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ӓ ̟ᾚ̱
A0.3MoO3 (A=K, Rb)

H-

AxWO3 (A=K, Rb etc.)

Fe pnictides

tungsten bronze (A=K, Rb, Tl etc.)
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large crystal 10cc)

energy w
of the Rb local mode
w´ - 1/2

M dependence of Tc a kind of isotope effect

cf. rattling
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large crystal of 

1-dim. conductor

(II) molybdenum bronze A0.3Mo (A=K, Rb)
soft phonon near the Peierls instability

3 cm

Peierls distortion of 1-dim. conductors

Ὥ↓ ἧ
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Phonon dispersion curves
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incommensurate CDW

I = 0

I > I c

Rb-NMR spectra

Ҳ Rb
В ḹ ₳᷈ӓ

slide

motional narrowing

l=2p/q= p/kF

incommensurate 

Rb0.3Mo
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(III) High-Tc Cu-Oxides



(1) High-Tc

(2) YBCO High-Tc ẎḌӴ ̸
ʝ ʴרἧ ˍ ר

ר  (3) ὑ+ NMR ʴרἧ ˍ

High-Tc ₡ ι ᶫ
̟ᾚ ϑ ◐

̸ ͔
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broad view Ẏў



(active magnetism)
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pseudo gap gap-like structure in cò(q,w) of YBCO]

Rossat-Mignod et al. BNL, Nagoya

Gap formationmuch aboveTc

T/w



pseudo gap in STS 

spectra 

Tc
Renner et al.
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(dopedhole density)

High-Tc ₡ ι

(dopedhole density)

Growth of AF Correlation& PseudoGap
Phase Coherence of Singlet Pairs ­ Superconductivity

Ἡ ↓
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(IV) Superconducting State of NaxCoO2ÖH2O
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(electron-electron interaction)
a) d- or ( d1+id 2)-wave singlet
b) p- or f- wave triplet
c) extended s - wave

(electron-phonon interaction)   
d) ordinary s -wave
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Experiments

polycrystals & single crystals

NaxCoO2ÖyH2O & its mother system NaxCoO2

<samples>

magnetic susceptibilities

specific heats

oxygen isotope effect on Tc

impurity effect on Tc

NMR (Knight shifts, longitudinal relaxation rates)

neutron scattering

< >

broad view Ẏў
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Ferromagnetic fluctuations 

disappear as T approaches zero.

triplet  pairing 

NMR Knight shift ֿ



or

mainly antiferromagnetic
M. Yokoi, M.  et al. JPSJ 74 (2005) 3046.

Co3.5+d
Co3.5-d

Na Na

Na ordering: T <470 K
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Co3.5-d

Na Na

Co3.5+d
Co3.5-d

Na Na

Na ordering: T <470 Koror
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magnetic structure of Na0.5CoO2

collaboration of NMR and neutron scattering



V) Fe ̟ᾚ̱ ̟ᾚ
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strong magnetic fluctuation
anomalous metal

frustration

oxide conductors

Spin 1/2, Neighborhood of Mott 
Insulator phase, low dimensionality

Cu oxide superconductors pseudo gap, Ҥ
tunneling stripe, phonon

clarification and understanding 

of  the characteristics

bronze

strongly correlated  electrons

supercond.
of riangular 
lattice 

Low dim. spin systems
spin gap, multiferroic

CaV4O9

Na3Cu2SbO6

CuNb2O6

2

u

NaxCoO2 yH2O

spin transition 
of Co oxides

TbBaCo2O5.5

Pr1- xCaxCoO3

Li2RuO3

honeycomb lattice
La Ru6O17

New phenomena  of 
strongly correlated 
electrons

spin glass

Fe1- xAlx

Pyrochlore systems
spin ice spin liquid

Ho2Ti2O7

Hg2Cu2F6S

Cu(Co1- xMx)2S4
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(kagome stair case)

Nd2Mo2O7 pyrochlore

unusual 
anomalous Hall 
effect

supercond. of  

Fe pnictides

LaFeAsO1-xFx



CaV4O9 (V4+: s =1/2)

ʣׄ ʤׄ VO5

V4+: S=1/2)

VI) plaquette singlet (spin gap

Ћ



VII) Nd2Mo2O7 ₡Hallҧ

50₴

₡ ₡ rH-R0H = 

4pRsM

Nd4 Mo4

tetrahedron
Nd4 Mo4

tetrahedron

Tc~93 K

rH-R0H = 4pRsM, !!

Ẏ

0 2 4 6
0

4

8

12

0 2 4
0

1

2

3

H (T)

M
 (
Ê

B
/F

.U
.)

5K
10K
40K
80K

H (T)

Ï
H
 (

1
0–

6 ¶
c
m

)

Nd2Mo2O7,  H//[001]

3K
4K
5K
6K
7K
10K

15K
20K

40K
50K
60K

70K
80K
90K
100K

30K

120K
160K

H // [ 001]

0

4

8

12

r
H

 (1
0

-6
W
Öc
m

)

0 2 4 6

0

2

4

6

0 2 4
0

1

2

3

H (T)

M
 (
Ê

B
/F

.U
.)

5K
10K
40K
80K

H (T)

Ï
H
 (

1
0–

6 ¶
c
m

)

Nd2Mo2O7,  H//[111]

5K
6K
7K
10K

15K
20K
30K
40K
50K
60K

70K
80K
90K
100K
120K
160K

H // [ 111]

r
H

 (1
0

-6
W
Öc
m

)
6

4

2

0

M-H M-H



(I) rH-R0H = 4pRsMMo+4pRsõMNd (Satoõs group, empirical)

(ii) rH-R0H´c(Nagaosaõs group)

hirality (c¹S1ÖS2³S3) 
c Ή █ ̱ 3͈Ή coplanar onzero 

ᶦ ὕ c 0̧ ͈

rH-R0H´c

ḹẀӓ c ḹẀӓ

rH-R0H



(1) chiralityc(¹S1ÖS2³S3) ḹ͒Ἥר
Ŷ Ŷʴרἧ ˍ)
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VIII) ἧ
J1

J2 (>0, AF)

|J1/ J1| >1/4

P Q e3

P : ѝ
Q : Ẁ
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VO4
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