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A d v e r t i s e r  r e t a i n s  s o l e  r e s p o n s i b i l i t y  f o r  c o n t e n t

In a way, the world of 
nanocarbons resembles 
origami — small manipulations 
can bring changed forms and 
functions. Graphene, a semi-
metallic single layer of carbon 
atoms, is like a fl at sheet of 
paper. Shape it into a sphere, 
and it becomes insulating. 
Wrap it into a tube, and it 
becomes a semiconductor that 
is transparent to light below a 
certain energy level. Twist that 
tube slightly, and it becomes 
a metal that absorbs light of 
all energies.  

Unlike paper though, 
the shape of atomic-scale 
nanocarbons is extremely 
diffi  cult to control. Lacking 
tools to use more direct means, 
scientists have had to resort to 
painstaking fi ltering techniques. 
To make a nanotube transistor, 
for example, the required 
semiconducting nanotubes are 
typically fi ltered from a mixture 

of nanostructures produced at 
high temperatures. 

But despite decades of 
work, fi ltering remains highly 
imperfect. “The key issue in the 
fi eld remains the preparation 
of well-defi ned materials,” 
says Kenichiro Itami, research 
director of the JST-ERATO Itami 
Molecular Nanocarbon Project 
and professor of chemistry at 
Nagoya University. 

An approach enabling more 
control over the shape would be 
a chemical synthesis of a single 
desired structure. Now, after an 
extraordinary 12 years of eff ort, 
a team of researchers led by 

Itami has succeeded in doing 
just that with one of the most 
sought-after nanostructures in 
the fi eld — the carbon nanobelt.

Chemists have been trying 
to synthesize the nanobelt for 
over 60 years. “It’s a simple and 
beautiful structure,” says Itami, 
“and chemists tend to believe 
that beautiful structures will 
exhibit amazing properties.” 

The nanobelt consists of a 
thin ring of carbon atoms joined 
in a loop, as if someone had 
taken a vertical slice from the 
centre of a nanotube. Crucially, 
this means that the nanobelt 
can be used to grow metallic or 
semiconducting nanotubes with 
perfect fi delity — no fi ltration 
required. “In this regard,” Itami 
says, “carbon nanobelts are the 
ultimate seed.” 

Nanobelts may also be 
useful in nanomachines, 
single-molecule electronics, 
photonics, and spin transport. 

They may even make a perfect 
nanocar ‘tyre’. Being both the 
newest and the smallest well-
defi ned member of the carbon 
nanotube family, many new 
applications may be found, says 
Itami. “People can’t predict how 
it will change the game.”

Scientists around the world 
will soon get the chance to try. 
Tokyo Chemical Industry Co., 
Ltd. (TCI) is collaborating with 
Nagoya University to effi  ciently 
scale up the synthesis of the 
nanobelt, and aims to make it 
commercially available within six 
months. Inquiries, they say, are 
already coming in. 

Aft er six decades 
of anticipation, 
the nanobelt has arrived 
CHEMISTS HAVE SYNTHESIZED the smallest member of the carbon nanotube family.

The synthesis 
of a carbon 
nanobelt paves 
the way for new 
applications in 
nanotechnology

ERATO Itami Molecular 
Nanocarbon Project,

 Nagoya University
www.jst.go.jp/erato/itami
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Catching up with carbon
Japan fights to stay on top of a field it pioneered. 

B Y  T I M  H O R N Y A K 

In September last year, a handful of 
researchers were sitting around a com-
puter monitor in chemist Kenchiro Itami’s 

lab at Japan’s Nagoya University as one loaded 
a file showing the results of an X-ray crystal-
lography scan. Within seconds, the room 
erupted: scientists were on their feet, cheering 
and exchanging high fives. In front of them 
was a 3D representation of a carbon nanobelt 
— a new molecule of carbon that the team 
had successfully synthesized after 12 years of 
painstaking effort. 

“Without these data, we couldn’t prove its 
structure 100%,” says Itami, director of the 
Institute of Transformative Bio-Molecules at 

Nagoya University. “It was the most exciting 
moment I ever had in my life.”

Itami thinks he has good reason to be so 
excited. “The discovery of a new form of car-
bon has always opened up new science and 
technology — fullerenes are a great example,” 
he says, referring to the all-carbon molecular 
spheres created by scientists at Rice University 
in Houston, Texas, in 1985. 

Chemists have indeed tried many things 
when it comes to constructing exotic forms, 
or allotropes, of carbon: nanobelts are only the 
latest and it’s significant that a Japanese team 
made them. The country has enjoyed a rich his-
tory of manipulating carbon — an atom with 

the stability and strength to build complex 
molecules — into new materials with useful 
properties, and it has built a strong industrial 
sector from those basic research efforts.

But in the past decade or so, Japan has found 
itself beset by international competition, as 
progress in the field has shifted abroad. Now, 
Japanese researchers are fighting to maintain 
their global prominence.

NO SMALL PEDIGREE
The history of nanocarbons is nearly as intricate 
as the structures themselves. Smiths have 
forged carbon with metal to make sharp, resil-
ient weapons for thousands of years, with 
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NANOCARBON IN JAPAN SPOTLIGHT

Over the years, researchers have built a dizzying collection of exotic forms of carbon.

NANOBELT
The single repeating unit 
of a tiny carbon nanotube. 
Synthesized in 2016.

GRAPHITE
Layers of hexagonally arranged carbon stacked 
on top of one another. Graphene — a single 
layer of this lattice — was isolated in 2004.

Graphene

FULLERENE
A hollow sphere of carbon 
resembling a football. 
Synthesized in 1985.

NANOTUBE
A sheet of hexagonally arranged carbon 
atoms, stretched to make a pipe shape. First 
formally described by scientists in 1952.

NANOCARBON MOLECULES: A GLOSSARY 

some astonishing results: a 2006 analysis
of Damascus sabre steel from the seventeenth 
century1 revealed that the material contains 
microstructures such as carbon nanotubes — 
lattices of carbon atoms arranged to create a 
pipe with a diameter of 0.7–50 nanometres.

Modern synthesis of carbon nanotubes is 
widely attributed to Japanese scientists Mor-
inobu Endo and Sumio Iijima. When Endo 
was working at the French National Centre 
for Scientific Research (CNRS) in the 1970s, 
he synthesized carbon fibres that featured 
hollow tubes arranged in concentric sheets 
like the rings of a tree. Sixteen years later, 
Iijima published a letter in Nature entitled 
‘Helical microtubules of graphitic carbon’; he 
is often cited as the scientist who discovered 
carbon nanotubes2. 

But who first made the discovery is still 
a topic of discussion. A 2006 editorial in 
Carbon3 suggested that Russian scientists 
L. V. Radushkevich and V. M. Lukyanovich 
should be credited for their 1952 paper4, 
which reported that “carbon filaments could 
be hollow and have a nanometre-size diam-
eter”. The paper, published in Russian, was 
little-known outside the Soviet Union, and it 
was Japanese researchers who were responsi-
ble for opening up the field to the rest of the 
world. “From the beginning of the discovery, 
I was confident in the importance of nano-
tubes,” says Iijima, now a chemist at Meijo
University in Nagoya. 

He turned out to be right. The strength-to-
weight ratio of the tiny molecules is at least 
30 times greater than for Kevlar, the material 
used in bulletproof vests. Adding nanotube 
fibres to just about any material — from vehi-
cle parts to golf-club shafts to elevator cables 
— will strengthen it enormously. And because 
they can conduct electricity better than cop-
per, nanotubes have given rise to products 
such as transparent conductive films and even 
prototype computers. 

As with many new materials, some appli-
cations can be unexpected. For instance, a 

nanotube yarn originally designed for light-
weight data cables was re-engineered for use 
in space. NASA scientists think that the yarn 
— 200 times stronger and 5 times more elas-
tic than steel — could significantly lower the 
overall mass of a spacecraft.

Itami’s carbon nanobelt is, essentially, the
single repeating unit of a relatively tiny car-
bon nanotube (see ‘Nanocarbon molecules: a 
glossary’). But the simplicity of the nanobelt is 
misleading — synthesizing one is supremely dif-
ficult owing to the high degree of strain placed 
on the 12 benzene rings that must be joined 
together to create the belt.

The effort could well be worthwhile, however. 
Nanobelts have been described as ‘dream mol-
ecules’ by researchers, because of their potential 
roles in everything from semiconductors to 
photonics equipment. They might even serve 
as “seeds” for growing “structurally well-defined 
carbon nanotubes”, Itami and his colleagues 
reported this year5. 

Itami hopes that carbon nanobelts will
become available to businesses in a matter of 
months. If they do, they will be making their 
way into a commercial field that is steadily fill-
ing up with exotic forms of carbon. A material 

known as Vantablack comprises millions of 
vertically aligned nanotubes, each with a diam-
eter of about 20 nanometres. The nanotubes 
absorb 99.96% of incident radiation, according 
to Vantablack’s developers, Surrey NanoSystems 
in Newhaven, UK. That makes Vantablack the 
darkest synthetic substance in the world. As 
such, it could be used to protect telescopes from 
stray light, making it easier to see faint stars, or 
to improve the optical performance of satellites, 
among other applications. 

And in 2013, researchers at Stanford Univer-
sity in California reported6 that they had made a 
basic computer from carbon-nanotube transis-
tors and simple electronic circuits. The device
drew attention as a possible replacement for sili-
con and as a way to facilitate the development of 
ever-smaller transistors. 

BARRIERS TO ENTRY
The promise of nanotubes has been some-
what overshadowed by their potential 
health dangers. The Japanese government 
has been evaluating nanotubes for possible 
carcinogenic effects, and some scientists 
have likened the tubes to asbestos in terms 
of health risk, In 2015, one joint French–US 
study7 found nanotubes similar to those used 
in vehicle exhaust systems in tissue samples 
taken from 69 children in Paris with asthma. 
“These results strongly suggest that humans 
are routinely exposed to nanotubes,” the
authors wrote. 

Another roadblock to the application 
of nanotubes is price — 1 gram can cost as 
much as US$250, around 6 times the price
of gold. Mass production would bring down 
that cost considerably, so an important area 
in nanotube research is the development of 
alternatives to the expensive, high-energy 
methods currently used, such as arc electrical 
discharge and chemical vapour deposition.

The possible effects on human health and 
the high price tag may have dampened global
enthusiasm for nanocarbon products, and 
could have slowed down Japan’s academic 
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NANOCARBON IN JAPANSPOTLIGHT

EXCELLENT CHEMISTS 
AND PHYSICISTS ARE 

STILL IN JAPAN
BUT THE TREND 
FOR TRAINING 

YOUNG JAPANESE 
SCIENTISTS IS 

DECREASING.
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