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 17371737
AtAt thethe FacultyFaculty ofof MedicineMedicine ofof thethe BolognaBologna UniversityUniversity thetheAtAt thethe FacultyFaculty ofof MedicineMedicine ofof thethe BolognaBologna UniversityUniversity,, thethe

firstfirst chairchair ofof ChemistryChemistry isis establishedestablished,, andand assignedassigned toto
JacopoJacopo BartolomeoBartolomeo BECCARIBECCARI ((16921692--17661766)) HeHe studiedstudiedJacopoJacopo BartolomeoBartolomeo BECCARIBECCARI ((16921692 17661766)).. HeHe studiedstudied
phosphorescencephosphorescence andand thethe actionaction ofof lightlight onon silversilver halideshalides

17761776 17761776
InIn somesome marshesmarshes ofof thethe LagoLago Maggiore,Maggiore, nearnear AngeraAngera,,

AlessandroAlessandro VOLTAVOLTA ((17451745--18271827),), highhigh schoolschool teacherteacher ofof
physicsphysics inin Como,Como, individuatesindividuates aa flammableflammable gas,gas, whichwhich hehe
callscalls ariaaria infiammabileinfiammabile.. MethaneMethane isis thusthus discovereddiscovered.. TwoTwo
yearsyears laterlater,, hehe isis assignedassigned,, asas professorprofessor ofof experimentalexperimental
h ih i hh U i iU i i ff P iP iphysicsphysics,, toto thethe UniversityUniversity ofof PaviaPavia
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 17781778 17781778
InIn aa letterletter toto HoraceHorace BénédictBénédict dede Saussure,Saussure, aa SwissSwiss

naturalistnaturalist VOLTAVOLTA introducesintroduces beneathbeneath thatthat ofof electricalelectricalnaturalistnaturalist,, VOLTAVOLTA introducesintroduces,, beneathbeneath thatthat ofof electricalelectrical
capacitycapacity,, thethe fundamentalfundamental conceptconcept ofof tensionetensione elettricaelettrica
((electricalelectrical tensiontension)) exactlyexactly thethe namename thatthat CITCECITCE((electricalelectrical tensiontension),), exactlyexactly thethe namename thatthat CITCECITCE
recommendedrecommended forfor thethe differencedifference ofof potentialpotential inin anan
electrochemicalelectrochemical cellcellelectrochemicalelectrochemical cellcell..

 17901790--17911791
VOLTAVOLTA anticipatesanticipates,, byby aboutabout 1010 yearsyears,, thethe GAYGAY--LUSSACLUSSAC

linearlinear dependencydependency ofof gasgas volumevolume onon temperature,temperature, atatp yp y gg p ,p ,
constantconstant pressurepressure,, andand aa fewfew yearsyears laterlater ((17951795))
anticipatesanticipates,, byby aboutabout 66 yearsyears,, thethe soso--calledcalled JohnJohn Dalton’sDalton’s
rulesrules ((18011801)) onon vapourvapour pressurepressure
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 17901790 17901790
LuigiLuigi GALVANIGALVANI ((17371737——17981798),), aa physiologistphysiologist andand anatomistanatomist,,

whilewhile applyingapplying anan electricalelectrical stimulusstimulus toto aa sectionedsectioned frogfrogwhilewhile applyingapplying anan electricalelectrical stimulusstimulus toto aa sectionedsectioned frogfrog,,
observedobserved,, byby touchingtouching thethe cruralcrural nervesnerves,, thatthat convulsiveconvulsive
movementsmovements occurredoccurred alongalong itsits limbslimbs andand attributedattributed thisthismovementsmovements occurredoccurred alongalong itsits limbslimbs,, andand attributedattributed thisthis
phenomenonphenomenon toto animalanimal electricityelectricity,, asas wellwell asas toto aa
connectionconnection betweenbetween electricityelectricity andand lifelife.. VOLTA’sVOLTA’sconnectionconnection betweenbetween electricityelectricity andand lifelife.. VOLTA sVOLTA s
controversycontroversy onon thisthis pointpoint ofof viewview isis wellwell knownknown;; butbut
finallyfinally hehe recognisedrecognised thethe pioneeringpioneering valuevalue ofof GalvaniGalvani ‘s‘sa ya y og dog d p o gp o g a ua u oo Ga aGa a
experimentsexperiments,, whenwhen hishis successfulsuccessful studiesstudies onon thethe
connectionconnection betweenbetween chemicalchemical energyenergy andand electricityelectricity leadleadgygy yy
toto thethe discoverydiscovery,, aa fewfew yearsyears laterlater ((17991799--18001800),), ofof thethe
pilapila didi VoltaVolta.. PhenomenaPhenomena occurringoccurring inin thisthis devicedevice toto
convertconvert chemicalchemical energyenergy intointo electricalelectrical energyenergy havehave beenbeen
alsoalso namednamed galvanismgalvanism ((galvanicgalvanic cellscells))
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 17921792
LuigiLuigi ValentinoValentino BRUGNATELLIBRUGNATELLI ((17611761--18181818),), professorprofessor atat

thethe UniversityUniversity ofof PaviaPavia sincesince 17961796,, editsedits AnnaliAnnali didithethe UniversityUniversity ofof PaviaPavia sincesince 17961796,, editsedits AnnaliAnnali didi
ChimicaChimica.. SomeSome yearsyears laterlater ((startingstarting fromfrom 18001800),), byby usingusing
thethe pilapila didi VoltaVolta ((electrochemicalelectrochemical cellcell ableable toto convertconvertpp ((
chemicalchemical energyenergy intointo electricalelectrical energyenergy),), hehe studiesstudies thethe
reversereverse phenomenonphenomenon ((electrolysiselectrolysis,, thatthat isis useuse ofofpp (( yy ,,
electricityelectricity toto produceproduce chemicalschemicals))

 17991799 17991799
VOLTA,VOLTA, comingcoming backback fromfrom PaviaPavia toto ComoComo ((becausebecause thethe

U i itU i it ff P iP i dd bb thth A t iA t iUniversityUniversity ofof PaviaPavia waswas suppressedsuppressed byby thethe AustrianAustrian
rulersrulers,, andand bonapartistbonapartist professorsprofessors werewere banishedbanished)) waswas
studyingstudying aroundaround thesethese yearsyears whatwhat wewe nownow callcall VOLTA’sVOLTA’sstudyingstudying,, aroundaround thesethese yearsyears,, whatwhat wewe nownow callcall VOLTA’sVOLTA’s
effecteffect..
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WhenWhen puttingputting intointo contactcontact differentdifferent metalsmetals,, duedue toto differentdifferent
l ll l ff th ith i d tid ti b db d l tl t flflenergyenergy levelslevels ofof theirtheir conductionconduction bandsbands,, anan electronelectron flowflow

takestakes placeplace..
InIn thosethose timestimes,, anywayanyway,, thisthis quantumquantum mechanicalmechanical

explanationexplanation waswas farfar fromfrom beingbeing reachedreached.. TowardsTowards thethe
dd ff hh ’’ dd bb ddendend ofof 17991799,, howeverhowever,, VOLTA’sVOLTA’s distinctiondistinction betweenbetween drydry

metalsmetals,, forfor whichwhich thethe VOLTA’sVOLTA’s effecteffect appliesapplies,, andand humidhumid
t lt l hh ii thth ff d tid ti ltlt ididmetalsmetals,, whenwhen,, inin thethe presencepresence ofof conductingconducting saltssalts oror acidacid

solutionssolutions,, aa moremore remarkableremarkable flowflow ofof electricityelectricity occurredoccurred,,
asas mademade cleaclea FoFo thethe fi stfi st timetime inin thethe histohisto ofofwaswas mademade clearclear.. ForFor thethe firstfirst timetime inin thethe historyhistory ofof

physicsphysics andand chemistrychemistry,, conversionconversion ofof whatwhat wewe callcall
chemicalchemical energyenergy intointo electricalelectrical energyenergy waswas clearlyclearlychemicalchemical energyenergy intointo electricalelectrical energyenergy waswas clearlyclearly
shownshown,, byby aa devicedevice,, whichwhich VOLTAVOLTA himselfhimself calledcalled pilapila
(alternate(alternate andand verticalvertical pilingpiling upup ofof twotwo metalsmetals putput inin(alternate(alternate andand verticalvertical pilingpiling upup ofof twotwo metalsmetals,, putput inin
mutualmutual contactcontact byby anan ionicallyionically conductingconducting solutionsolution oror
medium)medium)medium)medium)..
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OnOn MarchMarch 2020thth 18001800 aa communicationcommunication waswas sentsent byby VOLTAVOLTAOnOn MarchMarch 2020th,th, 18001800,, aa communicationcommunication waswas sentsent byby VOLTAVOLTA
toto SirSir JosephJoseph BanksBanks,, presidentpresident ofof thethe RoyalRoyal Society,Society, byby
whichwhich hehe announcedannounced toto thethe scientificscientific communitycommunity thethewhichwhich hehe announcedannounced toto thethe scientificscientific communitycommunity thethe
inventioninvention ofof hishis electromotiveelectromotive apparatusapparatus,, oror artificialartificial
electricelectric organorgan asas comparedcompared toto thethe naturalnatural organsorgans ofofelectricelectric organorgan,, asas comparedcompared toto thethe naturalnatural organsorgans ofof
somesome fishesfishes.. TheThe communicationcommunication waswas publishedpublished onon
PhilosophicalPhilosophical TransactionsTransactions withwith thethe titletitle OnOn thethePhilosophicalPhilosophical TransactionsTransactions,, withwith thethe titletitle OnOn thethe
electricityelectricity excitedexcited byby thethe meremere contactcontact ofof conductingconducting
substancessubstances ofof differentdifferent kindskinds..substancessubstances ofof differentdifferent kindskinds..

AfterAfter thethe Marengo’sMarengo’s defeatdefeat ofof thethe AustrianAustrian ArmyArmy ((JuneJune 1414thth
18001800)) thethe firstfirst ConsulConsul NapoleonNapoleon BonaparteBonaparte reopenedreopened18001800),), thethe firstfirst ConsulConsul NapoleonNapoleon BonaparteBonaparte reopenedreopened
thethe UniversityUniversity ofof Pavia,Pavia, andand reinstatedreinstated ,, byby aa specificspecific
decreedecree,, AlessandroAlessandro VOLTAVOLTA asas professorprofessor ofof experimentalexperimentaldecreedecree,, AlessandroAlessandro VOLTAVOLTA asas professorprofessor ofof experimentalexperimental
physicsphysics,, andand directordirector ofof thethe physicsphysics laboratorylaboratory..
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HighHigh esteemesteem andand honourshonours attributedattributed byby NapoleonNapoleon toto Volta,Volta,
duringduring thethe visitvisit paidpaid byby VOLTAVOLTA andand BRUGNATELLI,BRUGNATELLI, toto
presentpresent VOLTA’sVOLTA’s discoverydiscovery atat thethe InstitutInstitut dede FranceFrance
((NovemberNovember 77thth 18011801)) areare wellwell knownknown,, andand historicallyhistorically
documenteddocumented.. VOLTAVOLTA waswas designeddesigned asas foreignforeign membermember ofof
hh dd d dd d bb hh ldld d ld l hh l fl fthethe InstitutInstitut andand awardedawarded byby thethe goldgold medalmedal,, withwith aa lifelife

donationdonation,, asas wellwell asas (in(in 18051805)) byby thethe LégionLégion d’d’HonneurHonneur
dd II 18091809 hh d i dd i d tt ddawardaward.. InIn 18091809 hehe waswas designeddesigned asas senator,senator, andand oneone

yearyear laterlater countcount,, ofof thethe RegnoRegno d’Italiad’Italia ,, createdcreated byby
NapoleonNapoleon atat hishis peakpeakNapoleonNapoleon atat hishis peakpeak..

InIn 18161816,, thethe VOLTA’sVOLTA’s OperaOpera OmniaOmnia werewere publishedpublished inin
FlFl II 18191819 VOLTAVOLTA ti dti d tt i ti t liflif dd di ddi dFlorenceFlorence.. InIn 18191819,, VOLTAVOLTA retiredretired toto privateprivate life,life, andand dieddied
inin hishis countrycountry househouse ofof CamnagoCamnago ((nownow aa fractionfraction ofof
CC dd ii hihi hh CC V lt )V lt ) ii M hM hComo,Como, namednamed,, inin hishis honourhonour,, CamnagoCamnago Volta)Volta) inin MarchMarch
55thth 18271827,, atat thethe ageage ofof 8282..
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InIn 18221822,, fivefive yearsyears beforebefore thethe deathdeath ofof VOLTA,VOLTA, AmedeoAmedeo
AVOGADROAVOGADRO dd Vitt iVitt i MICHELOTTIMICHELOTTI tt ii T iT iAVOGADROAVOGADRO andand VittorioVittorio MICHELOTTIMICHELOTTI setset upup inin TurinTurin aa
seriesseries ofof fundamentalfundamental experimentsexperiments,, toto developdevelop thethe
h i lh i l thth ff ilil didi V ltV lt dd d t did t di iichemicalchemical theorytheory ofof pilapila didi VoltaVolta,, andand understandingunderstanding,, inin

termsterms ofof chemicalchemical reactionsreactions,, thethe conversionconversion ofof chemicalchemical
intointo electricalelectrical energyenergy asas wellwell asas thethe reversereverse processprocessintointo electricalelectrical energyenergy,, asas wellwell asas thethe reversereverse processprocess,,
whichwhich BRUGNATELLIBRUGNATELLI hadhad beenbeen pioneeringpioneering inin thethe earlyearly
1919thth centurycentury thatthat isis thethe useuse ofof electricalelectrical energyenergy1919thth centurycentury,, thatthat isis thethe useuse ofof electricalelectrical energyenergy,,
generatedgenerated byby VOLTA’sVOLTA’s cellscells,, toto produceproduce chemicalschemicals..

TheThe looploop waswas thusthus closedclosed,, andand aa newnew branchbranch ofof ChemistryChemistry,,
ELECTROCHEMISTRYELECTROCHEMISTRY dd tt t kt k ffff ii ththELECTROCHEMISTRY,ELECTROCHEMISTRY, waswas readyready toto taketake off,off, inin thethe
namename ofof VOLTAVOLTA..
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An An epistemologicalepistemological considerationconsideration::

JustJust oneone hundredhundred yearsyears ((18991899--19001900)) afterafter thethe datedate ofof
VOLTA’sVOLTA’s discoverydiscovery ofof electrochemicalelectrochemical cellcell,, inin aa periodperiod
densedense ofof newnew discoveriesdiscoveries,, officiallyofficially onon DecemberDecember 1414th,th,
19001900,, atat 55 pm,pm, inin thethe InstituteInstitute ofof PhysicsPhysics ofof BerlinBerlin
UniversityUniversity,, MaxMax PLANCKPLANCK presentedpresented aa lecturelecture,, ZurZur TheorieTheorie
desdes GesetzesGesetzes derder EnergieverteilungEnergieverteilung inin NormalspektrumNormalspektrum,,
inin whichwhich PLANCK,PLANCK, forfor thethe firstfirst timetime inin thethe historyhistory ofof
physicsphysics,, introducedintroduced thethe quantumquantum,, aa smallsmall energyenergy

tittit ““f lf l titi ”” ff hi hhi h b blb blquantityquantity,, asas aa ““formalformal assumptionassumption”,”, ofof whichwhich probablyprobably
notnot eveneven himselfhimself realisedrealised,, atat thatthat timetime,, thethe tremendoustremendous
i ti timportanceimportance..
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AA revolutionrevolution waswas beginningbeginning inin physicsphysics.. OnlyOnly aa fewfew yearsyears
beforebefore,, PLANCKPLANCK diddid notnot firmlyfirmly believebelieve inin atomicatomic theorytheory,,
whichwhich,, onon thethe contrarycontrary,, hadhad beenbeen thethe basebase ofof allall thethe
chemistrychemistry ofof thethe 1919thth centurycentury,, andand waswas strengthenedstrengthened byby
L d iL d i BOLTZMANNBOLTZMANN ii hihi didi hh ddLudwigLudwig BOLTZMANN,BOLTZMANN, inin hishis studiesstudies onon thethe secondsecond
principleprinciple ofof thermodynamicsthermodynamics..

PLANCK,PLANCK, effectivelyeffectively,, duringduring thethe twotwo oror threethree yearsyears whichwhichyy gg yy
precededpreceded thethe turnturn ofof thethe centurycentury,, disapproveddisapproved thethe
statisticalstatistical andand probabilisticprobabilistic approachapproach ofof BOLTZMANNBOLTZMANN
towardstowards thethe secondsecond principleprinciple,, andand waswas stronglystrongly polemicalpolemical
towardstowards thethe wholewhole atomicatomic theorytheory..
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FortunatelyFortunately,, justjust duringduring thethe studiesstudies onon thethe energyenergy
distributiondistribution inin thethe spectrumspectrum,, PLANCKPLANCK recognisedrecognised hishis debtdebt
t dt d BOLTZMANNBOLTZMANN dd tt llll B ltB lt ’’towardstowards BOLTZMANN,BOLTZMANN, proposedproposed toto callcall BoltzmannBoltzmann’s’s
constantconstant thethe kk constantconstant ofof hishis equationequation onon energyenergy
di t ib tidi t ib ti hi hhi h thth th tth t ff t ti ti lt ti ti ldistributiondistribution,, whichwhich waswas thethe samesame asas thatthat ofof statisticalstatistical
interpretationinterpretation ofof thethe secondsecond principleprinciple byby BotlzmannBotlzmann,, andand
proposedproposed inin 19051905 andand 19061906 thethe NobelNobel prizeprize forfor thetheproposedproposed inin 19051905 andand 19061906 thethe NobelNobel prizeprize forfor thethe
austrianaustrian scientistscientist..
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ButBut,, unfortunatelyunfortunately,, itit waswas tootoo latelate.. BoltzmannBoltzmann,, feelingfeeling
i l t di l t d dd i t di t d di ddi d ii D iD i T i tT i tisolatedisolated andand unappreciatedunappreciated,, dieddied inin Duino,Duino, nearnear Trieste,Trieste,
onon SeptemberSeptember 19061906,, atat thethe ageage ofof 6262.. BoltzmannBoltzmann waswas

ii d i id i i hi lfhi lf hh thth ttwrongwrong inin despisingdespising himselfhimself:: hehe waswas amongamong thethe mostmost
respectedrespected andand admiredadmired physicistsphysicists ofof thethe 1919thth centurycentury,,
andand PlanckPlanck atat thethe endend describeddescribed hishis workwork asas ““oneone ofofandand PlanckPlanck,, atat thethe end,end, describeddescribed hishis workwork asas ““oneone ofof
thethe mostmost beautifulbeautiful triumphstriumphs ofof theoreticaltheoretical researchresearch””..

InIn factfact,, thethe atomicatomic theorytheory andand whatwhat wewe nownow callcall thethe
quantumquantum theorytheory werewere complementarycomplementary,, asas shownshown,, sincesince
thethe beginningbeginning,, byby thethe KirchhoffKirchhoff’s’s equationequation onon energyenergy
di t ib tidi t ib ti i ti t di ti t d bb WiWi dd ft dft d bbdistributionsdistributions,, investigatedinvestigated byby WienWien andand afterwardsafterwards byby
PlanckPlanck,, givinggiving riserise toto thethe revolutionrevolution ofof quantumquantum physicsphysics

dd tt h i th i t th h tth h t thth 2020thth ttandand quantumquantum chemistrychemistry throughoutthroughout thethe 2020thth centurycentury..
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CHEMISTRY AND PERIODIC TABLECHEMISTRY AND PERIODIC TABLE (1)(1)CHEMISTRY AND PERIODIC TABLE CHEMISTRY AND PERIODIC TABLE (1)(1)

About 40 years before the birth of RADIOCHEMISTRY,
a great debate was taking course in CHEMISTRY,
concerning the essence itself of this new-born science,
f h i f i d l l i hfrom the question of atomic and molecular weights to
periodical properties of the elements and their

dcompounds.
But, even about four decades before, Amedeo Avogadro,

f d b h k bcount of Quaregno and Cerreto, basing on the work by
Joseph Gay-Lussac (1808) had published in the
diti f J l 14th 1811 J l d Ph i dedition of July 14th 1811 on Journal de Physique, de

Chimie et d'Histoire naturelle his paper Essai d'une
maniè e de déte mine les masses elati es desmanière de déterminer les masses relatives des
molecules élémentaires des corps, et les proportions
selon lesquelles elles entrent dans ces combinaisonsselon lesquelles elles entrent dans ces combinaisons.
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CHEMISTRY AND PERIODIC TABLE CHEMISTRY AND PERIODIC TABLE (2)(2)

TheThe Avogadro’sAvogadro’s hypothesishypothesis waswas foundedfounded onon thethe diversitydiversity
betweenbetween atomsatoms andand molecules,molecules, whichwhich JohnJohn DaltonDalton
himselfhimself waswas confusing,confusing, asas wellwell asas onon thethe possibilitypossibility thatthat
elementselements couldcould alsoalso bebe presentpresent inin aa molecularmolecular formform..

EachEach chemistrychemistry studentstudent toto--dayday learnslearns andand experimentsexperiments
Avogadro’sAvogadro’s lawlaw;; butbut thethe scientificscientific communitycommunity ofof thethe
earlyearly 1919thth centurycentury diddid notnot acceptaccept Avogadro’sAvogadro’s principles,principles,
stillstill when,when, threethree yearsyears laterlater ((18141814),), AndréAndré –– MarieMarie
AmpèreAmpère,, showedshowed theirtheir validity,validity, eveneven ifif byby anotheranother
experimentalexperimental methodmethod..
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CHEMISTRY AND PERIODIC TABLE (3)CHEMISTRY AND PERIODIC TABLE (3)
ThisThis hostilityhostility waswas primarilyprimarily duedue toto thethe factfact thatthat,, byby

experimentingexperimenting withwith inorganicinorganic substancessubstances,, oftenoften thesethesep gp g gg ,,
latterlatter underwentunderwent dissociationdissociation,, thusthus causingcausing majormajor
discrepanciesdiscrepancies withwith respectrespect toto previsionsprevisions ofof Avogadro’sAvogadro’s
principleprinciple.. OnOn thethe contrarycontrary,, whenwhen studiesstudies onon organicorganic
substancessubstances,, isolatedisolated fromfrom naturalnatural productsproducts oror
synthetisedsynthetised,, becamebecame moremore frequentfrequent,, AvogradoAvogrado’s’s principleprinciple
waswas checkedchecked againagain andand foundfound toto bebe fullyfully reliablereliable toto
calculatecalculate molecularmolecular weightsweights..

TheThe firstfirst toto havehave envisagedenvisaged thethe potentialitypotentiality ofof Avogadro’sAvogadro’s
principleprinciple andand itsits correctnesscorrectness hashas beenbeen aa youngyoung
researcherresearcher,, StanislaoStanislao CannizzaroCannizzaro,, bornborn inin PalermoPalermo
((JulyJuly 1313 thth 18261826),), whowho wonwon thethe chairchair ofof chemistrychemistry inin
18551855,, atat thethe UniversityUniversity ofof GenoaGenoa..
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CHEMISTRY AND PERIODIC TABLE (4)CHEMISTRY AND PERIODIC TABLE (4)CHEMISTRY AND PERIODIC TABLE (4)CHEMISTRY AND PERIODIC TABLE (4)
InIn thisthis University,University, hehe publishedpublished inin 18581858 SuntoSunto didi unun CorsoCorsoy,y, pp

didi FilosofiaFilosofia ChimicaChimica,, inin whichwhich hehe gavegave thethe outmostoutmost valuevalue
toto Avogadro’sAvogadro’s principle,principle, byby consideringconsidering thatthat ifif twotwo gases,gases,
inin thethe samesame temperaturetemperature andand pressurepressure state,state, containcontain thethe
samesame numbernumber ofof molecules,molecules, thethe ratioratio ofof theirtheir twotwo
volumesvolumes givesgives directlydirectly thethe ratioratio ofof theirtheir molecularmolecular
weightsweights (what(what wewe nownow callcall formulaformula weightsweights))..

ForFor example,example, ifif 11 LL ofof hydrogenhydrogen (a(a biatomicbiatomic gas)gas) atat 00°°CC
andand 760760 mmmm HgHg pressurepressure hashas thethe weightweight ofof 00..090090 g,g, andand
11 LL ofof oxygenoxygen (an(an equallyequally biatomicbiatomic gas)gas) inin thethe samesame
conditionsconditions hashas thethe weightweight ofof 11..4343 g,g, thethe oxygenoxygen
moleculemolecule shouldshould weighweigh 11..4343 // 00..090090 times,times, thatthat isis 1515..99
times,times, thatthat ofof hydrogenhydrogen..
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CHEMISTRY AND PERIODIC TABLE (5)CHEMISTRY AND PERIODIC TABLE (5)
II thth tt l til ti ll ii hi hhi h thth h dh dInIn otherother terms,terms, onon aa relativerelative scalescale inin whichwhich thethe hydrogenhydrogen

moleculemolecule hashas thethe valuevalue ofof 22..016016,, thethe valuevalue ofof thethe oxygenoxygen
l ll l ii 22 016016 1515 99 th tth t ii 3232 00 ThiThi C iC imoleculemolecule isis 22..016016 xx 1515..99,, thatthat isis 3232..00.. ThisThis CannizzaroCannizzaro

rulerule allowedallowed toto calculate,calculate, veryvery reliably,reliably, atomicatomic weights,weights,
asas thethe Avogadro’sAvogadro’s rulerule diddid forfor molecularmolecular weightsweightsasas thethe Avogadro’sAvogadro’s rulerule diddid forfor molecularmolecular weightsweights..

DuringDuring thethe presentationpresentation ofof thesethese principlesprinciples byby CannizzaroCannizzaro,,
ff ftft A d ’A d ’ d thd th tt thth fi tfi tfourfour yearsyears afterafter Avogado’sAvogado’s death,death, atat thethe firstfirst
InternationalInternational CongressCongress ofof ChemistryChemistry ofof KarlsruleKarlsrule,, inin
18601860 wherewhere alsoalso DmitrijDmitrij IvanovičIvanovič MendeléevMendeléev andand18601860,, wherewhere alsoalso DmitrijDmitrij IvanovičIvanovič MendeléevMendeléev andand
JuliusJulius LotharLothar MeyerMeyer werewere present,present, thethe latterlatter
addressedaddressed toto CannizzaroCannizzaro aa wellwell knownknown appreciationappreciation ((youyouaddressedaddressed toto CannizzaroCannizzaro aa wellwell knownknown appreciationappreciation ((youyou
gavegave usus backback ourour sightsight)).. CannizzaroCannizzaro himselfhimself gave,gave, atat thatthat
MeetingMeeting thethe fullfull explanationexplanation ofof thethe apparentapparent deviationsdeviationsMeeting,Meeting, thethe fullfull explanationexplanation ofof thethe apparentapparent deviationsdeviations
fromfrom Avogadro’sAvogadro’s principle,principle, shownshown byby moleculesmolecules inin aa
dissociationdissociation equilibriumequilibriumdissociationdissociation equilibriumequilibrium..
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CHEMISTRY AND PERIODIC TABLE (6)CHEMISTRY AND PERIODIC TABLE (6)
FourFour yearsyears afterafter thethe KarlsruheKarlsruhe Conference,Conference, inin 18641864,, LotharLotharyy ,, ,,

MeyerMeyer publishedpublished thethe firstfirst attemptattempt toto correlatecorrelate propertiesproperties
ofof 2828 elementselements ((periodicperiodic TableTable)) withwith thethe conceptconcept ofof((pp )) pp
valencevalence.. OnlyOnly inin 18691869,, followingfollowing thethe possibilitypossibility offeredoffered
byby thethe Avogadro’sAvogadro’s andand Cannizzaro’sCannizzaro’s criteriacriteria toto evaluateevaluate
correctlycorrectly atomicatomic massesmasses ofof thethe elements,elements, MendeléevMendeléev waswas
ableable toto fitfit inin thisthis TableTable allall elementselements knownknown atat thatthat time,time,
andand toto foreseeforesee thethe existenceexistence ofof newnew elementselements inin thethe
voidsvoids ofof thisthis TableTable (the(the ekaeka--elementselements)).. TheThe
confirmation,confirmation, aa fewfew monthsmonths later,later, byby LotharLothar MeyerMeyer ofof thethe
MendeléevMendeléev Table,Table, andand itsits substantialsubstantial periodicityperiodicity (some(some

titi t)t) ll f tif ti ff t it i i hti htexceptionsexceptions apart)apart) alsoalso asas aa functionfunction ofof atomicatomic weight,weight, asas
wellwell asas thethe discoverydiscovery ofof somesome ofof thethe ekaeka--elements,elements, havehave
bb thth fi tfi t t t dit t di ti li titi li ti ff Ch i tCh i t ttbeenbeen thethe firstfirst outstandingoutstanding rationalisationrationalisation ofof Chemistry,Chemistry, toto
thethe birthbirth ofof whichwhich AvogadroAvogadro andand CannizzaroCannizzaro hadhad givengiven
suchsuch anan importantimportant quantitativequantitative contributioncontributionsuchsuch anan importantimportant quantitativequantitative contributioncontribution..
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CHEMISTRY CHEMISTRY AND PERIODIC TABLE AND PERIODIC TABLE (7)(7)
HH itit hh bb R d lfR d lf Cl iCl i ithith hihi ki tiki tiHowever,However, itit hashas beenbeen RudolfRudolf ClausiusClausius,, withwith hishis kinetickinetic

theorytheory ofof gasesgases ((18571857),), andand JacobusJacobus HenricusHenricus van’tvan’t
H ffH ff bb l il i th d ith d i t dt d tt t dt dHoffHoff,, byby applyingapplying thermodynamicthermodynamic metodsmetods toto studystudy
solutionssolutions ((18861886),), andand discoveringdiscovering thethe formalformal analogiesanalogies
withwith Avogadro’sAvogadro’s andand Cannizzaro’sCannizzaro’s criteriacriteria toto givegive finalfinalwithwith Avogadro’sAvogadro’s andand Cannizzaro’sCannizzaro’s criteria,criteria, toto givegive finalfinal
approvalapproval toto Avogadro’sAvogadro’s hypothesishypothesis andand toto consideringconsidering
thisthis scientistscientist asas aa founderfounder ofof atomicatomic molecularmolecular theorytheorythisthis scientistscientist asas aa founderfounder ofof atomicatomic -- molecularmolecular theorytheory..

DuringDuring thesethese samesame years,years, aa newnew sciencescience waswas rising,rising,
ThermodynamicsThermodynamics potentiallypotentially ableable toto givegive toto otherotherThermodynamicsThermodynamics,, potentiallypotentially ableable toto givegive toto otherother
sciencessciences powerfulpowerful hints,hints, asas hashas done,done, amongamong thethe firstfirst
onesones toto ChemistryChemistryones,ones, toto ChemistryChemistry..

Thus,Thus, towardstowards thethe endend ofof thethe 1919thth century,century, Chemistry,Chemistry, andand
thth i dii di T blT bl ti l lti l l t llt ll ddthethe periodicperiodic TableTable particularly,particularly, werewere conceptuallyconceptually readyready
toto thethe discoverydiscovery ofof RadioactivityRadioactivity andand toto thethe birthbirth ofof
RadiochemistryRadiochemistryRadiochemistryRadiochemistry.. LASA, LASA, DeptDept. . ofof PhysicsPhysics, , 
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 The birth The birth ofof ElectrochemistryElectrochemistry
Luigi Galvani, Alessandro Volta, and Luigi Galvani, Alessandro Volta, and 

L i i V l iL i i V l i B lliB lliLuigi Valentino Luigi Valentino BrugnatelliBrugnatelli

 FromFrom ChemistryChemistry toto RadiochemistryRadiochemistryyy yy
The birth The birth ofof ChemistryChemistry and and PeriodicPeriodic TableTable
Amedeo Avogadro and Stanislao Amedeo Avogadro and Stanislao CannizzaroCannizzaro

 ContributionsContributions toto ContributionsContributions toto
OrganicOrganic ChemistryChemistry LASA, LASA, DeptDept. . ofof PhysicsPhysics, , OrganicOrganic ChemistryChemistry pp yy
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ThTh tt ff ii h i th i t d t dd t d ff thth fi tfi tTheThe termterm ofof organicorganic chemistrychemistry waswas adoptedadopted forfor thethe firstfirst
timetime inin 18061806 byby JoensJoens JacobJacob BERZELIUS,BERZELIUS, duedue toto thethe factfact
th tth t thithi b hb h ff h i th i t i t d di t d d tt t dt dthatthat thisthis branchbranch ofof chemistrychemistry waswas intendedintended toto studystudy
compoundscompounds extractedextracted fromfrom livingliving organisms,organisms, vegetalsvegetals oror
animalsanimals and/orand/or theirtheir metabolitesmetabolitesanimals,animals, and/orand/or theirtheir metabolitesmetabolites..

OnlyOnly inin 18281828,, thethe GermanGerman chemistchemist FriedrichFriedrich WOEHLERWOEHLER
th i dth i d ff i ii i i t di ti t di t ddsynthesizedsynthesized ureaurea fromfrom inorganicinorganic intermediates,intermediates, andand

showedshowed thatthat thethe syntheticsynthetic moleculemolecule hadhad thethe samesame
propertiesproperties asas thatthat isolatedisolated fromfrom animalanimal organismsorganismspropertiesproperties asas thatthat isolatedisolated fromfrom animalanimal organismsorganisms..

InIn 18611861 AugusteAuguste KE’KULE’KE’KULE’ defineddefined organicorganic chemistrychemistry asas
“th“th t dt d ff bb d ”d ” ( ith( ith ii“the“the studystudy ofof carboncarbon compounds”compounds” (with(with minorminor
exceptions,exceptions, suchsuch asas simplesimple derivativesderivatives ofof carboncarbon oxides)oxides)..
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EvenEven ifif italianitalian chemists,chemists, duringduring thethe 1919thth century,century, werewere
predominantlypredominantly whatwhat wewe wouldwould nownow namename physicalphysical
chemistschemists oror chemicalchemical physicists,physicists,,, suchsuch asas AVOGADROAVOGADRO

dd VOLTAVOLTA i hi h b k db k d f if i ii h ih iandand VOLTA,VOLTA, withwith aa backgroundbackground formationformation inin physics,physics, asas
waswas knownknown atat thatthat time,time, somesome ofof themthem hadhad interestsinterests inin

ii h i th i t hh CANNIZZAROCANNIZZARO i li lorganicorganic chemistry,chemistry, suchsuch asas CANNIZZARO,CANNIZZARO, oror werewere mainlymainly
devoteddevoted toto organicorganic chemistrychemistry asas suchsuch..

AA briefbrief historicalhistorical outline,outline, forfor thethe mostmost importantimportant
contributorscontributors toto organicorganic chemistrychemistry asas such,such, willwill bebe
presentedpresented inin thethe followingfollowing slidesslides..
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InIn 18381838,, RaffaeleRaffaele PIRIAPIRIA ((18141814--18651865),), whilewhile studyingstudying
chemistrychemistry withwith DumasDumas inin Paris,Paris, carriescarries outout importantimportant
researchesresearches onon salycinsalycin andand onon compositioncomposition ofof glucosidesglucosides..
HisHis researchesresearches areare publishedpublished onon ComptesComptes RendusRendus dede
l’Académiel’Académie desdes Sciences,Sciences, andand AnnalesAnnales dede ChimieChimie etet dede
hhPhysiquePhysique..

AA fewfew yearsyears laterlater ((18441844--18461846),), whilewhile studyingstudying asparagininasparaginin
andand asparticaspartic acid,acid, hehe setssets upup thethe reactionreaction whichwhich stillstill
carriescarries hishis namename ((PiriaPiria reactionreaction betweenbetween aliphaticaliphatic aminesamines
andand nitrousnitrous acidacid toto yieldyield thethe correspondingcorresponding alcohols)alcohols)..

AtAt thethe UniversityUniversity ofof Pisa,Pisa, hehe foundedfounded thethe chemicalchemical
laboratory,laboratory, whichwhich soonsoon becamebecame aa referencereference pointpoint forfor
chemistrychemistry studentsstudents inin ItalyItaly (CANNIZZARO(CANNIZZARO hashas beenbeen
PIRIA’sPIRIA’s studentstudent inin thisthis University,University, beforebefore PIRIAPIRIA movedmoved toto
thethe UniversityUniversity ofof Turin)Turin)..
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InIn 18471847,, AscanioAscanio SOBREROSOBRERO ((18121812--18881888),), atat thethe UniversityUniversity
ofof TurinTurin,, producesproduces,, forfor thethe firstfirst timetime,, nitroglycerolnitroglycerol.. HisHis
researchesresearches willwill constituteconstitute thethe basisbasis ofof thethe furtherfurther studiesstudies
onon thisthis fieldfield byby AlfredAlfred NobelNobel..

InIn 18531853,, StanislaoStanislao CANNIZZARO,CANNIZZARO, whowho,, atat thatthat timetime waswasInIn 18531853,, StanislaoStanislao CANNIZZARO,CANNIZZARO, whowho,, atat thatthat timetime waswas
teachingteaching chemistrychemistry atat thethe NationalNational CollegeCollege ofof AlessandiraAlessandira
((nearnear TurinTurin),), discovereddiscovered thethe dismutationdismutation ofof aldehydesaldehydes,, aa(( ),), yy ,,
reactionreaction,, whichwhich stillstill carriescarries hishis namename.. TwoTwo yearsyears laterlater,, hehe
waswas appointedappointed professorprofessor atat thethe UniversityUniversity ofof GenoaGenoa..pppp pp yy
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InIn 18641864,, HugoHugo SCHIFFSCHIFF ((18341834--19151915),), atat thatthat timetime professorprofessor
ofof chemistrychemistry atat thethe MuseumMuseum ofof PhysicsPhysics andand NaturalNaturalofof chemistrychemistry atat thethe MuseumMuseum ofof PhysicsPhysics andand NaturalNatural
SciencesSciences inin FlorenceFlorence,, discoversdiscovers thethe condensationcondensation
reactionreaction ofof aldehydesaldehydes withwith aminesamines ((aromaticaromatic aminesaminesreactionreaction ofof aldehydesaldehydes withwith aminesamines ((aromaticaromatic aminesamines
particularlyparticularly),), yieldingyielding productsproducts,, whichwhich areare stillstill namednamed
SCHIFFSCHIFF basesbases..SCHIFFSCHIFF basesbases..

InIn 18781878 FrancescoFrancesco SELMISELMI ((18171817 18811881)) professorprofessor ofofInIn 18781878,, FrancescoFrancesco SELMISELMI ((18171817--18811881),), professorprofessor ofof
chemistrychemistry atat thethe UniversityUniversity ofof Bologna,Bologna, studiesstudies thethe
toxicologictoxicologic importanceimportance ofof somesome alcaloidsalcaloids aa fewfew yearsyearstoxicologictoxicologic importanceimportance ofof somesome alcaloidsalcaloids,, aa fewfew yearsyears
afterafter thethe foundationfoundation ofof GazzettaGazzetta ChimicaChimica italianaitaliana ((18711871),),
thethe officialofficial organorgan ofof italianitalian chemistschemiststhethe officialofficial organorgan ofof italianitalian chemistschemists
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InIn 18811881,, GiacomoGiacomo LuigiLuigi CIAMICIANCIAMICIAN ((18571857--19221922),), atat thatthat
timetime associatedassociated toto thethe CANNIZZARO’sCANNIZZARO’s groupgroup inin RomeRometimetime associatedassociated toto thethe CANNIZZARO sCANNIZZARO s groupgroup inin RomeRome,,
beforebefore becomingbecoming professorprofessor ofof chemistrychemistry,, firstfirst atat thethe
UniversityUniversity ofof PadovaPadova ((18871887)) andand afterwardsafterwards atat BolognaBolognaUniversityUniversity ofof PadovaPadova ((18871887)) andand afterwardsafterwards atat BolognaBologna
((18891889),), beginsbegins hishis fundamentalfundamental studiesstudies onon pyrrolepyrrole
chemistrychemistry andand transformationtransformation ofof fivefive atomsatomschemistrychemistry,, andand transformationtransformation ofof fivefive atomsatoms
heteroaromaticheteroaromatic ringsrings intointo sixsix atomsatoms ringsrings,, likelike pyridinepyridine..

InIn 18961896,, AngeloAngelo ANGELIANGELI ((18641864--19311931),), graduatedgraduated inin 18911891
atat thethe Uni e sitUni e sit ofof BolognaBologna inin thethe CIAMICIAN’sCIAMICIAN’s g o pg o patat thethe UniversityUniversity ofof BolognaBologna inin thethe CIAMICIAN’sCIAMICIAN’s groupgroup,,
discoversdiscovers nitro,nitro, hydroxylaminohydroxylamino acidacid.. InIn 19151915 hehe willwill bebe
appointedappointed professorprofessor ofof organicorganic chemistrychemistry inin FlorenceFlorence HisHisappointedappointed professorprofessor ofof organicorganic chemistrychemistry inin FlorenceFlorence.. HisHis
namename isis tiedtied toto thethe AngeliAngeli reactionreaction forfor aldehydesaldehydes
detectiondetection andand toto thethe AngeloAngelo--RiminiRimini reactionreaction betweenbetweendetection,detection, andand toto thethe AngeloAngelo--RiminiRimini reactionreaction betweenbetween
aldehydesaldehydes andand NN--hydroxybenzenehydroxybenzene sulphonamidessulphonamides..
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SOME CONCLUDING SOME CONCLUDING 
EPISTEMOLOGICAL EPISTEMOLOGICAL 
CONSIDERATIONSCONSIDERATIONSCONSIDERATIONSCONSIDERATIONS

NotNot alwaysalways (on(on thethe contrarycontrary,, rarelyrarely),), inin thethe historyhistory ofof
Science,Science, reallyreally innovatinginnovating oror revolutionaryrevolutionary ideasideas areareScience,Science, reallyreally innovatinginnovating oror revolutionaryrevolutionary ideasideas areare
rapidlyrapidly acceptedaccepted byby thethe scientificscientific community,community, oror soonsoon
becomebecome thethe commoncommon heritageheritage..gg

MoreoverMoreover sometimessometimes eveneven whowho fostersfosters thethe innovationsinnovations isisMoreoverMoreover,, sometimessometimes,, eveneven whowho fostersfosters thethe innovationsinnovations isis
notnot fullyfully awareaware ofof theirtheir importanceimportance,, andand cannotcannot bebe,, sincesince
developmentsdevelopments oftenoften gogo beyondbeyond thethe startingstarting ideasideas andanddevelopmentsdevelopments oftenoften gogo beyondbeyond thethe startingstarting ideasideas andand
conceptsconcepts
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TwoTwo excellentexcellent andand leadingleading examplesexamples ofof thisthis assertionassertion havehave
beenbeen thethe atomicatomic theorytheory inin thethe 1919thth centurycentury andand thethebeenbeen thethe atomicatomic theorytheory inin thethe 1919thth centurycentury andand thethe
quantumquantum theorytheory inin thethe 2020th,th, bothboth ofof whichwhich,, startingstarting fromfrom
physicalphysical theoriestheories hadhad anan enormousenormous impactimpact ononphysicalphysical theoriestheories,, hadhad anan enormousenormous impactimpact onon
ChemistryChemistry..

WhenWhen,, inin 19001900,, PlanckPlanck introducedintroduced thethe quantumquantum conceptconcept,, hehe
diddid tt llll th tth t ldld bb id did ddiddid notnot reallyreally meanmean thatthat energyenergy couldcould bebe consideredconsidered asas
discreetdiscreet bulletsbullets,, butbut thatthat itsits wayway ofof exchangeexchange intointo heatheat

asas s chs ch itho titho t a inga ing itsits nat enat e hichhich PlanckPlanck fi mlfi mlwaswas suchsuch,, withoutwithout varyingvarying itsits nature,nature, whichwhich PlanckPlanck firmlyfirmly
heldheld asas undulatoryundulatory,, andand onlyonly likelike soso..

ItIt hashas beenbeen onlyonly fivefive yearsyears laterlater,, inin 19051905,, thatthat AlbertAlbert
EINSTEINEINSTEIN explicitlyexplicitly consideredconsidered thethe quantumquantum ofof lightlight,, asas
thethe smallestsmallest energyenergy quantityquantity thatthat oneone couldcould considerconsider..
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OnlyOnly byby thisthis way,way, thethe photoelectricphotoelectric effecteffect couldcould bebe
explainedexplained andand quantitativelyquantitatively interpretedinterpreted andand forfor thetheexplainedexplained andand quantitativelyquantitatively interpretedinterpreted,, and,and, forfor thethe
firstfirst timetime,, thethe PlanckPlanck hh constantconstant experimentallyexperimentally
evaluatedevaluatedevaluatedevaluated..

A dA d itit hh bb ll ii 19231923 th tth t L iL i dd B liB li li dli dAndAnd itit hashas beenbeen onlyonly inin 19231923 thatthat LouisLouis dede BroglieBroglie realisedrealised
thatthat EINSTEIN’sEINSTEIN’s discoverydiscovery ofof 19051905 ((thethe dualdual naturenature ofof
energyenergy bothboth corpuscularcorpuscular andand wavewave likelike)) couldcould bebeenergyenergy,, bothboth corpuscularcorpuscular andand wavewave--likelike)) couldcould bebe
generalisedgeneralised andand extendedextended toto allall materialmaterial particlesparticles,,
particularlyparticularly toto electronselectronsparticularlyparticularly toto electronselectrons..
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The The pathspaths ofof Science are Science are notnot straightstraight and easy.and easy.

InIn thethe 1717thth centurycentury,, thethe samesame occurredoccurred toto thethe founderfounder ofofyy,,
ScienceScience inin thethe modernmodern sensesense,, GalileoGalileo GALILEI,GALILEI, andand laterlater
toto IsaacIsaac NEWTONNEWTON..

NewtonNewton waswas bornborn inin 16421642,, thethe samesame yearyear inin whichwhich GalileiGalileiNewtonNewton waswas bornborn inin 16421642,, thethe samesame yearyear inin whichwhich GalileiGalilei
dieddied.. EinsteinEinstein waswas bornborn inin 18791879,, thethe samesame yearyear inin whichwhich
MaxwellMaxwell dieddied.. SomeSome kindkind ofof torchtorch--bearersbearers,, inin thetheMaxwellMaxwell dieddied.. SomeSome kindkind ofof torchtorch bearersbearers,, inin thethe
languagelanguage ofof olympicolympic gamesgames..

LetLet’s’s allall bebe torchtorch--bearersbearers ofof Science,Science, nono mattermatter howhow difficultdifficult
andand wearisomewearisome thisthis tasktask maymay bebeandand wearisomewearisome thisthis tasktask maymay bebe..
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InIn 19271927,, justjust 8585 yearsyears ago,ago, thethe InternationalInternational CongressCongress ofof
PhysicsPhysics waswas heldheld inin ComoComo fromfrom SeptemberSeptember 1111thth totoPhysicsPhysics waswas heldheld inin Como,Como, fromfrom SeptemberSeptember 1111thth toto
SeptemberSeptember 2020th,th, toto commemoratecommemorate thethe hundredthhundredth
AnniversaryAnniversary ofof Volta’sVolta’s deathdeathAnniversaryAnniversary ofof Volta sVolta s deathdeath..

bb hh hh dd ff hh ffOnOn SeptemberSeptember 1616th,th, BohrBohr presentedpresented forfor thethe firstfirst timetime,, toto
thethe scientificscientific audience,audience, thethe ideaidea ofof complementaritycomplementarity suchsuch

ii bb H i bH i b ’’ i i li i l ff i d t i tii d t i tiasas givengiven byby HeisenbergHeisenberg’s’s principleprinciple ofof indeterminationindetermination,,
linkedlinked toto thethe rolerole ofof measurementmeasurement inin quantumquantum theorytheory,,
andand thethe p obabilisticp obabilistic inte p etationinte p etation gi engi en bb Bo nBo n toto thetheandand thethe probabilisticprobabilistic interpretationinterpretation givengiven byby BornBorn toto thethe
SchroedingerSchroedinger wavewave functionfunction,, toto constituteconstitute thethe foundationfoundation
forfor aa newnew conceptionconception ofof quantumquantum mechanicsmechanics ThisThis fusionfusionforfor aa newnew conceptionconception ofof quantumquantum mechanicsmechanics.. ThisThis fusionfusion
ofof ideasideas willwill soonsoon bebe namednamed CopenhagenCopenhagen interpretationinterpretation
ofof quantumquantum theorytheoryofof quantumquantum theorytheory..
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AmongAmong thethe audience,audience, atat thethe IstitutoIstituto Carducci,Carducci, wherewhere thethe
meetingmeeting waswas heldheld BornBorn dede BroglieBroglie ComptonComptonmeetingmeeting waswas heldheld,, BornBorn,, dede BroglieBroglie,, Compton,Compton,
HeisenbergHeisenberg,, LorentzLorentz,, PauliPauli,, PlanckPlanck,, andand SommerfeldSommerfeld
werewere presentpresentwerewere presentpresent..

hh bb hh ’’ ffTwoTwo physicistsphysicists werewere absentabsent atat thethe Como’Como’ss meetingmeeting ofof
SeptemberSeptember 19271927.. SchroedingerSchroedinger hadhad movedmoved,, onlyonly somesome

kk lili tt B liB li hh hh ll dll d Pl kPl k’’weeksweeks earlierearlier,, toto BerlinBerlin,, wherewhere hehe waswas calledcalled asas PlanckPlanck’s’s
successor,successor, andand waswas consequentlyconsequently involvedinvolved inin urgenturgent
homehome settingsetting EinsteinEinstein ef sedef sed toto to chto ch thethe thenthen fascistfascisthomehome--settingsetting.. EinsteinEinstein refusedrefused toto touchtouch thethe thenthen fascistfascist
ItalyItaly.. BohrBohr wouldwould havehave metmet himhim onlyonly oneone monthmonth laterlater inin
BrusselsBrussels atat thethe famousfamous SolvaySolvay meetingmeeting thethe fifthfifth ofof thetheBrusselsBrussels atat thethe famousfamous SolvaySolvay meeting,meeting, thethe fifthfifth ofof thethe
seriesseries.. TheirTheir controversycontroversy onon thethe CopenhagenCopenhagen
interpretationinterpretation willwill continuecontinueinterpretationinterpretation willwill continuecontinue..
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TheThe pathspaths ofof Science areScience are notnotThe The pathspaths ofof Science are Science are notnot
straightstraight and easy.and easy.gg yy

LetLet’s’s allall bebe,,LetLet s s allall bebe, , 
humblyhumbly butbut proudlyproudly,,humblyhumbly butbut proudlyproudly,,

torchtorch--bearersbearers ofof ScienceSciencetorchtorch bearersbearers ofof Science,Science,
nono mattermatter howhow difficultdifficult andandno no mattermatter howhow difficultdifficult and and 
wearisomewearisome thisthis tasktask maymay bebe..wearisomewearisome thisthis task task maymay bebe..
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