
2 D0 5  

!"#$%&'()*+,-./0  

1$%234567894:;<=#(  

 

>?@A@ 1B?CDEAF 2B?FAG@F 3HIJK  L 1MNJ  OP

1MQR  OS 1MTU  AV 1MWX  YZ 1M[\  ]^ 2M_`  ab 3  

 

cde$%2fghi'jklmno/01pq:rs=:tuvwx

y:0nz{h61=p|}~�|�}���u���m=��o/�

u��^�zm:��}$%i'�j����1!"p�167894

����u�=��o/��,z���,���j�u�������

� }1�=��zv¡¢£¤:¥¦§¨©:ª«¬1!":­0}®

¯ ° } # ( � ± ² � ³ � = � � ´ µ � ¶ · / � � ¸ � � ¹ º p»

[Ni(cyclam)]2+= TMA3¼  (trimesic acid):!"½¾¿ÀÁo/0Â  1 

nm t:AÃÄ:$%2fghi'

� � � & ' ( ) * {[Ni(cyclam)]3 

(TMA)2}n>ÅH�x,zq:$%2

fgh�j1!"�klmn�m=

j�~�ÆA}1!"67894�

ÇÈ��m=jÈÉ�0�>Ê 1Hq

��zm:67894�ËÌ)*�

197 K>¼76!CH½Íªv¡¢�Îm

�m=�ÏuÐ�0�̂ �z2H-NMR

:ÑÒ�¶�0nzÓÔ#:#(�Õ�Ö×} {[Zn(cyclam)]3(TMA)2}n

)*>ØH�ÙÈ�0�ÚoÛz$%2fgh�ÜjÇÈ�01!"6

7894:;<j�~�zÍÝ}

Þ:1!":®¯°}ßà�|}

��:=����,z£�678

94;<=:vá�ÏuÐq�=

´µ�¶~�u��  

c â ã e » [Ni I I(cyclam)](ClO4)2  

·2H2O:1ä�= Na3TMA·3H2O:

1ä�� 3 :  2 :åhæ½ÓçÄ

è�=zéê:ëìí)*Å�î

o/��m:Óçp)*�:ïð

�ñ�Äè�m=½zòA~ 2 cm

:AÃÄ:)*�óô½Ã�m=

�½Ã0�õö)*;<ª÷j�
!"#$M(cyclam)]-(TMA)%&'()

(M = Ni, Zn)

N N

NN

M

O O–

O

O–

–O

O

HH

HH

[M(cyclam)]2+
TMA3–

2+3–



/øzm:&'(ùú:;<p  [Ni(cyclam)(H2O)2]2 +  ��Û�¦û¥ú

"=  (TMA)3 –  ��Û� (6,6)-net :gü :ý4 ;<�þwj1ÿ)

Ù��!"��m=½ 1 #$2fgh:&'()*�;%��u�m=

�!&~0�  

c)'=�(eõö)*;<ª÷:)ðñ�j�~�v¡¢Ý*+½z1

j+,-./�u� WNT :;<ñ��,Ñ�0�õö;<ª÷:9-

©8.4h½pzWNT /½àu�u�1!":0"�1��m=p½Ã

}u�,ÑÄ/0�²�:D"2ðpzàu�u�1!"¸�up34

��u�1!"já·o5zq:67;<=��£/�Û��  (TMA)3 –

:¦h89ýhV: O :"= [Ni I I(cyclam)(H2O)2]2 +j;<�0 H2O j=

>!"?1ÿ)Ù��u� WNT :1!"�@ 1 1AB=��=z4 ":

1A;<���m=�!&~0�@ 3 ��C@ 4 1AB½pzq:;<

�Dv I &o1v II j&E� P-3 &o P3 F=G?H�ñ���u��

Ê 5 a)jIJ�0v I jK

ç�� 173 K ½: INT (Ice 

Nanotube):;<�zÊ 5 b)

jpÍª�0v IIjKç�

� 223 K ½: WNT :;<

�L�0�0Ð�zÊ 5 ½

p&'(ùú==>1ÿ)

Ù�01!"pv¡¢*+

½�;<�M=NÞñ��

}u:½OP�0�^�z

G�/½ 30 !QR�0 1

: X ö)*;<ª÷�¶~0=mSzîo/0 WNT :;<p O(17)=

O(16)zO(15)jTU�� 5 �:1!"�RVÄ/0GW;<=��,Ñ

Ä/0�m/o: 5 �:1!"�X�ÛYà���,zG�/FZE¬

�u1!"½¸�=��o/��  

 

c[�\]e  

 

> 1H  H. J.  Choi,  T.  S.  Lee,  M. P.  Suh, Angew.  Chem. Int.  Ed. ,  3 8 ,  1405, (1999) . 

O
H H

O
HH

a) b)

O16

O17 O12O12 O12

O15O15
O15

O14O14 O14

O6

O4O4

O4 O4

O4

O4

O9O9
O9

O9 O9

O9

!"


