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Aiming for a more beautiful periodic table
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For the first time in the
world, ASRC researcher Dr.
Tetsuya K. Sato succeeded in
measuring the first ionization
potential of element 103
(Lawrencium), which was
featured on the cover of Nature
in 2015. He has continued to
make remarkable achievements,
such as the successful measurements of the first ionization
potential of elements 100 (Fermium), element 101
(Mendelevium) and 102 (Nobelium) in 2018. In this interview, he
talked about the charm of studying superheavy elements, and
about the thoughts that he cherished in his scientific career.

“As the famous quote says: we stand on the shoulders of
giants’. With these words, used in a letter to Robert Hooke in
1676, Isaac Newton meant that new discoveries can be made
thanks to the accumulated discoveries of previous scientists.
In fact, the techniques to measure the first ionization potential
of heavy actinides, used in my research theme, were indeed
well known 100 years ago. I think that human ideas have
not changed substantially since ancient times. It is not an
exaggeration to say that the goodness of several old ideas has
been demonstrated by many research results obtained via the
development of new technologies. Plenty of such treasures are
hidden in the history of chemistry.”

“The chemistry we actually see is, so to speak, our visible
world. The world of superheavy elements, instead, is an
extreme area where we search for atoms that only exist in
this world for 30 seconds, at the level of 1 atom in 10 When I
was a university student, I found it fascinating and rather cool.

My university mentor, Prof. Hisaaki Kudo, studied under
Dr. Glenn T. Seaborg, the scientist after which element 106,
‘Seaborgium’, is named. To tell the truth, I am a little proud
to think that this connection makes me Dr. Seaborg scientific
‘grandson’. During my university days, Prof. Kudo often told
me many interesting stories while drinking alcohol together.
What Professor Kudo always emphasized was that we
should think about what the essential is. Even while paying
meticulous attention to extremely fine details, he was always
conscious of how it all connected to the essence and kept
asking me what that connection was. Listening to Prof. Kudo’
s stories, I was enchanted with the idea that it would be fun
to bring to light the world of an atom that had never been
seen.

Another remarkable experience was a dream which felt
like a revelation when I was writing my doctoral dissertation.
The theme of my dissertation was the adsorption and
desorption behavior of a volatile compound of element 104
(Rutherfordium). Only after seeing Rutherfordium flying in a
dream, did the experiment succeed. It was quite strange. This
experience made me focus completely on superheavy element
research.

When I joined JAEA, the chemical knowledge from my
university days was highly valued and I was involved in the
development of an ion source for mass separators. After that,
I returned to the study of gas-phase chemistry of superheavy
elements. However, when this project was just about to
produce results, the group leader at that time, Matthias
Schéadel, pointed out to me that the theme was obsolete,
and the project eventually disappeared. Initially I was really
frustrated, but this led me to use the ion source to study
superheavy elements. In retrospect, I came to realize what
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a sharp and timely decision had been taken by the group
leader Matthias Schadel, who was well acquainted with the
international state of the art. It was thanks to his advice
that I managed to publish in Nature and get connected with
the world, and I am sincerely grateful for that.”

“It is certainly praiseworthy to have a noble spirit to
accomplish something important with your own research,
but till now what made me continue my research was
rather the thought ‘this is interesting, I want to try it .
For me, however, creating new things does not come
without a certain amount of pain and suffering. On such
occasions, I consult and discuss with people in my research
group to find new clues, and I think that also this process
makes the research enjoyable.

That is probably because I am blessed to be surrounded
by very good people as teachers, seniors and friends. I
myself learned a lot from these people. When I was in the
group of Prof. Hisaaki Kudo at university, or in the group
of former group leaders Nagame Yuichiro and Matthias
Schadel, or with Shinichi Ichikawa, my ion-source teacher
at JAEA, or when attached to the Tandem accelerator, I
learned as an apprentice from the craftmanship of the other
researchers and technicians the attitude towards research;
now, in the Heavy Elements Nuclear Science Research
group, I have learned a lot from many of my research
colleagues. Thankfully, in the course of my research, I have
always been given a place at the frontier, where I keep
learning and growing as a scientist. Research like ours
cannot be done without a team. In this sense, I really feel
that “people” is the most important aspect of research.

Recently I am convinced that the best condition to
become a researcher is good luck. What I mean is that,
when you are in trouble, you have somebody that helps
you, or something unexpected happens and you get a hint
on how to proceed. Such human relationships are the ‘good
luck’ which you, yourself, should and can develop. To those
who are thinking of becoming a researcher, my advice is
to discuss with various people, do research with a positive
attitude and make an effort to actively work with other
people.

“T have often been asked ‘what is your research useful
for?” . Our research deals with the periodic table itself and
lies at the foundation of all chemistry. For us scientists,
the periodic table is like a map. As a matter of fact, from
our research results it emerged that it might need to be
reorganized. Originally, scientist expected that Lawrencium
would show a deviation from the periodic table. When this
was proven in the experiment, an argument started over
removing Lawrencium from the actinide sub-group of the
periodic table and place it into the main group. Again, this
feels like a mysterious coincidence since the person who in
the 1940's proposed the concept of actinides was Dr. Glenn
T. Seaborg himself. It is being said that the periodic table
would become more beautiful. One of the bottlenecks are the
properties of elements 71 (Lutetium) and 103 (Lawrencium).
Although the elements which we study, with proton number
larger than 100, are not immediately useful, when viewed in
the context of chemistry as a whole, they will certainly have
a direct impact on rewriting the fundamental textbooks, and
I feel that this is a very worthwhile job.”

“For my next challenge, I would like to investigate the
atomic properties of element 104 (Rutherfordium) and
beyond. Although I was studying this element during
my university days, for Rutherfordium as well as all
heavier elements, the chemical properties are known only
a little. Atomic properties, including ionization energies,
have not been investigated at all. If we can achieve this
measurement, we will be the only one. It is very important
for a research group to always aim for being the ‘one and
only’ in the field. So my future goal is to move forward and
raise new flags beyond element 104.”
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