Mendeleev's Faraday Lecture
The Periodic Classification of the Chemical Elements
[The prestigious Faraday Lecturership and the associated Faraday Medal were conferred
upon Mendeleev in 1889 by the Chemical Society of Great Britain. The lecture was
delivered before the Fellows of the Chemical Society in the theatre of the Royal Institution on June 4, 1889. Some selected portions from the lecture, which was titled as above
are presented below.]
The high honour bestowed by the Chemical Society in inviting me to pay a tribute to the
world-famed name of Faraday by delivering this lecture has induced me to take for its
subject the Periodic Law of the Elements this being a generalisation in chemistry which
has of late attracted much attention.
While science is pursuing a steady onward movement, it is convenient from time to time
to cast a glance back on the route already traversed, and especially to consider the new
conceptions which aim at discovering the general meaning of the stock of facts accumulated from day to day in our laboratories. Owing to the possession of laboratories, modern
science now bears a new character quite unknown, not only to antiquity, but even to the
preceding century. Bacon's and Descartes' idea of submitting the mechanism of science
simultaneously to experiment and reasoning has been fully realised in the case of
chemistry, it having become not only possible but always customary to experiment.
Under the all-penetrating control of experiment, a new theory, even if crude, is quickly
strengthened, provided it be founded on a sufficient basis ....

Reproduced from Mendeleev's Faraday Lecture reprinted as Appendix II (p471-490) of the book:
The Principles of Chemistry by D Mendeeleff, translated from Russian edition (6th) by George Kamensky,
A R 5 M; edited by T A Lawsom, Longmans, Green and Co., 39, Paternoster Row, London, New York
and Bombay, 1897.
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It was in March 1869 that I ventured to lay before the then youthful Russian Chemical
Society the ideas upon the same subject which I had expressed in my just written
'Principles of Chemistry'. Without entering into details, I will give the conc1usior;s I then
arrived at in the very words I used. 1. The elements, if arranged according to their atomic
weights, exhibit an evident periodicity of properties. 2. Elements which are'similar as
regards their chemical properties have atomic weights which are either of nearly the same
value (e.g. platinum, iridium, osmium) or which increase regularly (e.g. potassium,
rubidium, cesium). 3. The arrangement of the elements, or of groups of elements, in the
order of their atomic weights, corresponds to their so-called valencies as well as, to some
extent, to their distinctive chemical properties -as is apparent, among other series, in that
of lithium, beryllium, barium, carbon, nitrogen, oxygen and iron. 4. The elements, which
are the most widely diffused have small atomic weights. S. The magnitude of the atomic
weight determines the character of the element, just as the magnitude of the molecule
determines the character of a compound. 6. We must expect the discovery of many yet
unknown elements - for example, elements analogous to aluminium and silicon, whose
atomic weight would be between 6S and 75. 7. The atomic weight of an element may
sometimes be amended by a knowledge of those of the contiguous elements. Thus, the
atomic weight of tellurium must lie between 123 and 126, and cannot be 128. 8. Certain
characteristic properties of the elements can be foretold from their atomic weights .
.. .. Reverting to the epoch terminating with the sixties, it is proper to indicate three series
of data without the knowledge of which the periodic law could not have been discovered,
and which rendered its appearance natural and intelligible.
In the first place, it was at that time that the numerical value of atomic weights became
definitely known. Ten years earlier such knowledge did not exist, as may be gathered
from the fact that in 1860 chemists from all parts of the world met at Karlsruhe in order
to come to some agreement, if not with respect to views relating to atoms, at any rate as
regards their definite representation. Many of those present probably remember how vain
were the hopes of coming to an understanding and how much ground was gained at that
Congress by the followers of the unitary theory so brilliantly represented by Cannizzaro.
I vividly remember the impression produced by his speeches, which admitted of no
compromise, and seemed to advocate truth itself, based on the conceptions of Avogadro,
Gerhardt, and Regnault, which at that time were far from being generally recognised. And
though no understanding could be arrived at, yet the objects of the meeting were attained,
for the ideas of Cannizzaro proved, after a few years, to be the only ones which could stand
criticism, and which represented an atom as 'the smallest portion of an element which
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enters into a molecule of its compound.' Only such real atomic weights - not conventional
ones - could afford a basis for generalisation.
Secondly, it had become evident during the period 1860-70, and even during the preceding decade, that the relations between the atomic weights of analogous elements were
governed by some general and simple laws. Cooke, Cremers, Gladstone, Gmelin, Lenssen,
Pettenkofer, and especially Dumas, had already established many facts bearing on that
view ....
A third circumstance which revealed the periodicity of chemical elements was the
accumulation, by the end of the sixties, of new information respecting the rare elements,
disclosing their many-sided relations to the other elements and to each other. The
researches of Marignac on niobium, and those of Roscoe on vanadium, were of special
moment. The striking analogies between vanadium and phosphorus on the one hand, and
between vanadium and chromium on the other, which became so apparent in the
investigations connected with that element, naturally induced the comparison of V = 51
with Cr=52, Nb=94 with Mo=96, and Ta=192 with W = 194; while, on the other hand,
P=31 could be compared with S=32, As=75 with Se=79, and Sb=120 with Te=125.
From such approximations there remained but one step to the discovery of the law of
periodicity.
The law of periodicity was thus a direct outcome of the stock of generalisations and
established facts which had accumulated by the end of the decade 1860-1870: it is an
embodiment of those data in a more or less systematic expression. Where, then, lies the
secret of the special importance which has since been attached to the periodic law, and has
raised it to the position of a generalisation which has already given to chemistry unexpected aid, and which promises to be far more fruitful in the future and to impress upon
several branches of chemical research a peculiar and original stamp? The remaining part
of my communication will be an attempt to answer this question.
In the first place we have the circumstance that, as soon as the law made its appearance, it
demanded a revision of many facts which were considered by chemists as fully established
by existing experience. I shall return, later on, briefly to this subject, but I wish now to
remind you that the periodic law, by insisting on the necessity for a revision of supposed
facts, exposed itself at once to destruction in its very origin. Its first requirements,
however, have been almost entirely satisfied during the last 20 years; the supposed facts
have yielded to the law, thus proving that the law itself was a legitimate induction from the
verified facts ....
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In the remaining part of my communication I shall endeavour to show, and as briefly as
possible, in how far the periodic law contributes to enlarge our range of vision. Before the
promulgation of this law the chemical elements were mere fragmentary, incidental facts in
Nature; there was no special reason to expect the discovery of new elements, and the new
ones which were discovered from time to time appeared to be possessed of quite novel
properties. The law of periodicity first enabled us to perceive undiscovered elements at a
distance which formerly was inaccessible to chemical vision; and long ere they were
discovered new elements appeared before our eyes possessed of a number of well-defined
properties. We now know three cases of elements whose existence and properties were
foreseen by the instrumentality of the periodic law. I need but mention the brilliant
discovery of gallium, which proved to correspond to eka-aluminium of the periodic law, by
Lecoq de Boisbaudran; of scandium, corresponding to ekaboron, by Nilson; and of
germanium, which proved to correspond in all respects to ekasilicon, by Winkler. When in
1871, I described to the Russian Chemical Society the properties, clearly defined by the
periodic law, which such elements ought to possess, I never hoped that I should live to
mention their discovery to the Chemical Society of Great Britain as a confirmation of the
exactitude and the generality of the periodic law. Now that I have had the happiness of
doing so, I unhesitatingly say that, although greatly enlarging our vision, even now the
periodic law needs further improvements in order that it may become a trustworthy
instrument in further discoveries.
I will venture to allude to some other matters which chemistry has discerned by means of
its new instrument, and which it could not have made out without a knowledge of the law
of periodicity.... Before the periodic law was formulated the atomic weights of the
elements were purely empirical numbers, so that the magnitude of the equivalent, and the
atomicity, or the value in substitution possessed by an atom, could only be tested by
critically examining the methods of determination, but never directly by considering the
numerical values themselves, in short, we were compelled to move in the dark, to submit
to the facts, instead of being masters of them. I need not recount the methods which
permitted the periodic law at last to master the facts relating to atomic weights, and I
would merely call to mind that it compelled us to modify the valencies of indium and
cerium, and to assign to their compounds a different molecular composition. Determinations of the specific heats of these two metals fully confirmed the change. The trivalency
of yttrium which makes us now represent its oxide as Y20 3 instead of as YO, was also
foreseen (in 1870) by the periodic law, and it has now become so probable that Cleve, and
all other subsequent investigators of the rare metals, have not only adopted it, but hav(
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also applied it without any new demonstration to substances so imperfectly known as
those of the cerite and gadolinite group ....
Passing to the results obtained in the case of the rare elements beryllium, scandium, and
thorium, it is found that these have many points of contact with the periodic law. Although
Avdeefflong since proposed the magnesia formula to represent beryllium oxide, yet there
was so much to be said in favour of the alumina formula, on account of the specific heat of
the metals and the isomorphism of the two oxides, that it became generally adopted and
seemed to be well established. The periodic law, however, was against the formula Be20 3 ;
it required the magnesia formula BeO - that is, an atomic weight of9 - because there was
no place in the system for an element like beryllium having an atomic weight of 13.5. This
divergence of the opinion lasted for years, and I often heard that the question as to the
atomic weight of beryllium threatened to disturb the generality of the periodic law, or, at
any rate, to require some important modifications of it. Many forces were operating in the
controversy regarding beryllium, evidently because a much more important question was
at issue than merely that involved in the discussion of the atomic weight of a relatively rare
element and during the controversy the periodic law became better understood, and the
mutual relations of the elements became more apparent than ever before ....
The foregoing account is far from being an exhaustive one of all that has already been
discovered by means of the periodic law telescope in the boundless realms of chemical
evolution. Still less is it an exhaustive account of all that may yet be seen, but I trust that
the little which I have said will account for the philosophical interest attached in
chemistry to this law. Although but a recent scientific generalisation, it has already stood
the test of laboratory verification, and appears as an instrument of thought which has not
yet been compelled to undergo modification; but it needs not only new applications, but
also improvements, further development, and plenty of fresh energy. All this will surely
come, seeing that such as assembly of men of science as the Chemical Society of Great
Britain has expressed the desire to have the history of the periodic law described in a
lecture dedicated to the glorious name of Faraday.
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Science is built of facts the way a house is built of bricks; but
an accumUlation of facts is no more science than a pile of
bricks in a house.

- Henri Poincare
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