie rouellienne, on evite donc
de la presenter comme une chimie imitatrice et sans ori_inalite

et on met en evidence le role tres important joue par l'ecole

de Rouelle dans l'histoire de la chimic francaise pendant que

1*Encyclopedie paraissait.,

‘HOTES -

(1) Je pense en particulier aux travaux de MM,PROUST, LOUGH et
SCHWAB,

(2) On trouvera ces articles de MM. DAUMAS et PLANTEFOL respec-—
tivement dans la Revue d'histoire des sciences et les Annales
de ' l'Universite de Paris,

(3) Crest la }e but d'une these sur laquelle je travaille actuel-
lement,

(4) Article Alchimie, Encyclopedie, I, p.249 b,

(5) Alchimie, I, p.248 b,

(6) Alchimie, I, p.249 a,

(7) Alchimie, I, p.249 a,.

(8) Article Menstruelle, apalyse, Encyclopedie, X, p.342 b,

(9) On peut remarquer, en passant, que l'analyse menstruelle ne
s'oppose pas a l'analyse par le feu, mais 1l'englobe plutot,
puisque le feu n*est qu'un menstrue particulierement efficace,
peut-etre le plus efficace, suivant l'opinion des auteurs du
temps.

(10) Ce que M.lLarry Holmes soulignait dans une conversation que

nous avons eue recemment,

(11) Il s'agit d'un passe relativement proche: la chimie francai-
se de 1750 s'oppose a celle de Nicolas Lemery, comme celle
de Lemery s'oppose aux paracelsiens, et suivant la meme

opposition entre une "chimie moderne"™ et une "chimie ancien-
nen,
(12) Article Phyeique, Dictionnaire de Physique, Sigaud de la
Fond (Paris, 1781)
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(13)

(14)

(15)

(16)

(1n

(18)

(19)

(20)

Article Chymie, ibid. "Lune des plus importantes parties de
la physique qui nous apprend a decouvrir la nature et les
proprietes des corps par leurs analyses et combinaisons",

Article Chymie, Encyclopedie, III, p.435 a-b.

Article Mixte, Encyclopedie, X, p.586 a,
Article Precipitation, Encyclopecie, XIII, p.271 b,

Article Gravitation, Encyclopedie, VII, p.872 a.

Article Miscibilite, Encyclopedie, %, p.574 b.

Article HMixte, Encyclopedie, X, p.585 b - 586 a.

Article Principes, Encyclopedie, XIII,p.376 a. M.Thackray,

dans son livre recent intitule "Atoms and Powers" (Harvard,

1970), a mis en valeur le caractere d'obstacle que la phy-
sique pewtonienne presentait au moips implicitement a l'ela-
boration du concept d'element chimique.

These soutenue en particulier par M, Gillispie,

Voir son article dans Critical problems in the History of

Science, M.Glaggett, editeur (University of Wisconsin Press)

Assemblee publique de la Societe royale des Sciences

(Montpellier, Jean Martel, 1776), p.T6.

Mademoiselle Rappaport, au contraite, souligne l'identite
profonde entre la chimie de Rouelle et celle de Stahl dans
ses deux articlee blen connus qui parurent dans Chymia,
Voir par exemple, l'article Nitre, Encyclopedie, XI, 155a-b.

A.M. Duncan (Great Britain)
WAS HEAT A CHEMICAL IN THE EIGHTEENTH CENTURY?

The obvious response to the question, 'Was heat a chemical

in the eighteenth century?' is that it is a meaningless question,

because the distinction between chemical substances and such

measurable but insubstantial quantities as heat or energy or

electric charge had not yet been made clear, The point of asking

the question, then, is to show that as chemists' concepts of
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what precisely was to be counted as a chemical substance matured
during the century, so the position of heat became more and more
of an anomaly. Occasionally a chemist would face up to the diffi-
culty, but more often it was found possible to avoid it because
right to the end of the century there was some vagueness over

the list of chemical elements and compounds, and because if the
ambiguity over the nature of heat had been removed difficulties
would have been raised elsewhere, )

At the beginning of the century it was still quite normal to
ugse either the ancient Aristotelean notion of elements, according
to which although the elemente Tarth, Air, Fire and Water were
substantial they were interconvertible, so that there was no
reason to suppose that tha weight of one element going into a
reaction would be the same as that emerging. It was also quite
normal to use the three principles, Salt, Sulphur and Hercury.
However, it was often not clear whether these principles were
unchangeable substances of constant weight, so that the theory
meant that the compounds handled in the laboratory were actually
made up of such materials and nothing else and could be analysed
into them, or whether it meant that the principles were insub-
stantial essences which impartec properties to matter but were
not to be thought of as actually constituting matter,

Interconvertible elements or insubatantial principles were
of little use to the practising chemist, who wanted to know what
substances were actually made up of, Increasingly chemiasts tried
to think of reactions as a change of partnership between substan-
ces which were themselves unchanged, and even to think in terms
of the weights of the various substances involved, For interpre-
ting reactions in this way the traditional notions of elements
or principles was of little use, Many chemists in the late se-
venteenth century and the early eighteenth century made their
own selection from the names of the ancient elements and princip-

les, sometimes adding Acid and Alkali, in ap attempt to produce
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a set of fundamental substances which was of practical use in
interpreting observed reactions, Tor instance, G.E.Stahl, fol-
lowinz J,J,Becher, said that all substances were composed of
water and three sorts of earth, corresponding rougly to sulphur,
mercury and salt air being another principles which seldom if
ever entered into combination,

Nevertheless, such modificatione of the traditional lists
of .principles were not enough to interpret laboratory results
convincingly. Although in textbooks the chapter headings are
often still the names of the old elements and principles, within
the chapters we find that the substances spoken of are much
more like the elements and radicals which are today recognized
Es the basis of imorganmic chemistry. Earfh becomes earths, and

within the phlogiston theory the metals are compounds of. such
earths with phlogiston and thus accommodated within the conventi-

onal frame-work. Acid and alkall become plural, and in the seoond
half of the eighteenth century ‘fair* becomes 'different kinds of
air', If we want to see a list of what a conventional chemist
thought of as being the basic materiale of chemistry, as opposed
to the official chapter headings, we have to look at the heads

of the columns in their affinity tables, Affinity was thought of
ag a fundamental and characteristic property of all chemical sub-
stances, and it was natural to use this property to classify them
in an age which looked especially for-order and pattern,

As far as physics is concerned, there were at thq beginning
of the eighteenth century two main typee of theory about the
pature of heat. One wﬁs that heat meant the movement of particles
of which matter was composed, and the other that it was some kind
of substaace. Early in the century some chemists ~ for imstance,

Stahl himself in his Opusculum Chymico-Physico-Medicum- accepted

the former theory, that heat was the motion of the particles of a
substance, However, the theory that heat was a substance gained
ground, It was developed to some extent by Boerhaave, and the
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work of Joseph Black made clear the distinction between what
would now be called temperature and quantity of heat and made it
possible to measure the quantity of heat in terms of the rise in
temperature of water, The view that heat was the movement of
invigibly small particles was enbarrassing to chemists because

it referred to what was in principle unobservable and was there-
fore speculative, Cn the other hand, the notion that such phenome-
na as heat, light and electricity were due to imponderable fluids
appealed to them because such a mechanism seemed to be natural
and to avoid unnecessary speculation, However, there was still
plenty of room for differences of opinion about whether heat was
the same substance as light or electricity or not, and about whe-
ther it was a simple substance or a compound. Also it might or
might not be the same as Fire, For instance Bergman in his Dis-

sertation on Elective Attractions gives a list of possible views

oo the nature of fire, which he regarda as the action of heat
when increased to a certain level., Rejecting the view that it is
the motion of particles, he gives as the chief current opinions
(1) that fire is the same substance as light, which when it en-
ters into chemical combination becomes phlogiston Superficially
at least this would explain what happens when something burns,
but hargman_rejecta it because phlogiston had been shown to be
the same as inflammable air (thst is, io modern terms hydrogen);
(2) that elementary fire is quite distinct from phlogiston, the
one expelling the other from chemical combination; (3) that heat
is a compound of phlogiston and vital air, This theory, which
Bergman favoured, would explain the removal of free oxygen from
the atmosphere on combustion, where as the contraction in volume
of anenclosed body of air when something burns in it may still
be explained by supposing that the heat formed passes through the
enclosing vessel or is absorbed. Absorption would account for
the burnt substance*®s increase in weight. Later Bergman mentions

the theory of the Irish chemist Kirman, whom he apparently counte
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as English, that vital air (i.e. what was later called oxygen)
and phlogiston combined to form carbonic acid, As the reasons
why the differences in specific heat of substances are not pro-

portional to the differences in specific gravity Bergman gives
the variations in the attraction of the substances for heat and

in the surface area of their particles,

Thus the theory that heat was a definite substance could
be used to explain some of the important phenomena of chemistry.
If then, heat was a cefinite substance, we should expect to see
chemist attributinr certain characteristice to it, I'irst, as the
tendency to think in terms of weight grew during the century we
should expect to see attempts to weigh heat, Secondly, we should
expect to gsee heat includec in lists of subetances such as the
headings of sectiones of textbooks or the columns of affinity
tables. Thirdly, we should expect to find attempts to estimate
the strength of its affinity or chemical attraction and conse-
quently to place it ip affinity tables, Fourthly, we should ex-
pect to see a search for some chemical properties of heat other
than the tendency to make things hot.

As is well known, various experiments were carried out during
the eighteenth century to determine whether heat had weight. Boer
haave, for instance, found that lumps of iron and of copper weig-
hed the same when they were hot as when they were cold. Buffon,
on the other hamd, claimed to detect a slight loss of weight on
cooling a white hot mass of iron, Roebuck, Whitehurst and Fordyce
were unable to confirm Buffon's conclusion, and Black beljeved
that heat had no weight. In 1799 Rumford published an even more
thorough investigation of the possibility that heat had weight,
from which he also concluded that it had not. However, the ques-
tion is not very much considered in textbooks of chemistry in the

later part of the century,
Turning to liets of chemical substances, if we look at the

headings in textbooks we f£ind that although in an introductory

gection dealing in a theoretical way with the principles or ele-
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ments it is common to include Fire, when it comes to the part
of the book which deals with actual practice these fundamental
principles tend to be left out of account, and Fire does not get
mentioned among the substances actually taking part in rcactions,

Fourcroy, indeed, in his Elemens d 'Histoire Naturelle et de Chimi

makes it clear that heat is a chemical agent, which is evidently
not the same thing as an ordinary substance.

It was common enough to explain phenomena as being due to
the attraction of heat, and so one might expect heat to be regu-
larly included in affinity tables. However, out of twenty-five
independent affinity tables of one kind or another which I have
studied, only one, the second and enlarged version published in
1783 of Bergman's Table of Elective Attractions, includes heat.
A few tables include Fire or Matter of Fire, and a table accom-=
panying manuscript notes of Black's lectures includes Flame at
one point, Lavoisier, whose famous table of Simple Substances
owes much to Bergman's Table and includes Calorique or FKeat, does
not give a table of the affinities of Heat as he does for many
of the other substances in his list of simple substances, Yet
Larth, Water, Phlogiston, and later on various kinds of Air, are
common in affinity tables,

Bergman does tend to carry current lines of thought through
to their conclusions more thoroughly than his contemporaries. For

instance, he does calculate the actual weight of phlogiston occu-
rring in various metals.,; It was typically honest of him to face

up to the question of whether or not heat should be included in
the classification. However, even he is not consistent, The divi-
sion of his table into separate sections for reactions in the
wet way and the dry way, that is at low and high temperatures,
which is its chief point of novelty, implies that heat plays a
different role from that of an ordinary chemical substance; and
the table of diagrams of reactions involving three or four sub-
stances shows heat not as an ordinary substance but in the midd-
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le of diagrams showing reactions in the dry was as an accompa-
nying circu~mctance va‘her than uas taking part,

As for the fourth point, it is very hard indeed to find any
cxamples of chemists even enguiring whether heat has any other
chemical properties apart from its obvious phvzical properties,
we must concluée, then, that althouigh most eiglhtecnth century
chemists favoured¢ the view that heat wis a4 substunce, they con-
tinued to think of it as u vague principle and did not imake the-
ir concept of it morc precise und more operational as they did
for other substunces. Indeeu, the contrast with heat briuzs cut
morc clearly the changes in attitudes to other subatances. It
remains only to ask why thic ciffercrnce in the concept of heat
wug retained., The answer is largely no doubt that without for-
mulating it to themselves or putting it into words chemists just
did not think of heat as being answer must alco be that
senge, However, part of the answer must also be that the prob-
lems involved in treating eat as an ordinary substance, such as
that of its weight and its place in an affinity tablc, were a

strong deterrent,

Karl Hufbauer (USA)
EXTRASCIENTIFIC FACTORS IN THE ANTIPHLOGISTIC

REVOLUTION IN GERMANY

Early historians of the antiphlogistic revolution in Germany
generally portrayed it as the victorious struggle of Lavoister's
truth-seeking German allies against his nationalistic enemies.
This interpretation was effectively challenged in the late nine-
teenth century by Kahlbaum. de established that not only the
German friends of Lavoisier's theory but also its foes had sei-
entific grounds for their positions. However, in his zeal to
uphold the integrity of German science, Kahlbaum overlooked
half the story. Much evidence indicates that the controvirsia-
lists on both gides were motivated by ;xtrascientiric, as well
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as scientlfic, considerations. Today, I will briefly deacribe
the antiphlogistic revolution in Germany, then illuminate the
role of extrascientific factors om both sides of this contm-
versy, and finally, suggest the relevance of my findings to our
understanding of scientific revolutions.

Though Lavoisier had long been hoping to revolutionize che-
mistry, it was not until 1783 that he formulated the complete
theory which enabled him to do so. During the nextlt-o years
he converted several French physicists and chemists to his vi-
ews. Bmboldened by his success, Lavoisier denounced phlogiston
in mid-1785 as a Yhypothetical being, a gratultous agsumption".
The news soon spread through Europe, and by 1787 all serious
German chemists realized that Lavoisier was championing an
antiphlogistic system. However, very few took his views geriog-
1y before mid-1789. Then, his Treite became available and the
firgt German converts came forth, making it obvious that Lavoi-
sier posed a serious threat to traditional ways of thinking
about chemical phenomena. During the next three years the vast
majority of German chemists remained loyal to phlogiston. Their
main spokesmen were Weigleb, Westrumb, Crell (editor of the
Chemische Annalen), and Gren (editor of the Journal der Physik).
Despite the efforks of these men, a growing sect of German an-

tiphlogistonists emerged. In the Hapsburg towns of Vienna,
Shemnitz, and Prague the theory quickly triumphed. In northern
Germany it made much slower progress. Still, by the summer of
1792 Klaproth, Hermbstadt, Girtanner, Link and several promi-
nent friends of chemistry had sided with Lavoisier. The stage
was set tor the often-bitter debate over the composition of mer-
curic oxide which ran from that summer to the spring of 1793.
During this debate, Hermbstadt, Klaproth, and their allies dis-
credited Westrumb, Gren, and other critics of Lavoisier's accu-
racy. This was the revolution's turning point. From mid-1793

German phlogistonist acknowledged that they were now the ones
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struggling agalnst the prevailing view. And from 1795 more and
more defenders of phlogiston, though they might continue figh-
ting Lavoisier's theory in scholarly publications, taught their
courses and published their texts according to the antiphloges—
tic system. Thus, six years after its beginning in 1789, and
two years after reaching its turning point in 1793, the German
antiphlogistio revolution was essentially complete in 1795.

What considerations, in addition to scientific concerms about
possible shortoomings in Lavolisier's theory, motivated opposi-

tion to his new system? Particularly important was the cultural
nationalism which permeated the German world of learning, inclu-

ding the German chemical community. Initially, German chemists
regarded Lavoisler's theory as just another French fad. This
anti-French bias was explained by the physicist Lichtenberg

in 1794 when he observed that bhe and others had "received the’
new theory with doubt and even some contempt" because "Frame
is not the country from which the German expects enduring soi-
entific prinmciples. Shortlived brillisnce... (characterizes)
this people's smallest and largest productions, their pocket
wathes and their philosophical syatems..."z Nationalism also
found expression in patriotic allegiance to the concept of phlo-
giston. In late 1789, for example, Grem clalmed that his ver-
sion of the phlogiston theory had "rescued the German Stahlian
theory of chemistry™. Soon afterwads Crell wrote a friend that
Westrumb's recent work with chlorine provided "a new support
for our phlogiston which the French want to steal from us".

Besides cultural nationalism, scientific conservatism -am

understandable preference for old ways of thinking -- apparently
helped motivate opposition to Lavolasier. For instance, Achard
wrote Crell in 1790 that although Lavoisier's was the "most
clever theory" in circulation , he preferred "the old dootrine
of phlogiston". Again, in 1791 Crell opposed antiphlogistic
chemical terminology on the grounds that young chemists could
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not dispense with the work of their predecessors. Thus, the
loyality of some older chemists to phlogiston was probably
strengthened by predisposition for the ideas of their youth

and fear that their life work would fall into oblivion.
Finally, a desire to conform to the prevailing creed in

the German chemical community seems to have induced many
German chemists, especially minor omes, to remain phlogisto-
nists until after the tide turned in 17953. The best evidence
for this motive comes from anxious comments .of early antiphlo-
gistonists. In 1790 J.A.Scherer said it took "courage" to
combat "Stahl's doctrine of phlogiston on German soil". Agae-
in, in 1791 Hermbstadt still presented both theories in his
new text because it would be "impertinent" to do otherwise.
That same year Humboldt sounded out a friend about Gren's
possible "anger" at his conversion to Lavoisier's theory. In
sum, German phlogistonists apparently took their positions
not only for scientific reasons but also out of nationalisum,
congservatism, and a desire to conform to the prevailing view
among German chemists.

Like the German phlogistonists, the German antiphlogistoni-
sts were also influenced by extrascientific factors. At any
rate, it seems impossible to explain the German pattern of
conversions solely on the assumption that the converts were
guided only by their individual assessments of the contending
systems. Why did the antiphlogistic theory triumph among
Hapsburg scientists as early as 17907 Why were so many of
Protestant Germany's early converts either friends of chemist-
ry or young chemists and so few experienced chemists? Such
puzzles can be illuminated by taking account of various ex-
trascientific influences.

In contract to most German chemists, some early converts

aspparently regarded the theory's French origin favorably. For
instance, in Berlin Hermbstadt's pupil Wolff claimed in 1790
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that "if the new French discoveries can be completely confir-
med our present chemical system will undergo a revolution
Just as important for the chemist and physicist as the French
political revolution is for the friend of mankind"’. Similar
pro-revolutionary sentiments were even stronger at this time
in Hapsburg intellectual circles. Hence, some Hapsburg scien-
tists may also have been influenced by respect for the French
Revolution to adopt the revolutionary French chemistry.
Besides pro-French inclinations, a penchant for novelty
may have attracted some early converts, especially the many
in northern Germany who were under thirty, to Lavoisier's the-
ory. At least Wiegleb feared in 1791 that "an excessive parti-
ality for innovation" would soon lead someone to introduce
the antiphlogistic nomenclature into Germany. Later that year,
in fact, Girtanner published his "New Chemical Nomenclature
for the German Langusge'". Here, and generally in early anti-
phlogistic works, the oft-used word "new" was usually given
the sense of "modern" and "better". This usage refleots a deep
-geated commitment to innovation which probably, as Wiegleb
feared, redounded to the advantage of Lavoisier's new system.
Finally, most of the early converts were less susceptible
to pressures within the German chemical community and conse-—
quently more open to local or international pressures favoring
Lavoisgier. Fourteen on the twenty-two known converts either
did not intend to become chemists or were just getting into
chemistry. These men had little attachment to the German che-
mical community and its traditions. Much the same was true of
the five Hapsburg chemists among the early converts, for
they had always stood on the commmunity's outer edge. To
some extant, its was also true of the chemist Girtanner, sin-
ce he had frequently visitied Paris. In short all the early
converts but Hermbstadt and Klaproth were relatively free
to break out of the orthodox phlogistic framework.
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Summing up, neither Lavoigier's foes nor his friends in
Germany were guided solely by the spparent scientific merits
of the competing systems. They were variously influenced by
nationalistic fervor or revolutionary sentiment, by fondness
for old ways of thinking or zeal for new ones, and by greater
or lesser commitment to the Germasn Chemicsal community. However
in failing to behave like ideal scientists, these mea were
probably responding in the way that scientists commonly res-
pond to the unfamiliar stresses genmerated by revolutionary
scientific change. As Professor Kuhn has suggested, solentists
who are caught up in scientific revolutions have extreme dif-
ficulty communicating across the chasms which separate one
conceptual framework or "paradigm" from another. This being
the case, their decisions to remain loyal to one paradiga or
to convert to anmother must often be influenced, as they were
in the German antiphlogistic revolution, by extrascientifio
factors.

NOTES
1 I have dealth with this problem at much greater lenmgth in
my dissertation, "The Formation of the German Chemiocsal Com—
munity (1700-1795)" (University of California at Berkeley,

1970), Part III. See it for the sources of all quotations wi-
thout citations.

2 J.c.P.Erxleben, Anfengsgrunde der Naturlehre (6th ed., edi-
ted by G.C.Lichtenberg, Frankfurt and Leipzig, 1794), p.XXII

3 F.L.Schurer, Ab o toff... (translated by
]?.WDl.ff.Berlin.‘l'?'BO) ’ pliI-
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Irene Strube (DDR)

UBER CHEMIEHISTORISCHE WERTURTEILE UND MOGLICHKEITEN
ITHRER OBJEKTIVIERUNG

Ich mochte aus Zeitgrinden nicht, wie urspriinglich beab-
sichtigt, das Werk des deutschen Chemikers H.EKolbe in seinen
Einzelheiten analysleren, um das Ergebnis mit des bisherigen
Einschétzungen zu vergleichen, Ich mochte vielmehr gleich auf
die unterachiedlichen Wertungen himweisen, die sein Werk sei-
tens der Wissenschaftshistoriker erfahren hat und mochte hie-
ran ein paar allgemeine Uberlegungen ankniipfen.

Zwel markente Beispiele unterschiedlicher Wertungen sind
enthalten in der Geschichte der organischen Chemie von Hjelt
und in dem sowjetischen Lehrbuch fiir Geschichte der Philoso-
phies Bei Hjelt helsst ess

"Eines der Hauptziele sowohl der Strukturchemie als auch
der von Kolbe vertretenen Richtung wurde, einerseits vorhan-
dene Isomeriefdlle zu erklaren, andererseits Prognosen fir
noch unbekannte aufzustellen, Der erste Erfolg... fil Eolbe
zu”.

Die Bowjetischen Autoren dagegen stellen nur Kolbes wii-
tenden Angriffe gegen die Strukturchemie in den Vordergrund
und kommen so0 zu dem Schluss:

"Vom Standpunkt des extremen Agnostizismus und des plum-
pen BEmpirismus trat H.Eolbe ... gegen die atomaten Struktur-
vorostellungen auf ,.. Eolbe bestritt die Bedeutung des the-
oretischen Denkens in des Wissenschaft",

Solche unterschiedlichen Wertungen und Einschatzungen
sind in der Chemiegescnichtsschreibung keine Seltenheit., Man
begegnet ihnen nicht nur bel Kolbe sondern beispielsweise
auch bei G.E. Stahl, bei J.Mayow oder sogar bei A.L.Lavoisier.
So betrachten die einen die Phlogistentheorie Stahls als For-
schritt, andere bezeichnen sie als das schlimmste Hemmnis fir
die Entwicklung der Chemie im 418. Jahrhundert; die einen fei-
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ern Lavoisier als Initiator einer Revolution in der Chemie,
andere hingegen beschuldigen ihn des dauernden Plagiats und
versuchen nachzuweisen, dass des eigentliche Verdienst fiir den
Fortschritt der chemischen Erkenntnis J.Moyow, dem Vorl&ufer
zukommt.

Diese und ahnliche unterschiedliche Wertungen und Ein-
schatzungen mochte ich zum Anlags fiir meine prinzipiellen Ubver-
lagungen nehmen, an deren Anfanf die Frage steht: Ist es uber-
haupt muglich, eine Darstellung der Geschichte der Chemie zu
geben, die frei ist von subjektiven Ansichten des Historikers?
Gibt es eine historische Darstellung, die ein chemiehistori-
sches kreignis objektiv wertet und wenn ja, welches sind die
objektiven Massstiibe, an denen man die Bedeutung eines sol-
chen Ereignisses messen und es richtig oder besser gerecht in
seinen historischen Zusammenhang einbetten kann?

Eine Reihe von Historikern hat schon ahnliche Fragen
aufgeworfen, so in der Chemiegeschichte z.S. V.I.Kusnezov oder
A.J.Ihde mit seinem Artikel "Are there rules for writing his-
tory of chemistry?" U, s. nennt Ihde als wichtige Vorbedingun-
gens Grindlichste Eenntnis der Quellen, Vermeidung von Natio-
nalismus und anderer "ismen" und die Wahrung von Objektivitat.

Aber was heisst hier objeLtiv? Ich mochte unter gbjektiv
in diesem gegebenen Zusammenhang verstehen, dass man ein che-

miehistorisches Ereignis wertet in der Bedeutung, die jhm

o v t Entwic der Ch u . Die
Frage, die allerdings jetzt wieder entstungen ist und beant-
wortet werden muss ist, worin misst man den Beitrag, den ein
bestimmtes Ereignis zur Entwciklung der Chemie geleistet hat?

Einige theoretische Grundkonzeptionen, die diese Frage
beantworten konnten, sind von Wissenschaftshistorikern wis
B.M.Eodrov oder T.S.Kuhn bereits erarbeitet worden.

Dennoch zeigen m. A. n. die oft noch sehr unterschiedli-

chen, manchmal diametral entgegengesetzten Einschatzungen, da
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dass wir noch am Anfang mit diesen Bemuhungen stehen, Viele
Wissenschaftshistoriker helfen sich damit, dass sie alle chemie-
historischen Ereignisse in chronologischer Abfolge mach gewis-
sen Sachgebieten und Personen geordnet aneinander gereiht
darstellen, ohne zu werten und zu systematisieren, wass aber
bei der Mille des Stoffes nicht l&nger moglich ist,

Ich habe in der Absicht, einen grosseren Abschnitt der
Entwicklung der Chemie in einer nicht zu umfangreichen Arbeit
darzustellen, nach selchen objektiven Kriterien gesucht, mit
denen man des Beitrag eines beliebigen Chemikers zur Entwick-
lung der chemischen Wissenschaft messen und werten und nach
denen man auch systematisieren kann und ich bin zu folgenden
Uberlegungen gekomment Wenn man sich die Entwicklung einer
wissenschaftlichen Disziplin wie der Ch?mie vergegenwartigen
will, so muss man, nach grindlichster Kenntnis der wuellen
Zinachst einmal s.v, von allen Einzelheiten, Zuf8lligkeiten,
gesellschaftlichen oder philosophischen Stimuli abschen und
muss 8ich vergeganwgrtigan, wie sich der Forschritt der Er-
kenntnisse vollzogen hat, Es muss als Kernstick deutlich wer—
den, wie sich die Erkenntnisse auf dem Gebiete der Chemie im
Laufe der Jahrhunderte entwickelt haben, wie dise Erkenntnis-
se immer tiefer, immer richtiger geworden sind und werden, wie
die objektive Realitdt immer besser widergespiegelt wird.

Ein Mass nun, mit dem man den Erkenntnisfortschritt in
der Chemie messen kann, scheint mir die Entwicklung des che-
mischen Begriffe systems zu sein; denn das Begrifssystem der
Chemie in einer bestimmten historischen Epoche zeig ja an,
inwieweit chemische Beobachtungen und BEntdeckungen theoretisch
verarbeitei, verallgemeinert und begrifflich widergespiegelt
worden s8ind. Diesen Entwicklungsgang zentraler chemischer
Begriffe sollte man m. M. n. in den Mittelpunkt der Darstellun
gen zur Geschichte der Chemie riikken, um heiran die Beitrage

der elnzelnen Wissenschaftler messen und werten zu konnen., Ich
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meine dabei keine isolierte Entwicklungsgeschichte des Begriffs
Atom oder Element z. B. sondern eine Darstellung des histori-
schen Entwicklungsganges zentraler chemischer Begriffe in ih-
rem Zusammenhang untereinander und mit der gesamten Chemie;
eine Untersuchung, die die Ursachen aufdeckt, wie und warum ein
bestimmter Begriff nech Inhalt und Umfant durch welche Wissen-
schaftler, Entdeckungen, Methoden, gesellschaftliche Anldsse
usw. verandert und weiterentwickelt wurde. Diese Derstellung
muss, von dem Stand des objektiv vorhandenen Begriffssystems
ausgehen beinhalten, wie die verschiedenen Wissenschaftler in
einer bestimmten historischen Situation unter bestimmten ge-
sellschaftlichen Bidingungen diese bestimmten historisch
beschrankt. fixierten Beyriffe durch neue Entdeckungen, Ent-
deckungen, Entwicklung neuer Verfahren, neuer Methoden und
auch durch neue theoretische Abstraktionen weiterentwickelt
haben, Meist ist die Entwicklung ja so vor sich gegangen,

dass neue Entdeckungen gemacht wurden, die sich nicht zwan-
glos den alten theoretischen Ansichten unterordlen liessen;
héufig wurden Zusatzhypothesen erdacht, um das alte Begriffs-
system zu erhalten, bis eines Tages die Widerspricht und Un-
zulénglichkeiten so gross wurden, dass man das alte System
Uber Bord werfen und durch eine neues ersetzen musste,

Ich mochte zum Schluss noch versuchen, die vorhin ge-
nannten Beispiele unterscheidlicher Vertungen zu betrachten
aus der Sicht einer solchen Darstellung, die nicht die Per-
sonlichkeiten sondern das vorhandene Begriffssystem mit sei-
nen Entwicklungstendenzen in den Vordegrund stellt.

Zum Problemkreis Lavoisier, Mayow, Stahl: Die histori-
sche Aufgabe, die auf dem Gebiet des Logischen wéhrend dem 18.
Jahrhunderts vor den Chemikern stand war n. A, n. die Notwen-
digket, Inhalt und Umfang des Begriffes, &lement weiterunent-
wicklung, durch Bewein die Stoffe zu ermitteln, die der Defi-

nition des Begriffes Hlement als einfache, ungemischte Stoffe
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entsprachen, Diese Beweiarﬁhruns hat Lavoisier geliefert, in-~
dem er die wichtigste Erkenntnis Stahls, die Umkehrbarkeit und
gegenseitige Bedingtheit von Oxydation und und Reduktion an-
wandte, um am Besipiel der "Verkalkung" und "Wiederbelebung"
des Quecksilbers mittels der Waage zu demonstrieren und zu
beweisen, welcher von beiden Stoffen der einfache ist. Lavoi-
sier hat damit nur die Beweismoglichkeit ausgenutzt, die durch
Stahls Phlogistentheorie erstmals geschaffen worden war; denn
"Element" und "Verbindung" lassen sich ja immer nur korrela-
tiv zueinander bestimmen una definieren. Mit Hilfe dieses Be-
weises aber konnte Lavoisier den Umfang dem Begriffes Element
wie auch der von Verbindung neu bestimmen und auch eine In-
haltsverscharfung vornehmen. Damit ist die Leistung Lavoi-
siers in ihren Grundzigen genau bestimmt und auch die Leistun-
gen Stahls oder Mayows lassen sich von dieser Warte her bes-
timmen. Ohne die Vor- und Zulieferirbeiten von Stahl, Priest=—
ley, Scheele, Cavendish, Mayow oder Lomonossov waren die Les-
tungen Lavoisiers nicht zu erbringen gewesen. Sie alle haben
einenspezifischen Anteil an der tieferen Erkenntnis, der Wei-
terentwicklung der Cnemie; ohre Arbeiten sind ein Teil dieses
Ringens um den nach Inhlalt und Umfang neu zu bestimmenden
Begriff Element bzw. Verbindung.

Ahnlich liegen die Dinge m. M. n, bel H. Kolbe. Hier lag
eine im Logischen zu vollziehende Aufgabe bei der Vertiefung
des Begriffsinhaltes von "Verbindung", Der damalige theoreti-
sche Stand drédngte zu der krkenntnis, dess die Eigenschaften
der organisch-chemischen Verbindungen von der gegenzeitigen
Stellung und Lage der sie aufbauenden Atome abhaéngig sind und
dafur war es notwendig, die Gesamtheit der Verbindung aufzu-
losen bis zu den einzelnen Atomen, deren gegenzeitige Verkni-
pfung festzustellen, wie sie von Butlerov, Kekule und des
Strukturchemikern vorgenommen und von Butlerov durch den neuen
Begriff der chemischen Struktur widergespiegelt wurde. Kolbe
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hat die Notwendigkeit dieser Aufgabe nicht erkannt und im
Prinzip der Ganzheit, dem Systemscharakters bestimmter organi-
scher Gruppierungen festgehalten, was sich spater als durchaus
richtig erwies, aber in der gegebenen Situation nicht weiter-
fliihrte. Keinesfalls hat Kolbe die Bedeutung des theoretischen
Denkens aber iiberhaupt geleugnet oder verkannt, was ja schen
allein mit seinen guten theoretischen Prognosen in Widerspruch
stehen wirden. Seine Leistungen gruppileren sich m.M.n. &hnlich
wie die von Priestley oder Scheels im obigen Beispiel um die-
se8 Ringen um einen neuen, tieferen Molekilbegriff herum, ohne
dess Eolbe selbst die neue theoretische Einsicht gewinnen konn-
te. Das aber wertet seine Leistungen nicht ab sondern stellt
sie nur in den ihnen gebiihrenden entwicklungsgeschichtlichen
Zusammenhang.

Robert P. Multhauf (USA)
THE DISCOVERY OF BORAX
Borax is an old neme for sodium tetraborate

(HI23407 10H,0), & substance unknown in the West and en-
tiquity, but apparently known to the Hindus, under the name
‘sohaga. It is listed as an slkali in the Susruta (5th cen-
tury Jlx..lit.).‘I The neme bora (boraq, burraq, etc.) appears
in Arabic sources from about the 7th cantury,z and is dis-
cussed at some length in the 10th century writings of the
celebrated nl—Bexi.5 To al-Rezi, borex was the name of a
class of substences, namely, bread borax, goldsmith's bo-
rax, natrun, borex of Zarswand, tinkar, and bursq sl gharb.
Bread borax consisted of smell hard white pieces (crystals?)
as did natrun, which was probably the familier Egyptisn
natron, an impure natural sode. Goldsmith's borax resembles
the efflorescence found on walls, as does borax of Zarawand,
but the former is white, the lastter, described as the best

of the boraxes, reddish, Tincar is described by al-Razi as
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"the artificial borax", somewhat obscurely, since it is
made from "burag", cooked with Qali salt (sods?) and buf-
falo milk. Finally, Stapleton has identified buraq al gharb
as the gum of the willow or acsacia tree.4

Here is en appropriste background for the confusing
history of borex in Europe. Borax is normally crystalline,
but not in all of its forms, some of which contain more
complex borates and all of which, prior to the lest century,
were more or less impure. Soldering was long virtuslly its
only use, which would seem to fit sl-Razi's "goldsmith's
borax", but any of his first four boraxes could have been
our borax. Since he frequently refers elsewhere to the pro-
perty of borax (without saying which one) of "softening"
metals, it seems likely thet he kmnew our borax. It becomes
more likely when we consider the fact that borax appears
regularly in European recipes for soldering from the time
of the translation of al-Razi's work into Latin.5

A less effective soldering meterial had been used in
European antiquity, nowely "chrysocolla" (literally, gold-
glue), & material associsted with copper mines which has
been identified as copper carbonata.6 While technologists
of the Renaissance seem simply to have accepted the better
soldering material, borax, without worrying about such
questions, it was typical of scientific writers of the time
that they occupied themselves at length in trying to iden-
tify borax with the ancient chrysocolla. The resalt was
general confusion, it is example by the writtings of George
Agrreola.7

The first extended account of the substance in & Euro=-
pean source is perhaps thet of Alessio Piemontese, in his
Secreti of 1555. Alessio says that borsx was anciently
called chrysocolla, but that the ancient materiasl was green,
whereas whet he calls "the true borax of our time", is

white. This "true borex" was imported from Alexandria, for-
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merly in little pieces like alum, but more recently as crude
borax, a kind of grease contesining little "pebbles"™, which
the Venetians had recently learned how to refime. But then
Alessio goes on to sey that there is another kind of borax
made from & kind of water found in gold, silver and copper
mines, and made, as he has seem himself, by a lengthy
treatment of this wate£ with animal fat in a pit made in
the ground.B

In the 17th century Europeans began to get reports on
the sources of borax Indis end Persia, J.B. Tavernier, who
made the first of six journeys to western Asis and India
in 1631, found it for sale in the Indian ocean port of Su-
rat, and traced it to nearby Abmabhad, but in 1638 Sir .
John Mandelslo reported from Indis that it ceame from "Pur—
bet, towards Great Tartary".a There the question rested un-
til in 1787 two correspondents, Mr,Blane and F.G. de Rovato
wrote to the Royal Society of London from Indis that borax
ceme from ssline lakes in Tibet. They were soon reinforced
by Robert Seunders' report, which actuslly came from Tibet,
but the three were not in sgreement in all particulars, and
none of them had actuselly witnessed the production of bo-
rax, Blane and Roveto emphasized its "fatty" character,
which Blane attributed to the source and Rovato to butter,
in which he said the borax wes packed to protect the cry-
stals against disintegration on the long trip (on the backs
of sheep) out of the munntains.10

Meanwhile & number of accounts of borax production in
Persia had asppeared. In 1732 C.J.Geoffroy quoted a German
traveller named Naeglin to the effect that borax wes pro-
duced in Persis by tresting a water which drained from
copper mines with a certsin clsy and snimsl fat, and simi-
lar aocounts appeared in 1764, 1769 and 1792, at which

time there were said to be two "factories", one in Persis
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and the other, owned by e Russian, on the border of Geor—
319.11 Scientific travellers in Persis, however, seem not
to have noticed the materisl, nor did the generasl commer—
cisl litersture list it as & product of that country.12
Thus it seems clear that the nsme "borax" was applied to
something very like chrysocolls, in Persis, as well ss in
Europe, long after the "true" borax waes known.
Modern research hss shown that boron minersls exist

in pature in & worldwide belt of arid lands, including Per—
sis (Iran), Tibet, Californis, the central Andes region,
and Turkey, and that in these deposits borax (sodium tet-
raborate) is often a minor constituent in a mixture of more
complex and insoluble borates. Hans Winklehner reported in
1899, among his mineral explorations in Persia, the disco-
very of "borax" deposits near Schér i Babek, Kermen pro-
vince. The deposits, called by the natives gil i burrd,

lay at depths of 1-1.5 meters under s surface marked by a
vegetation peculiar to these sites. They hed been worked
for an indefinite period, the gil i burré being mixed with
soda mede by burning the Kilis plent snd the mixture being
boiled in water. The necessity for this process stemmed
from the fact that the deposits were primerily (69%) the
difficulty soluble sodium calcium borate. Ulexite
(u;c;53509-3320). Here, it would appear, wes al-Razi's
"artificisl" borax, tincar. Winklehner gives the composi-
tion of the end produét a8 50% boron selts, 30% soda, and
20% water, and it seems likely thet al-Razi's other bore-
xes were mixtured of the same kind. But the confusion and
uncertainty about the origin and identity of Persian borex,
notwithastanding this proof of its existence, suggests that
it can never have been very significant commercislly. Wink-
lehner tried to "modernize™ the process but apperently
failed, es did another attempt made in the 1940's. It ap-
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pears that, until the rise of borax industries in the West,
virtuslly the whole of the world's supply came from Tibet.
But today borax is produced in sll of the regions enu-
merated excepting Persia (Iren) and Tibet. Explorers' ac-
counts of the late 19th and early 20th centuries record the
demise of the Tibetian industry, under the competition
first of artificisl borex mede from the Tuscen boric ecid
legoons and then from California mineral deposits. This
circumstance seems to reflect e trensformation of the con-
ditions requizite for "production". Wheress the world's
consumption, prior to about 1820, was little more than
could be carried out of Tibet on the backs of sheep, pro-
duction in the 1950's averaged 600,000 tons per yeer. Mo-
dern science has solved the problem of extracting borax
_ from the insoluble borate deposits. Politicsl end economic
considerations have replaced scientific snd technical ones
with the consequence of putting the original producers at
a conclusive disadventage. Another consideration, however,
the probably exhaustion of this relatively scarce mineral,
suggests that the history of borax in Tibet and Persia is
not yet at an end.
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LJenidek F.Wald (&ssr)

UN CHAPITRE DE LA LUTTE CONTRE LE PRINCIPE
DU TRAVAIL MAXIMUM

Autour de l'annee 1870 tous les chimistes partagaient
l'opinion de Thomsen et de Berthelot que la loi de conserva-
tion de l'énergie permettait la comprehension totale de tous
les phénomenes chimiques. La période du regne absolu du Prin-
cipe du travail maximum commencait a sombrir en Burope & par-
tir de la publication des travaux fondamcntaux de Vant Hoff
et de Helmholz aprs 1880,

Tout le development jusqu'a l'années 1889 a été passé en
revue par F.Wald qui a4 ce temps la etait par son métier chef
du laboratoire de la chimie analytique des usines sidérurgi-
ques & Kladno non loin de Prague et par ses interests scienti-
fiques un thermodynamicien erudit qui publiait ses travaux en
Zeltschrift fur physikalische Chemie & partir de 1887, Il
était en correspondance férquente avec le fondateur de ce jour=-
nal Wilhelm Ostward. L'autorité qu'il avait rapidement gagnée
lui a permis de publi er an 1889 un petit ouvrage "Energie et
ses dégradations"™ (1) dont nous citonss .., Une part d'idees
de [homsen et de Berthelot a été tuut & fait heurense et juste
en particulier l'idée que c'est la reaction avec le plus grand
dégagement possible de chaleur qui a lieu. Seulement la suppo-
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sition suivante que tout l'énergie chimiyue équivaut au tra-
vail méchamique n'a pas été heureusement choisie et a conduit
a des fausses conséquences. rn realité Berthelot peut suuver
son principe et encore suelement en apparence en donnant la
preuve que toutes les reéactions qui ne correspondent pas a son
principe sont accompuagnées par dissociations, kn faisant cela
il dénoue son principe de tout fondement car il admet qu'il a
toujours des reactions gui absorbent la chaleur et alors ne
sont pas en accord avec son principe.

Hn 1892 Wald a voulu approfondir sa critiqgue par untravail
plus original. Nous ne connaissons aujourd'hui que¢ la version
théque présentée par Wald a 1'Académie Tchéque des Sciences et
des Beaux Arts sous le titre "Sur la direction des réuction
chimiques spontannées" (2) tandis que le texte allemand au-
Jjourd'hui inconnu était sujet d'une correspondance entre Wwald
et Duhem (3). kn particulier les lettres de George Duhem qui
etait 4 ce temp-la azgrégé de l'Univeriste de Lille, résiment
d'une fagon trés claire les idées de Wald, precitent leur co-
tés neufs et jettent une lumiére intéressante sur la situation
scientifique en France.

La premiére intention de #ald de faire publier sa commu-—
cation par Ostwald a échoué au refus de celu-ci. lans sa lett-
re du 14 Uctobre 16892. Ostwald motivait son point de vue par
1'insuffisance des nouveaux faits et pour le prouver il envoy=-
ait a wald le nouveau livre de Luhem Introduction a la mecani-
gue chimigue".

On ne suit pas gquasnd Wald s'est adressé a Dubam car le
brouillon conservé de cette lettre est sans date. Mais ca de-
vait etre encore avant le refus d'Ostwald, car la réponse de
Duhem de Lille est datée déja le 22 Octobre 1892. lious en ci-
tonss "Si toutes les explications (Van't Hoff, Luhem) s'accor-
dent & faire du Principe du Travail Maximum un principe dont
l'exactitude fortuite tient aux conditions dans lesquelles nous
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vivons et sont par la d'accord avec le votre, aucune comme la

votre ne se rend compte de ce hasard".
Immédiatement aprés avoir recu la premiére lettre de

Duhem, Wald l'aprie de lui aidser avec la publication de son
travail en France. Voicie la reponse de Duhem du 12 Novembre
1892: "Au requ de votre lettre j'al songé aux moyens de pub-
lier dans un Journal Francais votre travail que je me charge-
rais de traduire. Malheureusement plusieurs Journaux frangais
et en particulier les Annmlaes de Physique et Chimie sont au
pouvoir de M,Berthelot et il n'est pas permis d'y mettre en
doute ou de discuter le principe du travail maximum., Toutefois
Je me suis adressé au Journal de Physique"., Pour accelerer la
publication Duhem & recommandé le reccourcissement aux 4 ou
5 pages et pour conclure il a de nouveau soulignés "L'idée
que le Principe du Travail Maximum est presque toujours vrai
a4 la température ambiante ordinaire parcque nos réactifs sont
produits a des temperatures élevées me parait tout a fait neu-
ve et me semble jeter une interessante lumiére sur l'ensemble
des faits chimiques." I

Il est comprehensible qu'aprés une telle reponse Wald a
prié Duhem par sa lettre du 17 Novembre 1892 de se charger de
la traduction pour le Journal de Physique. Maiscette fois py-
hem n'a repondu gue le 17 Janvier 1893: "Vous n'ignorez sans
doute pas que M.Berthelot est tout puissant dans la science
francaise et qu'il n'est guére permis d'y contester le Princi-
pe du Travail Maximum, Aussi lua rédaction du Journal de Physi-
que me déclare yu'elle ne peut insérer votre travail. Je ne
sais vraimant pas ou m'adresser. Un journal scientifique indé-
pendant de M,Berthelot est introuvable en Frauce. Vous ed au-

rez une idée si je vous dis qu'aucun éditeur de Paris n'a osé
se charger de mon Introduction & la Mécanique chimique et

que d'ai du la faire imprimer a Gand.
buhem qui se rendait compte qu Ostwald était au courant

de sa correspondance avec Wald au moins & son commencement ¢4



considérait comme utile de revenir ‘encore une fois a ce su-
Jet. Il 1'a fait par sa lettre datée & Lille le 3 Fevrier
1893s "Je ne voudrais pas que mon oppinion différente de la
Sienne, peut paraitre blessante a M.Ostwald, pour le talent
et l'activité duquel j'eprouve une trés vive admiration; ce-
pendant je ne puis me ranger entiérement 4 sa maniere de voir
au sujet de votre travail.

Sans doute, et j'al été le premier a vous le dire, votre
travail offre des points de contact avec la maniére de voir
de Vant'Hoff, d'aprés laquelle le principe du travail maximum,
rigoureusement vrai au O absolu, est encore a peut prés exact
4 la temperature ordinaire, parce que celle-ci m'est pas extre-
mement éloignée du O absolu.

Mais d'abord, il faut bien remarquer que la maniére de
volr de Vant'Hoff n'est qu'une hypothése; de démonstration
qu'on a tenté d'en donner ne me paraissent nullement satisfai-
santes; santes; en second lieu, votre idée, bien que s'accor-
dent parfaitement & la sienne, ne lui est pas identique.

Votre idée, se je l'al bien comprise, consiste a faire
observer que la tempérautre ordinaire est une temperature ou
les produits naturels sont en équilibre les un avec les autres,
sauf quelques produits (houille, soufre et sulfures) qui ne
sont pas en équilibre avec oxygéne. C'est 4 la faveur de ces

caa expertiononnels et en particulier de la houille, que nous
pouvons faire sortir les produits naturels de leur etat d'é-

quilibre en élevant la temperature. En vertu du principe de
Vant'hoff, les réactions que nous productions A une haute tem-
perature et qul donnent naissance aux reactifs de nos labora-
toires, doivent etre des réactions produites avec absorption
de chaleur. Lorsqu'ensuite nous faisons réagir ces réactifs
dens nos laboratoires, a la température ordinaire, nous ten-
dons & établir 1'équilibre, 4 renverser les ractions que nous
avions produites a haute température, et, per conséquent, les
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réactions que nous observons doivent etre, en général accom-
pagnées d'un degagement de chaleur.

Je vous serais bien oblige de ne pas publier les lettres
que je vous ai écrites, et en particulier, en ce qui concerne
M.Berthelot et le Journal de Physique. Les idées de Gibbs, de
Vant'Hoff et d'Helmholtz, dont je me suis fait le champion en

France, m'ont valu de la part de M.Berthelot, une hostilité
déclarée qui m'oblige & beaucoup de prudence. Vous pouvez juge
par mon Introduction & la Mécanique Chimique, que je ne crains
pas trop d'affronter ses coléres. Néanmoins la publication des
lettres que je vous ai adressées, et cela quelques mois apreés
la publiéation de mon livre, pourrait, si elle lui était appor-
tée, compromettre gravement ma modeste situation".

L'interét de Wald s'orientait ensuite vers les autres
questions fondamentales de la chimie et c'est dans ce sans que
la correspondance entre Wald et Duhem continuiait pour plusieu-
re années. Aussi avec Ostwald l'échange d'idées reprenait leur
intensité (3)(4). La définition de 1'individu chimique comme

une phase qui ne change pas sa composition perceptiblement con-
stante au cour des variations du systéme d'équilibre a été

trés apprecié et exploité par Kournakoff (5) comme un nouveau
point de départ pour la connaissance de la nature des compo-
8és chimiques. Mais c'est déja un autre chapitre de 1l'oeuvre
de Wald qui n'est pas l'object de notre communication.

uant au principe du travail maximum Waeld est revenu a
ce sujet encore sux termes plus généraux une fois deja au seuil
de sa carriére du premier titulaire de la Chaire de Chimie Phy-
sique a 1l'Institut Polytechnique de Praque en ecrivant en 1907
la nécrologie de Bertholet (6). Méme A occasion il n'a pas nom-
mé Duhem et il n'a fait qu'une allusion A sa correspondence
avec un savant francais par laquelle il pouvait se rendre com-
pte du pouvoir de Berthelots "Son obstinacité ne serait aucun

péché car dans la science personne n'a le droit & 1'infailllibi-
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lite et dans un organisme scientifique sain les erreurs d'un
chercheur sont automatiquement corrigées par les autres. Cette
histoire ne vaudrait pas la peine d'etre discutée devant le
grand public si l'organisme scientifique de la France avait été
vraiement sain, Mais ce qui manquait a cette epoque-l4a en Fran-
ce c'était la critique ouverte et en conséquence les Francais
en adorant leur Berthelot se sont placés en majorité & un point
de vue vieilli dans ce domaine et ils ont été surpassés comme
l1'ensemble par les autres pays ... Mes sources d'information
témoignent d'une fagon claire que l'influence immense de¢ la=-
quelle jouissait Berthelot l1'a séduit de soutenir ses idées par
le pouvoir de sa charge quand les preuves luil manquaient.," Si
l'on se souvient de l'attraction affaiblissante de la chimie

frangaise pour le monde surtout apres la premiére guerre mondia-
le il nous semble que Wwald a munifesté beaucoup de prévoyance

et que ce chapitre de la lutte contre le principe de Berthelot
mérite d'étre étudié dans les relations plus générales surtout

en vue des conditions politiques et sociales de l'épogque.

1. F.Wald, Die Energie und ihre Entwertung. Englemann,
Leipzig, 1889.

2. F.Walds O sm¥ru samoéinnych reakc{ chemichydiseénce
de 1'Académie des Sciences et des Arts de Bohéme le 28 Octobre
1892.

3. L'archive privé de la famille Wald.

4, W.Ostwalds Lebenslinien, 2 Tome, Berlin, 1926.

5. N.S.Kournakocffs l'ére conf. des Professeurs Zusses des
Sciences en Janvier 1914.

6. F.Wald. M.Verthelot. PXehled, Praha, 1907.
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A.B. A6noe, L.K. Kouyunosa (CCCP)

MUCTOPUS PA3BUTUA BYMAKHOW XPOMA TOIrPA®HHU
NMPUMEHUTEJIBHO K UCCJIENOBAHUAM KOMIJIEKCHBIX
COEAUHEHHUH

B 1941 r. Mapruiom #H Cunaxem 6blia NpealoxeHa pacnpefeuTelb-
Hag xpoMmaTorpadusa, OAHMM H3 BHAOB KOTOPO# saBaseTcsa xpomaTorpadusa
Ha 6ymMmare, YTOT METOA MCCNeNOBaHMS HaYall NPUMEHSATLCH B XHMHH KOMIM-
neKcHpx coeauHeHuyi B S0-e rons. 3a npoweawxe ABA AECATHETHS OH Ha—
e WHPOKOe NpHMEHeHHe H B HacTosllee BpeMs HCNonb3yeTcs B pabGorax
No XMMHH KOOPAMHALMOHHLIX COEAMHEeHHH, MElI noneiTaeMCs OCTAHOBHTCH
Ha CTaHOBR/JeHuM MeTona OGyMaXHOH xpomaTorpaduum B OXapakTepH3OBAT.H
KPaTKO Te HanpapB/leHHs, B KOTOPbIX PA3BMBAJCH 3TOT METOA NPHMEHHTEe/b-
HO K MCC/IeIOBAHHAM KOOPAMHAUMOHHBIX coemunemnit. Tak, Jlemepep B 1855r,
npoee/l HEKOTOpbIe OMNBLITHI MO PA3AENeHHI0 HHTPOAMHHOB TPeXBA/IEHTHOIO KO-
GanbTa B HEBOAHLIX PacTBOpax C MOMOWIBLIO XpomaTorpapuu Ha Gymare, Bbi-
nu HcnpoGoBaHbl pa3iMuHblie pacTpopHTe/mm. OaHako aBTOpY He YAanoCp no-
NYYHTb CYIIeCTBEHHO pad3nuuHple XpoMaTorpapuyeckse xapaKTepPHCTHKM AnA
HCCleAyeMbIX WeCTH KOMIUIeKCOB. B HeKOTOpLIX pac TBOPHTENAX H3yHaeMble
COe[HHEHHA Oa/ N0 HeCKONbKYy NATeH. ABTOpPhl He OOBACHSAIOT NMPHYMH Ta-—
KOro NMoBeAEeHMs HCCllefyeMbIX HMH peuwecTB, OOHaKO O4YeBHMAHO, HYTO HalM-
uyne Gonee 4YeM OOHOIO NMATHA CBA3aHO /MUGO C pas3noXeHHeM KOMIUIeKca NpH
NposiB/leHHH XpoMaTorpammbl, IGO0 C Ha/M4YMeM NpPHMeced B HCXOOHBIX NMpO—
AYKTaX.

Mayuenne coileli nutpoamuHKobGanbTa 6bUIO NMpoBedeHo ewe B 1954 r.
SANOHCKUMH HCChegopaTensMu fimamoto, Hukaxapa u Llyxuna. UMu 6bum Bbi-
YHCJ/IeHbl 3HAYeHMSA Hf ONg YeThlpex pacTeoOpuTelqel, HajineHa rpaduyeckas
3aBMCHMOCThL Be/MuMHbl K[ OT uMCAa HMTPOrpYNN B KOMIIEKCe, MPOBEAEHO
pa3nenieHHe cMecefi HEKOTOpPBIX Nap KoMmniekcos, BaxHO OTMeTHTL, YTO MMM
6L nony4eHbl pasnuuHbie 3Haveduss Rp ans mpawc—wm 4uc-aunurporerp-
amMHHKoGanbTconei, T.e. Meroa 6ymaxHO# XpoMaTorpagpHu oka3ancs 4yBCTBH—
Te/lbHbIM K NpOCTpAHCTBEHHON koHpurypauum xomunexcos. B 1854 r. Cre-
¢aHoBHY M [IaHHK HCCJ/leQoBa/M xpomaTorpaduveacoe noeegeHne 12 nap
CTepeou30OMepHblx KOMIUIEKCOB, BO BCex Cnyuasx ANS yu c~H3OMepoB MNoNy-
yeHbl Go/lee BLICOKHE 3HAYEHMS nr, YyeM IS mp ay c—H3OMEDPOB. Ha 2Tom oc-
HOBAHMM ABTOPLl MNpeanaralT xpoMaTorpapudeckHit KpHTepHii KoHHrypaumu
KOMILNEeKCOB,

B 1955 r. Kapaccutu n PaHuu nyTem sMioMpoBaHMsi CMeCSIMH aleToHa
C BOOOM NONYYHNH paanMulbie XpoMaTporpapuyeckue XapakTepHCTHKH oS
CTEepPeOH30OMEpOB HEeKOTOpbIX NOHITHNEHAHAMHHOBLIX KoMnnekcoe, M3 nx pau-
HbIX CreayeT, YTO MpaKc-Haomeph obnanaioT Gonbluefi NOABHXHOCTLIO, YEM
Yuc-uaomepst. B naweft paGore 1964 r. 6eino nayuewo paspenenue Ha
6ymare kobGamsthamunor coctasa Co(NH3),(NOy)g_y . rae x =216, a
TaK¥e yuc— H mpaxc-"3oMepoB HEeKOTOpPBLIX 3ITHNeHOHAMMHOBLIX H OHOK=—
CIMHHOBBIX KOMNNeKCcoe KobGanbTa. YKa3aHO Ha HECOCTOSITENLHOCTb Tak
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HA3bBAEeMOro XpoMaTporpapuieckoro “"Kpurepus” reomerpuueckofi KOHbH—
rypauuy KOMIIJIEKCOB,

BropeiM Hanpapnenuem GymaxHOf xpomaTorpaduy splIseTCs pasfenenue
HOHOB, OCHOBAHHOE HAa npouecce KDM.[‘IJ"IEKCOOS[J&GOB&HHH. OTHocALMecs Clo—
pna cnydau Keprec (1957) ne/mT Ha ABe KaTeropuH: oCpA30BAHHC  KOM=
NieKCop B “HEroMOreHHBIX” YC/IOBHSAX M O06pa3opaHHe KOMIIEKCOB B "IrO—
MoreHHpX” ycnoeBusax. [leppas kaTeropusi onpefeiieTcs YCI/IOBHSIMM, NpPH KO-
TOpPBIX MeTanJHYeCcKufi KOMIJIeKC CcHayana nony4aeTcsd, a 3aTeM xpoMaTorpa-
¢upyeTCcHd B pacTBOpHTelle, He cofepxauleM KoMIekcoobpa3ywunx BelecTs,
TOrAa KakK BTOpas ofnpefensieTcs YC/OBMAMM, NPH KOTOPLIX pPa3 Ni4YHBIE CO=-
I MeTa/UIOB XpOoMAaTorpadHpyloTcs B pacTBOpHTe/e, COgepXalleM KOMM-—
nexcoobpaayiowmit areit. B 1951 r. [lonnapa npoeoann cucTemaTHyecKoe
paspelleHHe CMeCH KaTHOHOB B paaﬁaaneﬂuhl.x MHHEpAa/lbHbIX KHC/0Tax. Me-
TOA OCHOBAH HA HeOAHHAKOBOIil NOABMXHOCTH HMOHOB B NPUCYTCTBHH pasnMy-—
HBIX KOMIUlekcoofpaaywoomux sewecTs,. AHoepcon ¥ MapTux pa3pnenanu pas—
NMHYHBIE COMH MeTa/UI0B, HCNONbL3YA B KaHYeCTpBe pACTBOpDHTeNns Gy'ranon. HA-—
ChIIEHHbI# BOAHLIMH pACTBOPAMM OpPraHHYeCKHX KHCIIOT.

B 1958 r. Cunrx u [e#t nayya/m xpomaTorpaguyeckoe NopeleHHe aM-—
MHAYHBIX KOMIUIeKCOB mMeaM, cepebpa, HMKesns W kobGalbTa C uenplo pasge-
neHMs 3THX MeTannop. Momeneme KOHUeHTpaAUMH aMmMiaka, BROAMMOIO B
PacTBOp, BbI3LIBA/NO M3MeHeHHe Bemwnbl g,

B 1954 r. 3poen ¥ 3preHMeflep npH XpomaTorpadspoBaHMH aleTaTa
KagMHa B BOCXOAdWEM NOTOKEe CMeChio NPONAaHO/a H aMMHaKa NONYYHIH TpH
YeTKMX NATHA, CoAepXaluMXx KaaMHi. DTH pelynsTaTsl, MO MHEHHIO aBTOpPOB,
OOLACHAIOTCA HA/MYMEM B PACTBOPE TpPeX Pa3/IM4YHbIX KOOPAMHALUMOHHBIX COE—
OMHEeHH#l KaJAMHA; PABHOBECHE MeX1Yy KOTOpbIMH B XuAkoi daze ycranapiau-
BAETCH Smc:'rpo, a B ancop&upoaaﬂuom COCTOAHHH MeaNleHHO,

HHTepecHas pabGora Gpula BeuionHeHa B 1959 r. Pao, xoropbiit HA npH-
Mepe CHCTeMbl HHTpAT CBHHUA - HHTPDHT KaA/MA - BOAOAa M0KAa3all BO3IMOK-—
HOCTE YCTaHOBJeHMs MeToAoM GymamxHON XxpomaTorpaduu Hanuuue npouecca
KOMM/IekCoobpa3oBaHus B pacTBope. B HekoTopbX cCiy4asix BO3MOMHO M
YCTAHOB/IEHHE COCTapa HKOMINIEKCOB. Ha nonocku 6YM.QI"H HAHOCH/IH paAcTBOpR
HHTpaTa CBHHUA. [loABHMKHBIM pacTBOpDHTe/IeM CJIYyHHJ/IH pAacTBOpbI HMTpaTa
Kanua 12 pasnHyHbIX KOHLEHTpaLM i,

Mukepunr B 1953 r, coenan nonbITKY He TOJLKO YCTAHOBHTL (AKT Ha-—
JIHYHA KOMIUIeKCOOOpa30oBaHHA B pACTBOpe M cocTaB ob6pa3ylolMx KOoMIUIeK—
COB, HO H ONpefe/HTbL HX YCTOHYHBOCTbL., OH onpefdensul BeIHYMHY M MA0-
wane NaTeH coneit cepebpa, HCnonb3ys paCTBOP LMAHMAA KATMS KAK KOMI-—
nexcooGpaaylouuii pacTBOpHTeNb, M ycTaHoBan, uro Rp,a Tmakxke niaowans
NATHA NAKT MHUHMMYM MpH onpeneneuuoﬁ KOHUeHTpauMH unamfna KanMs.
3Ta TOYKA, OTHOCHIIASCH K MHHMMYMY pPaCTBOPHMOCTH, NpHPaBHHBAETCH K
H3oaneKkTpuueckoft Touke, Lndpsi, nonyyenHunie [THKepHHOOM NO KOHCTAHTAM
YCTOAYHBOCTH, SIB/AIOTCH BIIO/IHE NpHeMieMbiMH, KOHeyHO, B Cllyyae KoMI-
neKcHoro uManMpa cepebpa u NoAOGHBIX KOMIIEKCOB HET CMBIC/IA HCMOIb—
A0paThk OaHHEle Gﬂia)ﬁﬂoﬁ xpoma'ror'padmu Ons BbIYHC/IEHHS KOHCTAHTDbI
YCTOHYHMBOCTH, HO B TOM Chiydae, KOr'la MMEewlUHiiCA B paclnopsiKeHuH marte-
pHan He naetr BO3MOMXHOCTH MPpHMEHHTE MAKpOMeTOoObl, MOXeT 6bITE HCNO/b-

116



30BaH M 3TOT MeToa (HANpHMep, AN MCCNEAOBAHHS KOMIIEKCHbix COEaM—
HEHHH# TpaHCYpaHOBBIX snemeHTOB). [a/bHeuero pa3BHTHA 3TOT MeTCA He
MOy YHIlL.

B 1958 r, Keprec u Bek uayyam: HMTpaTbl MeTa/llOB, HCNOIL3YH B Ki-
HYeCTBe pacTBOpHTeNna H30aMHITOBBIi CIIHPT, HAChIUe HHbI i Pa3nNHYHBIMH KO—
JMYeC TBAMH a30THOH KHCJ/IOTbL

Bymaxhaa xpoMaTorpadus yCnewHO HCMONb3YeTCs ANS YCTaHOB/EHHs
HHOAHBHAYANILHOCTH KOMIUIEKCHbIX coeauHenuit, Tak, B Hauweit paGore 1859 r.
C MOMOWKIO 3TON0 MEeTOda YCTAHOBIEHA MHAMBHAYANLHOCTH HEKOTOPBIX Tpex-—
H TeTpareTepoKHCNOT. [lokasaTe/lLCTBOM TOro, 4TO pacCMATDHBaeMble re-—
TepPONMOMHKHC/IOTEl ABNAKNTCA XHMHYEeCKHMH COedHHeHHAMH, a4 He CMeCAMH
OHKHCJ/IOT ABHNIOCE TO, 4YTO B onpeneneHHpIX YCAopHAX CMeCH AHKHCIOT pas-
OeNanMchL HAa XpoMATOrpaMmMe, B TO BpeMs KAK TPH— M TeTpareTepoKHCcilo-—
Tel gapam oao maruo ¢ K., ormuuusim or [ aukucror,

BymaxHaa xpomartorpadua 4acto spBigeTcs YAOGHBIM MeETOAOM ANA Xa—
pﬂKTepHCTHKH YHCTOTbI HCCJ/leQyYeMbIX KOMIIJEeKCHBIX coeauHenuit, OHa uc-—
nonb3yeTCcqa ANid pelleHHd pal3/IMYHbBIX 4YACTHbLIX BOIPOCOB XHMMH hAOMINIEKC=—
HeX coeauHemuit, Tak, konMuecTBeHHas GymaxHag xpomartorpadus OGruia
NpHMeHeHA HAMM [NA MCCNEeAOBaHMH KHHETHKH H3OMEDHU3ALMH  yuc— u mpanc —
aMoxcumuHOp KoBamsrta (1961), yuc— ¥ mpanc— THoceMHKapBa3HAHBIX KOM-—
nnekcoe koGaisTa, CyWHOCTb MeTOMMKH pabGOThl 3aK/i04anacbk B TOM, HYTO
HSOMEP]:I pazpelqiaili Ha XDOMTOPPHMWX, npuyemM 3OHLI COOTBEeTCTBOBATIH
OTAeNMbLHBIM H30MepaM, BbIMBIBAIM W ONpefensiock WX KOMM4YeCTBEeHHOe Co-
OTHOLIEHHE CNeKTPoPOTOMEeTpPHYECKHM MeToAOM. KonuiyecTBEeHHbIH MeTod
ObUl NpUMEeHeH HAMM TaKXe ANd U3y4YeHHsd AKBAUMK TEeTPAMMHOB [ABYXBalleHT-
HOit naaTHHel, C 3TOi uenpw NPoOBOAMIOCH XpoMaTorpaduueckoe pasfene—
HHE HCCllefyeMblxX TETPEWHDB H nponywroa HX aKpaluHH, a 3aTeM onpe-
NensanocCh HX KOMMYeCTBEHHOe COOTHOWEeHHWe C MOMOIbI0 AeHCHTOMeTpa.

Taxkum o6pa3om, MeToa GyMaxHOI xpoMaTorpadui HCNONLIYEeTCH B XH-—
MHH KOOpPAMHALMOHHBIX COEAMHEHHil ANA pelleHMsa C/AeyouMx 3afday: pad—
AeNeHHs KOMIUIEKCHBIX MOHOB, OMNpefe/IeHHA CTerneHH HX YMCTOThbl, YCTAHOB=—
NeHnst dakTa Ha/MM4YMs Npouecca KomiylekcoobpaloBaHHst B pacTBOpe M, B
OTAEeNbHbIX Clly4yasix, COCTAaBa YCTOWYHBOCTH KOMIUIEKCOB, YCTAHOB/ICHHSA HH—
OHBHAYAJILHOCTH KOMIJIEKCHBLIX COe.ﬂHHEImﬁ, KO/NMH4YeC TBEHHOI'O M3Y4YeHMHA pe-
aKUMi H30MepH3alUMH W aKBALMH KOMIJ/IEKCOB.

M.I. daepurTteitn (CCCP)

NEPBAS TUMOTE3A OB 3/IEKTPOHHOHW MPHUPOAE
KOOPAWHALMOHHOH CBfI3U (1899-1904)

B ceoe#i cTaThe, ony6nukosanHoit B 1899 r, (copmecthHo ¢ Bonnen-—
nepom), P.ABerr, ucxonss u3 BBeAeHHOI'O MM MOHATHA 06 3MEKTPOCPOACT-
e (Elckimafinitdt), xacaercs, Hapsaay c apyrums npoGiemamu, ¥ npo6-
NeMpl KOMIjliekcoo6pa3osammusd, OH OenaeT NepByio NONbLITKY AAThL 3/EKTPOH-
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HYI0 HHTEepnpeTtauxio MexaHu3My ofpa3’opaHHs M CTpOeHMA KOMIUI@KCHBIX
HoHoB. AGerr cumuTa/, 4TO TAKMHe HOHbl 06pa3yloTCa 3a cyeT NpHCoeOdHHe-—
HHS 3/7eMeHTapHbIX MOHOB K "HefiTpamuHOf yacTH® (T.e, K HeATpalbHBIM
Mollekynam), OGBLACHAS STy TeHAeHUHMIO MAJBIM CPOACTBOM SJleMeHTapHbIX
HOHOB K 3JIeKTPHYeCTBY, 3a CHeT NpHCOoeAHHeHHs K “HelTpa/mLHOi YacTn”
ofbeM MOHA ype/mMuYMBAETCH, M 3TO, No muemuio AGerra, NpMBOAMT K YBe/m-—
YeHHI0 er0 CPOACTBA K 3/IeKTPHYeCTBY, T.€. YBe/MYMBAET €r'oc YCTOHYMBOCTL.
Aferr B CBE3H C 3THM OeNaeT Nepeylo NONLITKY CBA3AThL TEHASHUHIO K
KOMIIHEI(CDOGP&BOB&HHIO C No/ioeHHeM 3/IeMeHTOB B nepnonnqecxon CHCTe-
me [.H. Menpeneepa. OH nonaraer, 4TO ype/lM4yeHHe TEHASHUMA K KOMI-—
nexcooGpa30BaHHIO NpH NMepexoae O NepBoOf MIABHOH NOArpyNNpl 3/1eMeH—
TOB K C/leQylOUMM NoArpynrnamM CBA38HO B NepBylw o4yepeabr C TeM, HYTO
BO3pAacTaeT Be/MYMHA 3apafa COOTBETCTBYOWMX [0/0KHTE/LHbIX MOHOB, HGO
9TO, N0 MHeHulo AGerra, NpHBOOMT K YMEHLIEHHIO 3NeKTPOCPOACTBA STHX
uoHoB. Kacasgcp anemenToB nobouHbxx noarpynn, AGerr nogYepkupaer, 4TO
H 30ech HMeeT 3HAYeHMe 3apsAl HOHA, HO B OJAHHOM Cly4yae MNpoOABIAeTCH

¥ apyro#t pakTop - Manblit o6beM 3THXx HOHOB, [loaTomy, nmanpumep, onHO-
BA/IEHTHbIE HOHbl MOArPYNNbLlI MEAH, XOTd M HECYT TakoH e 3apsad, Kak H
MOHbI WE/IOYHBIX MEeTA/NNOB, HO B CBA3M C TeM, YTO ¥ HMX COOTBeTCTBEHHO
MeHbWHR o6beM, owM GyayT obnanaTte Gonblied TeHAGHLMEH K KOMIJIEKCO—
ofpazopaHnio. YTo kAcaeTCA OTPHUATENBLHBIX HOHOB NMATON, WECTOR H celb=-
MOft rpyNnn nepHOAMYECKOR CH-TeMbl, TO 3AeCh Habnopaercs yMeHbleHHe
TEeHASGHIMH K KOMIIeKCOOGpa3oBaHMIO B CBS3H C YMeHblleHHeM 3apsaa Ho-
HOB Npu nNepexofe “ciepa Hanpapo”,

PaccmaTpupag, kax ¥ BepHep, npouecc rumapaTtalMH HOHOB KaK MNpolecc
xoMmmexcoobpasopanud, AbGerr pa3supaeT fa/blle 3TH HAeH, nonaras, 4To
BO MHOIMX C/ydasix FHApaATAlMS SBIAETCH NpOMexyToudHo# cragmefi, KOTO-
pas 3aTeM NPHBOAHT K IEAPO/M3Y COOTBETCTBYWINEeH CO/M.

B 1804 r, A6err onyGnuxopan oflHpHYIO pa6oTy, B KOTOpPOH OH pa3BH-
BAET fAaliblie CBOIO IHNOTe3Y O KOMIIEKCHbIX CoeaHHeHHsx. CTaTbd cocTO-
HT M3 OByx pa3aenop: "BaneHTHocTs M neprogmueckad cucrema” H “Onbit
CO30aHMS TEOPHH MO/eKY/ISpPHbIL COeaAHHeHMA",

BeiBoasl nepBoro pa3fena HCNONL3YIOTCA WM AN OGOCHOBAHHS CBOMX HO—
BbIX B3I/SA0B O MexaHH3aMe 0Opa3oBaHHs KOMIIIEKCHbIx MOHOB, Pacumpsas
NMpapH/ID, yCTaHOBNeHHoe MeHneneesbiM, O TDM, YTO CYMMA BaJIGHTHOCTH
no kucnopoay ¥ soaopoay y snementoB [IV—VII prpynn passa socemu, Aberr,
HCXOAf H3 3/IeKTPOHHBIX NpeAcCTap/ieHHA, BBOAHT NMOHATHe 06 snexTpopa-
fIeHTHOCTH, CHYHTas, YTO KAMAOMY 3/IeMEeHTY MPHCYUH KaK MOJIOXKHTelLHAasd,
TAK H OTPHLUATE/ILHAS BA/eHTHOCTH, MPHYeM ans BCeX SAeMEeHTOB CyMmaAa
Hx a6COMOTHLIX BEe/MYMH BCerna paBHA BOoCbMHM., OTpHUATeNbHYIO BA/I@HT-
HOCTBL META/UIOB, KAK H NOJOXHTE/NLHYIO BAJE€HTHOCTbL HeMeTa/l/loB, OH HA-
3nIBAET KOHTPBAJIEHTHOCThIO. .

B nauane ctaTbH OH NpH3HAeT, YTO OTPHULATE/ILHAH BANEHTHOCTL Me—
TA/NOB SBNAETCH IHINOTeTHYECKHM NOHATHEM, HO B KOHUe CTATbH MPHUXOAHT
K BLIBOAY, WTO 3Ta BAJNIEHTHOCTL HMeeT Onpede/leHHbIA (HIHYECKHRA CMBIC/L
Oun pomyckaet BMmecTe C [ebMronbueM, 4TO peabHO CYWECTBYIOT TO/MLKO
OTPHUATE/IbHEIe 3/IEKTPOHBI H 4TO HeATpa/bHBIA ATOM KaxXaoro 3JeMeHTa Co-
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OepMHT OllpefellIeHHOE YHC/O 3/IEKTPOHOB, XapakTepHoe A5 OaHHOrO 3jeiell—
Ta, Orpaya 2MeKTPOHOB ATOMOM MPMBOAMT K OOpa30BAHMIO NOJIOKHTE/bHbIX
HOHOB, 8 NpPUCOEAHHEeHHEe YYMHX NIeKTPOHOB — OTpHUATE/LHLLx HOHOB, AGerr
BBOANT Nouarne “panentHeix mect” (Valenzstelle). OH cunTaer, 410 B
aTOMe MoGoro aNeMeHTa WMETCH BOCeMb “BANMEGHTHLIX MECT CBA3M" 2/MexT--
pouon, [lonokuTe/MbHAd BaNeHTHOCTL YKA3BIBAET, CKOMLKO M3 3THX BOCHEMM
MEeCT 3aHATEl NIeKTPOHAMMH, O'rpnua'renbliaﬁ KOHTPB&IIEHTHOCT!; MeTannos
npeacTapnser coboit WHcno cpoboahbix “MecT cpadu”. Mcxons M3 3THX HO-
BbIX npeacTapfieHuit, AGerr pasesuBaeT Oalblie CBOI MUNOTe3Y O MexaHH3-
Me o6pa3’oBaHHs KOMIIEKCHbIX COEAMHEeHHIil,

Aberr, kak ¥ MeHaeneer, po3paxaeT MPOTHE OTPbLIBA MOJEKY/IsLHbIX
COeAHHeHHHl OT ATOMHbIX, KOMN/eKCHble COedMHeHHS OH PACCMATPHBAET KAK
4YacTHbBI C/liy4afli MONeKyNspHbIX COeQHHEeHHil, noaYepkueas, 4TO HX OCOGEH-
HOCTBIO sfiBNgeTCs 06pa3’oBaHHe KOMIIJIEKCHBbIX MOHOB B pacTBope.

Teneps AGerr npumeHseT AN 0GbACHeHMS Npouecca 0Gpa3OBAHMA KOMIt—
NeKCHbIX HOHOB CBOe HOBOE NOHATHEe KOHTppa/leHTHOCTH., OH nMuwer, YTO Cnc-
COBGHOCTL MeTa/lIoB, BXOAAWMX B CocTap "HefTpaibHo#t uyacTu” (Hanpumep,
NJATHHBI B XJIOPHOA mMiaTHHe), O6pa30BbIBATL KOMIIEKCHbIe aHHOHbl CBfi3a-—
HA C NpOMBIeHMEM MX OTPHUATE/LHOf KOHTpBaleHTHOoCTH (T.e. C MCnom.so-
BaHMeM UX cpoboaHbX “BaneHTHeX MecT”), To ke caMoe NMPOMCXOOMT, KUI'=
0a MoNoXHTe /bHbe S/eMeHTApHble KATHOHEI 06pa3yloT KOMIUIEKCHEIE KATHO-
Hbl (nanpumep, npu oBpa3oBaHMM aMMHAKaTOB). MOH nmaM aToM HemeTanna,
ofpasyloumii KOMNJIeKCHbIR HOH, cornacHo AGerry, HCHolbsyeT CBOK [10JIG-
MUTEMLHYIO KOHTPBANEHTHOCTL (T.e, CBOM “cobGcTBeHHbie” 3neKTpPoHsl), 3TO

OTHOCHTCH, HANPHMEP, K MOHAM ra/lloreHos, ofpasylouMx AuMAOKOMAIEKCHI,
H K MOneKynam amMmmaxka, oGpasylouMx CO/MIH AMMOHHMS M/M aMMmuMakaTte!, [o-
popa 06 06pa30BAHMH MOHA AMMOHHS, OH MHWET, YTO 3AeCh MPOHCXOAMT
NpHCOeAHHeHHEe HOHA BOAOpOAA K MoeKy/le aMMHMAKA 34 CYeT OTPHUATE/ h-
HOJl KOHTPBA/ICHTHOCTH HMOHA BOAOPOJA M NOMOKHTE/NLHO! KOHTPBAIEHTHOC—
TH a3ora, TpakTys obpasoBaHMe HOHOB KHC/OPOAHBIX KucioTr, AbGerr Tenepb
CYHTAeT, YTO 30eChb NMPOMCXOAMT NMpPUCOEAMHEHHEe K HeATPAbHOMY AHCHAPH-—
AY OTPULATEe/ILHOrO HOHA KHCNOpOAAa 38 CHYEeT ero NoJoXUTeNbHON KOHTp-
BaneHTHoCcTH, OOGBACHAS NMOMHMEPH3AUHI0 HEeKOTOPLIX HEOPraHHYeCKHX coeau—
HeHH{fl, OH TaKXe' HCXOOHT H3 TeX Xe NpeacraBnenuft, Tak, oH o6wgacHAeT
OMMepH3aLMIO XJIOPDHOI'O Xefe3a B3auMoaeficTBHEM MONOKHTENBHOR KOHTP~
BA/IeHTHOCTH ATOMA XJiopa OAQHOH MOIEKYynbl 3TOr0 COeAMHeHHS C OTpuua-—
TeMLHOA KOHTPBA/IEHTHOCTHLIO 4TOMA Xeneda APYIOH MONeKymu.

Ha ckazaHH To BHAHO, 49TO rHnoTe3a AGerra 1904 r. o xoMmeKCHBIX
COoeAMHeHMIX COaepXana B 3a4aTOYHOM BHAe HAeHM Gyaywe#t NOHOPHO-AK—
LenTOpPHOR TeOPHH KOOPAMHAIMOHHOM CBSA3H Jlblonca - Jlenrmiopa (1816-
1923) u Cuaxeuka (1923-1927), Omupasce HA cBOIO runoreay, AGerr cpoe-
Nan HeCKONLKO HOBLIX BLIBOAOB, PACIIMPHBIIMX NpefcTaB/leHMe O KOMIUIeKC=
HBIX HOHAX X MOMYWMBIKX NMPpH3HAHWe MOCie co3gamusi Teopun Jlelomca -
Cunxpuka,

Co3paHHAas 00 NOsBNeHHA HAYYHOff TROPHH CTPOEHMS &TOMA CHMOTe3a
AGerra ofGnapana pceMH AOCTOHHCTBAMH H HeflJOCTATKAMH YMO3PHTE/IbHBIX
npeanonoxeH: i
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Koccems B 1816 r.., uanaras CBoOW0 3/1eKTPOCTATHYECKYIO Teopuio 06pa-—
SOBAHHA MOIEKYll, BLICKA3LIBAETCH NPOTHB rHnoTe3nl Aberra o pom KOHTp—
BAJIGHTHOCTH NpH 06pas3’OBAHMH KOMIUIeKCHbIX HOHOB, Cornacho Koccenio,
LeHTpa/LHLIA HOH Komniekcoobpasosartens (Kematom) - 310 mwapoo6pasuoe
Tel/lo, CO3Jalollee OQHOPOAHOE 3JIeKTPHYECKoe Noje, obycnopnupalomee BO3-
HMKHOBeHHe Kak OObIYHbIX, TAK M KOOPAMHAUMOHHLIX CBfA3ejl Koccenr su-—
Aen npeMMywecTBO CBOefi TEOpDHH B TOM, YTO OHA faeT BO3MOXHOCTL 0Gb-
SCHHTL paABHOLUEHHOCTbL BCex CBA3effi B KOMIUVIEKCHOM HOHe,

B 1816 r. I, Jleionc, HCXOas, OYEBHAHO, M3 ITOR e MAEeH O paBHOUEH-
HOCTH CBf3eMf, npHwen B CBOefl MepBOil CTATbLE O TEOPHH KOBAJ/IEHTHOW ChdA-
3H K ee pacHpOoCTPaHEHHIO HA KOOpAMHALMOHHbIE CBfI3H, BbUIBHHYB HOel0
O OOHOPHO-AKUENTOPHOM MexaHH3Me ee BO3HMKHOBemusd., OnHaxo Jleiouc B
aTOif cTaThe He cchUulaeTcs Ha pabornl AGerra, xord oHm GpuM omy6Gmu-—
KOBaHbl B pacnpocTpaHeHHOM Hemeuxom "JKypHane HeopraHM4eckof xummu”.

I'nnoresa Aferra /mwHHfi pa3 noaTBepXiaeT NACAOTBOPHOCTbL XMMHYeC—
knx oGobwenu#i, BOI/IOWEHHbIX B NMepuHoanyeckoi cucteme [1.H. Mennenee-
Ba. Eme no Toro, xak 6buia co3gaHa Hay4Has Quauueckas MoAell CTpoe-
HMA aTomMa, 3TH o6oOWweHHs OAaBA/M BO3MOXHOCTBL, NpPH NMEepepoAe HA 3/1eKkT-—
POHHBIA A3bIK, NPHXOAMTHL K HOBbIM HAYYHBIM BBIBONAM O CTPOSHHMHM BElIECTB.

H.A. duryposckuit (CCCP)
OCHOBHBIE 3TATlbl PA3BBUTHA XHMHK B CCCP

Paasutue xumuu 8 CCCP nocne Oxtabpbckoit pesomownu 1817 r, Tec-
HO CBSA38aHO C COUMATLHO-3KOHOMMYECKHMHM MNpOUEeCCAMH, NPOUCXOAHBLIMMH B
cTpaHe, B coOTBeTCTBHH C STHM BO3MOXHO BLIAE/IHTHL YEThipe OCHOBHBIX
aTana HMCCNeAOBaTe/LCKOR AeATeNbHOCTH B OGMACTH XMMHH: BOCCTAHOBH—
Te/IbHBIt NepHoa, HAava/lbHbI NEepHOA MHAYCTpHanH3alMM CTpaHbl (AOBOEH~
Hble NATHIeTKH), nepuog OTeyeCTBEHHOH BOMHBLI M NOCIeBOEHHbLI)t Nnepuoa,
EcTecTBeHHO, 4YTO HA KaXIOM H3 3THX STANOB [/ABHbIE 340A8YH WM HanpaB—
7NIeHHs HMCC/eAOBAHHMA H3MEHS/MChL KAK B CBA3H C YPOBHEM NPOM3BOAHTE/hb-
HBIX CH/l CTpaHbl H NOTpeGHOCTAMHM NMPOH3BOACTBA, TAK H C POCTOM UHCIA
KBa/MPMIMPOBAHHBIX Y4YEHbIX=XHMHKOB H CNeuManMCTOB MMPOH3IBOACTRA.

B nepesnie roanl nociie OKTaGpLCKOR peBOMIOUMH CTpPAHA HAXOAHNACH B
COCTOSHHHM SKOHOMHYECKOfi paspyxu H rpaxaaHcKoi BofHb. Hemuorounc-
NeHHble Y4YeHble-xMMHKH cTapofi PoccuH, nepeweauue Ha CTOPOHY peBoO-
MIOLMOHHOI'O Hapopa, B kpafiHe He6naronpuATHLIX YCJ/OBHAX MPOAO/MMAIH pa-—
Hee HAYAThIE HCC/EeAOBAHMH MJ/IH Xe 3aHHMA/MChL NpenapaTHBHbIMH pabGorami.

OJ:H-BKO HME@HHO B 3TH raabl ObUTH 3ano¥eHbl OCHOBLI OPraHM3alHH Ha-—
Y4HBIX HCClenopaHMfl Ha HopoO/ PEBOIIOUHOHHOR OCHOBRE, Yxe B Hauane 1918r.
BOSHMK/IM NMepBhle HAYYHO-HCC/leAoBaTe/bCKHEe HHCTHTYThbl, B YACTHOCTH Obln
coapan MWHcTuryr ¢mauko-xummueckoro anamaa (H.C. Kypuakos), Hectn-
TYT NO M3YYEeHHIO NMNATHHBLI M Apyrux 6naropoasbix Metannop (J/ILA., Yyraes)
H ap. 20 deepans 1918 r, Poccuitckag Akanemus Hayk NMpHHAJIA pelleHHe

120



0 “MOCHNMOALMM HAYKM [/ HYXQ rocygapcTsa” H BLIDA3H/A TOTOBHOCTBL
“no tpeGopaHHIO UM3HM M IOCYAAPCTEA MPHHATHLCH 34 NMOCHILHYIO HAYUYHYIO
Pa3paboTky oTaenbpHEIX 3agay, BHUBHMAEMBIX HYMOAMH IOCYOapCTBEHHOIO
crpourenscrea”,

B anpene 1918 r, B.WU. Jlermn namucan “Habpocok nnasa Hay4Ho-Tex—
HMYeckHx pabotr”, cornacHo KoropoMmy AkageMHH HayK nopy4anock “obpa-
30BaTh pAA KOMHCCHH H3 CNeNHa/HCTOB ANd BO3MOXHO Gonee 6GwicTporo
cocTap/ieHHsi I/laHA peopraHM3alHH NMPOMLIWIEHHOCTH H 3KOHOMHYeCcKoro
nogbeMa Poccun”, 3TOT HaGpOCOK NMEHHHCKOI'O MJIAHA HAY4YHO—TEeXHHHEeCKHX
paGor ner B OCHOBY AEATE/LHOCTH YYEHhIX, B TOM YHC/Ie M XHMHKOB Akane—
MHH HAYK, BlepBble pa3BepHYBLIHX CBOH HCC/Iel0BAHMS HA IUIAHOBO#H OCHOBe.

Yxe B 20-x roaax paspepHy/MChL HCCenOBAHMS B pAde BeaylHxX Ha-
npapieHHfi xMMHYECKHX HAYK, B 4acTHOCTH, K 3TOMY BpeMeHM OTHOCHATCH:
H3yuyeHHe cocTaBa HedTeft M NMyTelt ux NepepaGOTKM; HAYANO HCCleaoBaHM
M0 CHHTEe3y HCKYCCTBEHHBIX KAYYYKOB C Ue/bi0 OpraHM3aliiH MpOMBILIEHHO-
I'o NpoM3BoACTBA, HayueHne COMMKAMCKHX Ka/MiHbIX MeCTODOXOEHHH H CO-
7leBbIX PeCyYpcOB CTpaHbl; HAYa/l0 HCCNENOBAHHH NO KMHETHKe UenHbIX Mpo-—
LeccoB H Op,

Bropo# aran pa3suTHa HccnepopaHmit no xumuu p CCCP cpsasan ¢ ocy-
wecTBh/eHHeM MepBbX MATH/IETHHX NJAHOB pa3BHTHH HADOAHOIrO XO3sMCTBA.
CTpoKTe/MLCTBO KPYMHBIX MPeANpHATHA XMMHHECKOR NPOMBILLIEHHOCTH NOTpe—
60Ban0 OT XHMHKOB CTpaHbl HANPSKEHHON paGoThl, CBA3aHHON C paapaboT-
KOA HOBbIX TEeXHOJIONHYeCKHX MPOLUEeCCOB M opraHH3auMe# HOBLIX NMPOM3BOOCTE.

XapakTepHO, 4TO MHOI'ME HCCNefOBAHMS, HAYATLIE B 3TOT NepHoa noa
NpAMbIM BO3AefACTBHEM 34NMPOCOB MNPOMBIWIEHHOrO0 NPOXMSBOACTEA, IOJTY4H/H
GeicTpoe M Gnecrsiiee paspuTHe, Taxk, Ha 3TOM 3Tane pa3pepHy/MCb HCCle—
nopanHus B obnactH HeprexumHu, B OCOGEHHOCTH MO KATA/MTHYECKOMY Kpe—
KMHrY M no HeprexumiueckoMmy CHHTe3y. B naGopaTopusaix akageMu4ecKHx
MHCTHTYTOB H YHMBEPCHTeTOB WIHPOKOE PA3BHTHe MNONYYM/IM MCCNenoBaHMA
Mo OpraHM4YeCKOMY CHHTe3y COeQMHeHH#l pa3nM4HeIX KlaccoB, B oco6exnoc-—
TH cneAyeT OTMETHThL paboThl MO CHHTE3Y MeTajuloopraHMyeckux (M ane-
MEHTOOPraHHYeCKHX) coedHHeHuit, NPMBeAWHe K pAQY KPYMHbIX OTKPLITHiL.

B o6nactu ¢usmyeckoft xummu nomyw/m Gnecrsuee pa3puTHe paboThl No
XHMHYECKOi KHHETHKe M KaTa/M3y, B YaCTHOCTH NO TeopuM Katamaa., May-
YeHHe XHMHYEeCKHX MpOLecCCOB O3HAMEHOBAJNIOCh pa3pHTHeM paboT no Tep-
MOOHHAMMKE H TEpPMOXMMHH, MOBEPXHOCTHLIM SBJIEHHMAM M OPYFHM HanpaBs-
NneHusM HccliefoBaHMit. B 3TOT ke nepnon pa3BepHyMCh HCCllefOBaHHS MO
XHMHH PedKHX H pacCesHHbIX 3/1€eMEeHTOB M pafHOXHMHH.

HauaBwasca Bropas mupoBas BOHHA H OKKynauus CHT/I€POBCKMMM 3ax-—
BATYHKAMH 3HAYHTE/NLHOR YACTH TepPHTOPHH €BpONefACKOH 4YACTH CTpaHbl
NpUBe/M K /MKBHAALMK HECKONbKMX KPYNHBIX HEHTPOB HAYYHOI'O HCClenoBa-—
s, OgHako pa6oTel NO pany BaxHeMUHX HANpaBleHH XHMHYECKHX HAYK
He NpeKpaTH/INCb. 3HAYHTe/IbHAS 4YACTh Y4YeHbIX-XHMHKOB MepeK/lo4yH/jiackr Ha
Hccnenopamusa obopoHHOro xapakTtepa. Ha 3rom 3Tane 6bUmM AOCTHIHY Thl
3HAYMTENLHbIE YCNexH B pelleHMH pana npobieM, CBA3AHHBIX C CO3daHHeM
B rNy60KOM TbUly HOBOH NposbiuneHHOR 6a3bl H C COBeplUEHC TBOBAHHEM
BOGHHOH TexHMKH,
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Ko BpeMeHH OKOH4YAHMS BOHHEI CTpaHA pacnojarana kaapamu keanudu-
UHPOBAHHBLIX YYeHbIX-xHMHKOB., [locne pespaxyammu rnapHefuHX HCCiefo-—
BATE/ILCKHX HHCTHTYTOB M BhICIUHX Y4YeOHbIX 3apegeHHMii B KOPOTKHA CpOK
6bu10 obecneyeHO KaK NPOAO/KEHHME NpepBAHHBIX BOMHOM ¢y HAAMEHTaNbHbIX
MccnenNopaHHi, TAK H OPraHM3AalMd HOBbIX BaXHeMUWX HCC/lenOBaHMil, BblABU—
raplIEXxcg HA o4Yepeas notrpebHOCTAMM CTpaHbl. OD.HDBpEMGHIHD 6ena pac-
IMpeHA CeTb HAYYHO-HCC/IeNoBaTelbCKHX YHYpeXaeHHH, opraHM30BAHHbLIX, B
YACTHOCTH, B CHCTeMe BHOBb CO3[2HHBIX pecnybIHKAHCKHMX aKajeMHH HAYK.
B panpHejuuem 6bulH OCHOBAKbl HOBhIe (Mmuansl M Gaspl Akagemun Hayk
CCCP, 6bu10 cospano Cubupckoe oraenenne AxanemMiu Hayk, Gbula nepe—
CMOTpeHA H peopraHM30BaHA CTpPYKTypa camofi Akanemuu Hayk .Hakomen,
BO3HHK/IM MHOI'OYHC/IEHHBIE BeAOMCTBEHHbIE HAYYHO-HCC/IeNOBATEe/lbCKHEe Yu-—
pexaenus, obecneunBaiollie pelleHHe TeKYUMX 3a0a¥ COBEpIUEHC TBOBAHHS
TEXHOJIOT'HH XMMMYEeCKHX INpOM3BOACTB.

PaapuTHe uccnenopaHuit No xMMHMH B MNOC/IEBOEHHBI NMepHOA XapaKTepH-
3yeTcd CO3faHHeM CnowHoro $poHTa HCcNeaopaHMii No BCeM BeAYIUMM
HANpaBIeHHAM XMMHYECKMX HayK. [/IaBHbIMH ONMOPHBIMM TNYHKTaAMH TaKOIro
¢PpoHTa MCCnenoBaHMH CIyXAT KpynHeflme akaneMHYeCKHe H OTpaciieBble
HHCTHTYTHl, O6ecrneunpaKiliHe pelleHMe ¢yHNaMeHTa/LHpX NpoGneM B Beay-—
umx obnacTaAX XMMHYECKHX HAYK.

Taxum o6pa3oM, B NoclleBOeHHbIft nMepnoa xumuueckue Hayku B CCCP
nony4u/u Gnecrsiuee U BCECTOpOHee pa3BHTHE,

Hemanyio ponb B pa3sBHTHH HCCeAOBAHMA M B YCNEWHOM pelleHHM MHO-—

CUX BaxHefiuMx npo6/ieM MrpaloT pealH3yeMble B MNOCyOapCTBEHHOM MACli-—
Tabe MeponpMsTHA NO YNpapleHWio HayKko, BaxHeRuMM H3 TakHx Mepo-
NpHATHIt Obl1I0 BBENEeHHe MJIAHOBUMO NPMHUMNA pa3BHTHH HAYKH, ofecrne4ynp—
wero KOHUeHTPALMIY? CHN H CpeACTB NPH pelleHnH BaM He MUHX nepsooyepen-
HeiX nmpoGnem. [lpuimMn nnaHMpoBaHMA HCCllefOBaHMit B rocygapCTBeHHOM
macuitabe B CBOe BpeMs noapepraljicCi OXeCTOYeHHbIM HAMAOKamM CO CTOpO-
Hbl OTAE/IbLHBIX BHAHBLIX YYHEeHBIX KAMHTAMHCTHYECKHX CTpaH. Me:«ay TEeM,
c ¢unocodpcko-aKOHOMHYECKON TOYKH 3peHMs NJAHMPOBAHME HAYYHBIX HCClle—
AoBaHMil cllefyeT paccMaTpHRaThL KakK Hanbonee copepueHHbI MeToa opra-—
HHU3allMH HAY4YHBIX HCClleAoBaHMit, 0a/leKO OCTaBJAIOUMI no3aad cTapbifft HH=—
nykTueHbiii MeTon ¢.Bakona.

llnaumpopanne uccienopaHuMit B rocyaapcTBeHHOM MacwTabe obecneun-—
paeT BCe CTOpPOHbI OPraHM3AalMH HAYYHBIX HCC/lefOBAHH} - NOArNOTOBKY KBa-—
mHuMpoBaHHBIX KAAPOB HCClleqoBaTelleit H TBOpYeCKHX paGOTHMKOB, pas-—
BHTHE CETH CleuMallbHbIX HAYYHBIX YHYPeXOeHHH pa3fHYyHOro npoguns,
COBeplIeHC TBOBAHNE CYIWECTBYIOIHX HAYYHBIX YYpeXOeHHH H yNpapl/ieHHe HAay—
Koit B uenom, [liamipopamme Hayku obecreunpaeT KOMIUIEKCHOCTL H KOJI—
JIeKTHBHOCTL HCCJ‘IEEDBBHHH, KoOnepHpoBaHNe HCCNedOBATEe/IbCKHX Y4Ypek-—
neuuit 1 YHMBEPCHTeTCKMX nabGopaTopHit pa3/IH4HOrO npodu/is NpH pelleHHH
cliokHbX Npo6GneM obuweHay4Horo 3HaveHus. B HacTosiee Bpemsi MpHHUMN
NnnaHKHpopAHMA HaY4YHBIX HCCleaoOBaHM WHPOKC MCHNOJL3 YeTCd H B KalMTa-—
TMCTHYECKHX CTpaHax.

BaxHefuuei YyepToit uccnegopaHHit B O6G/IACTH XHMMMM M €CTeCTBEHHbIX
Hayk B CCCP cneayeT CHMTaATb HX OpPraHH4YecKyio CBA3b C HyXaaMu npo—
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M3BoacTEa M obuwecTea B Le/OM, M3 HCTOpDHM xMMHH XOpOWO H3BECTHBI
bakThl YyCNEWHOro pelleHus KPYNHbLIX HAYYHO-TeXHHYeCKHx npoGneM npH cop-
MECTHO# OesiTeILHOCTH YHMBEPCHTETCKHX H MPOMBIU/IEHHBIX XHMHKOB, B
CCCP ucciienopaHusi, CB3aHHblIe C NOTPeOHOCTAMH M pa3BHUTHEM NPOH3~—
BOACTBA, BCErga OCTABAMMCHL INIABHBIMH B [AEATE/ILHOCTH Y4YeHbLIX—XHMHKOB,

[lperMyecTea counanucTHyeckofi CHCTEMbl OpraHM3aLUMM HCC/IEAOBAHM i
ofecrnewn/M GLICTpPOE pa3BHTHEe XHMHYECKHX HAYK B CTDAHE M BBIBE/H B STOM
orHowenun CCCP Ha nepenoBsle NO3HUMK MMpopoft xumMuH. HeT comuenms,
HTO npouecc GypHOrO pa3BHTHS MCC/EAOBAHMA NO XMMHH B Hallefi CTpaHe
6yneT M nanee MpoAoMKATHLCH B BO3PACTAIOUWMX TeMMaX.

H.AM. Snelders (The Netherlands)
POINT-ATOMISM IN NINETEENTH

CENTURY GERMANY

In the first half of the nineteenth century the stomic
theory of Dslton met but few interest in Germany. Chemists
were too much influenced by Kant's dynemical view of matter
and especially by the philosophical ideas of Scheliling snd
the Naturphilosophen, who believed that all natural pheno-
mensa, including matter, sre nothing but a conflict between
attracting and repulsing forces.” Above all, it was owing
to Berzelius and his Germen pupils thst about 1840 the ato-
mic theory obteined s firm footing. Notably practicel che-
mists accepted the astomic theory as a mathematicel hypothe-
sis, which needs not be true in nsture but is useful for cal-
culation and systemstization, ss follows from & number of
nineteenth century text-books.

In fact chemists were only interested in chemistry as
an empirical discipline, They considered the atomic theory
a8 en interesting and handy theory, but they thought that
there could nothing be seid with certaintyz about the exist-
ence of such smallest particles.

The antagonists of the Daltonian Theory were above all
scientists who were strongly interested in philosophy, such

123



as the chemist Christien Friedrich Schénbein, the physicist
Carl Snell, and the Hegelians Heinrich Carl Geubel and Leo
Meier, who, about 1840-1850 denied it on speculative philo-
sophical 5rounda.5 The debate on the atomic theory got a new
impulse from the philosophical school of Immanuel Hermann
von Fichte.* As all philosophers, who were sgainst an ato-
mistical concept of matter, they saw the main contradiction
in the idea of an stom has to be divisible since space has
to be divisible, for even the smallest continuum should be
thought as a discrete magnitude. It is evident that with such
an sbsolute starting-point, a debate is in fact impossible
already beforehand. Whet's more, & number of philosophers
Bmphatically defended the view that physicists and chemists
should leave the thinking about the constitution of matter
to philosophers, Now, indeed, most chemists and physicists
granted that they used the atomic theory as an expedient for
the explanstion of nstural phenomena. They worked with atoms
and molecules without expressing their opinion upon the ree-
1lity of them. Whether atoms exist or not is not a question
of direct experience, but only rests on hypothesis. The only
question is whether the astomic theory can explain the natural
phenomena or not. So it is not surprising thset in this pe-
riod we find a number of different sorts of atomism, each
suited to the explanation of certain facts, but not satis-
factory as a general theory. Dalton worked with atoms, which
have attracting forces eand which are surrounded by an atmo—-
sphere of heat which has repulsing properties to other atmo-
spheres of heat. Sch-eigger5 and Berselius assumed that etoms
are electrically polarized by the possession of positive and
negative parts, Ampére used his "electrodynamical™ estoms, and

80 on,
In general that model was used which was suited to the

purpose of the scientist in question. Only more universal
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scientists tried to come to a general theory, but then the
Daltonian atomism is not sstisfsctory et all. It has little
philosophical background and no doubt this iz one of the
reasons that as sn alternative point-stomism was used, in
which the particles of matter are inertial points, mere
centres of attraction and repulsion,

But we have to realize that point-atomism cenrot explaib
the essentisl properties of mstter either, nctebly the phe-
nomenon of inertia., Bightly Teit considered this theory " a
mere methematical fiction",® and the argument of Whewell
that & world of point-atoms couldn't be cslled a meteriel
world at all, becasuse they possess no nass,7 is to be found
regularly in the litersture of that time.

In Germany point-astomism was defended by EKant es early
as 1756 in his "Monadologia Physica™: All matter consists
of "physicel moneds™, which possess attractive and repul-
sive forces. Buillt on Newton and Leibniz and independent
of Boscovich (who used point-atomism es eerly as 1745),
Kant replaced the smallest particles of matter by point-
centres of action. Unkile Boscovich he made use of two for-
ces: For the existence of matter two fundamentally diffe-
rent kinds of forces are needed, an attracting one and re-
puleing one. But in his "Metaphysische Anfangsgriinde der
Raturwissenschaft" (1786) he reduced the whole world to an
ensemble of merely attracting and repulsing forces.

Point-atomisn was an importent intermediate form be=-
tween pure dymemism end atomism. A resl spatial continuum
was denied, Matter consists of empty space in which there
are point-centres without any extension, which at a dis-
tance exert attracting and repulsing forces. In a group of
such centres of action the result is an equilibrium which
our senses cbserve as a continuous matter. The metaphysical,
not-extended dynemical monade or “simple substances® of
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Leibniz, were the example for the adherents of point-atom-
ism in Germany, notably in Herbsrt's philosophical school
of rea.ism.

We find point-atomism sbove 81l in the work of scien-
tists with a philosophical sttitude. Gustav Theodor Fechner
published a detailed ansalysis of atomic ideas, supporting
point-ﬁentres.s He developed his theory independently from
Boscovich, although he was influenced by Wilhelm Weber, who
believed in the possibility of point~atoms.

In his undergraduste years Fechner studied the Lehr-
buch der Naturphilosophie of his teacher Lorenz Oken (1820).
The influence of Oken's nstursl philosophical ideas is to be
perceived throughout his life, in particular in his consis-
tent deniel of a purely mechanistical snd meterislistic
world-view. For Fechner the world was a menifestetion of em
immsterial being. However, 8s a proper sclentists he soon
reslised thet with speculstion one can prove snything one
likes.

¥hen trenslating the text-book of Biot (1824), he left
the path of speculetion and walked in the ways of exact na-

tursl scientific inquiry as suggested by the French physi-
cist. Under the pseudonym Dr.Mises he wrote a number of
books in which he satirically attacked the then prevailing
Nsturphilosophie. In his theory of metter he stated clearly
that philosophically he owed much to Oken, Schelling, Hegel,
and Herbart. But he realized thst philosophy is unsble to
tive natural scientific inquiry a setisfying foundstion.In
his opinion everywhere philosophy is opposed to empiricism.
Are Kant, Pichte, Schelling, and Hegel right, then matter
is continuous and there sre no stoms, But when one can prove
that there are stoms, philosophy is wrong. This was the aim
of his book: Atomenlehre.

For Fechter an stomistic constitution of matter was a

necessary condition for natural sclence. Both ponderable
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matter and the ether consist of stoms, which possess attrac-
ting and repulsing forces ss functions of the distencze be-
tween the particles. The wave theory of light requires en
atomistic composition of the ether, becsuse otherwise the
phenomene of dispersion snd of polsrizetion ere inexpliceble
Also, the stereolisomerism of tartaric acid can only be
explained with the aid of ¥he stomic theory. However, the
problem remeins thst etoms are indivisible and cspatisl,

To solve this, Fachner mede & distinction between "physicsl"
and "philosophicel™ satomism. In the latter the etoms are
simple things (einfsche Wesen), which possess only a place
but no extension. It is true that the physicist expleins

the natural phenomena with the atomic theory, but he says
nothing (and can say nothing) sbout the simple atoms them-

selves. For this philosophical stomism point-atohns asre ne-
cessary.

No doubt Fechner was the most important adherent of
German point-atomism, but he was not the only one. In 1856
a pupil of Herbart's Cerl Sebastian Cormelius, Privstdozent

in physics and technology at Haslle, tried to explain the
chemical, cohesion and grﬁvitational phenomena with point-
atomism.g Matter consiste of centres of force, discrete
point-forming intensities, which exert repulsing end att-
racting forces on each other. In the Netherlands the pro-
fessor at the University of Utrecht, Christoph Buys Ballot,
arrived st point-atomism through the work of Laplace.qo
A pnumber of defenders of the kinetic theory of gaeses also
used point-atoms, although without using them in & genersal
theory of msetter (Ermst Hoppe, 1858; Hermenn von Helmholtsz,
1847).

Several scientists worked with two sorts of point-
forming particles of metter. For example Ludwig Wilhelmy
(1811)11 states that matter consists of two sorts of point-
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centres of force: repulsive ether points and attractive
mess points. Together they form the molecules, from which
matter is built up. Wilhelmy elsborated this mathemstically
and he found a formula analogous to the formula of the
curve of Boscovich. Robert Grassmann used action st a dis-
tance between two sorts of point-centres: around massy
point-gentres moves & cloud of so-cslled E-paare consisting

of positive and negative elactricity.12 Julius Redtenba-

cher'” worked with so-celled Dynasmiden, while the mathema-
tician Georg Centor through his snslysis of the concept of
infinity also ceme to the acceptance of point-at:oms.14

Despite these adherents of point-stomism, most che-
mists and physicists used stoms and ethereal psrticles. How—
ever, the doubt sbout the reality of the existence of atoms
remained, e.g. in the work of Lothar Meyer (1364), August
von Hofmenn (1866), and Fridrich Kekylé (1871). The lstter
worked with chemicslly smallest particles, but he thought
thet the question whether they reslly exist or not hss but
little significance from & chemicsl point of view. Its dis-
cussion belongs rather to the domsin of metephysics. In.
chenistry we have only to decide whether the assumption of
atoms is a hypothesis adapted to the explenetion of chemi-
cal phenomena.

It is interesting to note that notwithstanding the
views mentioned above, we still find dynemism in its ex-
treme form at the end of the nineteenth century, e.g., in
the work of Wilhelm Ostwald and Ernst Mach, who reduced the
whole reality to pure energy.
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Charlene Steinberg (USA)

THE EARLY DEVELOPMENT OF AGRICULTURAL EXPERIMENT
STATIONS IN GERMANY

The origins of the modern sgricultursl experiment ste-
tions can be credited to the work of Jean Boussingsult of
France and Justus von Liebig of Germany. Through his wife,
Boussingsult acquired an estate at Bechebronn, near Stras-
burg in Alsace, where in the 1830's he set up a chemical
laboratory and began a combination of field experiments and
laboratory investigations. However, Boussingault was not
the first person in France to meintein an experimentel farm
Reference is made ms early ss 1787 to Louis IVI who created
an experimental sheep farm st Rambouillet, where he intro-
duced flocks of Spanish Merino. At sbout this seme time
Lavoisier conducted an experimentsl farm at Frechine where
~ he demonstrated impoved methods of farm management and
rural economy.

In Germany, experimental farming had been conducted as
early as 1784 by Albert Thaer, who wes the first to convert
his estate into en Agricultural Institute, and in 1815 Si-
gismund Friedrich Hermbstedt wes one of the earliest to con-
duct large-scale field experiments.

The concept of sgricultursl experimentation stations
and farms characterized by a combinstion of field experimen-

ts with leboratory investigations, began to develop early
in the 19th century in Englend and Germany in the form of
individual enterprise. A few of the man responsible for
these early attempts were Jean Boussingeult, Nicolas de Sau-
ssure, Albert Theer and S.F.Hermstadt. However, thése ef-
forts were not sustained until Sir John Bennett Lawes
prompted by the researches of de Ssussure, converted his
laboratory to research on artificisl fertiliszers, which

led to the esteblishment of Rothamsted in England. This wes
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the first successful "Expériment Stetion" in the true sense
of the term.

Although Englend was the first to mainstain & success-
ful sgricultural experiment station, it was Germany who de-
veloped the system. In Germsny the egricultural experiment
stations had their origin in the Agricultural Schools of
the Universities, the first being founded in 1727 under
Friedrich Wilhelm I of Prussia at the Universities of Halle
and Frankfurt. Soon Agricultursl Schools were esteblished
in almost all of the German Univwersities. However economic
reasons forced them to curteil their functions and to gra-
duslly shrink to complete ineffectiveness,

Two events altered the situstion. First, some of the
more farsignted and energetic began to conduct experiments
of their own on their farms; and second, Albert Thaser ap-
peared on the sceme. It was Thaer who placed nstural science
into the hands of the farmers. In the 1780's he bought an
estste near Celle, in Hannover, where he devoted ell of his
leisure time to agricultural resesrch and by the end of the
century his work became known to the farmers of Germany.

In 1802 he converted his estate into an Agricultural In-
stitute, the first in Germany. Here he gave lectures on
farming and it was from this academy thst such innovations
88 crop rotation and animel breeding originated.

Nevertheless acientific agriculture was lacking a spi-
rited leader. This it found in the middle of the 19th cen-
tury in the person of Justus von Liebig. His book, "Organic
Chemistry in its Applications to Agriculture snd Physiology'
published in 1840, exerted the greatest influence in com-
bining science and sgriculture. Liebig &and his book impres-
sed upon the governmentsl asuthorities in Germany end in
other European countries the great need of providing funds
end faculties for the establishment of agriculturel expe-
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riment stations. Liebig can slso be credited with the trasi-
ning of many men who played a most influentisl role in the
experiment station movement, Outstanding in this group was
S.W.Johnson, who probably hesd the greatest influence on

the organization of stations in the United Ststes.

Liebig's efforts were fortified by lectures of Alexan-
der Perzold end Adolf Stdckhardt. In 1843 and 1844 they at-
tempted to convince the farmers thet chemists should be em-
ployed in connection with their agricultursl investigations.
In one such lecture to an agricultural society Stdckhardt
stetes: "In fact it is chemistry slone which can give us
the explanstion as to the constituents of sur surface soil,
as to the crops which we raise on it, and the fertilizers
through which we increase the productivity of the field..."
Stockhardt's pleas were heeded, for in Feb., 1847 he was
named Professor of Agriculture and Chemistry at the Forestry
and Agricultural Acedemy of Tharendt with the assignment to
conduct his own research in addition to his tesching obligse-
tions.

The State of Saxony wes the first to respond to the
efforts of Liebig, Stockhardt, and others. In 1850, through
the support of the Saxony Government and the fermers of Sa-
xony, plans were set in motion to establish an experimental
farm. The Leipsic Economical Society hed come into posses=
sion of & 120 acre farm at MGchern, and with the cooperation
of the Leipsic Chemists' Agricultural Society at a meeting
Oct.19, 18507 it decided to convert this ferm into an expe-
rimental farm. Application to the government was followed
by legaelizetion of the institution end an ennual sppropria-
tion for its support was established. To sugment this appro-
priation, certain funds which had been raised by the "Union
of German Lend and Forest Lords", for the purpose of erecting

8 monument to the great Thaer ahd which remsined after com-
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pletion of the monument were applied as a Thaer Foundation
to assist in the promotion of the project. Thus the first
agricultursl experimentation stsetion in the world to be sup~
ported by taxpayer and fsrmer was formed. The following is

a section of one of its ststutes: "The esteblishment is to
be controlled by a Board of Directors. Persons or parties

contributing 75 may be represented in the Board, The di-
rectors of the practicel and scientific departmentes are en-
titled to one vote each and the other members to one vote
for each 75 contributed.” The scientific depeartment was und-
er the superviesion of Dr. Emil von Wolff end the practical
department was under Gottlieb BEhr. As a result of Wolff's
a‘ble direction, the farm buildings were soon converted into
laborstories, and within a six year period an enormous
amount of research was conducted. Worlff scon left to go to
the Agricultural School at Hohenheim and Dr. Wilhelm Knop
became director, a position he held for may years. The re-
sults of the work at the MSchern Ststion were so successful
that soon stations began to spring up throughout Germany.
In the first years of their existence the stations were
governed on the whole by the sgricultural societies or cor-
porstions which founded them. However, changes gradually
took place. A number of stations not locasted in Prussia,
such as MGchern, Tharant, Minchen and Hohenheim, became
State Institutions between the years 1865-1879. In the mean-
time 8ll of the Prussian Stations becsme connected to the
Department of Agriculture., The supervision of the stations
was carried out for the most pert by a "Euratorium™. In the
case of MSchern this Euratorium consisted of & representa-
tive of the Economicsl Society, the director of the station
and members which were neamed by the Minister of the Inte-
rior for 3 year terms., For the stations which were depen=-
dent upon the Agricultursl Depertment, the EKurstorium was
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chosen by the Department. It usually consisted of practicel
agriculturists together with the General Secretary of the
Depertment and the director of the stetion. The college sta-
tions were governed by their respective rectors and Admi-
nistrators.

In order to bring the Stetions into & closer reletion-
ship with one another, & resolution was pessed st & gathe-
ring of German farmers and foresters, which took place in
Sept. 1862 st Wirzburg, that the executive committees of
the scientific and practical divisions of each station
should meet annually at the site of one of the stations.

On May 21, 1863 the first meeting of this kind took place
in Leipsic. The group was called the "Wanderversammlung
deutscher Agrikultur-Chemiker, Physiologen und Vorstende
der Versuchsstationen". Sixteen experimental stations end
six sgricultural academies composed the original group.

This led to the founding of e Union of Agricultural
Experiment Stations Sept. 26, 1887. Its purpose was to fur—
ther unify the orgenizetion of the stations and to facili=-
tete the exchenge of ideas and experimentsl results.

So, although Germeny's first experimentsl station,
founded at MSchern in 1851, was 8 yesrs after Rothemsted in
Englend at the close of the century Germany had 67 stations
a8 compared to 2 in England,
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Zdzislaw Wojtaszek (Poland)

THE FIRST YEARS OF CRYOGENICS IN THE LIGHT
OF OLSZEWSKI'S CORRESPONDENCE

The comspoxlzdma of Olszewski’ constitutes & rich
source of information pertaining to the history of cryoge-
nics. In papers published earlier this source has been used,
first when describing Dewar's polemic with Olssewski as to
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the priority on some achievements in cryogenics? and later

when discussing the scientific contacts of Remsey with Ols-
neweki? The third paper presented the part played by lique-
fiers constructed by Olszewski.*

The present paper uses informetion contsined in Olszew-
ski's correspondence to elucidate some fscts of the early
period of development in cryogenics. It concerns the period
comprising the years after the first liquefaction of oxygen
in the stetic stste in 1883, The cescede method was then
used for gas liquefaction. This period lasted more or less

to the end of the XIXth century when.it was superseded by
. the method of Hempson and Linde.

The oldest letter in the collection, deted July 4th,
1884, is written by Louis Cailletet, one of those who laid
the foundations of cryogenics. The letter pertsins to work
on the critical parameters of nitrogen as well as on the
boiling temperatures of nitrogen and ethylene under reduced
pressuie5 sent to Ceilletet by Olszewski to be presented to
the Academy. Cellletet answers that he cennot do so, as he
spendes his holidays nesr Peris, but he will trensmit the
paper to Debray who will gladly undertske the tssk. There
follow Ceilletet's remarks on the paper; there sre connected
chiefly with a proper presentstion of some priority problems
connected with the liquefaction of hydrogen snd with the
names of Wroblewsji, Pictet, and himself. There are no
other letters from Csilletet; however, in the list of ad-
dresses to which Olszewski sent reprints of his papers,
this name was kept for & considersasble time,

Copious materiel for the history of cryogenics is sup-
plied by five letters from Heike Kamerlingh Onnes (dated
July 19th, 1895; March 6th, March 10th, Msy 12th, and Sep-
tember 29th, 1896) this is supplemented by one preserved
reply by Olszewski (dated September 10th, 1896).6 The corres
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pondence starts with the following sentence: "Seversl days
sgo I had the pleasure of sending you an English version of
ny communication on the Leiden Cryogenic Laboretory".7 Fur—
ther on the suthor writes: I thenk you most kindly for the
obteined reprints and at the seme time beg for acceptance

of this peper as & special expression of my deepest regsrds.
You will see for yourself in the peper, how much I admire
the pioneer work by yourself end your lete colleague Wrob-
lewski." A similer high evelustion of the schievements of
the Polish scientists is often found in the letters of Kamer

lingh Onnes. Further on Kamerlingh Onnes describes his
equipment for a "permanent bath of liquid oxygen", mede

from metel, sets off its advanteges, snd draws attention
to a considersble interest in liquefied gsses. He writes
that he demonstrated the "splendidly blue oxygen" many
times to his scientific friends.

This dislogue = very cordisl on the spparatus construc:
ted by the scientists is further the subject of letters.
At the same time the problem - still unsolved - of hydro-
gen liquefaction in the static stste is discussed, especi-
ally as in N°23 of "Leiden Communicstions" s peper on this

8 classic me-

subject was published by Kemerlingh Onnesg
thods are considered in it as well ss the then newly ap-
pesring llquefying engines of Linde, Solvasy, etc.

The chief subject of correspondence of both scientists
is, however, & different problem. Neamely, Kamerlingh Onnes
was forced to discontinue his resesrch, ss the Town Council
of Leiden demanded s translocation of the laborstory out of
the town becsuse of the dengerous work performed there. A
special committee of the Royal Academy of Science was con-
stituted. It was to be occupied with the problem. Kamer-
lingh Onnes writes: "The committee will surely ask me, how
this is met with in your lsborstory. Would you be most

kind to answer the following questions..."; six questions
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follow pertaining to security at work with compressed and
inflemmsble geses and to possible security regulations.

Olszewski sent the needed information., Kamerlingh Onnee
reports thet Olszewski's opinion is completely in sccord
with the opinion of the committee and asks him to sllow
to enclose his letter with the committee's memorisl. He
bopes that this letter will help him to remove the obstecle
on the way to a development of his leborstory. The problem
of a permission for continuing cryogenic research wes in
question for & long time; on September 29th, 1896, Kemer—
lingh Onnes deplores that he does not work with liquefied
gases for a yesr and a half now and he does not know how
long this will last.

A new problem mentioned in the correspondence consists
in the liquefaction of helium. Kesmerlingh Onnes received
the reprint of a psper by Olszewski on en attempt to liquefy
helium.g the letter recently discovered by Ramsay. The at-
tempt did not succeed - if the chief end be considered =
and in spite of this EKemerlingh Onnes writes that he must
express his edmirstion for splendid work,

An occasion to requite was found by Olszewski twelve
Years leter. Esmerlingh Onnes was sble to surmount in some
manner the administretive difficulties and continued cryo-
genic research with great success, the grestest achievement
certeinly being the liquefaction of helium in 1908, Olszew—
ski congratuleted him of this fest, snd Ksmerlingh Onnes
thenked him in his letter of September 20th, 1908.

The sequent series of letters - remsining to be die-
cussed = has the following festure in common; the writers
apply to Olszewski as a source of informstion on the pro-
perties of liquefied geses st low temperatures. There are
letters from Victor Meyer of GGttingen, Lothar Meyer of Ti~-
bingen, Louis Henry of Louvein and Edmond van Aubel of

Brussels.
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For many years Olszewski corresponded with Clement
Winkler of Frelberg in Sexony, the discoverer of germanium.
Reprinte were exchanged and remerks on the current research
were shared; Winkler admires the masterful experimental
technique of Olazewski.

There were many more correspondents of Olszewski from
various countries, as for instence C.Wiedemann of Leipzig,
P,Bachmetieff of Sofis, J.H. van't Hoff of Berlin, L,Tshu-
geiev of Moscow, B.Raymen of Prague, M.Bauer of Vienna,
E.L:Nichols of New York, and others. Their letters are con-
cerned with less importent affairs, therefore they will not
be discussed; again, letters from two more correspondents
will be presented.

The first of these is Michsel Altschul of Berlin, for-
mer assistant of Pictet (letters deted February 8th, March
1st, and March 8th, 1897). In the first letter Altschul
quoteé an interesting information, thet when he worked in
1895 in Leipsig under the direction of Ostwald, on the lat-
ter's advice he went to Cracow to see the ffmous laboratory
of Olsszewski, where he was well received. This emboldens
him to ask Olszewski to collsborste with the review "Zeit-
schrift fiir comprimierte und fllissige Gase™ which he begins
to edit. He informs that such collaboration is slready pro-
mised by Ksmerlingh Onnes, V.Meyer, Pictet, Ven der Wasals,
Wiebe, Guldberg, de Heen, Thomsen, Solvay, and others. He
asks Olsgewski for a detailed description of his laboratory.
Olsszewskl agreed to collaborate with the review but - as he
did not feel well - proposed thst the description should be
written by his sssistant, Tedeusz Estreicher.

m.re:loher'l- article reslly appesred in Altschul's
review in ‘189’;"..'10 It was, s0 to say, & summing up of the
first period in the history of cryogenics = the period of
the cascade method. The hesrt of the described lsborstory
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was an apperatus for liquefying oxygen, constructed in 1890,
working by the cascade method. In the meantime, elreesdy in
1895 - or even earlier - the gas = liquefying equipments of
Hampson or Linde were invented, utilizing the Joule=Thomson
effect and the counter-current principle. Of course, these
were, for the time being, the first attempts of a new method
The lest five yeers of the XIXth century might be regesrded
as 8 transition period. The description of Olszewski's labo-
ratory was a fare-well to a past stage. Olszewski himself
understood, moreover, that the cascade method could Lot com=-
pete with the counter-current method - &8s regerds simpli-
city of construction end security in work and in 1898 he
begen to modernize his lsboratory. He was slso occupied with
the construction of high quality apperstus for the lique-
fection of air snd hydrogen bassed on the Hampson method.

A sort of opening of a new period of history of cryo-
genics is found much earlier in the correspondence of Ois-
zewski. Namely there is a letter (dated October 9th, 1895)
from Willism Mundell Thornton of University College in Li-
verpool, collsborator of Hempson in the discovery of his me-
thod. In this letter we mey reed "...May I cell your atten-
tion to the enclosed note of &2 new process of liquefying air
or any gaeses. It is by the aspplication of the regenerstion

principle to obtein extreme cold rsther than great hest end
in the hands of Professors Linde & Schriter ehs proved a

Buccess. ...The scheme is in every respect identicsl even to
the experimentsal detsils with one invented by Mr.Hampson of
Chester and myself and designed for use in lsborastories. The
idea is eighteen months or more old... Professor Lodge has
fevourably criticised the scheme and we should be very
greatly obliged if you would tell us what you think of its
utility in lsboratory work both chemicsl and physical on the
continent.”
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Olszewski's opinion on the methof was probebly posi-
tive, Besides, the method wes in position to defend itself

and thus begsn & new era in the development of cryogenics.
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Zoltdn Székefalvi - Nagy (Ungam)

DIE ERSTEN SCHRITTE FUR DIE VERBREITUNG DER CHEMISCHEN
WISSENSCHAFTEN IN UNGARN.

Die Wissenschaftsgeschichte pflegte sich nur mit der Ent-
stehung herforragender Erfolge der Wissenschaften zu beschafti-
gen, gen, 3ie pflegte die horisontale Ausdehnung der Wissen-
schaften nicht zu forschen, namlich wie sich die wissenschaft-
lichen EKenntnisse in den breiteren Massen des Volkes verbreite-
ten, obwohl auch dies aus kulturhistorischem Gesichtspunkt sehr
wesentlich ist.

Es ist allbekannt, dass die exklusive Wissenschaft der
Wissenschaftler in der Neuziet - die von der Zeit der burger-
lichen Revolutionen zu rechnen ist - demokratisiert wurde. Die
Tatsache, dass die epochenmachenden Chemie-Pachbiicher R.Boyles
Sceptical Chemist, 16613 das Buch von A.Lavoisiers Traité élé-
mentaire de 1a chimie, 1789 in englischer bzw. franzosischer
Sprachen ausgegeben wurdens kennzeichnet, deass die Chemie in
der Neuzeit den Weg zu den breiteren Bevolkerungsschichten
suchte,

In der ganzen Welt begann also ein Vorgang in den XVII-
XVIII. Jahrhunderten zur Popularisierung der Wissenschaften.
Wenn ich hier nur lber die Lage in Ungarn berichten will,steckt
die Ursache davon in den historischen, entnographischen und
sogar linguistischen Faktoren, wodurch das Land in einer be-
sonderen - von der allgemeinen abwpichenden - Lage war.

142



In Laufe der XVI-XVII, Jahrhunderte drickte der standige
Kampf zwischen den Tirkes und der Westen ihr Geprige auf das
Earpatenbecken, wodurch natiirlich auch die kulturelle Entwick-
lung bedeutend zuriickgeworfen wurde. Die nach dem Aufhoren der
Kémpfe durchgefiihrte Bevolkerung der entvolkerten Geviete duch
Fremden machte die schon vom Anfang an ziemlich bunte ethnische
Verteilung der verschiedenen Nationalit&ten noch farbenvoller.

Wegen der Buntheit der Nationalitdten blieb die lateini-
sche Sprache - als Esperanto des Karpatenbeckens - verhaltniss-
méssig lange, bis in die Mitte des XIX. Jahrhunderts als Spra-
che der Verwaltung, sowie die des Mittelschul und Hochschulun-
terrichts; so erwachte auch die Sehnsucht nach der Befreiung
von ihr - im Verhiltnis zum Westen nur mit gewisser Verspétung.

Es ist charakteristisch fiir die Lage, dass als Jénos Apéc-
zai Csere im Laufe seiner Studion an der Utrechter Universitat
den Vordrang der westeurcp@ischen Sprachen sehend, selbst eine
Ungarische Enzyklopdide zysammengestellt und im Jahre 1653 aus-
gegeben hat, - darin die Naturwissenschaften, so auch die Che-
mie - Carthesianerweise behandlend -~ mehr als ein Jahrhundert
lang keinen Nachfolger fand.

Auch andere Wissenschaften sind der Chemie nicht weit vo-
rangegangen, Die Physik wendete die Sprache des Volkes zum
erstenmale im Jahre 1777 an, die erste Mineralogie - die der
Chemie wesentlichnBher steht - wurde in ungarischer Sprache
durch Ferenc Benkd ebenso in Ausland s in Gottingen geschrie-
ben.

Einige Bicher in ungarischer Sprache wurden wohl mit dem
Titel ausgegeben, der dem Leser die Bekanntmachung der Natur-
wissenschaften versprach, diese suchten aber in der Natur ei-
nen Beweis fiir den Gottesglauben und erzielten die Verstarkung
der religiGsen Gesinnung. Chronologisch wurden diese durch

Volksgchullehrbicher gefolgt, worin aber der naturwissenschaft—
liche Teil minimal war.
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Nur am Ende des XVIII. Jahrhunderts, in der Zeit der Ver-
stdrkung der Aufklérung, als die Ansicht sich verbreitete, dass
"jede Nation nur auf ihrer Sprache Wissenschaftler wurde':
erschienen solche Werke in ungarischer Spreche, die die Chemie
wissenschaftlich rivhtig behandelten. Unter diesen gab es Wer-
ke, die als Hilfsbiicher in den Mittel- und Hochschulen anwend-
bar waren, hauptsachlich aber solche, die die Wissenschaften
in den breiteren Massen des Volkes zu verbreiten versuchten.
Besonders die damals sich vermehrten Zeitschriften, unter ihnen
auch die von literarischem Inhalt, machten vieles im Interesse
der Verbreitung wissenschaftlicher Chemie Kenntnisse.

Durch solche Gestaltung der Ereignisse wurde die offent-
liche Meinung von Ungarn zu einem der frihesten Anhdnger der
Chemie von Lavoisier.

Als eines der grossten Hindernisse fir die Verbreitung der
Eenntnisse wurde die Verschiedenheit der ungarischen Sprache
von den anderen Sprachen Europas angesehen, der Umstand, dass
die Fachsprache von griechischem und lateinischem Ursprung im
ungarischen Text sehr auffalend und abstechend war.

Man muss die Energie bewundern, das die ungarischen Che-
miker im Interesse der Ungarisierung der Chemie-Fachsprache
entwickelt haben., Die Wissenschaftliche Akademie Ungarns stell-
te mit Stolz fest, dass keine einzige europfische Nation so lo-
gisch und wissenschaftlich begrundete Chemie-Fachsprache habe,
wie die ungarische. Kein einziges Fremdwort ist in dieser No-
menklatur geblieben. Fiir jedes Element jede Verbindung und je=-

des Mittel wurde ein neuer ungarischer Neme geschopft.
Diese grosse Arbeit erwies sich in den Folgenden als

nutzlos, da die Hauptschwierigkeit im Verstehen der unbekann-
ten chemischen Begriffe nicht in der Nomenklatur besteht. Da-
bei h@tte es auch zu ungesunder Isolierung von der interna-
tionalen Wissenschaft filhren kdnnen, wenn man unter Fihrung
der zur Verbreitung der Naturwissenmschaften zum Leben gerufe-
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nen Gesellschaft - die intensive Wirkung hatte - jede Neuwch-

schopfung der ungarischen Chemie-Fachsprache, die slleinsto-
hend wéhrend zwei Generationen herrschte, nicht ausgerotted
hatte.

Wie wir es gesehen haben, war die Verbreitung der Chemie-
Kenntnisse in Ungarn spiter angefangen, sie hat einige Sack-
gassen zurickgelegt, aber ihr Beispiel ist doch lehrhat, ihre
selbstlose Arbeit verdient dabei auch so die Anerkennung, da
die jetzige Lage durch sie vorbereitet wurde, wofiir uns nicht

beschEZmen missen.

William H, Brock (Great Britain)
THE HOFMANN - LIEBIG CORRESPONDENCE

Editions of Liebig's correspondence with celebrsted
chemists like Berzelius, Wohler, Mohr and Schdonbein were
produced within the first thirty years after Liebig's desth
in 187237 but his letters to his close friend snd first
pupil of resal distinction, A.W.Hofmenn (1818-1892), were
never published., In 1888 Hofmenn edited the publicetion of
Liebig's letters with Wohler (who hed spproved their selec-
tion before his death), yet he made no plans to publish his
own correspondence with Liebig, despite his preparstion of
a8 biography of Liebig in 1875.2 Such a minor discrepancy is
no longer puzzling when the letters sre inspected and their
overall character assessed.

At the Bayerische Stastsbibliothek in Miinchen there
are 39 letters written by Hofmann to Liebig between 1841,
when he became Liebig's privete sssistent, and 1872. The
other half of this correspondence, which unfortunately does
not match uniformly, is housed st the Gesellschaft Liebig-
Museum et Giessen, where 90 letters from Liebig to Hofmann

between 1845 and 1872 are to be found. Two letters sbsent
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from the collections, which were published respectively by

Sudhoff in 1906 and Winderlich in ﬂ930,5 together with one
unpublished letter from Hofmann to Georg Liebig (who had

owed his career ss 8 militery doctor in India to Hofmsenn's
influence), bring the total collection svseilsble for study
to 132 items. The letters are in old hand &nd feirly le-
gible. During the past two yeers transcriptions have been
maede into Roman script by Dr.Wangermsnn, and preliminsry
transletions into English were completed recently, We hope,
provisionslly, to publish an edition of the correspondence
in 1973.

Most of the letters relste to the first ten yesrs
(1845-1855) of Hofmann's csereer in London st the Roysl Col-
lege of Chemistry which wes founded in 1845 following the
initistive of Liebig's two English pharmsceutical pupils,
Dr.John Gerdner end J.Lloyd Bullock. Thé.latber correspon-—
dence is intermittent; no doubt this is e reflection of
Liebig's withdrewal from active chemicsl resesrch following
his transfer to Miinchen in 1852, and Hofmenn's increasing
self-assurance 2s the new leeder of Germen chemistry, fol-
lowing his .own transfer to Berlin in 1865, which evidently
led to streined relstions between the two men. (The exchenge
of letters is represented by only 15 letters sfter 1855.

At this stege we have no way of telling how meny letters
have been lost or destroyed, or how the present semple were
preserved.) Until his return to Germeny Hofmann remained
very much the differentiasl and devoted pupil, and this fect,
together with their physical sepsrestion and Liebig's spe-
cial relstionship with Grest Britein, mesnt thet long and
informetive letters were frequently exchenged. A few preli-
minery impressions of this correspondence csn now be given,

Hofmenn was made a Privatdocent at Bonn in the Spring
of 1845, Prospects were excellent and, st first, he hed no

wish to entertain an uncertain future in London. In June
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1845 Liebig said thet he would have teken the London posi-
tion himself if Hofmenn had not moved to Bonn; implying
that he would have wished the 27-year—old Hofmann to succeed
him at Glessen. Then prospect of Hofmann's succesasion occu-
red sgain in 1851 when Liebig negotisted with Heidelberg.
"I haeve the intention of suggestion you for Heidelberg if
I do not answer the call™, Lieblig wrote, "of for Giessen
if I do" (10.5.51). Hormann replied thet he would be pre-
pared to make financisl sacrifices to return to Germany,
but Glessen did not sppeal to bim., He revealed one of his
reasons in 1852 when Liebig accepted the Cheir at Miinchen
and repeated his Giessen offer: "I have slways had a clear
opinion of myself and my capabilities; I have never despi-
sed them, but slso never overestimated them Put bluntly, I
am incapable of filling the post after you. I em essentially
a man with one idea and feel the difference would be too
grest" (20.6.52).

But the reel reason was not modesty, but unexplained
mutusl feelings of animosity between Hofmann and Heinrich
%ill, the Assistant Professor of Chemistry at Gilessen. Lia-
big's private view of his ultimete successor is therefore
of some interest: "™Will is not the men for the job. He hss
done nothing for three yesrs, nor will he do enything in
the future. To ve considerste under such circumstances is

a crime... Will would be completely stupid to feel slighted
by a csell to someone else, for only through this cen he hope

to retsin 8 fairly large number of students" (8.6,52).

As is well known, Giessen rapidly cessed to be the in-
ternstional Mecca of chemicel tyros after Will succeeded
Liebig. -

In London Hofmann immedistely admired the seriousnesa
of purpose behind the privste venture known as the Royal
College of Chemistry. Accordingly, he sttended Brande's
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and Graham's lectures to improve his own lectures. He soon
found that "London life is a peculiarly gay, endlessly va-
ried confusion, stimulating end refreshing for the fortunate
end hopeful, but discouraging for the depressed" (28.1.55).
If the finances of the College were desperste, Hofmann found
that there were large sums to be made from consultancy -

a8 he advised Liebig cynicaelly: do not "1lift up your hand
without first making sure that it is counterbslanced with
gold" (26.6.53). This sttitude was perhseps publicly visible,
for T,A.Hirst recorded in his privete journal rumours that
"by robbery end intrigue (Hofmann) mensges to suck en in-
come of 12 eor 14 hundred pounds & yeer out of E::gland"."’
But the present correspondence does not reveal an altruis-
tic Liebig either. Welton, his English publisher, was to
pay Liebig £150 for the third enlarged edition of the Femi-
liar Letters on Chemistry in 1851. (This was for s printing
of 4000 copies.) However, by publishing the four new "Let-
ters" of this edition in Wekley's Lancet beforehand, Liebig

earned another £150. When Hofmann and Graham investigated
rumours that the Burton-brewed beers of Allsopp and Bass

were conteminated by strychnine in 1852, Liebig gained £100
for writing an open letter in praise of the English brew.
His mein chemical test "consisted in my drinking e bottle
with great enjoyment™ (8.5.52).

The principal financisl and business interest revealed
by approximstely twenty percent of these letters is rather
startling. In 1845 Liebig, Hofmann, Bullock and Gardner
plotted to profit from Liebig's discovery thet there were
unexploited smounts of quinine present es quinidine in the
waste-products from the pharmaceuticel manufacture of qui=-
nine snlphste.s Between 1845 and 1846 the consortion raised
money to buy tons of quinidine cheaply from sll over Europe
for shipment to Bullock's fectory in London. Their plan
?:: to sell end market it as "amorphous quinine™ at an in-



flated price once Liebig published his delibersately-delsyed
identificetion of quinine end quinidine. Profits were to
the shared three weys: & third each for the German end Eng-
lish parthers and unnamed financiers. Considerable discus-
sion developed in the English medicsl press when it was no-
ticed that Bullock hed patented Liebig's process some days
before Liebig's official identification was published in
May 1846. But by then the English conspirstors had slready
fellen out with their German collesgues, mainly because
Liebig, for reasons of politicel expediency, had privately
advised the Hessian Priv}y Counsellor Herr von Iinde that
there were profits to be made from the purchsse of quinidine

When Hofmann took stock of the "unfortunate affair"
in February 1847 he reckoned that his own shere of the pro-
firs smounted to sbout £30 compesred with his estimete of
£1000 in June 1845, No doubt Bullock and Gardner did better,
though the affair was a precipitsting factor in Gardner's
dismisssl from the Secretaryship of the R.C.C. in August
1846, while Robert Warrington's patent (1846) for using
animsl charcoal in quinine manufecture demolished the sig-
nificance of the Liebig=-Bullock process; end both English-
men lost the friendship of Liebig end the future possibi-
lity of translating his writings.

To reed these letters for their possible information
on the current research activities of the two men will lead
to disesppointment. For, unlike the published correspondence
with Berzelius or Wéhler, Liebig's and Hofmann's letters
contain comparatively little deteil concerning their re-
search., Of course, there are many other aspects of their
correspondence which could be mentioned: Liebig's delight-
ful paternal pride and concern for the advancement of his
son Georg, his sympathy for Hofmenn's continual bereave-
ments, their sherp comments on other chemists, or Liebig's

sly humour (e.g. "good drinking water is water in which .
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peas can be cooked™, 19.3.46), but we have deliberstely
emphesized financiel mstters since this is probsbly the so-
lution to the problem of their previous hon-publication. The
quality of the letters with their incessent concern with
money would have cast an ill light on the heroic status of

both Liebig and Hofmann if they hed been published slongside
the collections of Berzelius snd Wohler. Edited out, the

truncated letters would agsin hseve compared poorly with

the scientificelly-revealing letters of Liebig's other cor—
respondence. To use s contemporary distinction which does
seem to be useful for once: the collection is more concerned
with "externalist" history of science then with "internsl-
ist" history; for that resson there was no desire to publish
the letters. Publicetion today, however, may help us to un=—
derstand better the private and personal motives which pro=-
duced the professional scientist in the nineteenth century.
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B.U. Ecador (CCCP)

K OLEHKE HAYYHOW OEATE/IbLHOCTU M.BEPTJIO
B OPTAHUYECKOW XHMHH

Hayunas pesTembHocTh M.BepTno ewe npu XH3HM nonyumsia camyl Bbl—
COKYIO OueHky. lOGuneit narmnecaTHneTHa Hay4dHOR M obmecTBeHHOl nes—
TeapHocTH Beprno B 1901 r, BLUIMIACS B MHTEPHALUMOHA/LHBI TPA3AHMK XH-—
MHYeCKO# HAYKM. B OT3biBax, AaHHbIX NMoOcNe KOH4YMHBI Beprno, ero HasmBa=-
mu "Jlabyaswe XIX cronerus”, "uynom npupodbl”, “HCNOMMHCKMM AYyXOM".
OpnHAKO MHOr'He OT3bIBbl ObUlM HEAOCTATOYHO OObeKTHBHBI H He OOBACHANM,
noyemy Bepriio, OTpHUABWHH ATOMHCTHYECKYIO TEOpHIO, MOI' ONEpeXaTh B
50-x ropgax npowsoro CTO/METHS XHMHKOB, CTOSBIUHX HA €e No3uuuax. JTOoT
Bonpoc uHTepecoman A.M, Byrnepoea B 1861 r.

OtHoca Beptno Kk nobGopuMkaM SMNMpH3Ma, peakuMoHepaM B Hayke, Byr-
nepop TeM He MeHee, KaK-TO 3ajajl eMy BOMpoC, “KakuM o6Gpa3om aoien
10H N0 CBROMX OpHMIrHHANLHBIX crocoGoB o6pal3opaHMs TOrO MM APYroro pe-
wecTea?”, Beprno wyrmeo oreetun: ‘C'est en pensant’’, — 4T06bl pewnTs
OAHHBIR BOMPOC, HEOOGXOAMMO BCMOMHHTHL O nepHode $opMHPOBAHHA MHpPOBO3-
apenns Beprno, ceirpaBuiero cCymecTBEHHYIO pOfib B ero Hay4HoH AefiTelb-
HOCTH, DTOT MepHOA COBNaj CO BpeMeHeM I/yCOKOro KpH3HCA XHMHYECKOH
Hayku 40-x u 50-x romnos XIX cronerns. Mononoit Beprno naxoauica noa
CHibHBIM pMaHHeM [lenysa n Banapa, pacyeT/nHBBIX NPAaKTHKOB XMMHKOB,.

B Te "cmyTHble BpemMeHa”, nepexnpBaemMble XHMHeil, OHM NPUAEPKHBANNCH
ofmHX 3aKOHOB NMPHPOOLI, CTEXMOMETPHYECKHX 34KOHOB XMMiH, yYeHus o6
9KBHBAMEHTHLIX Becax XHMHMYECKHX 3/1eMeHTOB, Kilaccuyeckux pabor JlaBy-
asee M Bepromne, He npuMbikag HM K CTopoHHHKam Bepuemyca, uu x
rpynne OCHOBONONOXHHKOB yHMTapHoi Teopun Jlopana u Mepapa., Beptno
6bl1 CBMAETeNleM HeNMPUS3HEeHHOrO OTHOWEeHMA K HAM HanGollee aBTOPHTETHBIX
¢dpaHuy3ckux xuMHKoB. O6Gnanas TpeasbiM, He MO JleTAM MPAKTHYECKHM YMOM,
Beprno, BoamoxHO, He Gea pmArua Penana, cran nocnegopaTtelieM [03H-
THBUCTCKO# ¢unocodun. BoccTapas npoTHs npeapaccyakos, MHCTHKH, Bept-
JID CHMMTA/I, YTO SKCNEepHMEeHTa/lbHbIM HAYKAM MPHHAANEKHT BeaywWwAas poib B
nporpecce,

Kpyroeopor BeuwecTBa M sBneHuit B npupoae nocayxun ana Beprno oc-
HOBaHHEeM, 4TOGblI NMPH3HATHL 3a 3aKOH npupoasl o6paTHMOCTL XHMHYECKHX
NMpoLecCOB M BMeCTe C HHM BO3MOXHOCTBH cuHTeaa /moObx BewecTts, Bce
3TO onpefe/mno "TeopeTudecKyw nnatdopmy”, Ha kotopyw Bcran Beprtno,
ero OTHOWeHHe K BonpocamM Teopuu., He BoopyXas ee CTOPOHHHKOB KOHKpeT-—
HbIMH N/IAHAMM HAYYHBIX HCC/IeAOBaHMil, 3Ta “nnaTjopma’ pcenana p ee
CTOpPOHHHKOB YBepeHHOCTL B YCNex CHHTe3a mobblx BeleCTB.

BepTno Ha4an M3y4aTh OpPraHMYecKYylo xMMHIO, Koropas K 50-M ropam
NpOLUTOrO CTO/MIETHA pacnofaraja cpeleHHaMH O CHHTe3aX HeKOTOpbIX opra-
HHYEeCKHMX BelleCTB H BaXHbX HaGmoaeHMsax, MHOTHe H3 KOTOPbIX OKA3al/lMCh
NpaKTHYeCKH 3a0bITbIMM, XOTH Kax/aoe M3 HMX MOI/IO COCTAaBHTbL NpeaMeT
cneumanLHOro uayvemus. [lepenle mccnenosanus B oflacTH CHHTe3a — pe—
3yALTAT H3Y4YeHHs He3apBeplleHHblx pa6or, BepTno nonyuwun u3pecTHOCTL Gna-
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rogaps cuHTesy rauuepunoB. [lo Hero [lenys u XKemm cuureaupopanu GyTu-
PHH, OCTABHB OTKPHITHIM BONpPOC O6 HAEHTHYHOCTH ero C NpHpoaHbIM OGyTH-—
puHOM, BhldeneHHmM lllespenem, BapbHpys YC/OBHS H BeCOBBle COOTHOWIE—
HHS OpraHMYecKMX KHCNOT M riuvuepuHa, Beprno nomywin rmiuepnasl pas-—
JIMYHBIX KHCJIOT, BbICUWHE H3 KOTOPLIX, NOCNEeLWHs, NMPHHAT 38 TeTpariHuepHabl.
Bckope ucnpaBuB owubKky, OH onucan TpH ‘pafa CAMUEpHOOB, YeM [o—
Kaaarl TDEXKHCHOTH}'K}I npHpoay rMuUepHHA H BO3MOMXHOCTE CHHTe3a ?K.'l‘lpllblx
peumecTs, Beptno ¥ age /lyka nbiTanich NOMYYHTL TPHHOArHAPHH IIHUEPHHA,
$baKTHYeCKH MOMY4YK/M MOAMCTHIR A7/l ¥ BOCCTAHOBM/IM €0 B NPOMHJEH.

Tax BepTno copepwns nepexof K XHMMM OnedHHOBBIX YI/IeBOAOPOAOSB,
KoTopas Torpa, o6pa3HO roeopsi, Gbula xMMHYeCKOH uemHOf, OT/mM4YHO 3TO
noxuMas, BepTno Ha nponuileHe KAK MOAENLHOM BelleCTBE M3YuHn pAd pe-—
aKuMit NPUCOENMHEHHs, B TOM WHC/le DeaKUMI0 FHApaTalldi C MOMOWBIO Cep-
HOM KHCJ/IOTHI, H MOMYHHI npomlnoahm" cnupT € T.xun. 81-82°C, Beptno
He3aMe[UIMTe/lLHO NepeHeC ONbIThl HA MACNOPOAHEIA ra3 (sTunen), Papaagef,
Penno, Marimyc ycTaHOBM/IM, YTO STH/EH NOIJIOWAETCHA CepHOH KHCIOTO#,
o6pa3ys 4epHOBHHHYIO (STH/CepHYl0 ) kHcnoTy, K-coab KoTOpo#t npH nepe=—
roHke c sopofi, 4ro Habmionan eHHenb, gaeT BUHHBIR crmpT. Tax, kKayecT-
BeHHO Obula OOKA3aHA BO3MOXHOCTBL O6GpaTHOrO NOMYYEeHHS 3TH/IOBOIO CNHpP-
Ta M3 sTuneHa. Beprno snepenie ommcan yc/opHs B3aHMOAEHCTBHS YHCTOrO
aTHNeHaS ¢ CepHO#l KHCNOTOj M, NOMYHMHB STAHOMN, 3aABHN: “3TO nepshlit
cnyuafl, xoraa ankorons nonyyex 6e3 nomoum ¢epmentTaumu”., Bropo# cno-
cob6 cuHTe3a cnmupToBR BepTno oTkphul, MCNo/b30pap oGpaTHoe npeppalleHHe
XJIOPHCTOrO METHNA B METH/IOBBLIA anKoroinb,

Hayvyenne cpBoficTB IMuepHHAa HATONKHYNO EepTno Ha MbICnb, WTO caxa-—
pa, o6nagas HeflTpa/MLHBIM XapaKTepOM, MPH GO/bLIIOM COACPMAHHM KHCJ/O—
poOa gBASIOTCH NOMMANKOIONSMH, M OH 3TO AOKA3a/. BONBIKHCTBO XHMHKOB,
NpHAEPKHBABUNXCH TEOPHH THUIOB, AOBOILHO CH/ILHO OTCTapam or Beptno
Nno YMC/IYy M 3HAYMMOCTH CBOHX HccieAopaHuil, OH OAMH BO3INIABHI HOBOe
CHHTETHYECKOE Hanpap/leHHe B OpraHM4Yeckof xuMuwu.

Beprno cdopmupopancs kak MHOrON/AHOBLIA MCCNENOBATE!NL, YAMBISB—
WHi BCeX HeBMOAAHHbIMM TeMnaMHM CBOMX pa6or. Crapas xumMHMYecKas lWKona
B miue BepTio noxasana, 4TO OHA MOr/a elle NATL OPraHMYECKON XMMHH.
O6 yMenoM HCMONL3OBAHMH NMPHHLWMNA O6paTHMOCTH XHMHYECKUX peakuMi,
macwrtabHocTH Mbnunedus DBeprno paetr npeacraeneHue pacyeT, MpH-
BefH#t K cuHTe3y dopmuara kanus. [1oBOOOM NOCNYXHIO CpaBHeHHe 3TH=
JIOBOr'0 anKOro/la ¢ MYpPaBLHHOR KHC/OTOH, OTWENIMOWMX MoA AefiCTBHEM
CepHOfl KMCNOTHl 3JIeMeHThl BOAbl C 06pa3soBAHMEM COOTBETCTBEHHO 3TH/eHa
H OKMCH yrnepona. AHanorus nporndasisana B tom, yro C 2H,y u CO npu-
CoeAHHA/M paBHble oObeMbl xnopa. [lockonkbky Beprno ocymec-rnun ob6paT—

l‘I‘.ta. TPEeXaTOMHYIO,
2¢a1c-rnqecnn H3ONpPOMMJ/IOBLIA CIHPT,

3I1cu1y=le:-| Ha C2H4]2
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Hblft Nepexod STH/eHa B 3TaHO/, eMy OCTapanoch HANTH YC/OBUS NpeBpa-
LIeHHS YHCTOM OKMCH yrnepopsa® B MypaBbHHYI0 KMCNIOTY H/HM ee conu. Bepr-
N0 NOoKa3all, 4YTO YBIAXHeHHbIl enKHil Ka/mii noriowaeT npH HarpeesaHMH
OKOJ10 10000 OKHCBh yriepopja ¢ o6pasopanuem ¢opmmaTta kamusa, Beprno
nobun NpoBOAMTL TepMHYecKoe padfoxeHne ¢opmuara BapHs, CONpOBOM-—
napumeecss 4YacTHYHBIM ob6pa3oBaHHeM MeTaHa, STH/IeHa, Peakuus He nMe—
71a HMKAKOro NMpakTHYECKOro 3HAYEHHSA, NOKaadbipad /Milb NpeBpalleHHe KHC—
NOpOAHBIX OpraHMYeCKUX BelweCTB B yriesonopoasl, [poaomKas nccnenosaHus
Tefi~ilioccaka, BepTio OTKpbL1 HOBLI crnocof noiy4yeHMs MYpaBbHHOH KHC—
7IOTHL MyTeM HATpeBAHMS WABENECBOMl KHCMOTHI C [VMUEPHHOM u Boaoi. K
STOMY e NepuONy OTHOCHTCS OTKPBITHE peakuMH cuHTesa ¢opmena® (mera-
Ha) nyrem nponyckamusi cmecH Cou Hp Han marpersivyt no TemHo-kpacho-
F0 Kaneuus Meablo Mnn keneszom, B 1858-1859 rr. BéTTrep B CBeTH/ILHOM
rase, Ko B rase, nojy4eHHOM NpH PA3IIOKEeHHM a/KOronas, O6HapyXum raa,
palowKi MegHOe COeaHHeHMe MpH NPONYCKAHMH Yepe3 aMMHAYHBIA pacTBOp
nonyoxpucroit Meau. DepTao, NpoaHaNM3MpOBAB 3TOT ra3, NpPHNHCAN eMy
dopmyny C41125, HA3BAB aleTHleHoM, Beprno nonyyan auertnnen Takke H3
MeTaHa, 3TH/IeHa, METHJIOBOI'O a/lkoro/s, Jy4dwe u3 npoctoro a¢upa. K uso-
NOrKYyeCKUM psaam C‘n”2n+2' CnH:,n Beprno npubasuwn psa aleTHIEHOBLIX

yrnesonoponos Cpllo,_2-Ho meron Ks-Beprno He nossonsan nomyuats

roOMO/IONM aueTH/leHa, 3TO CTal/l0 BO3MOKHBIM 6narogaps metopaM Cagpnua,
Msacmukosa, [lpeacTaenas aueTH/eH aHAIOrOM stunena, Beprno, He ananu-
SMPYS, MPHHAN NPOAYKT ruapaTalMm auetwiea ¢ nomomsio H,0,3a aue-

TH/BHbIA anxoronbe. H3 a/UlMNeHa - 3a a/UIM/IeHOBHI{ ankoroik. Bepa B
HenorpewxMoCTbL CBOe#i HHTyHuuu npupena Beprno k own6kam, BCKpBITBIM
llipoe, Aoka3aBIMM TOXAECTBO AJUIH/IEHOBOrO alKOrois C aueToHoM, u Jla-
repmMapkoM INMLTEKOBBIM = TOXKAECTBO ALIETH/IEHOBOI'O ANKOFOiAs C KPOTOHO-
BbiM a/bAeruaomM. BepHo paccmaTpueas nonydeHue aleTH/AEHA M3 MeTaHa
Kak cuHre3, Beprno nyrem nponyckaHus BOAOpOAa 4Yepe3 BONLTOBY AYrY
Mexay YrisaMH CHHTe3HpoBan auetuneH., BepTno nookasan npaBHILHOCTBE MHe-
mia Bepuemyca o Tom, 4TO AByyrnepoaucThit Boaopon Papanesa (Geuson)
NpH OAMHAKOBOM MpPOLEHTHOM COCTaBe BTPOE TsAXellee alUeTH/EHA, NpeBpa—
THB aleTH/IeH, NpH TemnepaType, G/IM3KOll K pa3MaryeHMio CTek/nla, B [O-
numMmepbl — GeH3on, cTupon. Tak 6bin nepeGpoleH MOCT MeXAY MHPHBIMHA
H apoMATHYeCKMMH coennHeHMaMiu. BepTno noxan obueHayudHOe 3HAYeHHE
npeppalleris TPHXJIOPYKCYCHON KHCIOTbI B YKCYCHYIO M NOCBSTHI MHOIO

4C(J noiyyasach HaArpepaHHeM THXe/oro unaTa, CMELWAHHOrO C NOpPOWKOo-
oGpa3HbIM KETIE30M,

5C = 6, BeprTno noaTBepaMn QaHHbIE NMEpPBOOTKpeBaTeNnd aueTnneHa 3,[sBuH.

6
BuHunoBbIfi anKkoroib,
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BHHMAHWA BOCCTAHOBHTENLHBIM peaKUMsiM, HCNO/ML30BAB B KAYeCTBe YHMBEp-
CaNbHOT'O BOCCTAHOBMTENs HOAMCTOBOAOPOAHYIO KHCI/OTY YAENbLHOI'O Beca
‘;2.0. C nomombio Hee JlayreMaH npeBpaTHN MOJIOYHYIO KHC/IOTY B MpOMHO—
HOBYI0 KHC/IOTY., BepTno noxasas, 4TO BCe KHC/IOPO/HLIE KHPHLIE COEIMHe—
HMS, HempenenbHble YreBOAOPOAbl BOCCTAHABIMBAIOTCS B NpefellbHble yr-
nepoaopoAbl. AMWHBI PACIIEIUIRIOTCS HA aMMHMAK H NpeaenbHble yIrJeBoaopo-
Abl, ApOMATHYECKHE YI/eBOAOpOAbl H HX NMpouasoaHnie ¢ 80-100-kpaTHbIM
no secy xomyecteoM HJ —kucnorm (d ~ 2,0) nocne 24-uacoporo Harpe-
panus npH 275-280° C, no naHubIM Beptno, TaKk#e npeppawalTcs B CnHzn +2¢
lMoanunee Kmxuep OGCTOATENbHEIMH ONLITAMH AoOKadan, 4To 6GexH3on BoccTa-—
napmpaercs HJ ~kucnoroit npumepso na 20% B CgH 4, na 80% 8 CgH o,

npeactapnsouMi coboit mMetTnumknonedtad, OrMernnm, wro Beprno BesBHA
BaXHble CBOACTBA HEKOTODbIX TEPNEeHOB H BLICKA3IA/ NPeanoioXeHHe, 4TO
tepnennt seasiorcs nomumepamu Tepena (CgHg), npumimaswerocs sa me-
TUNSTHNALETHIIEH,

Bce ckasaHHOe, eCTeCTBEHHO, He HCHYEepnbiBaeT ocTamileHHoro bBepTtno
OFPOMHOI0 HAYYHOI'O HACNeaHsd, KoTopoe 6yaeT M nnpedb NPHKOBLIBATL BHH—
MAHME MCTOPMKOB XMMHYeCKO# HAYKH.

Ferenz Szabadvéary (Ungam)

KAROLY THAN UND DIE CHEMIE IN UNGARN IN DER ZWEITEN
HALFTE DES XIX. JAHRHUNDERTS

Es wdre interessant zu untersuchen welche Wissenschaft
in den verschiedenen Léndern zuerst bis zum Niveau der selb-
sténdigen Forschung gelangte und was fir Grinde in den ein-
zelnen Féllen heifiir angegeben werden konnen. Ich glaube in
den meisten Lindern war es, ebensc wie in Ungarn, die Che-
mie. Bei uns verdffentliche man schon im XVIII, Jahrhundert
zahlreiche iiber eigene chemische Porschungsergebnisse be-
richtende Publikationen, solange in anderen Wissenschafts-
zweigen man erst zur Veroffentlichung von Kompilationea zu
Unterrichtezwecken gelangte. Die wissenschaftliche Chemie
entwickelte sich in Ungarn &us der Analyse, die neben der
auf das Mittelalter zurickgehende Edelmetallproduktion seit
Jahrhunderten lebhaft betrieben wurde. Die erste Halfte des
IIX. Jahrhunderts war hingegen durch einen Rickgang des che-
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mischen Forschung gekennzeichnet, wenigstens ihre wissen-
schaftlichen Ergebnisse betreffend, hingegen sich in diese:
Zeit des stiirmischen ungarischen Nationalismus die ungari-
sche Sprache ausbildets. "Es machte mir viel mehr Milhe die
ungarischen Ausdriicke zu schaffen als die Wasser zu zerle-
gen" - schrieb der Autor des srsten in ungarischer Sprache
erschienene Chemiebuches im Jahr 1800, das liber Heilwasser-
analyse berichtete. Die Jahren in der Mitte des Jahrhun-
derts mit der Revolution und darauffolgenden fremden Unter-
drickung liessen sogar die ungarische Sprache aus dem Unter-
richt verschwinden. Gegen 1860 liess sich jedoch schon der
Wind des Ausgleiches spiiren und, durch welchen 1867 die o8~
terreichisch-ungarische Monarchie zustende kam. Man fihrte
wieder die ungarische Lehrsprache ein, folglich brauchte

man Professoren die ungarisch sprachen, moglichst solche die
nicht revolutionadre Vergangenheit hatten. Fir das damals ein~-
zige chemische Institut der einzigen ungarischen Universitat
fand man die geeignete Person in den jungen Assistenten der
Wiener Universitat, Kfroly Than, der durch seine Lehrer Red-
tenbacher in wien und Bunsen in Heidelberg lebhaft empfohlen
wurde. Er bekam die Professur im Alter von 26 Jahren in spe
von Talent und Geeingnetheit und leitete sie bis 1908, also ,
beinahe solange als die Monarschie bestand. Et war eine Zeit
kapitalistischen induﬁtriallan Aufschwunges, wo der Bedarf
an Chemikern rasch enstieg. Uberall in der Welt war ja der
Chemiker der erste der verschiedenen Wissenschaftler, der am
frilhesten unmittelbar in die Produktion, in die Fabriken
eintrat.

In den Jahrzehnten von Thans Professur wurden neue Uni-
versitédten, Hochschulen, wissenschaftliche Institutionen,
chemische Materielprifanstalten gegrindet, es entstanden wis-
senschaftliche Vereine, und all dies brauchte Professoren und
Direktoren, die Chemiker sind. Es gab keine sndere Chemiker
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im Lend, nur Schiller Thans und man ernannte meistens den er
vorschlug. So kam es, dess im genzen Land Thans Schiiler Che-
mie unterrichteten, forschten und leiteten, Es kam schon oft
vor in der Wissenschaft, dass jemand durch Zufall der Umstén-
de wie Than, durch politische Ereignisse, durch Diskrimina-
tionen usw. zur entscheidenden und massgebenden Rolls iu
einem Wissenschaftsbereich in einem geographischen Bereicht
gelangt, nun héngt es von Gegehenheiten und Charakter des
Betreffenden ab, ob diese Ausnahmestellung fiur die Betroffe-
nen ginstig oder unginstig sein wird.

Im Fall von Kéroly Than ergab sich dies in meisten Hin-
sichten fiir forderlich.

Es war ein guter Organisators erbaute vor hundert Jahren
ein chemisches Institut, das zu seiner Zeit unter die modern-
sten der Welt z&hlte. Es dient noch heute dem chemischen Un-
terricht an der Universitdt Budapest. Er spielte fOrdernde
Rolle im wissenschaftpolitischen Leben, in der Ungarischen
Akademie der Wissenschaften, deren Vizepr&sident und in der
Naturwissenschaftlichen Gesellschaft, deren President er war.
Er grindete die erste chemische Zeitschrift des Landes, die
bis heute erscheint.

Er war ein ausgezeichneter Pédagoge, und ein sehr kla-
rer, moderner Author. Sein beinahe zweitausend Seiten betra-
gendes von der Jahrhundertswende erschienenes Lehrbuch der
experimentellen Chemie ist inhaltlich eines der besten Bi=-
cher, die ich aus dieser Zeit kenne; wire es nicht ungarisch
goschrieben worden, so wirde es unter die beriuhmtesten Blucher
der Chemie zahlen. Es begann mit der Thermodynamik, mit Eine-
tik und mit Elektrochemie zu dieser Zeit, wo die physikali-
sche Chemie kaum noch geboren war. Nicht viele Beispiele gibt
e8 in dieser Zeit einer so moderner Aufrassnng.

Interesse fir alies Neue, das charakterisierte Than bis
in sein hohes Alter. Als Forscher schrieb er ungeféhr 50 Ve-
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roffentlichungen, die hauptsdchlich die allgemeine, anorga-
nische, analytische und physikalische Chemie betrafen. Obz-

war er als Assistent in Wien aus dem Gebiet der organischen
Chemie publizierte, hat er dieser, eben in jener Periode so
emporschwingenden Wissenschaft den Riicken gewendet; Auch
nicht in seinen Bichern behandelte er sie. Der zu grosse Al-
leineinfluss eines Wissenschaftlers hat auch gegen den bes-
ten Willen Nachteile. Sein Uninteresse fiir die organische
Chemie hat sehr wahrscheinlich in erheblichem Mass dazuget-
ragen, dass dieser Zweig der Chemie sich in Ungarn erst
ziemlich spat entwickelt hat, und lange kaum gepflagt wurde.
Von Thans wissenschaftlichen Engebnissen am Gebiet der
analytischen Chemie sind die Einflihrung des Kaliumbikarbo-
nats als bis heute beste Urtitersubstanz der Alkalmetrie im
Jahr 1860, und des Thanschen Salzes, des Kﬂlimbijodan zum
selben Zweck in der Jodometrie (1888) hervorzuheben. 1864
schlug er an einer Tagung vor, die Ergebnisse von Wasser-
analysen nicht willkiirlich zu Salzen zusammenzustellen und
s0 angeben, sondern in Form der Elemente bzw. Radikale dar-
zustellen in der sie bestimmt wurden. Praktisch heist das,
die Analyseergebnisse in lonenform zusammenzustellen. Obz-
war er diesen Vorschlag mit zahlreichen praktischen Argu-
menten unterstiitzte und auch in deutscher Sprache publizi-
erte, verbreitete er sich nur 'in seinem Einflussgebiet, in
Ungarn. Dreissig Jahre spéter, kurz nachdem Arrhenius seine
Ionentheorie ausgearbeitet hatte, empfahl dasselbe Wilhelm
Ostwald in seinem Buch "Wissenschaftliche Grundlagen der
analytischen Chemien" nun mehr durch theoretische Grundla-
gen unterstitzt, In der zweiten Ausgabe seines Buches saner-

kannte Ostwald Thans Prioritdt in dieser Frage.
Than entdeckte in einer ungarischen Heilquelle das Koh-

lencxysulfid (Carbonsulfid), des er bald synthetisch erzeug-
te und seine physikalischen und chemischen Eigenschaften

eingehend untersuchte. 157



In der allgemeinen und physikalischen Chemie definierte
Than den Begriff des Molekularvolumens (Einheitsvolumens)
der Gase. Er wies in seiner Veroffentlichung "Die Einheit
dea Molekularvolumens der Gase" darauf bin, dass die Chemi-
ker, besonders die Organiker sehr irrefihrend und oberflach-
lich mit diesem fur die Molgewichtsbestimmung so wichtigen
Begriff vorgehen und oft sei &hnliches zu lesen, dass "die-
ser und jener Stoff in Gaszustand 4 oder 8 Volumen einnimmt."
Er nannte Einheit des Molekularvolumens diesem Volumen, dass
diejenige Menge von Salzsaure oder Bromwasserstoffsdure bei
0°C und 1 Atti Druck einnimmt, das genau 1 g Wasserstoffato-
me enthdlt. Versuchsmédssig bestimmte er diesen Wert als 22,
33 1. D. Verthelot korrigierte ihn spater auf 22,41 1.

Than bewies 1864 bei der Dampfdichtebestimmung von Am-
moniumchlorid, dass das anomalische Verhalten dieser Verbin-
dung durch die thermische Dissoziation hervorgerufen wird.

Er betonte, dass die Moglichkeit dieser Erscheinung bei Damp~
Dampfdichtebestimmungen zu beriicksichtigen sei.

Than befasste sich auch mit Eiskalorimetrie und bestim-
mungen zu beriicksichtigen sei.

Than befasste sich auch mit Ekiskalorimetrie und bestimm-
te die Verbrennungswarme von verschiedenmen Stoffen, u.a, vom
Waaserstoff. Er unternahm die ersten spektroskopischen Unter-

suchungen in Ungarn und wies ‘schon 1862 das Rubidium, erst
1861 durch Busen entdeckt, in der Asche von Eichen nach.

Obzwar er perscnlich daran nicht metarbeitete, wurden in
seinem Institut zahlreiche reaktionkinetische Untersuchun-
gen an der Jahrhundertswende unternommen., Than publizierte
immer allein unter seinem Namen; sein Name erscheint aber
nie als Author im Arbeiten die in seinen Institut von sei-
nen Mitaruveitern oder Doktoranden unter seiner Leitung
ausgefilhrt wurden. Solcher Arbeiten gibt es ungefBhr zwei-
hundert. In diesem Vortrag wollte ich nicht nur die nicht
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allzu bekannten Verdienste eines wirdigen Forschers in
Errinnerung zu bringen, sondern auch das sehr interessante
Problem der Rolle der Personlichkeit in der wissenschaft-
lichen Entwicklung ganz oberflachlich anzurihren.

Y.B. Nanbm (CCCP)

POJIb TAPTYCKHUX XMMHKOB B CB/IMXEHUHW XUWMHUYECKOH
MBCJ/IM B POCCUH U 3AMAHOW EBPOIE B XIX CTOJIETUH

Bnaronaps cnewnduke ceoerc reorpaduyeckoro pacnonoxeuns [lpubas-
THKA B NpOWble CTOMETHS YACTO HIpaja poik CBoe0GpasHOro NOCpedHMKA
npu obmenun Poccuu co crpanamu 3anaanoit Eeponbi. B Ilpu6anTHKe cKpe—
WMBA/MCh 3/1eMEHThl PYCCKOR M 3anafqHOeBpONeHCKoi, B OCHOBHOM HeMel-—
KO#, KyibTypbl [110NOTBOPHOCTL €CTECTBEHHbIX KOHTAKTOB PYCCKOR H He—
MeUKOo#l KY/ILTYP BeCbMa 3aMeTHO NpOAB/IAeTCH M MPH PACCMOTPEHHH HCTO-
pPHH pa3BHTHA HAYKH, B YaCTHOCTH , xuMHH B [lpubGanTuke.

Kadenpa xumian cymecrteoBana B coctape TapTyckoro yHHMBepCcHTeTa
B TeyeHHe pcero npouuioro cronetus, B XIX B. B yHuBepcuTere paGoramu
mHorue puaHsle xumuku (A.llepep, W.['uze, K.le6emb, K.limuar, K.Kna-
yc, B.Ocreansa, I'.Tammaun, H.J/1. Kougakos, /I.H. [lucapxesckut u Aap.),
KOTOpBIE NOANEPXHBA/M TECHble HAY4YHbIE CBA3H KAK C PYCCKHMH, Tak H C
3anafHbiMH YHHBEpPCHTETaMH.

Wa rapryckux npodpeccopor xumuu npownoro cronetus A.H. llepep,
O.J punoens, N.luse u K. ebems 6bim nuromMuamu M2HcKOro ysHupepcuTeTa,
K.lUmuar (yuenux 10,J/Iubuxa) - Bepmuuckoro, K.Knayc, B.OcTteamea
I'.-Tamman - Tapryckoro u H.J/l. Konpaxoe = [leTyp6yprckoro.

PakTHYeCKMR ocHopaTems kKadenpwm xumuu u dapmauum TapTyckoro yHu-—
pepcuTeTa akapemux [letep6ypckot Akagpemun Hayk A.H. llepep, ypoxeneu
lNerepbypra, yxe B lepmamun B korue XVIII croneTtns cran yGexneHHbiM
CTODOHHHKOM nepenobbix arnsaos Jlabyasve. Ero nayuHo-neparoruyeckas
NeATeNbHOCTL CHawana B 1apty, [lotom B Akanemun Hayk B [leTepGypre
OKa3piBANla CYWEeCTBEHHOE BIMSAHHME HA pacnpoCTpaHeHHe HOBBIX XHMH4Ye-—
ckux Teopuit B Poccul, a TakXe HA BO3HMKHOBEHHE H Da3BHTHe PYCCKO#H
XHMHYECKORt TepMuHONMOruu. [lnonoTeopHoil ans paseuThs xumuu B Poccun
Goina Takke m3naTembCkas Aestenshocts A punnens, W.use u K.eGens,
npeeMHHKOB A.lllepepa Ha kadeape xummu TapTyckoro yuusepcuterta. Ma-
OAHHBIE MMM XYPHAZbl, KHMMM M y4eGmuku cnocobcrsopam COMMKEHMIO HA-~
YYHBIX B3I/IAO0B PYCCKHX M 3anafHoeBponefickux xumukon., M3 rapTycxmx
XMMHKOB OCOGEHHO CllefyeT OTMETHTbL PONb 4Y/leHa-koppecnonaenta [letep-—
6yprckoft Akagpemun Hayk K.®, lebena (1799-1851), paGoraswero s Tap-
Ty 23 rona., K.'ebenr yacto BCTpevalCs C PYCCKHMH M 3ailadHbIMM Yye-—
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HbIMH M B€Jl HHTEHCHBHYIO MepenHCcKy CO MHOMHMH XMMHKAMHM, B TOM wuHCIe
n c l0./lu6uxom. Kak moxasaHo B craThix A.l0. ApepGyxa, pa6orbl K.le-
Gens no B3pLIBYATHLIM BELIECTBAM, B HACTHOCTH NO NOIYYeHMIO HHTPOKIET—
4aTKH, MOXHO pACCMATPHBATHL KAK CYUECTBEHHO BAXHBIX 2Tan B pAa3BHTHH
XMMHH B3pBIBYATHIX BeleCTB He TOMbKO B Poccuu, HO H BO BCeM Mupe.
Tpyan K.'eGena B oGnacTd xWMHMM NPHPOAHBEIX COEAMHEHHH NpPUBE/M K OT-
kpeiTHIO B 1837 r. HEM3BeCTHOr0o B TO BpeMs a/lkajiouaa rapmaimHa, 4To
MOC/TYKH/IO TOMYKOM K Pa3BHTHIO 2TOr0 Hanpapaenus xumuu B Poccuu, Tak
pabotes MeGens Gbiy NMOAOTBOPHO MPOAOHXKEHE! NETepPSYPICKHM aKANeMHKOM
W.¢puwve, orkpeisweM B 1841 r, anxanoun rapmux ( C,3H;50,), Opura-
HAMbHbIE PYKOMMCH, Npo6bl Kpacky HA Gase rapMa/MHa K Op., XPaHATCH B
donnax Hayumnot 6u6mmorexu TapTycCKOro rocyaapCTBEHHOrO YHMBEPCHTETA.

BocnuTaHHMK HemelkHXx GapmaueBTHHYeckux Tpagnumii, K.[ebems muoro
cilenan ansd pa3pHTHA ¢apMamMH B PoCCHM B NOAroTOBKH (fapMaueBToB Mjist
Poccuu n 3apyGexubix cTtpaH, OH ocHoean B 1844 r, npu TapTyckoM yHH=—
BepcuTeTe PapMaueBTHYECKHR HHCTHTYT, KOTOPbIfi 6bUI NMepBbIM LEHTPOM
noaroroekn ¢apmauesro B Poccuu. Cospanunipt K.[eGenem HUHcTHTYT BrHOC-
NMefCTBMH BO3INaB/Is/IH TaKHie 3IHAMEHHTHle YdeHnble, kax K.Knayc, I'.[lparex-—
aopd. u M.J1. Konnakos.,

HMckniounTeMbHO TECHBle HAYHYHBIE CBASH YCTAHOBHIMCH MeXAY TapTyCKH—
MM XMMMKAMM, C OQHOH# CTOPOHHI, H PYCCKHMH M 3anafHbIMH YHeHbIMH, C
apyro#i, so sropofi nonosune XIX B., xorna xadenpy mosrnapnamu Kapn
limuar (1822-18%4) u I'ycrap Tamman (1861-1838),

MNpuexapwuit B 1846 r. 8 Tapry monomoft lUmuaT yxe paspaGortan opu-—
FHHA/BLHBIR NYTh K paspelieHHi0 ¢H3MOMOro-xHMHMYECKMX npobnem, 3To 6bl1
TBOpYECKHil CHHTe3 HeMEeLUKHX TpaoHuMii ero yuurtenei Jlubuxa-Baruepa u
pycckux MeamumHcxux Tpaguump H.H. lMuporoea. limuar coveran rayGokoe
GHBHOMOr O=K/IHHHYECKOe pacCMOTpPEHHE MPOUEeCCOB B OpraHu3Me C TOHHBIM
XMMHYECKMM MCcreaoBaHMeM, Braronaps OpuriHa/lbLHOMY noaxoay K ¢uauo-
Noru4eCKHM npoueccam (npoueccesl nNuuuesapeHus, o6MeHa BellecTB H aHep-
ruu, kposoobpawenss H Ap.) MHorue BHAHpie ydeHmlie ([.Byuare, P.Heitmeit-
crep, I'.Tammay) cunrtaror K.lliMuaTa onHMM M3 OCHOBATE/eft COBpeMEHHOMR
hH3NO/IOrHYeCKOR XHMHH,

Tpynamut rapryckunx npodeccopos K.lmuata u ¢.Buagepa B Tapry 6b1~
la ocHOBaHa M3pecTHasi BO pTopoit nonosuHe X[X B. wkona du3nonoros
(F.Bynre, H.H. Jlyaux, A.llmuar, ¢.B. Oecanmmkos, H.M. fAxyboeuu u
ops). OpuruHansueie pa6otel K.lmuara u &,.Buanepa okaswiBanu cyuwecr-
BeHHOE BMsSHMEe HA AedTellbHOCTL NPH3HAHHBIX Hemeuxkux ¢uamonoros M.llet-
renkopepa, K.doitta, M. Py6Hepa, ®.L onne-3afinepa u Ap., a Takke Ha
BOSHHKHOBEHME M pa3BHTHe pycCkoit duanonorydeckoi wxonwm [laBnoea,

H.8. [Napnos cam nHeoaHokpaTHo HaabiBan K.llminta u &,.Bunnepa ceonm
HenocpeACTBEeHHbIMK MpeaulecTBeHHMKaMu. KcTtaTH, nepssijt yunTerns U.[1.[las-
nopa B [letepGyprckom ywusepcutrere ®,B, Opcaumukor B 1848-1852 rr.
H3yyan meanmuuuy B Tapry B naGoparopun Bungepa n limsiara,

3acnyroi K.lUnmuaTa cneayeT cHMTaTh TakXe AKTHBHYIO nponaraHay B
lNpubantuke » Poccuu arpoxummuyeckux Baraaooe K0.J/Iubuxa.
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Kak ceuaeTe/LCTBYIOT apxHBHbe MaTepuans:, K.liMuaT 6BU1 B TecHbix
CBA3AX NOYMTH CO BCeMHM BeyIHMH XHMHKAMH TOMO BpeMEeHHM H CBOel Ned=—
Te/lbHOCThI0O 3HAMHTEe/NbHO coaefic TBOBAI oyquemMy B3AHMONOHHMAHMIO Mesxay
pycckuMy M 3anadHeiMu xumukamm, OH pen ¢ pycckumu xumukamu (H.H.3u-
HuHeM, A,M, ByTnepoBeiM ap.) ropsune OMCKYCCHM O TEOpHHM THMOB ¢paH—
uyackux xumukoB Jlopana u Xepapa, Bmecte ¢ reMm lmuaT pacnpoctpa-
Han cpean xumukop 3anapHoi Esponsl parnanst A.M. ByTtneposa o ctpoe-
HHH OpraHMyYecKux coeauwHemuit, Kak noa4epkHyTo B NOCNEAHHX Tpyaax
10.C, Mycabexosa, K.limuar nomor A.M. ByTnepopy onyGnukosaTs B ['ep-
MAHHH HA HeMelUKOM s3blKe OoCHOBHOK Tpya ByTneposa o Teopum cTpoeHms
OpraHM4YeCcKHX BelecTB.

K.limuar 6bi1 BbloalomMMCH BOCIHTATENEM HOBOIO MOKO/NEHHSA Y4YeHbX—
XMMHKOB, H3 KOTOpBIX MHOI'Me CTa/M BINOCNeACTBMH npodeccopaMi B pyc—
CKMX M HHOCTPAHHbIX yHMBepcuTeTax. Hasoeem ua mux B.Ocreamsna B Pu-
re # Jlepmmre, \Tammana B Tapry wu lermunrene, I'.Byure B Baaene,
fl.HartaHcona p Bapwase, B.Kmuitpuma B Pure, H.[. Xpymoea B Xapbkope
H Aap.

OaHoepemenHo ¢ K.llimmgTom paGoran B TapTyckoM yHMBepcHTeTe OpYy=—
roit xpynHumifi xumuk npogeccop K.Knayc (1780-1864), oomn u3 camblx BuA-
HBIX MCCneaopaTesleft NiaTHHOBbIx MeTamioe B X|X cronerum, oTKphiBuMip
B 1844 r. HoBBIf anemeHT pyremnit. Knayc, yueHuk u accucrent lebens,
anuTensHoe Bpems Gbul npojeccopoM xuMMH B KasaHckom yHuBepcHTeTe,
raoe BoOcnMTan njegany MOJOAbLIX PYCCKHX XMMHKOB, CpefH KOTOpPbIX CAaMbIM
pelaaoummca cran A.M, Byrnepos.

B nocnenHMe OecATH/IeTHH NpoOwWNoro Beka mdnoable xumuku B,OcrBanbn
u ', TamMmaH OTKNOHMIM TpPaOMUHOHHYIO TemaTHky npodpeccopa munra u
BKMIOYMHIHCE B H3YyHYeHHe COBCeM HOBLHIX B TO BpeMd ﬂpOﬁﬂEM XUMHYeCKOH
TepMOOMHAMMKHU (BOMpPOCHE! XMMHYECKOrO paBHOBeCHs, TEOpHH PacTBOpOB,
rereporeHHoro paBHoBecusl ¥ nOp.). BrnocnencTBu 3TO HanpaBleHHe XMMHH
pasBHBANOCEL YXe MpH HeNoCpencCTBEHHOM YYACTHH W MOO BIAMAHMEM 3THX
TApTYCKMX XMMMKOB M uX yueHukoB. [locne yxopma B.Octrepansoa B 1881 r,
u3 Tapryckoro yHuBepcHTeTa B PIXCKHfI MONHTEXHWYECKHH HHCTHTYT H3Yy—
yenne B Tapry 2rux npobnem nponomkanocs I'.TammanoMm. TecHele koH-
TaKThl M Oa¥e npsMoe COTpyaHMdecTBo ¢ sanaanbmmu  ( B. PooaeGoom,
A.I'. Baur-T'odd, B.Hepuer, C. Appennyc, B.Ocreansn n nop.) ¥ pyccKHMH
(Od.H.Meunneneee, H.H.Bexeros, H./l.Moronuubin, B.A,[TnorHukoB U 0Op.)
XMMHKaMu GnaronpuaTcTBOBaNH npopeneHuio Tammanom B Tapty Gombluoft
CepMH OpHIMHaNLHbBIX pabOT H OCHOBAHHIO TAPTYCKOH WKOMbI MO H3yye—
HHIO MeTeporeHHOro paBHOBeCHA H KHHeTHKM $aaoBBIX NpeBpauweHHit, B Tpy-
aax Tammana u ero Y4YeHHMKOB CcOYeTalHChk TOYHOCTL MpOBedeHHMHA OlbITA C
ray6okofi TeopeTHyecko#d, ocoGEHHO TepMOAMHAMHMYEeCKOH, pa3paboTkoi
nony4YyeHHslx peaynsbtaToB, [Ipu 3Tom TammaH Bcerpa crapancs BHHKHYTL B
XMMM3M H3y4YaeMoro npouecca, 4TO GbUIO XApaKTepHbIM VI8 PYCCKHX XHMH—
YeCKMX Tpaauuuit, [lapaniensHoe COTBOPYECTBO MO CXOAHBIM NpoGnemMaM
H.C. Kypuakopa B [etep6ypre u I'.Tammana B TapTy cnocoGcTBOBaNo ToO-
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MY, YTO H3yyeHHe ¢(a30pbix paBHOBecHit B PoOCCHM NOCTHrNIO Ha pyGexe Ha-
wero Beka O4YeHb BLICOKOI'O ' YpOBHA,

IN.TamMman 6b11 yBexaeHHbIM NMPUBEpXEHLUEM TEOPHH 3J1eKTPOMTHYEeC KO
auccounaunH. OH orpaean MHOIO CH/I nponaraHae sToi Teopuu B Poccuwu,
HO, B OT/IHYHE OT HEeKOTOpbIX 3aMafHbIX XWMHMKOB, HE OTPHUAJ MOMHOCTLIO

H NonoXeHuit “ruapaTtHoit Teopun” pacTteopos, paapHBaemoit [.H. MeHnenee-
BBIM.

3aMeuaTe/LHBle HAy4Hble pe3yLTaThbl GbLUM AOCTHIHYTHI H B TpyAax npo-—

¢deccopa kadeaprt dapmaumu M.J1, Konpakosa (1857-1931), paboraswero B
Tapry ¢ 1895 no 1918 r, B 1900 r. emy yaanocb NOAYYHTHL NPH NOIHME—
pu3aimmu 2,3-nuMeTnnGyranueHa-1,3 nepBhifi B MMpe CHHTETHYECKHH xaywuyk.
Hauan uccnepobaHus HachilleHHbIX Yriaesonoponoe Koungaxoe eme B [leTep-
Gypre noa pykoeoacteomM A, M. Bytnepoea. PaGorel Konpnaxoea no tepne-—
HAM M M3OMEpH34lMH CIHPTOB NpociaBu/M 6yTIepOBCKME TpaaAMUM¥ B opra-
HHYECKOH XMMHMH BO BCeM MHpe,

Mel Gorman (USA)

CONTRIBUTIONS OF W.B.O'SHAUGHNESSY
TO CHEMISTRY IN INDIA

a recurrent theme in the international aspects of the hie-
tory of science is the transference of the scientific disci-
plines from country to country. In this pasper the role of W.B.
0'Shaugunessy' in the diffusion of electrcchemistry into Bri-
tish India in the second gquarter of the nineteenth century will
be considered. He was born in Limerick, Ireland, in 1809. He
studied medicine at the University of Edinburgh and received
hies degree in 1829, The next four yesrs were spent in Edinburgh
and London prz'acticing medicine, conducting privete classes in
forensic chemistry, and performing reseerch on problems invol=-
ving legal aspects of toxicology. In 1833 he entered the service
of the East India Company as essistent surgeon in the army.

He was headqusrtered at Calcutte. Like many an esrly nineteenth
century physician, he was scilentificsally versatile. During
thirty yesrs in Indias he published widely in both biological
and physical sciences, He was edmitted as a Fellow of the Roysal
Society in 1843.2 He retired from the Esst India Compeny in
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1861, end spent the rest of his days in England., He died in
Southsea in 1889, His interest in the verious fields of chemistr
was very widespreesd, but this paper shell be limited to his
work in electrochemistry.

O'Sheughnessy did not sllow his duties or his colonisl
isolation to interfere with his knowledge of the edvancing
front of electrical science.

Notwithstending the difficulties of communication, he was
sble to keep reassonably well informed by reeding current Euro-
pean journsls end books. He depended chiefly on Feredsy's work
but also mentioned texts by Davy, Turner, and Brende. In 1837,
he decided to construct a battery of 1000 Daniell cells. He wes
motivated by the fact that very few of his fellow colonisls
would have the opportunity to resd and study ss he did. So he
plenned this battery both for the purpose of doing original re-
search and at the same time giving public demonstrstiona.5 His
experiments were similer to those being carried out by & host
of investigators in Europe. These included the heeting effect of
the galvanic current while traversing metallic wires, and de-
compositions of weter, ecids, snd sslts. Investigetors were
trying to correleste galvanic action with verious physical va=
risbles, such as tempersture, barometric pressure, electrode
surface, electrode shepe, diséance between electrodes, etc. For
instance, he cleimed thet one of his batteries "served to dis-
prove & stestement recently msde by Mr. Daniel (sic), thet the
proportion of zinc surface to copper is quite immeterisl." Ano-
ther area of concern wes the use of electromsgnetic instruments
in composition to the rete of decomposition of ecidulated water
as s measure of gelvanic ection, 0'Shaughnessy fevored the lst-
ter for "precise evidence". Actuelly, Faradsy hed proven that
these two methods of messuring current were proportional to
each other, but this was one sreas of his work unfemilier to

0'Shaughnessy. 0'Sheughnessy engsged in this type of experimen-
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tation, but like most of his counterparts elsewhere, he was un-
acquainted with Ohm's work. Although the latter had announced

his law in 1827, he did so by publishing it in a limited edition
book; consequently it was almost completely unknown until at

least 1840, As & result of this situsetion it was virtually im-
possible to see much relationship in the vast accumulstion of
experimental detail. O'Shasughnessy and others tried various
electrolytes in the zinc compertment of the cell, but no con=-
tribution ebout the nature of gelvanism wes forthcoming. With
all of this type of trisl and error experimentstion, it was
inevitable that improvements in cell design would be discovered.
Here O'Sheughnessy mede an originsl improvement, In his first
cells, Deniell hed used animel bladders to separste the electro-
lytes. Others thought thst this wes essentisl to the operstion
of the battery, so the practice wes continued. However, due to
their decau and fregility they contributed to the unresbility
which wes & charscteristic of these esrly devices. 0'Shsughnessy
worked on this problem, and after much frustration in trying a
variety of animsl membranes, he finelly found thet tanned
sheepskin was far superior to anything he had tried previously.
In ordinery hendling it could not be torn, snd appsrently the
tanning process made it resistant to decomposition.

Although O'Shaughnessy could not get eny significent quan=-
tificetion of results of the sbove described types of experi-
ments, he made & significent contribution to chemistry in In-
dia by demonstrating Fsraedey's first lsw in terms of chemical
equivalents, by showing that for every 32 parts by weight of
zinc dissolving in a Daniell cell, the electricity generated
would decompose water to yield 8 psrts by weight of‘ouygen and
one pert by weight of hydrogen. Moreover, in another series of
experiments, he put two connected identicel zinc electrodes in
the same cell and proved thet each suffers s weight loss which
is one helf the number of equivalents lost sccording to Fara-
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dey's law. This kind of an experiment wes of & much higher sci-
entific level than meny contemporary reports in the litersture.

O'Shsughnessy was decidedly more of an empiricist then a
theoretician. Nevertheless he was able to choose for himself
between the two rivel theories on the neture of gelvenic section,
At this time the advocetes of Volts's original contect theory
were s8till very active in pressing their view. On the other
hend, the followers of Davy and Feradey were insisting on che=
micel action st the electrodes as the source of the electrical
current, O'Shaughnessy, beceuse of his chemicel end cultursl
background, would be expected to favor the latter, and he did so
Thus he introduced early into Indis the explenstion of gelvanic
action which was eventually to become universally accepted.

0'Shoughnessy outstanding development in electrochemistry
was his invention of the silver chloride bettery, which he con-
structed some time before 1851. It consisted of a zinc elec-
trode and a silver metal-silver chloride electrode, both im-
mersed in a solution of sodium chloride, with the obvious ad-
vantage of heving one electrolyte insteed of two. Priority
problems regarding the first construction of this bsttery are
treated olselhore.4

From the foregoing, and notwithstsnding s rsther notable
degree of mechanicel ingenuity, it is evident that O'Shaugh-
nessy was no great innovator in the field of fundementsl che-
mical development. Rather, his importence to science in India
accrues to his role as a disseminator of new developments as
soon as he lesrned of them. But as en experimenter, he was not
satisfied merely with verbslly repesting sclentific news; first
he had to cerry out the experiments themselves, and frequently
extended their range. These experiments were executed in the
well equipped (for the time end place) lsborstories of the Cal-
catta Medicel College, where he was professor of chemistry and
naturel philosophy. O'Shaughnessy was always keenly aswere of
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the higher educstionsl needs of Indisn youth, perticulsrly
those who were studying medicine. To satisfy their needs for

a comprehension of gsalvenism, he wrote a text on the subject.5
In the prefsce he ststes very clesrly his concern thet the le-
vel of presentstion should be proper to the background of the
students. He was an enthusiastic snd populer lecturer, and we
may infer thet he was instrumentsl in diffusing smong young
Indians the principles and prectices of electrochemistry. In
particular, he introduced all of terms used by Fersday-enode,
cathode, electrolysis, electrolyte, and ion.

Another manner of smaller scope by which 0'Shsughnessy's
work becasme known wss the requirement of the Eest Indien Com=-
pany that ell of its professionsl employees should submit re-
ports of their activities. Through these channels, meny of the
higher English edministretors becsme aware of the advences in
galvanism through 0'Shsughnessy's reports.

More important were O'Shsughnessy's publications in the
verious scientific journels published in Indis during the se-
cond quarter of the nineteenth century. There were & number of
others besides those mentioned in the references of this paper.
Of course, for the scientist, publicstion in scholarly journals
is the method of communication par excellence for reaching his

colleagues. The existence of a number of well established gene-
ra’' scientific societies which sponsored a journel mede it pos-

sible for the diffusion of O'Shaughnessy's work with betteries
among those individusls who could best appreciste the results.
The most effective way in which O'Shaughnessy trensmitted
the unfolding of electrochemistry was through his public lec-
tures. These were given at the Calcutta Medicel College, at the
heasdquarters of scientific societies, and st the Governor's
house. Usually he began by giving a history from the time of
Galvani, then emphesized the sdvantages of his own basttery in-
ventions over the current European models, and finslly launched

%z:o a8 series of demonstrestions. These were of the spectulsr



kind designed to impress his sudience, such &8s producing an arc
light between electrodes, melting a peir of scissors, snd ex-
ploding & mixture of hydrogen and oxygen produced in the elec-
trolysis of weter. He attempted to fix in the minds of his lis-
teners the importance of gelvenism by predicting thet batteries
would be the future source of fuel, light, snd locomotion.
O'Shsughnessy's public lectures received wide circulstion in
the press of Celcutta, and thus became known to s large body of
re~ders, for the newspapers of that period reprinted each
other's news items very freely.

O'Shaughnessy's pursuit of knowledge of the operation of
betteries led him into technologicel areass. He constructed a
battery powered motor, but did not try to improve it.s His ap-
plication of batteries to power the electric telegraph enabled
him to establish the Indien telegraph system.’

In summary, it is evident that O'Shoughnessy played an im-
portant role in the disseminstion of European electrochemicsl
concepts into Indis by resesrch, publication, lectu.e demonstra-
tions and tesching.
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KA numanecky, U.Mpanos (Pymbuus)

OEATEJIbHOCTb 3MAHOHJIA BAKAJIOTITY
B OBJIACTH XHMHH

3710 cooflleHHe NOCBAWIEHO AESATE/BLHOCTH NMepBoro npogeccopa ¢M3MKH
ByxapecTckoro ymmeepcurtera IdmaHomna Bakanorny (1830-1869).

Kax ¢maux m mMaTemaTHx Bakasormy nocraTodHO H3Y4YeH HCTOPHKAMH
HAYKH,

Bakanorny pa6oran Taxxe M B XxHMHH. Ero pabGorml B aToit obnactu
TaKxe NpeacTapndaAlTCA OpPpHIrHHaANBLHBIMH. Baxanorny H3y4dan npoMbllTeHH YO
xumuio B Mapmxe (1857-1859) n B Jleitnunre (1859-1861). B Jleiinuure
paboran B naGopatopun Otro Jlunne EpamanHa u ny6nukoBan peayibTaThl
cBoux pabor B aHameHuTOM xYpHane “‘Joumal fiir praktische Chemie'’.

MNeppaa paGora Bakanorny “O HeKOTOPhIX COMSX OKCAMHHOBOH KMCAOThI"
aBigeTcs npoaomkennem pa6or Banapna m ExrwuTpoma, KoTopeie momywiimM
weso4YHble, IWeoYHO-3eMellbHble H conH cepefbpa okcaMMHOBOR KHCIIOTHI.
Baxanoray eliepeble NMOJYYH/ COMIM CBHHLA, MeOH M HAKeMhL OKCAMMHOBOIX
KHC/IOTBI.

Bropas paGora "AHAa/mM3 CBEeTHALHOro ra3a” Gpuia onyGMHKOBAHA B TOM
e KypHale u paspupaeT uccneaosaHus ByH3eHa, oTHocAuMecs K Konu-—
4eCTBEHHOMY ONnpede/leHHIO ALleTH/IEHA B CBETH/LHOM rase.

Hcxona ua teopetuueckmx coobpaxenmit, Bakanorny ycranasmBaer ¢yHK-
IMOHA/ILHBIE 3aBHCHMOCTH KO/MHYeCTB 3TaHa, 3TH/IEHA H aueTH/l1eHa H3 06—
wero ux obbemMa B CMeCH, KOIMYeCTBA YIJIEKHC/IOThI, OGpA30BAHHOM NMPH HX
CHHIMaHHH, H YMeHblleHHs o6bema MpH CXKHraumd, Pewaer MaTeMATHYECKH
CHCTeMY Tpex YPAaBHEHHH M HAXOAMT QOpMyssi, Heo6XOAHMBIE A8 BbIYHCIe—
HHHA KO/IHYeCTB 3STaHA, 9TH/IeHA M aleTH/IeHA B COCTABE CBeTHNLHOro rasa.

Tperba pabora "O BIMSHHH MHHEpPA/LHEIX KHC/IOT HA PacTBOPHMOCTEH
MBIULSKOBHCTOA kucaoTel”. Yersepras paGora Bakanormy “Teoperuueckue
BbIBOAbl, OTHOCHIUMECH K I'OMOJIoOrHYeckHM panaM”, B atoft pabGore o yc-
TAHAB/MBAGT, KAK MOXHO OMNpeAe/lHTb CBOACTBA OOHOI'O OPraHMYecKoro coe-
OMHEeHHS M'OMOJIOT'HYECKOr'0 pAda HCXOAs M3 CBOACTE APYroro coelHHEeHHs TOr'o
we paoa. O nuueT: “CpoficTBa OQHOIO XHMHYECKOr0 COelHHeHHS 3ABHCHT OT
MOJIEKYISPHBIX CHJI HIIH OT MOJIEKY ISPHOr'0 COCTOSHHSA 3JIEMEHTOB, KOTOphIE OHO
conepXHT”, Ha ocHoBaHuN COGCTBEHHBIX Pe3y/ILTATOB OH CYHTAET, YTO CO Bpe-
MeHeM MOXHO MpHATH K “MeXaHU4YeCKOR TeopHMH XuMHH" .

INocnenusia pa6ora “TeopeTuyeckue coobpaxeHus OTHOCHTE/NLHO XHMHH” .
Bakasiorny onpegenseT xHMMIO KAK ©AMHCTBEHHYIO HAYKY, KOTOpas B COC-
TOSHHM OATbL TOYHbIe CBeAEHHH O AEeATE/LHOCTH Tell H MATEPHH B OGIIEM.

OH BacTampaeT HA BHeADPEHHH B XHMMI0 METOAOB TeOpPeTHHYECKOH Mexa-—
HAKH B TOM Xe AYyxe, B KAKOM ApYrofi pyMeHCkH#i y4eHuilt Cmupy Xaper
npeanaran BHeApfATb MeTOAbl MeXAHHKH B COLHMOJOLHIO.

Baxanorny penaer nonbiTkH OGBACHHTL HEKOTOPbIE XMMHYECKHE SBCHMS,
CBOAA HX K YC/IOBHSM DABHOBeCHs OeHCTBYIOWMX CHJI B AHAJM3HPYEMbIX AB—
JIeHHHEX,
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O6bsicHAA TepMMYECKYI0 AHCCOUMAULMIO BelecTB, OH NpuBJleKaeT MeTa—
duanyeckoe NoHaTHE “MeXMoneKynspHoro spupa” (rennoepie CHibl, SMeKT-
PHYECKHe CHMbl H T.O.).

Bakanorny no/ib3opalZicd H APYTHMH HeHay4HbIMM MeTapu3HYeCKHMH nped-—
cTaBlleHHsMH, TaK H He Cymep OCBOGOAHTBLCH OT MexaHMYeCKHX NnpeacTrapie-
HMil, IUMPOKO paclpocTpaHEHHbIX B €ro BpeMs.
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Teruko Muroga Taitiro Fulinaga,
Mitsukunl Yoshida (Japan)

A STUDY OF IRANIAN ART AND TECHNOLOGY THROUGH

CHEMICAL ANALYSES

Mr.Chairman, Ladies and Gentlmen. It is a great honor
for me to attend this Congress to talk about historical works
from the chemical viewpoint.

Since 1956, I have been working on chemical analyses of
about one hundred and fifty different archaeological samples
which were brough from Iran, Afghanistan, Pekistan, China snd
collected in Japan.
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The aim of the present work is to find out some correlation
between their chemical composition and the historical aspects
of their technology through chemical analyses.

In this respect, I would like to discuss the chemiocal
components of some ancient glass samples which were brought
from Western Central and Eastern Asia by the Kyoto University
Scientific Mission to the Iranian Plateau and the Hindu-Kush
and by Dr. Neghaban and his membersa.

Here is a map of sampling stations of Iram (f£ig.1). The
places of collection in Irsn were Tehran, Rey, Nishapul, Hirsabad,
Atteshekhada, Salvistan, Amrash, Minab and Marlik. Of these
places, it should be mentioned that Minab was a famous port in

old Hormuz, a trading center between East and West, large
amounts of obinese porcelain was imported there. Hormus is said
to have prospered between the thirteenth and the fifteenth cen-
turies, and to have declined with the collaspe of the Kerman
Eingdom; Now there are only ruins. Other samples were excavated
from Marlik in Iran by Dr. Neghaban and his expidition in 1961.
Marlik is located at the northwestern part of Iran, and it is
said to have prospered about nine hundred B.C. and it remains
in ruins.

At the beginning, I should like to talk about the methods
of chemical analyses. Qualitative and semi-quantitative analyses
were performed on the glass samples by the method of emigsion
spectrography using germanium and platinum as the internal stan-
dard. More precise quantitative analyses were performed using a
scheme shown in fig.2. In brief, the glass was brought into
solution by carbonate fusion and then treated with hydrochlorio
acid. Subsequently, silica was measured by the gravimetrioc method,
calcium and magnesium by the chelatometric titration, copper, zino
nickel and lead by the polarographic method, aluminium, iron,
cobalt, manganes?, titanium and phogphorus by the colorimetric
method. Sodium and potassium were measured by the gravimetric
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Fig 1

method using separate portion of solution treated by the Law-
rence-Smith method. The results of chemical analyses are shown
in the next slide. Representative results are given here. The
major components were silica, sodium, aluminium, calcium, mag-
nesium and potassium. The minor components were titsnium, ironm,
manganese, oopper and chronium.

This is the continuation of the previous slide (fig. 3 cont.)

It is noteworthy that specimens containing tin were quite rare
in the more than one hundred samples. The four speciments contal-
ning tin were these three samples showm in the slide together
with a glass bracelet from Minsb. Yther glass samples from the
same area, Minab, are found to be soda-lime glass. It can be
thought that the porcelains discovered in Minab were ohinese
produats of Yuan and Ming dynasty. From the results of the
chemical analyses of glass samples of many colors and sorts, it
can be sald that all were soda-iime glass; None of these samples
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Spectrochémical amalyses of glasses

ye Flace of Major Minor Trace
collection ©°1°T" 51 Na A1 Ca Mg K AL T1 Fe Mn Cu Zn Pb Sn P Ni Co Or ' 'Ag Ba V B S¢ Sb BL
1. Tehran L.B. o o ©o 0o 0o o o o0 o o o o o o
2. Rey : B. © 0 0 0 0 0O ©o 0 o o 0 0
3+ Nishapul GoB. © 0 0 0 0 0 o o o
4, Nishapul L.B. 0 0 0 0 0 O o o0 o o
5. Nishapul D.Ge o6 0 0o 0o o o o o o o
6. Nishapul LeGe ©o 0 0 0 0 O o o o o
7. Nishapul LeGe 0 0 0 0 0 O o o 0
8. Rishapul L.B. © 0 0 0 0 © 0 o 0
9. Hirszabad L.B. 0o 0 0 0 0 0 o o ) o
10. Hirzabad Ge 0O 0 0 0 0 @ ) oo o )
11. Hirgzabad B. © 00 0 o @ ¢ o0 o o o
12. Hirzabad G.B. 0o 0 0 0 0 0 0
13+ Hirzabad Co. 0 0 0 0 0 O ) o o o o
14, Atteshekhada G.Y. o 0 0 0 0o o 0

15. Salvistan L.B. o 0 0 0 0 © [*]
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36, Minab L.B. o o o 00 o o ] ] oo
37. Minab LeGe o o o oo o o o o o o (<] o
Y. o o0 e 00 O ] o o o o o o0 [+
w. o o e O o o o o o o o oo
38, linab M. o o o oo o o o o -] oo
39, Minab L.G. o © o o0 © o o o o
40, Minab G.Y. o 0o 0o o0 00 ©o o o o o co0o0o0
41, Minab Br. o o0 o 00 o [*] (4] o o
42, Minab G.B. o o© ©o o0 © o o ] o o
43, Minab L.Br. o o o o0 0o o o o o o
44, Share-Bonn D.Br. o o o 00 O o o o o o
45, Share-Bonn Bl,. © 0 0 0 00 o o o o
46, Share-Bonn L.B. o 0o 0 o0 0o © o o o ©o oo
47, Share=Bonn LeGe ©o 0 0o o o0 ] o oo
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*LeB.: Light-blue, B.: Blue, G.B.: Greenish-blue, D,B.: Dark-blue, L.G.: mgﬁt-groan. Ge: Green,
Co.t Cobalt-blue, G.Y.: Greenish~yellow, N.B.: Navy-blue, Y.: Yellow, P.: Purple, Er.: Browm,
W.: White, L.Y.: Light-yellow, D.G.: Dark-green, R.: Red, D.Br,: Dark-brown, M.: Milky, L.Br.t
Iight-brown, Bl,: Black, L.C.: Light-cobalt blue, Cr.: Crimson , L.P,: Light-purple.



was of the lead glass type. This faot suggests that the glass in
Minab was, unlike the porcelain, not influenced by chinese glass.
It is very interesting that the glassmaking technique is thus in
striking contrast to that of porcelain.

Share-Bonn is located at the northern part of Afghanistan.
These glass samples belong to the sode-lime glass type too.

These samples were excavated from Marlik. They also belong
to the sods-lime glass type.

These are the results of total analyses of glass (fig.4).

These are the results of chemical analyses of glass beads.
The beads of Western Asia are usually larger in size, more color—
ful, and more complicated in design than those from China. The
pnext slide presents an example with the eye pattern.

Though of different regions and periods, all samples which
were colleoted from Iran were of the soda-lime glass.

These are Chinese glass beads in the period of warring
states.

As ocan be seen here, samples from China contain a greater
amount of lead. In good contrast to Iran and China, both types
of glass are found in Japan. For example, the glass beads from
a Butra Mound were found to belong to the lead glass type, but
the beads of 0ld Tombs were the soda—lime type. The glass beads
of Aricame—du in India sgain belong to the soda-lime type.

These faots are very interesting for me. Now I have talked
only about glass samples] In the Iranian glazes, I get same
oonclusions. The reason for this similarity could be understood
as follows. Glass and glase are similar not only in chemical
ocomposition but also in the history of the method of preparation
and of technology. Acocording to the results of chemical analyses
of archaeological samples, glass manufactured in ancient China
was mainly of the lead glass type and that in Western Asla was
of soda-lime glass type.
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¢l 9sot1

Analyses of glasses

Color N°.52 R°.53 N°.54 R°, 55 N°, 56 K°, 57 N°, 58
Light- Iight=  Deep- Green Light- Green Green
Component blue green green blue
¢)) (%) (%) *) (%) (%) (%)
8102 61.24 61.48 65.60 63, 40 78,98 69,81 55.46
T40, 2,82 1.72 0.37? 0.08 0.02 0.14 0.95
?0205 0.15 0.35 1.54 0,32 0,06 0.82 1.90
¥nO 0.12 0.03% 1.05 5,10 tr 4,25 0.16
11205 5.89 8.95 4,15 1.16 1.16 0,38 4,57
Mg0 2437 1.19 3.06 1,13 0.97 2.68 3.16
Ca0 3.43 6.26 16.34 3,16 1.83 5.84 7.62
Cu0 0,15 tr 0.06 0,27 213 0.09 0.25
Zn0 0.32 tr 0.01 0.73 0.71
Kaao 17.79 15.12 2.94 14,00 1.57 8.06 16.79
KEO 4,19 3.63 6.45 4,27 9.92 4,49 9.16
H,0 1.07 0.87 0.53 0.93 1.53 0.77
P05 1.13 0,03 0,02 0,07 0.58
Snoa 1.07 0.83
3 Place ¢f collected: Kerman Kerman Neyriz yain Malagha Kerman Kerman
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§ Spectrochemical analyses of peads

Place of — ; lla';lbr !:I.norl
collection S8 Na Al Ca Mg T4 Pe Mn Cu 2Zn
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B, 4] (-] o
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B4} w. o o o ] I ° o o o o

Y. o 0 o o o o ) o °

Cr. o ] ] o ° o o

o B. 0 -] o o o o -] o o
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The Results of Spectrochemical Analysis

e ¢ 88 Mn 5b Po Sn M Al V
Sample Yo g
Soil of Hole ++ ++ + + + + + + + +
++  ++ - 4+ - ++
Surface (Glasze) + o+ + +  ++ + + PO -
++ 4 - -
Body ++ 4 + + 4+ + + + +
++ ++ - - -
Weathered + + + -+ + + + o+ -
Surface =+ o+ = =
Body +H+ 4+ + - ++ + + + o+ -
White ++ o+ + +  ++ + - + 4+ -
++ - -
Green + + + + + + + + + -
++  ++ - - -
Element
Cu Ag Na TL Co Ca K Cr Ba 8r
Sample
Soil of Hole + + + + + o+ + + +
++ - =+ -
Surface (Glaze) + + ¥ + + o+ - 4 + +
++ - - -
Body + + + + + o+ + + +
++ - ++ -
Weathered ++ + + + - 4d = + + +
Surface = ++
Body ++ + o+ + - o+ + + + +
- ++ - ++ -
White ++ + * + + o+ - + + +
- - - ++ - - -
Green ++ + * + + + - + + +
++ - - - 4+ - - -
++ ++ ++ ++ + + -
+ 7 4 + 2 = 7
++
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I think, these facts suggest that the lead glass was first
made in China. At all events, we need a great many more analyses
of dated specimens of glass from all the regions of Western,
Central and Bastern Asia.

AX.Apytiouau (CCCP)

PAPMALEBTHYECKHE 3HAHHA
B CPEOHEBEKOBOW APMEHHWH

Camo6hiTHas apmsHckas KyabTypa coOpMHpOBANAChL B TBOpPYECKHMX B3aH-
MOCBH36IX C BBLICOKOPa3BHTbIMH COCeOHHMMH cTpaHamu - [peumeit, [lepcreit,
Cupueit, Busanrueit, a satem u ApabGckum Xamugatrom, O BLHICOKOM YpopHe
PA3BHTHS KY/MLTYPbl OHOrO M3 ApeBHeMIMX HAPOAOB MMpa CBHAETeMLCTBY—
IOT TPyObl apMSHCKHX Mbic/MTeneft Eammuka Koxnaum, Masapa [lapneun, Bio-
saHna H aBTOPOB-AHOHHMOB pDaHHero CpeAHeBeKOBbs. Y e B pykonucax V-
— Vl Be. HaxonuMm ceepenus 0 uene6HbIX TPaBAX, NPHMEHSBIUHXCS ApPMAHAMH
C neueGHLIMH HE/AMH,

INo cBHaeTenbCTBY apMaHCKHX HCTOpHOrpados, yke ¢ cepeauusr [X ©
no Xl B. apMaHe pacnonaram nepeBofaMM ¥ KOMIMASIUKSMH TPYOOB TaKHX
KpynHefiunx Bpayeft, Guonoros, anmx¥MHKOB H papMauerToB, Kak ['unokpar,
Fanen, ABuueHHa M ux nocnenopartenefl, B ceroux paborax OHM paccKa3bi-
Ba/nM 0 cnocobax NPHMOTOB/IEHHS MHOroo6pa3ubix PapMaueBTHYECKHX, XHMKi—
YeCKMX H APYFHX COCTABOB, MpMBOAMAM peuentsl [1 ..

PacrpocTpaHeHHI0 ¥ COXPaHeHHIO 9THX 3HAHMI Cnoco6CTBOBAIHM ApMSIHC-—
Kafg MACbMeEHHOCTb, co3daHHAs B kouue |V B., a Takke Hamuune B paHHeM
CcpenHepeKOoBbLEe MHOIMOYHCIEHHBIX MepeBOAHBIX TPYAOB.

B cBoux Tpymax apMsHCKHe BpayH, NMPHBOAA TE MM HHbIE PEuenTbi, HA—
pRAY C apMAHCKHMH aBTOpPaMHM HASLIBAKT H3BECTHBX MM I'PEYECKHX, PHMC—
KHMX, apabCKux M ApYrux yueHnix B ppayeit [2 1.

MepBoe aowenuee NO HAC OpurHHANLHOE NPOM3BEACHHE HA APMSHCKOM
A3blke, coAepxawee 60o/bWOE HHCAO SCHO OPOPMJEHHLIX NMPOMMCEH NexapCTs,
otHocuTcs k XllB. M npuHagnexuT BbLIAKOWeMYycCH y4yeHoMmy Mxurapy lepa-
uu. "Y rewenme npu muxopaakax” ([xepMal MXHTApYTIOH) HAMMCAHHOE Ha
apMAHCKUM pA3rOBOPHOM fI3LIKE M [AOCTYNMHO AN Kaxaoro uurartend. Pa-
6ora M.'epanu ceuOeTelLCTBYET O XOpolWeM 3HAKOMCTBE ABTOpa C Jexkap-
CTBeHHBIMH BELIECTBAMHM PACTHTE/LHONO M XuBOTHOro npoucxoxaenus (31.
O TOM, YTO 3TOT TPYA HE EAMHHYHOE SBNEHHE B PaHHEM CpeHePeKOBbEe,
FOBOPHT ONy6IMKOBAHHAS HemaBHO pykomuch, Bpaua XIII B. [puropuca (4],
TakXe coaepwaumas Gonpluoe YMCAO GAPMALEBTHYECKHX PeLenToB.

Kpynuetun#t yuensit XII1 B, Mxutap ow, asTop nepporo apMsHCkoro
“Cyne6muka”, Guul u3BecTHbIM GacHonucuem. B ceoux 190 GacHsax on 06—
HapyXHBaeT NpeKkpacHoe 3HaHWe 6GoTaHMKM K npupoaxT 117 Ha3samuit pac-
TeHMAA M MUBOTHbIX, 0c0o60 noayepkuBaeT Jfe4yeOHble CBOACTBA MHOMHMX pac-—
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TeHM#, KOTOphIe NPHMEHA/MCh B APMSAHCKOR HApPOAHOR MeAHUMHE B BHAe jic—
kapcte [ 5].

MoMumo ykasaHHBIX TpYAOB, CBHOETE/LCTBYIOUMX O BbLICOKOM YPOBHe pas—
BHTHS MEAHUMHCKHX SHAHWH, COXPAHW/MCH OTAeNbHbIe TPYAbl H (parmMeHThi
MEOHUHHCKOrO H apMaueBTHYECKOrO coaepxauHa, oTHocsumecs K XIII-XVa,
H NpuHHAAnexauwue apMaHckum ppadam (Yowsmd, Mxurap, Crenanoc, Axkon
K Ap.), noa obumm Haspanumem “Taitnoe umckyccrso” [6).

CopeplieHHo ocofoe MecTO 3AHHMAKOT pPYKONHWCHbIE TPYAbl A MMpAOBIATA
Awmacuaun ( XVBe,), kpynHejuuero npeacTaBUTells apMAHCKOR MeOHLUMHCKOIL,
dapmaneBTHYECKOR u GHOnorHuyeckoi Hayku. AmmpaoBnaTt, kak ¥ MxmTap
lepaun, 6bin cpobofeH oT anxummyecKnx peposaHuf, OH 6wl BhicOKOOGpa-—
30BAHHbIM Bpa4oOM, BJIAAEe/l MHOMMMH A3bIKAMH: MPEYECKHM, NEepCHACKHM,
apabCKHM, TYPEUKHM, /MaTbHbIO H Ap.

Anspoosnan poauncs B 1414 r. B Amacua (Manaa Asug), On mHoro
cTpaHcTpoBan, xun B Koncrantusonone (1141-1481rr.), 6bu1 OBOPLOBLIM
BpayoM y cyntaHa Maromera daTusa ¥ nonyuun THTyn “Yapaxanawu pa-
mapnan”, [locne gonrux crpaHCcTBOBaHHR AmuppaopnaT o6ocHopalca B Pu-—
nunone, rae nepepa6oran u aonoaHua “Yuyexne o MeauimHe” M Ha3pan ero
“Mom3a Meaumnunl” (Oryr GxwkyraH), B sToi pabore onucanel uapecT—
Hble aBTOpy GONE3HH M NpHBEAEeHb! pelenTs!, HeoOXOAMMblE ANA KX /leYeHHd,
¥Ymep Amutpaosnat Ha 82 rony wuamu B 1496 r, B r,Bpycce 6ma Mpa-
MopHOro Mopsi, 6oraToro MMHepalbHbiMM BOgamu., Hapo nonaraTth, 4TO OH
rnepeexa/l Tyda ANs ne4eHHs.

Mo pnarnbiM I'.Auapana, AMupaoBraTy AMacHauM NpHHALIEXANO OKOIO
necartd pabor, HANMCaHHBIX HA COBPEeMEHHOM eMy HapOAHOM Hapeuun, Ero
pyxkomicr “Yuenne o meauunHe” (1459 r.) coxpammiace.

Ha 6onbuworo ¥ GoraToro HayiHoro Hacneaus AnipAOBIaTa Mbl OCTa=
HOBMMCS HA NBYX TpaKTaTax, KacamouMxci fapmMaueBTHYeCKMX 3HAHMiL, -
“HenyxHoe ana Heydeit” u “Axpabapun” (bapmakones). Kpome aTux Tpy-
AOB B PA3dIMYHBIX KHMIOXpaHH/MILAX HMEETCH HeCKO/bKO BAPHAHTOB pPyKONH-
ceit Amupaosnata no gapMaunH, a takke "KpaTkuit ciosapp nexapcts” coc-—
TaB/leHHblit B 1468 r.

C 1478 no 1482 r, B KoucraHTHHONONe AMupOOB/AT COCTABWI Nnoapob-
HbIfi CNOBApL NIeKAPCTBEHHbIX BEILeCTB, HA3BAHHbIX MM “HeHyxHOoe AN Hey-~
4eit” (Aururtau aunew [7]). AsTop nonpo6HO OCTaHABIMBAETCS HA ONHCA—
HHH NeyeOHbIX CBOACTB Ka}AOro M3 HAUX, YKa3biBaeT AO3UPOBKY, CHOCO6LI
nNpMMeHeHHs, BO3MO/KHble BpeidHbie OeilcTeus., Ha3panusa BelwecTB, M3 KOTO-
pbIX rOTOBATCS JleXapcTBa, NPUBOAATCSH HA NSTH A3bIKAX —~ ADMSIHCKOM, rpe-
Yyeckom, apabCckom, NEpCHACKOM H TYPEUKOM, MHOrAa Ha faThliHH, B nocien-
HeM pykonmHCcHOM BapHahTe (1481 r.) MOXHO 3aMeTHTbL, 4YTO AMHpPAOBAAT
OTXOAMT OT MHOIMX apabCKMX. MCTOYHHKOB H [AaHHBIX CTapPblX APMSAHCKHMX aB-
TOpOB.

B npusomimbix peuentax AMHUPAOBIAT OCTOSHHO oco60 noaYepkuBaeT M-
6o Becoeble, nMUE0 OGLeMHBIC COOTHOWEHMH COCTaBHbIX BewecTB. OH NONb30—

Ba/ICA CHCTEMOil Mep M BecOB, NPHHATLIX B TO BpeMs, NpHYEeM CH/bHOAEH=
CTBYIOlME BelleCTBa AO3MPOBA/MChb A0 AECHAThIX M COThIx Aonei rpaMma.
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lNpexae yeM nate GONLHOMY /leKapCTBO, ApTOP COBETYET Bpayy HCNhl-
TaTh ero Ha cebe. [lpy OTCYTCTBHM HYXHOIO /leKapCTBA YKASLIBAGTCH BO3—
MOXHAS ero 3ameHa.

[loppo6Hoe n3yueHne peuenToB MHOIMX APMSHCKHX aBTOPOB, H B 4aCT-
HOCTH AMMpAOB/ATA, MOBOPUT O TOM, YTO YKA3AHHBIE MMM METOALl NPHIO-
TOBJICHHS JIeKAPCTB B GONblIKHCTBE CBOEM PALMOHANILHEI H NPAKTHYECKH Bbl-
MONHMMSBI, TOrAA KAK CPeAHEBEKOBbIe ANXHMHKH OKYTHLIBA/IM PEeUeNThl TAHHCT—
BeHHOCTBIO M NPUIMCHLIBAIM CBOHM MpenapaTaM Maruyeckue cBOHCTBRA.

Bonee 2000 nmpMBOAMMEIX pelLENTOB &BTOP OeJHT Ha 34 KaTeropuu, cpe-
ON KOTOPLIX ClabBuTelbHble, MOYEroHHble, NOTOreHHbIe, XEeNYOOYHbIe, KPOBO—
OCTAHABIHBAKIME, BOKYIME H T.I.

Amupaooenar o6HapyxHBaeT riyGOKMe 3HAHMA COCTABHBLIX dacTelt Jexap—
ctBa. OH menuT BCE BEUIeCTBA HA TPH T'PYNNBLI: PACTHTENLHOIO, MHHEpalb—
HOr'O M XMBOTHOr'0 mpoucxoxneHus, OH ONMHChlBaeT XapaxTepHbie OCO6eHHO-
CTH H MHOI'MX pacTeHH#l, oToaeT MnpeanoYTeHHe AMKOpPACTYLMM: NPHBOOMT
MOpPG$OJIOrHIo HX KOpHe#, NUCTEeB, UBETOB, YKaanipaeT Bpemsa cbopa, Cro-
cobbl CYIIKH M XpaHeHMs pacTeHHi, peKoMeHOyer ymoTpe6NaAThL MX, MO BO3—
MOXHOCTH, B CBEXEeM BHOe, TaK Kak C TeYeHHeM BpPEeMeHH OHH TepsioT
CBOH NeyeGHble CBONCTBA., ABTOp OMHCEIBAET MeTOabl NPHTMOTOB/IEHHS Jle—
KapCTB: H3MelbyeHHe, KHIAYeHHe, CMelleHHe, NMeperoHKy, BO3rOHKY H Op.
O HeKOTOpbIX peuenTax, NPUBOAHMBIX B Ne4YebHHKe, OH OT3LIBAETCH BeCh—
Ma MONIOXHTENBLHO H NMHWer *Hcnpo6oBaHO”, & X HEKOTOPLIM, OCHOBLIBASICH
Ha cO6CTBEHHOM OMbITEe M HAGMOOEeHHsX, OTHOCHTCH C COMHEHHeM H KaTe-
rOpHYecKH OTBepraer Hx.

AMHPJJOBJ‘I&T)’ 3HAKOMEI MHOI'He JleKapcTsAa MHHEepansHOro NpoOHCXOXOe-
Hus (KBaclbl, KYNOpOChl, HAWATHIPb, PA3/lH4YHLIE CO/H Xele3a U MeaH,
pPTYyThL, cepa, 30/10TO, Cepebpo, CBHHel, apMaHcKasd r/HHa, 6ypa ¥ MHOrmue
apyrue). OH ONMHCBIBAET TPH BHAA MBIUBAKA, NPHBOAMT 22 Ha3BaHHA PTYTH.
lpenapaTtel pTYTH M Cepbl, KOTOPbIM AJIXHMMKH MpPHIHCHIBAIOT 4YynogedcT-
BeHHble cBOficTBa, AMHpDOOBNAT COBEeTYeT MNPHMEeHATL B CMECH C pasiui-
HbIMH Mac/iaMy H ONd Ne4YeHHs SK3eMbl /IHLUA M I'0JIOBbl, PTYTH PEKOMEH—
ayercs Takxe mns HcTpebGiieHHsa 60X W puweh, a cepa B BHAE Ma3H = MNpH
KOXHBIX 3a6onesanusx (peuenr 1000). MNoeapennas coms Takxe 3aHMMaeT
BHOHOE MeCcTO B Tpyaax Hawero aertopa,

MuHepanpHble BellecTBa AMHDOOBJ/IAT COBeTyeT MPHMEHATH B YHCTOM
BHAe, TWATENLHO M3YYMTH HX ceolictBa. [lpenapaThl xenesa NMpHMeHANHCH
B KayecTBe KPOBOOCTAHAB/HBAIOWMX, NPHKHIAIOUMX, U3 KYNMOPOCOB ¥y AMHp-—
OopnaTa daue BCTpedaercss "aelfeHbiit Kynopoc”, T.e. CepHOXele3ucTas
cons (peuentst 334, 401, 694) [8). Mpu xenynouHo-KHueHHBIX 3a6oeBa—
HMSIX M MA/IOKPOBMH OH TaKXe peKOMeHAyeT NpenapaThl enesa. Kpacuel
OH mpeanaraeT Kaxk Bsxyuee u obGesbonuBalouee, a TaKKe KaK Koary/H-
pyiollee CpeaCTBO O/s ouMleHus soabl (peument 2523).

K coxanenmo, B OTOENLHBIX C/y4asX aBTOp ONMMCHIBAET CMOCOGbI NpH-—
roTOB/IEHHA NpenapaToB H l'lpOl!CXOﬂS‘II.LIHe npH 2TOM XMMHYEeCKHe pPeaKuHH
4Ypea3BbLIYafiHO KpPaTKO, YTO OGBACHAETCA CYT'y60 NMpPaKTHYECKHM YKIOHOM
ero Tpyaa.

[lpenapaTbl XHBOTHOI'O NPOMCXOMIEHWH, NMPHMeHAeMble aBTOPOM B Ka-—
YyecTpe /eKapcTs, ClleaywlHe: Xelyb, Ne4dYelb, cene3eHKa H pasliHyHble
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weneapl, OH coperyer ux 6paTh OT TONBLKO YTO YGHTBIX, HO He NaBLIHX
HHBOTHBIX,

HHTepecHb Takke omucaHHbie AMHPAOBNATOM AHECTE3HPYIOUDie H Hap-—
KoTuyeckue cpeactea (ommit, wagpax, mannparopa, Genena (Dipsacus—
muncaxa).

MNpuMeyaTensHo, 4To apTopoM XV B, 3aTPOHYTHl BONPOCHI OMOMAXHBA—
HUH, ONMUCAaHB! OEHCTBHN M 3HAYEHHe SHAOKPHHHBIX Xefled, B kauecrtse ne-
KapCTB OH NPHBOAMT HEKOTOpble pacTeHHsl, CeMs Pa3JIMYHbIX XHMBOTHBIX H
ntul (Bepbmon, TeNeHOK, NMeTyX), KOTOpble, NO ero MHEHHIO, NPHGABNMOT
cemsi, CriocoBGCTBYIOT 3a4aTHIO, YKpPensioT 3apoasiul,

Hekoropeie peuents u3 pabor “AxpabGanmn” u “HenyxHoe ans Heyue#”,
onucaHHbIX AMHpPAOBNATOM, H3Y4YanuCh M anpoGHPOBANHMCE YYeHBIMH M Bpa-
yamy CoBeTcKoit ApMeHHH Ha BOSMOXHOCTb MX NMPHMEHEeHMs B KayecTBe
nexapcte (unen-koppecrnoHaediT AH ApMCCP C,A.Mup3osi ¢ coTpyaHuxka-—
mu, A.Ceneruan, B.H.Memuk-Mycar u np.). Kpome Toro, MHOrHe yueHble
onyGnuKOBAnK peayNLTaTH H3yueHus TexcTos Amupnoenara (axanemuk AMH
CCCP J1,A.CranecsH, X,A.Menuk-llapcananan, I'.I.ApyTionan, A.C.Kuosan
H ap.).

Amupaoenar Amacnauy ~ OCHOBONONOXHHK apMAHCKOR MeQHUHHCKOMH
TEPMHHOJIOTMH H (apMaxo/loruH, NpH3HaHHbIl aBTopiTeT Ha BmixkHem Boc-
Toke, OaHaKO ero Tpyabl, Mo CBOe# 3HAYHMOCTH ONepeaHBIUHE B HEKOTOpPOH
CTeneHH YpPOBeHb COBPeMeHHOH eMy eBpOmnejfcKol HaykH, OCTalMChb MO CYTH
He3aMeyYeHHbIMH 00 MOoC/efHer0 BPeMeHH, TaK KaK 3TH Tpydbl, HaNHCaHHbIe
Ha apMsHCKOM S$3blKe, MajIofNOCTYNHBI NPYTHM Hapooam,

Kaxk BuaHo u3a npueeneHHoro Amupaosnar AmacHauM — KpyNHeMHH yye-
ueiff XV B., HesaypsanHoe sBneHne ANa cBoeft snoxu. Tem Gonee nocanxa
HeoCBedOMJIEHHOCTE MHOI'MX COBpeMeHHbIX HCTOpPHKOB HAYKH 3&!‘[5!1&, H Cpe-
O HHX TAKHX BHAHBIX yueHbiX Kak [LkoH Bepnan, Muxkene [xya u ap., ©
BLIJAIOUMXCA NPEeACTABHTENAX CPedHEeBeKOBbS M BbLICOKOM YPOBHE PA3BHTHSA
Hayku Hapoaoe BocToka M B 4ACTHOCTH apMAH, 3TO NPHBOAMT K Cepbed—

HbIM mpoGeflaM NpH OCBelleHUH Pa3BHTHE MHUPOBOMH HayKH 3MOXHM CpeaHeBe-—
KOBLH W pa3BuTOro deonanuama.
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PA.Anuen, Nd.AMupkynuee (CCCP)

K UCTOPHUU PA3BUTUS XMMHYECKUX 3HAHHWH
B CTPAHAX BOCTOKA B CPEIHHUE BEKA

[o ycranoeneHns uciiama B cTpaHax BmwkHuero BocToka, B yacTHocTH
B Hpane u upancxom AszepbajinkaHe, ypoBeHb Hay4HbIX 3HaHu#i 6bLT gocTa-—
TOYHO BbICOK.

Ewe B IV-V] BB. H.3. B UpaHe cywecTtropana Akanemusa. 3geck Benn
HCClleNoBAHHA MHOT'He yueHsle crpaH Bnmwkuero Boctoka, 3rta Axkagemus
Gblla UEHTPOM NPHTSIKEHHA MHOIHMX BHAHBIX YYEHBIX COCeAHHX CTpaH, Axane-
MHA npocywectsoBana no 639 r., T.e. no sapoepaHi® ropoaa [LKyHOIH—
Wapnypa apaGamu.

Muorue yuenbie Mpana u AsepbfajiikaHa sallMMalIuCh H3y4YeHHEM ApeBHe-
rpeyYeckofi HaykKu eule no apabckoro rocrnoactsa, ITO NMOATBEPXKIAOT INepe-—
BOAb! NEPBOHCTOYHHUKOB C I'DEYECKOro fi3blKka Ha fA3blKM Haponoe Hpauna m
3akaBkaspsl 00 ycTaHoB/leHus apa6eckoro rocnoactea (Vile, u.s.).

B xuure "HMctopus mynpeuos”, ncnanHon B Kaupe B 1326 r., npueege-
Hbl CBefeHHMA O TOM, HYTO HpAHCKHE y4eHble NepeBOANTH C NEepPCHACKOro fA3bl—
Ka Ha apabckuil pan npousseneHuit ApucrtoTtens,

Mpumepo B T0 xe Bpems ( XIV B.) nepepoaunn Ha apabekuit a3blkK
TAKXE COYHHEeHHs, N0 BCeM OTpacifaM HAyKH, XHMHS B pS0y eCTeCTBEHHBIX
HAYK He Gbila uckmovyeHHeM. Tak, H3BECTHb XHMHYECKHE TeKCTbl, NpHHaa-
flexalune OOHOMY M3 NepBbLiX apabCckix anxummukoe Xanuay ubn fAaunay ubH
Myasusa (660-704 rr.) - ocxopatenio Owmefianackoit auHacTHH.

B nepuon pacusetra apabckofl KyAbTypbl M HAYKH B KPYNHBIX ropoaax
HMIepHH NMOABH/IMCH BblaaluMecs Bpauu M anxumukd. Nopoana Hpana u
AgzepbaiimkaHa B 3TOT NepHoa ABNANMCH USHTPAMH HAYKM PeMeCc/IeHHOro
npoxu3poacTBa H TOProe/JH.

B6auau cronuusl Asepbaptnxana - TebGpuaa, 6bi1 cosnan crnelUHaibHbI
ropoaok Poncap-Pauwmaun, Tyt o6yuanocs okono 7 Thic. yuaumxcs u3 Hpa-
Ha W AgepbaftmxaHa M OpPYrHX BOCTOYHLIX cTpaH, B stom Xpame Haykn
uMenock 6onee B0 Teic, kHur, 3neck npenogaBandd ydeHble, NPHI/lALIEHHBIE
ua Huaouu, Kuras, Cupun, Erunta u aopyrux ctpadH. AnxumMuyeckHe 3HaHus
B CpeaHHe BeKa XOpOlIO OTpaXeHbl B Tpyaax asepbaigxaHcKoro XuMHkKa
Omapa Ocman=—orsbl, On 6bUl He TOMBKO XHMHKOM, HO M (HIOCOPOM, MaTe-
MATHKOM, ACTPOHOMOM M BpayoMm, OH Xopowo 3Han aHTHYHYIO duiliocoduio,
Muorue yueHble A3epbajinKaHa SHAKOMIIHCHL C [ApeBHerpeveckoil ¢isocodi—
eft no ero coynHeHHaAM. Ero cpaeuuBanun c Apucrorenem. Omap OcmaH=--
orfiel BLICTYNAI C pe&KOﬂ KpHT]IKOﬂ OCHOBHOT'O TeOpPeTHYEeCKOro INoONOXaHHA
anxWMHH, a HMEHHO Y4YeHHs O mpespalueHuy HeG1aropoaHblX MeTanIoB B
G.rlar‘oponuble. B ropone Lljemaxe OH OpraHuw3oBaZl MeQHUMHCKY0 aKagemHio.

Tpyae!r upanckoro yuyexoro X B. AGy MaHcypa no pa3HbiM Haykam, 0OCO-
6eHHO no (paPMAaKOJOrHH, SABJHIOTCH HCTOYHHKOM CBedeHMii O XMMHYeCKHX
asuaHuax B cTpanax Bmuxkuero u Cpenuero Bocrtoka, B ero “TpakTte 06
ocHoBax dapmakonorun” (950 r.) conepxurcs onucahne TS5 MHHepabHBLIX
NeKapcTBeHHbBIX BellecTB.
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Cnenyer HasBpaTh TaKXKe OAHOIO H3 JyHIHX y4eHHKOB HGH-Cunbl - Bax-—
manstp (ymep B 1065 r.). Ou Hamucan psid KHHT 70 PA3/IMHHBIM OTPACISIM
HaykH., B 2THX Tpydax OCBelCHBl MHOrye BOMpOCHl XHMHH, PasButic ximii-
4YeCKHX 3HaHH#i B cTpaHax Bauxuero BocToka B CpegHHe BeKa TeCHO cpd-—
3aHO C MMeHeM asepbafllxaHCKOro Bpaya, XHMHKa H ¢uiocodba MyxzaGen-
anna Anu wbn Axmena Tebpuan, B cpenHeBexkopBbiX HCTOYHHKAX €ro MHOraa
HaablBaoT alepbaiiwkanckuM M6H Cunoit u ap-Pasu, MHoro ueHHoro o
BHEC B pa3BHTHE XHMHYECKHX 3HaHHil.

BecbMa ueHHble naHHble, OTpaKawlHe COCTOAHHE XHMHYECKHX 3HaHMM,
HAXOOMM B TPynax asepbaimkaHcKoro yyeHoro Maxmyna w6k HUapsca (1260r.).
Tak, HanpuMep, OH nMuweT: "MaTepHs COCTOMT M3 Meiakux uacThu., Kaxpas
H3 HHX CYHTAeTCH NPOCTbIM 2/1eMEeHTOM, HHaye I'OBOps, KaxOblii aTOM HX
SAB/ISleTCA OAMHAKOBLIM BO BCeX OTHOWeHHsX. Bcnencteue BHyTpeHHero H
BHEIIHEro COeNMHEeHMs 3THX 3JIeMEeHTOB BO BCefl NpHpoage o6pa3oBannCk HX
paayHuHbie BHAObL”,

[lo ero MHeHMIO, H3 TMPOCTHIX 4TOMOB 00pas3yloTCA MHOrooGpasHblie ClIoM—
Hble BemecTBa., 3TO BHAOOGpa30oBaHHE He eCTh NPOCTOEe MeXaHHYecKoe coe-—
AHHEHHe 3JIEMEeHTOB.

Maxmyn u6u Hnesc xapaktepuayer ¢uanKo-XHMHHECKHE CBOUCTBA MHO-
I'HX CJIOMHBIX M NMPOCTHIX BeLIecTB.

MHoroe o coCcToAHMH XMMHYECKHX aHaHHR Ha BocToxke MOXKHO y3HaTh,
ynurana tpyast U6H Cuubl (nociennue naubonee niaonorpopHsie 15-17 ner
oH npoeen B AsepGaitnxaHe),

HapecTen Taxkke Axmen u6H A6yGexup Haxuuepawun. OH Hanucan ueH-—
Hble KOMMEHTApHH K HaBecTHOMY Tpyay HM6H Cuubt “Kanon spaueGHOl Ha-
yku”.

Cebluie COpoKa ThiCAY KHHI, OTPaXaloUMX pas/inylbie o6MacTH ecTecT-
BO3HAHMA, coOepwanuck B Maparuuckoit o6ceppaTopun, Hayunvie paGoThl
Hacupennusa TycH He OrpaHMYHBAIOTCH TONBLKO BONPOCAMM aACTPOHOMHH,
MaTeMAaTHKH. B ero Tpyaax no mMegnuHHe H MHHEPA/IOrHH COOEpPXKHTCH
MHOI'O CcBefeHHl M Mo XMMMH.

B PykomuchoMm doHoe Axanemun Hayk Azepbanmkanckoip CCP umeercs
OpHIr'HHall M3BeCTHOIO NMpoHaBeneHusa d¢apcMAcKoro ydeHoro Pamazana HOH
Wnx~Ann “dappyxame [bkanamu”. 3tor Tpya maer SicHoe npeacTapnenne o6
ypOBHEe 3HaHU#l MO NpakTH4YecKOf XuMUM y daptuacKkoro M asepbaikascko-
ro HapoaoB. YueHbl#t NMPHBOAHT pPAA (HIHKO=XMMHYECKHX CBOHACTB MHOI'HX
3NeMeHTOBR H coennHeHu#t (Menb, xeneao, onoso, 3onoTo, cepebpo, cepa,
CEepHHCTBI MBILBLAK, MEOHBIA M KeNe3HbIi KYNopoChl, KBACUBI, HAWATHIPb).
Toneko B Tpynax Pamasana llux-Anu pbiCKaspiBaeTCs MbICHL O KiaccCHph=—
KalHH BeluecTB,

Hpanckue n asepbafiikaHCKHe y4eHple NMPHHMMANH y4acTHe B Pa3BHTHH
XMMHYECKHX 3HaHHR Tawke 3a npeaenaMun ceoeft poauHbl. BonpwHHCTBO
KpYNHe KX XMMHKOB GIMXHEBOCTO4YHBIX cTpaH GwpiiM pooom u3 WMpaua, HO
MUITH M pabotand B ApyrHX ctpanax. Tax, [Lkabup poaunca s Hpaune B
r. Tyce, 721 r, Ap-Pa3u 6bin1 Taxke poaoM u3 Upaua (pon. B r. Pee,
nenaneko ot Terepana, B 865 r.).
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Muorue yuensle Mpana u AaepGafimxkana paboranu B Typumn, Erunre,
Hpake, Cupun u apyrux ctpaHax BocTtoka M okasanu Gonbuoe BAHSHHE Ha

pa3BHTHE XHMHYeCKMX 3HaHHH B 3THX CTpaHax,

MHOro uHeHHOro O PaclNpOCTpPAHEeHHH XHMHYeCKHX 3HaHHi B CpedHeBeKO—
BbE HAXOOMM TaKKe M B XyaOxeCcTBeHHON nuTepatype. Hanpumep, B Tpy=-

nax Benmkoro asepbaimkanckoro mosta Husamu (1141-1203) umetorcs
LUeHHble CBegeHHda no XHMHH.

Taxum oBpasom, B PA3BHTHM XMMHYECKHX 3HaHWii HA CPelHeBEKOBOM

BocToke 3aMeTHYK PO/b Chirpann Takke yueHsie Mpana M Aaepbafimxana,
KOTOpble He TOMBKO HCNPAaB/A/MK, YTOYHSIH, KOMMEHTHPOBAIH 0OGLIThIC HX

npeawecTBeHHHKaMH CBeleHHd, HO H CaMH BHeC/H MHOI'O HOBOI'O.

Wlodzimierz Hubicki (Poland)

ALCHEMY AND CHEMISTRY IN T'HE XIVth AND XVth CENTURIES
IN POLAND

Iverybody who is interested in the history of chemistry is
very well awsre thet the period of the Middle Ases is quite
obscure. We know that in thet time were invented gunpowder, the
distilletion of slcohol, the distillation of mineral acids, some
metellurgicel processes and other things. But we do not know
who the inventors of them were snd where those discoveries were
made; and if these inventions were not of Furopeen origin, we
do not know how they found their way to Europe.

Alchemy wes very populer in Europe in XIIIth century. This
is testified to by the decisions of chepters of certesin orders
sgeinst alchemists and lester by the fsmous bull of John XXII,
Thet bull wes generslized end set beck the development of slche-
my in Europe and ceused the mess devestetion of slchemicel menn-
scripts, and, sles, chemical recipes too. It seems to be incon-
trovertible, thet chemical knowledge ceme to Centrsl Europe by
three routes; through Byzentium, South Itsly and Arsbic Spain.

Preparing s history of chemistry in Polend from the esrliest
times, I have become interested in the Middle Ages. I found
that chemicel informetion in the Middle Ages came into Poland
generally from Italy end from France. I found neither Byzsantine
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nor Arabic influences. I found Spenish influences, though there

were in Polend some monasteris of the Spanish Calatrave order
and the number of pilgrims from Poland to Santisgo de Compostela
round the turn of the XIV and XV centuries smounted to some
120.1 It may be that those pilgrimsges had only s religions
background. The German influences on the development of slchemy
in Poland cen be observed only in XV century.

Those who brought chemicel knowledge to Medieval Poland
were in the first place monks, Polish students studying medi-
cine abroasd st Montpellier, Bologne and Pcdue, metsallurgicsl
and mining enterprisers, as is proved by the following.

In XI end XII centuries the orders of Benedictines and Ci-
stersiens whose friars ceme in the mein from Itely, France end
Irelsand, played the chief role in populerising in Poland the
technology of salt, the mining snd metallurgy of lead, copper,
silver and mineral colours, glezed bricks and so on. The mones-
teries organized the first earches sfter useful _minsrsls and
built the first foundries. This is testified to by many docu=-
ments.?

Another kind of chemistry was represented by the Francisc-
ens end Dominicans - they were interested in the distillstion
of alcohol, mineral acids, end in the preparation of medicinesj;
however in IV century they were interested in mining too.

In the Middle Ages hundreds of Poles studied at Italian
end French Universities. We know the nemes of 33 polish physi-
cians who took their degree in Montpellier and Bologna in XIIT
end XIV centuries. In IV century we know of about 140 Polish
physiciens who studied in Itely snd Germeny.>

The first Folish alchemist known from extent treatises was

the Dominican frisr Nicolaus of Poland. He spent 20 years at
lontpcll}nr. About 1270 he beceme the phy.ician of Prince Les-

sek the Black.” Nicolaus of Poland is the suthor of two medical
pamphlets "Antipocras™ and "“expurimenta™. There sre slso known
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30 slchemicsl recipes of his, which on the whole meke sense
chemicslly.

In XIV century Thomes II bishop of Vroclaw, Peter of Brzeg
and John of Grotkow - alumni of Montpellier - wrote some papers
of alchemical content. In 1307 Eymerick of Poland took the
degree of Doctor of Medicine st Padus, es & pupil of Peter
Abeno. Mameli - the Itselian historian of chemistfy celled them
both the first slchemists st University of Pesdue.” Iatroche-
mistry, as we know well, was not the discovery of Farscelsus.
In XIV century the Italian enterprisers and elso the citizens
of Cracow and Wroclaw and of other towns, took the place of
the monasteries in the exploitstion of mines in Poland. In that
period we meet in Poland meny Itelians who lezsed or menaged
the mines, by special permission of the King or ecclesiasticsl
authorities. The mining district of medievsl Polend were the
provinces of Crscow end Silesis. And it is in just these two
provinces thet we can meet the grestest number of persons enge-
ged in alchemy.

In one of the XVth century ma.nuacripts we can find various
chemicel recipes of which the 28 suthors were inhebitents of
the Tatra region, of Cracow or the Silesien towns. Those recipes
are completely free of alchemical mystique.

In the Biblioteque Nationsle in Par156 is & very curious
manuscripts of Leonard de Mauperg, who at the end of XIV cen-
tury travelled across Europe, looking for formulese for the trans-

mutstion of metals into gold. Leonard cites the names of contem-
porary persons with whom he carried out slchemicel experiments

or from whom he obtained recipes. Among other things he descri-
bes how in 1394 he came to Cracow in order to meet megister
Demetrius to aquire from him the mystery of gold production.
But Leonard was informed ir Cracow thet Demetrius had gone to
Lvov. In nine days Leonsrd reached Lvov, and there he was rece-
ived by Demetrius with greest hospitality and got from him the
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recipe "Augumentum Solis certum et probastum". This wes & powder
composed of lead oxide, sulphar, ironm chloride and slum, by
means of which silver was to be trsnsmutated into gold itself.
Of course this recipe has no velue in history of chemistry. But
I was very intrigued by the fect, thet Leonsrd de Msuperg was
indeed in Lvov. He cslls this town "Lwovia" using & Bolish or
Ruthenien neme, and not Germen "Lemburg", Letin "Leopolis" or
French "Lomburg", accepted in this time in Western Furope. lie
mentions two streets in Lvov "Vicus Armenorum" and "Vicus Chris-
tianorum" apart from the church "Bestee Virginis", which sll
really did exist in Lvov &t the end of XIV century. If it is
true that Leonard did stey in Lvov, then his meeting with De-
metrius is slso probeble, Who, then, wes thet femous Demetrius?
I suppose, that he is identical with Demetrius de Goraj
Gorajaki? = the roysl treasurer, who was very interested in
mining affeirs and for that reason took care of the mines and
smelting houses of noble metals. Demetrius in about 1373 resig-
ned the honors of the royal court, left Cracow and moved into
Red Ruthenias to put in order qpe affairs of his own eststes.
His alchemicel interests are testified to by an slchemical tres—
tise which is known now in the form of & seventeenth century
cipher copy. In the femily of de Gorsj there was only one

Demetrius.
The oldest slchemicsl mapuscript in Czech® is "Mistre Anto-

nis z Florencio - Ceste spravedliva v slchymii" from the yesr
1457. Zscher? end Wreny'C two prominent Czech historisns of
chemistry were unable to identify this Anthony of Florence. How—
ever, it sppesrs thst Anthony of Florence is Antonius Johsnnis
SerMattei de Ricci de Florentis, who eppesred in 1410 in Poland
and in Silesia as the collector of Denarii Sencti Petri, the
agent of the Bank of the Medici in Florence., He accepted in
Wroclaw ius civilus and occupied himself with trede and industry
on 8 lerge scale, He exported from Poland and Silesis kermes and

ﬁﬁrs to Italy. Together with his brothers Bernsrd Michsel end



Leonard (the mester of the leed mines in Olkusz), he took in
1424 the lessc of the selt mines for the enormous sum of 18
thousend pound of silver. This was one third of the totel income
of the Eingdom. Anthony of Florence extended the mines and in-
troduced improvements but he did not get beck his money sand
could not pay the rent on time. He was put in prison, but the
Signorie of Florence stood surety for him. After peying his
lisbilities to the king he took in lesse 8ll the sslt mines in
Polend and in Red Ruthenis. In 1436 Anthony retired from busi-
ness end the Polish salt mines were leased in turn by his rela-
tive Nicolsus Serafin. During his stay in Silesia, Anthony did
resesrch on noble metel ores.

The fect that Anthony of Florence was indeed very interested
in elchemy is more than sure. In his circle in Crecow end in
Wroclew we can find meny who are mentioned in the chronicles as
being engsged in slchemy. It is very difficult to judge now the
csuse of the lack of any genuine manuscripts of Anthony's. Ome

manuscript by his hand wes lost in Wroclaw during the last war.
Some of his thoughts and sentences ere conteined in the tres-

tises of his so celled pupils. The anonymous author who wrote
in 1547 "Cesta Spravedliva v Alchymii"™, John of Olomouc who
geve the recipes of Anthony of Florence and John de Lasz slias
Johannes de Lesnioro Lazon, who wrote Anthony's "Tractstus Au-
reus" printed later four times in the seventeenth century.

One is sure, that the treatises of these three pupils are quite
different. By the way I should explain, thet Johennes de Lasz
alias de Lasnioro Lazon, one of the mysterious figures of
alchemy - was really indeed Jan Lason of Lesniewo; Lesniewo was
a silesian village celled by the Germans "Laaz",

An object lesson of chemistry for a citizen of a medieval
town was slweys his visit to the mint or the smelting house. A
smelting house in Wroclew hed existed since 1280, in Cracow =
since 1358. The purposes of smelting houses or Brengsden were
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to seperste silver and gold’from lead. In 1466 John Thurzo of
Lewocza, a citizen of Cracow, built neer by this town & foundry
in Mogila, the purpose of which wes to purify Hungsrisn copper
end obtein from it silver and gold, by mesns of the "Seiger-
prozess" or liquidetion with leed. A description of this method
very modern for thet time is given by Agricole in Book XI of
"De Re Metallica". Agricole slso mentioned John Thurzo. The
"Saigerprozess" is par exellence & chemicsl process. It required
the preparstion of suitable mixtures of ssits, slums, ssltpetre,
potessium cerbonste and minersl acids.

Chemistry in Cracow was popularised without doubt to &
great extent by the copper foundry in Mogila. This is shown by
the judgements of professors of the University. One of them
expressed his sdmirstion of it and compsres the chimneys of the
foundry in Mogila to the vﬁlcano of Etne observed by night from
afar. Another professor deliberstes the problem whether alchemy
is an art worth studying, when so many people in Mogila lost
their sight and their health.

In XV century there were no lectures on slchemy at the Uni-
versity in Cracow, but there are known the chemical notes and
trestises of some professors of medicine, They rether concesaled
their interest in elchemy, influenced chiefly by the bull of
John XXII. Twice I found complete coples of the bull in the
handwriting of XV century professors of the University of Cracowm

Alchemical practices at that time were unfsvoursbly regar—
ded by the Rol;m-catholic Church. Evidence of this, for instance,
is 8 legel process agsinst the priut Cesper in Pogznen before
the bishop's court. The triel began in 1491 and lassted 15 yesrs.
Casper produced, according to his own words, only liquids for
the separstion of gold from silver thst is, nitric end hydro-
chloric acide.

Having regerd to the great discoveried of the Middle Ages
already mentioned, I would like to sdd, that the first powder—
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mill existed in Poland in 1340 in Lignice; slcohol wes distilled
2t first only in monestic Laborastories snd, it may be, in some
apothecaries. Town-distilleries appeared only et the end of XV
century. I did not find any notice of who first produced miner=l
acids in Poland, but in any cese the elums needed for this pur-
pose es well for dyeing processes were exported from Poland to
Ceffs on the Bleck Ses in the first helf of XVth century by
Itelien enterprisers.

In finishing, es & curiosity I would like to edd, thet in
the year 1231 on the field of Lignice took place the first ges-
attack. The Taters probably used for it burning mixtures of
sulphur, aresenic snd bitumen or tar. Thet stteck is described
pertiocularly by the Polish chronicler John Dlugesz on the bsesis

of ancient annals.
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Allen G.Debus (USA) .
MOTION IN THE CHEMICAL TEXTS OF THE RENAISSANCE

Among the rivel systems seeking to displace the Aristote-
lian-Gelenic system of nature and msn in the early 17th century
was thet of the Chemicel Philosophers. These suthors complained
of the supremacy of the encients in educetion and they srgued of
the need for a new understanding of the world. In contrest to
the Aristotelisn emphasis on logic - or whet they celled "ma-
themstical demonstretion" - the Chemicsl Philosophers sought e
new philosophy firmly based on the two books prepsred for us
by the Creator the Holy Soriptures and the Book of Nature it-

self. For them the Creation sccount in Genesis esnd he belief in

the importance of fresh observstionel evidence were slwseys uni-
ted. ind so successful did theor work seem to be thet Osweld
Croll (1609) wes convinced thast the Paracelsian dresm of over-—
turning the ancient doctrines of the schools wes imminent if
not yet quite achieved. If Kepler, Mersenne snd Gasssendi would
hardly have sgreed with Croll's prognosis there is no doubt
that they did teke seriously the wide spreed influence of the
Paracelsien snd Hermetic texts.

The contemporary importence of these works must of neces-
sity make them of significence for us if we sre to reconstruct
the period of the Scientific Revolution. And - becsuse of the
part played by msthemstics and the investigetion of motion in
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the development of the new science - it is of speciel importence

for us to exsmine the treetment of these subjects in the texts
of the Chemical Philosophers. I hsve discussed their epprosch to

mathematics in an earlier peper end tiere is little doubt thst
they differed with the mechenists fundementselly in their ap-
proach to this subject. The views of the chemists regesrding mo-
tion are no less interesting in the wey they revezl the deep
divisions between these two views of nsture. For the most pert
the technicel details of these views need not detein us. Rather,
we shell be concerned primserily with the jsenerel epproasch to
motion teken by these chemists.

Both the pro- and the anti-Peracelsisn chemists were con-
vinced that the search for tiie inner secrets of nsture was fun-
desmental for the foundstion of & new science. While the quest
might only be accomplished with the sid of Divine Grace, surely
all were encoursaged to investijete nsture on their own by che-
mical mesns. Chemistry was considered to be the true key to
nature - and & knowledze of -its methods would ensble the ope-
rator to strip away the gross, outer coverins of & substence so
thet the pure, inner essence might be reveesled and collected.
By anslogy, this epprosch hsd been extended to methemstics. The
earlier Ferascelsians hed compered the mysticel msthemsticsl
truths of the Pythagoresns end the neo-‘letonists with the
gross, logicel end geometricel proofs of Aristotle esnd Gelen.
The logicsl, "mathemeticel", demonstrstions of the lstter vere
starkly contrasted with the mysticel speculations = thet is,
the essential truths - of the former.

A similsr contrast between the essentisl end the nonessen-
tiel eppears in their discussion of motion. Here the chemists'
critique of Aristotle wes dominated by the Physics. They com-

pleined thet this work wes filled with useless definitions,
postulstes end axioms - 8ll of which were utilized to develop

& mathematicel system of motion. Above 8ll, the cheuists com-

pleined of the finel book of the Physics in which Aristotle
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traced hack all motion to the first mover who = of necessity ~-
had to be immovable himself. These istrochemists viewed their
new philosophy as a distinctly Christisn snswer to & concept of
nsture which had improperly limited the majesty and power of
the Creator. ’

The Renaissance Hermeticists snd the Parscelsians condemned
the Aristotelian nastural philosophy as futile and theologically
suspect. Robert Fludd (1617) attacked the Aristotelienscholastic
emphesis on definitions, descriptions end logicsl developments
from first principles thet led to heretical conclusions. He
pointedly referred to the discussions of spece, time and mo=-
tion which were offered in the schools. These, he wrote, must
be swept swsy snd repleced with e new system founded on the
truths of the macrocosm-microcosm relstionship and devoted to
the most perfect science of all, medicine. And the key to it
all would be surely found in the philosophy of the chemists.

In his list of major questions to be investigeted ss the basis
of & true new science Fludd ssid nothing of the study of motion.

In 1654 these views were resteted by John Webster. He, too,
sought & more Christien science, one bound fsr less to logic and
mathematics and more upon the real truths of nsture determined
through frash observations and experiments, This for him was
to be the besis of & new "rational" understanding of nsture.

He asked: is there no further end nor considerstion in Physics
but only to search, discuss, understand, snd dispute of a na-
turel moveble body, with all the affections, accidents snd cir-
cumstences there to belonging?... Surely nstural Philosophy
hath & more moble, sublime, end ultimsete and, than to rest in
speculation, ebstractive nctions, mentsl operations, end verbell
disputes.

The proper and of nstursel philcsopay for Webster clearly

wes "to cee srd behold the etermal pcwer end God-hesd”. He fur-

ther condemned the Aric*-telisns specificelly for their use of
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mathemstical abstraction in the interpretation of neturel phe-
nomens since ... instesd of esteblishing the mind in Physical
truths, most ususlly they confound the judgment with Methemati-
cal terms which in Aristotles writings is no smsell error: for
though the Mathemsticks be exceedingly helpful to Netursl Philo-
sophy, yet is confusion of terms very hurtful; for it a Msthems-
ticel point or superficies be urged in & Physicell ergument it
will conclude nothing, but onely obfuscete, snd disorder the
intellect.

And yet, if the Aristotelisn aspproasch to motion was to be
strongly condemned, if it led to & theologicsl absurdity by
plecing undue confidence in mathemsticel reasoning - what was
to be offered in its place? For the Psracelisisns the snswer was
to be found in the reletionship of motion end 1life to the Crea-
tor. For Parscelsus motion wes simply the divine will, and his
followers found this concept of interest primarily becsuse it
gave evidence of the divine life force. The German Peracelsist,
Gerhard Dorn (1583), pursued this spproach, 'hile the English
Paracelsist, R.Bostocke (1585) identified Christ with "active
motion™ end life itself. The French chemist, Joseph Duchesne
(1603) - here influenced both by Aristotic end Parscelsus dis-
cussed two classes of nsturally moving bodies. Those due to mat-

ter salone "tendeth downeward, so as this kind of motion pro=-
ceedeth not from the soule, or spirituell forme, but from cor-

perall mstter which is terrestrisl and hesvy by its own nsture.”
In contrast, there are others which are "endued with an effec-
tual spirit"™ or life spirit. These are ennsbled to move by them=
selves,."

For the Parscelsisns the study of motion might best be
viewed as an apprﬁach to an understending of the Creator. Any
eimple description of the properties of local motion would of
necessity be insufficient, end the employment of the methemeti-
ceal methods of the Aristotelians was surely incorrect if it led
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to a limitation of the power of the Almighty. This interprete-
tion may be upheld if we glance st relevant pesseges in the
work of Jean Bsptiste van Helmont msy properly be clsssed &s &
chemical philosopher, but he was no esnologist for the Farscel-
sians. He asttacked their mysticism and zllied himself with Mer-
senne and Gassendi in their lenzthy debate with Robert Fludd.

Helmont would surely hesve yielded to no one in his opposi-
tion to the ancients. Their work wes of pegan orizin and hardly
fit for Christioan consumption. Yet, this wes still the basis of
the university curricule. It seemed cleesr that he must "destroy
the whole matural Phylosophy of the Ancients, end to meske new
the Doctrines of the Schooles of netursl Phylosophy."

But what specificselly wes to be rejected? In his critique
Helmont clesrly singled out mathemetics and the study of motion
for special sttention. No less then eerlier chemists, lelmont
accused Aristotle of having sttempted to "subdue Nsture under
the Rules" of mathematics. Indeed, he hed "brouzht lesrning by
demonstration into Nature, by & forces interpretation, as that
he would have natural causes wholly obey numbers, lines, and
letters of the Alphabet, by e reshness altogether ridiculous.”
Galen, in turn, seduced by the "hathemeticel demonstrstions" of
his predecessor, proceeded to apply this method erromeously to
the study of men.

The methods of the Aristotelians, Helmont wrote, might -
with some hope of success - provide us with a descriptive ac-
count of phenomena and even promise "rationsl knowledge... by
the fitting of discourse." If they had confined themselves to
these things they might hsve known of "the reflux, or going
back of the Sterrs and See, that the water bends to & levelled
roundness, and downward, drew divers Sequels from thence, snd
steblish them into mexims."™ Yet, they hed gone too fsr in a
search for cesuses and had drewn unwarrented conclusions from

their imperfect knowledge.
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In his criticism Helmont pleced grest emphasis on the
theologicel implications of the study of motion. Aristotle had
sald that nature is the "Principle, or beginning of motion, as

8lso of rest in Bodies, in whom it is in, by accident." Not so,

Helmont countered, for "I believe, that Nsture is the Commend of

God, whereby 8 thing is thet which it is, snd doth that which
it is,commanded to do or act. This is & Christian definition

taken out of holy Scriptures.”

It was in Aristotle's Physics thet there would be found a
discussion of metter based on mathemsticsl sbstraction. Above
all, this work brought in "locsll motion, as it serves the Sci-
ence liethematical or Learning by demonstrstion, slike foolishly
and with an undistinct indiscretion, into nature.” And what
hed been the result? Following Aristotle's dictum "thst in
every locell motion, & first unmovesble Mover is of necessity
to be sppointed,” the scholastics had been forced to "require

an unmoveableness in the first Mover." To thus confine the Cre-
stor could not be tolerated, for being sltogether free, as

well in his beck and motion, ss in rest, he indifferently and
alike powerfully moveth all things: Therefore his own unmove-
sble essence doth not import e necessity required by the
Schooles, but the meer good pleasure of his glory. For his own
work... hath departed into nature, which afterwards is for the
moving of it self...

Motion and life, were cleerly & result of the divine will,
and s newly coined word, Bles, referred to & universal motive
power. Present in the stars, this "is the genersl beginning of
motion; it seemes no lesse to respect the Esrth, then the Air
end Water Helmont's description wes limited lergely to meteoro-
logical effects insofar as macrocosmic phenomens were concerned.

It is quite clear that he had fsr more interest in men, Be-
cause of the order of Crestion described in Genesis Helmont was

convinced that the sters could not directly csuse motion in men.
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By imitstion or correspondence the motion of some bodily func-
tions might seem to follow the motion of the sters, but for him
this wes sn indirect rather then & direct influence. Helmont
believed thet all living things had their specific Blas implan-
ted in the initisl seed and that -~ more specificelly -~ every or—
gen in man hes its own Blas. Yet, this Blas is two-fold in na-
ture for both nstursl and voluntery motion are found. For him
thére could be no doubt that there is something in sublunary
things whicn cen move it self locelly, esnd slternatively, withoui
the Bles of the Heavens, snd sn unmovsble mover. The will espe-
cielly, is the first of thet sort of movers, and moveth it self;
also & seminal Being, &s well in seeds, as in the things consti=
tuted of these. Moreover as God would, so0 sll things were made:
Therefore from & will they were first moved: For from hence
whetsoever unsensitive things sre moved, they are moved as

it were by a certain will and plessure or precept of nature,

and hsve their own naturel necessities, snd ends even ss is seen
in the besting of the Heert, Arteries, expelling of many super—
fluities.

It is clear that Helmont wes primerily concerned with the
problem of freeing the Crestor from the sheckles plsced on him
by the Aristotelisns. The formulation of & Blas or motive power
mede the doctrine of immovebility no longer & necessity for him.
He concluded that the Aristotelian descriptive interpretstion
of nsture is s Pagenish Doctrine drawn from Science Mathemeti-
cal, which necessitestes the first Mover to e perpetusl unmove-
ablenesse of himself, thet without ceseing he may move all
things... Therefore let the Schooles know, thst the Rules of the
Mathematicks, or Learning by demonstrstion do ill squsre to Na-
ture. For man doth not measure Nature; but she him,

It is true thet the Chemical Philosophers wrote passionsa-
tely of the need for a new philosophy of nsture based upon fresh
observetions. Some of them like Helmont went beyond this to re-
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ject the mysticsl excesses of some Perscelsists and Hermeticists.
There is no doubt thset Helmont wes viewed &s an elly by kersenne
end Gassendi. Nevertheless, the chemists cslled for s new philo-
sophy that was fundementslly different from that envissged by
the early mechanists. The latter fervently sought & new eppli-
cation of mathematics to physicel problems while the former
thought this was the worst possible psth to follow. For them
chemistry wes the most importsnt key to & new philosophy which
would replece thet of the Aristoteliens.

These differences become even more sppsrent when we exa-
mine the approach of the chemists to methemetics end the study
of motion., Helmont and his Perscelsian predecessors were con-
vinced thet the introduction of logic end "methemsticsl™ resson-
ing in natursl philosophy by Aristotle and Gelen had resulted
in immeasureble harm. Helmont was to specificelly rule out the
application of methemetical sbstraction ss e seerch for ceuses
in nature - and he complained bitterly thst the Aristotelian
descriptive, mathemsticel investigation of motion wes totelly
unacceptable since it required the Crestor to be immoveble. To
avoid this hereticsl position, he postuleted thet the motive
power had been delegated to the sters and the initial seeds by
God at the Creation. Helmont's interests were primerily cente-
red on motion in man end for him this life force made it possi-
ble to explein bodily functions thet seemed to ect independently
of the will, as well as to free the Crestor from the restrictiom
pleced on him by the Aristotelians.

The views of the chemists on motion surely have an import-
ant place in the background of the concept of irritebility -
and perhaps also on some of Isasc Newton's speculstions on mo=-
tion after 1687, These topics will be developed in & lengthier
version of the present paper.

My goal here has been to show that although similsr sims
were expressed by the Chemical Philosophers and the Mechanical
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Philosophers, in reslity there were fundementsl differences be-
tween them. The chemists sought & new philosophy thet emphati-
cally rejected that methemeticelly gbstrected neture so characte:
ristic of the ﬁechaniata. Nevertheless, their contemporcry in-
fluence cannot be denied &nd the reconstruction of their system
of nsture is of signsl importance for our knov.ledze of the

course of tlie Scientific Revolution.

C. Ch. Macarovici (Roumanie)

L'ECOLE DE CHIMIE DE GLUJ ET SES CONTRIBUTION
AU DEVELOPMENT DE LA CHIMIE

Sur le territoire de notre pays, comme partout dans le
monde, l'utilisation de certains procédés chimiques est
trés ancienne. Ces procédes sont liés aux différentes mé-
tiers domestiques ou au travail de métaux.

A partir du XV-éme siécle les chroniques mentionnent
l'existence des petits ateliers de céramique émaillés, vér-
reries, manufactures & partir (mouline & papier), savonne-
ries etc.

L'enseignement de la chimie & commencé assez tard seule-~
ment au XIX-éne siécle, & "1l'Académie" de Iassy (1835) et
au Collége St. Save de Bucarest,

Aprés l'union des principautés roumaines (Moldavie et
Vallachie) (1859) sous le prince Alexandre I, Cuza, ont été
fondés les universités de Iassy (1860) et de Bucarest (1864)
oi, 4 coté de l'enseignement, ont commencé aussi dees recher-
ches scientifiques. Dans les premiers temps les matiéres pre-
midres du pays (sel, mineraux, petrole, etc) ont fait 1'ob-
Jjet des recherches.

Aprés la guerre de 1914-1918 qui s'est achevé avec 1l'éc-
roulement de 1'Empire habsburgi que par la 'décision de la
Grande Assemblés Populaire d'Alba-Iulia du 1 Déc. 1918, la
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Transsylvanie, la trousieme entre les grandes provences rou-

maines, s'unit avec la Roumanie. Par cette union, toutes les
institutions de Transsylvanie ont passé sous l'administration

roumaine. A l'université de Clui, désormias nommé "L'Univer-
8ité de la Dacie Supérieure". les cours en langue roumaine

ont commencé en nomvembre 1919, dans le cadre de quatre facul-
tés (médecine, droit, lettres et sciences).

La Paculté des Sciences comprenait plusieurs sections
dont la section de chimie. A la section de chimie ont été nom-
més, en 1919, les professeurss Adrian Ostrogovich, George Spa-
cu et Den Radulescu venus de l'université de Bucarest ou de
Iassy.

A la fois evec l'organisation de l'activité didactique,
les trois prémiers professeurs, secondés par leurs assistants,
ont entrepris des recherches en mettant ainsi, en peu de temps,
les bases de l'école roumaine de chimie de Cluj. Avec le temps,
un nombre assez important des colaborateurs des premiérs pro-
fesseurs ont été promus comme professeurs & Cluj ou dans 1l'au-
tres centres universitairers de notre pays (X. Tanasescu (1892-
1959), R.Ripan, I.G.Murgulescu, J.lUick, C.Gh.Macarovici, G.Dra-
gulescu, P.Spacu, V.Armeanu, M.Ionescu, C.Bodea). A leur tour
les éléves de ceux-ci ont été promus (I.Cadariu, Al.Silberg,
Marie Ionescu, Candin Liteanu, Valer Farcasan, Gh.Marcu etc.),
en assurant ainsi la continuitalde l'enseignement et de la
recherche scientifiques dans l'espirt de 1'école de chimie
fondee i1 y a plus de cinquante ans a Cluj. Aprés 1944, par la
iibération de la Roumania du fascisme et par 1'instauration du
régime de démocratie populaire, sous la direction du Parti com-
muniste Roumain, ont été crées les bases d'un grand progrés de
l'enseignement et de la recherche chimique, en paralléle avec
l'essor impétueux de 1'industrie chimique.

En 1948 la section de chimie de la Faculté des Sciences
devisent la Faculté de chimie de 1'Université. Dans les an-
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nées que ont suivi, ont été fondés a4 Cluj de nombreux insti-
tuts et laboratoires de recherches chimigues dont le plus
important et connu est L'Institut de chimie (1951). La plu-
part des cadres de cas instituts et laboratoires ont été for-
més & 21'école de chimie de Cluj."

Dans 1'espace limité d'une comunication il est trés di-
ficile de présenter 1'immense volume de travail accompli de-
puis la fondation de 1'Université roumaine de Cluj.

Nous allons indiquer seulement les lignes majeures de
la recherche chimique de Cluj.

Dans le domaine de la chimie minérale ont été effectuées
des recehrches trés approfondies sur différentes classes de
combinaisons complexes moins connues ou totalement nouvelles.
(Gh.Spacu, R.Ripen, J.Dick, C.Gh.Macarovici, Gh.Suciu, V.Ar-
meanu, P.Spacu, etc.)

En étudiant a 1'état solide ou en milieu anhydre une sé-
rie assez grande de "sels doubles" a été établi leur carac-
tére de complexes (Gh,Spacu, R.Ripan et leur colaborateurs).

En utilisant diverses méthodes modernes d'investigations
on a apporté des données nouvelles au sujet de la constitu-
tions, la basicité, la stabilité des polyélectrolytes de la
classe de isoet hétéropolycombinaisons ayant un atome central
métallcide (H, Si, P, B) ou un métal de transition (Fej*,
Coa+. Zn) coordinnant tetraédriquement 12 groupesmente W06
ou ngoe.

La chimie des hétéropolytungstates a é¢té enrichie par
la synthése et 1l'élucidation de la structure et des prorpié-

tés de nouveaux représentants du type 2}11 et 2:18, renfer-
mant respectivements les paires d'hétéroatomes Zn-Fe, Ni-Zn,

Ni-Fe’* et Uq+—Th“*, complexes d'une particuliére importan-
ce théorigue et d'un intéret pratique potentiel considérable
(R.Ripan et collaborateurs). En méme temps, une nouvelle
classe d'hétéropolytungstates, du type 1:8, dont 1'atome cen-

;&:l est U, Ce>*, Ce™ a &té obtenue.



Ont été synthétises un grand nombre de complexes des
sels métalliques avec les dérivés diamminodiphényliques et
leurs bases Schiff. Les recherches sur la structure de .ces
complexes ont indiqué qu'une partie d'entre eux sont des di-
mers ou des polymers (C.G.Macarovici et collaborateurs).

Pour l'obtation des oxydes mixtes & partir du systéme
T102(Zr02)--lx0y (M = Co, Ni, Cr, Bi, etc) on a proposé la py-
rolyse des complexes mixtee ou des hydroxydes coprécipités de
métaux considérés. Par cette vole est réalisé une homogeneite
élevée et la température de formation des oxydes mixtes est
sensiblement inférieure 4 celle qu'on remarque dans le cas de
la réaction entre les oxydes respectifs. Ces oxydes mixtes
peuvent 8tre utilisés comme sémicondycteurs, transisteurs, ca-
talyseus etc. (C.Jh.Macarovici et collab.).

L'utilisation des isotopes radioactifs a élucidé la
structure ou le comportement en divers milieux d'une série de
combinations complexes etc. Ont été proposées sussi certai-
nes méthodes analytiques 4 1l'aide de mesures radiochimiques
(R.Ripan, Gh.Marcu).

La chimie analytique, Les études sur les complexes ont
ouvert des nouveaux chemins dans la chimie analytique; ont été
élaborées des nombreuses méthodes analytiques (gravimetriques,
volumetriques de séparation, etc.).

Gh.Spacu a été la premier & introduire dans la chimie
analytique l'utilisation des ammines complexes des divers
cations. Ces complexes, des précipités pratiquement inso-
lubles, ont permis la mise au point de méthodes de dosage
gravimétrique simples et rapides ne comportant que la sépa-
ration de précipités, le lavage avec de discolvante volatili
et le séchage au vide. Les poids moléculaire assez élevé de
ces complexes augmentant la sensibilités et la précision des
déterminations a permis aussi des dosages microgravimétri-

ques (G.Spacu, R.Ripan, J.Dick, G.Suciu, C.G.Macarovici,
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En continuant les préoccupations concernant la chimie
analytique ont été apportées des contributions impoortantes
4 la théorie dee titrations complexometriques, aux applica-
tions du calcul statistique, dens la chimie analytique, a
l'utilisation des traducteur électrochimiques et les électro-
des-membranes. Pour la prémiére fois a été mise au point la
téchnique des séparations & l'aide de la chromatographie en
gradien de température. En méme temps ont été élaborées des
nombreuses méthodes analytiques nécessaires dans les labora-
toires usinaux ou de recherches (C.Liteanu, L.Kékédy et col-
labs.).

La chimie organigue. Parmi les premiéres études de chi-
mie organique faites & Cluj sont les synthéses de nombreux
dérivés du cycle triazinique (A.Ostrogovich et collab.).

Le nom du Den Radulescu est 1ié & la chimie des spira-
nes, substances optiquement actives sans carbon assymétrique.
Il a synthetisé les premiers spiranes et a réussi la scis-—
sion des quelques isomers optiques actifs. C'est lui qui a
proposé la nomenclature dans ce domaine, maintenant généra-
lement acceptés. Il a appliqué les études des propriétés
optiques dans la chimie organique pour la determination des
structures moléculaires, et il a elaboré une conception pro-
pre sur les résonateurs d'ensemble etc. Dan Radulescu et ses
collaborateurs ont entrepris les premiéres recehrches rou-
maines sur l'utilisation chimique de rouseau.

Les problémes de photochimie et de sétéréochimie aussi
que l'applicabilité industrielle de certaines synthéses de
colorants, médicements, insecticides etc. sont des domaines
dans lesquels le chimistes de Cluj ont apporté des contribu-~
tions importantes.

Ainsi, I.Tanasescu & étudié les tranaformations de cer-
taines substances organiques sous l1l'influence de la lumiére

et prouve que seulement les substances contenant 1'hydrogene
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mobile peuvent subir l'isomérisation photochimique. Par exem—
ple 1l'ortho-nitrobenzaldehyde qui & un hydrogéne mobile se
transforme sous l'action de la lumiére en actide ortho-nitro-
benzoique. De 14 on admet que l'ortho-nitrobenzaldéhyde pré-
sents une forme tautomére qui explique les faits observés.
Par la condensation de l'o-nitrobenzaldéhyde avec des hydro-
carbures aromatiques résulte des dérivés de l'acridone, réac-
tions connues comme "la méthode Tanasescu".

De la réaction de condensation des nitrotoluénes avec
des dérivés arylnitrosiques ne résultent pas das bases Schiff,
comme on l'avait cru auparavant, mais des nitrones (I.Tanases-
cu et collabs.).

Dans le domaine des combinaisons stéroides en & poursui-
vi (I.Tanasesu et collab.) la connaissance et la valorifica-
tion des acides biliaires; on a élaboré une méthode simple
pour la conversion de l'acide coligue en desoxycolique; on a
constaté que les eathéres nitrigues des acides biliaires sont
résistants 4 l'hydrolyse alcalin et donnent des stéroides
partiellement oxydés au squelette stérinique etc. C'est ainsi
qu'a été élaboré un premier procédé technologique en vue de
la synthése de la progesterone (Fr. Hodosan et collab.).

Aurel Ionescu et collab. ont proposé un procédé beaucoup
amélioré pour l'obtention de 1l'acétyléne par le craquage du
gaz méthane en arc électrique, p :océdé qui est appliqué A 1'é-
chelle industrielle en Roumanie.

Des multiples recherches ont été erfentnéés sur le com-
portement du noay phénothaizinique dans les réactions de sub-
stitution et d'oxydation. On a obtenu ainsi des radicaux 1li-
bres d'une stabilité exceptionnelle, produits d'une activité
antimétabolitique potentielle (glucosides, aminoacides etc.)
et une série de phénothiasones différement substituées (C.Bo-
dea et collab.).

1056 14 209



Une étude détaillée a été entreprise sur les propriétés
physique et chimiques des carotinoides, qui ont permis d'é-
tablir la structure de certaines carotinoides isolées des
plantes (C.Bodea et collab.).

Les recherches sur les thiasoles concernant la corréla-
tion structure-propriétés ont conduit a d'importantes con-
tributions dans cette classe de substances (Alx. Silberg et
collab.).

D'autre résultats ont été obtenus une nouvelle méthode
générale pour l'obtention des dipeptido-nytriles; la protec-
tion de l'azote des aminoacides par des éstheres -cétoni-
ques (A.Balogh, E.Varga) des problémes regardant la tautomé-
rie thion-thiolique des composés thio-phosphore-organiques,
conduisant 4 la synthese de certains nouveaux insecticides
et foungicides (L.Almasi et collab.).

Dans le cadre des recherches dans le domaine de la chj-
mie physique, une nouvelle méthode a été élaborée pour la
détermination des diamétres moléculaires et aussi une metho-
de ou pour la détermination de la tension de vapeurs etc
(D.Radulescu et collab.).

On étudie les équilibres ioniques en solution et les
constantes d'équilibre des complexes formés par l'aluminium
avec les hydoxyacides organiques (I.Cadariu et collab.), ou
les complexes des éléments tétravalente (Ti, Zr, Th, Ge, San)
avec le hydroxyacides (C.G.Macarovici et collab.). On a éla-
boré une nouvelle variante de la méthode des mélanges conti-
nuels, qui utilise des solution avec une propriété identique
(par exemple des solutions isoconductibles) mais dont la con-
centration n'est pas qui equivalente (I.Cadariu).

La cinétique de certaines réactions rédox rapide en so-
lution a été poursuivie de méme qui la cinétique de la dégra-
dation thermique des combinaisons comlexes, et la chemie des

surface des adsorbants et catalyseurs ete.
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Conformément aux directives. de la direction du Parti
Communiste Roumain, pendant les derniers temps, les recher-
ches chimiques se dirigent vers des thémes et des problémes
qui interessent directement 1'industrie chimique de notre
pays, sans négliger en méme temps les recherches fondamenta-
les reliées a ceux-ci ou ayant la perspective d'étre appli-

quées a l'avenir.

EH Lochmann (BRD)

ZUR FRAGE DER THERAPEUTISCHEN VERWENDUNG VON
PFLANZEN DURCH TIERARZTE ENDE DES 18. JAHRHUNDERTS

In der Antike sohrieb bekanntlich der im erasten nachohrigt-
lichen Jahrhundert lebende griechische Arzt Pedanios Dioaskurides
seine aus funf Bucherm bestehende De materig medicg, eine Arznei-
mittellehre, in der einige hundert Pflansen beschrieben sind.
Dieses Werk wurde jahrhundertelang bis in die neuere Zeit wvon
zahlreichen Arztegenerationen benutzt und es diente auch als eine
der hauptssachtlichsten Quellen fur botanische Studien. Nicht
zuletzt auf der Wirkungsmaohtigkeit des Diogkurides beruhte die
seitherige Betonung der Heilpflanzen in der Pharmakotherapie.

Am Ausgang des Mittelalters war ea dann Pargcelgug, der als

Reformator der Chemie dieser Wissenschaft in der Medisin zu wer-
mehrter Beachtung verhalf, indem er ihr mindestens gleiohen Wert
wie der Pflanzenhellkunde beima .

Zu Begimn des 18. Jahrhunderts trat dann Georz Erngt Stghl
mit seiner Phlogistontheorie an die offentlichkeit, in der deut—
liche Verbindungen zu der ilatrochemischen Schule des Frgns de le
Boe Sylviug (17.Jebrhundert) zu erkemnen sind. Danach entweicht
jeder Substans boi.ihrer Verbrennung oder Verkalkung das Phlogis-
ton, ein Brennstoff. Diese Theorie ist zwar falsch, aber sle schien
menches bisher Unerklarliche zu erklaren und sie ubte auf dle
Chemie und uber sie hinaus auf die Pharmazie beachtlichen, fordern-
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den Einflu aus. Im Gefolge dessen wurden chemische Heilmittel
vermehrt verwendet und bald ubertraf ihre Zahl die der bisher domi-

nierenden pflanzlichen. In diesem Zusammenhange ist nun fur den
Veterinarmedizinhistoriker die Frage interessant, ob dieser Trend
auch in der Tierheilkunde zum Tragen gekommen ist. Interessant
besonders deshalb, weil in das 18. Jahrhundert - und zwar dessen
zwelte Halfte - der Beginn der modernmen Veterinarmedizin fallt.

Seit 1762 wurden namlich zghlzeiche Tierarzneischulen gegrundet,

von denen mehrere bis heute uninterbrochen bestehen. Anla fur
diese Grundungen war in erster Linie die Rinderpest, aber die Grun-
de dafur, insbesondere, da diese Institutionen gerade in dem genann-
ten Zeitraum geschaffen wurden, sind vielfaltigerer Natur. In erster
Linie ist hier die Landwirtschaftliche Entwicklung in jener Zeit

zZu nennen, sodann auch die Entwicklung von Handel, Gewerbe und
Industrie, die FPolitik der absoluten KFursten, die Bevolkerungsent-
wicklung und nicht zuletzt die Aufklarung mit ihrer allgemeinen
Hinwendung zur Wissenschaft, besonders Naturwissenschaft, sowie zur
Laendwirtschaft. Da man jetzt bemuht war, die Tierheilkunde auf eine
solidere, eine wissenschaftliche Grundlage zu stellen, nachdem sie
jahrhundertelang von vollig unzureichend vorgebildeten Persomen
ausgeubt worden war, ergibt sich fur uns die Frage, ob sich auch

in der tierarzlichen Pharmekotherspie ein verstarkter Zug zu den
nichtpflanzlichen Arzneimitteln bemerkbar machte. Das durfte selb-
stredend von Tierarzaneischule zu Tierarzneischule in Abhangigkeit
von den dort wirkenden Mannern unterschiedlich gewesen sein. Deshalb
habe ich mich der Beantwortung ungerer Frage bezuglioch eines der
bekanntesten Vertreter seines Faches in jener Zeit zugewandt: des
Direktors der Koniglichen Tierarzneischule in Hannover, Johann

agam Kergting, der dort von der Grundung der Anstalt 1778 bis zu
geinem Tode 1784 gewirkt hat.

Uber die_Kergting'sche Pharmakotherapie liegen allerdings keine
Quellen aus seiner eigenen Feder vor. Bei einigen unter seinem

Namen in mehreren Auflsgen von zwel seiner Schuler herausgegebenen
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Buchern uber Pferdekrankheiten und deren Behandlung handelt es

sich angeblich um die nachgelassenen Manuskripte Eerstings. Alle
diese Bucher gleichen sich hinmsichtlich der Fharmskotherapie weit-
gehend, die meisten der angegebenen Rezepte stimmen uberein. Es iat
aber bisher nicht nachweisbar, ob ihnen tatsachlich Kerstingg Manu-
skripte zugrunde liegen, weil diese Manuskripte selbst nich aufge-
funden worden sind. Mit ziemlicher Sicherheit beinhaltet aber ein
auf uns gekommenes, nicht von ihm geschriebenes Manuskript das
geistige Gut Kerstings. Es handelt sich dabei um eine Mitgchrift
nach Kerstings Vorlesungen aus dem Jahre 1782. Da diese Kollegmit~-
schrift nach Aufbau und Inhalt wesentlich won den genannten Buchern
abwelcht, kann sie allerdings nicht zu deren Echtheitsbestimmung
herangezogen werden: entweder haben die Buch-Herausgeber Eigenes
unter Kerstings Namen veroffentlicht oder sie haben seine Manusk-
ripte stark verandert oder aber es handelt sich tatsashlich um Ker-
gtingg Menuskripte, er hat jedoch selbst seine Vorlesung wahrend
seiner letzten beiden Lebensjahre tiefgreifend umgebaut. Die EKritik
der Kollegmitschrift hingegen ergibt, da sie als primare Quelle
angesehen werden darf. Sie wurde meinen Untersuchungen zugrunde
gelegt.

In diegem Kolleg hat Kergtig die inneren Krankheiten des Pferdes
und in einigen wenigen Kapiteln die anderer Haustiere abgehandelt.
An Pferdekrankheiten sind es 64, zu deren Therspie 253 Arzneimit-
telzubereitungen empfohlen werden. Die meisten davon sind in Rezept-
form niedergeschrieben, etliche aber auch in den lsufenden Text
eingestreut. Diese Medikamente gind aus insgesamt 229 verschiede-
nen sSubstanzen zusammengesetzt. Ihrer beabsichtigen Verwendung zur
sekampfung von inneren Krankheiten entsprechend, werdem 162 der
253 Zubereitungen peroral verabreicht, also 64.0% oder fast zwel
Drittel. Die restlichen werden entweder au erlich als abze erwei-
chendes Mittel, Anstrioh, Bahung, Einreibung, Rauchermittel, Salbe,
Sohwadebad, Umschlag, Waschmittel, Wundverband und Wundwasser oder
aber als Blasenspulmittel, Kligtier, Maulpinselung, Maulwaschmit-
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tel, Penisinfusion, Uterusspulmittel, Vaginainfusion, Zungenein-
reibung, zungenspulnittel und Zungenwaschmittel appliziert.

Von den 229 Substanzen sind nun 149 pflanzlicher Natur und diese
stammen von 127 verschiedenen Pflanzen. Zwei Lrittel (65.1%) der
verwendeten Ingredienzien also sind pflanzlichen Ursprunges, wah-
rend sich in das restliche Drituel die anorganischen und die tieri-
schen substanzen teilen.

Uberpruft man terner, wieviele der Rezepte pflanzliche Substanzen
enthalten und in wievielen diese rehlen, dann treten die Pflanzen
noch mehr in den Vordergrund. 8-.4% dey rfezepte namlich enthalten
mindestens eine, meist aber mehrere pflanzliche substanzen.

aus diesen Untersuchungen erkennt man also Vorcherschen von Pflan=-
zengtoffen in Kerstings Pharmakotherapie. Es la t sich naturlich
nicht mit Sicherheit nachweisen, warum das so ist, man kann es
aber doch mit hoher Wahrscheinlichkeit erklaren. Wie berelts
ausgefuhrt, nahm die moderne, die wissenschaftliche Weterinarmedi-
zin in der zweiten Halfte des 18. Jahrhunderts ihren Anfang. Folg-
lich hatten selbst ihre fuhrenden damaligen Vertreter keine wissen-
schaftliche tierarztliche Vor- und Ausbildung. So war Kergting
gelernter Schmied. Demzufolge durfte er kaum Zugang zur neuseren
wissenschaftlichen Literatur gehabt, sondern aus alteren Quellen
geschopft haben. Und in diesen alten Arznei- und Rezeptbuchern
herrschten die pflanzlichen Substanzen vor, was auch in der direk-
ten Uberlieferung von Mann zu der Fall gewesen sein durfte. Da
Kergting sich tatsachlich der Literatur bedient und nicht nur auf
eigenen Erfahrungen sufgebaut hat, konnte ich im Rahmen einer

gro eren von mir durchgefuhrten Untersuchung nachweisen.

u enf ags

Am Beispiel der um 7780 vom damaligen Direktor der Tierarzmeischu-
le in Hannover gelehrten Pharmskotherapie wird dargestellt, da
unter den die einzelnen Arzneimittelzubereitungen bildenden Ingredi:

enzien pflanzliche Substanzen vorherrschten und die ohnme pflanzli-

214



che Substanzen bereiteten Medikamente in der Minderzahl waren. Das
in der Humanmediszin als Folge der die Chemie und die Pharmazie
fordernden Phlogistontheorie G.E.Stahls sich bemerkbar machende
Vordringen chemischer Heilmittel hatte also offenbar noch nioht
auf dlie Veterinarmedizin ubergegriffen.

Sohrifttus .

Hinderer, G.C. (Herausgeber): Anweisung sur Kenntnis und Heilung
der ipneren Pferdekrankheiten von einem Schuler des ehemaligen
Oberhofro arztes J.Ad.Eersting zu Hamnover.

Marburg: Neue academische Buchhandlung 1786 und ofter.

A.I.Ctpansue (CCCP)
XUMHUKO-bAPMALEBTUHECKHWE TPAOULUMU MNMPHBANTTUKH

lpy oTBeTe Ha BONMPOC O TOM, NOYeMy B ONpeaeneHHOM MeCTe Ha OaH—
HOM HMCTOpPHYECKOM 3Tane pa3’BHBAeTCA Ta WIM MHad Hay4Has AMCUMIUIMHA,
TO HIH HHOEe HAanpaep/leHHe, Mbl OGP&H.EQEMCH He TO/NBbKO K COUHANBHO=3KOHO=
MHYEeCKHM (’JBKTDPEM, He TONBKO K BbIOAKWHMCH Y4eHbiM M MX HHHUHATHEBEE,
HO ¥ K QYHKUHOHMDOBAHMIO CJIOKMBIUMXCH HAYYHBIX UEHTPOB, K MECTHBIM
Hay4HbIM TpanuuMaM. Pons nocneanero ¢akTopa, CBfidk COBPEMEHHBIX HC—
C/lelOBAHHA C YXOAAUMMK B rny6h BeKOB GApMALUEBTHYECKMMM TPAUHMIHSIMH
oco6C HeTKO MpOoCieXHBAeTCH Ha NpHMepe NMOHCKa GHOMOHYEeCKH aKTHBHbIX
coeaAMHEHHUHl, HOBLIX JIeKAPCTBEHHLIX CpedcTB, 3aHfABLIEro B TNoc/ienHee Bpe-
Mf OOHO M3 BeAYUMX MeCT B CHCTeMe HayuHuiX uccrenopanuft Coeerckoit
MpuGanTHku,

JllaTena ¥ croHus MMelT Goraroe XHMHKO-bpapMaueBTHYECKOe mnpouuioe,
npeacTabifoliee He TOMBLKO /TIOKANbHBIA HHTepec. B Hem ApKO BbIpHCOBBI-
BaeTcd BiHAHMEe OOUMX TeHOEHUHMH pas3BUTHA GapMalMH, BBIAB/ISETCH TpaH-
auTHas poiib [lpubanTHkH B HayuHEIX KoHTakTax Mexay Poccuent m 3anan-
noft Epporost B XVII=XX BB, Paasutue papmaunn B lpubantuke usyuanock
pAaaoM aBTOpPOB OocoBerckoro nepuopna (¢, /luxunrep, 3,3eiGepmux, U.C.Tke-
wenaweuar, IOrro) [1-5), a rawke mamu B nocienwmne roam [6]. B
HacToslleM COOOWIEeHHH 3aTPOHEeM /ML HeKOTOphle Y3JNOBblie MOMEHTHI ITO#H
HCTOPHH.

TpanuuHOHHBIE ANTEeKH C CYWECTBYOUMMH TIPH HHX XMMHYECKHMH jJa6o-—
patopuaMu GepyT Havano y apaGop: neppasi antexka noseunace B Barpane
B 754 r. Apabckoe BIHAHHE HA NalbHelllee reorpagHyeckoe pacnpocTpi~
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HeHHe anTeK M anTeKapCKOor'o aefla XapaKTepH3YeTCHs TeM, YTO INepBbic all=
TexH Ha HelHewHedi Teppuropui CCCP 6winn yuypewaenst B Cpenneft Aoum,
B Byxape, 3atem B Pure (neppoe ynomunahme puxcKoft antexku — s 1291 r.,
perynapHo ¢ynkunonupyer ¢ 1357 r.), xyna anTexapckoe Aeno NpHIO Ye—
pea Hranmio u Fepmanuio, Bcaen 3a neppoit nogsunuch anTexH H B APYTHX
roponax Jlusouun - Tannuue (1420 r,), Tapry (1425 r.), Enraee (1578r,)
H T.O.

CpenHeBeKOBble HBOHCKHE aANTeKH 3aHHMA/NCE He TOJMLKO H3roToB/le—
HHEM J/1eKapcTB, HO W MbIIOBApEHHeM, M3rOoTOBJIeHHEeM cpe4Yel, Nnopoxa,
NPOM3BOACTBOM CHNMpTa, TOProBail NMHCEMEHHLIMH NpPHHAONEKHOCTAMM, Npsi-

HOCTAMH, KO/OHHA/LHLIMH TOBapamMi M T.A. ANTeKH SBAAMHCE BaXHBIM dak—
TOPOM UMBHIH3AUMM B XH3HH Kpad, 6bll H NMepBbIMH LeHTPAMH MNOJyYeHMs

H OYHCTKM NEeKapCTBEHHBIX MNPenapaToB MHUHEPaNbHOT'O, PacTHTEeNLHOro M
KHBOTHOI'O NPOHCXOXKAEHHS, MeCTOM H3rOTOBJIEeHHS XHMINEeCKHX PeakTHBOB.
B npubanTuiickux antekax He 6GbLIIO coenaHO KAKHX—HGO BAXHBIX 3KCIEpH=
MEHTAalLHLIX OTKPLITHA B 061acTH XMMHH, HO B HHMX GBI OOCTHIHYT OOCTAa=—
TOYHO BLICOKHH YPOBE€Hb XHMHYECKOTO 3KCNEepHMEHTHPOBAaHHA, O HeM COX—
paHuIiCh AOKyMeHTankHele cBuaerensctea [2-4]. OnuitoM npuGanTHHCKHX
antek socnonsaosancsa [letp | npn opranmsaunu uenTpanusoBawHofi anrey-
Hoit cetn Poccuitckoit uMnepus. HauuHag c© neTpoBCKOil 3noxHM B pasanuu-
HbIX paiionax Poccun paGotanu dapmaueBTbl — BbiXoausl M3 [puGaaTHkyu
[1,5,6].

Paseutne dapmaunu kohua XVI|| - nauana XIX B. ortnmuanocs oBuweit
TeHaeHlUMell nepepacTaHHd NMPOH3BONCTBEHHBIX anTedHblx naGopaTopHit B He—
6oMnblIHe HAYHHO-HCC/1EA0BATEILCKHe nabopaTopii, 3TO HMENO MecTo M B
Npu6antnke. B 1803 r, puxckuit antekaps A.T.Tpunaens (1776-1836) oc-
Hopan neppoe B Poccun Pikckoe XuMHKo—papmaleBTHYECKOe 06lecTBO,

a B 1803-1810 rr. uanasan nepsblit B Poccun XiMuko~hapMaueBTHYECKH
wyphan ‘‘Russisches Jahrbuch fiir die Chemie und Pharmazie (» 1808-1810rr.
COBMECTHO C XapbKOBCKHM npogeccopom ®.l'M3e), B koTOpoM neuaTanuck
B OCHOBHOM HAayuHble HccieloBaHusi gapmalesToB [lpubanTHku u coceanmx
ryGepunit Poccuit, Apxue cyuwectpopaBuwero ao 1939 r. ofwecTtea coxpa-
Huica B Myaee ncropun meanunnsl B Pure., Cam [A.I.I'puHaoens, nepesii
Y4YeHbl i—eCTeCTBONCTIBITATENb JIATHILICKO# HAUHOHANBLHOCTH, 4/1@H—KOPPeclnoH—
neHT [leTepbyprckoii aKanemui Hayx, nanucan psag pa6oT no dapmaueBTH—
YeCKOR XHMHH, GApMaKOTHO3HH, GOTaHHKe, B TOM YHCle ABYXTOMHYIO KHHTY
“‘Die organische Karper, chemisch betrachtet** (Pura, 1811 r.), ysuaepwywo
CBeT elle A0 OcHopononarawmx moxorpapuit HM.H.Bepuennyca no oprauu=
YeCKOI XHMHH.

HeknmounTenebHylo poik B pa3BHTHH ¢apMaleBTHYECKOii HaYKH coirpal,
ocnopauuuit B 1802 r. Tapryckuii (depnTckuil) yHHBepCHTeT, CTaButii
Ba{HeHlM LEeHTROM TIOATOTOBKH dapMaueBTOB AM8 Bceit uapckoit Poccun
(Bo BTopo#t nonoeuhe XIX B, B [epnrte saumTuan aucceprauuu Gonee 25%
BCeX maructpoe papmaunu Poccuiickoro rocyaapctea). B [epnte 6bi
yupexaeH mnepesiit B Poccun dapmauentuueckuint uiceturyr (1843 r., npod.
®.l'e6ens), aneckh Gonee yeM B Kakom-nu6o APYroM Hayuhom uentpe Poc—
cun NIN B, paspaGatbiBanuck NpoGieMbl pACTHTENBLHOM i CyneGHON XHMINI,
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$apMalleBTHYECKOro aHanuaa, ¢apMaxko/orui U TOKCHKONOruH. Hmenammu
rapryckux yuehnx P.Byxreima (1820-1879) n O.lllmuneGepra (1838-1921)
HaYalcs aHanHTHYeCKHil nepuon pasBuTHA GapMakoJ/IOr'HH, B Te4YeHHe KOTO-—
pOro aKTHBHOCTEL OIPOMHOIO YHC/A YKE H3BeCTHBIX W NpeanoxeHHbIX BHOBbL
NeKapCTBEHHLIX CPeACTE Gbllla NMPOBEpeHa Ha MHBOTHBIX, YTOGLl BLIABHTE,
BO3OEHCTBYeT /I CPEACTBO Ha TY HIH HHYIO ¢YHKLUHIO OpraHM3Ma H Ha Ka-—
Kyi0 uMeHHo. [ns aTix uccnenopanuit P.Byxreiim B 1847 r. 8 TapTy ocHo-
pall yacTHYIO /1a6opaTopHio hapMakonorui, M3 koropoit B 1860 r, Bripoc
nepebifl B Mupe OdHUMANALHBIE MHCTHTYT dapmaxonoruu. K.llimuar (1822-
1894) B TapTy npoBes KiacCHYeCKHe HCC/IefOBAHHA 10 GHOXHMHH KDOBH H
nuueBapenusi, BBe B HayKy nousithe “yrnesomst”, [.[parrenaopd (1836-
1898) mayumun coctaB pa3Hoo6pa3HbIX YI/1IeBOAOB M OefCTBEHHOro Havania

"WINAHCKON MYWKH”, NMPEANOXUI HOBbLIi peakTHB Ha ankanouas (“peaxTis
Oparrennopda”), O.Umuaebepr u 3.Maprak BLIAETHAH MYXOMOPHBIH € =
MYCKapHH M Ap.

B xouue XIX B. nosiBiieHHe CTPYKTYPHOH XHMHH, YCNEXM OpraHH4ecKoro
CHHTE3a M co3naHHe 3KCMEepHMEeHTAlbHON XHMHOTEpPaNHH H3MEeHMIH OG/IHK
dapmauerTuyeckoit Hayku. Oanaxo B [puGantuke no cepeaunnt XX B. CHH—
TeTH4YeCKOoe HanpaeieHHe ocoboro pa3BuTHs He nonyuuno. [lpaepa, mpodec-
cop xumun M dapmaunn Tapryckoro ynusepcutera W.J/1,Kownakoe (1857-
1931), usBecTHblft HCCNenoBaTelb CHHTETHYECKOr'O Kaydyka, B3AICH 3a CHH=—
TETHYECKHe HCC/efOBaHHsl B psAoY CONPSKEHHLIX YTVIeBOAOPOAOB H TepreHoB,
HO €ero MCC/ieAOBAHMA He HMe/lM YeTKOii (apMaKo/orH4yecKoil HanpasleHHO—
CTH M He MONYYH/IH PA3BHTHS HMMEHHO M3-3a CHILHBLIX TpaaHuuuii gapmaueb-—
THKO-aHaAMHTHYeCKON ammupuku, Bocnutanumku TapTyckoro yHMBepcHTeTa,
paGoraBwne B ScTouun u JlaTeuM, B ToM umcne ydenuxkH Koupaxoma, npo-
noMmKany MccleloBaHHs no dapMakorHoauM, dpapmMaleBTHYECKOMY aHaiIuay,
BbiJe/ICHHIO AKTHBHBIX Havall paaflH4YHbIX PACTEHHHl, HO B HAYYHOM OTHOLIE—
HHH He NMOAHS/IHCH Bbllle MEe/KOro snuroicrtea. [lpapaa, oMM pOCHHTANM
KBanupHUNPOBaHHble Kaapsl GapMalueBTOB, COXpAHHIM TpagulUHH dpmaleBTH-
Yyeckolt KynbTypbi. PaaBuTie dapMalcBTHYeCKO#! HAyKH B Gypxyasuo# [lpu=—
GanTuKe TOPMO3WNOCE OTCYTCTBMEM NPOM3BOACTBEHHOr'O CTHUMYNa, I'OCNOO—
CTBOM HA MECTHOM pPbIHKE XHMHKO—papMmaueBTHUYeCKHX PUPM TepmMaHiu.

[anbHewnit nporpecc Mor GulTh ofecnedyeH He MeXAHHYECKHM MepeHs-—
THEM Tpaauukit, a tpaHchpopMaumeid TpaguuMii B COOTBETCTBHH C 3MNOXOit,
BHECEHHEeM HOBbIX MAOeH, HOBbIX METOAOB, ClHgHHEM dapMaleBTHYECKOR Ky/b—
TYpbl C OpPraHMYeCKHM CHHTE30M. IJTO MpOM3OUIIO YXe B I'oAbl COBETCKOH
BJIACTH, KOraa pa3BHTHE CHHTETHYECKOro HamnpaB/leHHs B TOMCKe HOBbIX
JTeKapCTBEHHLIX CPeACTB CTal0 CTHMYTHPOBATLCA NOTPEGHOCTAMH YCKOpeH-
HOPO pa3sBilTHA (papMaleBTHYECKOH! XHMHM H npombluiensocth B CCCP,
nofB/IeHHEeM MHHUHATHBLI, OCHOBAHHOR HA 3penoM MNOHHMAHMH TpeGoBaHMil
anoxu. HemanoeaxHoe 3HaueHmue npu 3TOM MMeaH W Hanuuue B Pure xepanu-
PHUHPOBAHHBIX XHMHIKOB, MepeHABLWHX OMNbIT ¥ TPAAMUHH HayuyHbIX wkon B,Oct-
panbaa, [1.Banpnena, K.A,Buuwoda, I''Bauara u ap.

Euwe B 40 u 50-e ronsl jaTBHHCKHMH yuehbiMu Obinu paspaboTaHbi W
BHENpeHbl B NPOH3BOACTBO HOBbIE TEXHOJIOHMH NOJMY4YeHHs aHTHGAKTepHalb—
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HBIX DpenapaTtos HHTPO!})YP&HDBDT‘O paaa, aHTHKoarynsaHTop KpPOBH HHAOAHAWO=-
HOBOI'O paaa, BaxHoOro nporuBoTybGepkyneanoro mpenaparta [IACK. B 1957 r.
B cucteme Jlarsuiickoit akanemuu Hayk 6bl1 opranusosaH HucTuTyT opratii-
HYeCKOro CHHTe34a, CTaABWHA OOHHM H3 OCHOBHBIX ClelHATH3HPOBAHHLIX HEeHT-
pOB NOHCKa HOBbIX GHOJIOTHYECKH akTHBHbIX npenapatos B CCCP. Tpynammu
nateuiickux ydenerx C.A.Tunnepa, I f.Banara, M.10./luaaka, A.K.,Apena n
ap. CHHTE3HpOBAHbl OPHMIHHAlibHbIe aHTHOAKTepHanbHbie nNpenapartsl “cona—
¢yp” m “dyparnn”, nporueoonyxoieBele cpeacTea “¢ropadyp”, “umugoc”,
AHTHKOArY/ISHT KpoeH “omeduH”, NMPOTHBOINMIENTHYECKOE CPeacTBO “MeTHH—
anoH", HOBBIE NMPOTHBOBHPYCHElE M NCHXOGAPMAaKOIOrHYecKHe NpenapaThl.
OTH CoeaMHEHHS BOWJIM HEe TOJIbBKO B MeAHUHHCKYI0 npaxktuky CCCP, Ho u
NOJIYYH/IH MeXAYHAPONHOe NpH3HaHHe, JKCNepHMeHTAILHOE MPOM3BOACTBO M
ucnoiTande “¢groppypa” n “MeTHHAMOHA" OCYWECTBASIOTCH KPYMHBIMM XHMH—
yeckuMH ¢upmamu Anownn u lpeuun, [NoMckH HoBbIX 6HOMOrHYECKH AKTHB~
HEIX COEAMHEeHH#l UAYT napajiieflbHO pas’BHTHIO TeX pas3fne/iop OpraHH4YecKoi
H 5Hoopr‘aHH‘iec:coﬂ XHMHH, KOTOpLIS J1eKaT B OCHOBE CO3aHHA HOBBIX JIEw-
KapCTBEHHLIX CpeacTB, OCOGEeHHO XHMHH IeTEepPOUHKIHYEeCKHX COeHHeHMA M
XHMHH UMKIMYECKHX AMKEeTOHOB, PA3BHTHIO (H3NYECKOH OpraHMuecKofl XuMHH
H OpraHW4ecKoro KaTanu3a, PasBHTHIO GAPMAaKONOT'HYEeCKMX MCClefoBaHMi,
OCHOBOTIONIOKHHMKOM KOTOPhIX B JlaTBHM Obl1 BHAHLIE COBETCKHH dapmakonor
M.N.Benenskuit (1911-1965).

*Crap OOHO# M3 BeAYWHMX AHCUMIUIHH B JlaTBuH, XHMHKO—papMaLeBTHYe—
craf Hayka nonyumna MecTHywo Gasy M Havana CTpPOHTENbCTBO KPYTNHBIX
saponon. lMoa Purofi soauuk ropoa xumukos OnaifiHe, raoe cosgaercd Kpyn—
nefuit B CCCP u onuH u3 Haubonee KpynHeix B EBpone Hay4yHO=NPOH3—
BOACTBEHHbIH KOMIUIEKC ¢gapMmaueBTHYECKOR M GHoOpraHHYecKoi XHMKH,
”HTEDECHHE KIIMHKO—(bapMELlEBTH‘-leCKHG npouecce! H NMpoOHapOoACTBAa, ONHpAa=—
JolHecs: Ha Mony4eHHble B HACMEACTBO OT MPOWJIOrO TPaAMUMH, paspabora—
Hbl Taxke ¥ B Coperckoft DCTOHUM.

llurepaTtypa

1. F.Lichinger. Aus Ruslands phamazeutischer Vergangenheit. Riga, 1927.

2. E.Seuberlich. Liv— und Estlands altesten Apotheken. Riga, 1912.

3. G.Otto. Die Aptheken und Apotheker Kurlands. Mitau, 1915.

4, F.Lichinger. Aus Kurlands pharmazeutischer Vergangenheit. Riga, 1924.

5. U.C.Tkewenawsuay, MaTepuans nns uctopun papmaumu B Poccin. M., 1801,
6, A.N1.Ctpansiip, NU.CTtpansiub. PaseutHe antekapckoro nena b lNpuGan—
ke, — B c6.: Ua uctopun menmumuwt, Tll.. Pura, 1859,

218



Willem Ahlers (France)
P.J. MACQUIER (1718-1784), PIONIER DE LA RECHERCHE
FONDAMENTALE DANS LE DOMAINE DE LINDUSTRIE CHIMIQUE

Les laboratoires le recherches fondamentales et de re—
cherche appliquées sont aujourd'hul considérés comme des
parties integranges et essentielles du domaine industrielj;
L'origine de cette tradition est particullérement intéressan-
te pour l'histoire des sicences et de# techniques.

Nous nous limiterons &4 la chimie ol, des l'antiquité et
pendant des siécles, 1l'industrie chimique fut & la merci d'ar-
tisans qui tenajent jalousement secrétes leurs recettes. Mais,
vers le début du XVIII® siécle, la situation changes et le
role du savant deans l'amélioration des procédés industriels
par la recherche appliqués fut reconnu et parfois méme utili-
sé, surtout en France.

Ce développement est abordé par certains auteurs (1)
qui ont décrit l'évolution de 1l'industrie chimique en France
a4 cette époque, et les travaix des chimistes, parmi lesquels
figure Pierre-Joseph-Macquer. A ces descriptions nous aime-
rions ajouter quelques détails sur Macquer qui consacra une
grande partie de son temps 4 résoudre des problémes concer=-
nant chimique (2).

A partir des années 1750 le chimiste Macquer expose
dans ses oeuvres combien pouvait etre grande- le valeur d'une
liaison étroite entre recherche fondamentale et appliqués.

I1 accompagna ses arguments de démonstrations expérimentales
quelques documents qui portent sur la teinture et la porce-
laine, certains inédits, nous permettrons de montrer le dé-
veloppezent d? cette attitude chez Macquer, qui insista de
plus en sur l'analyse quantitative e¢n ce domaine.

s“xaminons d'abord quelqgues travaux de Maquetr sur la
teintlure. Ses premiéres études sur ce sujet scnt deux mémoi-

res sur le bleu de Prusse, préseutés en 739 (3) et 1752 (4)
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& 1'Académie Royale des Sciences de Paris. Dans celui de
1749 Macquer démontre que ce composé, connu depuis 1704 sous
forme de peinture, est en effet une nouvelle espéce de tein-
ture qu'on pouvait employer avec succes dans l'industrie., Au
début de son mémoire il décrit quelques expérience prlimi-
naires afin de prouver la richesse de cette idée. Puis il le
développe méthodiquement par rapport sux exigences de 1l'in-
dustrie et examine le moyen d'appliquer la teinture uni for-
mément sur le tissu, de rendre le tissu mou au toucher aprés
l'application de la teinture, de réduire les dépenses dans
la mesure du possible, de perfecticnner 1l'application du bleu
de Prusse en nuances plles et foncées et de faire les opéra-
tions sur une grande échelle pour étudier les difficultés
pratiques qui arrivent souvent lors du passage d'une expé-
rience de laboratoire au niveau industriel. Grlce au succés
de ses efforts, Macquer donna une nouvelle teinture bleue &
1'industrie, plus soclide et plus brillante que celles qui
existait A 1'époque.

Dans son deuxiéme mémoire sur le bleu de Prusse, Macquer
compldte 1l'aspect pratique de le question par une recherche

fondamentale sur les réactions chimiques relatives au bleu de
Prusse. Il le traite avec de l'acide, de l'alkali et divers
autres produits sous diverses conditions pour observer 1'ap-
parition et la disparition de la couleur et des propriétés
magnétiques des précipités, et ainsi de suite. Les observa-
tions sont suivies d'explications basées sur les téories de
1'époque. Les contemporains de Macquer ont accueilli ce mé-
moire avec un grand enthousiasme et l'ont tenu pour un chef-
d'ceuvre. Dans ces deux études, donc faites avant 1'dge de
34 ans, Macquer déméntre d'une maniére trés frappante 1'in-
térét d'une liaison étroite entre le recherche appliquée et
la recherche fondamentale.

Macquer a continué ses travaux sur la teinture jusqu's

la fin de sa vie. Son dernier effort, malheureusement inache-
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Vé, a é6té la composition d'un livre commandé par le Ministe-
re, Description Générale de L'Art de la Teinture. Il a donné
une esquisse du contenu de ce livre dans un mémoire lu &
1'assemblée publique de 1'Académie, du 14 novembre 1781 (5).
Ce mémoire important, imprimé en 1782, ne figure pas dans

les catalogues des grandes bibliothéques et les seuls exem-
plaires que nous connaissons se trouvent au Muséum d'Histoire
Naturelle & Paris.

Aprés une introduction historique, Macaguer explique
que les stricts réglements, introduits auparavant par Col-
bert, bien qu'utiles d'un certain point de vue, sont nuisi-
bles au développement, parce qu'ils s'opposent aux recherches
et aux tentatives et génent l'esprit d'invention. Les autori-
tés, convaincues de la nécessité de modifier les réglements,
ont chargé Macquer de composer une nouvelle Description Géng-
r 'Art _de la Teint ;

. Macquer présente ensuite le plan de son livre. Au lieu
de diviser le sujet en classes suivant la nature des étoffes,
ainsi qui 1l'on faisait auparavant, il prend pour point de dé-
part les couleurs. Les aspects pratiques de chaque couleur
sent traités en détail un tableau de comparaison suit.

Mais dit-il les questions théoriques sont aussi d'une
importance essentielle pour le développement de 1l'arut wvu les
progrés rapidés de la chimie dont la teinture dépend entiére-
ment. C'est pourquoi, des le début de l'ouvrage, il porte
une attention suivie aux recherches fondamenteles relatives
4 la teinture. Macquer donne des exemples afin d'illustrer
l'importance d'avoir une connaissance approfondie de la chi-
mie pour apprécier le rdle des mordants, substances clés qui
assurent une teinture solide et durable. Le savant éclairé
cherche les réponses aux questions suivantss

"1° Pourquoi certaines couleurs s'appliquent solidement
sans le secours d'aucune préparation; 2° Pourquol les autres
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ne peuvent s8'appliquer & s'assurer que par le moyen des mor-
dansj 3° Pourquoi parmi ces derniéres les unes s'attachent
d'une maniére solide & durable, tandis que les autres, sur
les mémes étoffes, avec le secours des memes mordans, & par
les mémes manipulations, ne donnent que des couleurs fugiti-
ves Qui n'ont aucune solidité" (6).

La phrase suivante de Macquer est de la plus grande im-
portance pour notre propos, parce qu'elle résume son attitude
envers la recherche fondamentale par rapport aux difficultés
pratiquess

"Il est aisé de sentir que si l'on parvient jamais a
une solution bien satisfaisante de ces problémes fondamentaux,
on aura fait un chemin immense vers la perfection de la Tein-
ture, & qui les découvertes de pratique les plus importentes
ne seront plus que des conséquences qui se déduiront de le
théorie avec autant de certitude que de facilitg"™ (7).

Les difficultés ne seront résolues qu'au moment ou 1l'on
pourra faire l1'analyse chimique la plus exacte de chaque
ingrédient d'un produit quelconque. Macquer admet que les ana-
lyses détaillées sont les plus pénibles de tous les travaux
chimiques et il ajoute que "ces recherches, les plus impor-
tantes de toutes aux progrés de 1'Art, sont préciséement cel-
les qui ont été les plus négligées™ (8). Il 'occupe de certai-~
nes analyses, et ses propres travaux sont tellement avancés
qu'il espére donner une série de mémoires 4 1l'Académie dans
peu de temps.,

Finalement, il s'empresse de dire au sujet des analyses
chimiques, "qu'elle ne pourront etre d'aucune utilité, & moins
qu'elles ne soient faites avec la précision la plus rigoureu-
ses, "... Il explique son insistances 1l'application d'une
teinture solide et durable sur des matiéres différentes, dé-
pend de qguelqyues différences dans la nature des substances

teignantes et des mordents, "'c'est-id-dire da leurs propriétrcs
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chimigues) et aussi de la proportions de leur parties consti-
tuantes (les concentrations), "A des degrés dont la différen—

ce est étonnante."

Dans ses recherches sur la porcelaine, Macquer exprime
de pareils sentiments sur l'attitude d'un bon chercheur en-
vers les problémes techniques.

La téche de Macquer, commisaire de l'Academie Royale des
Sciences pour les recherches & la Manufacture Royale de por-
celaine & Sévres, était de chercher et de trouver une recet-
te de fabrication de la porcelaine dure qui serait aussei
belle que la porcelaine de Chine, tant admirée, convoitée et
achetée & des prix exorbitants a4 cette époque. Etant donné
l'absence de kaolin en France, la recherche d'un succédané
était le plus logique, et Macquer et ses contemporains ont
abordé leurs recherches de cette fagon.

Les deux premiers cahiers de laboratoire de Macquer, tou-
jours conservés aux srchives de la Manufacture 4 Sévres, cou-
vrent la période allantv de 1757, époque de l'entrée de Macquer
A Sévres, jusqu'ad jenvier 1761 (8); malheureussement les
autres Qqui sont plus impoortants, semblent perdus.

Dés le début du premier cahier on est frappé par la mé-
thode systématique qu'emploie Macquer. Chaque descriptionm,
vérification, question, observation ou analyse est numérotéri
tous les arguments et considérations sont exposés en détails
dens le style aisé qui caractérise tous ses écrits. Une pre-
miére série d'expériences le méne A étudier & fond les argi-
les "pour trouver la cause pour laquelle une infinité de dif-
ferentes terres propres a faire des étuis succent la Porce-
laine de Sévres." Suit une longue explication théorique sur
la cause du sucement ou cimentation entre 1'étui qui contient
la péte de porcelaine, et la porcelaine elle-méme. Macquer
invoque 1'action de l'acide vitriolique comme cause primaire,
ce qui le méne & une discussion du mécanisme chimique de le
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formation de la "porcelaine de Réaumur" (9) La phrase suivan-
te est importante pour note propos:

Mr De Réaumur n'a jamais donné la théorie de son opéra-—
tion 11 ne s'est pas méme mis en frais de chercher a la de-
couvrir, et s'est contenté de retourner ses expérience de
différentes meniéres uniquement pour rendre sa découverte
utile et de pratique. Pour moi sentant combien cette théorie
pouvoir répandre 18 lumiére, sur la véritable cause de notre
Bucement, j'ai cru qu'il étoit essentiel de faire de nouvel-
les experiences sur cette matiére tendantes a découvrir 1la
verttable cause de ces altérations que recoivent tant le ver-
re gque la porcelaine de la part des terres dans les laquelles
on les fait cémenter" (10).

L'esprit de Macquer était toujours préoccupé d'expliquer
et sussi de rechercher les liens et les rapports entre les
procédés et les réactions chimigues Quelconques dont ils dé-
pendent. Ainsi, il est un des premiers savants 4 avolr en des
préoccupations et une méthode de travail dans l'optique de
nos Jjours, Son influence, & cette époque charniere ou nait la
chimie moderne est importante pour les rapports entre cette
science et l'industrie qui l'utilise.

Notes
1. Per exemple CLOW, N, and CLOW, N.L.,, The Chemica] Re-
volution, London, The Batchworth Press, 1953;
GUERLAC, H. Some French Antecedants of the Chemical Re-

volution, in Chymja, 5 (1959). Pe 73-112.

MUSSON, A.E,, and ROBINSON, E._Scjence &nd Technology
in the Industrja]l Revolution. Manchester, Manchester Univer-
sity Press 1969.

2. Macquer occupent deux postes officiels comme respon-
sable des recherches chimiques au Gobelins et 4 la Manufactu-
re Royale de porcelaine A4 Sévres. Il était aussi attaché au
Bureau du Commerce ol beaucoup de Ses recherches industrial-
%g: tirérent leur origine.



sur une Nouvelle Bspéce de Teinture Bleue

dans laquelle il n'entre ni Pastel ni Indigo. Mem. de
1'A.R.S8., 1749 (1753), p. 255-265.
4, Examen chymique du Bleu de Prusse. Mén. de 1'A.R.S.,

1752 (1756), p. 60-77.

5. Prospectus et Plan d'une Description Générale de
1'Art de la Teinture, A Paris, de l'imprimerie de Monsieur,
1782, Spages.

6. Op.cit., p. 6.

7. Op.cit., p.6.

8. Cote numéros Y 57 et Y 58 du catalogue de Archives
de la Manufacture Nationale de Sévres.
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Hans Kangro (BRD)
EIN ALLGEMEINES PRINZIP,
MIT DESSEN HILFE IM 17,

JAHRHUNDERT CHEMISCHE REAKTIONEN OHNE
QUANTITATNE ANALYSE GEDEUTET WORDEN SIND

Von einem Grundsaztz soll die Rede sein, welcher vor
mehr als 300 Jshren zur Naturerkldrung herangezogen wurde,
Versténdlich, dass die Art einer solchen Deutung von den uns
heute vertrauten Methode in der modernen Physik und Chemie
erheblich verschieden ist. Und doch lésst gerade der in Rede
stehende Grundsatsz die Eigenart naturwissenschaftlicher For-
schung berhaupt in einem interessanten Lichte erscheinen.

Viel erdrtertes Problem ist zu Beginn des 47. Jahrhun-
derts die Verinderung (—= ), welche einen Naturkdrper
A in den peuen Eorper B ibeffilart:
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A——=B
Ingt Bdurch Analyse oder durch Synthese 8us
A eintstande; Die Frage durch Gewichtsbestimmungen zu ent-
scheiden war demals nicht iiblich und kaum moglich, besonders
bei Mitwirkung gasformigen Substanzen. Dennoch gelangte man
zu richtigen Schlissen. Wie?

Halten wir uns un die Quellen! Einen aufschlussreichen
Einblick gibt uns der zu Libeck geblirtige Dr. med. Joachim
Jungius, welcher als Arzt zugleich eingehende Kenntnisse iiber
die materia medica und ihre Reaktionen besass und iberdies
hervorragender Mathematiker und Logiker war., Der Re d u k -
t 1 ons Degriff steht im Mittelpunkt seiner Begriindungen.
Ein Korper wird reduziert", definiert er ihn,

"wenn er, nach-
dem er irgendeine ZAnderung erfahren hat, wieder in denselben
Eorper uUbergeht, aus welchem er entstanden ist". Jungius flgt
hinzu, von dieser Bedeutung "Reduktion" sei das Homonym "Re-
duktion zu den Prinzipien des Erkennens'" zu unterscheiden.
Denn es trage asnalytischen Charakter, wahrend die chemische
Reduktion iber Analyse und Synthese nichts voraussetze.
' Das Wiederetscheinen des Ausgangskorpers ist das Entschei-
dende an Jungius' Begriff der Reduktion im chemischen Sinne.,
Ein interesaantas Beispiel beleuchtet das.

.
’// \ — = erwiesender Ubergang

c———wahicht " "
Jungius gibt die Erfahrung seiner Zeit wieder, aus Bleil (1)
werde cerussa (2) (basisches Bleikarbonat, damals oft mit
Bleiazetat verwechselt), aus cerussa (2) sodann sandyx (3)
Mennige' oder (Blei(II)oxid). Sandyx (3) konne nicht wieder
zu cerussa (2) reduziert werden, wohl jedoch filhre die Reduk~
tion von cerussa (2) oder von andyx (3) unmittelbar gzurick
zum Blei (1). Sicher sie daher, dass Blei (1) in beiden unmit-
telbar aufeinander folgenden Reaktionen (1_g 2 —3) unzerlegt

erhalten geblieben sei. Der verbotene Ubergang (5)—e(2)
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entscheident. Es ist sicher nicht nur historischer 2Zufall,dass
die zwar mogliche, aber unstindlichere chemische Uberfiilhrung
(3)—==(2) im Anfange des 17. Jahrhunderts nicht gebréuchlich
und nicht bekannt ist. Wie viele nicht bekannte Naturerschei-
nungen bewahren auch uns davor, in ihrer vielfalt die Richtung
einer Deutung zu verlieren? Nur die Erfahrung einer Synthese
und Analyse zwischen (2) und (3) konnte die Annahme rechtfer-
tigen, (2) sei in (3) bzw. (3) in (2) enthalten. Das trifft
indessen fir den Ubergang zwischen den Stoffen (1) und (2)

zu. Da ausserdem auch aus (3) wieder (1) gewonnen wird, ist
"sicher", dass (1) bei allen drei aufeinander folgenden Reak-
tionen unzerlegt geblieben ist.

Jungius gibt noch das Beispiel Wasser (1), Wasserdampf
(2) und Schnee (3). Daraus folgt, dass die Erklarungsmethode
tiefer im zeitgenossichen allgemeinen Denken verankert ist.
Jungius”, der &hnlich wie sein Zeitgenosse, der angesehene
Chymicus und Leibarzt des Herzogs von Oldenburg, Anton Gin-
ther Billich“. dass die Korosion von Blei, Kupfer oder Ekisen
durch Sdureddmpfe bzw. Luft auf das "Zusammenwachsen" der
Metalle (A) mit den Atomen der Dﬁmpfe bzw. Luft zurickgefﬁhrt
werden kann: Denn mit beliebigen, nichts Metallisches enthal-
tenden Zuschligen erhalte man je die verschiedenen fiheren
Metalle zurlick, Aber liegt nicht insofern ein Trugschluss vor,
als die Korrosion willkirlich fiir eine Synthese, die Reduk=-
tion infolgedessen fir eine Analyse ausgegeben wird?s

A
Konnte B nicht ebenso gut durch Zerlegung von A entstanden
und die Wiedergewinnung von A durch Hinzufligen eines bestimm-
ten Bestandteiles zu B erfolgt sein?

Diese Deutung der Reduktion zwischen nur 2z w e i Stof-
fen stiitzen® der Leibarzt des Kaisers, Anselmuss Boethius De
Boodt, der Chemiker Nicolar Guibert, die italienischen Gelehr-
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ten Jacopo Zabarella und Geronimo Dandini, fernmer Billich
selbst und andere auf einen 5 a t z der zu ihrer Zeit mo-
dernen Stofftheorie., Eine Rickkehr namlich vom Verlust (B)
(privatio) der im gesamten Eigenschaftskomplex zu, Ausdruck
kommenden Individuslit@t (idem numero) des NaturkGrpers (A)
in der weise, dass gerade diese Eigenschaften (habitus) wie-
der erscheinen (A), konne es nicht geben. Ein Erblindeter
werde nicht wieder sehend. Der Staz geht auf Aristoteles?zu—
ricks "Von einer bestimmten Beschaffenheit (habitus) gibt es
zwar eine veranderung Weg zu dem Zustend ohne diese Beschaf-
fenheit (privatio), doch von dem Fehlen (privatio) zu Jenesr
Beschaffenheit (habitus) unmoglich", Demit aber kann - nech
der Zeitmeinung - eine Riickgewinnung nur ale Analyse, nicht
als Aufbau (Synthese) aufgefasst werden. Das Spezifische des
bestimmten Naturkorpers (A) steht im Vordergrund der Betrach-
tung. Aber noch mehrs Jungius, Billich, De Boodt u.a. betonen,
Ealiumkarbonat eei ein al l geme i1 ne s Reduktionsmit-
tel fiir die korrodierten Metalle. Ist es daher nicht unwahr-
scheinlich fiir sie, anzunehmen, dieses un i ver s a l e
Reduktionsmittel berge die verloren gegangenen Bestandteile
der verschiedenartigen Metalle, um sie zur Synthese des
betreffenden Metalles "in behorlicher Proportion" gerade wie-
der abzugeben? Wesentlich geht es darum, das Fortbestehen
eines Korperz zu beweisen.

Der Satz von der Unmoglichkeit der Reduktion aus dem zer-
storten Zustande eines Korpers liegt sicherlich auch Jungius'
Deutung der Rea ktions folge zugrnde. Im Unter-
schied zur Veranderung zwischen nur zwei Korpern erhdht sich
offenbar die Wahrscheinlichkeit einer richtigen Deutung durch
die Einschaltung mindestens einer neuen, der ersten Reaktion

unmittelbar folgenden Verwandlung in einen dritten Korper.
Jenem Satz gemdss kann dieser nicht weiter als bis (1) zer-

legt worden sein. Deiser Ausgangskorper (1) wird ja von dem
Eﬁ?en Reaktionsprodukt (3) her auch auf einem anderen Wege



als uber (2) wieder erreicht. Jungius verallgemeinert: "Si-
cher iet es, dass dann, wenn einige Reaktionen unmittelbar
derart aufeinender folgen, dass aus den lbrigen entstandenen
Korpern eine Raduktion in den Ausgangsk5rper bewekstelligt
werdern kann, der Ausgangkorper wahrend all dieser Reaktionen
unversehrt erhalten blaibt".a Jungius, welcher jene Aristo-
telesstelle unmittelbar nach der Scheidung der chemischen re-
ductio von der logischen gzitiert - also wesentlich die Frage,
ob reductio Analyse sei oder nicht, berihrt - erblickt aller-
dings in dem Batze gewisse Schwierigkeiten, wiewohl er ihn
somit kannt.1
Die Denkweise, welche der Verknipfung der reduction Zwi-
schen EGrpern mit jenem Satze zungrunde liegt, mag auf fol-
gende Weise Motiviert werden. Eine grosse Rolle spielt die
Becbachtung. Augelo Sala sient,? wie die entsprechende Saure
das Metall auf der Oberfléche allmshlich korrodiert. Daher
ist die Annahme einer Zusammensetzung zweier zur Hand befind-
licher Korper (Metall, Sdure) und die nachfolgende Wiederge-
winnung des einen von ihnen (Metall), der quasi nur verdeckt
war, durch Reduktion unter Verlust des nicht im Blickmittel-
punkt befindlichen Korpers (S8ure) leichter zu dsiken als
eine Riickkehr des durch Abtrennung unbekannt verlorengegenge-
hen, spezifischen Metallbestandteiles in der Weise, dass der
ursprungliche individuelle Eorper etwa gerade wieder aufge-

baut wird. Insofern wiirde allerdings Reduktion gleichzeitig
Analyse bedeuten, vielleicht nach Beeinflussung durch das lo-

gische Homonym "reductio™. Der nicht im Mittelpunkt der Bet-
rachtung stehende Bestandteil bei "Analyse" interessiert so

wenig, dass z.B. A. Bala und Nicolas Guibert die Zementation
(Ausf&llung) des EKupfers durch Eisen nur als eine Extraktion
des Eupfers aus der Losung auffassen’C und die Gewichtserhal-
tung nur des Eupfers feststellen, Das durch Losen verlorenge-
gungene Eisen (und die SBure) bleiben unbeachtet. Eine solche
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Motivation steht durchaus im Einklang such mit Jungius' all-
gemeiner Denkweises Das Einfachere ist das Wahrscheinlichere.

Wir meinen, dieses Princip des Denkens wie jener Satz
selbst ist mit der Stellung des Menschen zum natiirlichen Ord-
nungsprinzip verwandt. Denn leichter - so wird der Experimen-
tierende meinen - verliert man in der Regel einen Korper aus
den Augen, als dass man ihn gerade wieder seinem eigenen Ein-
flussbereich einfiigen kann. Der Experimentierende tauscht sich
nicht. Das natiirliche ordnungsprinzip wirkt zuf&llig (casu)
der willkirlich (temere) von ihm so bezeichneten Ordnung ent-
gegen.

Uberraschend ist die Anwendung des Reduktionssatzes auf
die "Chymia" des 17. Jahrhunderts selbst. A.G. Billich bekennt,
die Reduktion gereiche dem Aufbau einer Chymia so wenig zum
Nutzen wie der Verlust eines Bestandtelles dem Aufbau des zer-~
storten Eorpers. Die Reduktion gehore eher gzur Zerstorung der
Chymia. Mit einer solchen Analogie wendet et sich offenbar ge-
gen den Eingriff, welcher den erfolgreichen Beitrag zum Nutzen
der Menschen unwahrschleinlich macht: die Aufgebe der Chymia

wird damals in der Synthese medizinischer Préparate gesehen.
Jener offensichtlich auf das allgemeinere oekonomische

Denkprinzip des Wahrscheinlicheren gegrindete Reduktionssatz
gewahrt uns sicherlich nur einen kleinen Einblick in die

Eigenart naturforschenden Denkens einer ganz anderen Zeit.
Fussnoten

1. "Reduci vero Corpus, ex Mutatione aliqua ortum, dici=-
tur, si rursus transeat in id Corpus, ex qQuo ortum est..."
(J.Jungius, Doxoscopiae Physicae Minores, Hamburg, 1662,
pars 2, section1, cap.12, sectiuncula 11). Zum Reduktionsbe-
griff im 17. Jahrhundert vgl. H. Eangro, Joachim Jungius'
Experimente und Gedanken zur Begrindung der Chemie als Wissen-
schaft, ein Beitrag zur Geistesgeschichte des 17.Jahrhunderts,
Wiesbaden 1968, passim.
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2, J.Jungius, Doxoscopiame (1662), 2,1,12,18.

3. J.Jungius, Doxoscopiae (1662), 2,1,22,7.

4. A.G.Billich. De natura et comstitutione Spagyrices
emendatae, Helmstedt 1662, Nr. 95; 111; 116, 121.

5. Diesen Trugschluss vermutet Emil Wohlwill, ins Joachim
Jungius und die Erneuerung atomistischer Lehren im 17. Jahr-
bundert, Festschrift (Naturwissenschaftlicher Verein Hamburg,
10. Bd.), Hamburg 1887, 47.

6. Kangro (1968), 1553 162; 202-204.

7. Aristoteles, 13a, 31-36.

8. "... sl continue sibi succedant aliquot Mutationes,
quee ite se habeant, ut ex religuis Ortis Corporidus in Primum
Reductio fieri queat, id ipsum Primum, in omnibus Mutationi-
bus istis, Incolumne permanere, certum est...”

(Doxoscopiae (1662), 2,2,12,18).
9, A.Sala, Anatomia vitrioli, Leiden 1617, 763 933 99.
40. N.Guibert. Alchymia ratione et experientia... im—
pugnata et expugmata, Strassburg 1603, 94-97; A.Sala, Anato-
mia vitrioli (1617), 95.

H.P.Ceanmxanon (CCCD)

O IHUPPEPEHUMALMIY APEBHEW IICTOPHH YEJIOBEYHECTBA
HA OCHOBE XMMHWYECKOIO MCCJ/IEAOBAHUA META/IIOB

B nocnepoenHble rogbl B HEKOTOpPbIX CTpaHax, ocoGenno s CCCP, yne-
ngercs Gonbluoe BHHMAHHE HCC/IeOBAHMI0 XMMHYECKOI'O COCTABA MeTalnnon
ApeBHERUUX KYNbTYP, HAXONHMBIX B apXeo/lorMYecKHX packonkax. ITH HC—
clefoBaHHs BHEC/IH HeMAall0 HOBOI'O B HCTODPHYECKYI0 HAYKY M H3MEeHMJIH
HEKOTOpbie HAall NpeaCcTaB/ieHHd OTHOCHTENLHO OTAS/LHLIX 3TanoB B HCTO-
pHH Pas3BHTHA MaTepHaibHOl KyNbTYpbl ApeBHero mupa. TeM He MeHee,
OCTaeTCHd HeMano BONpPOCOoB, ABNSIOWMXCA MpeameTom aebatos . TpeGyio—
KX AanpHefiwero uayudenus. K HuM oTHOCATCHA Taxke BOMPOCH! NMPAaBH/LHOMN

auddepeHuHaUHy HCTOPHMH YesoBeyeCTBa, Gaaupyoouwelcs HaA XHMHYECKOM
H3Yy4YeHHH OpPeBHHX MeTallloB.
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Playqan BOI‘IPOC 0 [OelleHWH HMCTOpPHH HA OTOel/lLHble nepuonm no mMerail-—
nam, dopbec [1] BriCKazbiBaeTCE 38 BO3MOXHOCTE €€ HPAHCKOrO MPOHC—
xowaeHHs, [leficCTBHTe/bHO, elle A0 Hallefl 5pbl MeTain CTan CBOeoGpasHbiM
onpefenuTe/leM SM0X pasBuTHA yenopedecTea, O6 3TOM, HanpHMmep, YNOMH—
Haer ApeeHerpeueckufi noar Necwoa [2), xoTopmit, onwaxo, roeoput o
NATH BeKax: 30/I0TOM, cepeGpsHOM, GpOH30BOM, "repoHYeckoM” M xejlesd—
noM, Eme panee FoMmep B cpoeit "Winnnane” ymommuHaer o “6ponse”.

Bonee onpeneneHnas nubpdepeHUHAUHS OTPaKEHA Yy PANTHYHBIX MHCATE-
ne#t mayana Hawep apel. OauH u3a Hux - Jlyxpeun#t (3], arTop npouasene-
wus "O mpupope Beweit”, u lOany Kxaur - mucarens anHactun Xan, Kam—
ObIff H3 HMX pacne/lil HCTOPHIO YelOBedYeCTBA HA TPHM 3MOXH: xamHus (umn
KocTH), menu (M3 6GpoH3bl) M xeneaa.

OnuTenuHoe Bpems ABTOPCTBO B YCTAHOB/IEHHM TePHOOOB PA3BHTHH 4e/lo-
BevyecTBa (xaMeHb, GpOH3a, Xele30) npHaHaBanock 3a Kpucrtuanom IOpren—
conoMm Tomcenom [4], cexperapeM “KOMHCCHM NO COXPAHHOCTH APEBHO—
creit” mpu [arckoMm HaumoHansHoM My3ee B 1816 r., a noagHee rnaBHBIM
XpaHHUTe/leM KO/UIeKUMH apXeO/IONMYeCKHX NMpeaMeToB B 3TOM My3ee, OH
ofpatun BHMMAHME, YTO NO XapaKTepy OHM AO/MKHBLI GbiTh MoApasgeneHsl Ha
TPH rpynnbi, | rpynna BoBce He coaepkana MeTaNTHYeCKHX MPeaMeTOB;

Il rpynna conepxana 6pousossie mpeamertsi; Il rpynna skmouana taxxe
xKeneso, TakuMm o6pa3oM, oH AKOBGbl YCTAHOBHJI TaK HA3bIBAEMYIO TpeXNepH—
oaHylo CHCTeMy, HO ero aBTOpPCTBO ocnapupaercsa [5],

OpHako GONLIWHHCTBO 3THX YHCTO HCTOPHYECKHX OnpefelleHH# H BBIBONOB
He HMMellH CBM3M C XMMHYECKHMMH HCC/e[lOBAHHAMM APEeBHHX MEeTal/0B, KOTO—
puie mpouasoaunuck yxe B kouue XVl B., r.e. no onpenenenns TomceHa.

Hanpumep, 0 cywecTBOBaHHH 00 GPOH3OBOrO BEKA TAK HaA3LIBAEMOI'O
MeJHOr'c BeKa kak GyaToO 3HaANM M TaKkue OpeBHHe TNHcaTesnH, Xak Aradap-
xun ¥ Bappon [6]. Ho nuum namexHbie pesymbTaThl HCTOPHKO=XHMHYECKHX
aHamM30B MOTVIH 6bLITL TBEpAOR OCHOBOH# [JIAl ONpefe/leHHS OCHOBHBIX 3Ta~
NOB Pa3BHTHA MCTOPHH HenoBeuectsa, Eme k 1790 r, (7], na ocHoee npo-
OellaHHBIX K 3TOMY BpeMeHH HCCJ'IE}JOBBHHQ, BbLICKA3LIBA/IACE MBICIIL O CYLlE=
CTBOBAHMHM B NMpOWJIOM MeaHoreo Beka, [loaaHee aHanuasl NOATBEpaAM/IM, HTO
npesHeftiune “6poH3oBble” npeaMeThl AeHCTBHTENLHO He COOEPXKAT O/lOBa
H/H ero NMpHMecH CTO/L MA/bl, YTO pacCMaTpHBaeMsblit ApeBHH{ MeTamnl He
MOXeT GbiTh NMPHHAT 3a 6poH3y. Tak Kak GoMbWHHCTBO “MeaHbiX” NMpeamMe—
TOB NMpPHHANJIEKANO K KOMIUleKCcam, HafNeHHbIM B OpeBHeluMX NaMATHHXAaX,
TO HCclledopaTellH }"BBPBHHO BLICKA2A/IHCE O CYLIeCTBOBAHHH B nmpowinomM
MmeaHoro sexa ewe no TomceHa,

Mapcenen Beprno [B] ceBoumy ananmaaMu Taxke yTBepXaal CYUECTBU—
BaHMe MeaHoro peka Ha Bmnknem Bocroxe, Ero ananmsbl, ogHako, nosaaxee
noapeprauce KputHke. Hoppexckuit xumuk CeGenmen [9] Beipasmwn cunphoe
COMHeHHe B NPaBHNLHOCTH NpOBefeHHOro BepTno aHanuaa CKHNeTPS erH-
nerckoro uaps VI aunactuu ( ~4000-3500 rr. mo H.3.) Ienu |, xoropwiit
MO ero OaHHbIM OKA3ANCH MedHbIM. DTH COMHeHHs He6e30CHOBATeNbHBI, HO
CBOMMH TNOCNeAyIoUMMHK aHamuaamu camM Cebefvck nuwb NOATBEPON/ BbiCKa—-
abipanua BepTno, oTHecs, onHako, menHbf#t ek Erunta 3a 4000 ner no H,3,

232



Pons mMetannoe B auddepeHUMALHH WCTOPHH Ye/IOBeYeCTBA HA OCHOBHbIe
aransl nopyepkupanack B.M.Bepnanckum [10]. YTo xe xacaercs cywe—
cTBOBaHHA 00 "6poH3bl” TAK HA3LIBAEMOI'0 MeAHOr0 BeKa, Korjaa 4eloBe-
KOM HCMonb30BAanackh OAHA camMmopoaHas Medb, TO, MO €ro MHEHHIO, OHAa
OefCTBHTENBHO MOrVia 6bITh NMEepBbIM MeTAanlioM /MWL B MecTaX ee H306H-—
nug, 1o, 6EecCnopHo, MOIVIO MMEeTh MeCTO, HanpHMep, B MeCTOpOXIeHHH
mean y Bepxuero Oaepa (CIUA), a, crepoparennHo, 06 MCNONL3OBAHMHK
CaMoponHO# MelH BLIBOA BpPAd /IH MOT' OTBeHaTh (aKTaM.

Apcrtpuitckuit nccnenoparens Myx [11], npouasens MHTepecHsble ONMBITHI MPH—
MHTHBHON IUIABKM MeOHBIX CY/NbQHAHBIX Pyd, BBICKA3A/CH 38 HCNONL3OBaHHE
B MeoHOM BeKe He cCaMOpodHO#t, a Metaamyprudeckoit menu. [loanHee [lew
[12], pa6otas B Epurancko#i Accoumauuu copeflCTBHS Nporpeccy HaykxH,
TaKxe rnojarai, 4YTO BPsd JM ANH JHUTbHS OpeBHeAwHX nmpeaMeToB B Meco-
NoTaMHH HCINONB30BAaJACH CaMDPOﬂH&H Menb. I'Ipn 9TOM OH TNpHBEel XHMH=-
YyeCKHe aHAa/H3bl ABYX 06pasuoB CAMOPOOKOB, KOTOpble OKAa3alHCh C NpHMe=—
caAMH, MMeloumeca y Hac MaTepHalbl HOBeMUKHX HCC/eqOBaAHHH NOKAa3bIBAIOT,
YTO /ML NMPUMEHeHHe COBPEeMEeHHBIX NpPEeLUH3HOHHbIX MEeTOHNOB XMMHYeCKOro
HCClledOBAaHHA, p&BHO KaK M OTBeTCTBEeHHBIA noaoxoa kK HCTOPHKO=XHMHYECKO—
MY aHalH3y MeTa/vIOB ApeBHeMWHX KYIbTYpP, NO3BONUT YCTAHOBHTL NpPaBH/Ib-—
HYI0 OuddepeHUNALHIO KCTOPHH Pa3BHTHA YenopedecTBa, Gasnpywouyiocsa Ha
XMMHYECKOM COCTaBe METAa/UIOB, H3 KOTOpPBLIX A0 Hallel 3pbl H3roTOBJISIHCH
pa3iHiHble OpyaMs Tpyna M 6biTa.

Hawwu paGoTbl, Hanpumep, NO3BONAHIH 6e30WHG0YHO YCTAHOBHTE, 4TO le—
/blfi pAn NMpeaMeToB M3 packonok Ha Kaexase, oco6eHHo aaTHpoBaHHBIX |V
ulll Teic, mo n.s,, SBASIOTCH He MEAHBIMH, a MeAHO—MblubgKoBeiME [13] |
B aTH nepuonnl yenoBek eue He GbU1 3HAKOM ¢ onoeoM. ChnenopaTenbHO,
ans KaBkasza TOYHO YCTAHOBIEHO, YTO MeOHbIf BEK TAM TI'HNOTeTHYeH, W60
BO BCeX OpeBHeflUMX NMaMATHHKAX Me[Hble NpeAMeThl CONMPOBOXOAIHCHL Mel-
HO=MBIULAKOBBIMH,

HO, HeCOMHEeHHO, 4YTO HCTOPHA Pa3BHTHA yeiopeyecTBa B 3M0OXY paHHero
MeTanna nomkHa 6GbiTh pa3aefieHa, NMpexae BCero, Ha OABA OCHOBHBIX aTana:
1) "noonoparHbLIA”, Koraa OOBO YelOBEeKY H3pecTHO He 6wino, a Ha Kapbka-—
3e, HampuMep, AMS JerHPOBAHMS MeQW HUCNONBL30BANCH MbIWBAK; 2) “onoBsH—
HeIft” - nepHon HauMHaeTCs C NOSBJEHMS O/I0BA, KOTOpOe, HApAAy C Mblllbi—
KOM, CBMHIOM, CYPbLMOH H LIHHKOM, MCMNO/L30BA/OCh /1S NEerHPOBAHHS MedH.

Takasa ke xapTHHa HaGmopmaeTcs M ans Teppurtopuu Cnosakms, rae, no
OAHHBLIM HAalWMX AHANIH30B, A0 MOABJEHHA ON0OBA HCNojJb3opanack Melb Gea
anMeCQﬂ H C MBILUBEAKOM,

Onnaxo ecnu MHoroe coeepuwelHHo Geccnopho ans KaBxasa M HeKOTOpHIX
OPYrHX pafioHoB, TO ANA CoNbWHHCTBA paioHoe Ha CpenHeM n BamxHem
BocTtoke He Bce scHo, HeobGxoaumbl manpHefluiMe MCclenoBaHHs H Tpebyer—
Cfi NepecMOTP BCEX CTAphIX ONyG/IMKOBAHHLIX AHANM3OB NMpeaMeTOB, HajleH—
HbIX Ha Bmmxkuem Boctoxe, 3Ta Heo6XOOMMOCTER BbI3LIBAGTCH elle TeM, YTO
HCTOPHKH HaykH onyG/IMKOBalH M mpoaomkaioT NyG/HKOBATE HeMalo cepbes—
HbIX cooblieHMil, OCHOBLIBAACE MMEHHO HA ITHX aHalH3ax,
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Ox.HW.3yaedyrapam (CCCP)
H3 HCTOPHH HM3YYEHHUA MHUKPOSNEMEHTOB HE®$TH

Wmetowniica pakTHueckuii mMaTepuan nosponseT NPUATH K 3aKIIOYEHHIO O
TOM, YTO AN BCECTOPOHHEr'O OCBEIUeHHS BCero KOMmiekca Hedreobpaso-
BAHMA M pa3paGoTKH, NpHeMIeMoll KaK C XMMHMYEeCKOl, TAK M C reoslorHie—
CKOlt TOYKH 3peHHs TEeOpPHH NPOMCXOMAEHHS HedTH, BeCbMAa BaXHOe 3IHaye—
HHEe MOXeT HMMeTh H3yueHHe psada 4YacTHbIX BOMPOCOB, HA TEpBBIA BAriaa
KaXYLUJXCH COBEpWEeHHO oTaaleHHbIMH OT 2Toi zapgaun. K uyucay rtakux
BOMPOCOB OTHOCHTCH H3y4YeHHe codepkaHns B HepTAX XMMHYECKHX 3/leMeH—
TOB, TOJYYHBIUHX Ha3paHHe "MHKDOINeMeHTb!” H3-3a He3HAYHTeALHOro X
conepxaHus, CYyWHOCTL NMPOUEecCca HAKON/EHHS KOTOPhIX B HepTAX, 4 TaKkKe
¢opMa CBS3H HX C OPraHH4eCKHMH KOMMNOHeHTaMM HedTH MOJHOCTBIO nalleKo
He BbIACHEeHBI,

HauGonee pannue panHble 0 MMKpoaleMeHTaX HegTeil NOSBHANCE B Ne—
yaTH BO BTOpO# nosiopune XIXcronerusa, Onnako oHM HE SBASIMCH Pe3yih-
TATOM CHCTEMATHYECKOrO H3y4YeHHS MHHEpalbHbIX KOMIMOHEHTOB KaycTOGHO—
JIHTOB M HOCHAH Ciy4YailHbIfi XapakTep.

leppoe cooflueHHe O CONepKaHHH MHMKPOS/EMEHTOB B KaycToGHONMTAX
nogeunoce B neyatu B 1851 r, B Hem roeopunocs, uro M.A,.[loGpe mpu
cyXoit nepercHke 6uTyma n3 J[lo63aHa oBHapyxuil Mbiubak., Cnycts 13 ner,
B 1864 r,, B sone Hegprest Kaunaas, 0xHoit Amepukn u 3ananuoi HMuaun
6b11H MOEeHTHOHUMPOBAaHBI MbILLSAK, dochop, cepa.

MNepBble naHHble O MHKpOS/IeMeHTax HedTeli MHOrAA HOCHIIH KYPbeaHbIit
xapakTtep, Hanpumep, B 1879 r, B 16-M HOMepe Hemeuxoii razetst ' Chemi-
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ker Zeitung'* 6pina nomewena moGombiTHAS 3aMeTKa O TOM, WTO OQHOMY
uccnenoBareno no damunuu TypHEpHIK yOanock H3BMeYb H3 OMHOH TOHHLI
HepTH 30n0Ta Ha 34 ponnapa. He roeops o npaepanonoGHocTH 3TO#H MHGOp—
MalMH, OTMeTHM, YTO B 3aMeTKe YMAa/luHBa/lach He TOJILKO MeTOAHKA H3-—
BlleYeHHs, HO M MeCTOpOXAeHHe 3TOA “30NM0ToHOCHOR” HedTH.

Bonee yeM BeKOBYI0 MCTODHIO H3YyYEHHS MHUKpPOS/€MEHTOB HedTell pas-
IMYHBIX CTPaH YC/OBHO MOXHO pa3genuTb Ha HeCKONLKO NepHOOOoB,

K neppoMy nepHony Mbl OTHOCHM BpeMsi, KOrna XHMHKH B OCHOBHOM
KOHcTaTHpoBany obpasobBakne HebTAHON 30/bI M HAEGHTHOHUMPOBAIHM B Hel
oTOenbHble ajeMeHTbl, Hauanom aToro nepuona MOXHO CYHTATE KOHEN Mep—
po#t nonoeuusl X|X cToneTrus - nosBleHHe Nepporo CoobUWIeHHd O MHHepalb—
HbIX KOMNoHeHTax GuTyma M3 Jlo6aana, OH npomomxkanca ao 80-x ronos,

[na BToporo nepHoaa XapaxkTepHsl paGoTbl MO KOMHYECTBEHHOMY H3yue—
HMIO MMKDO3/IeMEeHTOB, BXOASAIMX B COCTAB 30/bl HepTell pas3NMyHbIX CTpaH
mupa. Mpl nonaraem, YTO NepBbIMH paGOTAMH 3TOrO NepHOAA MOXHO CHH-—
TaTh uccinenosauuss A.Jlunoea, a takxke B.B.MapkosHukosa u B.H.Orno6-
7MHa, TOCBAlIeHHble H3Y4YeHHIO 30mbl GanxaHckoit Hedru (Aszepbainxan).
OHH 34N0XHAH OCHOBY KONMHYECTBEHHOTO H3Y4YeHHMS KOMIOHEHTOB HedTed.

K aromy nepuoay Takxe oTHocATca paGoThi Paroauna (xabkaackue Hed—
1), Anbprana, JleGens n Myuua, I''Kacra u A.Kynxnepa (ermnerckue Hed-
i), C,®,Mabepu (HedTn Ora#io n Kauaaw), C,d,Mabepu u A.C.Kurren-
Geprepa (He¢ru CUIA), fAxynckoro (erunerckue HedtH), llnu-Mxu-Taxano
(ne¢rn Anoumu), Tune (Heprn Bomonra), ¥Ynbpuxa (nedpru Tpununana),
Hoenvua (negpru lannosepa), Puxapocona (uedrn CILUA).

B pasesuTHM HaWMX NpeacTaBleHHt O 30/ILHBIX 3MeMeHTaxX HepTH cepbes—
HYI0 PO/l ChIrpano OTKPhLITHE B HedTAHON 30Me BaHaOus, ABIAIOLIErOCH OC—
HOBHBIM M NOCTOSHHBIM KOMIOHEHTOM 307kl MHOrux Hedreit. OH Bnepbbie
6611 o6Hapyxen B Heprax Can-Papasna (Mennoca) s 1911 r, Jlowro6apau
u Kamycom.

Hauanom TpeThbero nepuona HCTOPHM H3YHEHHS MHKDPOEeMEHTOB HedTel
clleqyeT CYHTAThL OO OTKpbLITHA BaHaoua. MMeHHo mocne storo mccnenoBa-
Te/lH Havdalu NMPOABMATEL OCOOBI MHTepec K HedTAHOH 307e, H ee H3yUeHHe
CTano HeoThbeM/IEMOH 4acTbI0O XapaKTepHCTHKH HedrTed.

OToT uHTepec euwe 6olee yCHAWICH nNocie oTkpuiTHa Pamaaem B 1924 r,
Huxens B Hedprax HKwuon Amepukn, Bopueo, Upana, Pymeinum, lNonsum n
ap. O6 aTOM CBHOETENbCTBYIOT CrellHalbHble pasnensl B MOHOrpadnsax o
HedTH M MHOrO4YMC/ieHHble OG30pHble CTaTbH, NOABHBIUNECH B NepHOAHYECKO#H
neyaTH mnocie 3Toro. B HMX noaobiTOXMBANHCE yCnexH, AOCTHTHYThIE B H3Y-—
YeHHH MHKPO3/eMeRTOB MHOrux perunonoe, K uwum ortHocstcs paGothl K.3Hu-
rnepa n ITedepa (1912), E.Xekdopna (1922-1924), A dyucrana (1924),
B.Tomaca (1924), [le Tomuepa (1924), B.llagpn (1931), A.d.[do6psHckoro
(1931-1932), H.A.Opnoea u B,A,¥cneuckoro (1933),

PeaynbTtaTtbl pa6oT, NOCBSIUEHHbLIX KAYECTBEHHOMY H KO/IHYECTBEeHHOMY
cocTaBy 30/bl HedTeil pasnMuHbLIX CTpaH, NOKasalu, 4TO B Hell COoAepHHTCH
GONBLIHHCTBO 3V1IeMEHTOB MepHOAMYEeCKOH CHCTeMbl,

Bckope nocne oTkpeiTHa cympyramu Kiopn pagua XiMHMKH B (GHIHKH Ha—
Hani HCKaTh 3TOT 3aMaH4YMBLI)L 3/IeMeHT M B HedTaXx. B kauecTBe npime-—
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pPOB MOMHO YNOMAHYTE pa6ornt E,®.Byprona (1904), &.Mmmuwrenra (1904),
P.lopmana (1905), d.Tecca (1922), N.H.Boroasnexckoro (1923-1928),
Canomouna Kanwpu (1931), E.B./lomyxuna c corpyauuxamu (1835), K, Ben-
na ¢ corpynHukamu (1940)., B 3Tux paboTax HCXOAHBIM IYHKTOM SBJISI€TCH
cilegywollee NOJdOMeHHe: B NMOopoaxXx KOMNeKTOopa MOXeT COAepMAaTBCH [)&ﬂﬂﬂ'
[MosToMy HedTe MOXKET CTaATh PANHOAKTHBHON B pe3y/bTaTe KOHTAKTa C
nopogamMH C TNOBBILUEHHBIM COOepxaHHeM pafHd, a TaKie BC/edCTBHe HAaChl=
LIEHHA PaaMOaKTHBHbBIMH ra3aMM IOBEHH/ILHOI'O NMPOUCXOXKAEeHU#A, TAK Kak oHa
obnanaer CBOACTBOM CMIILHO MOIVIOWATHL M AKKYMY/IHPOBATL 2TH 3MaHAUMH.
Pa6oTel B 3TOM HanpaBlleHHH NMpPoao/DKAIOTCA M B HAWM OHH,

3HauHTeNBEHBIM COGLITHEM B HCTOPHH M3yYeHHs MHKDOSJIEeMEeHTOB HedTel
fapHNoCE OTKpelTHe A,Tpaitbcom B 1934 r, B HedTaX, a Taxke B GHTyMax
M KaMeHHBIX YI'ISiX pas3iHyHbIX BO3PACTOB M H3 pasaiuuHblX cTpaH. Kak Ko~
BECTHO, Nop¢HupHHbI, GyNy4YH NHPPONLHLIMH NMUIMEHTAMMH, SB/SIOTCH MPOH3=
BOOHBIMM XJIOPOGH/IA MMM IeMHHa,

OrkpeiTie A . Tpapfca SBHIOCHL BaXHOH# BeXOff B HCTOPHH HCClenoBaHHs
MHKPOIEeMeHTOB HedTef, NOTOMYy 4TO, BO-NepBbiX, OHO MO3BOMNSIO BIUIOT-
HYI0O TIOAOATH K pelleHHI0 BONPOCOB, BOJNMKABIUMX MO Mepe HAKOM/JISHHS OaH—
HBIX O 30/IbHbIX KOMMOHeHTaX, Mpl HMeeM B BHAY GOPMBI HAXOXKAEHHA H
NPOMCXOKIEHHS] MHKDOS/TIeMEeHTOB HebTefl, )

Bo-eTophix, peayneTarhl uccneagosanns A,Tpajfitca mawoT BOSMOXHOCTB
6oNlee yBepeHHO OTCTAMBATL OpraHHYecKoe MPOHMCXOMAeHHe HedrTeH, uTO B
CBOK OvYepens HMeeT 3HaudeHHe N/ OCBelleHHs BONpOCa O NPOHCXOXOeHMHH
30JIEHBIX QJ'IEMEH’I‘OB_.

lMocne pabor A,Tpafca Takke YCHIM/INCHL HCCIEAOBAHHS MO H3YYeHMIO
cocraBa HedTsiHOI 30iIbl, KOTOpble NO3BOJMAN BLISBHTL HEKOTOpLIE 3AKOHO-
MEpPHOCTH HAKOM/IeHMs MHKpOajieMeHToB B HedTax, Tax, HccienoBaHHAMH
psfoa y4yeHbIX YCTaHOBI/IEHO, 4TO, KaK NpaBW/1o, KOHUEHTpauMs psga 3/1eMeH—
TOB B HedTHAHON 30/e 3HAUMTENLHO NMPEeBOCXOAMT MX K/IApKH B 3EMHOl Kope,

B ocHoBHOM BaHaaM#i KOHUeHTpHpyeTca B Gonee OpeBHMX HedTAX, a HH=-
Kems — B Hedprax Gonee noanHero NpoHMcxoxaehus (9TO WMeeT SHaueHue
ANs onpenesieHHs OTHOCHTENLHOTO BO3pacTta HedTu),

HEXO)K.EGHHE BaHagHAd B HE(bTS!X He dABseTCH Cﬂy‘iaﬁﬂhllﬂ HI/IH NoKallb—
HbIM SBJIEHHEM M HOCHUT GOlNlee OGUMIt reoxuMHYeckHit xapakrtep., OpHoBpe—
MEHHO ero coaepkaHWe conpawxeHdo C coaepxaHHeM CcMOn M BC(baﬂbTeHOB.

a TawKe cepbl.

Hmeerca Gonwwoe 4HC/IO NMPOTHBOPEYHBELIX paboT o ¢opmax coeauHeHul,
a TaKxe O NPOHCXOKASHMH MHKPOS3/EeMeHTOB HedTefl.

Bricka3blBaHid 10 3THM BOMPOCAM HAMH CrLPYTNHPOBAHLI CleAYIOWHM
obpasom:

a) MHKpO3/IeMEeHTbl COAEepHKATCHA B HehTAX B BHAE MEXaHHYEeCKHX NpH-—
Meceit;

6) oHu HaxogaTcs B HehTH B BHAe HedTeHaTOB;

B) TaKkHe MHMKpO3/eMeHTHl, KaK BaHaouifi, HHKellb, Xe/le30, UHHK, HaXO-
aATcA B HedpTH B BHAE NMOPPHPHHOBBLIX KOMIUIEKCOB;

') MHKpO3JIeMEeHTbl BXOAAT B COCTAB MeTAa/IoOpraHHuyecKMX COedMHEeHHil,
conepxaumxcs B HepTHAX,
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HmMmeoumecs B nuTepaType BArdsobl Ha NPOHCXOXAEHHE MHKPONIEMeH=—
TOB HedTH HamH oGoGuleHbl cleayioumMm o6pa3om:

a) MHKpOSIIeMeHTh! NepeuulH B HedgTh M3 OKPYKAIOWEH rNopoabl MAH H3
ob6canHbIX TPY6;

6) oHu okasanuch B HepTH B peaylbTaTe KOHTAKTa ee C GypOBBIMH
BOOAMH;

B) MHKDOSVIEMEHTBI COAEPKATCH B HedTH C MOMEHTa ce O6pas3oBaHuf
3a cYeT HCXOAHBLIX OpPraHHYeCKHX BeumecTB, T.€, SB/HIOTCH CHHIeHEeTHYHbIMH.

PeayneTaTtbl HaWMX MHOro/leTHUX paboT M0 H3y4YeHHI0 MHKPONIEMEeHTOB
B HedT#X, OCANOYHBIX Moponax W Gypoeeix Bomax AaepGaitnxkana, [larecra-
Ha M TamkWkHCcTaHa - OGBEKTaX, HA NepBblfl B3r/ad PasHOXapaKTepHbIX H
CaAMOCTOfITe/ILHEIX B CBOEM NPHPOOHOM MPOSIBEHHH, HO NO3BONAKUINM OXBa-
TUTL I'EOXHMHI0O MHKPOS/IEMEHTOB BO BTOPMYHOM UMK/Ie HX MUTPaliiH, NOa-
TBEPXKAAIOT NPABHILHOCTEL NOC/AEedHHX BArVIAAoB (CHHTe@HeTHYHOCTBb), XOTH
6b! MO OTHOLIEHHIO K pAAYy sneMeHTopB (HampHMep, K 3/leMeHTaM CeMeicTBa
wenesza).

Pa6orhi A.TpaiGca 3HaYHTeNLHO YCHAMIM HMHTepec HCc/ienoBartenefi K
H3YYeHMIO I'eTepOoreHHbIX KOMIIOHEHTOB HedTH BOOGIIE M BONPOCOB, CBA3aH-
HBIX C HMX dOpMaMM COCAMHEHHUH M NMPOMCXOXKASHUEM,

B 1971 r. ucnonuunoce 120 ner ¢ MomeHTa BhixOoaa mepeoit paGoTsl O
MHKpO3JIEMEHTaX B KayCTOGHTONHTaX, 3a 3TO BpeMsi B Pa3/lHYHBIX CTpaHax
MHpa TpoBeaeHs! OCUMPHBIE KMCCNeNOBAHMA B 3TOK O6MACTH, HAKOIIEHb! LeH-
Hele namHble, OgHaxo, HECMOTPS Ha 3TO, Mbl BCe elle He MOXeM YBepeHHO
OTBeYaTk HA MHOI'He CYUIECTBEeHHbie BOIMPOCHL,

[lpencroutr eme mHOro paGoThi, KOoTOpas MoxeT ObiTh 3aBepiueHa COB—
MECTHBIMH YCH/IHSMH XMMHKOB, TMeOXHMMWKOB, I'€O/IOrOB H NpeacTaBHTeledH
APYTHX CMeXHBIX obnacrteit.

0.C.MycaGexon, A.M.Maxcumenxo (CCCP)
HE®$TEIMNEPEPABOTKA U PA3BHWTHUE CHHTE3A KAYYYKA B CCCP

Jlerom 1931 r., B aApeeHeM pycckoMm ropoae fpocnasfie NpOH3OLIIO 3HA-
MeHaTenbHoe cobbiTHe: HaYaNloCk CTPOMTENLCTBO MEPBOr0 B MHpPe KPYMHOIo
3apofa Mo MPOH3BOACTBY HMCKYCCTBeHHOro, 6yTanueHOBOro, afacToMepa, HHa=—
ye ropops, 6bl1a OTKpbITA NMepBaf CTPaHHIA B MCTOPHHM TNPOMBILWIIEHHOCTH
CHHTeTHYeCKOro Kayudyka. [lepBele mpoMaBoacTBa CHHTETHYECKOrO Kaydyka
xax B Coesercxom Cowae (1932 r.), Tax u B apyrux crpanax {([epmanus -
1938 r., CIIA - 1942 r,) OCHOBLIBAIKCL HA HCMNOIL30BAHHH B Ka4ecTBe
HCXOOHOr'O ChIPbA 3TaHONA, ITOT HCTOPHYECKHHt GAKT OTTECHHN Ha 3a0HuH
nfaH BOMPOC O 3HaYeHMM HedTenepepaboTky M nepeBbiX paGoT nNo NOAyYEHHIO
alacToMepa M3 He¢TAHOrO CHIPbY ANA pelleHHs npobieMbl CHHTE3a Kayuyka,

EcTecTBeHHoCcTs BCeraa cyuecTeoBaBlieft CBA3M Mexay npo6ieMoft CHH-
TETHYECKOr0 Mofy4yeHHs 3lacTOMEepoB H XMMH4YecKoi nepepaborkoit HedTn
obycnopneHa npexae BCEro TeM, YTO M npoblieMa CHHTe3a Kayuyka, u HedTe—
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nepepaboTKa BO3HHK/H NOYTH ONHOBPEMEHHO, MOMYYHB B Hayane AX CTo/le—
THH MOLLHBI} MMIY/ILC CO CTOPOHBI' ABTOMOGH/IE= H CAMOeTOCTPOSHHS.

B 1908-1913 rr. uccnenopanusa C.B./leGegeba no nonnmMepHsauny OBy=—
STH/IEHOBbLIX YI/IeBOAOPOAOB NOABE/H MTOr' CNOpaM B HayKe O HalH4YMM CBSfi—
3H 3ACTOMEpPOB C AHEHAMH H 4/ BO3MOXHOCTBH OKOHYATENBLHO CHOPMYIH-
poBaTe npoblieMy cuHTe3a xayuyka, [lpencraBnenne o noiayueHiu AHEHOBOIO
yriieeoaopona Kak COCTABHOH H BaxHewel 3anaye and peweHus Bcell npob-
JeMbl M YTBepXaeHHe B npombiunienHocTH B 1913-1916 rr. npoueccoe Xumu-—
4ecKoji nepepaGoTkn HepTH (ee apoMaTH3aUMK M NMUpOreHn3auUus C NOAyye—
HHeM GeHaHHA) NPHBIEKIH BHHMAaHMe Y4YeHBIX K dakTam obpasobaHus Ane—
HOB NpH paanoxeHHH HepTH M NpoaykTop ee nepepabotrxku. B peaynerarte
Nepebifi TEXHMYECKHA MeTo[ TNONYYeHHS AMBHHMIA, KOTOPbIH, Kak M3BeCTHO,
Ha OeCATH/IETHS CTaj I/aBHeflliHM MOHOMEpOM CHHTETHHeCKOro Kayuyka,
OCHOBLIB&/CH HA BbICOKOTEMIEPATYPHOM KPEKHHI'e HehTenpoayKTOoB. 3aciy-
ra B atoM npuhaanexut B.B.Beicoby, Bnepsnie cessabuemy npobiieMy xpe-
KHHI'8 HedTSHOI'O Chipbsi C KOMINIEKCHOI mepepaGoTKoi BceX o6pasyloumxcs
npoayKTOB.

Pa6oTbl No MoJy4YyeHHId CHHTETHHEeCKOro Kaydyyka H3 HedTAHOI'O ChlpbS
EbizoB nauana detom 1815 r., wa 3apoge “Tpeyroisuuk” B crneuHalibHOR
nabopaTopHu.

Cnoco6 Brizopa, sanateHTopanublit B 1815-1916 rr., sakmouanca B
ABYXCTAOMAHOM NHPOreHeTHYeCKOM pasnoMeHHn HedTHHOro couipbsi (KepocH=—
ua, GeH3HHa, HedTH, MaayTa I T.04,): CHa4yala MCXOAHBIHA MPOAYKT HarpeBa=—
K 1o 3(10—4000(: a sarem 06paloBaBWYIOCA NApPOBYKD CMeCh TNOABEpraiu
pasnoxenmio npu 700-800 °C. MakcumansHelil BEIXOA ByTtanuena (10-15 pec.%)
nomyyancs MpH CPaBHUTE/LHO KOPOTKOM BpeMeHM npebbiBAHHA ChIPbS B
30HE BBICOKOH TeMmnepaTypbkl, OCYWECTBMIEHHH npolecca NpH MOHMMXEHHOM
napusanpHOM [OaB/leHHH Cbipbf, GbICTDOM YydaleHHHM NpPOAYKTOB pAa3IOKEHHS
M3 30HBI peakuMit M HMX 3aKalke.

PeaynsTatbl nabopaTOpHbIX WCclenobaHuit, nonyueHHble BblaoBbiM B
1915-1918 rr., G BOCNpOH3BeAeHbl Ha OMbITHOIN cranum “Kpachoro
Tpeyroanhunka” B 1923 r,

HuTepecHo, yto noutH ogHoppemMeHHo ¢ BrizoBwiMm, a umenno B 1916 r,,
npo6iieMa noJlydeHHs KayuyKOreHOB M3 MPOAYKTOB NHpOAH3a HedhTH 3aMHTe-
pecopana GaKMHCKHX XHMHKOB. DTOT HHTepec Gwi/l BhiapaH Nyckom B Baky
NepBOro 3aeoda Mo NOAY4YeHHI0 APOMATHYECKHX YrieBoaopoaoB M3 HedbTH i
paGoroit H.®.I'frTa no BoiaeneHHo AMBMHKAA M M3ONpeHa M3 NMPOAYKTOB
apomaTtH3auuy HeptH, B 1917 r. Baxuuckoe otaeneune Poccuiickoro o6ue-
CTBA PACCMOTPE/IO BOMPOC 06 HCNONL3OBAHHWH OHEHOB, MNOJYYAIOUMXCH NpH
apomaTtH3auun HeptH. B 1918 r. nna pewenns ykasanuoifi npo6aembl B Baxy
6blila co3naHa BO I'MaBe C OWPEKTOpomM Tonyoqosoro aasoga C.A.3anoxmi-
HbIM cneuMaibHas paGouas rpynna. Oanako no 1826 r. cuctemartiivueckne
paGoTel MO CHHTe3y Kayuyka peiucs B CCCP Tonbko BrizosbiM €O cBOMI
yueHnKaMi u corpyanukami, Pabotwl Brisoea coBnagpanu ¢ HaydnbIny 3
rocygapCTBEHHBIMH 3afayqami, NPH3BaHHBIMH pewaTs npobiemul CHHTe3a
371aCTOMEpOB: CO37aBa/lH YBEPEHHOCThL B ee peaibHocTH. [loaTonmy ecTecT-
BEHHO, YTO B MNepHoa NOATrOTOBKH KoHKypca 1926 r. wa ayqwsii cnoco6 no-
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IyuyeHMs CHMHTeTHuecKoro kayyyka B BCHX 6wun 3acnywan noxnan Beizopa
*CHHTeTHYeCKMit Kaydyk M ero nepcnekTuebl”. “Mbl uckanu Meroa, — ro-
popun Bei3oB, — npH kotopoM GyranieH mnony4ancd 6bl B kadecTBe noGou-
HOr'o MpoAYKTa Hapsfay C APYTHMH MNOJMe3HbIMH, HMEWHUMH TeXHHYecKoe
aHavYeHHe, NMPOOYKTAMM, KOTOpble OKymanu 6bl monyueHne GyraoneHa. Takim
MpOLeCCOM SB/ISETCH KApPOBOEe palanoMeHHe HeYTH WM MPOAYKTOB ee Tepe-
rouxu”, M nanee: "... B wHupoxoM MmacwTabe MOXHO GydeT OyMaTk O CHH—
Tese KayyyKa /MWL Toraa, korna obecneyeH 6yneT cGeIT cnyTHHKoOB”. Bbi-
30B MMeeT 30eCh B BHAY ONejHHOBble M apoMaTH4YeCKHe YTJ1eBOAOpOabi,
ofpagyolMecs NpH NMHPONH3e HedTAHOrO ChIpbS.

*Kayuyx, BO3HMKaAA W3 HedTH, - nucan Beizos ywe B 1832 r., - okpy-
MeH CNyTHHKaMH, HYOAlUMMHCH B TOHKON XHMH4YecKo# obpaboTke O/
nMpeBpalleHAss MX B HYWHble NpoaykTel”, “Kayuyk He ABIAETCS eOUHCTBEeH—
HBIM NPOAYKTOM MNepepaGoTKH HedTH, a BK/IOYaeTcs B NpoOUecC Kak oaHa
M3 BeTeBell MHpONM3a, nMpeacTaensouero coboit 6orarefunit HcToYHHK Gyay-
ero TeXHHYeCcKOro OpraHM4Yeckoro cHHresa”.

Taxum obpaszoMm, BrizoB paccMmarpuBan cBO# npouecc Kak MeToa NHPO—
reHu3aunn HepTH H HedTEeNPOAYKTOB C Mo/fy4yeHHeM 6yTraaueHa M APYTHX
HCXOOHBLIX BEIeCTB AN OPraHuYecKOro CHHTEe38, a4 CHHTe3 KaydyKa BIHCbl—
Bajl B KOMIUIEKC HepTeXHMHYECKHMX NMPOM3BOACTE.

B srom on He 6bu1 oanHok. Eme B 1824 r. BCHX yxazan nauGonee
NnepcnexkTHBHEIA NMyTh peanu3auMu mpouecca Briaopa: coBmelleHue npoM3son-
CTBA CHHTETHYECKOro Kayuyka c nepepabotkoi#f HepTH. ABTOpHEI MMEIOT B
Buny copmecTHoe 3acenadiHe HTO BCHX u llpaenenus PeauHoTpecra, kKo-
TOpOEe PEeKOMEHAOBA/O KOOPAWHHPOBATH ycHnus BbizoBa M GAKHHCKHX XHMM-
KOB B HANpaB/lCHHWM CHHTe3a KayyyKa H3 HedTHAHOIO Chipbfl; OHO NOCTaHO—
BH/IO HampaeuTh BeiaoBa B Baky ana BhisiCHeHMs BO3MOXHOCTH NMPHCIOCO6-—
JIeHHSl TOJIYOJIOBBIX 3aBOAOB ANA NoiydeHust 6GyraaMeHa u xayuyka, KoMuc—
CHfl MO CHHTe3Yy Kaydyka, coanaHHas B [naBHOM XMMHYECKOM YyMNpamieHHH
BCHX » sHBape 1929 r,, c camoro Hayana pacCMATPHBA/IA NMpPOLECC MNOMy—
yeHuss GyraoueHa, paspaboTauHbiit BrizoBbiM, Kak wacTp obGueft npobremst
NMHpOreHeTHYeCKoro paanoxenus Hepru, M, nakoneu, 8 1933 r. B rasere
"Texunka” A.E.Papopckuit m Opyrue yueHble HaamBanu npouecc Briaopa
OpPHI'MHA/BHEIM OTeYeCTBEHHBIM MeTOAOM Napoga3HOro KpekuHra HedTH M
HedTAHOrO ChipbA.

lMpouecc Brizopa - nony4yeHwe xayuyka H3 He¢THAHOT'O ChHIpbS = HECMO-
TPA Ha ero NpoBepKy Ha CNeUHalLHO NMOCTPOSHHOM OINLITHOM 3aBofe W LiH-
POXHe HCNLITAHHMA NojydaeMmoro “HedTAHOro” Kayyyka He MOMY4MI OCYIIECT=
BlleHAs B MNPOMBILUTEHHOM MacwTabe B 1830-e roasi. [Npuunnel cocrosnu
KaK B HefocTaTO4HOR HayuHo#t npopa6oTke BONMPOCOB HAEHTHGHKALHMH M Bbl-
neneHHs YTNeBOAOPOAOE M HX KATA/HTHYECKON NMOMMMepH3alliH, TaKk M B
CPaBHHTE/IBHOR NefHUHTHOCTH GEH3HHOBOIO CHIPLA H HepelleHHOCTH npobie—
Mbl KOMIUIEKCHO# nepepaboTKkn Bcex o6pa3ylolHMXCHs NMpoayxToB. Jlnue pas-
BMTHe He¢TenepepabaToiBaomeft ¥ HepTeXMMHYECKO! NMPOMBIUVIEHHOCTH NpH=—
BEIO B moC/enyloleM K HCIONB30BAHHMIO B CHHTe3e Kayuyka HedraHoro Gy-
TagHeHa,
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OaHako pabotel Beizopa cTumynupoBann uccnenopanua JleGenesa B 06
MIaCTH NPOMBIWNIEHHOT O CHHTE3a KayvyykKa, KOTOopulie 3aBepHIHCE Co3daHHeM
B CCCP 1poMBIIUIEHHOCTH CHHTETHYeCKoro kKayuyka B 1930-e rogsi.

Bropoit aTan B pa3sBHTHH COBETCKO{l NPOMBILNIEHHOCTH CHHTETHYECKOI'o
KayuvKa XapaxTepH30BAlICH HCIOJL30BAHHEM B KAYECTBE HCXOOHOIO ChIPBLS
napapitHOBLIX YT/IEeBOLOPOAOB, B 4YacTHoCTH 6yTaHa M u3oneutTaHa, M, Ha-
KoHell, B HacToslee Bpemsi npuoGperaeTr 6o/blioe 3HAYEHHE MHPOIH3HBIR
Gyraauen. 3TO CTa/0 BO3MOXHLIM 6/1ar0aaps PasBHTHIO HeGTEXHMHHM, OCHO=
Ba&HHOW HA HCNONBL30BaHHH ONle¢MHOBOro chipbfd. [lpoM3aBoacTBO 3THIEHA M
Nponu/ieHa NMHPOH30M HepTH M HepTeNnpOAYKTOB NpH3HAeTCs BHITOAHBIM 671a-—
rogapa HCNC/IBE30BAHHIO BCeX oﬁpaayloumxcsl npoaoyxkTop, B TOM “YHCe H
6yranneHa.

Pasputne HedTenepepaboTku M HepTeXHMHH MpPeBpPaTH/I0 NMPOM3BOACTBO
CHHTETHYECKOr'0 KayuykKa B HeOoThem/ieMyic H BamHeHfyio oTpacie HedTe—
XMMHYECKO!l NMpPOMbBILLTEHHOCTH.

M.b.Harunes, B.M.linneuukon (CCCP)

M3 UCTOPUHM BO3HMKHOBEHUA PEUMPKY/IAUMOHHBIX
NMPOLUECCOB B XHMMHH W PA3BUTHA HUX
TEOPETHYECKHWX OCHOB

flB/eline peUMpPKYAsSUMH CylWlecTBOBaa1o B npupode Bceraa., Cama npupo-
oa ycTpoeHa TakK, YTO BCe BelleCTBa B Heill copepwainT KpyrosOpoT NMpPH
YCNOBHH YTHIW3ALMM, NMepepabOTKH OTXOOOB H BO3BpPATA TOro, HMTO He Gbi1O
HCIONL30BAaHO, B LUHKA, 3TO, MO CYTH, eCTh OTpaXeHHe gBJeHHR roMeccTa-—
auca B npupoage, omHa H3 ¢opm obpaTHOR CBA3H.

YenoBeyeCTBO AABHO MOHS/IO CMbICH H 3HavYeHHe NOBTOpHOR nepepaboT-
KH M YTHIH34UHM HEHCNO/Ib30BAHHOI'O ChIPLH, XOTH NPH OTCYTCTBHH KPYTHO—
ro NPOM3BOACTEA 3Ta OeATe/NBLHOCTEL YelOBeKa HOCH/Ia CKopee CTHXMHAHBIH
M HeopraHW3oBaHHbIt XapakTep, CTeneHpb BBIFOAHOCTH PeUMPKYISUHH A7
Ye/OBeKa Bbille TAM, I'le 3aTpaThl HA OTOEe/eHHe HeHUCNOo/Ib3OBAHHOIO Chipbs
OT MPONYKTOB HHMXe 3aTpaT Ha nobbMy M TPAHCNOPTHPOBKY HOBBIX NOpPUMH
Cblpbfl, JTHM, Hanpumep, OT/IMYAETCH IWHPOKO NOCTABJIEHHLIA HblHE BO BCEeM
MHpe cOOp BTOPHYHOro Chipefa. B 2noxy npeobnapaHus TsXKeloro py4Horo
Tpyoa B GONBIUHHCTBE cllyuaeB 6bl/I0 BhirodHee MNOJMBL30OBATHCHA [elleBbIM
NPHPOAHEIM ChIPLEM MO CPABHEHHIO C OYMCTKOH M YTHAK3auHell HeHCIOo/b30-
BAHHOI'O Chipbkd, TeéM Gonee YTO GONBLUMHCTBO 3KCIUVIYATHPOBABIIKXCH 4Yello-
BEKOM MNpPOH3BOACTB nouTH Ha 100% wucrnonn3oeanu BCe Chlpbe. TeM He Me=
Hee, CYWECTBOBA/NIH NMPOH3BOACTBEHHble NpOLEecchl, Ue/IHKOM OCHOBaHHbIE Ha
MCMO/Ib30BAHHM PeUMpKYNallMH, B YACTHOCTH NPOM3BOACTBO 3epHa H ApPYTHe
CeNLCKOXO39HCTBEHHble NMpolecchl, MOXHO OTMeTHTB Takxe, 4YTO CpeaHe-
BEKOBble alXMMHKH B CBOMX ONbITAX HCNONL3OBANM NpHHIMn "ob6paTHOro
XonoauNbLHUKA”, 4YTO B OnpeaelleHHO# Mepe CPOAHM PelUHpKY/ISUHH,

C paseuTHeM HHAYCTPHH B KPYTNHbLIX MacuitaGax Ha nepebiX nopax npe-
offanana Ta e TeHOeHUHs B CBA3H C Heo6XOOMMOCTBIO IMlaBHbiM o6pasom
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OCYWEeCTB/IeHH CcOGCTBEHHO MPOM3BOACTRA, NOYYeHHd XelaemMoro npoaykra
nyTeM YBe/H4YeHHs MoluHoCcTe# npeanpuaTHfl. OaHaxko POCT 4HC/la 3aBOAOB,
HX CNelUHANH3alHs, YC/IOKHEeHHe NPOH3BOACTBEHHbLIX NMpOolLeccoB, H3MeHeHHe
KOHBIOHKTYPHBIX, JKOHOMHYECKHMX H NpOoYMX $AKTOPOB — NOCTABM/IH BONPOC

0 Heo6xooMMOCTH Gollee paLHOHANLHOTO XO3AHACTBOBAHMA, MHTEHCHHKALMH
NMPOH3IBOACTBA 38 CYEeT BHYTPEHHHMX pecypcoB, CHHXEHHS 3aTpaT, NoBhllie—
HUA KayeCTBA NMPOAYKIHH, — BCEro, YTO, B HTOre, YNHpaeTcs B npoGnemy
HaAWAYYIIErO HCTO/NBL30OBAHHSA ChIpbA K pabGoueft CHIbI,

C nauana XX B. BLICOKMMH TeMNaMi CTajla pa3BHBATLCH XHMHYecCKas H
0co6eHHO HejTexHMHYecKas NPOMBILNIEHHOCTh — OTPAaciH, KOoTophle obnananu
3HAYHTEBHO MEeHBIIHM KO3pGHUHEHTOM TMONe3HOr0 MCMO/IL3OBAHHMA ChiphSd,
YyeM HCTOPHYECKH NpellleCTBOBABLIHEe HM, 3T0 6bUIO CBA38AHO KaK C Heco—
BEpUEHCTBOM CAMHX HMCIO/Ib30BABUIKXCS MPOLECCOB, TAK H C HeyMeHHeM HX
fipaBuMBEHO, ONTHMANBHO NMPOEKTHPOBATL TEXHOJOPHYECKH M YNPAaB/IATH HMH.
Ha nepebix nopax, nmpH CPaBHMTEILHO MaloOM O6beMe XHMHYECKOro NMpoHa—
BOACTBA, YBeNHYEHHd NPOAYKUNWH MOXHO 6b10 no6HMBATHLCH NMyTeM paclHpe—
HHSl MPOHM3BOACTBA, HO NMOCTENEHHO CTAHOBH/AOCH HACHBIM, YTO 3ITOT NYTH -
He eAHHCTBEeHHBIf H YTO YBeNnH4YeHHe BhIXOAA H yAYHlIeHHe KayecTpBa Lele—
BOI'O MPOAYKT& XHMMHYECKOfl peaxilHH MOXHO OCYWECTBIAATHL Ha TOM xe 060—
pynceanuy npu Goflee PAUMOHAILHOM HCNOMBL3OBaHHMM Chipbs, Tak,Bo BTOPOM
necarwietun XX B. ONHOBPEeMEHHO B HECKOMBKHMX CTPaHAX CTANH TNOABISTHCS
NMpolLecChl C PeuHpKy/suMel HenpopearMpoBaBLIEr0 ChIPbA,

[lpyruM nyTem noBblIeHHS NMPOH3BOAHTENLHOCTH XHMMYECKHX MNMpeanpusi-
THA moadHee cTano ofbenHHeHHe PA3HOPOAHBIX XMMHYECKMX IMPOH3BOACTE B
KpynHefiuHe XHMHYeCKHe KOMIUIeKChbl, YTO MO3BOJIM/IO elle NOJ/Hee HCIONbL30-
BATL BO3MOXHOCTH KaM10# OTAe/IbHOH YCTAHOBKM, COKPATHTHL PAA NPOMEXY=
TOYHbIX onepannfi H ¢ GoabweR BHINrOOOHi HCMONL3OBATHL Chipbe, TENepb YXKe
B OCONBIWMHCTBE ClIydaep AB/AWLIEeCH He NPHPOOHBIM, & pPe3Y/IbTATOM Heoa-
HOKpPaTHOI'O XMMH4YeCKoro npeofpas3oBaHHs NMPHUPOAHOro Chipbs. B cBaau c
3THMH OOCTOATENLCTBAMH BO3HHK BOMpPOC O KOpPeHHOM nepecMOTpe CTapbix,
CNOXHBIIMXCH Ha 6a3e MHoroneTHeil MHXeHEpHON NMPaKTHKH, NMOHATHI M na-
ke O CO3NaHHH COBEplIeHHO HOBBLIX, CTPOr0 TeopeTHYeCKH OGOCHOBAHHBIX
TNMPHHLKTIOB XHMHYEeCKOR TEeXHOJ/IOI'HH, 06 HCKIOYEHHH M3 NPaKTHKH XHMH4Ye-
CKO#l TexHoNoruu SMIHPHYEeCKOro H HMHTYHTHBHOIO noaoxooa K peweHH
3anau.

B Aaepbafimkane (M Heckonmbko noagiee B r, I'poaioMm) enepsbie B Co=-
BerckoM Colo3e 6Guina BBEAeHa B CTPOfl yCTaHOBKA KpeKMHra rasofns, mno-—
ny4aeMoro M3 chlpo#t HepTH MM NMyTeM KPeKMHra MasyTa, MCNo/L30Bapluas
PeUHPKY/NsillMio HeNpopearHpoBaBlero chipbd. [Ipu 2TOM COBETCKHMM HHXeHe-
paM NpHUW/IOCE BHECTH pPsAll CYWECTBEHHBIX H3MeHeHHfi H nepeobopynoBaThb
Noy4eHHYl0 OT ¢HpMbl “BuKkepc” KpekuMHromyilo yctaHoeky. Jletom 1830 r,
aTa nepeobopynopaHHas ycraHoBka Obina 3anyuleHa, B pe3ynbTaTe Yero
rapaHTHAHAA MOLIHOCTL HCXOOHO#fi BHKKEepOBCKOM ycTaHOBKHM Gblila npeBbllue—
Ha NMOYTH Ha 4YeTBepThb. Heckonnko noagHee B Baky Guina 3amyweHa Kpe—
KHHrycraHoeka Kanenwowhnkoea-lllyxosa c ucnoin3oBaHweM PeUHPKY/ISLUHH
rasofiieporo ceipb, Ho BCe 2TH M mMocienywoumMe HCCNenOBaHMA NMPOBOAM-
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MCH Ha owynkL, He WMes noa coGo#t cTporoit ¢opmManu3oBaHHOl TeopeTHYe—
ckoft 6a3asbl,

[lepebie TeopeTHueckHe NyBAMKALHM, HMEBIUHE Ue/bI0 AATh TeOpeTHYe—
CKHEe OCHOBbI PeUHpPKYAsun, 6buiM  ocywectsienn M.® Harwersm B 1939 r,
YcraHoBneHHLle MM 38KOHOMEPHOCTH, MPHCYLHME 3TOMY HBJEHHIO, /eTVH B
OCHOBY HbIHE IIHPOKO pas3BHTOH M H3BECTHONl BO BCeM MHpEe TeOpHH pe—
UHPKY/IILMOHHBIX TIPOLIECCOB B XMMHYECKOR TeXHonoruu., 3rta TeopHs nepe-
WHBaeT ceffyac rNepuoad CTaAHOBMEHHS B KayecTBe dyHNaMeHTanpHO# oGnac-—
TH HAYKH C 3aKOHOMEpPHOCTHAMH, MMEIOWHMH 3HayeHHe ANa CMexHbiX obia—
CcTel 3HaHHA, M, B CBOK OYepenb, HCNONbL3YOIUAA HX [AOCTHXEHHd,

B nepuon, xorna B Coeerckom Ciose /AHHeHHOe nporpaMMHpoBaHHe Kak
MeTO[ pelleHHs MNPaKTHYEeCKHX 3apayd elle HAXOOW/IOChH Ha CTaoMM NepebiX
cyry6o TeopeTHYeCKHX NyGiukaluMil, Ha 6a3e TEOPHH DELUMPKYISUMH &bl
pa3paboTaH 3aKOH NpPUBENeHHd COKHBIX CMecel, NMO3BONHBWHT OOGHTHLCH
apheKTHBHOrO pelleHHd Ons cneuudHYeCcKMX 3afay pacnpefe/leHHds MAaTepH—
anpHblX notokoe, Heobxoaumo yyecTh, YTO 3TOT MeTOd He MNpeanojarall
Hcnonnaosaune 3BM,

Cama szapgaua 06 onTHMAanbHOM pacripefe/eHMH MATepHa/bHbIX NOTOKOB
aBfd/1ack, No CYTH Oenla, OCHOBHON 3anadefi TEOPHH DPEUHPKY/IALUHOHHBIX TIPO—
LeccoB CO BpeMeHM ee BO3HMKHOBeHMs, B npuHUMnHanbHOM cMbiCciie 3Ta
3agava Gbina peuweHa, HO NMpakTHYeCKoe NpUMeHeHHe NPea/IoKEeHHOT'0 MeTO-—
[a CTaTHYeCKOoii ONTHMH3AlUWM OKAa3aloCk HEeBO3MOMHBLIM MNMPH OTCYTCTBHH
3MEeKTPOHHO—-CHETHO! TEeXHHKH,

Cneayer OTMeTHTE chopMynupopaHubii M,®.Haruneereim npuuuun cymep-
ontuMansHocTH, [lpHHUMN CcyneponTHMAanNLHOCTH yTBepXAaeT, YTO 3a CHYer
pPEeLHpKY/IaLUHH HeNnpopearnpoBaBlIero ChiPpbf KO BXOAY B PeaxkTop MOXHO
YAYYIUWTE JHAYeHHe KPUTepHs ONTHMANLHOCTH,

3rtor, B 0o6UWEeM=TO MaTeMaTH4eCKH OGeccrnopHblii $paKT, 3aKMOYarWMRACS
B TOM, 4YTO MOXHO AOCTHIHYTH 60flee BLICOKOI'O ONTHMYMAa 3a CHeT BapHa-—
UHH MapaMeTpoB, He YUHTHLIBABIIMXCHA NpH npeabiayile# ONTHMH3AUHH, C TOY=
KH 3peHMst XWMHYEeCKO#l TeXHOIOrHH NMpHBOAMT K KOpEeHHOH NOMKe HeKOTOpBIX
yCTOSIBUIMXCS TpeacTaenenufi, Hanpumep, no cuX nop NMpHHATO CYHTATHL, YTO
ONTHMANLHOE HCMOAL30BAHHE ChIpES 3aK/loyaeTCd B €ro MAaKCHMAajlbHOM Npe—
BpalleHH 3a oauH npoxon, [lpu aTom MHoOro ycunmit 3aTpauMBaeTCs Ha pe-
weHHe BOMPOCOB O CABHre TepMOAHHAMHYECKOTrO DABHOBECHA KAK MOMXHO
ganelie BMpaBO W B MAKCHMANLHOM npuGnmkeHnn K Hemy. Ha ocHope mnpHH~
UHMa CYNEPONTHMANBLHOCTH MOXHO YTBepKAaTk, YTO TAKOWK MoAXOA He SBJIf=
eTCs KOPpeKTHbIM A/ BonbuMHCTBA Cly4aes, a ckopee HaoGopor. [lpexne
BCEero, fnocpeacTBOM PEeUMPKY/IAUMH HenpopearHpoBAaBlUEr0 ChlPbA MOXHO
oboifiTH NMpensTCTBHE, CO3NaBaeMoe TEePMOAHHAMHYECKHM OrpaHHYeHHeM,
[anee, GONBWMHCTBO XHMHYECKHX H OCOGEHHO HedhTeXMMHYECKHMX MpoLecCoB
COCTOAT HEe M3 OOHOR peakluWH, NMpoM3poasued UeleBOH MPOAYKT, 8 M3 ClOK=
HOM COBOKYNHOCTH NapajulebLHbIX M MOCNe]oBATe/LHbIX peakumii, MpHueM
OOLIYHO N3OHpaTe/LHOCTE TAKHX MPOUECCOB NPH YBEHYEHHH CTeneHH KOH-—
Bepciit nagaer. IlpH 3ToM noayuyaeTcss MHOro no6oyHbIX NPOAYKTOB, YBelid—
YeHRe PpeMeHH KOHTAKTa NMpHBOOMT K 60/lee MHTEHCHBHOMY OTPAB/IEHHIO Ka-
TanulaTtopa, yeBenMuuBaeTcs ob6beMm peakTopa M 3aTpaThl Ha noadepxaHie
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HeoGXoaHMOro pexuMa B HeM, [lepBrifi MOAYC MPHHUKNA CYTIEPONTHMAMIBHOCTH
TpeGyeT yMeHLIIEeHHS CTeNneHH NpeBpalleHHs A0 NOCTHXKEHHS MAKCHMYMA Bbl-
Xxoaa ueneporo npoaykra. B uwacTtHocTH, npH H3oTepMoH306apHYEeCKOM Be—
OeHWH MNpollecca TAKO} ONTHMANLHON CTeNneHbi0 KOHBEPCHH HABAAeTCS MHHH=
ManbHas, peanu3yeMasi B NaHHOM peaktope, [IpH HeH30TepMHYeCKOM Befe-
HMM TNpoLlecca BO3MOXHBL! IKCTpeMaibHele TOYkH., Kpome Toro, Ha ocHopa-
HHH BTOPOI'O M TpeThero MoOoycoB MOXHO eme Gonee HHTeHCHPHIHPOBATHL
npoluecc C NOMOWLI MoAdepXaHHA Ha BXOONe B peaxTOp COCTaBa Chipbf,
HaNpAaB/IMIOWEr0 NPOUecC B XXelaeMylo CTOPOHY, Yero Ha OCHOBAHHH NpHH-
LUMNa CYNeponTHMAIBHOCTH MOXHO O06GHMTBLCA MPOCTHIM H3MEeHEeHHeM coCTa-
Ba peLMpKy/NdTa.

YxasanHubie no/ioXKeHHs OTHOCATCH TONBKO K NOTEHUHANILHBIM BO3MOXHO—
CTSM KHHETHKH XWMHYECKHMX peakuuit, HO He K ONTHMA/LHBIM YC/OBHAM
paboTbl MPOMBILUIEHHOTO peakTopa, Ha KOTOphle MOr'YyT OKa38Th CH/bLHOe
BIMSIHHEe CTOMMOCTEL palfelleHHs H TepeKa4kKH.

[pHHUKN CYNeponTHMaNBLHOCTH BLIABHI'@eT B CBS3H C 3THM TpeboBaHHsA
HHOMBHAYA/ILHOr'O MnoaxoAa K KamaoMy OTAeNBHOMY XHMHKO-TEXHONOTIHYe-—
cKoMy npoueccy. MMmeerca B Buay HaxomaeHHe ONTHMANLHBIX CTeneHed
KOHBEPCHf, BXOAHBLIX COOTHOWIEHHH KOMIOHEHTOB, OTBEYAaloWHX ONTHMYMY
¢yHKUMH Ooxopa, H B CBA3H C 3THM CTAHOBHTCH Heo6XOOMMON paspaboTka
ANA Ka}poro mnpouecca cpoero, ClellMpHYeCKOro peakTop8, CBOEro TeXHO=
JIOrHYeCKoro ogpopmieHns, cpoero crnocoba pasneneHHs M OYHCTKH MNOTOKAa,
MOKHAAKWILEr0 peakTop — C Mnocleaywowei ONTHMH3aUNel periHoHa, OCYLIeCT-—
BJISIIOIIEr0 XHMHYECKYI0 peaklifio He KaK COBOKYNHOCTH YCTAHOBOK, COe[H-
HEeHHbLIX B Onpeae/ieHHOM BOJIEBOM NOopfAaKe, 4 Kak eaWHblit OpraHuaM, Kak
CBOEro poaa MHKPOKOMIIEKC,

R.V.W. Nicholls (Canada)

PRODUCTION OF POTASH IN CANADA
FROM THE 17th TO THE 19th CENTURY

When plants sre burned the cerboxylic scids, which are pre-
sent, chiefly ss potasssium and sodium selts, ere pyrolized to
the c;rrespondins carbonstes. These water-soluble and mildly
alkaline compounds cen be leached swey from any unburned tissue
or chercosl and on eveporation of the filtered solution the
solid residue is potesh. It has been used from time immemorisl
as an alkeli. If the plant is & lend one, such &s wood, the po-

tesh is predominantly potassium carbonate; if a msrine one,
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such as berille, the potash is predominently the sodium selt.
Rouelle (1773) wes the first to elucidaete the composition of po-
tash, and De Monceau and Msrggref to distinguish cleerly between
potash and sods.

If a calcium oxide (lime) or a source of calcium oxide,
such as the carbonste (limestone), is incidently present or in-
tentionelly sdded before or during the burning, some or sll of
the mild alkeli is csusticized. If the potesh is hested to a
high tempersture in air, in an oven, say, the pyrolysis of the
organic salts and the burning of any unfiltered cerbon is brought
to completion and superior product (pesrlesh) is produced.

With the birth of chemicel industry in Europe in the later
half of the 18th century the sge-old demend for potssh as a de-
tergent, es an alkali, end in the manufecture of soep, gless,
and explosives (black powder) was markedly stimulated. The in-
fent textile industry was a pafticularly large user.

Countries, such as Esstern Canade asnd the Russien Baltic
States, at the stage of their history when they out down greet
forsts both to provide lumber and to prepare more land for
agriculture, served as convenient sources of potash, derived
principally from burning the brenches and other waste wood.

In the account that follows the term, "Cenade", will be
used to indicete that part of the Dominion, which is eest of
Lake Superior and north of the 45th parsllel. The first mention
of potash in the written narrstive of Cenedian history occurs in
1670, some sixty years after it had been colonized by the French.
The granting of a 12=yesr monopoly for its production to a set-
tler. Sieur Calinet, by the local governor wss recorded. Appe-
rently, Celinet was insctive or unsuccessful for four yesrs

later snother monopoly was granted to Nicolss Follin, who was
slso giver the right of duty-free expert to France. By these
means the government in France hoped to obtein at lesst 20 tons

per year. They were disappointed. This lssk of success, which
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continued well into the loth century, can be attributed to seve-
ral causes.

Until about 1750 then, Russis wes precticelly the sole
source of potash for Britain and other European countries, the
latter obtaining their requirements from the former indirectly
by transshipment. At that time the British textile industry was
undergoing trensformastion from & domestic craft to a factory-
based industry eand this stimulated an incressing demand for po-
tash as a source of detergents. To encoursge its colonies in
North America to provide st least some of its needs, Britain
repealed the import duties on potesh from thet source. After
1759, when Ceneds ceased to be a French colony snd beceme Fri-
tish, potash production there wes influenced in this faeshion
too. When the colonies to the south of Censda ceded from Britain
some fifteen years leter, Canads was placed in very favourable
position to become the sole North American source of British
potesh. It never achieved a monopoly in this regerd for the
newly established United Ststes wes able to offen vigorous com-
petition well into the 1800's, indeed, as late as the 1820's.

After 1759 the population of Cenads markedly increesed, set-
tlers coming in reletively large numbers in part from Britein
and in part from the United stetes. The letter were chiefly re-
fuges, who wished to remsin in the British Empire. These people
directed their energies immediately to clesring the forested
land, which they had acquired, snd to preparing it for the cul-
tivation of crops. The burning of the felled trees provided
large quentities of ash, which the more active settlers collecw
ted and converted to potesh. The method used, though somewhat
primitive, was quite effective. Holes were drilled tarough the
bottom of a barrel snd & bed of straw was placed over them to
act as a filter. The barrel wes then filled with ashes end a
stresm of weter (usually from & nearby brook) was directed from

top to bottom. The effluent solution of soluble salts was col-
245



lected in e large iron kettle (en esrly and well-regarded pro-
duct of Csnada's first ironworks). The diluto solution wes eva-
porated to dryness end the residue was potssh. The process wsas
mede continuous by replenishing the eshes in the barrel from
time to time. Incidently, the fuel used for the eveporation
produced more ash.

If the potash (ususlly in the form of lerge, grey lumps)
was calcined in an oven it became the superior product, pesrlash
(a pearly white powder).

Potesh provided the new settler with his first "cesn crop”
and remained & welcome commodity, for when carried to one of
the towns on the St,Lewrence River (Montreal, Three Rivers,
Quebec) it could be bertered, later sold, for "essentisls",
i.e., herdwars, gless, mi}llwork, etc.

We haeve a clear indicetion of the early importance of po-
tash production. In 1797 the colonisl government pessed en ord-
nance, which in effect geve Samuel Hopkins and Angus Mecdonsld
e patent for devising an improved method. This wes Caneda's
first "patent”.

As the deneity of populetion increased the settlers found
it advantegeous to withdraw from the domestic production of po-
tash. Potasheries (and pearlasheris) were established, which re-
fined the sshes of a whole district. At the height of the trade
there in excess of 500 of these "chemical plants™ in the colony.
A fsirsized poteshery could produce 250 barrels of potesh end
50 barrels of pearlash per season, each barrel contsining sbout
700 pounds. It took 65 cords (130 toms) of wood or 80 bushels
of sahes to make a barrel of potash, Hard woods gave the best
quality ash.

Using the yeer, 1830, as a typical exeample, Britsin impor-
ted 23,390,700 pounds of potesh, 20,053,900 from Cansds,
2,668,500 from Bussia, 452,600 from the United States. The value
of this smoun§ of Canadian potash was end 266,318, To plece these
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quantities is proper perspective we msy say thet et this time
and for meny yeers potash wes Cenads's third lergest export,
being exceeded in velue only by limber and grein.

it the zenith of Canedisn potash production, roughtly 1850
to 1875, the trade was remarksbly highly orgsnized and included

such sectors as (1) farmers ss producers, (2) the potssheries/
pearlasheries (which now used ashes from wood which was not
only cut down incidentsally es & necesssry pert of clearing the
land but slso from wood cut down solely with potesh production
in view), (3) brokers, chiefly locsted st liontresl snd Quebec
City, (4) government inspectors, snd (5) shippers. Certifica-
tion of the quslity of potash designsted for export by inspec-
tors wes required by law. The efficiency of this inspection was
in lerge measure responsible for the high regsrd thest Furopesn
importer hed for Censdien potesh. Three grades were recognized:
1st Sort (brown certificate) 75% K,0 or better; 2nd Sort (green
certificete 60 to ?74%; 3rd Sort (blue certificste) below 60%.
Testing wes performed by titretion with stenderd ecid.
Coincident with the confederation of the Provinces of Bri-
tish North Americas into the new Dominion of Csneds (1867) Ca-
neda's was the world's lesding source of this importent elksli,
In 1856 the Strassfurt sslt deposits in Sexony began to
be exploited in & vigorous fashion. By the 1870's this new sour-
ce of potession compounds (this salt wes principelly potassium
chloride) wds competiting very strongly with potesh from wood.
Cenadian production took' some time to die but by sbout 1900 it
was minuscule.
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H.M.XXasopoHnkoe, H.K.Manuna (CCCP)

HAYYHLIE U TEXHUYECKHE MMPOB/IEMBEI
SUKCALMH MONEKYINAPHOI'O A30TA

CoeannHeHHs A30Ta HrpaloT Ype3BbiYafHO BAXHYIO POJL B XKH3HH Yello-—
BeKa, MHBOTHBIX H pacTeHHH.

Ecnu soeHHOe 3HaA4YeHHe CENHTPbl, T.€. CBS3aHHOr0 aaoTa, 6bllo oleHe—
HO [ABHO, TO ero 3HaYeHWe AAA "BO3BhiWeHHs 61arococToAHHa Hapoaoa”

(no cnoram K.A.Tumupsizera), ero pons B mpolieccax XM3HU Ha Jemie
GblaH BBISCHEHbl M OLeHEHb! /ML B Pe3y/lbTATe HayuHBIX OTKpuITHH XIX n
XX pB. lNpapna, yxe 8 XVIl B. yueHrle HHTYMTHBHO OOrannpIBAIOTCH O PONH
azoTa B MHTAHKH pacTeHH#. B couMHeHuAX yueHbIX TONO BPEeMEHH MOAB/fA-
I0TCS TEepPMHHBI “HHTpPO3HLIe COKM nouyBhl®, “cenuTpa — COMbL 3eMIH” W T.M.
Haubonee zameuartenphoiMe B XVI[ B, 6ulie Mblciy 0 3HayeHWu azora B
MH3HH PaCTeHHl H O KPYroBOpOoTe asoTa B NPHPOAe, BbicKaaaHHuie M.P.lnay-
6eprom, OH HepedKO rOBODHN OTAENEHO O CeHTPe H OTAeNIbHO O "HHTpYM”,
*Hutpym”, no tepMuuonoruu lnay6epa, 310 -~ “gywa cenuTpnl”, 3TO npea-
YyBCTBHE C}HIIECTBDBEHHB asaora,

SneMeHTapHbk @30T 6bin OTKPLIT BO BTOpo#t nonosune XVII B. (B
1772 r.) ¥ yxe K MOMEHTy ycraHoBllenus ero Haaeahus [.Kasenaumwem,
K./1.Bepronne u gp. 6bina gokasaHa cnoCoGHOCTH “3TOr0 HEXH3HEHHOrO
rasa” n0aBaTe COEOMHeHHS C OPYTHMH 3/IeMEHTAMH M €ro CBA3b C XKHBOH
npHpoAao#.

K.A.TuMups3eB crnipaBenIMBO CHHTAN, YTO MCTOPHIO CTPOT'Oro 3KCHepH-
MeHTAaNLHOMO M3Yy4YeHHs BONpoca o6 a30TEe pACTeHH# NPHXOAMTCH HaYHHATB
He ¢ [sBu, a ¢ X.,Byccenro, koTtophlit naxe B Gonplle#t cTeneHH, Hem
10./Ilu6ux, MMeeT NMpaBO CYMTATHCHA OCHOBATE/NEM COBPEMEHHOM arpoXMMHH.

B uayane XX B. Gblir pa3paGoTaHnl MeToab! (MKCAUKM a30Ta ATMOC-
deprt, Ha Gasze KOTOPHIX BO3HMK/IA A30THAS NMPOMBILIIEHHOCThL, [lOCKOMEKY
OKpyxaloumas Hac arMocdepa npencTaBisgeT coboit MOHCTHHe “Heucyepnae-
Mylo Kianoeyilo” cBOGOAHOrO a30Ta, TO NONYyuYeHHe a30TCOAEpKALMX COefH—
HeHHll CBA3bIBAHHEM 3TOro CBOGOAHOIO A30Ta FABM/IOCH aAKTYalLHO# NMpob—
JlIeMO#t, KOTOPYIO pellalli M NpoAo/DKaOT pellaTh Pa3/iHYHbIMKE myTaMH. Ka-
KOBBI € 3TH MmyTH?

B 1775 r, K.llleene 6rina oTkpblTa caMas rneppas peaklHs CBA3bIBAHHHA
CROGOOHOrO a30Ta, 3aK/MOYaBlIAsiCR B TOM, YTO NPH HArpPeBaHHH CMeCH
YI'IeKHC/IOrO HATPHA W YTVIA B aTMocdepe a3oTa NOc/AeaHHM# BCTynan B pe-
akmmo c ofpasoBaHHeM uenoyHoro umawuna. llocne Toro, xak B 1839 r,

J1. TOMCOH yCTaHOBMM, YTO CKOPOCTL 3TOf peakuwM CHWILHO YBEelIWuMBaeTCH
npH ﬂDﬁaBﬂEHHH TOHKO H3Me/ILUYEeHHOIO ¥Kelle3a, BO3HHK/IH MNOMNLITKH NPOMbl -
JIeHHOT'O MCTNONIL30BaHUS pPeakUuu ¢HKcaumu asoTa B BMAe unanuaa. HanGonee
WHPOKMIl paaMax OHM npuHsin K Hauany XX B, OcofeHHO- §PKHM IpHMEpOM
ABH/IOCE CTPOMTE/ILCTBO AMEPHKAHCKOr'O XMMHYecKoro zasoaa B CaaTeui-
e, Koropuifi paGoTan Bo BpemMs neppofi mupoBofl BoMHbl, Ho Gonpuoro 3sa-
YeHHA A8 NMpaKTHYEeCKHX uelel 3TOT cnocob He umer,
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lopaano Gonbliee pasBuTHe MONYYHIT UMSHAMMAHLIA MeTON CBA3bIBAHMS
asoTa, BO3HHKWMA Ha Gase UMAHHOHOI'C MeToAAa,B pedy/ibTaTe paGor A,dpan-
ka u H.Kapo. lNpoaykTroM 6Gbin1 mmaHamua Kanbuus, Xoropeit B 1901 r, Guin
ucnpo6opaH B KauecTBe yaoGpeHHs. SdpbexT Gbil nMonoxurtenkHuift. [lepeulie
YCTAHOBKH MO UHAHAMHAHOMY crocoby ceaasiBaHKA cBoGoaHoro asora GbliH
noctpoensl B lepMmannn B 1905 r. (B Marnebypre) u B Utanuu B 1907 r.
(p MNuano-n-Opta). LuanamugHbi#t cnocob cymwecTByeT M cefiyac, HO yne/b—
HEIff Bec ero B obumeM obbeme CBA3AHHOrO a30Ta O4YeHb HeBelHK (mpuMep—
Ho 1%).

BropeiM criocoboMm ¢HKCAUHH MONEKYISIpHOI'O A30Ta, BO3HHMKWHM H pas-—
BMBABLIMMCH ONHOBPEMEHHO C MEepBbiM, ABWIOCH CBA3bIBAHHE €ro C KHC/10=—
poooM B BMAE OKMCNOB., 3TOT NyTh Npeactaensger Gonbuwoit MHTepec, Tak
KaKk ¥ a30T M KHQJIOpOoA HAXOOATCH B HeOrPaHMYEeHHBIX KOMMiecTBax B arT—
Mocgepe, H K TOMY e B 3TOM Cilyyae nony4aeTcd HUTpaTHas ¢opma CBfA-
34HHOI'O a30Ta - NpaKTHYecKH Haubonlee npuemaemas,

Bnepebie $aKT coeaMHEeHMs a30Ta C KHCAOPOAOM TNpPH NPONYCKAHMHM 3J1eK—
TpHyecKol HCKpbl yctaHoeun [.[lpucTimM, onHaxko NMpaBHIBHOI'O TOJIKOBAHHS
eTOMy sB/leHHio OH He pnan. B 1881 r, I''Kapenauw noBTOpHA M paclipui
onbitel [lpucTnu, B Poccun B 1807 r. A.M.Top6os u B,®.Murtkesuy npen-
JIOXHU/IH OPHIHHANBLHYI0O KOHCTPYKLMIO MeuM A1 OKMCIeHMs a30Ta KMC/1opo-—
[OM, OTNHYAOWYIOCH BOPOHKOOOpPAa3HON ¢GOpPMON MaMeHH 3JIeKTPHYeCcKO# ay-—
ri. UasecThsl Takxe meun Lllenrepa, Monuura u ap.

[Ayroeoft cnoco6 ¢uxcauuu MOJEKY/NApHOrO a30Ta Pa3BUBANCH MNPUMEpPHO
no 1925 r., Korga KOMHYeCTBO CBA3AHHOTO a30Ta, MOAYYEeHHOI'O 3THM CMNo-—
co6oM, OOCTHINIO MakCHmyma (TOMBLKO MOMNPOLEHTa BCEero CBA3aHHOIO
azora! ), K 1932 r. on 6bi1 OKOHYATENLHO BLITECHEH PA3BMBIWIHMCH K TOMY
BpeMeHH CcnocofoM KaTAHTHYECKOro CHHTe3a amMHaka, Ho oanawano nu
3TO, YTO OH OKOHuYaTenbHo “ymep”? Her, HMpes ¢uxkcaumn armochepHoro
agora npaMbiM METOOOM MpoAO/Kalla H cefMac NMpoAo/KaeT 3aHMMATEL YMEI
HccenoBaTtelieit BO MHOT'HX CTpaHaXx.

B HacTofillee BpemMs H3BeCTHb! ClleaylollMe OCHOBHble HanpaslleHHs B
HCC/lenoBaHuM M pa3paboTKe crnoco60B NMPAMOro CBA3bIBAHHA a30Ta B OKHC—
nui: 1) TepMHYeckHit cnocob; 2) cnocobbl ¢ MCNONL30BAHHEM 3JeKTPO3Hep—
ruu (snexTpH4YecKH#i paspsa, eKTpHYecKas Ayra M mnasMa); 3) monyue-
HHe OKHC/IOB a3oTa B sfinepHoM peakTope. Ho Bce aTu cnoco6ul TpeGyioT
6OMBpUIMX SHEpPreTHYeCKHX 3ATPaT, NO3TOMY MOKA O HHX T'OBOPHTE He NpH=
xoaurcd. HauwGompum#t HHTepec 3feCk MOXEeT NPeACTaB/AThH NIA3MOXMMKH,

Tperuft (xpoHonoruyeckn) cnocob CBA3LIBAHHSA A30Ta — KATalMTHYECKMI
CHHTe3 aMMHaKa - Iocle SESYCHELLIHHX NoneiTOK €ro ocyuwecTB/eHHdA, Ha=—
unpnas ¢ xouma XVII B. u no xonua X|X B., NpeaBapHTelBLHBLIMH HCCNEeNO—
pauuamMu A.Jl.Ulatensc Bo dpanuuu, 3.[lepmata B AHrnum, a satem ycneu-—
HeMH paBoramu B.Hepucra, ®.la6epa u ap. B 'epmanuu 6bin, Hakokmel,
ocywecTtened B 1908 r,

C Tex nop KaTalHTHYeCKHA CHHTe3 aMMHakKa 3aHqan Beaywee mMecToO
cpeal MpoYMX METOOOB CBA3bIBAHHA a3ora. CBA3aHHBLIR a30T, Nony4yaemsti
3THM MeToaoM, cocTaeifeT 95% BCero NpoMbilJIEAHOT'O NPOH3BOACTBA CBA=
3aHHOT'O a3oTa.
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JuavnTeNbHO paHbuwe 6bl1 yCTaHOBAEeH APYToil NyTh NpeBpaleHis al3oTa
aTMmochepbl B CBsI3aHHblft asoT, Beum ofkapymenel GakTepiu, wupyumse na
KOpHAX HeKOoTOpblX 60GOBBIX pacTeHmil, cnocoGHble YCBaHBATE HENOCpPencT—
BeHHo cBoGoAHBIR a30T atMochepnl M HakannaupatTk 6ellkoBbie BellecTBa B
k/AyOeHpKax KopHeBoit cucremsl, [loanHee Geini HafaeHsl B noyse M CBOGO—
AHO KUBYIME a30TPHKCHPYIOUMe GaKTepHH o BLIACHEHBl YC/IOBHHA HX CylUIo—
. BoBaHusd, Beina ycraHoBleHa ponb nouBeHHbLIX GaKTepuii B npoueccax
MHHEpanu3auMy OpraHiyecKoro NMoOYBEHHOr'0 a3oTa M HUTPHHKAUMM KoHeu-
HOro npoAykTa pacnana Ge/KOBbIX BelleCTB — aMMHaka,

OTtkpbiTHe npouecca 6Honornyeckoft ¢HKCalUMK al3oTa aTmochepbl H Bbl—
SICHEHHe PO/l KiTybeHBKOBbIX H CBOGOAHO KUBYUIMX a30TPUKCHpyownx GakTe—
pHit 0alo BO3MOXKHOCTE YNpaB/leHHd NpolleccamMi HaKOIUIeHHsl B NMOYBE CBf=—
3aHHOro a3ora, HeoOXOAWMOTO /19 MUTAHHS PACTEeHHHl WM MOBHIWEHHd NI0A0-
poaHA 3eMiH,

[Mpo6nema HCMoMBL30BAHHA a30Ta BO3NYXa AMS yYBE/IHYEHHA PecypcoB
a30THOrO THTAHHSA pacTeHHit TAybOoKo BONHOBaNa Y4YEHEIX Halelt cTpaHbl.
MHorHe M3 HHX BHEC/M CylleCTBeHHbIf BKJaa B ee pewenne (Od.M.Menne-
neee, K.A.Mpasmuuukon, O.H.[paumunnkos),

YcraHosneno, uTo 6uonoruyeckas ¢ukcauMs asoTta bakTepuaMmH npen-
cTap/ifeT BOCCTAHOBHTE/BLHEBI} Npolecc, KOHeYHbIM NMPOAYKTOM KOTOpPOro
apnsgerca amMmuax. CrenopaTtenbHO, €C/lM NOBOPHTHL O NpHHUMIE, TO yCTa-
HOB/IEHHEe aXTHBHOI'O Hayajla B NPHPOAHBLIX BellecTBaX, CBHA3bLIBAIOLUMX CBO—
Goauklfi a30T, H MOOENIHPOBalHHe TNPHPOAHOIO Mpolecca B XMMHUeCKOi 1ab0-—
paToOpHH MOIJIO OATH He TOJIBKO TEeOPeTHYECKYio, HO M MPAaKTHYECKYyX BO3—
MOMHOCTE NOJIyueHH aMMHakKa H3 a30Ta BO3AYyXa B MHANKHX YCJOBHAX NpPH
aTMOCepHOM AaB/eHHH M HH3KHX TemIeparypax.

Bruino ycraHnoeneHo, uTO B mpouecce GHONOrHYECKOH ¢HKCAUHM a3oTa
ypeaBbiyajiHo GoMbUIYI0 PO/ HrpalT NepexoaHble MeTanlbl, ofpasaywolme
KOMIU1EKCHI,

B nocnenHne roabl OTKPBLITH! CleAYOUMe CHCTEMSbL:

1) KoMmneKCHble COeaHHeHHS, KOOPAMHALHOHHO CBA3LIBAIOLIE MOJeKy=—
NAPHBbIJ A30T NPH KOMHATHOI TemMnepaType M aTMOCHEPHOM aaBleHHH;

2) coenuHeHHs THTAHA M OPYTHMX METAasuloB, CNOCOGHbIE B KOMGHHAUMK
C BOCCTAHOBHTE/leM CBA3blBATH A430T B NpeoayKThl, ofpasayioumie nocje ru-
aponu3a aMMHaK;

3) Takoro e poaa CHCTEeMbl, B KOTOPHIX COEOMHEHHS MeTania aeficT—
BYIOT KaTanutH4yeckH, Ilpu nocrarayHom KonmwecTBe BOCCTAHOBHTEIS OOHA
MOJlekylla coedHHeHHsI MeTAajula MOXeT NepepecTH B aMMHak 6onbuioe
YHC/IO MOJIeKyJ/l a3oTa;

4) ceaspiBAOUME A30T OPraHMYeCKHe COSAMHEHWS, He comepkalme Me-—
TauoB,

lpakTiueckn 6o/lee NMEPCNEKTHBHEIMM C TOYKH 3PEHHS BO3MOXHOCTH IO—
My4eHHs aMMHaka sBiasoTCs paGorst M.E.Bonenuna n B.B,lllypa u Bau Ta-
MejeHa C COTPYAHHKAMH MO ¢HKCALMH MOJeKYNSpHOTO a30Ta MeTauloopra-
HHYECKHMH CHCTeMaMH, OCOGeHHO cooepXalMMH THTaH, Xele3o, MOMHGACH
H HeKOTOpLIE OpYrHe MeTalulkl, 3HEC1:| nony4yaiTCA OllYTHMbIe KOMH4YecTRa
ammuaka (ao 200 Monexkyn ammuaxka Ha OOHY MOJEKYNy YeTbIPEeXXI0PHCTO—
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ro tutana), lloka sTo naGopaTopHbie HCcCllenoBaHusl, KOTOpbIe HANPABJIEHBI,
B OCHOBHOM, H& MNOHCKH J/IYUYUIHX MeTa/UIoOpraHH4YeCKHX cHCcTeM H HAa Hnociie-
nopaHHe MexXxaHHima ¢HKC8HHII MOJMIEKY/IAPHOI'O a30Ta 3THMH CHCTCeMAME B
MATKHX YCJOBHAX, PaGoTm B 3aTOM HanpapjleHHH nepcrneKTHBHEBI.

Takum 00pasoM, nepBoouvYepenHOH M INOBCeAHEeBHOI 3apgadel NPH pelleHHM
HAYUYHBIX M TPOMBIULTEHHBIX NMpo6iieM GHKCAUHH MOJIEKYJ/ISPHOI'O a30Ta SABJfH=
eTcq AOanebHejllwee ycopeplueHCTBOBAHHE H pa3BHTHE KaTaAIHTH4YeCKOro CHH—
TEe3a aMMHakKa; nalliee Ha NMoOBeCcTKY OHHA BCTaer npoGnema (bl!KCB.I.iHH a3oTa
B MATKHX H 3KCTpeMalbHbLIX YC/O0BHAX,

I0.U.Conoenwer, A.H.lllamuun (CCCP)
HWCC/ZIEOOBAHUA MO UCTOPUU XUMUHU B CCCP

Uayuenne ucropuu xumun B CCCP onupaercs na Gonee yeM AByXcoT—
netHwow Tpaauumio. B 1732 r. U.I.'MenuHy Gbisio mopy4eHo NMpo4YMTATE B
Co6panun Axanemun Hayk B [lerep6ypre peur O BO3HHKHOBEHMH M YyCne—
Xax XHMHH, O TOM, CKOJ/ILKO IOMNBE3bl OHa TpHHecNna Ond H3y4YeHHd MeTall-
0B, H O TOM, YTO BO3MOXHO BLIBECTH M3 XHMHYECKOrO HCC/edOBaHHa Tel
KacaTennHo Havan ux”, B peun 'MenuHa MOXHO 3aMeTHTBL B/IHAHHE OBYX
TeHAeHUHH, Y)Ke CJIOXHBLWHXCHA K TOMY BpPeMeHH B TpydaX Nno HCTOPHH Hay-
K. KpoMe aMOakTHKO-NMPOCBETHTE/NLCKMX 3agay, B 3TOfl peuH nepea HCTO=-
pHell XMMHH CTaBH/IHCL Npobliemsl, o6yclioBleHHble TPeGOBAHHSMH PA3BUTHA
caMoif Hayku. B TeyeHMe nonyrtopa cToneTHH 3TH TEHOGHUMH onpeaens/iu
XapakTep HMCTOPHKO-HAYYHbIX MyGIHKauUMiH,

lMonoxeuue uamennnocs B 80-x romax XIX B. Mcropuorpadus ecrecteo-
3HaHMA K 3TOMY BpeMeHM yTpaTWia CBO# /IeTONUCHLIR WM MOMy/fpH3aTop-—
CKHil XapakTep H NpeBpaTHIack B KPHTHYeCKylo Hayky. [lporpecc xumnye—
CKHMX 3HaHHH NpPHBJIEK BHMMAHHE K MCTOPHYECKOMY OCMBLIC/IHBAHHIO METOA0-
nornyeckux mnpo6nem xumuu. Bce ato ofecneumnsio yCloBHA Ans MOSABICHNS
nepBoit pyccko# o6obwammeit paboThl MO MCTOPHM XHMHH -~ "OuepKoB pas—
BHTHS XMMHU4YeCKHX Bo3apeHu#t” H,A,MeHwyrtkuna, Drta pabora, a Takke
*IlomoHocoBckn#t c6opHuk”, noaroroeBneHHbi no uuuumatuee B,.B.Mapkop-
HHKOBA, ChIMPallH B&XHYI0 pPONEL B NPHB/IEYEHMH HHTepeca K paapaboTke
MCTOPHH OTHEeNbHBIX Mpo6G/ieM XHMHH H HM3YYeHMI0O HAy4HOrO HAC/IefHs PyC=
CKHMX XHMHKOB, B uacTtHocTH M.B.J/lomMoHocoBa,

HuTepec X HCTOpHMH XMMHM NMpPOSBJANH KPYNHble PYCCKHE XHMMKH — IO—
MHMO YyXe HasBaHHbiXx MeHwyTkuHa u Mapkosuukosa, A.WU.Byrnepos,
MN.U.Bannnen, O.U.Mennenees,

Mocne OxTAGPLCKOA peBOMIOUNHH NMPEANPHHHMAIOTCHA YCH/IHA IO KOOpAH-
HaLMK HCCNeNOBaHH{i MO MCTOPHM eCTeCTBO3HaHHMA M TexHMkH. HaumHaercs
WHpOKas, NPONOIDKAKWASACH A0 CHX MOP H3AaTe/hCKas NeATe/bHOCTE M pa-—
6oTa Nno NepeBoNaM HMHOCTPAHHBLIX HCTOPHKO—XHMHYECKMX TPYAOB.

B 1917 r. npu BCHX 6miio opranusopaHo HayuHoe XMMHKO-TeXHHYeCKOe
HaOaTenLCTBO, OAMpeKTopoMm kotoporo ctan M,A,Bnox. llo ero uHuumaTuse
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B 20 - 30-x ronax 6bl1 NepeBedeH Ha PYCCKHil A3blK psin paboT MHOCTpaH-
HBIX YHYEHBIX NOo HCTOpHH Xumuu., B 1921 r, no unuunatuse B.W.Bepnancxo-
ro npu Poccufickoft Akanemuu Hayk coanaercsa Komuccus rno MCTOpHM 3HA-
HMi, peoprannaopaHHas B 1932 r. B MHCTHTYT HCTOpHM HAyKH M TEeXHHKH.
Komuccus m MHCTHTYT NOArOTOBH/IH Psil OYEPKOB H TPYHAOB MO MCTOPHH
HayKy, B TOM HHCIe XHMHH,

B 1940-x romax BOMpOChl WCTOPHH HAYKH CHOBa NpHBIeKaH Gosklioe
pHumanne, Yxe ¢ 1944 r, (no 1953 r.) mpu OTnenenun XWMHYECKHX HayK
AH CCCP pa6oranu Komuccus MO HCTOPHH XHMHM NOA NpeacenaTe/LCTBOM
A.E.Ap6ysoBa u ee jeHHHrpaackuil ¢unuan so raase c A.E.llopai-Kouni-
uem,

C 1949 r. nauumnaet pabory cneuuancHas Komuccua no paspaboTke
HaY4YHOrO Hacneaus ¥ uaydenus Tpynos A.W.Byrneposa non npeacepnatens-
creoM B.A.Kazanckoro. B 1852 r. noa npeacenatenncrsoM A,B.Tonunesa
cospaeTcs aHanorwuHas KOMHCCHA 1O M3YYEHMI0O HAyYHOrO Haclemams
O.U.MeHneneesa. 5

B 1945 r, npu Axagemun nayk CCCP oprauuayercs MHCTHTYT HCTOpPHH
ectecTtBoaHanua (c 1953 r. - HHCTHTYT MCTOpPHM eCTeCTBO3HAHHA H TeX—
HHMKHM), POe coanaeTCsl CEKTOp MCTOPHHM XMMHYECKHX Hayk.

NestensHocTs Komuccuu no HCTopHi XMMHH M MHCcTHTyTa M apyrux
opranun3aunft Akagemuu Hayk CCCP u coloaHblX pecnyGiMk Bblpasnacke B
NOAroToOBKe pAna ¢yHaaMeHTanpHbIX H30AHMR M0 OTAe/lbLHbIM BONpOCam HC—-
TOpHH HAYKHM, NYGIHMKALHM APXMBHBEIX NOKYMEHTOB, & Takxe B TNpOBedcHHH
pana KoHhepeHuMit u coeewanu#t: Bcecowoaueix copemanuit mo UCTOPHH XH-
mun B 1848 u 1951 rr., KongpepeHunn no HCTOPHM HayKu # TeXHukn B 1959 r,
u VIl Menneneenckoro cheana, rae paBoTany CeKUMH HCTOPHH XIMMUH,

B 1960 r. npu Axagemun Hayx CCCP yuypexnaeTcs peaxoinerus no
H3naHHIO Hay4yHO-GHOTrpapHyecKofd cepHir, rae COBETCKHMH HCTODHKAMM 6blil
onyGnukopaH psan GHorpaduii oTeYeCTBEHHBIX H HHOCTPAHHLIX XHMMKOB.

B 30-x ronax B Axanemun Hayk CCCP ans acnupaiTOB H AOKTOpPaHTOB
YHTaeTCHd KypC HCTOPHMH XuMuu, Toroa e HadmHaercs pa6oTa Mo noaAroToB—
Ke KAOPOB MCTOPMKOB XWMMKH, cHauyana p MIY, raoe ¢ 1946 no 1953 r.
CcylieCTBOBala Kaheapa MCTOpHH XMMHH, I'le Belach MNMOAroTOBKa CleuianH-
CTOB NO HCTOPHH XHMHH,

B pamkax nesaTeMbHOCTH KOMHCCHH M MHCTHTYTa copeTCKHe HCTODHMKH
XMMHH TIpHHSA/IH YYacTHe B MOArOTOBKe paAna paGoT obuiero XapakTepa:
nByXxToMHoit "Mcropun ectecrBosHanus B Poccun”, “Buorpaguueckoro cino-
Baps AesTeNnefl eCTECTBO3HAHMS M TeXHHKH”, MHOroromHoro Manauus “Co—
percxas uayka sa 50 aer” w np.

C 1854 no 1971 r, ony6aukoBaH psa TPYAOB CEKTOpa MCTOPHH XHMHYye—
ckux Hayx (cepua “Mcropns xumimeckux Hayx” u cGopuukn “Ouepkn no
HcTopuH xumuK” u “PaabuTHe npeacTaeiieHMii B 061acTiH KMHETHKN, KaTa—
nH3a H peakuHOHHON cmocoGHocTH”),

MccnenoBanusa No HCTOPHH XMMHH pasBHBA/INCE MO ClIeAyIOUIHM OCHOB—
HBIM HAanNpaB/eHHAM:

1. Uayuenne HAYHHOrO HAcC/eaud,

2, Pagpa6orka ofumx npo61eM HCTOPHH XHMMM M H3yYyeHHEe palsuTHA
OoTAeNBHLIX HanpableHHt XHNG,
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1. Uayyenue HayuHoro Hacieamus

HauGonee znauuTensHas paGora npopefeHa MO H3YYEHHID HAYYHOrO Ha-
clenns KpynHelwHX pyccKHX Xumuko M,B.Jlomonocoma, [1.WM.Meuneneera,
A.U.Byrnepora, ubd Tpyast nagaHsl B 30 - B0~-Xx ropax mo/HOCTEIO C Hayuy—
HbIM KOMMeHTapHeM,

MNocne B,H.MeHnwyTxknHa, coenaBliero XuMH4yeckue paGotel JlomoHocoBa
AOCTOSIHHEM MMPOBOft MCTOPHH HAYKH, HayuHoe Hacneaue J/loMonocosa pas—
pabaTeiBanoCkL BeCbMa IUIOAOTBOPHO,.

Oco6oe MeCTO 3aHMMaeT H3yueHHe HayuyHoro Hacneaua [1.U.MeHneneepa,
rie fneTalbHoe BOCCTAHOBIIEHHE MCTOPHH M HMCTOPHYECKHHt M MCTOpHOrpadu-—
YeCcKHii aHamu3 CIHBAalTCH C PHIOCOPCKMM OCMBICIIHBAHHEM LEHTPANBLHBIX
MeTOoAo/IOrHYeCKHX Npo6iieM XHMHH, & TaKKke C COBPEMEHHBIMH 3KCnepHMeH—
TaJLHLSIMH M TeOpeTHYeCKHMMH MccnenoBanuamu, B 1837-1954 rr. 6buio Ho—
nano 25 tomoe cofpaHus codMHeHu#i Mehneneesa. MeHneneeBckas KOMHMCCHS
NoAroTOBHIA psaA NMyGAHKALUWR MaTepHalnoP H apXWBHBIX NOKYMEHTOB.

B peaynkrare pedatensHocTH Byrnepoeckoft KoMHCCHHM 6b110 OMyGAHKO=-
BaHO TpM Toma counHHeHuit ByTtnepoma, ToM uaGpaHHbIX paboT NMoO OopraHm—
yeckoft XMMMM, 8 Takke cOOPHMK AokymenToB ¥ ToM “Hayusoro nacnen-—
ctra”.

3uauntencHasa paboTa NpoBefcHa TAKKe Mo H3YYEeHHI0 HAYYHOIl OeATe/lb-
HOCTH 3apybexHbIX XHmuKoB., OnybGauxoeaHnbt Tpyast NArpukonst, f1.Baut-
l'oppa, A.Danstona, I'.[seu, Y.[u66ca, K.lllopaenmepa,

C paspaboTko#t HaydHOr'0 Hacleaus CBS3aHO M3YHeHMe MHOIMX YacTHBIX
BonpocoB HcTopuH pycckoi Hayuu XVIII B., nesTenbHoCTH pyCCKMX XHMHKOB
xouua XIX - wnauana XX B,, HCTOpDHM TEOpPHH XHMHYECKOrO CTPOEHUs, a
TaK#Ke NepHoaHYeCKOro 34aKOHa.H ero pa3epHTHSA. K ATOMY HAaNpaeJl/IeHHIO
TEeCHO NPHMbIKAeT AefATEILHOCTEL MO CO3AAaHMI0 HayuHblX GHorpaduit KpymHeii-
wHX xuMuKoB, 3a nocneaune 20 neT BbIWNO W3 neyartd Gonee TpuAUATH
HayuHbIX GHOrpagHit pycCkHX M 3apyGexHbiX XHMHkoB (B ToM uncne 10./lu-
6uxa, M.Beprtno, W.A.Biopua, A.Kekyne, A.Asoraanpo, A.J/l./lapyasse,
B.Ocreanena, W.XKepapa, C.Appeuuyca).

2, Paapaborka obumx npoGlieM HMCTODMH XHMMH M H3yYeHHe
pPa3BHTHSA OTQenhthx HB[‘IEBBJ’IEHHR XHMUH

Ofumit nmporpecc B HM3y4YeHHH HCTOPHM XHMHM NOTpeGoBasr TIATENLHOM
NnoAroTOBKH B CO30aHHM HOBbIX OGIIMX TPYAOB M PYKOBOACTB NO HCTOPHH
XHMHH M YrAybneHHoro aHannsa ¢HI0COPCKMX H METOAONOrHYeCKHX npob-
nem Hayku. Hawbonnwee pHMMAaHHE COBETCKMX YYCHLIX NPHBISKIM WCTOPHSA
ATOMHO=MOJIEKY/IAPDHOTO Y4YeHHH, 3BO/IOUHS OCHOBHBLIX NMOHATHH H npobGnem
xumus, Haunnaa ¢ 30-x ronos Gbiin BCecTopoHHe paspaboTaHbl TakHe nMpob-—
AemMbl, K&K HCTOPHS Y4YEeHHsi O MONeKy/e, pasBHTHEe XWMWYeCKOofi aTOMMCTH-
Kil, HCTODHA TEOPHH XHMHYECKOro cTpoeHusi, Bolila npopeneHa Goiblasi pa-
foTa NO NOAroTOBKe O6UMMX OYEPKOB PA3BHTHA OCHOBHBIX HANpaBleHHil XM=
st B CCCP (1pn Toma soiwnu B 1967 r.),
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Ewe 8 30-40-x rogax BeILAM M3 NeyaTH psaa CTaTet MoHorpadun, B
KOTOPbIX AaH Pa3BepHYTbIA MCTOPUKO-HAYUHbIft H ¢unocopckuit aHanua pa—
6ot [.JamsTtona, M.B./lomonocosa, A./laByaswe, [.U,Menneneepa, Y,[H6~
6ca.

Ananuay 3BOMIOUMH MOHATHA MoNexyrna nocesuweHa paGora "Ucrtopusa yde-~
HHS O Momnekyne B xumuu”, [Noarorosnen nepesift ToM "Ouepkos obuleit HO—
TOPHH XHMHK”,

B ucTopu obuwefi 1 HeopraHWYeckKOofi XHMHM, TMOoMHMO mnpoblieM pas3BHTHA
NnepHoaHYecKoro 3akoHa, Gofplioe BHHMaHMe YAENAl0Ch M3Y4YeHHI0 MCTOPHH
npoGlleMbl PeflKkHX 3eMellb,

HauGonee paspaboTaha HCTOpHS (pHIHYECKON XHMHH = KpoMe oGlIEr0 MC—
CllefloBaHNsl MCTOPHH OCHOBHLIX HanpaBieHuf ¢usnyeckoit xumuu (“Ouepknu
no MCTOPHMM (PU3UHECKON XMMHM") B CBeT BLIIH MOHOrpapHuecKue HCcne—
OOBAHMSA Y4YeHHs O pacTBOpax, XMMHYECKOR TepMOAHHAMHKK M Op.

B 1948 r, soiwen B ceer "KpaTkuii oyepk pal3BMTHS OpPraHUu4YecKo# Xu—
mun B Poccun” A,E,ApGysoepa - meppasi oTeuecTBeHHas MoOHoOrpadHs no
MCTOPHH OpraHu4yeckofi Xumuu. Haubonee sHauuTennHas paboTa mMpoBeneHa
MO H3YHEeHHI0O HCTOPHHM TEOPHMH XMMMHYECKOr'Oo CTPOEHMS, MCTOPHH OpraHuye—
CKOr'0 CHHTe3a, HedTeXHMHH H XHMHHM MEeTAaJIOOPraHMYyeCKHX COeaMHeHH
¥ HCTOPHHM Y4YeHHs o Karanuse, B mnocneaHne ronkr Beiwax paGoTh MO HCTO-
pun GHoOpraHM4eckoft XHMHH M GHOXMMHH.

CoBeTCKHMHM HCTOPHKAMH XMMHHM NOCTHIHYTBl 3HA4YMTEAbHbIE YCNeXH, KO—
TOpble HALKH OTpaXeHHe B MHPOBOH HCTOPHKO-XMMHYeckoji murepaType. K
HanboJlee CymeCTBEeHHbIM OOCTIKEHHAM cllenyeT OTHeCTH riyboxKyio H Bce—
CTOPOHHIOKW pPa3paboTKy MCTOPHMH OTKPLITHS MEepHOAHYECKOro 3aKOHA, HMCTO-
PHH TEOpPHH XMMHYECKOr'o CTPOeHHS H OTAeNbHbIX mpobiieM HMCTOPHH ¢(H3H—
yeckoit xumun (pacTBopel, KaTanna, XHMHYeckas KHHeTHka). B Gyaywmem
npeacTouT o6obUMTE Beck 3TOT MaTepHal M MOANMOTOBMTE CBOOHBIA TPyA TO
BCEeMHPHOH HCTOPHH XHMHH,
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