
�� � � � 
 

� � � � � � � � � � � � � � � � � � � � 17�� 2010� 12� 

 
������

	
��	

����������������•••••••••••••••••••••• ��� •••3�
 
�!"#�$ BaFe2(As1-xPx)2�%�&'()*+$,-�./012 
3�456,7�89•••••••••••••••••••••••••••••••••••••••••••••••••  :;� <•••10 

 
=*>)?@ABCD��EFG�HIJK�L PIMNO*P�QR
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••STUVWX�� Y•••19 
 
O)>NPDZ')[@P Cs3C60�\]�^_`a"#�2bcdef$gh 
•••••••••••••••••••••••••••••••••••••••••••Yoshihiko Ihara, Herni Alloul, Pawel Wzietek,  

Daniele Pontiroli, Marcello Mazzani, Maruo Riccò•••30 
 
bciN>)jL$MnP�\]�kDzyaloshinsky-Moriyalm�n�L 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••�opq •••39�

�

�	
����
��•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 47 
�

��������

rstuvw� x�yz{|}~��yz{|}~�yz{|} ••••••••••••••••• 50 
������••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 52 

�

����••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 53 
 
����••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 54 

1



 
Low Temperature and Materials Sciences (Kyoto University) 

Number 17, DECEMBER 2010 
 

Table of Contents 
 
Research Reports 

Protection–Complexation and Deprotection Method for Introducing Functional Groups  
onto Porous Coordination Polymers•••••••••••••••••••••••••••••••••  Teppei Yamada •••3
 
Non-Fermi Liquid Charge Transport Properties and Quantum Critical Point Behaviors 
as Seen in BaFe2(As1-xPx)2 Iron-Pnictide Superconductor •••••••••• Shigeru Kasahara•••10
 
The Chemistry of the Functional PI Polyamides Directed for Applications  
in Chemical Biology••••••••••••••••••••••   Toshikazu Bando and Hiroshi Sugiyama •••19
 
Pressure induced metal-insulator transition and superconductivity  
in alkali-dope fulluride Cs3C60 •••••••Yoshihiko Ihara, Herni Alloul, Pawel Wzietek,  

Daniele Pontiroli, Marcello Mazzani, Maruo Riccò •••30
 
Possibility of the inverse Dzyaloshinsky-Moriya interaction 
in metallic helimagnet MnP •••••••••••••••••••••••••••••••••••••••••  Teruo Yamazaki •••39

 
LTM Center Seminars ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••47
 
From Organizing Committee 

Amounts of Cryogen Consumptions : Yoshida Campus, Uji Campus and Katsura Campus ••••50
Research staffs of the LTM center •••••••••••••••••••••••••••••••••••••••••••••••••••••••••52

 
Call for Manuscript••••• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••53
Editor’s Note•••• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••54

 

2



 

 
 

	
-�	

���������������� 

 
Protection–Complexation and Deprotection Method for Introducing 

Functional Groups onto Porous Coordination Polymers 
 

���  
���R�R��R��� 

Teppei Yamada 
Graduate School of Science, Kyoto University 

 

Novel procedure for synthesizing porous coordination polymer having functional groups has been designed 

and demonstrated. Hydroxyl groups of 2,5-dihydroxyterephthalic acid were protected by acetyl groups and the 

ligand was reacted with zinc ion and 4,4’-bipyridine. The crystal structure of obtained compound was determined 

and hydroxyl groups of the ligand were succeeded to be exposed onto the framework. The protecting groups also 

prevented interpenetration and the coordination polymer attained a pore with relatively large aperture. 
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Empirical Formula ZnC30H40O10N6 

Crystal system tetragonal 

Space group P-421c (#114) 

a, Å  17.476(2) 

b, Å 17.476(2) 

c, Å 22.687(2) 

V, Å3 6928.8(13) 

R1 [I > 2�� 0.0546 

wR2 [all reflections] 0.1538 

Goodness of fit 1.030 
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�!"#�$BaFe2(As1-xPx)2�%�&'()*+$,-�./012 
3�456,7�89 

 
Non-Fermi Liquid Charge Transport Properties and Quantum Critical Point 

 Behaviors as Seen in BaFe2(As1-xPx)2 Iron-Pnictide Superconductor 
 

:;� < 
���RRSàá�R��[{ D 

Shigeru Kasahara 
Research Center for Low Temperature and Materials Sciences, Kyoto University 

 

Non-Fermi liquid like charge transport properties and quantum critical behaviors observed in high-quality 

single crystals of BaFe2(As1-xPx)2 are reviewed. Near the SDW end point, charge transport coefficients, including 

resistivity, Hall coefficient and magnetoresistance, exhibit striking deviations from the conventional Fermi liquid 

properties. De Haas-van Alphen effect measurements in a wide range of superconducting dome reveal that the 

volume of the Fermi surfaces shrink and the effective masses are enhanced as x approaches the critical 

concentration with highest Tc.. It is also shown that antiferromagnetic fluctuations deduced from 31P-NMR 

measurements are notably enhanced near this optimal composition, where magnetically ordered temperature � 
deduced from relaxation rate is found to vanish. It is likely that these trends originate from the many-body 

interaction which gives rise to high-temperature superconductivity in iron-pnictides.  

�

V� !"#�

� %¶Qàêê9-�!Q.àãa, &�'-�!��$Ò]ÓÀ�àá��, (è�'()*+$

ÈõÓ�ß�)�IJ./01´I{I{°±¿À�9�¤Ì�, æ��×ã&'()*+$,ã.

/01�, �&jLê&jL*+´,-ª�9Y.�“3�456”��/���0®¿À, &9jI

1Ó2��£�34��ºlá3ê567ïk´�ßãì�G8]�æ2´9È¿À�9�¤¿Ó�

A�:9æ2�, æ��×ã&'()*+$,./01GÖª!��"#�v;GÖªàá´��­

°¿À�\�, -�!�&9�¼çFG�<I�, "#�*+'e´(è� BCS "#�2�ëã�&

(èú"#�´±0ª�æ2´��°±¿À�

9�¤&�'-�!�\]�&'()*+$,ã

Ñ=�, 3�456ê&(èú�"#��­0

K 2:�'£Jê�ã´µ2ã£�9�¤ 


>�?@ª��AL!Q.à�\]�"#

��, 2008���Ayò]� @P LaFeAs(O,F)

�\]�"#�­°GB2ª��I9!�µ�

[1]¤È�(, ���Ùf Ãàá��"#�´­

°¿À, "#�ghSÝ(Tc)�­°õÓCõeD ü 1. BaFe2As2!��L$E�ü. 
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�� 55 K�Ë�F£�9�¤æÀ�%¶QàGæ9J"#�$�C�'Ú�9G�µ�, �]� @

P´�I9�S"#�àá$!�µ�æ2�åÓõ�µ�¤�!"#�$�\]��9 Tc��-�Ç

	<�·9�­0K G�HI, I, È���, ���S��"#��n�LGý�#�Ú, à�,�

aß�9�¹1GåÓõ�ª�æ2´Jnª2ã�¤Ì�æ�!��, Ï3�íyGæß, Kàá´�

�I�L
�õÓM
��� Ã�gh2�&jL,}Ý{cÝN(SDW)���ghGÖI, æÀ�

OPI�"#�´±0ª�¤�È,��, æ�!���I�ÉÊª�|D)2-�õÓã�&½¾'

()*ï¨��"}�Q{��ÜèIJ�&jL1Ó2G@I�, R'()*ï¨�"#�*+'e

�S�´ëã£J s±v;2�{À��I9"#�Çv;´­°(ËÚã� Í¿À�9�[2,3]¤æ�

�×ã1Ó22"#���'G�
�#�Ú, H#�v;�./01´(è�'()*+$,ãÚ�

õ, ÈÀ2ÚæÀÓõÓ�ß�yÀJ&'()*+$,Ñ=GÖª�õ�ê�ã´µ2ã£�9�¤ 

Ð�ãÙf ÃG8T�aæ��!"#��à�G�Hª�U��, È�CõÓåVã\�)àá

2ã�Ú�G°±I, W·, à��
áGXªæ2�ã9ÔÌã÷¾�G8T2IJ9È´JnY2

ã�¤æ�06õÓ AEFe2As2 (AE = Ba, Sr, Ca)GKàá2IJ“122”!�]� @P�÷¾��ÅGì

êª�, �!"#�G�Hª�U�ê�ã!2I�Z­���´ã¿À�9�¤ü 1� BaFe2As2GK

àá2IJNj,�L$Elm�¢[ü�µ�¤Ba%@�GK�$Eª�æ2���|D)´, Fe%

@�G Co \�$Eª�æ2���-�´yzNO2I�PDZ¿À, æÀ�½£� Ã�gh2

SDWgh´]4¿À"#�´±0ª�[4,5]¤æ��, æ�!��Kàá��^_^ñ��£�Ú"#

�´`a¿À�æ2´ÊÓÀ�\�[6], _�, �L$E�\9�ÚAs%@�G\;�`�P�$ßE

��æ2�QR,^_´!���¿À"#�´±0ª�[7]¤I, Feï¦G Ru�$EIJ-.�Ú"

#�´±0ª�æ2´ÊÓÀ�9�[8]¤¬­Ó�æ�×E BaFe2(As1-xPx)2 �8�I, ÔÌ÷¾��ç

a2H#�v;��./01, "#�PzDZ Ã�'ª�1bG¢ã£�ßJ[9-18]¤\;�`��

L$E� SDW �õÓ"#��Ë��cv;GìQn�ãæ�!�, ��yzNOPDZ`a�Ú�

2�ëã�, x �G��ÓÎdebcTU´<�

�E, �!"#�$�./01ãaG9Èª�

#�ê�ã\�)àá2ã�¤È�'ö$E�Å

��"#�gh��!"#�$�C�ÚÞ��

Æf�µ�, _�, "#�G`aª�U���L

$E´��ã�AL!�"#�$�C�µ£�, 

Ó9$Ego�jI3�7=(dHvA 7=)´0®

¿À�üa�ÔÌ¿GÖª¤(£�, æ�!��

!"#��à�G�Hª�#�Þ��höã!

�µ�2Á��¤
>��\;�`�L$E!�

µ� BaFe2(As1-xPx)2G\�)àá2I�, &'(

)*+$,./0123�456,ã7�89

G?@IJ9¤ 

 

W�XIY=WZ[6V8H4H\W]^_,`a�

æ�!��ëHã./01�·9�¾
�º

�, ËÎ��ü�·9�ÖÀ�\ßJ9¤ü 2(a)

��(b)�BaFe2(As1-xPx)2�R�<�Å�\]�ï
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ü 2: (a)-(b)BaFe2(As1-xPx)2 ÷¾���xx(T)ij . 
(b)x=0.33 �� Tc�/��xx(T)�� M(T)ij¤(d)
R$E3��Å�\]� RH(T) [9]. 
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¦-IklÀ�SÝmÉL�xx(T)�µ�¤x = 0�

BaFe2As2��, T0 = TSDW = 137 K �\9� Ã�

� SDW ��»gh�½×ëH´°ÓÀ�¤As

%@�� P �L��$E���, æ� Ã/jI

�gh�RS¥�2]4¿À, ÈÀwÀ T0 �\

]��xx(T)�n�2, TSDW �\]�ÝD� Ã2

9×	�0À�¤�Ð�7�89�-�PDZú

� Ba(Fe1-xCox)2As2�\9�Ú¸¹¿À�9�´, 

 Ã/jI�gh��RS�Ú�xx(T)´o¿I�9

�Ð���¿ëã�[19-21]¤x ~ 0.2ïÝ�\9�"#����_Bkl´0®¿À, x > 0.3� Ã/j

I�gh´°ÓÀÎ Tc  p Tc max � 31 K�"#�ghGÖª¤ü 2(c)�"#�gh�/�\]��xx(T)2, 

dcjQ�SÝmÉLM(T)�µ�¤"#�gh�Þ��Æf�µ�, e����!"#�$�C�Ú'

Ì�Ú��µ�¤���qÝ� P$E��£� Tc�r��RÕI, x ~ 0.71ïÝ�\9�"#��´,

-ª�¤ü 2(d)�|D)se�SÝmÉL RH(T)�µ�¤a��<��Å�·9�Ú RH(T)�t�G�

µ�, yzNOGu�I�9���-��µ�¤P$E3´¿ã9�Å��, TSDW�\9� RH(T)��

ßãn�´%ÓÀ, æÀ�'()*ï�\9� SDW PzDZ´	<¿À�9�æ2G�<I�9�

20�ÓÀ�¤J<I, RH(T)�&jLv;�\9�Ú&9SÝmÉLGÖI�9�æ2���I�\

ßJ9¤ 

ü 3��xx(T)���v¯IJ BaFe2(As1-xPx)2� T-x�ü�µ�¤0.14 p x p 0.71�Ó9$Ego�\9

�"#��´ÉÊI, 0.14 p x p 0.3�� SDW2"#�, ð­��gh´%ÓÀ�¤x ~ 0.3��/�\

9� Ã/jI�gh�,-ª�¤ 

 

b�cdef�ghijklm�

ææ���GIJ9�´ Ã/jI�g

h�]4¿ÀJ&jLH#�v;�\]�

�xx(T)�ìQ�µ�¤Tc´'�GGÖª'ö

$E�/, wE,  Ã/jI�gh,-�x

���, ��xx(T)´SÝ�Ïy�iíª�ëH

ã7�89(�xx ~ T)´0®¿À�[ü 4(a)]¤ 

-IklÀ�SÝìQG 

�xx(T) = � 0 + AT� (1) 
2jª2�z1�µ�, æÀ�[{{ô�'

()*+$È�\9�-�--�56��

£��õÀ� �z1 õÓ�ß�)�I�9

�¤x´�ß�ã�, Tc´R�ã�2, ��G� 2�2����Òß, '()*+$,ã7�89�2h

¢ª�¤ü 3� T-x�ü#�, ^y ��ìQG@GDCZBD�2I�jIJ¤x = 0.33�'ö$E�

/GCõ� � = 1.0 � 2.0��ìQ´RSõÓV|v�Ó´£�9�¤}, 'ö$E�/��Å�\9

�T > 150 K��S~��xx ~ TõÓCõ�ÎÀ���#��7�89´0À� ,́ æÀ�yzNO�5

6ÞÂ~Ioffery-Regel ÞÂ���Ò9�9�J�2%�æ2´�ß�¤Ï��bc��S�-Ikl´

56��£��VI, æ�2ßkFlmfp ~ 1��J� ~kF�'()*Ne, lmfp�yzNO���ÛÜ¢ï�¤
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��
xx
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)/�
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ü 4. (a)BaFe2(As1-xPx)2÷¾��&jL�~(x > 0.3) �\
]��xx(T)ij. ��ü�'ö$E�Å�� RH(T). (b)'
ö$E�Å�� ��xx(H)/��xx.[9]. 
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�0��2I�÷Ôã����'()*ïG0�ª�2, æ�!�5·�'()*ï���#�Ý�� 

= 5×(e2/h)kFlmfp2°kÚÓÀ, ��� ~ 350 ��cm� kFlmfp ~ 12ã�20�ÓÀ�[22]¤  

#¾��×����xx(T)�'ö$E�/�(è�'()*+$,./01õÓ)�IJ7�89GÖª¤ 

��, ÈÀÔy�./se�a×�µ�×õ¤���./01�ëH2I�, ��xx ~ T´0®¿À��<

~��, &jLH#�v;�Ú|D)se RH´RS�ù]�, |RH(T)| = C1/T+C2���¿À��×ãn

�GÖªæ2´ÑÒÓÀ�[ü4(a)��ü]¤æ�SÝmÉL�x´�ß�ã��(9g¿�ã£�9�¤ 

æ��×ã��xx,(T) RH(T)�7�89����!"#�$�Ú¸¹¿À�9�´[19-21,23], �!"#�$

��e�-�\��L����'()*ïGB·�)`?{Pàá�µ�, æ��×ã�)`?{P

!��|D)se´SÝ�mÉI�ÚÌ92�9È´¿À�9�¤��, #���×ãSÝ�iíI

JklÀ�ìQê|D)se�n��, 
��(è��?{P���lmõ, ÈÀ2Ú�!"#�$

�ÌÍG�<IJ&(èú�./01ã��µ�×õ¤ 

� ËÎ?÷ã\�)2I�-�, ��|D)õÓã� 2?{P�!G0��¤ \;�`$E!�µ�

BaFe2(As1-xPx)2 �-., yzNOPDZ���"#�´`a¿À�Ú�2�ëã�, a��<�\9�

Ú!�debcTUG	·29×&94�´ÉÊª�¤ æ�-., |D)se�-�~L���-I#

�Ý�e (�h)GF9� RH = 1/ne×(�h - �e)/(��h + �e)29×ò{Z)ã	��¾�ß�¤æ�é�9õã�v

w�Ú|RH| � 1/ne�µ�æ2G4�I�\�, |D)se�eÇG�'I�#ÂGr��æ2�ã�¤ 

IõI1b�0®¿À�eÇG�?{P��õÓ°kÓÀ�yzNOqÝ�lm¿À�Ú���Úe

��ß�, �H��?{P�lm���å´�z�µ�[7]¤I, ��ã9È�Iã9´, ��æ�!�

ëHã./01G�?{P�lm��åI�×2ª�ãÓ{, �·õ�ëã�?{P´ÈÀwÀëã

�SÝmÉLGÖI, _�ÈÀ´yzNOPDZ�`a¿À��!"#�ê, \;�`$Eê^_`

a�!, ÈÀÔ#�Ð�ãëã�Ùf Ãàá�<��J·29×JÛ�ã�¯GIã]À{ãÓã

�ã£�IË×¤ 

_�, �!"#�$�ëHãH#�v;GÌÍ�]����./012I�jIklÀ	�xx(H)/��xx 

= [�xx(H) - �xx(H=0)]/��xx�(H
��´ÑÒÓÀ�¤(è�'()*+$��, 	�xx(H)/��xx�yzNO����

�ilm��£�²�, %@�B�B{�Ne
c256»¨���GF9�	�xx(H)/��xx = F(
c�)2ã�9D

[D�´<�ª�¤
c �H, ����xx
-1�µ�õÓ, '()*+$v;��9D[D���£�	�xx(H)/��xx  

= F(�0H���xx�H
�����×�jIkl´}=D)¿Àã��9]ã9¤æÀGF9� x = 0.33�'ö$E

�Å�\]�jIklGZBD�IJÚ�´ü 4(b)�µ�¤RSÝ��	�xx(H)/��xx�}=D)¿À�

9ã9¤åÓõ�9D[D���À�9�¤1�, æ��×ã&'()*+$,./01GÖª&�

'-�!�\9��, jIkl�|D)����� tan-�(�xy/�xx)]GF9�}=D)¿À, 	�xx(H)/��xx � 

tan2�H�	�¶L9D[D�´<��·æ2´ÊÓÀ�9�[24, 25]¤Èæ�ü 4(b)��ü�|D)�

�Çª�ZBD�GÖIJ¤9D[D��ÇI��}=D)¿Àã9	�xx(H)/��xx´�Ïj#�y�, æ

�!�\9�¶L9D[D�´<��·æ2´Ö¿À�¤ 

ææË�ÖIJ�×��!"#�$ BaFe2(As1-xPx)2�, �xx(T)�, RH(T),� ��	�xx(H)/��xx����./0

1�\9�, (è�'()*+$,7�89õÓ)�IJÑ=GÖªæ2´åÓõ�ã£J¤æ��

×ã&'()*+$,./01�, %¶Qà"#�$ê3���ê9-�!Q.àãa9Y.��&

jL�/�µ�&�'-�!�\9����0®¿À�9�ÌÍ�µ�[26,,27]¤æÀ´�!"#�$

�'ö$E�/�\9�Ú0®¿ÀJæ2�Þ��A�:9¤I, Ù��!2I�, ^_Õ�µ�

CaFe2As2êQR,^_���¿ÀJ!�µ� CaFe2(As1-xPx)2��, collapsed tetragonal (cT)�29×¾�

Ç�L����µ�ã´Ó��´ c�
ù��ÀJ Ã�RS��ghGÖª ,́ æ� cT���"#
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(a) BaFe2As2 (x=0) (b) BaFe2P2 (x=1)

(c) (d) (e)

 
ü 5. (a)BaFe2As2, (b)BaFe2AP2 �'()*ï2(c)x=0, 
(d)x=0.3, (e)x=1.0�(110)
ù�7ïü[9, 10]. 

�´aæÓÎ, #�����./01®¯��H�'()*+$,v;´10I�9�æ2´'��

����£�åÓõ�ã£�9�[28]¤æ�æ2õÓÚ�!"#�2&'()*+$,./01GÚ

JÓª�×ã&(èú�56K �¨��, &9�'´ÉÊI�9�æ2´åÓõ�µ�¤ê9-�

!ê%¶Qà�S"#�$��, æ��×ã&'()*+$,./01�aQ2I�, 34�´Ì¯

�Ne��&jL1Ó2��£�&�56¿À�æ2���, ?D�'BD29× V»¨���\

]�-¡¢��dL´²�, æÀ��£���´�ån��µ�2�9È´ã¿À�9�[24,27]¤æ

ÀÓ�!2����&jL�/��$ª��!"#�$�\9�, æ��×ãlm´a��×�ñ�

�ÀÓÀ���õ, ²(���´mJÀ�2æ��µ�×¤ 

 

n�Jop[qrst(uvwiqxy*�

`e£ç���yzNOPDZG½YÎ��cv;´ìQn�ã BaFe2(As1-xPx)2 ��, ¾� Ã�

ìQ2, æÀ�½×'()*ï��MBCD�ìQ´ê�ã¤ëGmJI�9�20�ÓÀ�¤ü

5(a)-(b)�O{Pàá�µ� BaFe2As2�� BaFe2P2�·9�, LDA?{P�����ìÓÀJ'()*

ï�ü�µ�¤ðO{P�aEÓÚ 2¥�-�ïGB·´, BaFe2As2����,ã 3¥�|D)ïGB

E, Ï
 BaFe2P2�|D)ï´ 2¥�×E 1¥´&9���LGB·6´ëã�¤}Ý{1Ó2K �

�-�J£�÷ÔãH¦Gª�ãÓ{, P$E�½9ü5(c)-(e)��×�|D)ï����L´0À, "

}�Q{�TU´§Qª�æ2�SDW�gh´]4¿À"#�´`a¿À�20��æ2´�ß�¤ 

� ¿�, ?{P��õÓ¨®¿À�-�v

;�ÇI, 12�!´a��×�ã£�9

�õG1b,�åÓõ�I, È�©ëG�


�æ2�-���$lm�'ª�ê�ã

ª¸Gì�æ2´±è�¤æ��×ã'(

)*ï�ª¸Gì�«��Ï·�3�7=

�0®´µ�¤¬­Ó� BaFe2(As1-xPx)2�·

9��@�B>{`�?DGF9J�j-

jI�)�®¯G¢9, x = 0.41«129×

1�Ó9$EgoûTc p 0.8Tc
Maxý�\9�, 

P¬D}~'ä{~O)'({(dHvA)7=

G0®ª�æ2�<�IJ[10]¤ 

� ü 6(a)�'DNOìE¿ÀJjI�)��7=}!��)�µ�¤dHvA�Ne F�, A{%D6D

�'sé F = (�/2�e)Ak��£�'()*ï�ÞG7ïk AkGr��¤I, dHvA7=�7­õÓ�, N

'òD®-9[ÜD`�é���34��ºlá3´�±¿À�[29]¤1b�� 2·� dHvA�Ne´

0®¿ÀJ¤È�j-
ùmÉL�, ¯���'()*ï�ÇI�lm¿À� F ~ 1/cos��
�� c�õÓ

j-^ñ�Ý��y�, ?{P��õÓ¨®¿À� 2 ·�-�ïG0®I�9�2O%@{¿À�¤I

õIã´Ó, ?{P����-�ï�ÞG7ïk´, x �ü°mÉIã92¨®¿À���ÇI, 1b

¾m��ß�ëã�, x ´g¿�ã�2��ÞG7ïk´½�,�o¿I�9�¤�»�, 1bõÓ±

�ÓÀ�34��ºlá3�Ú?{P��2��ßã©ë´°ÓÀ�¤R x��Å�·9�ºlá3

G°kÚ�2, ?{P��õÓ°kÚÓÀ�á3 mb20®¿ÀJºlá3 m*�i� x = 1 �\9�

m*/mb ~ 2�µ£JÚ� ,́ x�o¿22Ú�½�,��ß�ã�, x = 0.41��m*/mb ~ 42ã�(ü 3)¤ 

æ��×ã'()*ï�²g2ºlá3�n��, ÷ÔãLDA��2�ß�ëã£�\�, �9TcG
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ü 7. BaFe2(As1-xPx)2R�<�Å��

31P-1/T1T�SÝì
Q[11]. 

���

��� ��� ��� ��� �	�

 
 

ü 6. (a)jI�)��'DNO}!��)¤(b)BaFe2P2�?{P��õÓ¨®¿À� dHvA �NeW��
(c)-(f)x = 1.0 - 0.41�0®¿ÀJ dHvA�Ne�j-
ùmÉL[8].

Ú·�×ã�!"#�$��, -�!�Çª��$lm´ê��µ�æ2GÖòI�9�¤}, dHvA

7=õÓ�õÀ�-�v;2��³´´, 'ö$E�Å�Çª��Ý�Hù-��ù®¯õÓÚìÓ

À�9�[14]¤æ��×ãºlá3�n��, &'()*+$,./01GÖª3���ê9-�!�

�&jL3�456�/�\9�Ú0®¿À�9�[30]¤  

 

'(�, �&jL1Ó2��ß¿�ìQ�·9�¾
J9¤æÀ�'I��øjI�µ(NMR)®¯

���, ø}Ý{-�� VÀ 1/T1G���=,¶jÀ�RO")PD<��'ª�ª¸Gì�æ2´

�ß�¤Ì�, BaFe2(As1-xPx)2�-., �<���v;cÝ�ìQ´·aã�, 1/T1TõÓ�&jL1Ó2

��ß¿�·9��åVã9È´n�2ã�¤1b¾m� 1/T1T ´�S��<��ÓÎü°Ï¯GG

ÖI, 'ö$E�/��RS�ùõ£��ß

ã#¸GÖª¤æÀ�ÇI� x ´�ß�ã�

Tc´R�ã�2 1/T1T �#¸´]�ÓÀ�¾

m´ìÓÀ�9�(ü¹)¤æ�¾mG 1/T1T = a 

+ b(T + �)-129×é�'QD�ª�æ2��

�, jI1Ó2��ß¿GÌÍ�]�SÝ

~� : �@}SÝ�´±�ÓÀ, A�:9æ2�, 

'ö$E�/�� � 0 2ã�æ2´Ö¿À�

(ü 3)¤æÀ� BaFe2(As1-xPx)2�jI3�45

6(� � 0)´ÉÊª�æ2�9{ò}�{�ã

³´Gr��9�[11]¤  

Ô#�ÖIJ�×��!"#�$ BaFe2(As1-xPx)2 � Ã/jI�gh,-�x��, (è�'()*

+$,./012��ß�ëã�&'()*+$,ã./01GÖª¤�»�, æ��×ã�~��

ºlá3�n�2'()*ï�²g, �&jL1Ó2�n�, �@}SÝ�,-´0®¿À, Èæ�

"#��'�� TcGÖª¤æÀÓ�ºÀÚ-�!�Çª����$lm, wE�&jL1Ó2GaQ

�ª�2	YÀ,  Ã/jI�gh�,-6�3�456´µ�20��³´�9{ò}�{��µ�¤

æ�!�"#�2�&jL1Ó22�¨��&9�''s´ÉÊI, -�Ç	<´}Ý{1Ó2��

�2ª�K 2»¼Iã9¤½I, '�, �!"#��/��È\�)2I�, Ï
�, ¾9 shear'¿

F{´��1Ó2�45,ãn�GÚJÓI, æ���1Ó2´S��g�ã9 s++ N"#�G10
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I�9����ã9õ2�HÀÚã¿À�9�[31-34]¤æ��×ã��1Ó2��£�Ú&'()*

+$,./01´0À�2�HÀ´ã¿À�\�, �!"#�$�-�Ç	<K G�Hª���, 

²(, "#���Á����.Ó2�ÉÊG1b,�åÓõ�I, ÈÀ´a×"#�2�'I�9�

õGåÚ�ª�æ2´Ï·�ê�ãÂ2ã�<�×¤ 

 

3�zM�#�


>��, �!"#�$BaFe2(As1-xPx)2Gí�I�, ÔÌ÷¾��%�&'()*+$,ã./01

23�456,ã7�89�Ã6G���?@GIJ¤æ��×ã7�89�%¶Qà"#�$ê, 

3���ê9-�!Q.à�Ú0®¿À�9�01�µ�, �!"#�$��æÀÓ�!2���ã

ëH´Ð�%ÓÀ�¤Ï
, 
>��?@Iãõ£J´, BaFe2(As1-xPx)2��'()*ï#�"#�Pz

DZ Ã´Ä�JFDP~Å� ÃGBE, �!"#�$�àá��£�FD{)2FDP�}� 2 Ø

Ù�"#�PzDZ Ã´10I�9�29×, æÀË��"#�$!��ã9�I9¥ï´åÓõ

�ã£�9�[10,11,35-47]¤¬­Ó�, �!"#�G�Hª�J���"#���Á��ëHãH#�

v;��H2�ÐãPzDZ ÃGr��Æ���6GåÓõ�ª�æ2´, ²(����Â2ã�

20��9�¤ 

 

{|�


���, ÇÈÉÊ, Ë�ÌÍ, Î¦ÉÏ, è
ÐÏÑ, �ÕÒ, ÓÔÕå, Ö�×x, CØÌ@, Ù

�Ú�û���R�, A. Carrrington (Bristrol Univ.), A. Coldea (Oxford Univ.), x���, ÛÜÝ, ÕÞßà

#, áâ ~T��R��R®, ��R��ã��R�²2�������Ò�Ú��ª¤I, ºäåæ, 

çBèa, é�ê~���R��R�²
��1bï�����%MD�Gë£�\�Ëª¤ìí×~�

��, îïVð~-����ð�²��àêãñ9ÈG��I�òßËIJ¤
���WRSàá�R�

�[{ D���¤FKó�µ��BD�}D�}êXj³ôõ$WÈI�ö¯õ·�3�rstu

�5÷_�#�<��£�\�Ëª¤ææ�:�ó�GøIËª¤ 
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The Chemistry of the Functional PI Polyamides  
Directed for Applications in Chemical Biology  
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 Sixty years after the discovery of the double helical structure of DNA, the complete sequence of the 

human genome was determined. Many diseases including cancer, hereditary and viral diseases, can be 

understood at the DNA sequence level. DNA plays an important role in biological processes such as gene 

expression for transcription. Therefore, DNA sequences and functions are targets of novel agents that 

would directly switch specific-genes on or off. In this review, we focus on the sequence-specific chemical 

reactions that occur in binding DNA, and the prospective uses of the chemical biology of DNA will be 

discussed. 

 

V� !"#�

� ��h{2�ND���£�DNA��êÓ�; Ã´HÙ¿À�ÔèW
� 60�´��I�9�. 

� DNA G²àR,06õÓ
��2W�²�HÙ�ý�ÆÇã³���£�¦�,F�ZBC(�

�´��IW�²����ü��µ�¦��DNA�#���ª¸´ü°Hå¿À�9�[1]¤AûO�

]{ýWGû�O]{ýWCûò�ò{ýWTû`*{ý�Ø���� <¿À� 30���Ç��#��

�C�²�Z=���ãª¸´	É¿À�9�¤æ���ª¸�C�W��,ãëHê(�,ã��

´²��2W�#L��ê����QW�QG`�ª�;Æ2ã�¤0ÊWÐ�ã� ;Æ2ã�ë

HG�#����^)�!±ª�"7�ý´­�I�9�¤#è,��WDNA �ëHê��GÌë

,��$ª�¼sê�ý�¬­Úlm¿À�9�[2]¤�#����^)��HÙG�%2IJ��ê

�Q��$
2I�W²$¦�Ì¯��#�­0W·Ë�W�#�ª¸��Ò� {|�á\�.<

ê��K��¥0Q� on-offG¼s��£�����Åª��#��^)��&
,ã�$´0�Ó

À�¤ 

� DNAGQR,06õÓ
��2W0ÊWQR.<
´ü°Ú�I�\�W1003$��Ë��LÚ

ãÛ=.<êWK�L¶·�����´�ß�¤'L���Ìë,ã(7ê½¾WDNA .<'LG

)%�¤FIJ PCR 
2�{À�«
ê�*+,-��£��3�n­WwE�aª�æ2Ú�ß

�¤��­�2£�DNA�?@A~©F��FBCD�QR,��NO)�µ�¤DNA�QR,�

��³��W�.ã²�01GH�J���I9²$K�GB£J"���/±�Ú0´�<�×[3]¤ 

� ����)DZ��WDNA�����G���Û1ª�æ2´�ß�2�É� N-G`)ÝBD)

(P)2N-G`)@*{3D)(I)G <�
4]D�2ª� PIMNO*P�²àQR,ÌL�8�I�
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9�¤�èWPI MNO*P�

Streptomyces ©��+õÓ÷J¿À

Jl²àá�µ��Q} �@ò

{ê"�BZò{��� DNA��

��Û1K G¸5I���¿À

J�üK����µ�ûü 1ý[4,5]¤ 

�  DNA �êÓ�; Ã�jï�

�:6 2ØÙ�7´µ�´WPIMN

O*P�È�69
�7û�@©D

�)D�ý���+%WDNA �R

��ûA, T, G, Cý2�¨�KL¾.

G@I�Û1Iã´Ó DNA2nk

,�¾.ª�K�GºI�9�¤8ÀJ��~ø9:�LGºª� PIMNO*P�DNA��Ìë,

ã¾.L�Xj¾� ÃHÙ2RØNMR®¯��£�ÚÛ¿À�\�WÏ�,ãg;Æ��<VL

�=>ª�æ2´ÊÓÀ�9�¤0Ê��?�@$GF9�.<�ý´Ú�I�\�WÌ¯� DNA

����GÌë,�Û1I�¾.ª� PIMNO*PG��~.<ª�æ2´n��µ�¤  

� æÀË�Ð�ãK�G�rIJK�LPIMNO*P2�#�
$�µ�DNA2�QR,ã�¼ç

FGHÙIã´ÓWZBD�ê®D)2I�²$EFG�HIJ��´�]ÓÀ�9�¤Ï���·

Ô#�ëã�K�Gºª���K�L������\9�WR��Ìë,ãK�G�ã×æ2ã�ð

�¿��æ2´���<A�ÂGB£�9�¤
¸��WPIMNO*P��9����Û1�GZõ

IJ��K����¬­���·9�W�����<mGCõ��ÝD�GÑÒ�¢�IJ9¤ËJW

PI MNO*P�QR,ÌLGZõIJ�I9 @Z�K����²$EF�ù]Jn�L�·9�

Ú¾
�¤ 

 

W�}~�	�4���~��,��xK�[��$���i���.�

� ü 1�Öª�×� Pê I�WO*F¶�-.2�Ð� NCB2 CCBGºI�\�WDNA2�¾

.Ðé�\9�WDervan�2�{À�DF,ã��L´ÉÊI�9�¤Ï�,�WPIMNO*P�.

<�'I�� Boc[6]Wµ�9� Fmoc[7]2�{À�	
�GF9�?�.<
´¸¹¿À�\�WE

F�!Z`PÛ=.<KGF9�.<´n��µ�¤Nj,ãí2I�W�·� PI ��[O*PG

G-O*FH¶(G)�½¾IJiOÝ{ú PIMNO*PGÑÒ�ûü 2ý¤æ��×ã PIMNO*P�

DNA �@©D�)D�¦�G-O*FH¶3��ôÀi´£J(G-turn)iOÝ{ú ÃG	<I�9

�¤N CBIC CB´k�¢��ùIJv;�	<ª�iOÝ{ú Ã��£�WPI MNO*P�

DNA 2KL¾.G@ª��9¾.<VLG­Jª�¤æ��×ãiOÝ{ú Ã�	<���� PI

MNO*P�\9�Ì¯�K,����Gºª� DNA �@©D�)D�¦�L�0M¿À�01�

µ�¤PIMNO*PC� I/P��$��£� G/C��ÇGLÚ�1/ª�Ï
WP/P��$��£�

A/Tµ�9� T/A��ÇGÛ1I�9�[8]¤J<IW0Ê�\9�ÚWA/T2 T/A��Ç�Çª�J

N�ã1/��Hvª
ß´µ2I�O<�¿À�9�¤�H I2 P�ñ�WDNA�Çª�<VLG

nªJ��MNO*P�CCB��CG`)O*FZBÝ)ûDpý�´�$¿À�9�¤ËJWG-turn

3�� A/Tµ�9� T/A��Û1�GºI�\�WÌ¯�����ÇI�Ìë,�¾.ª� PIMN

O*PG�����ª�æ2´n��µ�¤ 

üP��Q} �@ò{Q	�"�BZò{	�R�G`)ÝBD)	�
R�G`)@*{3D)�QR Ã

P : N-methylpyrrole

I : N-methylimidazole

N
O

H
N

O

H
NH

N
H
N

O

H
N

N

O
N

O

H
N NH2

NH
Distamycin A

N
H
N

O

H
N

N

O

O

H
N NH2

NH

N
H

NH

H2N

Netropsin N

N

O

H
N
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� ��S9��ÇGLÚ� PIMNO*P�

�£�Û1ª�æ2�W÷Ô� PIO*P 

ÃGTSI�¢�<]��Jn��µ�¤

�ÏDNA*¦���¨�UJ2MNO*P

�O*P¾.�ÉÊª�RKL;�¨�U

J��&�´µ�J�W5 �� PI ´½¾¿

ÀJ!{ *P�ã�2VI�DNA2�¾

.L´RÕª�æ2´1b,�Ö¿À�9

�¤È�J�WQR Ã,�WXLGÚ·

Y-O[]{(Y)G PIMNO*P Ã¦��

�ª�æ2�KL¾.G@IJ'öã¾.

�$GdLI�9�¤12�WY�TSI

J PI MNO*P�\9�WHIV-1 �#��

�#� 16��ÇÛ1Gn��IJíÚ¸¹

¿À�9�ûü 3ý[9]¤ 

� æ��×ãiOÝ{ú PIMNO*P�K

,���Çª�¾.<VL�WÏ�,ã

DNA¾.L {|��¾.��=>I�\

�We���Ì¯�#��­045�'ª

����EF¿À�9�¤í�{WDervan

Ó�W {|�á���C�ßà@A{2������Ìëã Ã´	<¿À� Zn 'Q{6D2�

{À�3�GB· {|�áWTFIIIA �Û1��C��Z��'Q{6D�¾.���µ�

5’-AGTACT-3’GK,2ª�iOÝ{ú PIMNO*PG.<IWTFIIIA�¾.G[øª�æ2���W

5S-rRNA �#��g;Gäå,�]4ª�æ2�<

�I�9�[10]¤ËJWg;Æ��µ� TATA-box ¾

. {|�á (TBP)WLymphoid-enhancer ¾.Æ�

ûLEF-1ýWEts-1�DNA�Çª�¾.�\lª�iO

Ý{ú PI MNO*PG.<IWÌ¯�#��g;ê

�aG]4ª�æ2´n�ãæ2G¸¹I�9�[11]¤ 

 
b�K�[��$���i��^�������x4���~���

� g;Æ�\� DNA ¾.L {|��=>ª��9��Ìë,¾.���£�WÌ¯�#�­0�

45êK�HÙ�J��®D)2I�� PIMNO*P�²àQR,EFÚlm¿À�ßJ¤12�W

��ûGeneLab�, GeneSoft�ýêW]�ûSpirogen�ý�\9� PIMNO*P��$��EFG�

HIJ^{`zD^ûÚ��¿À�9�¤PIMNO*P�Ì¯�#�­0�45K���Ò9J4_

EFG�HIJ��Ú�e¸¹¿À�9�¤IõIã´ÓWæÀÓ� PI MNO*P�çFK �W

DNA�ÇI�KL¾.G@I�nk,�¾.ª�æ2��£�g;Æ�2DNA2�¾.G`.,�

[øª�Ú�´ü2;a�µ�¤(£�WÌ¯�#�­045G�,2IJ PI MNO*P�K,�

��W�#���~Coding Sequence��#¡�µ�45�~~Regulatory Sequence���/�µ�Wg;

Æ��¾.�~�Â¯¿À�¤Ï��g;Æ��¾.�~�Ð�ã�#�¨���I�9�-.´�

P :
I :

N

N

N

N

N

N

N

O

O

O

C
A

T

G

A

G
T

A

C

T

T

A

O

H

H

H

H

N

N
N

N

N

N

N

O

O

O

H

H

H

N

NH

O

N

N

5'-A G T A C T-3'

3'-T C A T G A-5'

H

G amino proton

lone pair

H

+

H

N+ H

O
NH

N
O

H

N

O

H

+

� :

Dp:

5'

3'

5'

3'

üabcRQ~de�QfgQhg�iejde�QfgQhg�ie�2iOÝ{ú
bbbklMNO*P2�nk,ã¾.\�)m

ünbklMNO*P���B{@�D	<
���������Ì¯Po��ÇÛ1\�)

5'-A T A A G C A G C T G C T T T T-3'

3'-T A T T C G T C G A C G A A A A -5'
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5'-CTTGACCATG-3'

3'-GAACTGGTAC-5'

O

N

N

N
H

O

H
N

H
N

O
N

O

N

N

N
H

O

N
H

N

O

N
H

H
NO

O

N

N

N
H

N
O N

H

N

OH

Cl

3
9

8b

üp���Ìë,�cRQ¦�Ì¯��ûde�gfQhhQ�iejde�gffghQ�ieý¦�O�]{Ri�GO)y
)Qª�K�LiOÝ{úklMNO*PPmq2r�ÖIJÝBD)W@*{3D)É�cRQ��
���2Ìë,ãKL¾.G	<ª�¤su�ÖIJtuvw�hxl3�´cRQC�Q��2�EI�
�º¾.G	<ª�¤ryu�ÖIJz{|w}u�}z{~u��tuvw�hxl´cRQC��Eª
ßQ���Ç
I�ö(ã�$�è��×�klMNO*P2cRQC������S¿�ÎÀGdLI�9�¤
t¥#Õ��ü��Wtuvw�hxl3�GO�]{��h�R¾.	<ª�xº� Ã�³9�µ�¤
sü�³õÀJ ÃõÓ�h}´�JIWi�ÉG:� Ã2ã£�9�¤

1

�W'½ª��e��#�â�$�pqG�°ªn�L´�9¤ñ��WiOÝ{ú PI MNO*P

�nk,ã¾.��W9DP�~¦�g;I�9�v;� RNA MNG[D_G���æ2�Jn�

�µ�[12]¤ 

  Ï�,�Ì¯�#�­0G�U,�9{�BD)ª�

2I�W�#��g;�à�µ�mRNA

�Çª��d,ãø¶`�$G�rIWmRNAõÓ {|�����G[øª�O{`[{}
´Ñ

ÒÓÀ�¤0ÊË��W%@�G6BôQ)}L�9��$¼2I� vitravene2�{À� 21���

�õÓ<� S-oligo ´O{`[{}�¼�2I�ÉÊI�9�¤ñ��W�é	<�'rª�� {

|�á(VEGF)�Ìë,�¾.ª� RNAOZ �D2I� 2004��¬­¿ÀJMacugenÚWñ�L

ã�ìL��Çª��$¼�µ�ø¶�¼2I��àêã<�í2I�ÑÒÓÀ�<�×¤4_EF

�ø¶�¼�10�ù]JÂ�W�H'L�L��ì�µ�¤Ï
W��äå,�Ì¯ mRNA G(

7ª�N}�@�ê 2
* RNAGF9J RNAiWsiRNA2�{À�Ì¯�mRNAG��ª�

�

������WK,2I��e�9ÝD´ÉÊª���¦ mRNA �Çª����]4G�HI�9

�J�WO<4_��1FQ��F£�9ã9¤ËJWÌ¯�#�­0�g;���G]��/�



2I�WK,2ª��d,ã�
* DNA 2xP�.¿��&9�ê*G	<¿��O{`CD{


´ÑÒÓÀ�¤IõIã´ÓWO{`CD{
�K,2ã�����´ZN{��ûA2Gý�½

�IJ3��ÂÓÀ�9�æ2êWËJAN����A`P`�$Û����¦�ø��:�L�R

¿ÚHÀ¿À�9�¤ 

� ¦�����#�­045�ý2I�W#��O{`[{}êO{`CD{
�WPIMNO*P2

`.I�9����äõÚIÀã9¤Ï
�WmRNA GK,2I�9�O{`[{}
2 PI MNO

*P�¨���#�­045K �\]�`.�¿ã�W�ñ,W�y,ã45lm´lm�ß�<

�×¤ 

� ��� 90�N(���0Ê�F�Ë�WK�L PIMNO*P���2.<W��ÈÀÓ�²àQ

R,K�L�`GÏ�I���I�ßJ[13]¤C�ÚWÌ¯�#�­045®D)2I�WDNA��
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��G��Ý�Û1IW¿Ó� DNA ¦�Ì¯����JãQR¾.û�º¾.ýG	<ª��9�

^)���.K�GB· PI MNO*P�·9���G³��9�¤e�����ÌëLGºIJK

���G��IW12�.<~K��`G³�J¤È�Ï·2I�WO)y)Q�Gºª� seco-CBI[14]

ûü 4CWsu�³9J3�ý2iOÝ{ú PIMNO*PG@{PD)N{>Dûü 4CWryu

�³9J3�ý��£�½¾¿�JK���
 [15]´W��Ìë,� DNA ¦�Ì¯��

û5’-TGACCA-3’/5’-TGGTCA-3’ý¦�O�]{N3�GO)y)Qª�K�G­Jª��×����

�¿ÀJ¤12�.<IJ2æ�Wlm���Ìë,ã DNA ��O)y)QGaª¹´±èJûü

4ý¤DNA O)y)Q�EG��\�N{���£���IJ¾m��W@{PD)N{>D�ÉÊ

´ seco-CBI¦�ò�BZB|{�è��GO�]{N3�2��E�'ö��$���I�9�æ2

´Öò¿ÀJ¤æ�æ2�W8ÀJK�L PI MNO*P����\9�W�@©D�)D�¦��

���GÛ1ª�3�2�º¾.G²<ª�K�3���Ç�$´'öQ¿À�9�æ2�ê�L

GÖI�9�¤ 

� æ��$'öQ�0�
��ÒßW¿Ó�K�L PI MNO*PaG.<IW� 400 ��Ç��


* DNAC�¯�æËÀJK,�� 5’-ACAAATCCA-3’/5’-TGGATTTGT-3’GÛ1IWü 5C��|�

ÖIJA�ÇI�W�9�ElÀ���Ìë,�O)y)Qª��_´µ�æ2GÚÛIJ[15]¤DNA

�çFª�K�����G³��J���W��¦É�Õ�ÚQR,ãK�G­J�ß�æ2´ê�

�µ�¤PIMNO*P��
���[D�$¦�N�����HG8]��9æ2´¸¹¿À�\�

[16]Wñ���E3�� seco-CBIÚ&H�ö¯L������µ�J�WCLK LTUÕ�ñK�

HGü2;a8]ã9¤  

  PI MNO*PGÌ¯�#��­045Gn��ª�²àQR,®D)2I�1FQª�J���W

.<[@{GÚ�Iö¯I�tuª�æ2´ê��µ�¤�����ã�Ú 2000�Ô¡WPIMNO

*P�.<
G(è�+�.<õÓ?�.<�2�ýìEG³��9J¤���³��½£�WÐ�

ã�#��ÌÍ,ã�����ÇEn�ã.<�ýGÚ�IW��Ø���Ìë,¾.�Gºª� PI

MNO*PGö¯I�.<tuª�æ2´n��ã£J¤�����ã�¢£�9�0Ê� PI MN

O*P���.<�WFmoc�	
¿ÀJO*F�GB· P2 I�\F�D`�$G;Å2ª� Fmoc

!Z`P?�.<�ýGZFIWSHIMADZU PSSM-8!Z`P.<K����Û=£ç�¢YÀ�9

�¤PIMNO*P�²<�WESI-TOF-MASS2 1H-NMR��£�ÚÛI�9�¤ 

� Fmoc ?�.<
��

ý¢�2þ¢I�WÐ�

ãiOÝ{ú PI MNO

*PGF9���²àR

,ãK��`G1£IJ¤ 

²àQR,®D)2I�

1FQ�ù]J����

�\9�W��nâ]4

K�GB· {|�á

TGF-Y��2ã��#

�GK,2IJ PI MN

O*P�'ª�K��`

´³;�9�[17]¤V­

N

NN

N

N

N
H

ON
H

ON
H

ON
H

OON

N
H

O
N

N
H

O
N

N

N
H

O

N
H

N

H
N

O N

H
N

O
N

H
N

O

O

N

H
N

O

H
N

O
H
N

N
H O

N

OH

Cl

3'-T G T T T A G G T-5'

5'-A C A A A T C C A-3'

ü¤���Ìë,�cRQ¦�Ì¯��ûde�QhQQQghhQ�iejde�gffQgggfg�ieý
�����¦�O�]{Ri�GO)y)Qª�K�LiOÝ{úklMNO*P¥

2
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ÓÚÌ¯�#��­045���`�\9�WÌ¯����GK,2ª�K�L PI MNO*P��

_GÚÛI�9�¤ô@)}\GF9Î�W ¦u§ù {|�á(GFP)��G:� plasmidû��¦

��a¿À���¨»�Ú�¨(���ÈÀwÀ�8]�´À�´W©u$��:ËÀã9 DNAý

G��¦���IJ,-���¦�\9�W��Ìë,O)y)Q��£�äå,�GFP­0G[ø

ª�æ2�<�IJ[18]¤ËJWK�L PIMNO*P�Ìë,ã�º¾.	<´��nâ�r��p

qGÚÛª�J��W39 ØÙ�,-¦�´;��!�\9�ª«,ã��¬L�`Ú1£I�\�W

È�l�ZL��ÌëL2�iúHÙG:����G¸¹I�9�[19]¤ 

� ¿Ó�K�LPIMNO*P�����G³��2Wö(ã�$�YG��ª�æ2��£�WÛ1

���S¿G­®ª�æ2´n��µ�¤9��Ç��GÛ1I�O)y)Qª�K�LPIMNO*

Pa�¬­G¯K2I�W�Y��$G�ÅIJ@{PD)�2O)y)Q3�(seco-CBI)G¾.IJ

K���n[20]W�·�iOÝ{Gx��·ã9<	�I�Û1G­®¿�J {��iOÝ{úPI

MNO*Pp[21]W2ØÙ�PIMNO*PG�»�°ñIWÏ
�MNO*P�Ì¯�ø¶�����

Çª�&9�������
�MNO*PG��äå,�Ì¯��������¿��i�B{@

�DÛ1Ðé�O)y)Qª�n�LGÖIJ¤[22]WO)y)Q3�G±���$¼2I�ÚF9

ÓÀ�9��B[��ò)� Ã�ìEIJ²[23]ãa��×ãK�����G�¬IJûü6ý¤R�

�K�������
*DNA���Çª�äå,Û1�WO)y)Q�W\��¦�,-����Ç

ª�nâ[ø���`G³�WÏ½�K�LPIMNO*P�DFLGÚÛIJ¤ 

5'-TCAGCTCCATC-3'
3'-AGTCGAGGTAG-5'
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H
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H
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H
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H
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H
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H

O
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H
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H
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H
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N
H
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H
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N
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H
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O
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H
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O

H
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5'-GCAGAATAACCATG-3'
3'-CGTCTTATTGGTAC-5'

H
N

N
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O

N
H

N

H
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O
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N
H

N
O

N
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N

N
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O
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N
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N
H
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N

N
H

N
H

O

N

H
N

O

O

O

H
N

O

N

N

N

N
H
N

H
N
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( 7 bp )
( 10 bp )

N

N

N
H

O

N

N

N
H

O

N
O

N
H

O NH

N

5'-AGGTTGTCCA-3'
3'-TCCAACAGGT-5'

( 10 bp )
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N
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H
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H
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H
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N
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H
N N

H
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O

O

O

N

Cl Cl
5'-AGCAGTCAAAA-3'
3'-TCGTCAGTTTT-5'

( 9~10 bp )

3

4

5 6
 

       ü² K�����G­®¿�JK�LiOÝ{úPIMNO*P3-6¤ üC��IJbpe�W 

       Û1�F9ÓÀWÈ�CB´O)y)Q¿À���Ç�eGÖª¤ 

 

  ��´��¬­G³�J�º¾.	<�Gºª�K�LPIMNO*P�WK,2ª�DNA����

C�O�]{�N3��ÇI��º¾.ª�æ2´n��µ�¤(£�W�È,��Ì¯�#�G9D

PI�9��~GK,����¯ª�æ2´n��µ�Wnk,ã¾.LGºª�PIMNO*P��

Ú&_ãÌëLGB·�#�45´lm¿À�¤ 
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n��K�[��$���i���.���x4���~���

� 
É�����#�HÙ�ý����ÌÍ2I�W�#�
$�Üèª�Ï
*ø¶ûDNA ê

RNAý2ZBD� DNA2��
*	<�û¬@�N{@_Dò³{ýG¤FI�9�æ2´ÑÒÓ

À�¤æ�Ðã

�Ï·2I�WDNAê RNA�L*G <ª���NY��O*F¶GF9J�

ü.<���µ�!Z`Pø¶(Peptide Nucleic Acid, PNA)GZBD���2I�F9�9�¹Úµ�¤

æÀÓ��#�HÙ«
�Ì¯�²àØ�Ï½�ø¶���C�Ï��Ç�%´�9ÚÀ����

$2�ëã�Ðã3�ûÏ���úýG!±ª�«
2I�ºl�µ�¤¬@�N{@_Dò³{G

¤FI��#����´�µIe�noê�#��DÝ{�GHÙª�æ2Ú¢ãYÀ�9�[24]´W

È�çû�ï� 2 
� DNA *G�Jª�ìL¶�´��ãJ�Wæ�

��²��¦��
*

DNAGxPÇ12I�öFª����z�µ�¤ 

� iOÝ{ú PIMNO*P��
*DNA�ÇI�Ìë,�¾.ª�ÌLGºI�9�¤IõIã´

ÓWK,DNA�Çª�¾.—HJv;�¨�� PIMNO*PÛ$��ùR,ÌL�©ë�Wù7·

}!��)��!±´n�ã�^)��ã9¤Ï
�W§ù�G½¾¿�JÐ�ã��ÌëLGºª

�MNO*P�����2�¾.2HJ�v;�¨�§ùG on/off�ß��×ãK�GBJ�ÓÀÀ

{W�óÝ��
* DNA ����GHÙª�¹´n�2ã�¤æ�»W��¿ÀJ§ù�´ DNA

2�¾.—HJ�½9åÚãv;ìQ´aæ�æ2´ê��µ�¤æ��×ã¬@�N{@_Dò³

{¶�´J�ã«
�W²���\9��
* DNA C�Ì¯��#����=, ÃìQ\G?@

�¯3Qª��ý��EFÚlm¿À�¤ 

� �����ã��WÌ¯�#���GK,2IJ PI MNO*P�W� �#���\G:�´�

µI��e�no!±�ù9�9�20�J¤Èæ�WËÎ¬{`{�{��­��Æ2¸¹¿À�

9� 5’-(CAG)3-3’¸5’-(CTG)3-3’ ´µI��GK,2ª�§ùL PIMNO*P�.<2K��`G¢

£J¤Ï��Wæ��×ã���Ç´�µI���WÐ�ã�#�L� �­��Æ2I���I�

²$¦�0M¿À�9�¤ 

� ���W ÍIJ9{[Z��10�ù]�WL��·���G¹³IJ¤ 

� �Ï�W2·�Ý�{�G PIMNO*P�ö(ã�$���IJ§ùL PIMNO*P� +�Ç

I�WCAG´µI��G:��
* DNA AN��DGñ�J¾mWDNA qÝmÉ,ãÝ�{�O

y%@Z�D�}­ùû480 nmýG0Mª�æ2�<�IJûü 7ý¤�
*DNA%{Z)�ÇI�

��Ìë,ãÝ�{�Oy%@Z�D�}­ù´0M¿ÀJí�º�µ�¤0ÊW§ùL PI MNO

*P´ DNA ��@©D�)D�¦�KL¾.G@I���Ìë,�¾.IJ(W2 ·�Ý�{É´

�$,�OPIJæ2�aÆª

�§ù­0K G ÍIWÈ�»

�LG0MI�9�[25,26]¤ 

� �BGO2�{À�¦�©u

$CB3� Ã�We¼��Ç�

´�µI��G:;�9�¤��

��µ2I�Wæ��
*��

(5’-GGGTTA-3’/5’-TAACCC-3’��

´µI3�GK,2ª�K�L

PI MNO*P�¬­G�_,�

³�J¤Ì¯�$GO)y)Qª
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H
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O

O

R  =
H2CR

R
3'-GTCGTCGTC-5'

5'-CAGCAGCAG-3'
+

ü¹�hQf´µ��GK,2ª�§ùLklMNO*P�QR Ã
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�J�@{PD)�2 seco-CBI Gºª��.$¹ [27]êº¾��B[��ò)3�Gºª��.$

[28]�!½G¢9WËJW§ù�2I�!N�{G��IJ PIMNO*P�.<~K��`Ú³�J¤

A�:9æ2�WP2Y� <¿À�!N�{`�$QIJMNO*P 8�|D�©D��2¾FI

J»�%W313 nm�¿aùõÓ!N�{�ÜèIJDNAqÝmÉ,ã§ùû450 nm-550 nmý́ 0M

¿ÀJ[29]¤­ùK ����O<�å�ß�9ã9´W0ÊW����
*DNA�Ìë,�¾.I

J PIMNO*PõÓ!N�{��lÀ,ãO")PDh=���§ùK G ¡I�9�ûü 8ý¤ 

 

5'-TTAGGGTTAGGGTTAGGG-3'

3'-AATCCCAATCCCAATCCC-5'
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5'-TTAGGGTTAGGG-3'
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+

+
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üÀ ¦��BGO´µ��GK,2ª�PIMNO*PÁ��Ìë,O)y)Q¹2��Ìë,§ùLÀ¤ 

 

� æ��×���¦�HÊª�´µI�����\9�W����Ìë,ã§ù�Gºª� PI MN

O*PG��~.<IWÈÀÓ� DNA AN��D�Çª�K�GÚÛIJ¤æÀÓ�¾m�Wëã

���ÌëLGºIJ§ùLMNO*P´W
x�Â��?@IJ PNA �¬@�N{@_Dò³{

GF9�
É�@GDC{��ý2Ú¾Fn��µ�æ2GÖòI�9�¤���W§ùL PI MN

O*P� DNA AN��D�Çª�1b¾mG�%2I�W#è,��²��¦��Ã�,ã DNA

 Ãê=, ÃìQ�ÄÅGn��ª���¦DNA[{ò{��ý��EFG�HI�9�¤Ì�W

���nâ�'½I�9��BGO����WÆ�ìL� �'½I�9��·�%����Wµ�
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9�Wg;ZLQ�Üèª� ÃìQ´aß�9�2¹®¿À�g;¬��~�µ�GC�����

��3�\�ÇI�lÀ,ã§ù­ùÚÛGn��ª�§ùL PI MNO*P�²àR,®D)2I

�¬­ª�`G´µ�20��¤ 

 

3����.4���~��,��.�

� 
É���¦��#�K�HÙ
2I�W[@�[NDHÙ���'öQ¿ÀJÌ¯�#��<V

L�µ�!Z`Pg��G�rI�­0�v9G%�«
´µ�[30]¤IõIã´ÓW!Z`Pg�

�´
��Ì¯�#�2�¼çFI�9�õÚÛª�æ2��z�µ�WK ,�ÚJåã6´�9¤

ËJWÌ¯�#�­0�4529×06õÓ0��2�#��Ï3´Ëì~ÁlQ¿ÀJ�#��E

��ô}W9Y.�WFD�Oô��ô}GF9�¹Úê�ã�ý�µ�¤IõIWÈ�ç<���

Ýã²àR,�ýêÇFWÚ��ù]J»¨´õõ�¤�e��#�G�»�FD�Oô�ª�æ2

Ún��ã£�9�´WÈÉ��2ã�Ê­²������z¿�ËÌ,�n�ª�æ2�ã�¤º

À���WQR­�2£�FD�Oô��ô}�1£�zã«
�µ�¤ 

� Ï�,ã PIMNO*P�DNA�ÇI�KL¾.�¾.ª��%��EL�ã�Wg;Æ��¾.

G`.,�]��æ2��#�­0�9{�BD)G¢£�9�¤RØ NMR���®¯��£�W

PIMNO*P-DNA�.$��� Ã´HÙ¿À�9�¤PIMNO*P���Ì¯�#�­0�45

�W]4�%�ã�ZLQ�ß�n�LÚÖ¿À�9�[31]¤ÈÀ�ÇI�W���K�L PIMNO

*P��#�
$�µ��
* DNA �xP�º¾.G	<ª�¹´±èW�#�­0�45�·9

�_ã�n�LG Íª�æ2´�ß�¤ËJW��Ìë,§ùLGºª� PI MNO*P�WÐ�

ã�#����ÇEIJ²��¦ DNA @GDC{��J���I9�%�ý2ã�2lm¿À�¤

Ð�ã����Æ2ã£�9��#����?@~ÍÇã²$¦��ÄÅGn��ªÀ{W�#��

K�HÙ�'½ª�[@'%@O{}�ä��ý¢��0´�<�×¤ 

� Ô#��W���¬­IJÐ�ãK�L PIMNO*P�WDNA�Ì¯��GLÚ�Û1I�¾.

¿��æ2´n��µ�W'��?@A@{'¿��Q�}�ý2�%.Y��æ2�W�/,ã�

#�K��HÙ�D ´ìÓÀ�n�L´µ�20�ÓÀ�¤ 

 

{|�

� 
���W�R��d�bWÌ¯�~���DNA����Ò��D[DGDPl�s�WÎ«��

ûAý��EL Py-ImMNO*P����#�K�HÙ
�Ú��W�%�� C�DNA- {|� ÃG

Ìë,�45ª�K�LMNO*P�¬­�W��WGCOE ZB�[��àá�R���% ¡2�

MNÏ<�2Ð6���d�G8]�¢YÀ�\�Wó�GÑI#ÒËª¤ 
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Pressure induced metal-insulator transition and superconductivity  

in alkali-dope fulluride Cs3C60  
 

Yoshihiko Ihara1, Herni Alloul2, Pawel Wzietek2,  
Daniele Pontiroli3, Marcello Mazzani3, Maruo Riccò3 

1Graduate Schoole of Science, Kyoto UniversityW 
2Laboratoire de Physique des Solides Universite Paris-Sud,  

3Dipartimento di Fisica, Universita di Parma 
 

� Superconductivity in alkali doped fullurides A3C60 has attracted interests by its rather high superconducting 

transition temperature, which reaches up to 35 K in Cs2RbC60. A compound with the most expanded lattice 

Cs3C60 was found to be non-superconducting at ambient pressure. Superconductivity of Cs3C60 appears only in 

the hydrostatic pressures. We have performed 133Cs NMR experiments under pressures to reveal the properties of 

superconductivity in the vicinity of Mott transition.   

 

V�� !"#�

� ?$´Öª#�LWefLêjLÈI�"#�ãa�á�YJ�àL�WàáC�Áe�ÉÊª�

-���$lm���²%±¿À�¤-�����'´iú,¾9!��WæÀÓ�àL�àá��

�ãÌÍ�ÆÓã9÷ÔQ¿ÀJ\�)����å¿À�ßJ¤2æ�´W-��'´&9!��æ

��'lmG��âê�0�ª���´µ�¤12�W&�'àá�\9��I9 @Z�"#�v

;êWjI*+2"#�*+�`.WËJk�*+´��aæÓã945v;ãaA�:901´��

�0®¿À�\�WæÀÓ��Ðã-��7�89G�Hª�æ2´W�²�?$à�R�A��C

õ2ã£�9�¤ 

� Ôã�-��'lm<]G��ª��%�W�ü��C�O)>N6}GÇ12I�¢YÀ�9�

[1]¤O)>N6}��W01�àá�vI�10ª�æ2�±èãõ£J-��'&Ý�45´n�

�µ�J�W���I9ä6õÓ�!å,��Gn��I�9�¤¿Ó�W��ªæêJÔà29£

JàáC�´µ2ã��ÆGçæIW'Ú÷Ôã��#��à�G�
�æ2´±è�29×¤6Ú

µ�¤æ�6õÓ°�2W60��èL;�� <¿À�9�'[D�{��´¾�QIW��G��

æ2��£�ìÓÀ�')[@PAxC60�÷���C�100�Ô#�;�´µ��.æ�#ã9J�W

àLà�����ùõã9�×�°��¤2æ�´W����
���#��érª�?{P��ê

�²êIJ 1·���ût1u��ýõÓ±è�9�æ2´�õ£�\�[2]Wæ� 3��,ã#�?{P

´	<ª�'()*ï�1�&H�÷Ô��H�ß�¤¿Ó�Wë�ã��G:;�9�J��^_

lm´�ß�W^_���1l,ã-��'&Ý�45´±è�æ2Úê�ãÌÍ�µ�¤ 

� ')[@P�J<÷Ôã'()*ïGB·<]�ã�WÈæ���7=W-��'lm´ñY�æ
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2����ÐãLáGÖªæ2´A�:9¤Ì�Wx = 3� A3C60�\9�­°¿ÀJ"#��Wgh

SÝ Tc´ BCS�È��å¿À�ìú,"#��#Â2¿À� 40 K�í£�\���G��J[3]¤40 

KG"�� TcGB·"#�àáâ� 1986��°·õ£J%¶Qà"#�$[4]W2008��°·õ£J

�!"#�$<]�µ�[5]W')[@P�ÈÀ��î¤æ��9 Tc�;ÆGïß���
� 1990�

N�������´¢YÀJ´WÏ½�àá�C�'Ú�9 Tc´°+ËÀ�9J Cs3C60� Ã´Jö

¯�ð0L�Ì9�ÅGìÓÀãõ£JJ�[6]W_ã� Tc��%��Ï%G�IJËËÈ�(���

�9£J;ñòI�9J¤ 

� �Å�´µ�2008��GaninÓ´RS��QR�EGñ��ÀJ�Jã�Å²<

G¬­IJæ

2���Hv¿ÀJ[7]¤æÀ���ð�')[@P´��G��W���óGôßµIJ¤2æ�´W

BCS ÞÂG"�� TcGÖªæ2´lm¿ÀJ Cs3C60�H^��"#�GÖ¿ã9æ2´åÓõ�ã

£J[7,8]¤�� Cs3C60��cv;�a×ã£�9��<�×õ¤
>��'��1b¾mG��W-

��'�l9J!�\]�"#�29×06õÓ Cs3C60�-�v;G¢�ª�¤ã\W
>�?@ª

�¾m��3�� Ref.[9]�õö¿À�9�¤ 

 

W��df���#z�x�(`� ¡�

� -��¨lm�-�¨��DB{�¼çF´�ß9üa&�0YÀ�æ2����µ�´W-��

ÃÊL´&92ß�ÚÐV�ã�¤·Ë�1l,ã-��'�&¿��DB{�¼çFUG?{P­

W�ë£JU/W29×3���jY¿À�¤Ï��?$C���DB{�¼çF��ß¿Gì��æ

2´±èã9J�W?{P­GìQ¿��æ2���-��'lmG45ª�¤')[@P�\9�

�'[D�{��������¾.´iú,g¿�W?{P­´÷9æ2���&9-��'lm´

0À�20�ÓÀ�¤æ�&9-��'lm�K4C60, Na2C60ãa�ef$��ÐV�°ÓÀ�9�[10, 

11]¤ 

� #�G@× t1u���}Ý{G:��2 6ê�²êI�9�J�WO)>N@A{PDZ�����

¿ÀJ-�´ 6��øI���G��¯�÷�ªË��Wbc,ã?{PG <ª�æ2´lm¿À

 

ü 1: (a)A15 ÃCs3C602(b)fcc ÃCs3C60�¾� Ã¤fcc Ã�qùWrù�ÈÀwÀCs�T%@�W
O%@�Gjª¤fcc Ã��'�P�'[D�{�L�ï$G	<I�9�¤ 
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�¤x = 2, 4�°ÓÀJef$��-��'lm��� t1u���²ê´HõÀWÃÊv;´ö¯QI

J¾m�µ�20�ÓÀ�9�¤ËJWæ�ef$���PzDZ��ß¿´-�O")PD�-�

ùõÓ°kÚÓÀJÚ�2Wø}Ý{d�� VÀõÓ±�ÓÀJÚ���ß�ëã�[12,13]¤æÀ

�'()*ï�/�?{P´÷Ï����ã� 3ê�²êIJ t1u��õÓ±è�9�J�W�.ãR

O")PDv;Gñ�æ2´n��µ�WjI,ã�Ï¿av;2-ú¿a����Ï¿av;´ë

ã�æ2�aÆª�¤ 

� ')[@P�ef$�´��Ï�,ã\D�ef$2ëã���W'[D�{��Û$�ô%ûû

D{~�[Dôý��£�Ú#�?{P�²ê´Hü¿À�9�æ2�µ�¤J<Iæ�ûD{~�

[Dlm�-�´'[D�{���ÃÊI�9�æ2���Î��`a¿À�J�Wô%Gaæª�

�-��ª�� t1u���ÃÊI�9ã]À{ãÓã9¤·Ë�WûD{~�[Dlm�ª��-��

'lm���`a¿ÀJef$v;G¿Ó�ö¯Q¿��´WÈÀÛ$´ef$v;G`aª�æ2

ã9¤æ�-��'lmGn&¿��¾��ô%�\D�~ûD{~�[Dlm2�{À�[14]¤\

D�~ûD{~�[Def$v;�')[@P�-�e´ýe�µ�J�WÃÊ-��Ïê¢v;G

ñ�&jL�µ�¤ 

� -�e´þe2ã� x = 3�2ß-����I�\�W(£�ûD{~�[Dlm�g¿9¤12W

Ôãã A3C60��RSË�bcv;´�ßW'�,�� TcÔÕ�"#�GÖª¤2æ�´æÀ�O{

\]ô���G��I'[D�{��¨UJG&4,��ßT{IJ K3(NH3)xC60 �\9�W\D�

gh´`a¿À�æ2´ Rosseinsky \��£�¸¹¿ÀJ[15]¤æ�\D�ef$���W-�e´

þe�µ�æ2G�<I��S��}Ý{ÛÜÝG�I�\�WRS���&jL*+Gaæª¤æ

�\D�ef$��­°��� x = 3��<�Ú-��'´N�&9æ2´Ö¿ÀJ¤Ï
�WO{\

]O����������SG�ßT{ª2�»�W¾� Ã�6ÀG��I�IË×æ2´´µ2

ã£�9J¤Èæ�W6ÀG½×æ2ã���SG'�Â�ßT{IJ Cs3C60��cv;´��¿À

�¤ËJWæ�!� 10 kbar ïÝ�iú,R9^_���-�v;GìQ¿�bcv;G`aª�æ

2´±è�[7,8]¤���^_^ñ����cv;G\D�ef$�õÓbc��½�,�ìQ¿�W

-�v;G�
J[9]¤ 

 

b��¢£i 133Cs-NMR¤¥�

� GaninÓ��� ¡¿ÀJ�Jã²<�ï[7]��� Cs3C60G:��Å�ìÓÀ��×�ã£J´W

m�2I�æ��<�¾� Ã´Jö¯�µ�J�W²<¿ÀJ�Å�÷���ã�¾� Ã�ëã

� 2·�ëL$2ö¯ã¾� ÃGÚ· Cs4C60� 3·��´:ËÀ�¤?)�¶jÀ®¯��æÀÓ

���jI,LáG�JI�®¯ª�æ2�&H��z�µ�´WNMR ®¯��ùR,ÌÍGZF

ª�æ2��� 3·���LáGäå,�®¯ª�æ2�<�IJ¤æ�Å��ÈÀwÀ���°Ó

À�ÌÍG¤FIWNMR��G�JIJäå,ã®¯«
G?@ª�¤ 

� ËÎWCs4C60��� x = 4��<2�Ð�ãS��õÓ\D�~ûD{~�[Def$2ã£�\�W

x = 3� Cs3C602�-�v;´�ß�ëã�¤Ì�RS��&jLv;�µ� Cs4C60�HjLÚI��

H#�v;G2� Cs3C60�i
ø}Ý{�� V»¨´Ï�Ô#S�ã���WÏÝ�VIJøjQ

´ V¿ÀÎWNMR��´0®±èã9¤æÀ���W V»¨�v9´ÐV�ã� 100 KÔÕ�

RS�� V»¨��9 Cs3C60���<]G0®ª�æ2´±è�¤ 

� ��W$õ�
 Ã(body centered cubic)G�
2IJA15 ÃGñ�A15� Cs3C602Wïõ�
 

Ã(face centered cubic)Gñ� fcc� Cs3C60 �� Cs%@��Ã�,Ç�L�v9´°ÓÀ�¤ü 1�Ö
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ªÈÀwÀ�¾� ÃG°�9J<ßJ9¤A15 ������ Cs ´\`ã÷Ï�%@�G���9

�¤CsGñ�o� 4·�'[D�{��´ç��ï$�Ï
ù��À�\�Wæ�J� Cs%@��

�ºÂ�--	�´ÉÊª�¤Ï
Wfcc  Ã��q2r�ÖIJ 2 ØÙ�ëã� Cs %@�´µ�¤

æÀÓ���Gñ�o�'[D�{��´Lîï$Gç�O%@�ûrý2L�ï$Gç� T%@�

ûqý2I�
/ª�æ2´±è�´WaEÓ�%@��Ú Cs �Ç�L��9�$�µ�J�--

	������E,¿À�9�¤æ�--	��ºÁ´ NMR }!��)���µTU� ÃmÉL

GÚJÓIWäå,®¯Gn��ª�¤ 

� øjI�µ�y3j-�_D�{O")PD����¨IJø}Ý{�v;¨�aæ�¤Ç1ø�

}Ý{´ 1���ß9-.Wø�-I�êÞ\DG{�GB·J�W_D�{lm�ñ�-I,ã�

¼çFû-I�êÞ�¼çFý���¿Ó�ø}Ý{v;�ì_G8]W�µ�Ne´ò'�ª�¤

æ�ò'��--	��L�2y3j-��Ý�mÉI�9�J�W²³�1b��×��C�ÅG

F9J-.W}!��)�Ó´�ÌÍ,ã	vû|ô{D| D{ýGÖª¤12WA15��� 7


�ÝD�GB·}!��)´ìÓÀ�\�Wæ�	v� 39 kHz�-I�êÞ�µ�NeGB·»�|

ô{D| D{2I��å�ß�¤ËJWü 2(a)�ÖªA15�� 133Cs NMR}!��)�jI,ò'

��ë
L´µ�J�Wst´&Ç��ã£�9�¤ 

� Ï
�ü 2(b)�Öª fcc�� 133Cs NMR}!��)�--	�GBJã9J�|ô{D| D{�

³õÎWNY��
9 3
�ÝD�´0®¿ÀJ¤�Ð�}!��)��� fcc ÃGB·Ï½�A3C60

����0®¿À�9�[2]¤Cõ2s¥�ÝD�� T%@�WO%@�� CsøõÓ���2�¯�

ß�¤t¥�0À�g¿ãÝD��'[D�{��´3�,�
ù*+Gaæªæ2��� T%@�

õÓ�²IJ���µ�20�ÓÀ�9�¤@A{d��ß9 Cs ��
ù*+�ãS�ª��aæ

£�9�´W@A{d�g¿9KG��IJK3C60��'[D�{���ÛÜÝ´�ß�
ù*+G

aæªSÝ´R9¤æ��<�� T’%@��
ù*+SÝ�/õÓ0À�æ2´ÊÓÀ�\�WæÀ

47.70 47.75 47.80 47.85

T ~ 10 K

N
M

R
 In

te
ns

ity
  (

 a
rb

. u
ni

ts
 )

Frequency  ( MHz )

(a) A15 phase Cs3C60

T ~ 100 K

133Cs - NMR

47.70 47.75 47.80 47.85

O site

T site

 

Frequency  ( MHz )

(b) fcc phase Cs3C60 

T' site

133Cs - NMR

ü 2: (a) A15�W(b) fcc�� 133Cs-NMR}!��)¤A15��� Cs�$�--	�´µ�J�W-
I�êÞ�¼çFG8]�Wç^�ÖIJ 7
�ÝD���¨ª�¤¿Ó�RS��jI*+�½×
¦3j-�pq�}!��)�Ó´�¤fcc ���--	�´ã9J�W
9}!��)�ã�´W
Cs� 2%@�µ�J� O%@� T%@�õÓ���´�J¿À�¤T%@��'[D�{���

ù*+���¿Ó� T’%@���¨ª�[16]¤ 
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��� T’%@��aQ´�¯¿À�9�¤Cs3C60�Ú�� fcc�2�Ð� 3
�ÝD�´0®¿ÀJ

æ2�WÚõ� fcc ÃGB·æ2��å�Úã£�9�¤ 

� A15 �2 fcc ��ìÓÀ� NMR }!��)´ëã�æ2�Ö¿ÀJ´WÈÀ<]��ð�´�É

I�9��ÅõÓ� NMR}!��)� 2·��I.Y�2ã�æ2´¨�¿À�¤��÷���9

}!��)Gì�J���Ú× 1·üq´���µ£J¤1�W--	��ºÁ��� NMR}Ý{

O9DG0®ª�J��'öã|)}!�´ëã�¤��� Ref.[8,9]���´WÈÀwÀ���'ö

ã|)}!�Gä�æ2����,��õÓ���Gn&¿�WÈ��õÓ����G]��æ2´

±è�¤æ×I�=.���ÅõÓ�,��� NMR ��<]Gäå,�&ß±IWÈ�àLG®¯

ª�3�´�£J¤ 

 

n��¦§#z�x¨©ª«�

� Cs3C60�A15�Ú fcc�ÚH^��"#�GÖ¿ã9¤�� A3C60àá´��"#�GÖªæ2G0

��2Wæ��<��ëHãv;´10I�9�æ2´lm¿À�¤���ËÎH^�ÈÀwÀ��

�NMR}!��)GRSË�®¯IJ¤ª�2A15���%RS�}!��)�j­�Ó´�´0

®¿À�æ2´�õ£J¤NMR }!��)�ø�$�\]�Ã�j-��ó��Eª�J�WA15

��H^��jIëHGaæI¦3j-´­²I�9�20�ÓÀ�[8,9]¤ææ��}!��)��

��ÀGñ�æ2���j­G¯3QIWÈ�SÝmÉLGü 3(a)�ÖIJ¤A15��� 47 KÔÕ�

åÚãj­�n�´0®¿ÀWæ�SÝÔÕ��&jL*+´aæ£�9�æ2´�õ�¤�Ð�7

�89�Ù�àá�µ� fcc��\9�Úlm¿ÀJ´W12� A15��°ÓÀJj­�n��°Ó

ÀÎW�SõÓ 10 KË� êõãn�´�9�9�æ2´åÓõ�ã£J¤ 

� ��WjI*+�A15 Ã<]�°ÓÀ�Ì/ã�cv;ã��µ�×õ¤æ�´µGåÓõ�ª

�J�WÈÀwÀ���jI¿aGø}Ý{�� VÀ®¯õÓ�
J¤ø}Ý{�� VÀ 1/T1�

=,¶jÀ�iíIJ3�µ�J�Wæ�®¯õÓHjL/H#�v;��jI1Ó2�LáGÊ�æ

2´±è�¤ìÓÀJ¾m�ü 3(b)�Öª¤ËÎW70 KÔ#��S��aEÓ���\9�Úü°�
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ü 3: (a) 2��À�SÝìQ¤A15��� TN = 47 KÔÕ�Æ�ãn�´°ÓÀWjI*+´aæ£J
æ2´Yõ�¤(b)ø}Ý{�� VÀ�SÝmÉL¤fcc���O%@�� T%@������¾.
¯eGB·J�W1/T1T �G´g¿9¤�S�� Ã�ÆÓÎü°��SÝmÉL´°ÓÀ�´RS
�7�89��ß�ëã�¤ 
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�SÝmÉL´0®¿ÀJ¤ËJW1/T1T �RS�ùõ£�n�G�]�\�Wbcv;�°ÓÀ�

1/T1T = Ï¯�SÝmÉL2�ëã£�9�¤æ�SÝmÉL�ÃÊ}Ý{!�°ÓÀ�Ú��µ�W

æÀÓ�¾mõÓaEÓ��Ú\D�ef$�HjLv;�µ�WËJ}Ý{��ïÝ�jI�¨G

B£�1Ó9�9�æ2´Öò¿À�¤(£� fcc��ÚÃÊ}Ý{¨�jI�¨��� A15��°

ÓÀJÚ�2�Ð�jI*+´aæ£�ÚJ	9��Á9¤æ�¹1�A15��°ÓÀJjI*+�

Ì/ãv;��ã�W�I� fcc��jI*+´°ÓÀã9æ2´��ëH�µ�æ2GÖI�9�¤ 

� ��WjI*+SÝ TNÔÕ�RSG°�%�2WA15��� 1/T1T´He'e,�o¿ª�PzD

Z,7�89´°ÓÀ��2Çp,�Wfcc���jI1Ó2´RSË���W¿Ó� 15 KÔÕ��

ëHãn�Ú0®¿ÀJ¤æ�¾m�j­�Æ�ãn�´°ÓÀã9æ22�ÐWfcc����&jL

*+´aæÓÎRSË�jI1Ó2´�£JëHãv;´10I�9�æ2GÖª¤ 

� æ�RS��%0®¿À� fcc ��þ�ãjIv;�W¾� Ã�aÆª��ºR,'[}��D

ò³{�lm����
�å¿À�¤�ºR,'[}��Dò³{2���	G�
2ª�jI Ã

G0�J2ßWª
��}Ý{¨��&jL,�'G��ª�æ2´±èã9J��Wö¯ã*+v

;Gä�æ2´±èÎWRSË�jI1Ó2´�Éª�lm�æ2�µ�¤æ�lm� 2��!��

����û�-(BEDT-TTF)2Cu2(CN)3 [17]ýê>�G��ûZnCu(OH)6Cl2[18]ý�°ÓÀ�9�¤ËJ 3

��!��W6�ºIJ�ï$GB·|@B�BO��������´¢YÀ�ßJ[19]¤fcc��ï

õ�
 Ã��G�ºIJ�ï$õÓ±è�\�W3 ��,>�G��2°ã��|@B�BO��

�ÇI�W3��,����2°ãªæ2´±è�¤fcc��°ÓÀJëHãjIv;�Wæ�'[}

��Dò³{lm����&jL*+´]4¿ÀJJ��10I�9�0�ÓÀ�¤Ï
�A15��

ïõ�
 Ã��±��´µ�J�W�&jL,jI ÃG��� <IWö¯Qª�æ2´±è�¤

jI*+�ÃÊIJ}Ý{¨��'���v¯¿À�J�W¾� Ã�Ç�L´jI Ã�v¯�ê

�ã¤ëGmJI�9J��µ�¤ 

 

3��§¬­®¯°h±²³´µs¶·¸�

� H^��\D�ef$�µ� fcc��� A15��µ�´WæÀÓ��Å�áK^G^ñª�2W"

#�ghG`aª�æ2´±è�[6,7]¤Ï�� BCS"#��jI,�¼çF���"#�Ç��lm

´&H��ß9J�WjI*+2���Àã9�Î�µ�¤ÈÀ�Úã\%¶QàW�Q.àWê9

-�!WºK�$ãa�!��jI*+��/�"#�´0À�æ2´¸¹¿À�9�¤æÀÓ�"

#��(è� BCS"#�2�ëã�ÌÍGB£�\�WÈ�K GåÓõ�ª�J�0ÊÚ�_,ã

��´¢YÀ�9�¤��WæÀÓ�!2iúI�')[@P�aæ�"#��a×�$�]ÓÀ�

�<�×õ¤ 

� ���WËÎ"#�v;�LáG�
�J��WN��9^_Gõ]"#�G`aIJv;�©@

�ò'�WT1�®¯G¢£J¤"#�ghSÝ�/�¾mGü 4 �ÖI�9�¤©@�ò'�� Tc

ÔÕ�o¿I�\�W�D|DÇ�}Ý{´Ïê¢v;G	<ª�æ2���}Ý{¶jÀG-£�

9�æ2´�õ�¤2æ�´W1/T1T �©@�ò'��o¿õÓv¯¿À� Tc��¿Ó�R9SÝõ

Ó"#�PzDZ�pqG8]�o¿G���\�WTcxÕ���I�Cõ�n�ª�7�89´0

ÓÀJ¤æÀ�9¦D�{}ÝD�[20]2�{ÀWsN"#��°ÓÀ�ÌÍ�µ�¤æ�¾m�W'

)[@P�"#�´(è� BCS"#���H�ß�æ2GÖI�9�¤ê9-�!àáãa�°ÓÀ

�jI*+2��L´Ì9"#���ã�W(èú�BCS"#�´jI�����±0IWIõÚ�

9 TcGB·æ2��ß�µ�¤ÈI�W�º�I�æ�"#�´jI*+2�%�]�æ2´±è�
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�õ¯´´��¤ 

� Èæ�W"#��´jI�2Pª��

~G�I��
�J��W^_G�õ�

ìQ¿��"#��À��jI�ÀG®

£J¤ü 5(a)W(b)�ÖIJR^_���

@}©DlmõÓWA15���45^_

pc ~ 6.5 kbarõÓWfcc��� pc ~ 4 kbar

õÓ"#�´0À�æ2´åÓõ�ã£

J¤ÈÀwÀ�^_�\]�"#��À

� 15 K ��@}©D��&ÝõÓ°k

Ú£J¤ã\WRS�®¯6´ã9^_

���SõÓy�IJGGF9J¤¿Ó

� A15 ���jI*+SÝ TN ÔÕ�

NMR }!��)´Ó´�æ2G¤FI

�jI�À�^_ìQÚ°kÚ�æ2´

±è�¤TNÔÕ�Ó´£J3�� NMR &Ý�¦3j-�pqG8]J Cs ø�e�iíI�9�J

�Wü 2(a)�ç^�ÖIJ�Ne�~�}!��)&ÝGjI�À2°�IJ¤fcc���RS�}!

��)�Ó´�´ÐV�0Àã9J�W�£ã´ÓjI�ÀG°kÚ�æ2�±èã9¤ 

� æ×I�ìÓÀJ"#�/jI�À�^_ì

QGü 5(c)�Öª¤A15��8�ª�2 pcGC

õ�WjI�À�o¿�½£�"#��À´n

ñI�9�æ2´°�ñÀ�¤æÀ�"#�´W

�Å�C�jI*+´]�ÓÀJ3���%a

æ£�9�æ2GÖòI�\�W"#��2j

I��§¨,��Jª�æ2����%�]�

9�20�ÓÀ�¤æ��×ã��J�"#�

�2jI�´^_
ù�Ï�gh���ÓÀ�

9�2ß�lm¿À�¤ê9-�!"#�ãa

����gh,ãjI456�/�"#�´0

À�9�6�\9�')[@P"#�2��ß

�ëã£�9�¤')[@P��Ï�gh,�

�5´µ�æ2���jIëH��/��µ£

�Ú451Ó2�]�ÓÀWjL�¾9�Î�

BCS "#�´�À�æ2ã�ÉÊ±èJ20

�ÓÀ�¤ 

� ü 5�\9�45^_´ Ã��£�ëã£

�9�æ2�I��¤æÀ�OPª�'[D�

{2�UJWËJ'�P'[D�{�e´ÈÀ

wÀ� Ã�ëã£�9�õÓ�µ�¤æ�v

9�W'[D�{�� 1·µJ��$k VC60G
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ü 4: "#�gh�/� 1/T1T2©@�ò'�¤©@�ò
'��ëHõÓv¯IJj-C�TcxÕ� 1/T1T�g¿
ãÝD�´0®¿ÀWCs3C60�"#�´ sN"#��µ
�æ2GÖòI�9�¤ 
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ü 5: (a), (b)�@}©Dlm�^_mÉL¤R^_�
\]� Tc�ç^�ÖI�µ�¤(c)"#���jI*
+�$k�À¤A15 ���jI*+´]�ÓÀJ3
�õÓ"#�´aæ�20�ÓÀ�¤fcc��jI*
+�´Jå��µ�J�jI�À´±�ÓÀã9¤
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|[GD D2ª�æ2���1á,� !¿À�¤���cã?{P­�°k�� Ref.[21]�Ö¿

À�9���"p¿ÀJ9¤ü 6(a)W(b)�Öª�×�W^_G#��F9J-.�� 2·�ëL$�

v×�üG³��×�°��´WVC60G|[GD D�ñ�æ2��� 2 ·��ü�êã�W1 ·�

$�,ã�ü2ã�¤ü 6(b)�� Cs3C60Ôy� fcc� A3C60�¾m[22]Ú.Y��Ö¿À�\�W��

�')[@P´��I�æ��ü#�jY¿À�æ2´�õ�¤¾� Ã���ëã��cv;GÖ

ªjI*+2�Çp,�W"#�� Ã�ÆÓÎ$�,ã�üG³�¤æÀ�jI*+´'[D�{

¨�jI�'��£�v¯¿À�9J��ÇIW"#���I� 1·�'[D�{��¦�ÃÊIJ

'¿F{´#�-�2¾.ª�æ2����ßaæ¿À�9�æ2GÖòª�¤ 

 

@��zM�#�

� ²³�1bõÓ')[@P�"#��\D�gh�/��$ª�Cs3C60�\9�Ú-�d���¼

çF����ßaæ¿À� BCS"#��µ�æ2´åÓõ�ã£J¤æ�LL���ÊÀJ"#�´W

-��'lm�&H�&9\D�gh�/�0À�2ßa��×ãpqG8]��õ�1�µË��

��õ£�9ã9¤')[@P��'[D�{�ÃÊIJ'¿F{2-��¾.2Á×Ìëã-�d

���¼çF´"#�G`aª�æ2���\D�gh�/�Ú"#�´ÉÊ±è�J�WBCS"#

��Çª�-��'�lmG�
�J��1b,�ÐG tª�¤
>�� pc�/�¾m��@}©

Dlm<]GÖIJ´WR^_�� T1W©@�ò'�®¯Ú³;�\�W¿Ó���ã-�v;´å

Óõ�ã£�ß�9�¤IõIã´ÓW÷��Å´ìÓÀ�9ã9æ2�ñ�W45^_�/���

�JÚaæ�J�
á,ã®¯´&H��z�ã�¤÷���9�MN�Å´�-ª�æ2���æ

�vw´��¿À�æ2Glmª�¤ 

� 
��¾mGË2���µJ£�º�Ãã9ÈGI�9J<9JÙ�Ú����ó�9JIËª¤

æ����L�¬­´�
Rý7A�%yÌ/���2I�|N&�R�òÊC�¢£JÚ��ª¤

ËJW���R�h'(�GCOE�$�L2/­LõÓ(î�MNà�R��d�G8]�æ2��

�¿Óã�����´³¢C�ª¤'(�æ� LTM [{ D)29×-��'����¾mG?@

ª�K�G tI�9J<9J LTM[{ D�
��*�5+ÑI#ÒËª¤ 

ü 6: (a)^_W(b)'[D�{ 1·µJ��$k VC60G#��2£J�ü¤45^_� Ã���ëã�

´WVC60G|[GD D�ñ�æ2���"#��� Ã�ÆÓã9æ2´Ö¿ÀJ¤ 
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Possibility of the inverse Dzyaloshinsky-Moriya interaction 
in metallic helimagnet MnP 
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 We discovered two novel chiral orders stabilized by the Dzyaloshinsky-Moriya (DM) interaction in the metallic 

magnet MnP. One is the canted antiferromagnetic order, which is the antiferro-vector-chiral order, in 47 K < T < 

282 K. The other is the alternate tilted helical order, which is the modulated ferro-vector-chiral order, below 47 K. 

Moreover, a quite peculiar temperature-hysteresis was observed in the canted antiferromagnetic phase. The 

temperature-hysteresis can be realized by the lattice-distortion due to the inverse effect of the DM interaction. 

This is the first observation of the inverse effect of the DM interaction in metallic magnets. 
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V�� !"#�

� ��W?$à��\]�Cõ,ã�ÝD��Ï·2I�W>@[N�Q29×¢£´��¿À�9

�¤>@[N�Q2�W.<Ç�£ç��£�È�LáGì�W�t«!�2�s«!�2�
/¿À

�3�µ�¤QR��ä��W���ùRëL$~y[N�Q�2I�/�õÓ��ÊÓÀ�9�¢£

�µ�¤jL$�\9��W^��)>@[N�Q2}>[D>@[N�Q��ØÙ�>@[N�Q

~}Ý{>@[N�Q�´¯Ã¿À�9�¤ü 1�Öª�×�W^��)>@[N�Q�ij� 2·�}Ý

{ SiWSj ��£� �ij = Si0Sj2¯Ã¿ÀW}>[D>@[N�Q�ijk�W3·�}Ý{ SiWSjWSk�

�£�W�ijk = Si~(Sj0Sk)2¯Ã¿À�¤æÀÓ�}Ý{>@[N�Q�W1990�W�'[}��D

�jL$�\]�*+v;G�¾ª�J��ÛÜÝ2I�?$à����¿ÀJ¤ 

� '���Wæ�}Ý{>@[N�Q~ÔÕ��W}Ý{>@[N�QG÷�>@[N�Q21��´

��à�32¾.I�W��ãà�01G�ßaæªÚ�2I���¿À�9�¤È�í2I��W

>@[N�QaQëH|D)lmêWiN>)jL$�\]��)`'(B@D�01ãa´ÑÒÓ

À�¤º­�W#�-�´}Ý{��£�56G8]�¹���W(èõÓÊÓÀ�ëH|D)lm

ü 1. (a) ^��)>@[N�QW(b) }>[D>@[N�QW�¢£ü 
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�ñ��W>@[N�Q���56�ér´|D)lm�0À�W29×Ú��µ�[1,2]W(­�W

>@[)*+�±0�½£�`-�Þ´²��W29×Ú��µ�[3-6]¤C�ÚW�)`'(B@D

�àá��>@[N�Q2`-�Þ´¾.ª�æ2���W--���jQ��gêWÈ�k�Wj

-���-I�Þ��gãaW�H0��¹�±èã9y-�Çª�E2G²%±ªæ2´±èWE

FïÚ3;<�_,ã��´ã¿À�9�¤æÀÓ�01´²��#�ê�ã¤ëGmJI�9��

´Dzyaloshinsky-Moriya (DM)�¼çF�µ�¤ 

� DM�¼çF�WEDM = -Dij·(Si×Sj)�	��¾¿À��Ç��¼çF�µ�¤æ��¼çF�W^�

�)>@[N�Q�ijGF9� EDM = -Dij·�ij2jªæ2Ú�ß�J�WDM^��)Dij��¢ã^��

)>@[N�Q�ijG`aª��¼çF24���¤J<IWDM�¼çF�a��×ãjL$�\9

�ÚÉÊ±è�Y]��ã�WjL;�(i, j)¨�C6��gÇ�L´ã9-.��%ºÂ�DM^�

�)Dij´²�×�¤º¾��)`'(B@D�àá�\9��WæÀ2�k�W����gÇ�L´

µ�~ÚI��¾��ÀJ�v;�µ�àá´WDM�¼çF���O")PDEDM = -Dij·�ijGì�J�

�W��GôË��DM^��)G­²~ÚI��n&�¿��W^��)>@[N�QG`aª�0

1~DM�¼çF�klm�´0®¿À�9�¤DM�¼çF�klm��£���´ô�2`-�Þ

´²�W¾m2I�&`-´­²ª�WÈÀ2�»�W^��)>@[N�Q�&*+�µ�iN>

)*+´	<¿À�W29×�´�)`'(B@D�01�µ�¤ 

� ���'�W/ì,ãbcjL$MnP�\9�WDM�¼çFaQ��Jã>@[)*+G­°I

J¤ËJÈ�>@[)*+���Þ��ÌëãSÝ5�01´0À�æ2G°±IWÈÀ´>@[N

�Q��£�`a¿À���ô%WwEDM�¼çF�klm�aÆª�n�L´µ�¹Gïß��

J¤
>��WÈ�¦��·9�?@ª�¤æÀË�W�·õ�jL$�\9�DM�¼çF�kl

m�0®�ã¿À�9�Ú��WÈÀÓ���ef$�µ�W���­°�bc�\]�DM�¼ç

F�klm�­0GÎ��0®IJÚ��µ�n�L´µ�¤ 

 

W��¹º»¼#O½¾º+¿ÀÁ;4,¨©ÂÃ�

� 
���Ç1àá�µ�MnP�W/� 1960�WõÓÈ�jL´�I��
ÓÀWj-C\��6

j-C��ÐãjI*+GÖªæ2´ÊÓÀ�àá�µ�[7]¤_Bj-��WTC = 292 K�jQ��

��µ� c�
ù�*+\DG{�´ù9J&jL���ghIW¿Ó� TN = 47 K�iN>) Ã�

27�ghª�[8,9]¤iN>)���W}Ý{´ bcï¦�µ�W#8^��)´ a���¢ã (��= 

(� ,0,0), ��z 0.117 ) iN>) ÃG2�æ2´ÊÓÀ�9�¤ËJW'�WT* = 282 K��JãjIg

h´0®¿À�\�WTN < T < T*�C¨SÝ~��WjI*+\DG{�� b�<�´ÉÊª�æ2

ü 2. æÀË��ÊÓÀ�ßJMnP�jI Ã�¸éü 
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´HÀ¿À�9�[10]¤æÀÓ�jI Ã�¸éüGü 2�Öª¤  

� MnP�jLG��jL2I�9×
ßõWÃÊ}Ý{!2I�9×
ßã�õ�·9��:�9È

¿À�ßJ¤jI\DG{���ß¿(1.3 mB)\W��,ãH¦´��ãàLÚÉÊª�´WÏ
�W

æÀË�����1b�Çª�HÙ´WMn 3d�ÃÊ\DG{�Gº 2IJ s-d\�)��£�ã

¿À�9�¤J2�{jQ�SÝìQêCL�561bõÓ0®¿ÀJ}Ý{N¿a�WRKKY @

Z�SUJ�¼çFG�¯IJ¬@_{^)�¬*)�]O{����¾�ß�9�[11]¤(£�W


>��WMnP�jL�·9�W�
,�ÃÊ}Ý{\�)��£�9Èª�¤ 

� æÀË�WMnP�\9�_Bj-C\��j-C�0À��ÐãjI*+���W&jL,\��

�&jL,ãÇ��¼çF~}Ý{�¦k�	�1õÀ��¼çF��`.��£�ö¯Qª�20�

ÓÀ�ßJ¤í�{RS�iN>) Ã�W�¹��PË��Ç��¼çF�`.G0�ª�æ2�

�å�ß�20�ÓÀ�9�[12]¤2æ�´WMnP�¾� ÃG0��2W'�PMn¨�C6��

�gÇ�L�ã�WDM�¼çF´²�×�¤ËJW¾��Ç�LõÓ0�ÓÀ� DM^��)�W

c���¢ÚI����¢ã
ù�»¼�þ;<Wü 3��×ãv;G2��Î�µ�¤IõIWMnP

�\]�DM�¼çF�pq�æÀË�°±¿À��æãõ£J¤ 

 

� Ï��Wef$�ú
Wbc��DM�¼çF�pq�0À��9¤IõIWbcjL$�\9�

ÚWMnSi�Ð�WDM�¼çF´ê�ã¤ëGmJIWS�liN>) Ãê}>D*A{��~}

Ý{�ùß´µ�6GCõ�;G<ß~}>D*A{�WÈ�;´"��G�;<v;�ãa�A�:9

01´0®¿À�9�[13]¤Èæ����W��bcjL$�µ�MnP�\9�ÚDM�¼çF�l

m����þã01´­°�ß����ã9õ2lmI�WÞRj-����ãjQ®¯W\��6

j-��CL�561bG¢ã£J¤ 

 

b��ÄÅÆÇÈ#z�xÉÊËÌ¨.s���ÆÇÍUlm�

� ü 4(a)�Wb�
ù�jQ�SÝmÉL�µ�¤ü��W350 K�ÞRj- 3 OeG^n(W¡S�

ï~ZB[}(A)�,TN���S� 55 KË�=>IJ(�¸S�ï~ZB[}(B)�WTN��RS� 5 K, \

�� 35 KË�=>IJ(�¸S�ï~ZB[}(C), (D)�W� 4·�ëã�ZB[}�®¯IJ¾mG

ÖI�9�¤9ÎÀ�ZB[}�\9�ÚWT*�\9�WjIghGÖªjQ�Æ�ãnñ´0®¿

ü 3. MnP�¾� Ã2Wð�PMn¨�çFª�DM^��)¤ 
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À�9�¤IõIWTN < T < T*�C¨SÝ~��W®¯ZB[}��£�jQ�G´VI�ëã£�

9�æ2´�õ�¤ZB[}(A)2(B)WÚI��ZB[}(C)2(D)�jQ�7�89Gi
�2WÈÀ

wÀü°�Ð�7�89GÖI�9�¤2æ�´W�Å´ TN ÔÕ�iN>)SÝ�~G�Ü�Î�

®¯IJº­�(A),(B)�ZB[}�i
�2W�ÅGÏ? TNÔÕË�=>IJ(�®¯IJ(­�

(C),(D)�ZB[}�jQ�VI��ßãGGÖI�9�¤·Ë�WTN < T < T*�SÝ~��W�ÅG

Ï? TNÔÕË�=>IJõAõ��£���ëã�jQ�GGÖªW29×Þ��ÌëãSÝ5�´

0À�æ2´�õ£J[14]¤ 

� ��WT = 100 K�®¯IJ b�
ù�jQ�ï�Ð�Gü 4(b)�Öª¤j-go�ÞRj-�-30 Oe 

< H < 30 Oe�®¯I�9�¤ËJWü��W�ÅG 350 KõÓxP®¯SÝË�=>I�õÓ®¯I

JÚ�(ZB[}(A’))W�ÅGÏ? TN ÔÕ� 5 KË�=>IW¿Ó� 100 KË�¸SI�õÓ®¯I

JÚ�(ZB[}(C’))W� 2·�¾mGö��9�¤9ÎÀ�ZB[}�\9�ÚW@gãÛ­jQG

B·&jL,ã¦}�Nò})DZ´0®¿À�9�¤æ�æ2õÓWC¨SÝ~�\]�*+\D

G{�� b�<��¾&jL�µ�æ2´�õ£J¤J<IWææ�Ú#�°ÓÀJ�2�Ð�W�

ÅGÏ? TNÔÕ�=>IJõAõW���v9´0®¿À�9�¤ZB[}(A’)�i
�2WZB[

}(C’)�®¯IJ-.�Û­jQ� 5�ïÝÚn&¿À�9�~2�9�ß10-3 mBïÝ�¤ªãYEW

C¨SÝ~� b �¾&jL��WjQ�g¿ãv;(SM-state)2W�ÅGÏ? TNÔÕË�=>IJ(

�0À�jQ��ßãv;(LM-state)W��·�v;´0À�9�Y]�µ�¤ 

� ��WSM-state2 LM-state�aEÓ´A��Bv;�µ�×õ¤ÈÀGÚÛª�J�W#�� (A’)

2(C’)�ÈÀwÀ�ZB[}�\9�W H = 30 Oe�j-G^ñIJv;�	BIWjQ�»¨ìQ

G�
J¤È�¾m�Wü 4(c)�Öª�×�WaEÓ�v;�\9�ÚjQ� V�0®¿ÀÎWa

EÓ´A��Bv;ã�õGC/�ßãõ£J¤æÀ�WSM-state2 LM-state2´&H��9O")

(a) 

(b) 

(c) 

ü 4 (a) Ð�ã®¯ZB[}�®¯IJ b�
ù�jQ�SÝmÉL¤(b) �ÅGÏ? TNÔÕË�

=>ª�º(ZB[}A’)2((ZB[} C’) � 100 K �®¯IJ b�
ù�jQ�ï¤(c) LM-state
2 SM-state�®¯IJ b�
ù�jQ�»¨ìQ¤
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� ¿Ó����W�ÅGÏ? TNÔÕË�=>IJõAõW���SÝ5�´WCL�561b�\]

�ø�E�Ú0À�æ2G°±IJ¤ü 5�W÷¾��ÅGF9�0®IJ (1,1,0)ø�E&Ý�SÝ

mÉLGÖª¤®¯�¡S�ï2¸S�ï�ð
�¢ã£�\�WüC�ç^�SÝìQ�
ùGÖ

I�9�¤C¨SÝ�~�\]�(1,1,0)ø�E&Ý�W¡S�ï�®¯IJ»�i
�2WÏ? TNÔ

ÕË�=>IJ(�
´åÓõ��ßã&ÝGÖI�9�æ2´�õ�¤Ï
W����C�Å�\

9�Ú�Ð�1bG¢ã£J´W�C�Å

��Wæ��×ãSÝ5��0®¿Àãõ

£J¤ 

� Ô#�¾mGa�Ð�H¦ª�õ�·9

��0ÊÚ�GFË��9�´W²�2æ

�WÔÕ�ÐãH¦´»��µ�20��

9�¤ 

� CL�561b�\9�÷¾��ÅGF

9J2ß��%0À�lm�W��,Gl

m´ÑÒÓÀ�¤ÔÌã÷¾��ÅGF9

�ø�[D�56ãa�567ïk��ß

956G0®I�×2IJ2ßWÈ�&9

56��J���Å¦��ECL�´oG

IW0®¿À�k�56&Ý´�Å$k�

iíIã�ã�W¾m2I�¾9&ÝG0

®I�IË×¤æÀG��,Glm2��¤æÀ´Wí�{W\�@�­�Ó9�§9”�ÅGF9J

2ß�µÀ{W��,Glm�Ho¿ÀW56&Ý��Å$k�iíIW¾m2I�&956&Ý´

ìÓÀ�¤
®¯�F9J�Å�\9�ÚWãS��ø�E&Ý��ÇiúõÓæ���,Glm´

²��9�¹´�õ�¤È�¹1GIË��2W1b¾mGÔÕ��×�H¦�ß�¤ËÎW÷¾�

�Å�ÔÌLõÓW¡S�ï�2ß����,Glm��£�W¾956&Ý´0®¿À�¤Ï
W

�ÅGÏ?iN>)SÝ�~Ë�=>IJ(��&956&Ý´0®¿À�9�´WæÀ�WRS�

iN>)��ºÓõ���ô%´²�WÈ�¾m�Å�¾�L´§�ã�W��,Glm´Ho¿À

�9�J�W20��æ2´�ß�¤SÝGiN>)SÝÔ#�#Ò�Úæ�ô%� V¿Àã9J

�W&956&Ý´È�ËË0®¿ÀW¾m2I�¦}�Nò}´0®¿À�¤J<IWæ���ô

%�&H�@gãÚ��µ�20�ÓÀW�CCL�³ô1b��W¡S�ï2¸S�ï�¨�RÝ

D���$ê&Ý���©´°ÓÀÎW¥$,ã��ô%�ª¸�ìÓÀ�9ã9¤���Ý��9

1bWí�{W��³ô�GÑ£J÷¾�CL�³ô1bêüEùXj³ô1bG¢×��´µ�¤ 

  

3��ÒÆ`#z�xÓÔÕÖ}�×fØÙ�

� CL�561b�WCL�´-�}Ý{��£�Ú56¿À�æ2õÓWàá�jI ÃGÊ�#

�&H�&_ãZBD�2ã�¤í�{WTNÔÕ�#8^��)�  = (� ,0,0)�iN>) ÃG2�MnP

��Wk��§¨#�k��6õÓJ� <]JÀJ�$~í�{W(2J� ,0,0)��jI�E´0®¿À�¤

ü 5. ÷¾��ÅGF9JCL�561b�\]�(1,1,0)
ø�E�SÝìQ¤üC�ç^�WSÝìQ�
ùGj

I�9�¤ 
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�Hæ��×ãjI�E�WK4�E�L��0Àã9¤IõIW���W MnP �¾� ÃõÓ�

K4�E2ã�(0,1,0)�L�WTN ÔÕ�(� ,1,0)jI�E´0À�æ2G­°IJ¤æ�(� ,1,0)jI�

E�WMnP�RS� Ã´W(è0�ÓÀ�ßJ~(� ,0,0)�j¿À��iN>) Ã�W(� ,1,0)�ì�

Gñ�J Ã�µ�æ2GÖI�9�¤9�·õ�0M���WÈ�jI Ã�Wü 6 (a)��×ãÚ

��µ�2¾È�]ÓÀJ¤æÀ�WiN>)ï´ bcïõÓ a�
ù� qÚI��-q<]»¼�M9

J Ã�ã£�9�¤jI56&ÝõÓ°kÚÓÀ�È�Mß� q�Wq N 6 O�µ�¤ 

 

@��OÚ�CÁ;4#z�xÛÜ×��fÂÃsKÁ`ÝÞß,à ¡�

� ÔÕ�¾
�Ð�WC¨SÝ~� b�¾&jLv;2WRS��»PMMiN>) Ã2���W

MnP�'�PMn¨�Q�DM�¼çF��£�²�J�þ>@[)*+�µ�20�ÓÀ�¤ 

� ËÎWjI Ã´�£ß�IJRS��·9�9Èª�¤2.�¾
JÐ�WMnP�'�PMn}Ý

{ Si, Sj¨�� c���¢ãDM^��)Dij = (0,0,Dij
c)´çFIWEDM = Dij

c (Si
aSj

b- Si
bSj

a) = Dij
c�ij

c�	

�DM�¼çFO")PD´Q�¤ÈÀ.�Wbcï¦�µ�}Ý{<�� b�<�G a�
ù�M]

J
´ö¯2ã�J�WiN>)ï´ bcïõÓ a�
ù�M�¤(£�Wü 3��×� DM^��

)´ c���¢ÚI����¢�»¼�þ;�9�MnP��WER×aü 6(a)��×ãjI Ã´ö

¯Qª�æ2´�õ�¤ËJWæ�jI Ã�WDM �¼çFO")PD�^��)>@[N�Q�

��jé EDM = Dij
c�ij

cG0��2W�&,�þ;<^��)>@[N�Q�ij
cG`aIJWì�>@[

)*+�µ�2°�æ2´�ß�¤ 

� #���×�WMnP�\]�DM�¼çF�pq´Î��°±¿ÀJY]�µ�´WC¨SÝ~�

b�
ù�°ÓÀJ¾&jLÚWæ�DM�¼çF��£�²�JÚ��µ�W2���0��9�¤

ææ�����ëSª�´W���jQ®¯�¾mWa�
ù�jQ�Wc�ê b�
ù2�ëã�W

Tc�
9>}ZëHGÖI�\�W�&jL,ã a �<��ÉÊGÖòI�9�¤Èæ�WMn }Ý

{� c�<��(è��&jL,�ã£�9�´Wa �<�´'�P Mn ¨��&jL,�þ;<v

;G TcÔÕ��¯ª�2Wa�
ù��&jL,ã*+\DG{�´DM�¼çF��£� b�
ù

ü 6. MnP �\9�W(a) (d,1,0)jI�E�ÉÊõÓ0�ÓÀ� TNÔÕ��jI Ã¤iN>)ï´

bcïõÓ a�
ù�»¼�M9�9�¤(b) TN <T< T* �¨�¿À�jI*+\DG{�� abï¦<
�� Ã¤æÀÓ�WüC�Öª�×ã DM^��)��£�}Ý{´M]ÓÀ�æ2��£�ö
¯Qª�¤ 

(a) (b)
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�M]ÓÀWb�
ù�¾&jL´Û��²��(ü 6 (b))¤æÀ�W9Y.�M��&jL(é²&j

L2ÚÁ×)v;�µ�¤æ�M��&jLÚWê��ü 3�Öª�×ãDM�¼çF��£�^��

)>@[N�Q´`a¿ÀJW�&>@[)*+2%�æ2´�ß�¤Ï�,�WDM �¼çF��

£�}Ý{�Mß� q� tan-1 (D/J)W·Ë�Ç�~&Ç��¼çF�i�vË�¤RS���iN>)

ï�Mß��� 6Ý�µ�´Wæ�GõÓD/J N 0.12±Ë�WæÀ�DM�¼çF2Ç��¼çF

�i2I�»�ãG�µ�¤  

� 3. 4. 5.�?@IJ1b¾m�C�W'ÚÌ¬ª
ß�C¨SÝ~�M��&jL��°ÓÀ�W�

ÅGÏ?RS�iN>)�Ë�=>IJõAõ�0À�SÝ5�01�µ�¤CL�561b�\]

�ø�E&Ý�SÝ5�õÓWRS����ô%´²��9�æ2�·9��
�¾
J¤È�¹G

IË�J#�WC¨SÝ~�M��&jLêRS�»PMMiN>) Ã´WDM�¼çF��£�

^��)>@[N�Q� c �<��ij
c´`a¿ÀJ>@[)*+�µ�¹���ª�2WMnP �SÝ

5�01�WÔÕ��×�H¦ª�¹´±è�¤ 

� �ÅG�SõÓ=>IJ2ßWC¨SÝ~��WMnP�B·DM�¼çF� c�<� Dij
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低温物質科学研究センター セミナー報告書 
 2010年度第 2回 (2010年 7月 20日) 
 

Molecular Nanomaterials: Thin Films, Composites 
and Nanoparticles 

 

 フランス Toulouse の CNRS, Laboratoire de Chimie de Coordination
から Lydie Valadeを講師として招き、上記表題での講演と議論を行った。 
 講演は、先ず、講演者らが開拓した、スピンクロスオーバー錯体を組込んだ
分子性導体やフォトクロミズム物質を組込んだ強磁性体等、複合機能物質の結
晶構造を含む基本的な性質の説明から始まった。 
 次に、これらを含む機能性物質の薄膜作製方法が紹介された。化学気相成長
法を用いた強磁性体 V(TCNE)2の炭素基板上への薄膜作製や、 (TTF)(TCNQ)等
の分子性導体のシリコンウェハー上への電析の手法が説明された。電析法につ
いては作用電極として用いるドープされていないシリコン基板の表面処理方法
についても説明があった。表面をリン脂質で覆い、この被服膜内に残る細孔状
の空隙部分でのみ分子性導体を異方的な形状に成長させる方法が紹介された。
また、用いる試薬を選ぶ事によってシリコン基板の表面を異方的、或いは、等
方的にエッチングする、或いは、溶媒中で超音波をあてる事により元々空気を
抱え込んで溶媒と接触していなかった微細な窪み部分にも溶媒を満たす事によ
り、その表面に成長させた分子性超伝導体、(TTF)[(Ni(dmit)2]2 の形態が変わる
ことが紹介された。この錯体は、薄膜状態でもバルクの結晶と同様に高圧下で
超伝導転移を起こすことが確認された。 
 続いて、分子性導体のナノ粒子作製方法について紹介された。(TTF)(TCNQ)
は擬 1 次元的な電子状態を持つ分子性導体であり、通常は針状の結晶となる。
ところがブチルメチルイミダゾリウムの 4 フッ化ホウ素等、イオン液体を用い
て錯体を作成すると2～5 nmの粒径を持つナノ粒子が作製できるとの報告がな
された。この方法を用いて得たコロイド溶液を元にナノ粒子からなる導電性薄
膜を得る方法も紹介された。また、フォトクロミズム物質を分散させた有機高
分膜やキセロゲルについても紹介された。 
 質疑応答は、Valade先生が丁寧に返答される和やかな雰囲気の中で進んだ。 

 
セミナー後のひとコマ(左から 7人目が Valade先生[撮影; LTM平松]) 

（文：低温物質科学研究センター 矢持 秀起） 
追記: 講演の中で、2011 年が国際化学年であることがコメントされた(参照

URL;  http://www.chemistry2011.org/ )。 
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低温物質科学研究センター セミナー報告書 
2010年度第 3回（2010年 8月 24日） 

 
 

Collective Phenomena in Organics, Metal-Organics,  
and Synthetic Minerals 

 
フランス国立科学研究センターリサーチフェローのMohamedally Kurmoo（モハメダリ・クルモ）
教授を講師としてお招きし、表題のご講演をしていただいた後、議論を行った。 

まず初めに，MMX混合原子価錯体（Mは金属イオン，
X はハロゲン）における様々な基底状態について概説さ
れた．次いで，BEDT-TTF と呼ばれる有機分子を用いて
オキサラト鉄錯体との電荷移動錯体を合成し，混合原子
価状態を実現した例を示された．混合原子価状態となっ
ている有機層が導電性を担い，対成分の無機層は電荷の
補償の役割しているのと同時に，局在スピンを有し，磁
性を担っている．このような物質において超伝導と磁性
の共存を示された．また，金属イオンと有機配位子からなる多孔性の磁石の話題に触れ，結晶の
空隙にゲスト分子として溶媒分子を取り込んだり，放出することにより，反強磁性と強磁性を変
換できることや配位子を通した金属イオンの配列様式の違いにより，磁気的相互作用が異なるこ
となどを示された．最後に，近年研究を開始された合成鉱物の研究についても紹介され、水熱合
成法により構造解析が可能な単結晶試料が作製できることや，それが非常に大きな保磁力を有す
ることを示された． 

講演内容は，これまでに Kurmoo 先生が開拓を行ってきた様々な金属錯体に関するもので，聴
衆は幅広い研究内容に感銘を受けたようである．また講演後も，紹介された物質の物性や物質合
成の指針等について活発に議論がなされた． 

 
講演会後の集合写真．前列中央が講演者の Kurmoo先生． 

（文責：低温物質科学研究センター 中野 義明） 

講演中の Kurmoo先生． 
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