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Crystals can be found everywhere in nature. For example, graphite and diamond are both carbon crystals that
are familiar to us in our daily life. However, their shapes and usages are different: Graphite is black and soft, as
used in pencils. Diamond, on the other hand, is transparent and hard, used to cut even hard stones. What on
earth s that?

X-ray erystallography will explain that. (Yes, it's that X-ray, which is used in hospitals.) When X-ray hits a
crystal, the atoms in the crystal scatter it only in one direction, causing a diffraction phenomenon. This is
because the atoms in the crystal are aligned regularly.

X-ray crystallography is a discipline that has established, so to speak, "crystal philosophy” that explains the
characteristics of solid crystals at the atomic and molecular levels. Because of this, scholars who are directly or
indirectly involved in *crystals* can have a common language and common understanding in talking about
crystals, even if their academic fields are diverse.

Through this exhibition, even those who do not specialize in *crystals® will soon find the mystery of crystals in
a scientific point of view if learning how to enjoy crystals academically.

Now, let's see the difference of crystal structures between graphite and diamond at atomic level (see in
picture on the right).
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1n 1901, or 120 years ago, the Nobel Prize began. Since then, more than 50 scientists have won the Nobel

Prize for their work related to crystals. That shows that crystallography has supported a variety of sciences.

In 1895, RONTGEN discovered that X-rays were emitted from an electrical discharge tube with vacuum (i.e., Crookes
tube. The origin of the name *X" means “unknown.” With the discovery of X-rays, people became to see a world that
had never been seen before: An X-ray photograph of RONTGEN's wife's hand must have had a major impact on
people. Such easiness to understand is important, and in fact, many applied researches using nature of X-rays were

carried out,like crystal studies.
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In 1912, when LAUE irradiated crystals with X-rays, he discovered a phenomenon in which the X-rays

diamond, using X-rays. It was possible to accurately

determine the atomic positions in the crystals, or the three-dimensional crystal structures. By the way, at
around the same time, Torahiko TERADA, a physicist and essayist, was also interested in LAUE's experiment

He irradiated rock salt with X-rays and proj
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Terada T, Nature, 91, 213 (1913)).
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As a further development, X-ray crystallography willreveal the crystal structure of proteins involved in the mystery o
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We hope that you are already familiar with substances that are CRYSTALS!

Looking at the characteristic shapes of crystals, “why are crystals so symmetrical?“—if having an inq;

mind or curiosity, you will start to see the essence of crystals scientifically. Furthermore, if you expect the
application development of crystals, you wil see them as useful materials that will create our future society.
Discovering that proteins crystallize

In 1926, SUMNER published that urease, an enzyme that hydrolyzes urea into carbon dioxide and ammonia, erystallized Here, we show partially but a wide range of crystal studies that have been carried out at Nagoya University:
Subsequantly in 1929, tha crystallization of papsin, a dig zyme, was discoverad by NORTHROP. Howaver, at that tima,
due to lack of knowledge about the chemical properties and molecular structure of proteins, X-ray diffraction images of those
erystals could not be obtained, and the crystal structure was left unknown.
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the Laboratories -

From around 1950, HAUPTMAN and KARLE worked on the phase problem of X-ray crystallography by integrating B i G e
mathematics with physical chemistry, and developad a new method for crystal structure analysis. Bacause somiconauctor, toward s proctcl pplcstin

conventional data analysis had taken time and had only applied for imited crystals, by adopting statistics, the
direct determination of crystal structures has become possible.
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Obtaining X-ray diffraction image of protein crystal for the first time.
n 1934, BERNAL and his student, HODGKIN ly ) i crystals
a difference if the crystals were kept in cryst

As aresult, more and more substances have been produced.

ization mother liquor or exposed to air. As is now known, prot
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. . For instance, GEIM and NOVOSELOV recsived the Nobel Prize in Physics in 2010 for the discovery of the
composed of 30-70% (50% on average) of crystallization solvent in volume. Therefore, by encapsulating the crystal in a g A .
& P w0 s o two-dimensional crystaline substance, graphene. SHECHTMAN received! the Nobel Pize in Chemistry in 2011 for (MOF) DREEHEL TV T 2O RIS F2Y¥00R0
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In adition, the 2014 Nobel Prize in Physics, which delighted Nagoya, was presented to Professor Isamu AKASAKI,
Professor Hiroshi AMANO, and Professor Shuji NAKAMURA, for the invention of efficient blue light emitting
diodes (blue LEDS). Here again, the crystalization of gallium nitride was a key to is success

N DNAREDFE#~
- To announce the structure of DNA
"VI‘.
e DNAIZ 8 > 32 %< B bOBIRE L T TOET, 5282 MR EHT
Rl AN B3, 7 3 ) BOWNL B, B, VNI E QNN < T % > T BMETT,

hrugh wehaugh ot desin.

@ HIIRASE 4 EIRAHEEE R RENETHS
FIN—TRIGFITIRN—KYF I F2—TBE)
DEMBETHBHFF/ H—RY,ZEBELTV

OEBE—FLBNBELLI A LANTRILRRD
YOU—Y3 Y OREANZALERAL. E 51
SREME LT RENLY D ADIYI U= 3y

19524, 7 7 > 7 ) 212 & > TONA#KiED: & XEITHEAWI & 12 4 b & Lz, 2okl

“ ¢ Pil@ar & DNAFIOIEAMILIIE () ¥ ) 55, 2" & H A1 2552 b DDA BH 5D ETEMSHABER BFOB INOES B FLEWS BIFREEDTNET, BROENTHS
ZEEPMLE L7 19536, 7 bV ¥ &2 ) v 713, ZODNABHEOXH T — & & BUU(fE BHLBEHBDET K ZD/ (VA BHSDEN EEAILYD AOBRIC <
& 123 Y DNAZ BB L 72 EAHGETDNA 5 S AN 2 2L £ L, BRShESHMEORRNLOBHDET, nET,
Z D, 198 14EICDNAD RS HUHES 1L XERIEHTIC X O . DNA TR & 2 A W& HSIE @0 Yasutomo SEGAWA and Dr. iratoshi @0 Hidekaza YOSHIDA b
SAXAMOTO have produced molucs i

WEnE L.

Itis often stated as "DNA carries the genetic information for making proteins* because DNA contains all -
formation necessary for protein synthesis, such as the type, quantity, sequence, and

imensional structure of amino acids.

an X-ray diffraction image from DNA fibers. From this diffraction image, the
structure of DNA was predicted ing like a heli . having the basic physical properties
(phosphoric acid) outside of the DNA strand. In 1953, WATSON and CRICK discovered the
three-dimensional structure of DNA double helix, theoretically explained using the X-ray data of DNA
fibers and its modeling.

> Then, in 1981, a ystal of DNA was isolated, and the X-ray analysis proved the DNA double helix
Francs Hary Compton RICK

1962 /- XNEPEBIRER structure.
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“Calcite,” a natural mineral crystal
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Calcite is a type of carbonate mineral, made of calcium carbonate
(€aCO,). When limestone, formed by the aggregation and deposition
of very fine calcite grains and crystals, is metamorphosed due to high
overburden pressure and geothermal heat after deeply buried, it
becomes marble, commonly used for sculpture and as a building
material.

Naturally found calcite crystals come in a variety of shapes, the most
well-known of which is the crushed-like parallelepiped shape of a
matchbox. Also, plate-shaped, columnar, and scalenohedral
spine-like calcite crystals can be seen. The colors of the crystals are
generally colorless and transparent, but they may be pink or purple
to yellow, depending on the elements contained.

Industrially, calcium carbonate as a crystalline material is used as a
raw material for cement, food additives, and others. Due to its
usefulness, research on the crystal growth of synthesized calcium
carbonate has progressed, controlling its size and shape suitable for

their purposes.
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The component of "spherical concretions” is also calcium carbonate!
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The "round stones" - paleontologist and fossil

researchers are always looking for - whose main
component is calcium carbonate. They are called
*spherical concretions® because they are so strong
enough to protect fossils inside the stones for more
than millions of years, like “ultimate natural
concrete."

Spherical concretions are formed in phases: firstly,
carbon was produced from the organic matter of
buried organisms after the decomposition, then
calcium carbonate precipitated very rapidly by the
reaction with the carbon (bicarbonate ion) and
calcium ion contained in the sea water. Further, the
calcium carbonate fills the grain pores between sand
and mud deposits to cement and grow, and
eventually solidify into a spherical shape.

Calcium carbonate crystals alone are brittle and
fragile due to cleavage, while concretions grown in
the sedimentary formation containing sand and mud
grains make themselves quite harder and more
durable than concrete. These spherical concretions
have been found all over the world and research into
their origin and formation process has been
underway.
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Future perspectives: Toward the utilization of underground space by concretion
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Spherical concretions are nature-created "time capsules” that keep fossils as it was. Researchers have currently been trying
to rep! the ion of calcium carb.

artificially, learning from its “harder and more durable properties than
synthetic concrete.” For example, they expect the technology to be used for repairing cracks in cement or concrete buildings.

Furthermore, in the latest research, the i has prog , ing for the utilization of the
underground space. In order to use the underground space, it is necessary to prevent the outflow of groundwater from cracks
and pores in the underground bedrock; however, the strength should be stronger than the durability of man-made cement
and concrete to seal the cracks and pores in the underground for more than thousands of years. Here, by the concretion
technology, we expect that practical approaches, such as long-term sealing technology for deep boring holes to store carbon
dioxide, to isolate radioactive waste, and to preserve energy in the underground, will become possible.
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"Proteins" that make the body of living organisms
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Proteins are the building blocks of the human body, and
they perform various functions in the body. For example,
muscle movement, food digestion, and brain response are
all proteins’ work.

A protein is a macromolecule that consists of a long chain
of amino acid residues. It appears like a long string: it is not
straight but typically “folded.” Because the same type of
proteins shows the same type of fold, in order to accurately
understand the function of proteins, it is essential to know.
the folded conformation, or the structure of proteins by
means of X-ray crystallography.
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Nagoya University Beamline for X-ray crystal structure analysis
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There are several types of X-ray source for X-ray crystallography. One of them is the
synchrotron radiation, often used for protein crystal structure analysis.

Synchrotron light is emitted with a wide range of electromagnetic radiations from
infrared rays to x-rays when electrons, moving at high velocity, are forced to change
the direction under the action of a magnetic field.

Aichi Synchrotron Radiation Center (Seto, Aichi Prefecture) established in 2013 has
operated the Nagoya University Beamline (BL2S1) constructed by Nagoya University
for X-ray crystal structure analysis. Using BL2S1, research in various fields, such as life
science, medicine, pharmacy, and materials science, has been carried out via
structural analysis of proteins, organic and inorganic compounds by academic and
corporate researchers.
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Structural analysis of proteins
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Revealing the mechanism of actin polymerization

Actin is a major component of the "cytoskeletal® proteins, which are essential for
controlling cell shape and motility. Spherical actin monomers polymerize into a
double-stranded actin filament. Actin filaments change their length through repeated
polymerization and depolymerization, which allows them to change the cell shape
dynamically. However, due to this characteristic (varying length), it has not been able to
crystalize the filamentous actin.

Thus, Dr. Shuichi TAKEDA (currently at Okayama University) and co-researchers at
Nagoya University succeeded in obtaining the filamentous form of actin crystals by
using a special "device" that fixes actin in the form and determining the X-ray crystal

structure by means of the Nagoya University Beamline. By comparing the crystal
structure of ic actin, the ism of actin polymerization, which is
important for understanding the function of actin, was revealed.
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Structural analysis of cyanobacterial photoreceptive proteins

Certain ia (prokaryoti i isms) perform
efficiently (i.e., color by producing p
chromoproteins to absorb green light when there is mainly green light around them,
also for red light in the same manner. This phenomenon, controlled by several
photoreceptive proteins, has been known for over 100 years. However, the detailed
mechanism is still a mystery.

To elucidate the mechanism of this photoreceptive protein, the structural study has
been conducted through the collaborative research with Dr. Yuu HIROSE at Toyohashi
University of Technology conducted at the Synchrotron Radiation Research Center.
Recently, the structure of the photoreceptive protein when it senses green light has
been identified. With the obtained structural information, we have been trying to
combine other experimental methods (e.g., variant experiment, NMR spectroscopy,
Raman spectroscopy, simulation) to reveal the mechanism.
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“Gallium nitride (GaN),” the blue LED semiconductor material
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Dr. AKASAKI Isamu and Dr. AMANO Hiroshi succeeded in development of high-quality GaN crystals on sapphire
substrate for the first time in the world at Nagoya University (1985). Using this GaN crystal as a a substrate, in
1989, they realized the blue light emitting diodes (blue LEDS), which led to its practical application, and won the
2014 Nobel Prize in Physics.

A "semiconductor” is a substance that has intermediate properties between a "conductor" that conducts
electricity like metal and an "insulator" that does not conduct electricity. It is an indispensable item for optics,
high frequency communications, and power control because it can perform various optical and electronic
functions with a small chip.

In addition to the field of optical applications represented by blue and white LEDs, by emitting light with higher
energy, research on GaN has recently been actively developing ultraviolet LEDs and lasers diodes that are useful
for sterilization and processing of objects.

GaN 7/U( 2NRRT BRKHROW2E

Future society realized by GaN devices.
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Somiconductor devices
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Making “high quality” GaN crystals
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GaN is a material that does not exist in nature. By mixing the raw material gases of Ga and N on a substrate crystal at a high
temperature of 1000°C or higher, colorless and transparent, hard and stable crystals can be formed. However, it s not easy to
grow high quality crystals that are related to the quality of applications: the is currently underway.

Only a few ym of thin GaN layer had been formed on a sapphire (Al,O,) or foreign substrate. Recently, as the improvement of
technology, the crystals with a thickness of several millimeters, which is about 1000 times more, have been produced. This will
significantly improve the performance and cost of power semiconductors and accelerate the realization of a future society.

On the other hand, research for making nanoscale (small) crystals, which are about 1/100 to 1/1000 the size of hair, has also
been progressed. If this is achieved, it will lead to the development of next-generation super high-performance displays, such
as micro LED displays.

GaN/\T —$ 8RB AT o BbE

Challenge toward the realization of GaN power devices

INT B E (S FEBRACEATRILF—DEHHENT
M5 EREPHOE D OBEFTEAETNZETOENERIC

FERASNZFBHRAZEL X IMROD Y 3> FHEEH

e DS ; T =] [ =
WGaN/AT—LBHICEE B 5B ERLHEEA S i H

L TH#110%5 QRKEFHHRNH 2 EEbNTVET, -

—75 T, GaN#&& I FBIER O "Exhz (RFEAE S (Fnm) D
L)1 EMENZREHFELE T AELBBAZRS /S
T—HBEICEVTIE ZOBRFOBMEEE IS <
TRUENH D XY HIZE LEDMAIFGaNFER & BT 37
5.1000083 D1 XTFIRMABFNIERD FEASFHCERR
DI TF T —REE DHEEHRTT . ZDRREUEERE
IEBShnE & DMENICGaN/NT — ¥ BEOEREL &
BEREEEER TEXT.

HRETIE BRATNZNA 7 (/81 7 2)RED /ST —
FEGFEEIIY Y3 VBEHETREL . RERS TORNE
FICEBREAERBLTVET  CORABHCEDELS A
Bl RGN B 2D EAND o ERREE KBLH UYL
(KOH)BR TEN T & B ERRE LTy FEY R
REh (B EAENBIENRETESLSLBDET . &
5ic EBRBFEMHE(STEM) PIRTT hATO—T
(3DAP) 2 EZ VT BB Z1T > TV E T,

TyFEy EOCNBERE
(TR

A power device is an electronic device used for power transmission from the power energy generated at power plants to the
power for light and devices in homes. Replacing conventional silicon semiconductors to GaN power devices is expected to have
approximately 10% of electric energy-loss reduction for the total domestic consumption.

On the other hand, GaN crystals have several types of defects called "dislocations (misalignment of several atoms [a few nm in
sizel)": in power semiconductors that handle large amounts of electric power, the density of dislocations in the crystal should be
svg icantly reducsd For sxamplo, compared to GaN crystals for LEDs, it must be less concentration than 1/10000. Of particular

he of "killer defects." If the origin and properties are revealed, the quality and
reliabilty of oo power devices il ba achieved more effectively.

In the laboratory, the power semiconductors in the off (reverse biased) state where no current flows have been observed by
means of emission microscopy, to check the light emission due to the *leakage current” occurred at defects. In order to

what kind of di are present in the light emitting parts, etch-pit method using molten potassium
hydroxide (KOH) can specify the position and dislocation types. In addition, detailed analysis for the specified defects is
performed using a electron microscope (STEM) and a thi ional atom probe (3DAP).
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“Silicon carbide,” a next-generation power semiconductor

EEDELSKBRELKETHOE "HiK ) BREFEALBIBWVHOZ HeiRE &
EVFTAN G FBE L EREOTHNBMEEERONEDI LSV ETHlIESE
F2E XV IAVREDT0EMNOTFIILT—5 B FEFHNBREBLLD BEIR
Mo DI BUEEFALTVET,

ZO&3ICHEFHERFIEDFOED TRARBHETI I FTHRILT 1 K (SIC)
FORER/NT B E UTEEZES TWEIREEROD ) I (S) FEE & B
I%135. . SICHEEFIHR BEETTHENOLH HIZFE BREBELRLICAVSH
DERZAERER (1 V/\—F) NOHBPBEEFEINTVWE T S5 SICA YV N—5 %
AT 25.Si1 > /\—5 LB L T70%DBHERERNATEETH 21D BIRHR
ICHDBHNBDTY,

A substance that conducts electricity well, such as metal, is called a conductor, while a substance that

conducts almost no electricity is called an insulator. A semiconductor is a substance that has intermediate

properties between a conductor and an insulator. For example, *0" and "1 digital data expressed in
use the semi 's property of or ing electricity.

Silicon carbide (SIC), among semiconductors, is now expected as a next-generation power semiconductor. For
instance, compared to the current mail silicon (Si) semi SiC semi are effective even
at high temperature or high voltage: the demand for DC/AC converters (inverters) used in electric vehicles is

increasing. Furthermore, SIC inverters can reduce power loss by 70% compared to i inverters, expected to save
the energy.

SIC/NT—$HEIC & B REROBHERE (1 >/ (—5) OFFEBALEI T

SiICOERMRAE

Crystal growth methods of SiC

SICREETHAEE LT BRTREMULET.Z0D
128, SICHER &, Z DEEMIRE £ £ 22400 COBERTH
FEIP BEPOSICOEBRR LICERILIEZFHR(FE
RICE > TEEINTWE T — AT ZOEERFOKR
BEICEN (RB)H'H 2 & . SICORBEIHELTLES.
EWSHELIHBDET,

ZIT KO RBADBWERBERSICERBIHER
BRE(RRE) ORRIED SN TVET,

BRER T RMMR1414C)ORBRICRRERBSE
THIBRICT 2T SICELTMET 35 TT A%
REURTERTTAZOHBST . INETICH . ERE
BSICHRERZ T EIEHLTVET,

SIC does not have a melting point at ordinary pressure and sublimates
and decomposes at high temperature. Therefore, SiC crystals are
usually produced by a sublimation method in which the raw material
powder is sublimated at a high temperature of about 2400°C and
erystallized on the SIC seed crystals under low temperature. On the
other hand, if there is a disorder (defect) in the crystal structure in the
seed crystal, it affects the quality of SiC applications.

In order to obtain highly pure SiC crystals with fewer defects, research

on the solution growth method has been underway. In the solution
method, carbon is dissolved in the silicon melt (the melting point of Si
is 1414°C) and then it is cooled to low temperature to precipitate as
SiC. Unlike the sublimation method, high-quality SiC crystals have
successfully been obtained even performed at lower temperature.

Al &fiiZFIA : FRERREDRAICAFT

Utilizing Al technology: Toward the practical application of the solution growth method

SICABRRREORAILICA T FAREL NI ORREEE
LANVICRRAT 27 il MEREARICHE & 13 257 P aftt
BAREUL(KORL) T BREABD T UH L EROIR
rIREKERT 2D HERRRICEEFBRBR/INT X —
- ZORABESFEDEERF LRTNERD A,

BRHOMR TR SICOBRAREDAOE LICEIF. £ D
MENBRBRZITS fcd ATRIEE(Al) ZAVTVE TR
KREMHI T . SICOBBRRICHE T BREB/INFA—5—%
AIDFRL BEYI2L—>3 Ve L 2RREBRDELIT
WEY,

KBRS

CNETIAIRYZ2L—YavORRERSBERE
BICFALLEN BEYS 2 L— 3 Y ICEFH38008
(B&Z1RM)EEH DB OICH U EHEEIC L 3 F R
35 7T0.0003%TH D FEFICERICHFADRE  FES
HEFATBENTEX U,

In order to develop laboratory-level experiments toward the practical
applications of the SIC solution growth method at the industrial-level, it is
necessary to increase the size of diameter of the furnaces and to make
larger components for the crystal growth. However, the cost of the
experiments increase ically, and the i for
the crystal growth must be considered in a number of the combinations.

The latest research uses artificial intelligence (Al) to conduct more
efficient experiments for the SIC solution growth method with the size
larger in diameter. The experiments by numerical simulation are
repeatedly performed: a virtual experiment is assembled, then Al
predicts the experimental parameters in the crystal growth of SiC.

So far, Al has predicted surprisingly accurate simulation results.
Furthermore, while numerical simulations took an average of 3800
seconds (about 1 hour) for calculation, machine learning resulted within
0.0003 seconds on average, leading to the prediction of the temperature
and flow velocity distribution in the furnace at extremely high speed.

CeEFILL
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“Metal organic framework,” the transformative crystal structure
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3. ROZMEICEDE T REBA A Y CEREMF ORI ELEN S WEPHEERH
ETHA 0T ENFARETY, TNETIC80,000BEL EOMOFHHREZ L TL
EXR

Metal-Organic Frameworks (MOFs) are crystals composed of an infinite network of metal ions and organic
ligands. The main feature of MOFs is due to its crystal structure:

1. The framework structure of metal ions and organic ligands forms uniform nano-sized pores (i.e.,
nano-spaces).

In this space, it is possible to store targeted molecules, also to be used for molecular-sieving
(separation) ~ or ion-exchange

2. Unlike other porous materials, such as zeolites, the frameworks of MOF crystals are soft or flexible due
to the coordination bond, which makes the p: i change ing on the i
the crystals.

3. The structures and properties are freely designed from the combination of metal ions and organic
ligands for
desired function. So far, more than 80,000 types of MOFs have been reported.

MOF D% : 11 A DETTE & 53 Bt

MOF function in research: Gas storage and separation

TEFLYHIDER

FEFLY ARG BERN—F— OB TS XF v IO
FRRECEDNTWET A T EFL Y HRE ERPHE
RORADLL THENERUH BEXIRILF - MDD
ERFELTUE S o FREROBIZ SRR EFD MDD
EBELS>TISRENHBDET,

ZOESBEROOETEFLYHRERRILHRT ST
ENTEBMOFN R EINE LI MOFZES Z & T 7 EF
LY HRAERGDA00EDENICIRL T Z2BEICT I eh
TEXY,

Acetylene storage

Acetylene gas is used as fuel for welding burners and as a raw material for
plastics. On the other hand, acetylene explodes when pressure or other ignition
energy is applied (e.g., by storing or transporting it) even if it is not mixed with air
or oxygen.

For this problem, a MOF, which can safely store acetylene gas, has been
developed. By using the MOF, it is possible to make acetylene gas a density
equivalent to 400 times of the atmospheric pressure.

—FRILIRFR D H 7 BIRE 2 B

—BERRRF BIEG EDPRRBEMED HICEDN TN
FF TN BVRHEO—BIEKRIDETY A —RILR
REZRHRAFEALTUES E EVWDHFORESHEEF
RUTcth. INSARERMT BT EFBELVESTRTVET,

NN U —BERREZROBINEEOEWCEE L
T.kagomé-MOFHFFEE & U fc. —BILRRDERLFH
BABBNEFIADEDETHZHHHOIN —BILRRDH
EEROICMD AT ENTEXT,
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FeFLHT

7EF LY EBRDAARMOF
MOF incorporating ace

Selective separation of carbon monoxide only

Carbon monoxide i an important material required to
obtain chemical products, such as resins. High-purity
carbon monoxide is required for its utilization; however,
if carbon monoxide and nitrogen gas are mixed in, it is
difficult to separate these gases because their
molecular sizes are very similar.

To deal with this problem, kagomé-MOF was
developed focusing on the difference in electrical
properties between carbon monoxide and nitrogen.
The electrochemical power of carbon monoxide opens
“valves" that are the path to the pores, allowing only
carbon monoxide to be selectively accommodated

kagomé-MOF

MOF D% : KRG IC & 5 ERFRE D7 Bl

MOF function in research: Separation of oxygen by photoreaction

KORICFERRNBIT TVWETKPORKRFAN
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Oxygen dissolved in water is necessary for fish to
survive, while it can cause some problems, such as
rusting metals. One of the difficulties is that the
oxygen dissolved in water cannot directly be observed
or rather removed. Although some technology to
remove oxygen from water has been developed, there
are many problems remained, like harmful substances
used or impossibility of reuse.

To solve this problem, a new MOF has been developed
5o that it selectively adsorbs only oxygen in water
simply by exposing it to light. It does not adsorb gases
such as nitrogen and carbon dioxide that co-exist with
oxygen in the air. Gas separation usually requires a
huge amount of energy, but the use of MOF is
attracting attention from industry and others as it can
contribute to energy saving.
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“Organic molecules” and their three-dimensional structures

BRACEYIC IS RE BY AM RERE EMERRE T 2RABBRICENE. TS
AF v EERENGEATINITED U ATERILEMNHD T, COFHD
F 6 ZDIFNS FHIEICIRSBIEED R > TV ET,

BIZ I EE RE-FREEOEBEEUNBEICIZ AFLEFOLS I RICK LD
BHOHKEEERADEZ N TERVMEE (FFUT)DFELE T TS5 LIk
HGHEEDE WG & D PR ENPEE-BHFAE U TAENICREES5X 50T,

Ulehto TEMASFELHED ICRETLAM T ZMRICIE R E U TR UL XIRESR
BEBTICE > TZOIUBRBEZRS ML TVWE LT HARD FOILFEEN SN
E B ZOLSBUEZ D DD WS RMOBRICOBAD KTRIFE>E TS
WSHBEZSDRFEDL B3, EWSHILBMRIRY - TEZDTY,

Organic compounds include natural ones derived from

living organisms, such as crude oil, food, wood, and
9 9 leather, and artificially created ones like plastics,
pharmaceuticals, and paints. Every organic molecule has

unique functions due to its three-dimensional molecular
%
stcture,

x{ﬁ“:
DR

For bioactive substances, for example, some
% pharmaceuticals, agricultural chemicals, and fragrances
are known to have the property (chirality) that they
cannot superimpose their own mirror image in the same

manner of the right hand and the left hand. These
nonEm > Tan

differences in three-dimensional structures affect living
organisms, appearing as aroma or flavor, and medicinal
properties or toxicity/side effects.

XY b LW E TS OERDEL

e v ot e s o Therefore, when artificially designing and synthesizing
organic molecules as expected, researchers obtain
crystals and identify their three-dimensional structures
by X-ray crystal structure analysis. If the
three-dimensional structure of an organic molecule is
revealed, it will lead to the answer of the question: “why
does it have such properties?” Then, a new research will
begin to synthesize a molecule with desired properties!

T3FF+/ D=V 1 DFREH AR IEERE

Synthesis of "molecular nanocarbons" by design and structural analysis

ISTLYPN—IRYF I/ Fa—TREF /A=Y
A ZADEWIEEEDRRYEEF/ H—RY LFVET,
HAPBIEELP I BEN OEBEORIAMBE LT
BRFSNTWRYETT.

F /AR ZOFFHEI & D BEFH-BROEEICK
EREVWHHZH. EHOUEEZ S OBEZHVWBEICE
R 2DENBDETZ DI F/ W—RY OBHEE
BBDF(DFF/ H—RY)ICEB U ERREAEES (b
ROY—=)ZHDTNROVAILDFF/ h—RY 1 & EHEH
IR HARDEDSNTNET,

INETIRA—RYF/ Fa1—TORIMEEDFTHZHE
ROBFF/ H—RY DGR BB Z U T XIREREER
HEAWCHEEREICKINL TWET, & 510 3RTHICA
DIAREBEE UTHUB (/Y N PRAB (HTFV) %
HO9FF/ h—RUZEER L. BEE T U TXIREREIER
ik D ZOBENHShERDE U,

Carbon substances with nanometer-sized periodicity, such as
graphene and carbon nanotubes, are called nanocarbons. They are
expected as next generation materials as they easily conduct heat and
electricity with light-weight and high-strength characteristics.

Since nanocarbons have large differences in electronic and

ical properties ing on the structure, it is
necessary to synthesize a particular one with desired properties.
Therefore, the synthesis of “molecular nanocarbons,” the partial
structures of nanocarbons, are the key to progress research. Further, to
handle multiple structural aspects, the generation of “topological
molecular nanocarbons" has been achieved for the synthesis of
long-sought nanocarbons.

So far, r have in izing and isolating
tubular molecular nanocarbons, which are partial structural molecules of
carbon nanotubes, and determining the structure using X-ray crystal
structure analysis. Furthermore, they synthesized and revealed the
three-dimensionally intricate structures of molecular nanocarbons with
knots and links (catenane) by means of X-ray crystallography.

AR AT FYEA NN Sy b DEHEIE
ORI s S 7 BRSO TMETES,

BFF/ A—IRUDBEX > T HLUWEEEZ B DOHRIC

New materials made from molecular nanocarbon assembly

N=—RF /2T D“BR"TIBHS

YUY TRODFF / H—KY D" $13"FAT 3T & THRABRRER
I TENTEFRTHIZE O BRICIVRERMDAH BEED FHE
FBERDOIAVRNDBH 2T VT —ROYVBEZFERLET

ZOY YT EIAVROBAEKZ BIRRIC LD BEIEHEEZE DL
R ARICHERET B NP D E LI NFF/ H—RYO%ER
WEICL D INETRBVRIBDEIC L BHEKRI/ RS L LT
EEEEHTVET,

Connecting the holes of ring-shaped molecular nanocarbons

Various phenomena can be happened, for example, by using the empty space of ring-shaped
molecular nanocarbons. If iodines are taken into the holes and a voltage is continuously applied,
the iodine inside will form a wire structure.

It was found that the ring-iodine complex became electrically conductive by electrical stimulation
and at the same time emitted white light. Such a stimulus response function is attracting industrial

attention as unprecedented phenomena due to the integrated structure of molecular

SFOMOTESBALES EHS

KROY—hZHHERD ENWS WS RBENAKRL X I KE i
Do fRFRY— bk (BEAFF/ A—RY)FALERHERD I & 3HLL
EENTVWEUT,

ZT T MONBEWCF LA KB LD B &S REBHIFF/ A—R
VERFULARLICE Z B HFRLIVBRNICHAEGRD F/ 71V —
ERRUE Ulcot / 74V —ld & THMW o HXIRRIE TIRIEN DD
FRATURD  BFEFRHESEERTE WSH U WFEI L > T REGZ
KHHENSEEVW_BESHABETHZ I ENESMBRDE LT,

MOTHFERENSEZTOY IBVD L SBAEEEDE LA
BB VR ERRBAFTORAIBFENTVET,

Stacking curved molecular nanocarbons into double-helix nanofibers

While stacking carbon sheets produces various functions, it was considered difficult if the sheets
were curved (i.e., curved molecular nanocarbons).

To cope with this problem, a new curved molecular nanocarbon, in which the convex/concave pair
of molecules align with each other to assemble, was designed and synthesized, resulting in forming
nanowires via piling up the molecules spontaneously. Since nanowires are too thin to analyze the
structure by means of X-ray measurement, a new method called electron diffraction crystal
structure analysis revealed that the nanowire forms a perfect double-helix structure without gaps.

By using the method that align the convex/concave pair of molecules like building blocks, functions
may vary, for example, reusable conductive wires are expected for application use.
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