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Echoes from the reception of Periodic classification in Portugal 

Isabel Malaquias1 

 

This essay attempts to evidence the remaining echoes of the reception of Mendeleev’s 
periodic classification in Portugal during the last quarter of the nineteenth century. The 
research involved the identification of remaining traces at different higher level teaching 
institutions as well as with books, textbooks and programmes from beginner’s level to 
advanced level that appeared in the period between 1876 and 1904. 

 

INTRODUCTORY OVERVIEW  

Following the institutionalization of chemistry as an independent scientific discipline in 
Portugal, after the 1772 reform of Coimbra University, the 1844 reform of the 
university serves as a breath of fresh air in terms of the study of chemistry as being split 
into different chemistry specialties, an action much related to developments abroad. By 
1851, the Coimbra professor J. A. Simões de Carvalho (1822-1902) was opposing 
chemistry being taught at the university with French textbooks. Instead, he wrote a 
modernized text, which included recent research, for chemical philosophy lessons and 
advocated a much greater “attention to the day-to-day communications in scientific 
journals and newsletters than to more complete and extensive manuals” (Amorim da 
Costa, 1998, 268). 

In the two decades immediately before the period we are interested in, there was a 
resurgence of the country’s economy and some developments also affected the still 
unique university. In this context, reform of curricula took place and a positivist wind 
blew through the faculties, starting in the Law Faculty and then spreading to the other 
faculties with a symptomatic decline in the influence of the Canonical Faculty. The Law 
Faculty had the biggest number of students and several of its members took up higher 
administrative or governmental positions. The intellectual atmosphere of the Faculty of 
Natural Philosophy was deeply impregnated with positivism, whereby it was intended 
to regenerate the sciences body (Cardoso, 2004, 18). 

The programme of sending some of its members abroad was reactivated, to keep them 
up-to-date with the modern experimental sciences,2 particularly chemistry, while some 
foreign staff came to work in the University.3 
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declined severely in the first half of nineteenth century, mainly due to the Portuguese political situation 
that included the three tentative Napoleonic invasions, followed by civil war and other political turmoils. 
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During the same period, a few doctorate theses were being defended, namely on the 
relations among different disciplines, including chemistry and the other sciences. 
Although the subjects were up-to-date, they were developed academically in the sense 
that they were not emerging directly from research carried out by the candidates. This 
came to be perceived as a frailty (Amorim da Costa, 1998, 269-270).  

As Amorim da Costa wrote, the teaching of chemistry was not old-fashioned, but a gap 
was emerging when relating experimental teaching and research. This was connected 
with both insufficient governmental financial support and insignificant links to a weak 
industrial milieu (Amorim da Costa, 1998, 272; Leitão et al., 2008, 259). 

Although it only had a single university at the time, nineteenth century Portugal gave 
particular emphasis to teaching, and the scientific and technical preparation of younger 
middle-class students was thought to be what society wanted from the university. As 
had already happened in France, Germany and England, and already been planned by 
the Pombalian educational reform programme, courses, schools and institutions were 
created with new profiles (Malaquias and Pinto, 2011). This orientation was also 
imposed at the secondary level, with the introduction of several disciplines in which the 
first scientific and technical elements of mathematics, physics, chemistry, natural 
history, political economy, public administration and commerce were taught (Brandão 
da Luz, 2004, 246). Later in the century, technical teaching was improved, leading to a 
deep restructuring of the agricultural and industrial teaching, both of which became 
more practical.  

Two institutions turn out to be prominent by the middle century: the Polytechnic School 
in Lisbon and the Porto Polytechnic Academy. The Lisbon school gained, by 1859, a 
revitalized momentum with the amplification of its curricular programme and the 
transfer of its jurisdiction to the Kingdom Ministry as the Instruction Ministry did not 
yet exist (Cunha, 1937, 33).4 It was also influential in the spreading of positivism, not 
only in the articulation of the disciplines in a general educational system, but also in the 
hesitant way it dealt with the epistemological demands of inductive support for these, 
and the School’s involvement in the social and economic endeavour that underpinned 
the training it was intended to produce (Janeira, 1987, 108).  The Polytechnic School 
was created to intervene in the modernization of the country, in harmony with the 
interests of society’s forces of production, and it was open to middle-class students. 
Notwithstanding its eminently practical character, laboratory chemical experimentation 
was non-existent; there was only the occasional demonstration. These were performed 
by the professor and an auxiliary technician. In a certain sense, the understanding of the 
experiment as a pedagogical means of demonstration of the concepts emerging from the 
theoretical models lost sight of the inventive creativity pure science enables. In this 
                                                                                                                                                                          
3 Perhaps the most mentioned was Bernhard Tollens (1841-1918) whose short stay (1868-9) induced a 
great enthusiasm in organic chemistry, while he was in charge of the experimental laboratory work. 
Leaving for Göttingen in the following year, he induced a Portuguese member of the university staff to 
study there under his supervision. 
4 It was initially created under the Ministry of War. 
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sense, it can be understood why the work produced by authors connected with 
positivism was more erudite than innovative. They had a greater propensity to 
popularise/ spread foreign research results and present primers containing the ideas of 
Comte, Littré, Darwin, Haeckel and Spencer (Brandão da Luz, 2004, 250-1). 

Nevertheless the first diffusion, in Portugal, of Comte’s ideas took place through the 
teaching of mathematics in the polytechnic schools, namely the Porto Polytechnic 
School (Catroga, 1977, 314). In the first years of the 1870’s and as already mentioned, 
the university was also full of these positivist ideals, albeit ones following different 
testimonies (Carvalho, 1955, 163). Positivism entered the Portuguese culture not so 
much for its scientific or philosophical value, but mainly serving a historical political 
movement. The episode known as the “Casino Conferences” illustrates the intention of 
“Europeanize” the country. The creation in 1873 of the Republican Party and some of 
its leading figures marked the way. Positivism increasingly turned the philosophy of 
liberals and republicans (Martins, 1993). The reasons for a generalized interest in 
Comte’s ideas amongst a range of professors in higher education institutions is related 
to the way Comte conceived the true nature of this discipline in his Course of Positive 
Philosophy. After 1872, the positivist philosophical system was generally accepted as 
being the path to take (Brandão da Luz, 2004, 253-9). Subsequent to the setting up of 
the Porto Municipal Chemical Laboratory (1884/7) with Joaquim António Ferreira da 
Silva (1853-1923), practical chemistry teaching stood out. Theoretical chemistry 
teaching was updated. 

A similar situation occurred at the Lisbon Polytechnic School where, during its first 
years, the teaching of chemistry was mainly expository and speculative, with some 
demonstrations. The organization and main features of this did not differ much from the 
chemistry teaching at Coimbra University in the same period. However, the Polytechnic 
had “younger and much more motivated and possibly better-prepared professors”, 
including Agostinho Lourenço (1822-93), António Augusto de Aguiar (1838-87), José 
Júlio Rodrigues (1843-93), Roberto Duarte Silva (1837-89) and Achilles Machado 
(1896-1932). These few teachers did their best, either publishing textbooks or 
organizing and obtaining good equipment for their laboratories (Amorim da Costa, 
1998, 274-5). 

This introduction offers a general framework within which we can appreciate a number 
of surviving traces concerned with the reception of Mendeleev’s periodic classification 
in Portugal during the last quarter of the nineteenth century. 

 

TRACES 

I.  1876 - THE THEORY OF ATOMS AND THE LIMITS OF SCIENCE  
 

In 1879, a book entitled The theory of atoms and the limits of science was published in 
Porto (Ferreira Girão, 1879). The author was the chemistry professor António Luiz 
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Carneiro de Vasconcelos Ferreira Girão (1823-1876), of the Porto Polytechnic School, 
who also taught mineralogy at the Industrial Institute. He got a bachelor degree in 
mathematics and another in philosophy at Coimbra University, being a correspondent 
member of the Academy of Sciences. The publication date does not correspond to the 
year in which it was written, 1876, the year the author passed away, as we can see from 
the preamble. The book is structured into three chapters followed by an appendix and 
the subtitle presents it as “three chapters of general physics”. The preamble refers to 
this, arguing that the subject is atomic theory, which seems to be more chemistry than 
physics. Nevertheless between chemistry and physics there are several contact points, so 
that they look more like one science than two. 

Ferreira Girão begins citing Maxwell on the question of the final atom and the creation 
of matter. Produces an abridgment of the historical background since the Greek time to 
the development of atomic theories, Morveau, Wenzel, Richter and Gay-Lussac’s 
contributions. Presents Dalton’s theory and the need for this theory to explain the 
chemistry facts. At the same time, he states that the atomic theory, as put forward by 
chemists, does not fulfil the philosophical spirit and offers next a number of questions: - 
“What is the nature of these corpuscles and what are their essential properties? Will the 
atoms of the simple corps be the last level of divisible matter?” (Ferreira Girão, 1879, 
32) Following this, in another chapter, he differentiates chemical atoms and prime 
atoms, considering that the law of definite proportions shows that those bodies are made 
by the juxtaposition of materially invariable units. As this reason is not reconcilable 
with indefinite division, one must conclude that chemical atoms exist. He also mentions 
the materials that constitute the earth’s crust and the huge number of different minerals, 
in order to ask: “Is it credible, to form such a large number of compounds, that nature 
possesses just sixty-five elementary or simple bodies?” (Ferreira Girão, 1879, 35) “Will 
the atoms of sulphur, lead, and iron be the last plots of matter, or should we consider 
these elements as different condensed states of a unique and sole substance?” (Ferreira 
Girão, 1879, 36). He pursues his historical examples, mentioning that the idea of 
considering the simple bodies as compounds was very old, but when alchemy stepped 
down took with it the unity of matter. More recent discoveries, like those of cyanogen 
and ammonium hypothesis, together with some isomeric facts, brought again the unity 
of matter to the fore. But these theoretical visions were not experimentally confirmed, 
namely Prout’s after Stas’ accurate determinations. So, two directions could be 
followed. To conclude that the ultimate particles of hydrogen, iron, and copper are the 
unique prime atoms. Or to follow another order and see if the direct analysis can leave it 
further. In this last case, everywhere and in all circumstances, the last expression of 
decomposition is always a simple body. He discusses proofs for this hypothesis on the 
basis of evidence relating to the body’s free fall, optical phenomena, the dissociation of 
gases at high temperatures and the spectral analysis of celestial bodies.  

“It seems to us that certain luminous and calorific phenomena cannot be understood if 
we do not admit that the chemical atom far from being the unique active centre of 
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ponderable matter is, on the contrary, the last arrangement of several previous and 
inferior groups of prime atoms” (Ferreira Girão, 1879, 41). 

Newton, Herschel, Ritter, Wundt, Secchi are mentioned as well as Pedro Norberto a 
former professor of chemistry at Coimbra University5, who in 1836 “presented the idea 
that the chemical atoms decompose in inferior groups to give place to the luminous, 
calorific and electrical phenomena”, considering that “atoms vibrations produce 
electricity while the sub atoms vibrations produce the calorific and luminous waves” 
(Ferreira Girão, 1879, 45). But Ferreira Girão concludes that “such a conception neither 
explains the colours variety, nor the origin of the different waves. It was to vainly 
multiply the hypothesis without solving the difficulties” (Ferreira Girão, 1879, 
45).Considering the spectral analysis presents some authors like Secchi6, who consider 
that “maybe the electrical energy dissociates the gases in its elements, dissociation that 
is maintained only if the temperature is very high, time during which atomic vibrations 
analogue to allotropic changes operate” (Ferreira Girão, 1879, 46). Comparing the 
spectrum of a platinum wire crossed by an electrical current, of crescent variable 
temperature, and those of dissociating gases, Ferreira Girão considers that instead of 
being opposite to his interpretation, they confirm it. It is just a matter of considering the 
gases dissociation complete, i.e., the vibrations were strong enough to break the links 
that united the elements while in the case of platinum the movements were not able to 
break the links in the prime atoms, so that the different systems subsist and this seems to 
be in complete accordance with physics’ facts. His considerations pursue, also referring 
to the nebulae spectral analysis and Laplace’s theory recuperation about the origin of 
Earth after Huggins’ observations on more than sixty nebulae. “Shouldn’t we 
conclude... that there exists a more elementary matter than that of the known bodies, 
matter that the direct analysis has not been able to discover?” (Ferreira Girão, 1879, 52) 
Secchi is also in favour of such interpretation. The examples of different authors’ 
known experiments are presented and then Ferreira Girão systematises and discusses a 
certain number of objections to considering the unity of matter and the existence of 
prime atoms. To conclude that “apart the enormous authority of the illustrious professor 
of the College of France” (Ferreira Girão, 1879, 60) Berthelot’s objections are not 
sufficiently strong to destroy the hypothesis of the simplicity of matter. The only 
justifiable consequence is that the chemist’s atoms are already the result of inferior 
arrangements of prime atoms. Thus, the existence of prime atoms, and the unity of 
matter, seems to be beyond doubt. 

In the last chapter he refers to the dynamist school that opposes the atomic defenders, 
namely in the consideration that the chemical atoms are really extensible and actually 
indivisible. This would imply that prime atoms could also be indivisible and extensible. 
He deduces that, in this field, the position of the atomists is no safer, because, if, on the 
one hand, the inextensible monad is incomprehensible, the philosophical atom, 

                                                           
5 Pedro Norberto Correia Pinto de Almeida (1806-1849) defended in 1836 a doctoral thesis on Affinitas 
chemical ab electricitate pendet? 
6 Quoting Secchi’s Unité des forces physiques, p. 211. – Le Soleil, p. 248 
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indivisible by definition, is counter intuitive, as indivisibility cannot coexist with 
extension. And quotes du Bois Raymond’s position on these subjects, namely “if inside 
certain limits, the theory of atoms rends excellent services to the physic-mathematical 
analysis of phenomena and even until a certain point turns it indispensable, since we 
surpass these limits we exaggerate its range, and are dragged to thousand insoluble 
contradictions, that have been in all the times the terrible hindrance of corpuscular 
philosophy” (Ferreira Girão, 1879, 70). 

And Ferreira Girão concludes that, “if reason and experiment lead us to infer that 
chemical atoms cannot be the last expression of the divisibility of matter, it does not 
follow that we know what the nature and properties of the first principles are” (Ferreira 
Girão, 1879, 71).  

In the appendix, he dedicates a few pages to the separation between organic and 
inorganic chemistry, the difference between organic and organised matter, vital force 
and spontaneous generations. And leaves a question regarding the future great problem 
of science, that is, to explain what life is. Will it be the result of the work of a higher 
energy, previous and exterior to matter, or something else? 

While mentioning several authors, Ferreira Girão never mentions Mendeleev nor the 
periodic classification, ending with some extracts, from the British Medical Journal on 
the production and propagation of the contagious principle (May 1876).  

 

II.  1880 - A STUDENT’S PERSPECTIVE 
 

In 1880, a book entitled La loi périodique – de M. Mendéléjeff en ce qui concerne le 
problème de l’unité de la matière et la théorie de l’atomicité was published. The author 
was a certain D. Agostinho de Sousa, presented as a student from Porto Polytechnic 
Academy. 

This unknown student wrote a 52 page booklet in French that, curiously, was published 
in Porto by Ernest Chardron7, bookseller and publisher. It was also sold in Lisbon at the 
José António Rodrigues National and Foreign Bookseller. One may ask why it is in 
French and what its context of publication was, but this remains unclear for lack of 
information. Nevertheless, we know it had its readers, as there are copies in academic 
libraries and, as being written in French, it would be accessible to non-Portuguese 
interlocutors. In the booklet, reference is made to several foreign and national authors, 
including Ferreira Girão, mentioned above, who taught the author at the Polytechnic 
Academy in Porto, as well as various recent foreign publications. He introduces the 
subject by stating that chemistry is, at the time, undergoing a great revolution, and that 

                                                           
7 Ernesto Chardon was born in France in 1840 and set up in Porto as a bookseller and editor. There he 
created in 1869 the Livraria Internacional (International Bookseller) at Rua dos Clérigos, nº96-98. He 
was a well known figure in the city. 
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it is ready to be transformed. This revolution will probably be similar to the one physics 
suffered as a result of the dynamic theory of heat. He divides his presentation into two 
chapters. The first deals with ‘The periodic law and the question of matter unity’, and 
the other ‘The theory of atomicity and Mr. Mendeleev’. 

Chapter one begins with a statement on the tendency of chemistry, physics and 
astronomy to establish the unity of matter, despite the brilliant opposition of MM. Stas 
and Berthelot. The spectral analysis of nebulae demonstrated the generation of simple 
bodies from hydrogen. Thus, the author believes that the periodic classification gives an 
unexpected support to Prout’s theory that even Mendeleev would not believe, as he 
demonstrates later. He goes on to say that Mendeleev is supported by the previous 
periodical findings of Dumas, Marignac, Lothar Meyer. “This is briefly the famous 
periodic law of Mr. Mendelejeff. We are not remarking here on the imperfections found, 
imperfections in fact inherent to a subject both complicated and difficult. We did not 
regard it but as a whole and in this respect, we must admit that the periodic law is a 
broad synthesis, a rational history of simple bodies, and especially a powerful 
affirmation of the unity of matter. Indeed, Mr. Dumas had established the natural 
families of simple bodies, but he did not know the link that connects one family to 
another. That honour belongs without question to Mr. Mendelejeff, who has filled the 
gap, noting that the difference between the atomic weights of two neighbouring bodies 
does not surpass an average of two or three units, and where this interval is greater, 
there are gaps to be filled by later discoveries” (Sousa, 1880, 16-7) – the case of gallium 
and scandium would confirm this. 

Thus, the famous Russian chemist came to the aid of Prout’s thesis, and supports 
Sousa’s opinion on the unity of matter. “So, we believe that the idea that physical and 
chemical properties of the simple bodies are dependent on their atomic weight, is an 
appropriate development of the demonstration of the unity of matter, as shown by M. 
Abbot Moigno in his consideration of the masses, a well known demonstration to be 
reiterated here”(Sousa, 1880, 20).8  

The author concludes by noting that Mendeleev has shaken the theory of atomicity by 
recognising that neither the hydrogen, nor chlorine, nor oxygen can serve as a standard 
for measuring the atomicity of elements, an observation that led him to propose the 
periodic principle. Yet this principle is not rigorously exact and in some cases one needs 
to duplicate or split the formulae. The author believes that if the theory of atomicity is 
still incomplete, this results from a lack of research in determining the cause of 
atomicity, what its dependence is and what is the role attributed to the atomic movement 
in terms of both rotation and translation. This occurred because they had not yet 
transferred the problem into the field of mechanics, which meant that the theory of 
atomicity did not yet have a solid basis. 

Given this, the author moves on to Berthelot, stating that when chemistry relates its 
laws to those of pure mechanics and the physical sciences, then it will raise itself to the 
                                                           
8 He is probably referring to Moigno’s translation of La Matière & la Force by John Tyndall, Paris w/d. 
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level of the positive physical sciences and, concurrently, it will contribute to reaching 
the unity of the universal law of movements and natural forces. 

 

One may ask who taught chemistry at Porto Polytechnic Academy. 

The creation of this Academy, together with its Lisbon counterpart, was intended ‘to 
implement in the country the industrial sciences, quite different from classical and 
purely scientific studies’. Both should prepare students for the practice of agriculture, 
industry and commerce and chemistry was considered of utmost importance, also for 
the students coming from the Porto Medical Surgical School. A diploma was produced 
some time later for chemists, who were licensed to manufacture and handle chemical 
products (Amorim da Costa, 1998, 273-4). 

For three decades, and until 1872, a course in Chemistry and the Chemical Arts was 
taught,9 Joaquim Santa Clara Sousa Pinto (1802-1876) the professor in charge (Guedes 
de Carvalho, 1998, 37-42). 

Between 1872 and 1876, a new chemistry professor joined the Porto Polytechnic, 
António Luiz Carneiro de Vasconcelos Ferreira Girão already mentioned above as 
author of The theory of atoms and the limits of science. A former student at Coimbra 
University, Ferreira Girão took degrees in Philosophy and Mathematics. He was well 
known in the cultural and academic media not only for his scientific skills in chemistry, 
mineralogy and metallurgy, but also for his writings on science as well as his poems and 
humoristic writing (Guedes de Carvalho, 1998, 50; Girao familia). Ferreira Girão was 
succeeded by António Joaquim Ferreira da Silva, who also got a philosophy degree at 
the Coimbra University.  

III.  1881 
 

Although the University had offered him a position to teach chemistry, he preferred to 
return to his home town, Porto, where he developed a reputable career,10 and took 
chemistry to a higher level at the Academy and at the Municipal Laboratory, ‘an 
Institute to protect the consumer against fraud’ where there was significant teaching of 

                                                           
9 Following the book by Mata, Pedro. 1849. Sinopsis filosófica de la química, obra escrita para facilitar y 
abreviar el estudio de esta ciência. Madrid: Imprenta de Higinio Benesps. 
10 Ferreira da Silva was the first director of both the Municipal and the Polytechnic School Chemical 
Laboratories. His lectures on chemistry, chemical works and experimental studies on the toxicology of 
wines, oils, vinegars and water, carried out by him and his team in these laboratories attracted the 
attention of an influential audience. His intense activity and his international contacts, namely with 
Marcelin Berthelot, lead to the publication of the first Portuguese chemical periodical, the Revista de 
Chimica Pura e Applicada, and to the creation of the Portuguese Chemical Society, two precious and 
fundamental milestones in the development of chemistry in Portugal, in the first decades of the twentieth 
century. Revista de Chimica Pura e Applicada was first published in 1905 in Porto (Amorim da Costa, 
1998, 277). 
 



9 

 

practical chemistry. Among the recommended textbooks was Ferreira da Silva’s 
Elementary Chemical Treatise (Ferreira da Silva, 1895). 

From the preface to the second edition, we know that the first edition was published in 
1884, although the first part of this book, entitled Noções Gerais (General notions) had 
already been published in 1881 and quickly sold out. The author states that in the 
second edition the structure of mineral chemistry was largely similar to that in the first 
edition. Nonetheless, some more recent topics were inserted, namely those related to 
Moissan’s11 research that led to the discovery of fluor (1886), etc. Atomic notation was 
adopted (1895), as “being more rational than any of its equivalents, as already 
mentioned, and universally adopted.  Some doctrines of general chemistry were 
enlarged, namely those concerning: the periodic law of elements, etc. while some 
special theories were suppressed that were thought to be not necessary on an elementary 
course (…)” (Ferreira da Silva, 1895, vii). 

From the preface to the first edition, we know that the textbook was intended to prepare 
the students taking the chemistry course at the Polytechnic Academy (Porto) and that it 
was written in a simple way, so that they could more easily learn the basics of this 
wonderful science. He dedicates several pages to the general laws concerned with the 
composition of bodies. 

When referring to the atomic theory, Ferreira da Silva points out that “the atomic theory 
in chemistry is independent of the general theories generally admitted on the 
constitution of matter. But the exposition method followed in the elementary books, 
even the more popular ones, hides rather than presents this truth, as admitted by the 
leader of this doctrine in France, Mr. Wurtz, and even more clearly expressed by 
another savant of the same school, P. Schutzenberger12, professor at the College of 
France and in whose last work is there a lot to learn” (Ferreira da Silva, 1895, ix-x). 

Ferreira da Silva believes that this is the reason why the leading chemists in France had 
used their influence to put obstacles in the way of the official introduction of the atomic 
theory in secondary level programs. 

Next, he mentions that, in his paperback, he tries to introduce the atomic theory not 
enslaving it to the litigious hypothesis on the constitution of matter, as only in this way 
is it possible to compare it with the theory of equivalents. 

Concerning the theory of atomicity, similar reflections can be made and adds:  deprived 
of the amount of hypothesis with which it is usually covered, atomicity is a valuable 
notion.  

However, he recognizes that there is an abyss between the notions of atomic valence, as 
it results from comparing the atomic weight with the substitution equivalents, and the 
notion of atomicity, as accepted by atomists and that this is not one of the theoretically 

                                                           
11 Ferdinand Frédéric Henri Moissan (1852-1907). 
12 Paul Schutzenberger (1829-1897). 
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smallest difficulties to get around. So, he agrees with Schützenberger that – “things 
occur in chemistry as if atoms or particles would attract and weld to form complex 
molecules. But it is impossible to go further and admit that a chlorine particle, for 
instance, really possess a special attractive force exerting on a hydrogen particle and be 
able to precipitate on it”. “Impossible”, he adds, “in the field of positive science” 
(Ferreira da Silva, 1895, x). 

Either in the reprint of the first part of this book or in the rest of it, Ferreira da Silva 
tried to maintain the structure of the first publication, while making an effort to clarify 
the relations between the system of equivalents and the atomic one, and to realize and 
compare the two languages, based in each of the systems. He affirms that this had never 
been done in an introductory work, with the development the importance of the subject 
required. 

To base the atomic notion in hypothesis on the constitution of matter, acceptable as this 
may seem, would be as Berthelot says, to confuse the general and positive laws of 
science, considered in its abstract and certain expression, with the representative more 
or less arbitrary hypothesis, by means of which we intend to translate those laws. 
Neither the equivalent nor the atomic systems exclude those hypotheses; but one thing 
is to consider them as instruments or support for the exposition, another as a basis of the 
same science, which in reality they did not constitute.  

In the second edition, Mendeleev’s periodic classification is presented in 6 pages 
beginning with the “Relations between the elements properties and their atomic 
weight”. Under this title the author presents what to expect when comparing the 
physical and chemical properties of the elements in a horizontal line in the table, setting 
hydrogen apart. He adds that, after a certain number, and in regular intervals, one can 
find a new series of bodies that reproduce more or less completely the properties of the 
former. When superimposing these series, the bodies that align in the vertical column 
are very similar, and constitute groups that may form natural families. He quotes 
Mendeleev’s law as – ‘the properties of the simple bodies, the constitution and 
properties of their combinations are periodic functions of their atomic weights’.  He 
then presents the periodic table with some description of the analogies between 
elements in each column. The author also reiterates that the periodic law is again 
expressed in the similitude of the physical properties (not just the chemical ones), 
namely the specific weight, the atomic volume, fusibility, tenacity, malleability, 
volatility, specific heat, and heat and electrical conductibility. Facts that can be 
understood considering the graph that follows, which is a summary copy of Lothar 
Meyer’s one in his Les Théories Modernes de la Chymie13. No more additional 
commentaries to Meyer are presented. 

“As we can see from the joint map, all these properties increase or decrease regularly in 
each period, so that in the medium terms it acquires a maximum or a minimum value. 

                                                           
13 Probably a copy of the French translation from the fifth German edition made by Albert Bloch (1887), 
still existent in Coimbra. 
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The metals in group 8 possess very near atomic weights and form the passage between 
two neighbourhood horizontal series” (Ferreira da Silva, 1895, 102). 

In the last paragraph of the ‘General notions’ section, we can perceive the author’s 
position concerning the periodic classification. He states:  

“Some reservations should be maintained regarding Mendeleev’s classification of the 
place occupied by some metals, like gold, which usually act as trivalent and not as 
monovalent. // But as it is organized, it represents a great and happy attempt. It enabled 
his author to foresee the existence and the properties of some new elements, which were 
missing in the table; three of these bodies were discovered: - gallium (Mendeleev’s 
ekaluminium), germanium (ekasilicium), and scandium (ekaboro). It also enabled the 
atomic weights of many little known elements to be corrected, weights which were 
confirmed by new experimental determinations (uranium, cerium, etc.)” (Ferreira da 
Silva, 1895, 102).  

In the third edition of his Elementary Chemical Treatise (1903), Ferreira da Silva 
mentions some continuing difficulties with the periodic classification, namely as regards 
the noble gases and concludes: “For this reason, the principle that underpins 
Mendeleev’s classification does not seem to be a natural law.”14  

IV.  1888 - 1889 
L ISBON POLYTECHNIC SCHOOL  

Eduardo Burnay (1853-1924) was a physician, a bachelor in philosophy and substitute 
professor of chemistry at Lisbon Polytechnic School (from 1893 on, he became a full 
professor of organic chemistry) and member of the Lisbon Academy of Sciences. In his 
application to become a corresponding member of the Academy (December 1890), 
Burnay mentions his Theoretical Introduction to the Study of Chemistry (1888), among 
other works (Academia). 

In this book, supposedly a detailed summary of lessons, he considers classification, 
determining that bodies can be divided in simple and compound. Simple bodies had 
been classified on various bases, i.e., upon the electrochemical character, the atomic 
weight, the atomicity and the natural physico-chemical characteristics. He then briefly 
refers, without much discussion, to the above-mentioned classifications. He illustrates 
his two-page presentation of Mendeleev’s classification with a table that includes 
density as well as atomic weight. Referring to this, he highlights what he calls the 
typical period - the first one, the small periods (where density attains a maximum that 
sometimes is the first term, and then decreases) and the great periods (where density 
increases progressively) with examples and then mentions the vertical sequences as the 
true natural chemical families. He ends by declaring that  

“... this taxonomic display of the elements offers a certain plausibility, although it 
possesses some imperfections and exceptions. The table has gaps, but these probably 

                                                           
14 And quotes (Étard, Th.ch., p. 51; Act. chim., t. I, p.18-31, Wyrobouf’s art.) 
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correspond to as yet unknown bodies. In fact the place of gallium was established 
before it was even discovered by Lecoq de Boisbaudran*. This element corresponds to 
the ékaluminium Mendeleev forecast. [* Today, the following metals are suspected to 
exist: decipium, philipium, mosandrum, iterbium, scandium, holmium, thulium, 
samarium, davyum and norwegium.]” (Burnay, 1888, 93). 

Presenting the classification according to atomicity, he is brief but ends by stating that 
in taking into consideration a ‘typical’ atomicity, this classification is really useful in 
foreseeing the atomic proportions in which bodies are involved in reactions and in 
determining their constitution. 

As for the natural classification (metalloids and metals), he considers that a rudimental 
test show how this can be equivocal. In a footnote he mentions the modern vision of 
chemistry as integrating both organic and inorganic aspects. 

Considering what he calls ‘the legitimacy and value of the atomic theory’, Burnay states 
in three points that: 1st – its basis and conclusions do not go against the facts and 
experimental laws of chemistry; on the contrary it helps systematization and 
explanation; 2nd – the rational predictions derived from the theory have been practically 
verified and confirmed; 3rd – the verification and confirmation of numerous theoretical 
predictions have been, and will continue to be, the focus of progress in chemistry. 

In 1896, Achilles Machado (1862-1940) became full professor of chemistry. The jury 
included the Porto Polytechnic professor A.J. Ferreira da Silva and the Coimbra 
University professor Francisco José de Sousa Gomes (1860-1911). There were other 
candidates for the place, including the Polytechnic Zoology professor Balthazar Ozorio 
(1855-1926), who was internally mastering the chemistry classes, and two others. 
Ozorio gave up. Achilles Machado was chosen unanimously for the place (Machado 
and Forjaz, 1937, 34). He worked in the profession for 36 years (1896-1932), beginning 
as a professor at the Lisbon Polytechnic School and later at the new Faculty of Sciences 
of the Lisbon University (May 1911). He rose to the rank of general in the Portuguese 
Army. On October 1934, as vice-president of the Office International de la Chimie 
(Paris), he was elected president after the death of Paul Painlevé.15 

Reading the history of chemistry at the Lisbon Polytechnic School, of which he was one 
of the authors, we find that, in 1897, a comprehensive program was published which 
contained a greater focus on modern theoretical notions than had previously been the 
case.  It included thermo-chemistry, chemical equilibrium, ionization, facts explained by 
Arrhenius’  theory, Mendeleev’s classification, and so on. This program was published 
just as Achilles Machado’s became a professor (Machado, 1896-1897; 1898; Mello and 
Fernandes, 1907).  

                                                           
15 Announced in the Portuguese newspaper O Século, October 18, 1934 as recent news from Paris, 
October 17 – “O sábio químico Aquiles Machado foi eleito presidente do ‘Office International de la 
Chimie’, para a vaga deixada por Painlevé”. 
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Machado published several texts for his students dealing with the whole theory, as well 
as textbooks for secondary schools, among other publications.  Reading the book he 
wrote with his brother on General Chemistry and Chemical Analysis (1892) used at the 
Lisbon Industrial Institute as well as at the Polytechnic, we find, under the item 
‘Elements classification’, some reference to “Mendeleeff’s classification” (Machado 
and Machado, 1892, 66-7). 

COIMBRA UNIVERSITY  

In a curious publication presented to the Hispano-Portuguese-American Pedagogical 
Congress, and dated 1892, the Coimbra professor Francisco José Sousa Gomes refers to 
what he called Note on the teaching of chemistry at Coimbra University (Sousa Gomes, 
1892). He was then full professor of chemistry.  

Beginning with a contextualization of the origins of chemistry as an independent course 
in Portugal during the second half of eighteenth century, he quickly comes, in his Note, 
to recount his own last three years of teaching experience. 

Taking as a reference frame student secondary education and their insufficient training 
in experimentation he says he took some decisions relating to his own teaching. He 
would avoid long explanations on the fundamental laws, explain how it is possible to 
associate one characteristic number to each element and to each compound illustrating 
its combination or reaction value, and how to adopt a system of constants to the simple 
bodies it is possible to represent by symbolic formulae and by chemical equations the 
composition of bodies and their reactions. This follows the presentation of the atomic 
weights table, assumed as established, and the system of molecular formulae. Next, he 
turns to descriptive chemistry, after which the remaining time will be used to teach the 
philosophy of chemistry more freely. He clearly mentions his adoption of Mendeleev’s 
periodic classification, and presents his reasons: because it enables the summary 
presentation of several properties, reactions and processes of preparation – repeated in 
each family and so almost always abridgeable in a general schema. 

He reveals the classification had been adopted from the time he entered as professor of 
mineral chemistry, i.e., from 1888-1889 and that he has followed a German translation 
of Mendeleev’s textbook, since it appeared in (1891).  

In assessing the use of this classification, he considers that students learn more easily all 
the related facts when using the Mendeleev’s classification in contrast to when they 
were taught descriptive chemistry in a disconnected manner based on the old arbitrary 
classifications. 

This clearly contrasts with the findings of many of the other essays in this collection.16 

 

                                                           
16

 For instance, B. Bensaude-Vincent, A. G. Belmar; G. Boeck; A. Lykknes; A. Lundgren; J. Bertomeu 
Sánchez and R. Muñoz Bello’s essays in this book. 
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SECONDARY SCHOOL TEACHING  
 

The Portuguese secondary school system, including science teaching, evolved more 
affirmatively from the mid nineteenth century, with an increasing number of schools 
around the country, and not just in Coimbra, Lisbon and Porto. Chemistry, along with 
physics, was taught during the last five years of secondary school. In the two final 
years, a kind of spiral method was used to go deeper into the subjects than before. In 
reading textbooks from that time, one realises that the methodological advice was to 
teach practical knowledge and the laws already established, mentioning some notions of 
atomic theory (1887), while the official secondary programme (1895) concerning 
chemistry recommends the examination of the bodies, experimentation, the use of 
equipment, and the inspection of appropriate pictures (Reino, 1895, 745). The language 
should be clear and simple.  

From the official textbooks used in 1893 in all the secondary schools, and after some 
preliminary considerations on chemistry, affinity and electro-positive and electro-
negative bodies, attention is given to the states of matter and notions on crystallography, 
bodies mutual action, classification and nomenclature, chemical theories (equivalents, 
atomic theory, molecular and atomic weight, dissociation, chemical formulae, types 
theory; comparison of atomic formulae and equivalent formulae; isomeric 
interpretation). In a second book, metalloids, metalloid compounds, metals and theirs 
compounds are dealt with and a third book is dedicated to organic chemistry, and 
different organic compounds. In a final page it is presented the official programme and 
the correspondent pages in the textbooks as the order in these is not exactly the same 
(Nobre, 1893). 

The periodic classification only appears officially as a topic to be taught in the programs 
of the nineteen forties (Governo, 1948, 1159). But that does not mean that the subject 
was unknown at this level in the preceding decades. Frequently, not to say always, in 
those years, some university/ polytechnic professors were involved in the production of 
textbooks and sometimes also gave classes either in the general secondary or in the 
technical/ industrial schools. Achilles Machado was one such example. His books were 
either used as the only official textbooks, or with others, for several decades. As far as is 
known, the first published presentation of the periodic classification at this level was in 
1906, in one of Achilles Machado’s textbooks (Fig. 1) as extra reading material. It 
contained two items discussed in 8 pages. They were: i) Relations between the 
properties of different elements and their atomic weights, Mendeleev’s classification; 
and ii) Applications of the periodic law (Machado, 1906, 95-8). 

 



 

Figure 1 – Most likely the 
Portuguese secondary chemistry textbook.
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VI.  RESEARCHING… 
1894 

One of the last traces found during this research is connected with the following book 
Funcção Chimica da Luz (Chemical Function of Light) (1894), written by Balthazar 
Ozorio (1855-1926), a member of the Academy of Sciences, and published in Lisbon by 
the National Press. We have already mentioned this professor from the Lisbon 
Polytechnic School. In this curious book, published shortly after his withdrawal from 
the nomination to the chemistry chair, and in three chapters, he deals with the origin of 
the elements, the influence of light and finally offers a summary on a number of topics.  

The first chapter is the more interesting in terms of the periodic classification, as it 
begins with the ancient idea about the unity of matter and unity of force, before 
reflecting on the modern tendency to go back to the old principles. He then turns to the 
metalloids and metals and compares these with the organic series, after which he 
presents Mendeleev’s table and considers the possibility of isomeric metals as well as 
the pre-elements. Then Crookes, Berthelot and Nordenkiold’s ideas on the unity of 
matter are discussed. The study of gadolinite is referred to, and he states that this always 
contains the three oxides of yttrium, ytterbium and erbium, all of which have the same 
atomic weight. It behaves as if it was a simple body although it is a compound 
substance.  Crookes’ spectroscopic experiments are mentioned and then the possibility 
of an evolution from a primordial substance, as in biology. A primitive matter or 
protyle, as physicists and chemists call it, begins from hydrogen and then successively 
builds the other bodies with greater atomic weights – a kind of evolution that does not 
need to come to an end in the author’s opinion. 

He considers Newton’s law of attraction as applied to the formation of chemical 
compounds as well as the approximation of chemistry and astronomy, the formation of 
atoms according to Duponchel17 before ending the chapter by presenting Mendeleev’s 
opinions on, for instance, ammoniac with a planetary system, sodium chloride as a 
double star of sodium and chloride, and so on. 

Ozorio was a prolific writer whose production refers mainly to researches on 
ichthyology from several parts of the Portuguese empire. The above mentioned book is 
very singular in all his written work. In that same year (1894) he published more seven 
papers. Another curious trace found is a usual letter, dated St. Petersburg February 4th, 
1904 from Mendeleev to this same Balthazar Ozorio that reads as follows in the next 
item. 

1904 

“To Professor Baltazar Ozorio. 
St. Petersbourg. Labalcansky. 19. 
 

                                                           
17 Comptes Rendus… 1893 (T.117) p. 336. Here it is recorded that Duponchel demanded the opening of 
his “pli cacheté” submitted to the Academy of Sciences on March 27, 1893 and entitled “Principes de 
Cosmogonie générale” after having been published as Principes de cosmogonie rationelle, (Paris, 1895). 
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Dear Sir and Colleague 

Having received your kind letter on your discovery of a substance accompanying 
Iodine and microscopic samples of this substance firstly I must thank you and 
express my deep regret as, at this moment I’m resting after an operation to the eye 
(cataract) so I cannot yet see through the telescope clearly. But I hasten to say that 
I find your discovery very interesting, not only in general terms but also relative to 
the periodic system, because you know, sir, that the atomic weight of Telur 
represents an anomaly with respect to Iodine and for a long time I think there is 
now a certainty, precisely in the impurities of Iodine, received by the method of 
Mr. Stass18. You would give me great pleasure, if you have the kindness, to bring 
me your book on this subject.19 Accept, dear sir and colleague my sincere 
compliments. 

February 4th 1904 

D Mendeleeff 

Lissabonne Lisboa 
Portugale 
A Monsieur le Professeur 
M. Baltazar Ozorio 
Ecole Politechnique” 20  

                                                           
18 Jean Servais Stas (1813-1891). 
19 Not found. 
20 “A M. r le Professeur Baltazar Ozorio. 

St. Petersbourg. Labalcansky. 19. 
 
Monsieur et cher Confrère 

Ayant reçu votre aimable lettre relative à un [sic] votre découverte de substance acompagnant l’Iode 
et les échantillons microscopiques de ce substance Je dois premierement d’abord [sic] Vous remercier 
sincèrement et d’exprimer mes regrets profonds, qu’en ce moment je m’établi seulement apres une 
opération de l’oeil (cataracte) c’est pourquoi je ne puis pas encore voir clairement ni à la lunette. 
Cependant je m’empresse de vous dire que je trouve votre découverte bien interessante non seulement 
au point de vue générale, mais aussi relativement au système periodique, parce que vous connaissez 
bien, Monsieur, que le poids atomique de Telur répresente une anomalie relativement à l’Iode et 
depuis bien longtemps je pense qu’une certitude existe maintenant, précisement dans les impuretés de 
l’Iode, reçues par la méthode de Mr. Stass. Vous me ferez un grand plaisir, si vous ayez la bonté de me 
faire venir votre ouvrage concernant à ce sujet. Agréez, Monsieur et Cher Confrère mes compliments 
sincères. 

4 fevrier 1904 

D Mendeleeff 

Lissabonne Lisboa 
Portugale  
A Monsieur le Professeur 
M. Baltazar Ozorio 
Ecole Politechnique” 

 
The postmark indicates a delivery date of 23.1.1904. It is our underlining. 
Arquivo Histórico do Museu Bocage, Universidade de Lisboa.  
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We tried to find other traces of this relationship with Mendeleev in the Russian 
Archives, as well as in Portugal, but unfortunately nothing else seems to exist, including 
neither the original nor the copy of Ozorio’s letter. It would be interesting to unearth 
more information, but in its absence we can only imagine that some more precise work 
could have been developed around the atomic weight of iodine, probably when doing 
some research around other subjects. That could have happened, as it also did in the less 
well-known case of Charles Lepierre (1867-1945), the French chemical engineer that 
published an article on the atomic weight of tallium (1893), defying the determinations 
of William Crookes’, while he was already appointed as professor in Portugal (Santos 
and Castanho,1998; Brock, 2008, 336; Crookes, 1893).21,22 

 

CONCLUSION 

Based on printed (and handwritten) material it is possible to arrive at conclusions from 
three different aspects. The first is the acquaintance with a recent chemical topic and 
some reaction to it, either in support or not; the second pertains to the knowledge to be 
taught at two different levels: higher education and secondary education; the last one 
relates to interest in popularising the topic. We would like to consider a semi-fourth 
aspect that is based on some weaker research. 

At first glance it seems that Mendeleev’s classification was more or less commonly 
known in eighteen eighties Portuguese higher education, and by its more visible leaders. 
Some rational intersection between the periodic behaviour of elements and the atomic 
theory appear to have been stated together with some astronomical analytical findings. 
In some cases, the supporters consider it as a broad synthesis, a rational history of 
simple bodies, and especially a powerful affirmation of the unity of matter, while others 
don’t go further in what concerns speculations on this last category as it doesn’t fit 
positive science. 

This kind of discussion was more or less avoided when presenting chemistry to 
students, although it was a self-presented student that explicitly writes on the periodic 
table in one of the traces found. Disagreements do not emerge immediately if at all, 
from the textbooks. While a pedagogical tool, textbooks or writings about decisions on 
how to teach, reveal a kind of operational interest in teaching the classification in the 

                                                           
21 In 1888, Paul Charles Lepierre was appointed by the Portuguese Government to the Lisbon Polytechnic 
School as director of the chemistry laboratory through the Portuguese professor at the École de Chimie et 
Physique Industrielles in Paris, Roberto Duarte Silva, who was contacted by José Júlio Rodrigues, 
professor in Lisbon. Lepierre stayed in the Lisbon Polytechnic for just a few months. In 1889 he settled in 
Coimbra, where he stayed for the next twenty years as professor at the University and at the Industrial 
School Brotero. He was a remarkable chemist, having established a renowned school of Chemical 
Analysis. In 1911, he moved to the new Technical University in Lisbon, where he stayed for the next 
twenty six years (Santos and Castanho, 1998). 
22 See, in the previous note, correction to some information presented on Lepierre in (Brock, 2008). 
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sense that the introduction of chemistry to students should be synthetic and more or less 
acquired. In this sense, and by 1888, adoption of the periodic classification was deemed 
useful, as it efficiently summarises chemical and physical properties, and enables the 
prediction of other, as yet unknown, elements. This mitigates in its favour, but against 
other prior developments that might only confuse students. 

Populist books did not appear to immediately address Mendeleev’s classification, 
preferring to focus on Wurtz or Berthelot’s ideas on atoms and elements. 

Mendeleev’s letter, and the publication on the chemical function of light, offers some 
insight into research that may have been performed, not specifically on the development 
of the periodic classification but on subjects around elements, or at least some elements.  

The development of science in the secondary school system had evolved, particularly 
after the eighteen fifties. The subject of the periodic classification appears explicitly in 
the official secondary programs only much later, in the nineteen forties. Nevertheless, 
during the period prior to its official publication, some university professors were 
involved in the publication of textbooks for secondary education, as was the case of 
Achilles Machado whose books were used either as stand-alone textbooks, or with 
others, for several decades. As far as we have been able to establish, the first published 
version of the periodic classification at this level was in 1906 in one of Achilles 
Machado’s textbooks. 

In all the books for students, and bearing in mind the topic under analysis, there was a 
clear intention to use a clear and simple language; to avoid big theoretical discussions, 
particularly as regards causes or implications, and particularly the more recent ones, but 
instead to use them in a pragmatic sense if they can offer a measure practical return. 

In the cases where the intention can be considered more speculative, it seems that there 
is an acceptance of the periodic classification, but also recognition of some of its 
transitory weaknesses, while waiting for a more comprehensive and unifying law or 
even questioning the possible future recognition of limits to science. 
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