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Nobel Prize in Chemistry 1922

Francis William Aston

The Nobel Prize in Chemistry 1922 was awarded to Francis W. Aston "for his discovery, by
means of his mass spectrograph, of isotopes, in a large number of non-radioactive elements,
and for his enunciation of the whole-number rule”.

RESEARCH INFORMATION:

As we have just seen, the conception of isotopy has mainly developed out of our
knowledge of the radioactive elements, their coming into existence, their transformation,
and their other relations. Now the obvious thought presented itself that non-radioactive
elements - which, of course, include the majority of our commonest elements - might also in
the same way consist of mixtures of isotopes which were inseparable by chemical methods.
But it was not easy to demonstrate such a state of things. The radioactive phenomena,
which had hitherto formed the guiding star of research, here refused to render service any
longer. It was necessary to fall back exclusively on a careful study of such physical
properties as could be conceived as being affected, to a greater or lesser extent, by the mass
of the atom.

The first attempts in this direction were carried out by the well-known Nobel Prize

laureate, Sir J.J.Thomson. In this work he made use of the so-called anode rays, that is to say
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the positively charged particles of gas which in a vacuum-tube are hurled at a high speed
against the negative electrode. If one causes them to pass through an aperture in this
electrode and then to be acted upon by an electric and a magnetic field, they are deflected,
and the extent of the deflection is determined by the ratio of mass to charge. By measuring
this deviation, it should be possible to obtain a measure of the mass of the particles
appearing in the rarefied gas and consequently also one should be able to demonstrate the
existence of isotopes, in as much as these must be characterized by different values of the
mass, or in other words, by different atomic weights.

Thomson's experiments had not yet led to any decisive result when the outbreak of
the World War led to an interruption in the work for several years. In 1919 that work was
taken up again by Thomson's former pupil, Dr. Aston of Cambridge. He now constructed an
apparatus, known as the mass spectrograph, which, though in the main founded on the
same principles as Thomson's, yet, in comparison with that, exhibits certain very
substantial improvements, calculated to lead to results many times more precise.

This is not the place to enter into the extremely involved design of that instrument,
which is as ingenious as it is exact. Suffice it to say that the rays which have a constant ratio
between electrical charge and mass are focussed, that is to say caused to converge to a
common centre, the situation of which, in relation to other similar focusses, can be exactly
determined with the help of a photographic plate. By this means there is attained what is
known as a mass spectrogram, that is to say a series of lines in which each line corresponds
to a certain atomic weight, and where the numerical value of each atomic weight can be
read off from the distance of the line from the line or lines which are produced by any
fundamental substance that is chosen as a standard - usually carbon-12 or oxygen-16. The
degree of exactitude by which the atomic weights can thus be determined by the mass
spectrograph amounts, in favourable cases, to one in a thousand.

Thanks to the substantially increased sharpness and fineness that the analysis of the
anode rays has obtained by means of the mass spectrograph, Aston has succeeded in

proving that a large number of fundamental elements which have hitherto been regarded
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as simple are in reality complexes of two or more isotopes. This is the case, within the
group of the inactive gases, with neon, krypton, and xenon; within the halogen group, with
chlorine and bromine; within the alkali metals, with lithium, potassium, and rubidium;
further complexes are boron and silicon, tin and selenium, calcium and mercury, etc. On the
other hand, helium, fluorine and iodine, carbon and oxygen, nitrogen, phosphorus and
arsenic, sodium and caesium, etc. have been found to possess clear criteria of unity.

This result is in itself extremely remarkable, and, as can easily be seen, it is of
fundamental importance for the whole of chemical science; but this is not the most
remarkable of the results which have been obtained with the mass spectrograph. It is
indeed still more remarkable that all the masses so far measured of the recently
enumerated elements and several others, and also the masses of their isotopes, can be
expressed by means of whole numbers in relation to oxygen-16. As the number of
fundamental substances investigated amounts to over 30, and as the number of
demonstrated isotopes rather exceeds than falls short of so, this accordance can scarcely be
regarded as merely fortuitous, but must be regarded as the expression of a natural law of
general validity. It has indeed been named the whole-number rule.

By this discovery a riddle which for over a hundred years has engaged chemical
research has attained its solution, and a surmise which for thousands of years has floated
before the human mind has thereby been confirmed.

Long ago, in certain philosophers of ancient Hellas, we find assertions of the unity of
matter, of a primitive substance which is common to all substances.

An obscure notion in the same direction undoubtedly floated before the minds of
the alchemists of the Middle Ages and of the Renaissance in their incessant endeavours to
transmute one metal into another.

The thought was developed more clearly in the seventeenth century by Robert
Boyle; according to him, all bodies consist of one and the same primitive material; their
varying multiplicity is due to the different size and shape of the small parts or corpuscles,

to their different states of rest or movement.
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But this way of looking at things did not become of burning importance to scientific
chemical research until 1815, when the English physician Prout put forward his hypothesis
that the atoms of the elements are all made up of aggregations of a larger or smaller
number of atoms of the lightest known element, hydrogen.If this view were correct,
evidently the atomic weights of all elements ought to be exact multiples of that of hydrogen.

So far, however, experience has spoken another language. The greatest masters of
chemical science in the sphere of precise determinations - a Berzelius, a Stas, and in our
own days a Richards - have one after another established the existence of one and the same
state of things, namely that, though the atomic weights of some elements are very nearly
whole number multiples of that of hydrogen, yet on the other hand others defy the most
persistent efforts to eliminate their inherent fractions, which far exceed the limits of errors
of observation. Prout's hypothesis, therefore, was regarded as disproved more and more
definitely as the determinations of atomic weights became worked out with a greater
degree of perfection and seemed to yield results incompatible with the hypothesis.

Through Aston's discoveries this theory has now been restored to life in a trice,
although, it is true, in a form different from that which its originator imagined, in as much
as, at the present standpoint of science, the simplest small parts of matter must be
conceived as consisting of two essentially different kinds, namely of positively and
negatively charged small particles protons and electrons.

The broken numbers in the atomic weights of certain fundamental substances, in
fact, now appear simply as statistical effects of the internal quantitative relations of their
isotopic constituents.

A typical example of an element with such a broken atomic weight is offered by
chlorine. Its atomic weight, according to the most exact determinations, is 35.46. Aston now
shows that what we have hitherto called chlorine is a mixture of at least two isotopic
elements, one with the atomic weight of 35, the other with the atomic weight of 37,

combined with one another in such relations that the weight of the mixture is exactly 35.46.
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One element, however, forms an exception from the whole-number rule, and this exception
is no less interesting than the law itself. It is precisely the atomic weight of hydrogen which
has in the mass spectrograph shown itself to be encumbered with a fraction; not large, it is
true-it amounts to only 0.008-but still sufficiently large not to be explained away as an
error of observation. The atomic weight of hydrogen has thus been found to be noticeably
heavier than the unity which holds good with regard to the other elements in relation to
oxygen-16.

But also according to Rutherford's nucleus theory hydrogen assumes a special
position in relation to all other elements. Its atom, indeed, is the only one of which the
nucleus is not composed of a number of tightly packed mass units, but consists of one
single positive particle of electricity, proton. In view of this fact the divergence of hydrogen
from the whole-number rule cannot be said to be entirely unexpected, least of all if one
adopts the view that the gulf between mass and energy is less insuperable than had been
previously supposed.

Doctor Aston. The Royal Swedish Academy of Sciences has resolved to award you
this year's Nobel Prize in Chemistry for your discovery, made with the help of the mass
spectrograph, of the isotopes of a great number of inactive elements and of the whole-
number rule, discoveries which are of fundamental importance for the study of nature in
general and for chemical science in particular. While expressing a cordial hope that it may
be vouchsafed to you in the future to add further scientific successes to those which you
have already obtained, I have the honour to convey to you the congratulations of the
Academy on the distinction the outward and visible signs of which you are now about to

receive.

For more details please visit:

http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1922 /press.html
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