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Measurement of the first ionization potential of
lawrencium, element 103
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Currently, 118 elements
are confirmed on the earth.
Just recently, element
names of 113, 115, 117, and
118 have been suggested.
Among them, element
113 is attracting attention
as an element for which
naming rights are given to Japanese team for the first
time. Looking at the Periodic Table of the Elements,
we can see that the seventh period is completed for
both in name and reality, and we are finally about to
take a step forward into the eighth period.

An element in such a region having a large atomic

number is called a superheavy element. In the heavy
element region, the velocity of an electron moving in
an orbital close to the nucleus approaches the speed of
light and the electron is influenced by the relativistic
effect, so that the outermost electron (valence) orbital
could change. It is pointed out that since the valence
electronic orbital would characterize the chemical
properties, the chemical properties of the element may
differ from the expectations from the periodic table[1].

Lawrencium (Lr), one of such superheavy elements,
element 103 located at the end of the actinide series,
has been drawing attention as a candidate for "element
deviating from periodicity" for nearly half a century.
However, due to experimental restrictions that only the
heavy ion nuclear fusion reaction using an accelerator
can produce, and all the synthesized isotopes are short-
lived, its physical and chemical properties are hardly
elucidated. Actually, although chemical behavior has
been investigated several times so far, it has never
been confirmed experimentally even whether Lr
behaves as the last element of the actinide series.

In this work, our group has been successfully
measured the first ionization energy (IP;) of Lr by
applying an ionization phenomena called surface
ionization process occurring on a metal surface at high
temperature [2]. Precise and accurate experimental
determination of IP, gives information on the binding
energy of valence electrons. Obtained IP, value of Lr
was 4.76 = 0.8 eV, which was the fifth lowest value
among known elements. Changes in IP; of actinides
and lanthanides with atomic numbers are shown in
Figure 1. It is known that IP, value of lanthanide
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Fig.1

The first ionization potential of heavy lanthanides ( @)
and actinides including our present results for Lr ( @ :
experimental, O estimated value, * : theoretical value for
Lr 2D

monotonically increases from terbium (Tb) to ytterbium
(Yb) and sharply decreases at lutetium (Lu). We have
experimentally shown that the IP1 value of Lr is
distinctly lower than that of other actinide elements,
this means it has been experimentally confirmed for
the first time that actinide is terminated with Lr.

On the other hand, by comparison between the
experimental value and that calculated with a state-of-
the-art relativistic calculation, this experimental result
strongly suggested that the electronic configuration of
Lr is different from the prediction from the periodic
table.

It is the first time that direct information of atom
property was provided in a heavy element region
whose atomic number is greater than 100. This work
was published from Nature and was on its cover page
for the reason that it opens up new perspectives on
determining basic atomic properties of the superheavy
elements.

By the way, in the today's periodic table, the
lanthanide and the actinide series end with Lu and Lr
respectively. These series are placed directly under
the group 3 elements scandium (Sc) and yttrium (Y)
and are listed separately from main table (Figure 2).
However, it has been pointed out that Lu and Lr should
be distinguished from lanthanides and actinides, and
put together with Sc and Y as Group 3 elements. The
achievement of this work triggered discussion on this
issue again. [IUPAC (International Union of Pure and
Applied Chemistry) started discussing the position on
the periodic table of Lu and Lr [3]. A working group
has already been set up and debate is under way.
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Fig.2

Periodic Table of the Elements (Ln: Lanthanides, An:
Actinides). Bar sizes reflect the energies of the first
ionization potentials. The result for Lr in our first time
measurement is shown in red.
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