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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 4 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-

TEDHED ST B, , .
metric measurements, nuclear magnetlc resonance
and optical measurements.
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Associate Professor NAKATSUJI, Satoru Research Associate KITTAKA, Shunichiro Project Researcher WANG, Bosen
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Visiting Professor KANDORI, Hideki Research Associate UEDA, Akira Project Researcher SHIMURA, Yasuyuki
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Visiting Professor BEHNIA, Kamran

Technical Associate MURAYAMA, Chizuko

14

THE INSTITUTE FOR SOLID STATE PHYSICS 2014

Project Researcher TOMITA, Takahiro
BEMRE

Project Researcher TIAN, Zhaoming

Ta4TY YAZY



H R A ETER

Division of New Materials Science

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

e )1 k78 %2

Takigawa Group
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The boron NMR spectrum at a very low temperature and a high magnetic
field obtained from SrCux(BO3),, a quantum magnet in which spin-dimers
have a planer orthogonal configuration. The sample used in the measure-
ment was intentionally doped with impurities by replacing 0.5 % of mag-
netic Cu by non-magnetic Zn. The spin-dimers far from impurities form
singlet, however, those in the neighborhood of Zn impurity generate local
staggered magnetization (spin polaron). While the former corresponds
to the intense resonance lines with nearly zero internal field (shown by
arrows), additional 15 resonance lines provide a fingerprint of the spin
polaron generated by a Zn impurity.
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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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Distribution of Cu-spin moments in the neighborhood of a Zn impurity
obtained from analysis of the NMR spectrum The location of the Zn impu-
rity is indicated by x and red circles show Cu atoms. The solid (open) red
circles indicate Cu spins directed along (opposite to) the external magnetic
field. The Black circles show boron sites, where the numbers show corre-
spondence to the resonance lines in the NMR spectrum. In the NMR spec-
trum, not only the boron sites on the same layer as the Zn impurity but also
the boron sites on the neighboring layers are observed.

Dynamics and quantum phase transitions in low dimensional or frustrated spin systems

2. BRBEER
Exotic superconductors

3. BEEETFRICKE T ZER - PuE - SWMFORFEESE

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

4. BHEBRECERICE T2 AEY EEBRDY A FIIR

Spin and charge dynamics in magnetic organic conductors
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Sakakibara Group
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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.
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(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 IT.

Magnetism and superconductivity in heavy electron systems

2. fEFLEYDOLBFEREICHRY 2KRFEESE

Multipole orderings and fluctuations in f electron systems

3. 75 AL — MEMEFRORLIERE

Magnetization of geometrically frustrated magnets
4, EFRAEVROEEIRRE

Ground state properties of quantum spin systems

THE INSTITUTE FOR SOLID STATE PHYSICS 2014



HE R A IEZETER

Division of New Materials Science

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

RIETL R

AR R LA &
. MORI, Hatsumi UEDA Akira
Mori Group i B3
Professor Research Associate

WHEB R, FILOMRE S22 FWEO TR E2 TR
RERFREZZIT T3,

ARETIE, WBAMEZ > 2Ll 20
ST L2 THEEICB VT, S THE DML,
SO AR X2 HHEHBIL 72, FER 2 ihe ik
(T - 7o b28M0, it FEEEIOZz0N - &
X AGIREN) DT oTw 3,

STHEMEOMIN, 1) HRLETTFHNBIOTTHD
i psit - ffgEch 2z 2L, 2) BBz —mo M
HAEM (BB »REL, BT oEME (BEKE) &
Rtk (BEME) D38/ T528, 3) DI DIEHICES 0
7-OBRIEE XOMGIRE MR EL, BLOELICEDH)
EREEZ R CRRAEEEZRBIT 22 LhEBBIToNn 5,

MINV—7Tlk, HLOAKBREEHELTEY M
k-ET2Cu(NCS)2 LB B-(meso-DMBEDT-TTF)2PFg
(K1) 2%RL, MENFEETo, SSICHRIETIE, K
FiEG7a by LBREE TS EIIGHEEN LT, R
OYINEZ BR 2R S RSEGA (KM2) 2L 7%.

Development of “materials science” is started from discoveries
of novel materials with new concepts.

The development of novel functionalities (electron and
proton conductivities, magnetism, dielectrics, and responses by
external stimuli such as light and electric field) has been aimed
based upon molecular materials with utilizing intra- and inter-
molecular degrees of freedom.

The attractive points of molecular materials are 1) that a
variety of intra- and inter-molecular degrees of freedoms are
designable and controllable, 2) that large Coulomb interactions
(electron correlation) reflect the magnetism (electron particle) as
well as conductivity (electron wave) in molecular materials, and
3) that large responses by external stimuli are observable due to
softness of molecules and strong electron-phonon coupling.

In Mori group, novel Mott-type organic superconductor
k-ET2Cu(NCS)2 and charge-ordered-type one B-(meso-
DMBEDT-TTF),PFs have been developed and characterized
(Fig. 1). Moreover, novel electron-proton coupled purely organic
conductors, where conductivity and magnetism switching due
to coupled deuteron and electron transfers, have been developed
and characterized (Fig. 2).
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. AFOEHEZED UCHRER (B) BRELUT7O NV EAEORR KRR
Development and studies of structural and physical properties for novel organic (super)conductors and proton
conductors based upon molecular degree of freedom

. BEFTEFN AN VIEEB S IHE U B EER. BRI SRR
Development and studies of structural and physical properties for electron-proton coupled molecular functional materials

B EBENHRE T DRBEAORR SRR
Development and studies of structural and physical properties for novel metal complexes whose magnetism and
conductivity are competitive
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Studies of responses by external stimuli (light, magnetic and electric fields, temperature, pressure) for molecular materials

17
THE INSTITUTE FOR SOLID STATE PHYSICS 2014



HE R AR

Division of New Materials Science

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

L EFE =

Nakatsuji Group

VRt 7ar 7473, FILOYHEBEROFKRICHD ¥
¥, B Th, BROET - Bt 22322 METcH 5
ERYED S, WETD1023 b DE T 2HAMEH LT
AD7E g ~ruhBFHAI A LFERINTED, WL
L2rZ B L 22 i E OB 23 F L i TR % HiE
TV ORRIK TH 2 L S2 T, FAEDHAETIL,
RICEBRRELGYS. BOETREFIEN 8BRS
YVIOHPERFEICHD A, BFBRELT, AEV - )
HORFEBBEL I L VYA 7OMZE - GJEIRE,
BIT, HBAEM 7 AL =2 av DR e LT S B,
BEMEEEAR TOF L LA ViR IREE, BTl Ry
WHEHL TR EDTOE T,

Wb oth=EIx, MEIFEEGRDAZLT, TIHL
7B LY BBIROF W2 HiR L 2 HEIcb 12 At
TWVET, SMERAREEZ TR L LA DY WE
JRICHSHUD filts & bz, BHE LR AR BN 2 ik
i 6 =i F T4 RYMEIEZToC0E T, BlIEDE
mr—wiE, (1) BFHEBLHETOLXY 74 v 7R
HERESERE, (2) Bk coE-#NEReY LR
TR, (3) 77ARL—FLABERTORTFAE VK
RIREZREDH D E T,

TAENRR U e 8 FRFBIRER B-YDAIB4o

(EL) #ERHEiE, I Yb D 4f EFMIHRIEEBLREEES, (BL) 75v I X%
TBERUMRERR. (T) BREBRORZEVOEINSRE UCKRER, £8
TRWHTFa—=vIRUIc. EORSTEFREFIRENREYT 5, (BAR) &
BHEORERTOH ZOEFHRFREN SBLENREND,

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 o 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.
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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
transition metal compounds and heavy fermion intermetallic
compounds. Our interest lies in quantum phenomena such as
exotic superconductivity and anomalous metallic states close to a
quantum phase transition, novel topological phases in magnetic

metals, and quantum spin liquids in frustrated magnets.
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Exotic superconductivity and anomalous metallic states near quantum phase transitions

2. BHEEICE T 2ERNNROVAIILEFHR
Macroscopic topological effects in magnetic metals

3. 75 AL — b UBEFRTOHFRE. EFAEYRERE

Novel magnetism and quantum spin liquids in frustrated magnets
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We have studied the mechanism of conversion of light into
chemical energy or signal (information) in photoreceptive
proteins (rhodopsins and flavoproteins). Upon light absorption
of retinal and flavin in rhodopsins and flavoproteins, respec-
tively, ultrafast photoisomerization initiates protein structural
changes, leading to each functional expression. Fourier trans-
form infrared (FTIR) spectroscopy of these proteins provides
various important vibrational bands related to structural
changes for function. The detailed researches are followings;

[1] Mechanism of conversion of light into chemical energy
and signal in photoreceptive proteins

[2] Creation of novel functions in photoreceptive proteins

[3] Development of infrared spectroscopy based upon study
of photoreceptive proteins

By the collaboration with Mori laboratory, developments of
novel functional materials and photo-catalyst are aimed with

utilizing functionalities of photo-active proteins.
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Visiting Professor

I have been exploring the collective behavior of electrons in a
variety of solids ranging from superconductors to semi-metals.
My research program as a visiting professor to ISSP has several
components. Together, with my host, Prof. Nakatsuji, we wish
to study the thermoelectric response of several correlated-
electron systems in his laboratory. In particular we wish to find
the thermoelectric counterpart of the spontaneous Hall Effect
in PryIr;07. A first setp would be to help setting up experiments
capable of probing the Seebeck and Nernst coefficients of small
crystals. In addition to this main project, I intend to interact
with other ISSP professors. There is an ongoing collaboration
with Prof. Takada on superconductivity in n-doped SrTiO3
and also the opportunity to collaborate with Prof. Tokunaga on
properties of semi-metals in presence of strong magnetic fields.
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