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Division of New Materials Science
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Discoveries of new materials have often opened
new horizons in materials science. High tempera-
ture oxide superconductors, carbon clusters and
nanotubes, and organic conductors are good
examples. New materials also lead to the future devel-
opment of new devices and technologies. The goal of
the Division of New Materials Science is to uncover
novel phenomena that lead to new concepts of matter,
through combined efforts of search, synthesis and
characterization of new materials. Currently, our
division consists of 5 groups. Although each group
has its own research style and projects, we try to
maintain close collaboration between those groups
working on production of high quality materials and
those working on advanced technology for measuring
physical properties.

In particular, we keep strong collaboration with
the Materials Design and Characterization Labora-
tory. One of the subjects of our current intensive
research is the effects of strong electronic correlation,
in particular, various ordered phases and fluctuations
involving spin, charge and orbital degrees of freedom,
in transition metal compounds heavy electron
systems, f-electron compounds and organic conduc-
tors. Here, various advanced experimental techniques

are employed, such as transport, magnetic and calori-

F WD 5T\ B, ) ,
metric measurements, nuclear magnetlc resonance
and optical measurements.

% & RN AZ B # —HN = BEIWRE AN ¥R

Professor Masashi TAKIGAWA Research Associate Hiroyuki MITAMURA Project Researcher Kouji ARAKI

% B TR &R B HH BiImEEe A K

Professor Toshiro SAKAKIBARA Research Associate Makoto YOSHIDA Project Researcher Kentaro KUGA
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Professor Hatsumi MORI Research Associate Yousuke MATSUMOTO Project Researcher Yasuyuki HIRATA
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Associate Professor Satoru NAKATSUJI Research Associate Shunichiro KITTAKA Project Researcher Mihael GRBIC
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Project Associate Professor Kenya OHGUSHI Research Associate Akira UEDA Project Researcher Takahiro TOMITA
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Visiting Professor  Hiroshi SAWA

Technical Associate Chizuko MURAYAMA
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Takigawa Group
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The opposed-anvil-type high pressure cell designed for NMR experiments
developed in our laboratory is installed on a double axis goniometer. In
spite of the compact size, the cell is capable of generating more than one
hundred thousand atm. Good hydrostaticity is obtained by using sealed
liquid argon as the pressure transmitting medium. Single crystal samples
in the cell can be directed along arbitrary directions in a superconducting
magnet, allowing us to obtain precise angle-resolved NMR spectra.
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Masashi TAKIGAWA Makoto YOSHIDA
Bi% B
Professor Research Associate

We use nuclear magnetic resonance (NMR) as the major
experimental tool to investigate exotic phenomena caused by
strong electronic correlation in solids. A remarkable feature of
strongly correlated electron systems is the competition among
various kinds of ordering such as superconductivity, ferro-
or antiferromagnetism, charge and orbital order. Quantum
phase transitions between these ground states can be caused
by changing the external parameters such as magnetic field or
pressure. Nuclei have their own magnetic dipole and electric
quadrupole moments, which couple to the magnetic field or
electric field gradient produced by surrounding electrons. This
makes NMR a powerful local probe for microscopic investiga-
tion of the exotic order and fluctuations of multiple degrees
of freedom of electrons, i.e., spin, charge and orbital. We use
various NMR spectrometers in different environment (low
temperature, high magnetic field and high pressures) to inves-
tigate transition metal compounds, rare earth compounds, and
organic solids.
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75As-NMR spectrum in the iron-pnictide compound SrFe;As, under high pres-
sure on 57000 atm. In the paramagnetic and normal-conducting state (28K), one
central and two quadrupole-split resonance lines are observed. At the low tem-
perature (4.2K), the whole spectrum consists of two parts. In one of them (AF),
each of the three lines splits into two lines by antiferromagnetic order. In the
other part (SC), they do not split by antiferromagnetic internal field. The latter is
shown to belong to a superconducting state from the measurements of nuclear
relaxation rate.

1. BRI, 72AKL—hK - REVRDY A F XU XA EEFHER
Dynamics and quantum phase transitions in low dimensional or frustrated spin systems

2. BRBEER
Exotic superconductors

3. BEEETRICE T ZER - PuE - ZWMFORFEESE

Ordering and fluctuations of charge, orbital, and multipoles in strongly correlated electron systems

4. BHEBBREERICE T2 AEY EERDY A FIVR

Spin and charge dynamics in magnetic organic conductors
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Sakakibara Group
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1. EVWEF LAY O & B8

Magnetism and superconductivity in heavy electron systems

2. fEFLEYDOLBFEHEICHRY 2HRFEESE

ﬁﬁ [110]
© f
25

Multipole orderings and fluctuations in f electron systems

3. 77 AL — MEMEFEORLIERE

Magnetization of geometrically frustrated magnets
4, EFRAEVROEEIRRE

Ground state properties of quantum spin systems
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Professor Research Associate Research Associate

Magnetic phenomena in condensed matter extend over a wide
temperature range. In some systems like heavy fermions, inter-
esting magnetic behavior is quite often observed at low tempera-
tures much below 1 K, where ordinary magnetic measurements
are difficult and not much work has been done yet. Our research
interest lies in those magnetic materials having low charac-
teristic temperatures, such as f electron compounds, heavy
fermions, quantum spin systems and geometrically frustrated
spin systems. In order to study these systems, we have developed
high sensitivity magnetometers which can be operated at very
low temperatures down to ~30 mK. We also perform angle-
resolved specific heat measurements in a rotating magnetic field,
which is a powerful tool for investigating the nodal structures of

anisotropic superconductors.

EXYAN—BEEZHFDA Y YV REBE MM YboPtoPb D
(@) 80 MK ICH T 2HAWALES £ O (b) BKER. #HAMIE
[110] A M, (c) BHHTFREInNIWIMEE (), HIHEER
T2V —ORIKFIESOZEZZIT (I1E. FAR).
BISICEELRWEBREZRY, —7A. I BTRESICFTE
TA X —IEGRICHAEAIENYT 5. CDRZEVZAI VTR
EYETITRERHBETET, BREBMFZIETARDICHOER
Ero70y 7OHEENSWV. (d) & IMMBIEEIT2HRE—X
v N OBEET, 2ERMNI’BROBREBFE—AY M ERT,

(a) Differential susceptibility at 80 mK and (b) the phase
diagram of the Ising antiferromagnet Yb,Pt;Pb having an
orthogonal dimer structure. The magnetic field direction
is [110]. (c) The expected collinear magnetic structure at
low fields (phase I). The magnetic structure for the dimers
perpendicular to the magnetic field is immune to H and
the transition temperature is independent of H (phase III,
inset). In phase II, magnetization of the dimers parallel to H
increases continuously. This behavior cannot be explained
by an Ising spin model, and strongly suggests the occurrence
of a “pseudospin flop” due to a hidden high-rank multipole
moment. (d) Schematic diagram of the magnetic moment
(thick arrows) and the high-rank multipole moments (double
arrows) in phase I
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Mori Group
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Organic superconductor [k-ET2Cu(NCS),] prepared by the
electrocrystallization method

A R LA
Hatsumi MORI Akira UEDA
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Professor Research Associate

The syntheses and structural and physical proper-
ties for molecular functional materials such as molecular
(super)conductors, magnets, and dielectrics have been studied.
The attractive points of molecular materials are 1) that a variety
of molecules and intermolecular interactions are designable
and controllable, 2) that large response of external pressure
and electron-phonon coupling are observed due to softness of
molecules, and 3) that large Coulomb interactions (electron
correlation) reflect the magnetism as well as conductivity in
molecular conductors.

Our group has investigated the curious molecular functional
materials based upon charge, lattice, spin, and molecular degree
of freedom by changing physical parameters with designed
molecules. Recently, we found new organic superconductors,
in which the superconducting state is competitive to the charge
ordered state owing to the electron correlation and the bending
and stretching of designed molecules. (See the figures)
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. ATOEHEZEN UHREH (B) SAORR CHEENR

Development and studies of structural and physical properties for novel organic (super)conductors based upon
molecular degree of freedom

. BEFERTEFHATON VEB EHE L LBEREER. FEARDORR S ERRIERRT
Development and studies of structural and physmal properties for electron-proton coupled molecular functional materials

B EEEDBRAT SR EEA DR TR

Development and studies of structural and physical properties for novel metal complexes whose magnetism and
conductivity are competitive

. AFHEMEDINNE O Bin. %, RE. EN) ISEOHR

Studies of responses by external stimuli (light, magnetic and electric fields, temperature, pressure) for molecular materials

17
THE INSTITUTE FOR SOLID STATE PHYSICS 2013



B E R AR

Division of New Materials Science

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/nakatsuji_group.html

7t

dLEVR A

Nakatsuji Group

Wt

YEEED 7 vy T4 7k, FILOYHEEB RO R RIS
b5, BT, BIROET - HHt %222k ELT
DIBEYVE DS, WHTD 102 b 0BT AL
THIDZ T v ruhaBFRHE A LIERINTEY, W
LR BREE L 72 E DS 2 LR B R %2 H
BT ORBY Th 2 L5425, L, FICER
EEMAEYS, BOETREFIN2EEHELEYOHY
BHFICHD A, RTHBEREHICBNIFH LA T
DOHURE - BESERE, MIESECEI2EHNI RO
PANNRACKRDRAE » FRFF 225 2 L THIRES NS,
WEtEPEAR CORTAE VIR IREEZR SIS EH LCHF4E %
HEDHT S,

05
20
0.4
19 58
% 0.3 18 ?
- Bi
g 17 Mt
M 0.2 — | — asma
og g Single Crystal C i
TR
G ok -
a1 = 7_
= i~ Ar— | 15
B-YbAIB ﬁ o 20 40 80 80 100
4w BE T (mK)
ool ‘ ‘ ! :
0 1 z 3 4 5
W15 B (Tesla)

A% 7T —~ Research Subjects

1. EFHEEBREETOHLVWBLE E RESBIRE
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Satoru NAKATSUJI Yousuke MATSUMOTO
IR B3

Associate Professor Research Associate

The discovery of new phenomena is at the forefront of
research in condensed matter physics. This is particularly true
for the inorganic materials, which provide an important basis in
current electronic and information technology research, which
keep providing numbers of macroscopic quantum phenomena
due to correlations among the Avogadro numbers of electrons.
Thus, the search for new materials that exhibit new charac-
teristics is one of the most exciting and important projects in
the materials research. We have synthesized new materials in
so-called strongly correlated electron systems including transi-
tion metal compounds and heavy fermion intermetallics. Our
interest lies in quantum phenomena such as exotic supercon-
ductivity and anomalous metallic states close to a quantum
phase transition, macroscopic topological effects in magnetic

metals, and quantum spin liquids in magnetic semiconductors.
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Quantum Critical Superconductor B-YbAIB4 found in our group

(Top left) Crystal structure. 4f-electrons mainly contribute to magnetism and
superconductivity. (Top right) High quality single crystal grown by Al-flux
method (Bottom) Phase diagram constructed by the contour plot of the expo-
nent a of the power law behavior of the resistivity. Quantum critical region
appears under zero field without tuning for the first time in a metal. (Inset)
Superconductivity emerges from the quantum critical state only in the case of
ultrapure single crystals.

Exotic superconductivity and anomalous metallic states near quantum phase transitions

2. BHEBICHE T IERNNROI AR
Macroscopic topological effects in magnetic metals

3. 2 RTHMEFEHTDEF AL VIRE

Quantum spin liquids in two-dimensional magnetic semiconductors
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Ohgushi Group
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BAEEBERBLEMOERESR. AXRWARER CalrOs. KRS RBELK
Ba1-«KxFezAsz. REIHREDIEN /2B PboRu207. #EHEIERE MNn2SiS4.
Single crystals of correlated transition-metal compounds. Strongly
spin-orbit coupled Mott insulator CalrO3, Fe-based high-temperature
superconductor Baj_xK Fe;Asy, non-centrosymmetric metal PbyRu,O7, and
anomalous antiferromagnet Mn;SiSs.
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Kenya OHGUSHI
RHERERIR

Project Associate Professor

Our group’s research is focused on the exploratory synthesis
and characterization of strongly correlated transition-metal
compounds, which exhibit novel quantum phenomena such as
superconductivity, magnetic order, and a metal-insulator transition.

We synthesize high-quality transition-metal compounds
using a variety of techniques such as the flux, chemical vapor
transport, and high-pressure methods. The electrical, magnetic,
thermal, and optical properties of these compounds are then
characterized on a microscopic scale. To investigate their crystal
and magnetic structure, x-ray and neutron diffraction measure-
ments are also carried out at external facilities such as SPring 8.
Our recent achievements includes (1) identification of the novel
magnetic order and a metal-insulator transition in strongly
spin-orbit coupled iridates, (2) discovery of a new supercon-
ductor, HgxReO3, which exhibits strong rattling motion of the
Hg atoms, (3) observation of second harmonic generation in
non-centrosymmetric metals, (4) elucidation of the Hall effect in
the Fe-based high-temperature superconductor Baj.,KiFe;As,
and (5) clarification of the electronic properties of Fe-based
ladder compounds.
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Electronic phase diagram for Ca;_xNayIrOs. Inset is a sche-
matic view of a spin-orbit coupled electron.

Magnetism and superconductivity in transition-metal compounds

2. BRERILEMICE T 2ERBEREAYE

Transport and optical properties of transition-metal compounds

3. BEGREZBWCHYERF

Search for novel materials using high-pressure synthesis

4. EFE—LZRWBEYIEMRE

Investigation of structural properties using quantum beams
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Hiroshi SAWA

EEHIR

Visiting Professor

The focus of our research is the structural material science
to investigate the novel quantum phenomena using synchro-
tron X-ray diffraction experiments. The present targets include
transition metal oxides and molecular crystals, where a variety
of exotic phenomena appears. Our current research topics are as
follows: clarification of the mechanism of spin-orbital entangled
quantum state in cuprate, development of novel iron based
superconductors, fabrication of the new emitting phosphor for
white light-emitting diodes and so on.
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