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ABSTRACT

Frederick Soddy (1877-1956) was the most prominent chemists of the first half of the 20th
century. He is known for his numerous papers in the field of radiochemistry. He was the
laureate of the Nobel Prize in Chemistry for 1921. The purpose of this paper is to familiarize
readers with the important events in the life of Soddy and his research activities, in particular
with selected results of his experimental studies as well as with his selected publications. In
addition, his writing activity was described, in particular his books, well known in various
countries, were presented.

Keywords: J. A. Chaptal, Applied chemistry, Chaptal's textbooks on chemistry, French —
XVIII-XIX centuries.

RESUMEN

Frederick Soddy (1877-1956) fue el quimico mas destacado de la primera mitad del siglo XX.
Es conocido por sus numerosos trabajos en el campo de la radioquimica. Fue galardonado
con el Premio Nobel de Quimica en 1921. El proposito de este articulo es familiarizar a los
lectores con los acontecimientos importantes en la vida de Soddy y sus actividades de
investigacion, en particular con los resultados seleccionados de sus estudios experimentales,
asi como con sus investigaciones. Publicaciones Seleccionadas. Ademas, se describié su
actividad como escritora, en particular se presentaron sus libros, muy conocidos en varios
paises.

Palabras claves: Frederick Soddy, Isétopos, la ley de desplazamiento de Soddy-Fajans,
Premio Nobel, Gran Bretafia - siglo XX.
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INTRODUCTION

The important events in the Soddy's life

Frederick Soddy (Figure 1), was born at Eastbourne, on Sptember 2, 1877, and he was the
youngest son of Benjamin Soddy, a corn merchant (Fleck, 1957, p. 203; Krivomazov,
1978, p. 16), and his wife Hannach Soddy (“The University of”, n.d.a). She died when he
was 18 months old (Kauffman, 2013, p. 30).

He was educated first at private schools and then in 1892, at he age of 15, he
entered Eastbourne College. Two years later, he enrolled at the University College of
Wales in Aberystwyth. In 1895, he reeived a science scholarship at Merton College,
Oxford. He studied chemistry there until 1898 and graduated with first-class honors B.A.
(Davies, 1992, p. 353). In 1898-1900, he conducted independent chemical research at
Oxford.

In 1900, he moved to Canada and worked as a Demonstrator in Chemistry
Department, McGill University in Montreal. He met there the British physicist Ernest
Rutherford (1871-1937). Three years later, in 1903, he began working at University
College, London with the British chemist William Ramsay ( 1852-1916). In 1904, he
became Lecturer in Physical Chemistry and Radioactivity at Glasgow University
(Scotland). He worked there for ten years until 1914.

Fig. 1. Portrait of Frederick Soddy (1877-1956) probably from about 1900 to 1903. With
permission of Royal Geographical Society

In 1908, he married Winifred Moller (née Beilby) (1885-1936), the daughter of the
British industrial chemist Sir George Beilby (1850-1924) and his wife Emma Bielby. In
1914-1919, he became Professor of Chemistry at the Aberdeen University (Scotland). The
spouses had no children.

In 1919, at the age of forty-two, he moved to Oxford University as Dr. Lee's
Professor of Chemistry (Kent, 1963, p.328). He worked there for seventeen years, until
1936 (Bleaney, 2002; Cruickshank, 1979; “Paper and correspondence”, n.d.). After his
wife's death, he resigned from the work at the University. “Her sudden death in 1936 from
a thrombosis was a great shock to him” (Fleck, 1957, p. 212).

Soddy was a great adventurer. On one of his journeys, Fleck (1957) wrote as
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follow:

“ ... after his wife's death he decided to further the interest he had in thorium minerals,
such as monazite sands, by an extended journey to India, Malaya and Ceylon. This journey
extended from November 1937 to April 1938 ... ” (p. 212).

On June 23-27, 1952 he participated in dedicated to chemistry, 2nd Nobel Laureate
Meeting in Lindau (Germany). He was one of 10 invited Nobel Prize Laureates. The
meeting was also attended by 43 young scientists (“2nd Lindau Nobel”, n.d.). Figure 2 is a
photography made during this meeting.

Fig. 2. Frederick Soddy (1877-1956) at the 2nd Nobel Laureates Meeting in Lindau. With
permission of Royal Geographical Society

Soddy is second from the left. On his right is the Swedish nobleman Count Lennart
Bernadotte (1909-2004), co-founder of the Lindau Meetings, and on his left are the
Finnish chemist Artturi llmari Virtanen (1895-1973), who won Nobel Prize in Chemistry
in 1945, the Hungarian radiochemist Georg von Hevesy (1885-1966), 1943 Nobel
Laureate in Chemistry, and the German chemist Otto Hahn (1879-1968), winner of the
Nobel Prize in Chemistry in 1944 (“About Frederic Soddy”, n.d.).

He lectured in Lindau and “gave [in German] a long and intricate talk on the
history of isotopes” (“Comment. Anders Barany”, n.d.). There is a video of his lecture on
the website of the Lindau Nobel Laureate Meetings (‘“Frederick Soddy (1952)”, n.d.).

He also attended in subsequent Nobel Laureates Meetings in Lindau, including the
6th Meeting, which took place on July 25-29, 1956. He died two months later, on
September 22, 1956. in Brighton (England), at the age of 79.

Vincenzo Cioci (2009) wrote about him:

“Soddy was a shining example of a man of science who didn't limit himself to a single
field of knowledge, but, driven by profound ethical reasons, he faced the most important
issues in an interdisciplinary, or rather transdisciplinary, way, to account for the
complexity of reality, ... “ (p. 328).

In 1957, under the conditions specified in his will, the Frederick Soddy Trust was
estabilished. In 2018 the Trust became the charity of the RGS-IBG (Royal Geographical
Society-The Institute of British Geography). This organization created the Frederick
Soddy Fund, which continues the work of the Trust through the Frederick Soddy Awards
(“Frederic Soddy Awards”, n.d.).
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Soddy’s works

An almost complete list of Soddy's most important works (prepared by himself) includes
over 80 of his main scientific papers, book, lectures, addresses and obituaries that
appeared in print for fifty-nine years from 1894 to 1953 (Fleck, 1957, pp. 213-216).

In 1894, at the age of 17, he published his first paper, The Action of Dried
Ammonia On Dried Carbon Dioxide Gas, as co-author with R. E. Hughes. The
experimental study was conducted in a chemical laboratory at the Eastbourne College
(Hughes & Soddy, 1894).

From 1901, he conducted his research in the field of radiochemistry. The majority
of his papers presenting the results of his experimental works, published in Journal of the
Chemical Society, Transactions as well as in other British journals. His numerous
experimental studies were carried out in laboratories in Montreal, Glasgow, Aberdeen and
Oxford.

He collaborated with Rutherford for 18 months, from mid-October 1901 to mid-
April 1903. It resulting in a jointly papers (Rutherford & Soddy, 1902a; Rutherford &
Soddy, 1902b; Rutherford & Soddy, 1902c; Rutherford & Soddy, 1903a; Rutherford &
Soddy, 1903b; Rutherford & Soddy, 1903c; Trenn, 1977). They discovered the thorium-X
and proposed the Transformation Theory (Rutherford & Soddy, 1902d). In April 1903,
they developed their disintegration theory of radioactive transformations. This explained
that radioactivity was the result of spontaneous disintegration of radioactive elements into
new elements (Rutherford & Soddy, 1903d).

The British chemist Alexander Fleck (1889-1968) about their collaboration wrote:
“The collaboration between Rutherford and Soddy was a happy one. Rutherford was
essentially an experimental physicist with a knowledge of chemistry that would not be
regarded as fundamental. Soddy was a chemist and always had a good grasp of atomic
conceptions. Although the two men were both outstandingly strong personalities and thus
might easily have found it difficult to get on with one another, the fact that their approach
to their own experimental work was from different directions made for ready and
complementary discussion. Certainly their period of collaboration left Soddy with an
appreciation of Rutherford as a great experimental physicist. The partnership in Montreal
was a happy one, both from the point of view of the participants and of science” (pp. 204-
205).

Working with Ramsay at University College London, he continued his research on
radium emanation. They demonstrated “spectroscopically the production of helium from
radium”. It was “the first claear experimantal proof of the natural transmutation of
elements” (Kauffman, 1986, p. xv; Ramsay & Soddy, 1903; Ramsay & Soddy, 1904a;
Ramsay & Soddy, 1904b).

In 1909, he extended the disintegration theory to branched series (Soddy, 1909a)
and in 1913, he introduced the term “isotope” (Soddy, 1913a). At that time, he worked at
the Physical Chemistry Laboratory at Glasgow University. In a letter sent to Nature, he
wrote:

“So far as I personally am concerned, this has resulted in a great clarification of my ideas,
and it may be helpful to others, though no doubt there is little originality in it. The same
algebraic sum of the positive and negative charges in the nucleus, when the arithmetic sum
is different, gives what I call ““ isotopes” or “isotopic elements,” because the occupy the
same place in the periodic table. They are chemically identical, and save only as regards
the relatively few physical properties which depend upon atomic mass directly, physically
identical also. Unit changes of this nuclear charge, so reckoned algebraically, give the
succesive places in the periodic table. For any one “place,”or any one nuclear charge,
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more than one number electrons in the outer-ring system may exist, and in such a case of
the element exibits variable valency. But such changes of number , or of valency, concern
only the ring and its external environment. There is no in- and out-going of electrons
between ring and nucleus” (p. 400).

The above quote was also placed on a plaque awarded to Glasgow University in
2013 (“Division of the”, 2013) as a 2013 Chemical Breakthrough Award by Division of
the History of Chemistry of the American Chemical Society (Giunta, 2017).

In the year of the 50th anniversary of isotopes, a reprint of the article in Nature
dated December 4, 1913 was published in the Proceedings of the Chemical Society
(Soddy, 1963).

In his published Nobel Lecture (2021) The origins of the conceptions of isotopes,

given on December 12, 1922, Soddy wrote:
“Chemical analysis classifies according to the external systems of electrons which
surround a small massive internal nucleus, whereas radioactive changes, which are of the
character of veritable transmutations, concern the internal constitution of this inner
nucleus. They showed that the same exterior may conceal very different interiors in the
atomic structure. These elements which are identical in their whole chemical character and
are not separable by any method of chemical analysis are now called isotopes. ... Thus the
chemically identical elements - or isotopes, as | called them for the first time in this letter
to Nature, because they occupy the same place in the Periodic Table - are elements with
the same algebraic or nett nuclear charge, but with different numbers of + and - charges in
the nucleus” (pp. 371-372, 393).

A. Fleck (1957) about the place where the word "isotope™ was first used, wrote as

follows:
“Up to 1913 we used the phrase 'radio elements chemically non-separable’ and at that time
the word isotope was suggested in a drawing-room discussion with Dr Margaret Todd in
the home of Soddy's father-in-law, Sir George Beilby. Dr Todd was an Edinburgh trained
medical doctor and was a writer of some distinction under the name of Graham Travers.
The readiness and etymological accuracy with which she produced 'isotopes' is a standing
testimony to her practical knowledge of the Greek tongue” (p. 208).

Soddy together with Henry Hyman determined atomic weight of lead from Ceylon
thorite in 1914. In the course of their research, they found that common lead is a mixture
of isotopes (Soddy & Hyman, 1914).

In 1913, Soddy and the American chemist Kasimir Fajans (1887-1975),

independently of each other, formulated a law called Soddy-Fajans Displacement Law.
This is a rule that governs the transmutation of elements during radioactive decay (Fajans,
1913a; Fajans, 1913b; Soddy, 1913b Soddy, 1913c; Soddy, 2013; Paneth, 1957, p. 1085).
Soddy in his published Nobel Lecture (2021) wrote about this rule as follows:
“A fortnight after Fajans, ... , I published exactly the same scheme as that of Fajans,
whose paper only reached England after mine was written. In the correct generalization of
Fajans ... and myself ..., each a-ray expelled causes a shift of two places in the direction
of diminishing mass and diminishing valency, as | had pointed out two years before, and
each B-ray expelled causes a shift of one place in the opposite direction, consistently
throughout the whole series, ... including the very complicated branchings ... ” (pp. 387-
388).
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Soddy's other works in chemistry

In 1904, the first edition of his book under the title Radio-Activity. An Elementary Treatise,
from the Standpoint of the Disintegration Theory was published in London (Soddy,
1904a). In the same year, this book was translated into German. The translators were G.
Siebert and L. F. Guttmann (Soddy, 1904b). A Russian edition was published one year
later (Soddi, 1905).

In 1908, he gave six free popular experimental lectures on radium at the University
of Glasgow. A year later, in March 1909, these lectures were published in his book in
London (Soddy, 1909b). The second edition of this book appeared in November 1909.
Three years later, in October 1912, the third edition of the book, revised and enlarged, was
published in New York (Soddy, 1912a). The fourth edition, revised and enlarged, appeared
in August 1920 in London (Soddy, 1920a) and in New York (Soddy, 1920b). In May 1922,
a reprint of the fourth edition was published in New York by G. P. Putnam's Sons (Soddy,
1922). The German edition of this book appeared in 1909 under the title Die Natur des
Radiums. Nachs sechs an der Universitat zu Glasgow im Jahre 1908 gehaltenen freien
popularen Experimentalvorlesungen in Lepzig. The translator was G. Siebert (Soddy,
1909c). The first Russian edition of this book was published in 1910 in Odessa. The
translator was D. D. Khmyrov, laboratory assistant of the Imperial Novorossiysk
University (Soddi, 1910a). The next two editions appeared in 1915 and 1923 (Soddi, 1915;
Soddi, 1923). In 1910, the Moscow edition of this book in the N. A. Shilow translation
was also published (Soddi, 1910b). The Hungarian edition of this book appeared in 1912.
The translator was Salamon Gabor (Soddy, 1912c).

In 1908, his book entitled The Chemistry of the Radio-Elements was published in

London (Soddy, 1908). The second edition appeared in 1914 (Soddy, 1914a; Soddy,
1914b) and 1917 (Soddy, 1917). The second Russian edition of this book was published in
1913 in St. Petersburg (Soddi, 1913a). In the preface to a new edition (October, 1914a) of
this book, Soddy wrote:
“ THE Chemistry of the Radio-Elements was first published as a single volume in 1911.
Early in 1913 the important generalisation was made which connects the chemical nature
of the radio-elements with the sequence of changes in which they result, and which has
given rise to the theory of isotopic elements, and thrown a fresh light on the Periodic Law.
These discoveries formed the subject of a new volume, published at the end of 1913, as
Part Il of the Chemistry of the Radio-Elements, the original volume thus becoming Part I.
In 1914, a new edition of Part | being called for, the present volume was written. The
whole subject can now be presented much more clearly and completely than in 1911, and
in consequence Part | has had to be largely rewritten from the new point of view. But
whilst the general mode of presentation has been much modified, the ground already
covered in detail in Part Il has been, as far as possible, avoided in the present volume,
which concerns itself rather with the practical consequences than with the theoretical
significance of the new generalisations” (pp. v-Vi).

In 1949, his The Story of Atomic Energy was published in London (Soddy, 1949).
The Italian edition of this book appeared two year later (Soddy, 1951), and a Russian
edition appeared in 1979, thirty years later (Soddi, 1979).
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Other Soddy's books

In 1912-1934, he wrote several books setting forth his political and economic
views. In 1912, his book under the title Matter and Energy was published in London
(Soddy, 1912c). A one year later, the Russian edition of this book appeared in Moscow.
The translators were S. A. Zaymovskiy and N. A. Morozov (Soddi, 1913b).

One of his book entitled Science and Life. Aberdeen Addresses enjoyed great

popularity among readers. The first edition appeared in January 1920, and a further two
reprints were published in March and August 1920, respectively. The book was published
in London by John Murray (Soddy, 1920c) and in New York by E.P. Duton and Company
(Soddy, 1920d). Soddy dedicated the book to his students at the University of Aberdeen. In
the preface, he wrote:
“I HAVE collected together this series of addresses and articles, written, for the most part,
during my five years at the University of Aberdeen, in the hope that, in volume form, they
may prove acceptable to the students of the university and those for whom, in the first
place, they were written. But | am not without hope that, in these days of stress and
change, they may be useful to a wider circle, anxious to explore to the foundations the
causes of modern unrest, and to rectify for the future the causes which have led to failure
in the past. | have, from the standpoint of an original investigator in physical science,
attempted to show how fundamentally and beyond the possibility of escape our knowledge
and control of the inanimate world underlies and determines the development of all the
potentialities of life” (p. vii).

In 1926, the first edition of his book entitled Wealth, Virtual Wealth and Debt. The
Solution of the Economic Paradox appeared in London (Soddy, 1926). A second edition of
this book was published in 1933 in London (Soddy, 1933a) as well as in the same year, a
reprint of a second edition containing new material and foreword to the American nation,
appeared in New York (1933b).

In 1931, his book entitled Money versus Man. A Statement of the World Problem
From the Standpoint of the New Economics was published in London (Soddy, 1931). The
first American edition of this book was published two years later (Soddy, 1933c). His book
under the title The Role of Money. What It Shoud Be, Contrasted with What it has Become
was published in 1934 in London (Soddy, 1934).

CONCLUSION

Frederick Soddy was one of the most famous British chemists of the first half of the
twentieth century. He was especially famous for his research in the field of radioactivity.
He was a Foreign member of the Swedish (1919) and Italian (1928) Academies of Science
(Fleck, 1957, p. 213). He became a corresponding member of the Rossiyskoy akademii
nauk (Russian Academy of Sciences) on December 6, 1924 (“Rossiyskaya akademiya
nauk”, 2007). The Royal Society of London elected him a Fellow on May 5, 1910 (“List of
Fellows”, 2020, p. 132). He received the Cannizzaro Prize in 1913 and in 1934 — the
honorary title of Doctor of Laws (LL.D.) awarded by the University of Glasgow (Fleck,
1957, p. 213). In 1981, he was honored on a postage stamp issued by Sweden (Shampo,
Kyle, & Steensma, 2011, p. €39). The Nobel Prize in Chemistry 1921 was awarded to him
“for his contributions to our knowledge of the chemistry of radioactive substances, and his
investigations into the origin and nature of isotopes.” In fact, he received his Nobel Prize
one year later, in 1922 (“The Nobel Prize”, 2021). Jeff Hughes (2009) Hughes about his
trip to Stockholm wrote as follows: “In early December 1922, after weeks of worry about
travel arrangements and top-hats, the Oxford chemist Frederick Soddy and the Cambridge
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physicist Francis Aston [(1877-1945)] sailed from Newcastle for Bergen, Christiania [now,
Oslo] and Stockholm. Accompanied by Soddy’s wife and Aston’s two sisters, they were en
route to the glittering annual Nobel Prize ceremony to receive the 1921 and 1922 Nobel
Chemistry Prizes respectively. On an icy 10 December, they sat stiffly on the platform in
Stockholm’s Musical Academy. Following a performance of Sibelius’ Elégie, they duly
received their awards from King Gustav [(1858-1950)] “ (p. 132). Soddy's wonderfull
books have been published in Great Britain, Germany, Russia, U.S.A., ltaly and in
Hungary. Some authors also wrote about his life and work. For instance, in 1958, Muriel
Howorth written the book entitled Pioneer Research on the Atom. Rutherford and Soddy in
a glorius chapter of science. The Life Story of Frederick Soddy, M.A., LL.D, FER.S., Nobel
Laureate (Howorth, 1958). In 1978, a book by Aleksandr Nikolayevich Krivomazov under
the title Frederik Soddi (Frederick Soddy) was published in Moscow (Krivomazov, 1978).
Thaddeus J. Trenn is the author of a Soddy's biographical sketch with a detailed review of
his bibliography up to 1986 (Trenn, 1986, pp. xix-xxviii). A biographical book about
Soddy, written by Linda Merrics, was published at Oxford in 1996 (Merrics, 1996).

After Soddy, not only his papers, books, lectures, and obituaries survived.
Moreover, several of his photos and commemorative plaques were created. His photo from
1952 can be found on the Royal Geographical Society website (“Frederic Soddy Awards”,
n.d.). Two his photographs are from the Edgar Fahs Smith Chemistry Collection (“Soddy,
Frederick (18777, 1919; “Soddy, Frederick (1877, 1920). His photo can be found in a
Fleck's article (Fleck, 1957, p. 203).

The First Solvay Chemistry Conference was held on April 21-27, 1922 in Brussels
(Belgium). There, Soddy gave a lecture on isotopes and radioactivity (van Tiggelen, 1999,
p. 3016). In the photo of conference participants, Soddy sits first from the right. The
Swedish chemist Svante Arrhenius (1859-1927), who won the Nobel Prize in Chemistry in
1903, sits next to him. The Belgian industrial chemist Ernest Solvay (1838-1922), who
founded this conference, sits fourth from the right. He died one month after conference
ended (“First Solvay conference”, 1922).

Images of plaques made in Soddy's honor can also be found in the literature. The
first one, funded by the Institute of Physics, shows a commemorative plaque at Eastbourne
College with the following inscription: “FREDERICK SODDY / 1877 — 1956 /
EDUCATED AT EASTBOURNE COLLEGE / NOBEL LAUREATE 1921 / FOR HIS
FUNDAMENTAL CONTRIBUTIONS TO THE UNDERSTANDING OF
RADIOACTIVITY”/ (“About Frederic Soddy”, n.d.).

The second image shows a plaque from Frederick Soddy's birthplace in
Eastbourne. The inscription reads: Here was “ HERE WAS BORN/FREDERICK SODDY
/ NOBEL LAUREATE IN CHEMISTRY / FOREMOST RADIOCHEMIST OF HIS
TIME / HE DISCOVERED / THE TRANSMUTATION OF MATTER / AND / THE
CONCEPT OF ISOTOPES /HIS LIFE WAS DEDICATED TO HUMAN WELFARE /
THROUGH THE BENEFITS OF SCIENCE / 1877 — 1956 / (“About Frederic Soddy”,
n.d.). Frederick Soddy's commemorative plaque is in the James Black Building at
Glasgow University. It has the following inscription: “1877 1956 / FREDERICK SODDY
/ F.R.S. NOBEL LAUREATE / LECTURER IN PHYSICAL CHEMISTRY (INCLUDING
RADIOACTIVITY) GLASGOW UNIVERSITY. 1904-1914 / WITH RUTHERFORD HE
SHARED THE DISCOVERY OF ATOMIC DISINTEGRATION, WITH RAMSAY THE
PROOF OF HELIUM PRODUCTION FROM a - PARTICLES. IN THIS
DEPARTMENT HE FORMULATED HIS CONCEPTION OF ISOTOPES” /. (“The
University of”, n.d.b).

Another Frederick Soddy memorial plaque is on the wall of one of the houses in
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Glasgow. It has the following inscription: “At a dinner party held in this / house in 1913 /
Frederick Soddy / (1877-1956) / introduced the concept of “ISOTOPES” / He was
awarded the Nobel Prize in / 1921 for his work on radioactivity.” (“Plaque to Frederick”,
n.d.).

Soddy's collection of papers and correspondence is held by several institutions. At
Oxford University are stored in the Bodleian Library. His lecture notes and papers from
1914-1917 are in the Museum of the History of Science, University of Oxford, and his 25
letters to Royal Institution are stored in the Royal Institution of Grat Britain. Most of the
Soddy-Rutherford corrspondence (96 letters from the years 1902 to 1937) is stored in the
Cambridge University Library (“The National Archives”, n.d.). His correspondence and
other archival sources are kept at Soddy's Record held at the Royal Society. The original
certificate of a Candidate for election to the Royal Society of December 28, 1908 is kept
there as well as his Nobel Prize Medal. There are also copies of his letters, for instance
from Francis Alexander Towle (1874-1932), Assistant Secretary of the Royal Society, and
copies of his letters to James Mackenzie Davidson (1856-1919), President of the British
Institute of Radiology (1917-1919) (“The Royal Society”, n.d.).

The name of this remarkable British chemist is loudly heard not only in the United
Kingdom and Ireland, but also in the various countries of the world. “The Frederick Soddy
Awards provide funding for studies of the social, economic and cultural life of a region -
anywhere in the world - to schools, undergraduate teams, and PhD students”. There are
three awards associated with his name. The Frederick Soddy Schools Award “offers of £
200 to £ 600 for school fieldwork groups”. The Frederick Soddy Postgraduate Award
“gives two annual awards of up to £ 6,000 for PhD students carrying out research “on the
study of the social, economic and cultural life of a region” anywhere in the world”. The
Frederick Soddy Awards support team fieldwork and expeditions “are awarded between
£500 and £2,000 for “groups undertaking primarily human geography research™”
(“Frederic Soddy Awards”, n.d.).
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