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Joseph Lloyd explores the development 
of one of the cornerstones of chemistry

The periodic table of chemical elements is 
recognised across the world as one of the most 
important and influential achievements in 

modern science. When Hennig Brand boiled urine in 
1669 and isolated phosphorus (see Chemistry review, 
Vol. 28, No. 3, pp. 21–23), he made the first scientific 
discovery of an element beyond those that had been 
known since ancient times, such as gold. It took 
another 200 years before Russian scientist Dmitri 
Mendeleev successfully organised the 60 or so known 
elements into a pattern based on their atomic mass, 

which also highlighted the similarities and differences 
between the elements.

This year marks the 150th anniversary of the 
creation of the periodic table, and the United Nations 
has designated 2019 as the International Year of the 
Periodic Table.

Order from chaos
Mendeleev’s idea to order the elements by atomic mass 
was not new, having been pioneered by English scientist 
John Newlands (see Chemistry review, Vol. 28, No. 3, 
pp. 18–20) and Lothar Meyer before him. However, 
by arranging elements with similar properties below 
one another, the Russian scientist created the first 
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Questions
1 Hydrogen can be found in group 1 or group 17 

across different versions of the periodic table. 
Explain why.

2 Explain why bombarding molybdenum-98 with 
deuterons results in the formation of technetium.

iteration of what became the modern periodic table. 
His genius is made all the more apparent when you 
consider that the atom itself, another cornerstone of 
chemistry, would not be truly understood until Ernest 
Rutherford’s gold foil experiment in 1911. Moreover, 
the information that Mendeleev had about some of 
the elements was incorrect. However, his theory was 
so robust that he was able to predict the existence of 
elements that had not yet been discovered, leaving 
gaps in his table to accommodate them.

Mendeleev died in 1907 knowing that his 
predictions had been vindicated, as nearly all of the 
elements that he had described had subsequently been 
discovered. Following the discovery of lanthanum in 
1923, only element 43, ‘eka-manganese’ (the transition 
element immediately below manganese), still eluded 
scientists trying to fill the gaps in the table. Finally 
the search was concluded by Italian scientists Carlo 
Perrier and Emilio Segrè in 1937, when they artificially 
produced element 43 – now known as technetium 
(TC) — for the first time. They extracted technetium 
from molybdenum foil that had been bombarded by 
deuterons (the nuclei of deuterium atoms).

Technetium has a half-life of between 215 000 
and 2.5 million years, so all the naturally occurring 
isotopes of this radioactive element have long since 
decayed. Technetium is now extracted from spent 
nuclear fuel in large quantities and is used for medical 
diagnostics in combination with other elements.

The most useful Tc isotope for diagnostic purposes 
is technetium-99m (99mTc), due to its short half-
life of around 6 hours. 99mTc is an excited state 
of technetium-99. 99mTc binds to red blood cells 
when combined with tin and allows us to map the 
circulatory system, to highlight areas where there may 
be problems. 99mTc-pyrophosphate binds to calcium 
deposits in damaged cardiac muscle in a technique that 
can determine the extent of a heart attack. The gamma 
radiation emitted by technetium-99m is more easily 
detected than other isotopes used in nuclear medicine, 
allowing smaller doses to be used. Furthermore, 
smaller doses in combination with the relatively quick 

decay to the less radioactive technetium-99 results in 
reduced exposure to radiation for both patients and 
those administering the treatment.

An icon of chemistry
Following the completion of period 7 of the periodic 
table (see Chemistry review, Vol. 28, No. 3, pp. 16–17), 
the search continues for the ‘island of stability’, where 
some believe that element 126 could exist long enough 
to be studied and even utilised. However, other 
scientists believe that the prospects of discoveries 
beyond element 120 are unlikely.

Despite its 150-year reign as an icon of chemistry, 
the periodic table still stirs debate. Even the placement 
of hydrogen and helium, the most abundant elements 
in the universe, can lead to disagreements (see 
Chemistry review, Vol. 15, No. 2, pp. 26–28). There are 
arguments over whether lanthanum (La), actinium 
(Ac), lutetium (Lu) and lawrencium (Lr) should 
be classified as lanthanides/actinides or transition 
elements, due to their electronic structures.

Whatever happens in the future, Mendeleev’s table 
remains at the core of the chemical world, providing 
the foundation for an incredible range of theories and 
discoveries.
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