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Ken-ichi Otake’s work focuses on the design and synthesis of new materials.
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Heavy hitter

Ken-ichi Otake uses novel materials to isolate ‘heavy
water’ cheaply and efficiently. By Sandy Ong

This is the fifth in a Nature Index series of
profiles about emerging early-careersresearch-
ersinjapan.

hemistry has been part of Ken-ichi
Otake’slifeforaslongashecanremem-
ber.Asaboy, he frequently visited the
lab of his father, an organic chemist
who studied under Ryoji Noyori, one
of Japan’s eight Nobel laureates in chemistry.
“He would show me the instruments or just
leave metolookaround. I remember the place
having aninteresting smell,” says Otake.

His interest in the subject was rekindled
when he entered Kyoto University asan under-
graduate. “Iremembered how much I loved
chemistry. And I was influenced by my father,
who was so proud of his work. He said that his
job was his hobby,” says Otake, now an assis-
tant professor at his alma mater’s Institute for
Integrated Cell-Material Sciences (iCeMS).

Otake’s work focuses on the designand syn-
thesis of new materials. He is especially inter-
ested in crystalline materials called porous
coordination polymers (PCPs), also known
asmetal-organic frameworks. An example of
such materials is the pigment Prussian blue,
used to dye textiles and colour paints since
the eighteenth century.

Interest in the polymers has seen aresur-
gence in the past 25 years as scientists have
begun to synthesize new classes of PCPs that
are extremely flexible.

The lattice structure of these novel PCPs,
comprising of metal ions connected by
organic molecules called linkers, resembles
akind of pliable playground climbing frame,
with the open spaces acting as nano-sized
poresormolecular gates that canbe precisely
controlled inresponse to external stimulisuch
as fluctuations in temperature.

“Because of this porous structure, PCPs have
avery widerange of functionality,” says Otake.
Forinstance, they can be used as catalysts and
arealsowell-suited for separating compounds,
especially small gases such as carbon mon-
oxide, methane and hydrogen. That’s because
scientists can design specialized polymersand
control for characteristics such as pore size,
he says.

Otake’s lab at Kyoto, led by Susumu
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Kitagawa, one of the first researchers to show
how flexible PCPs could adsorb small mole-
cules,isaglobal leader in using PCPs as a sep-
arationtool.InNovember 2022, the team, with
collaboratorsin China, described amethod for
separating ‘heavy water’ (D,0) — water mole-
cules containing the hydrogenisotope deute-
rium (D), also known as heavy hydrogen —from
H,O (Y.Suetal. Nature 611,289-302;2022).

Thiswas abreakthroughinthe use of PCPs,
says Otake. The waterisotopologues D,0 and
H,Oare notoriously hard to separate because
they have near-identical melting and freezing
points, molecular sizes and bond energies.
Current approaches such as distillation and
electrolysis are energy-intensive. “That’s why
purifying heavy water is usually very expen-
sive,” says Otake.
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D,0 has extremely useful applications. It
helps moderate reactions in nuclear power
plants; increases vaccine thermostability and
allows scientists to selectively label certain
proteins, nucleicacids and other compounds,
so that they may be tracked in real-time while
undergoing various biological and chemical
processes.

Otake and his team successfully separated
heavy water from H,O by experimenting with
two copper-based PCPs. Atroom temperature,
the structure’s organic linkers ‘“flip-flop’ open
so that D,0 and H,0 — whose size and affinity
closely matches that of the molecular gates —
areadsorbed at different rates.

“By using this mechanism, we were able to
separate water isotopologues using PCPs for
the first time,” says Otake. The new approach
could be far more efficient than current sepa-
ration techniquesif the method is developed
intoapractical solution that can puttoevery-
day use, especially at scale.

Theresearchersare now exploring whether
they canapply this to similar separation prob-
lems, including whether the technology can
be used to remove carbon dioxide from fac-
tory flue gas. Otake is also keen to explore
the “many other useful functions of porous
materials”. He hopes his work will contribute
to making new materials that are useful and
energy efficient.

Otake was among the top five most-prolific
early-career authors in Japan in the Nature
Index for the field of chemistry from 2015 to
2021 -anaccomplishment he says his father is
proud of. He’s grateful to the Japanese govern-
ment for boosting the funding for early-career
researchers such as himselfin recent years,
andfor theincreaseinnon-tenured academic
positions available.

Still, the number of graduates choosing
to pursue PhDs or enter academia is waning,
says Otake. Offering more long-term positions
will help, butit’sjustasimportantto “createan
environment thatallows researchers to focus
ontheirwork” forinstance, by providing finan-
cial assistance for day care, family care and
personal health, he says.

Sandy Ong is a freelance science writer based
in Singapore.
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