
O2 
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O

The inventor of the technique for Collecting Air is Stephen 
Hales: 

144 
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How Does Air Enters  France, the Homeland of Lavoisier?

.

TThus, AIR reaches French chemistry & in 1774, Lavoisier 
summarizes the evidence for the chemical fixation of AIR . 146 



Joseph Black is part of the AIR story 

147 

JJoosseepphh  BBllaacckk  aanndd  tthhee  FFiixxeedd  AAiirr

. 148 



Our Next Hero is Henry Cavendish (1731-1810), “the wisest ooff  
the rich and the richest of the wise” (Biot)

6

149 

speaking into a vacancy

If I may be permitted to 
give my opinion, England has sustained no loss so great as that of 
Cavendish’s death

aqua  
fortis

aqua fortis

 The phlogiston concept enters into pneumatic chemistry!
150 
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Carl Wilhelm Scheele s discoveries 8

153 

Scheele and the Discovery of O2 (1772) 

Phlogiston strikes again… Suddenly a compositional theory 
tthhaatt  iinncclluuddeess  pphhllooggiissttoonn  aass  aa  mmaatteerriiaall  eelleemmeenntt……  

154 



Joseph Priestley (1734-1804) 

155 

These Caricatures show that he was a public figure, 
and what he did and wrote affected the public.  

156 

1
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Priestley s Lab 
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Joseph Priestley Discoveries: 

Observation of Different Kinds 
of Airs

  

O
159 

Priestley, the Method of Titration  of Phlogiston in Air 

.

2HgO    2Hg  +  O2

160 
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Summary of Lecture 7 

Phlogiston acquires a 
material status, and this will 
make it an important theory, 
but this is also the seed of 
destruction of the theory by 
Lavoisier 

The person who brings the 
change is Antoine Laurent 
Lavoisier 1743-94 
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As fitting a son of such an age,  

163 
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It took them only an instance to cut off his 
head, but France will not produce another like it in a 
century” 
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Early Application of the Notion of Conservation of Matter  

 A Beginning of Analytical Chemistry and a real dawn of a 
material approach to chemistry, as envisioned by Boyle.
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Personality Differences: 
Combustion by Priestley and Lavoisier 

Both use lenses, but look at the 
magnitudes of the operations! 

171 

IInnvveessttiiggaattiioonnss  ooff  CCoommbbuussttiioonn    

172 



Lavoisier’s Conclusions from the Investigations of 
Combustion:  

aeriform

 Calx = compounded Air = material 

173 

During 1775-1778 Lavoisier Begins Systematic Investigations 
of Fixed Airs by Releasing them from Solids. 

The French alone seem 
not to take any part in these important inquiries

the fixed part of an elastic fluid…deprived of its inflammable 
principle

174 



The increase in weight…[comes only] from the air 
contained in the flask.

it follows that 
the air set free from reduction…is not simple; it is…the result of 
combination of the gas set free from the metal and that [which is] set 
free from the charcoal

175 

The Advantage of Chemical Calculus: 

it is the air itself
[the gas] emerges in an eminently respirable 

condition, more suitable [than air] to support ignition and combustion
176 

The paper gets published only in 1778 and it shows that 



Here is A Simple Experiment with RED Calx (HgO) 

177 

we can recompound air, 
similar to that of the 
atmosphere

The Composition of Common Air, 1777-1780 

178 



The Definition of Oxygen , 1777-1780 

General Considerations on the Nature of Acids, and of the Principles of 
Which They are Composed

Many additional experiments enable me to generalize… and to declare 
that this pure and highly respire-able air is the constitutive principle of 
acidity

179 

Solving the Material Puzzle of Aireal Composition (1783-1785) 

Deus Ex Machina
180 



what can be known by the balance and direct measurement 
is that all metallic calcinations…[undergo] augmentation of weight due to the 
addition of the oxygen principle…Once this principle is admitted, the principal 
difficulties of chemistry…evaporate. If everything can be explained without 
[phlogiston], it is…infinitely probable that [it] does not exist… It is within the 
principles of logic not to multiply bodies without necessity

181 

182 

These are the genes of our 
“positivistic” science: 



183 
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185 

perfection of language was necessary to the perfection of 
knowledge

those 
substances we are not able to decompose…as a result of chemical analysis

some day 
these substances, which are simple for us, will be decomposed in their turn

!

the denomination of bodies…which can be reduced to their 
elements, are properly expressed by the re-union of the names of those same 
[elements]

 Later, Furcroy points out that the nomenclature constitutes a 
consolidation of Lavoisier s theory into a body of unified concepts 
and terms. 186 



11778899--  TThhee  GGrraanndd  FFiinnaalléé  
Traité

!!!

 As such, Lavoisier creates in Traité a 
powerful device for propagating the  
new chemistry. Even the opponents 
recognize this as the chemical 
revolution . 187 

From Traité 

New  
Names: 

Ancient 
Names: 

188 



The everlasting Achievements of Lavoisier: 

189 

Newton & Lavoisier, and the Kuhnian-Poperian Relationship 

190 



BBaacckkggrroouunndd 1177CC  aanndd  EEaarrllyy  1188CC  SSttaattuuss  ooff  AAiirr  

spiritus nitro-
aerius

 Missing is a technique to collect gases! 
191 

Summary, Lecture 8 
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Summary-2, Lecture 8 
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SSuummmmaarryy--33,,  LLeeccttuurree  88 
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Synopsis : The Completion of the Compositional Revolution 
- The Atomic Hypothesis of Dalton

195 

.

Early Outcomes of the Compositional Revolution  

196 



 The Newtonian Dream - Chemical Calculus

Perhaps some day the precision of data will… [enable 
the chemist]… to calculate… the phenomena of any chemical 
combination in the same manner as he calculates the movement of 
the celestial bodies

197 

 The Newtonian Dream

have we really 
reached the limit

Very possibly the bodies which we reckon simple, 
may be real compounds; but till this has actually been proved, we 
have no right to suppose it

vs 
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Too Many Elements 

199 

TToooo  MMaannyy  EElleemmeennttss  

Till when How many

Too many

In spite of the repugnance which I feel in admitting new simple 
bodies… I am nevertheless forced by the large number of new 
characteristics… to regard it as a metal… which has no analog

  

4
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TToooo  MMaannyy  EElleemmeennttss  

Imagination.. Which is ever wondering beyond the limits of truth… 
We must trust to nothing but facts… . 

Believe in what you can actually observe

…it is extremely probable we know 
nothing at all about them

201 

Incipient Order in the End of the 18C and Beginning of 19C 
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Incipient Order in the End of the 18C and Beginning of 19C 

So functional a 
rationale for the explicit laws of combination, that the whole dispute 
became moot

Now is the time to introduce our heroes 
203 

Our 1st Hero is Jeremias Benjamin Richter Who 
was Born in Germany (1762-1807), and Who 
Formulated The Law of Equivalent Weights: 

because neutral products were 
formed, [the reactants] must have amongst themselves a certain 
fixed ratio of mass . the Law of Neutrality

204 



Jeremias Benjamin Richter (1762-1807) 

the art of chemical measurement, which has to deal 
with the laws according to which substances unite to 
form chemical compounds .

6

mathematical fantasies

205 

Fischer Saves The Law of Equivalent Weights from Oblivion 

       Acids (II) 

Alumina 525        Fluoric 427 

     Carbonic 577 
Ammonia 672 HCl) 712 

  It is only with Fischer’s work, that chemists begin to use 
these “combining equivalent weights” in design of their 
experiments to reach “neutrality”. 

206 



BBeerrtthhoolllleett  aanndd  PPrroouusstt  ––  TThhee  CCoonnttrroovveerrssyy  ooff  DDeeffiinniittee//
indefinite Proportions 

[it is] an eternal truth [that] mixtes are 
composed of definite proportions

207 

BBeerrtthhoolllleett  aanndd  PPrroouusstt  

.  

208 



Berthollet- Indefinite Proportions 

the action of mass could overcome the rules of elective 
affinities

bodies combined in variable-indefinite proportions .

209 

Bull. Hist. Chem.
61 Committee on the Arts & 
Sciences

Description de l Egypte

Proust- Fixed Proportions 

.

One hundred pounds of copper, dissolved in sulfuric or nitric acids 
are precipitated by carbonates of soda or potash, invariably 180 
pounds of copper carbonate. If this quantity [is distilled] it gives 10 
pounds of water, which appear to be essential to the color and 
composition of this carbonate as the carbonic acid itself

210 



Proust vs. Berthollet 

However, there was no clear victor in the controversy, 
since there were nonstoichiometric compounds, like FeO 
that crystallizes as Fe0.95O due to vacancies in the crystal. 
 
 In addition, the accuracy of analysis was dubious, and 
primarily because of that Proust missed the Law of 
Multiple Proportions  

211 

Our Next Hero is John Dalton (1766-1844)- It is worthwhile to 
mention his biography in order to see that traditionally 
scientific revolutions start by outsiders who do not belong to 
the mainstream and oftentimes come also from the periphery 
and not from the central cities.

Principia

212 



John Dalton (1766-844)

213 

John Dalton (1793 on) in Manchester 

.

Extraordinary facts relating to the vision of 
colours

214 



John Dalton (1793 on) in Manchester 

The weather is awkward; but 
the glass is rising. My best respects to all of 
you

215 

John Dalton s Way to Atomism 

216 



Dalton s Way to Atomism (2) 

217 

Dalton s Model of the Airr  
 in the atmosphere 

218 



DDaallttoonn ss  MMooddeell  ooff  tthhee  AAiirr  
 in the atmosphere 

219 

220 

Too Many!!! 

Rehearsal 1 



221 

Rehearsal 2: Dalton s Model of the Air 
 in the atmosphere 

Dalton s Model of the Air in the atmosphere 

222 



SSoommee  IImmppoorrttaanntt  tthhiinnggss  aabboouutt  DDaallttoonn  bbeeffoorree  llooookkiinngg  aatt  hhiiss  
theory 

.

223 

 Let us see the principles of the theory and its visionary 
horizons… 

Dalton Goes Against the Mainstream 

224 



The Principles of the Atomic Hypothesis 

New System 
of Chemical Philosophy

225 

The Principles of the Atomic Hypothesis in Dalton s Book  

Dalton's Hypothsis

 The mmass of matter is not continuous, it is 
divided into quanta, which are the weights 
of the atoms that constitute matter.
 Every type of atom has a characteristic 

weight.

 The laws of atomic combination are 
based on the LEGO principle of atoms - 
homely and pleasant model...
 The algebraic principle of combination 

is simplicity: 1:1, 2:1, 1:2, 3:1, etc. 226 



The Following Drawings Illustrates the Powerful Visual 
 Aspect of Dalton s Model: 

227 

DDalton s Model Gives Clear Rationale to The Quantitative Ruless  

228 



Dalton s Model Gives Clear Rationale to The Quantitative Ruless  

229 

Dalton s Characteristic Confidence  

The third chapter is on chemical synthesis; and tends to place the 
whole science of chemistry upon a new, and more simple basis that it 
has ever been before .

I am confident, [it] will… contribute to establish a beautiful theory of 
chemical synthesis…, and which in due time, I am persuaded, [will] be 
made the basis of all chemical reasoning

FFortissimo ! 
230 



Dalton s Originality and Contribution to Chemistry 

It was a happy idea of representing the atoms and the constitution of 
bodies by symbols that gave Mr Dalton s opinion so much clearness. I 
was delighted with the new light which immediately struck my mind, 
and I saw at glance the immense importance of such a theory, when 
fully developed

231 

More on Dalton s Originality and Contribution to Chemistry  

A

B

BB

120°

4

. 232 



Reaction of Chemists to Dalton s Hypothesis: 

System of Chemistry

All the facts I observed are particular instances of the general 
observation of Mr Dalton that… the simple elements are disposed to 
unite atom to atom, singly, or [one atom] exceeds by a ratio to be 
expressed by  some simple multiple of the number of its atoms

I 
was impressed by the light I found .

I realized that… it was necessary to determine with maximum 
accuracy atomic weights.., this was the most important task of 
chemical research and I devoted myself to do this entirely 233 

Reaction of Chemists to Dalton s Hypothesis: 

234 



OObbjjeeccttiioonnss  ooff  CChheemmiissttss  ttoo  DDaallttoonn ss  HHyyppootthheessiiss::  

 All these make the next topic ... 235 

The Post Dalton Developments in Chemistry: A 
Bird s Eye View 

1  As we discussed, Dalton s ideas quickly gained a 
community of supporters. The wonderful simplicity and the 
visuality of his hypothesis provided an impetuous to seek 
simple combining relationships during chemical reactions, 
for example in volumes, weights, etc.  
2  We shall discuss the important experiments of Gay 
Lusac, and the molecular Hypothesis of Avogadro, which 
advanced Dalton s hypothesis. This happened despite the 
objections of the owner of the hypothesis!  
3  However, along with support there were also objections, 
sometimes very strong. 
 
 We ll start with the objection and then discuss the ideas 

that advanced Dalton s model and matured it to its present 
day s status. 

211 



JJöönnss  JJaaccoobb  BBeerrzzeelliiuuss  ((11777788--11884488))

237 

Initially Berzelius 

 [It is] incorrect even in the mathematical 
part… In the chemical part, he [Dalton] allows 
himself lapses from the truth…

238 



There are also Philosophical Objections from other great 
chemists, e.g. Sir Humphrey Davy (1778-1829). 

239 

Sir Humphrey Davy s Objections 

 

God would not design a world 
with so many atoms

240 

the development of the theory of definite proportions 
usually called the atomic theory of chemistry .



11837 Dumas 
 

..  
 in 1837 Dumas stated: 
If I were master I would efface 

the word atom from science  

241 
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William Prout (1785-1850)) 

In 1815-1816 he states: We may almost consider the 
protyle of the ancients to bbe realized in hydrogen…  

243 
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  At the same time, this idea had 
cast serious doubts on the atomic 
hypothesis. 

 The savior appeared in the form of new 
experiments which led to consolidation of 
Dalton s idea, even though he fought against 
them vehemently… 

 

 



.

JJoosseepphh--LLoouuiiss  GGaayy  LLuussaacc  ((11771188--11885500))  &&  AA  vv  HHuummbboollddtt  

245 

n n n

Gay Lusac vs. Dalton 

246 

 



AAmmaaddeeoo  AAvvooggaaddrroo  ((11777766--11885566))  pprroovviiddeess  tthhee  mmiissssiinngg  lliinnkk..  

Equal volume of gases contain equal 
number of molécules elemantaires or molécules intégrantes

247 

Molécules 
elemantaires

 In 1860- in the Karlsruhe Symposium of organic chemistry, 
orgnized by Kekule and Wurtz, Cannizzaro shows how the 
marriage of Avogadro s hypothesis to Dalton s atomic 
hypothesis removes all difficulties. 
 He derives new consistent atomic weight based on a 

standard of H being 1. 

248 

CChheemmiissttrryy  nneeeeddeedd  ssoommeeoonnee  wwhhoo  wwiillll  ssmmooootthheenn  tthhee  
difficulties and organize all the enormous amounts of 
quantitative data. This person was Stanislao Cannizzaro 
(1826-1910), who in the peak of his career was a 
Professor in Rome. 



O O
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FFast Development of Chemistry: Late 19C - The Periodic Table 
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TThhee  nnoottiioonn  ooff  VVaalleennccyy  BBrriinnggss  aabboouutt  TThhee  iiddeeaa  ooff  SSttrruuccttuurree   

251 

The Structure  notion is initially abstract 
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Very quickly Structure gains Reality  by going 3D 

253 

The Development of the Notion of The 
Chemical Bond 

254 



& Then Comes Lewis and Hypothesizes the Chemical Bond 

In so doing, Lewis defines the quantum 
element, which is the glue  responsible 
for the entire structure of the chemical 
universe. Structure is a Lego of atoms 
bonded by electron pairs…  
 Thus, Lewis starts the the 2nd 

revolution in chemistry: the electronic 
structure revolution  255 

&& The Entrance of Quantum Chemistry into Bonding 

256 
 


