Henry G. J. Moseley
1887 - 1915

100 years ago, Moseley discovered that the x-ray spectrum of an element is
determined by the element’s atomic number.
Brief biography
In 1913, while working at the University of Manchester, he
observed and measured the X-ray spectra of various
chemical elements using diffraction in crystals. Through
this, he discovered a systematic relation between wavelength and atomic number. This discovery is now known as
Moseley’s Law.

Moseley was born in Weymouth, Dorset, England. His father, Henry
Nottidge Moseley was a professor of anatomy and physiology at Oxford,
and his mother was the daughter of biologist John Gwyn Jeffreys. He
studied mathematics and was introduced to the study of x-rays at Eton. In
1910, he graduated from Trinity College, Oxford. He then went to the
laboratory of Ernest Rutherford at the University of Manchester. In 1914, he
had planned to continue physics research at Oxford. But with the start of
WW1, he became an officer in the Royal Engineers. He was thought to be
a candidate for the Nobel Prize in Physics in 1916, but he was killed, at age
27, in 1915 at the battle of Gallipoli in Turkey.

His method in early X-ray crystallography was able to sort out many
chemical problems promptly, some of which had confused chemists for
a number of years. Both the apparent irregularities in the location of
elements such as argon and potassium and the positioning of rare earth
(inner transition) elements in the periodic table could now be elucidated
in the basis of atomic number.
Moseley is also known for the development of early x-ray spectroscopy
equipment, which he learned to design with the help of William Henry
Bragg and William Lawrence Bragg at the University of Leeds. This
device basically consisted of a glass-bulb tube in which the ionization of
electrons caused the emission of x-ray photons, finally resulting on lines
on photographic film.

Work at Manchester

A report of his initial success, in a letter
to his mother.

In Rutherford’s lab, holding one of his x-ray tubes.

A letter to Niels Bohr about the initial results, and Bohr’s answer.

Moseley’s famous “staircase” diagram of the
spectra of several contiguous elements.

His original drawing of the apparatus.

Original diagrams, and photos of the remainders, of the
instruments. On the left, the device for hard x-rays. The
targets are mounted on a strip, which can be advanced
under the electron beam (“cathode ray”) by means of an
external magnet, thus avoiding the need to re-evacuate
the tube. On the right, the device used for soft x-rays.

The face pages of his three most important papers.

Work at Oxford
The X-ray spectroscopy done by Moseley in 1914 showed a direct
dependency between characteristic spectral lines and the atomic number.
This enabled him to determine the number of lanthanides and showed the
gaps in the atomic number sequence at numbers 43, 61, 72, and 75. The
discovery of the gaps led to a search for missing elements, generating
some unsuccessful claims. With respect to missing element 72, Niels
Bohr’s theory of its electron-shell structure, indicated that the missing
element should not have the properties of a rare earth, but should be
similar to zirconium. In 1922 von Hevesy co-discovered Hafnium
(“Hafnia” is Latin for Copenhagen, the home of Niels Bohr), with Dirk
Coster, based on characteristic X-ray spectra. [Coster, D. and Hevesy, G.
(1923) On the Missing Element of Atomic Number 72. Nature 111 (2777):
79.] Hafnium was indeed found to resemble zirconium; this earned von
Hevesy the 1943 Nobel Prize in Chemistry.

A letter from Moseley to von Hevesy

At Oxford, he expanded his work to additional elements,
form the rare-earth series.

Legacy

Unfulfilled promise
Moseley’s untimely death, at age 27 at the Battle of Gallipoli, occasioned appreciations from the scientific community, both at the time and later:
Ernest Rutherford:
“Moseley was one of the best of the young people I ever had, and his death is a severe loss to science.”
”It is a national tragedy that our military organization at the start was so inelastic as to be unable, with a
few exception, to utilize the offers of services of our scientific men except as combatants on the firing
line. The loss of this young man on the battlefield is striking example of the misuse of scientific talent.”
Georges Urbain of the University of Paris wrote to Rutherford:
”I had been very much surprised when I visited Moseley at Oxford to find such a very young man
capable of accomplishing such a remarkable piece of work. The Law of Moseley confirmed in a few
days the conclusions of my efforts of twenty years of patient work. His law subtituted for Mendeleev’s
somewhat romantic classification a complete scientific accuracy.”
Nobel Laureate Robert A. Millikan:
"In a research which is destined to rank as one of the dozen most brilliant in conception, skillful in
execution, and illuminating in results in the history of science, a young man twenty-six years old threw
open the windows through which we can glimpse the sub-atomic world with a definiteness and certainty
never dreamed of before. Had the European War had no other result than the snuffing out of this young
life, that alone would make it one of the most hideous and most irreparable crimes in history."
Nobel Laureate Louis de Broglie:
“Moseley’s law was one of the greatest advances yet made in natural philosophy.”
Nobel Laureate Niels Bohr:
"You see actually the Rutherford work [the nuclear atom] was not taken seriously. We cannot understand today, but it was not taken seriously at all. There was no mention of it any place. The great
change came from Moseley."
Science writer Isaac Asimov:
“In view of what he might still have accomplished, his death might well have been the most costly
single death of the war to mankind generally.”
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Moseley’s will, written while on duty in Turkey.

Moseley’s entire publications list, showing that his great
contributions were all made within in a short period of his
brief life.

