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�=:�J�R�&G�&=���-.�+, !ô"12{��E���¬_�¤ù�

Ð� �ÎÌ=²³�R2{�=IJ$%2G 

  3}rs¯U°�{�=}U2�®m�ª}U2=��O}3ª��������´

.J��®S�_`�ª¯%RC�CFW*=~2G²�3¶��®= 500 nm S�R�}�

@�}� 500 nm°O� 1 bit�CFrsº��R2G�{}�i±�3!�E2�3�À²

¦O&G+,0E&�³0�3j�12��~&J��{�3=�f12EFR�v�

R��{%i±�3�CFGi±�3�E���®E�ª2J�»$C���3j��

&��¢���B��¶]2�}�®º�tuMN}U2²³´=~2GMÈ����

	Q�2åMìÎ2N���p[J�{�W*�ä��Î1�&GN ß}��62 nm}67 

nm�@{�¬ß�¬_�ÞÝU�&ÝU=´��C2���F�12{���É�&G 

 

  3*=DEU�VWX  tu����vw�rs5��Ã`Ã|�no��C
2=��ÇE�2Î�eµR���fÍ´ª�N ��{P�¶·_78�E��e&%�

C2G{%ªN �Ð�ÑMÎ3Î=jZÃÏP�	Q=¸�}~2�Bß�Bü=JJ�

1~2��CF�¹Ê���C2G�{P=@i 200 ºD2Ã�jZÃÏP=sg$

%2EF�R��NTT, 2010R���¶·�fÍ´�à:U=»ß��C2G 

  �{}¸�|�¼½IPd=z²³R�56���¸��/���56¶·vw!�IJ

                                                             
4 ���U*��Phys. Rev. Lett. 2009, 103, 17201. 
5 ���U*��Nature 2011, 472, 205. 
6 ���U*��Nat. Commun. 2012, 3, 666.  
7 ����Nat. Mater. 2013, 12, 293. 
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=d]�%�C2G��MN�&O�ª���78|)*=¾$%�C2=�ðO��Þ�

�VÌÎ�ª 

  4"È§�¿¨��E�Î��È LAN�v�&56¶·MÈ8 

  4ÅÆ@®m�¿�36ÀÁÂ�vw�®À��9 

  4ÅÆ@®m�56¶·MÈ10 

�CFEF��ÅÆ ¾��Ç¼�M�~`�C&G������ }ª$��jÎ�R

2D�E¼78�¥¹¤O�´³�MµMÈð�&G 

 

cG"È§���� jk�q¼� LANÊ��&56¶·MÈG 

 

  56rs�&O�@,G/078ª¿�36ÀÁÂ}~2G3ª�}~2�¢B�Á6}

~��[t�Ât�ÃD�%2G56rs}ª3�{�Á6����´.Ê�12�}�

36=[táÃ�&��CF{�ÀÁ�RS%TR�RCG������ÀÁ®m�}

URS%TR�RCG 

  ðO��Þ�ª�3ÀÁÂ}~2�R¶%�� mEaÎæ!�����Ä12{�}�

Å�Æ�Ç�Ã=�ÈL�VºiCÉÊ�R2 2 GHz�1�ü� 2 000 000 000��}ù�1

2�¿�36ÀÁÂ!¥¹�&11G$��36=�táÃ�&JÃD2´³�ËC�3

6Ã�ÓÂ!¥¹��ÈL� 100 kHz�1 �ü� 100 000 ��ºÌC�Þ�2 80 MHz

�1�ü� 80 000 000��(��&G�%�C�56rsÉ��D��¼ ìÎ2N�

����\ië¼�v!�F���É�&12G 

  ¥¹�&D�E¼�C��56¶·��56
!xÍMÈð�&G®Î��
xÍ

�160 km�I�®m�
xÍ�1 Mbps = 1�� 1 000 000��Mµ�&13G$�R2®Î�

�vwMN12&O�MGR�56fî!78�¥¹�ð�&G56fî�MGR78�

��B���56�B%36ç!¹F$]2{������%�C&�56�B%�

�!=~2Gvw�®À��®�1550 nm��3�C&MÈ�pC���%ß}�tu

�Ï 0.75��U�Ð·12®C�56�B%Ñ�!Ï 0.9 MN�&Gß&�56�w:

}�â¾ ÃÒ�Ü!�:ÆÓÔ12���&14G{���ª�E�®Î��vw�B

R=2���IJ$%2G 

                                                             
8 ðO��Þ�, Opt. Express 2005, 13, 9961. 
9 ðO��Þ�, Opt. Express 2006, 14, 10043. 
10 ðO��Þ�, Appl. Phys. Lett. 2007, 91, 011112. 
11 ðO��Þ��IEEE Photo. Tech. Lett. 2010, 22, 529. 
12 ðO��Þ��Nat. Photon. 2010, 4, 655. 
13 ðO��Þ��Opt. Express 2011, 19, 10632. 
14 �Þ��Phys. Rev. Lett. 2011, 106, 250503. 
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  {%����ªcM|���?�O����·ÕR��Ë�Þ`�%&�Ö×Ïj�G 

    4�ã�@·Õ 2010� 2h 12� 

    4�ã�@·Õ 2010� 7h 8� 

    4Laser Focus World 2011� 6h 28� 

    4Fuji Sankei Business i 2011� 6h 28�  

    4�ã�@·Õ 2011� 5h 16� 

    4Ó�·Õ 2012� 2h 27� 

    4Ó�3ET& 2012�Vh 5� 

  56fî�MN�&O�ª�Þt�56�B%���oD��56��ã=MG�R2G

{%�`�2Ø����ÕÎ&4äE�2M3E�äÙ!�`12�	= J. Phys. B.�

Highlights of 2011�ÚÁ$%&15G 

 

  �567
=YZ�567
�[\  ÊËÌÍÎÏÐ}ª�ÙÚ3�ÊËÌÍ

Î�C2ÊËÌÍÎ2¼XT� Û?©��&GÙÚ3Ê��&¹ÓI�j¹F��

j�ÜÝ�����jJ�¹Ó12ÑÒÓÔ��CF��ÙÚ3!���j!jÎ�Îæ

����c�Õ1ÙÚ3Ê�0E�Ì�ÊËÌÍÎ~��ÜÝ�`12�%d%�Gj��

Û¼���¤O&G 
 

 
cGÙÚ�Þ��3ÊËÌÍÎÊ�0E�Ì�Gj��Û¼ 

 

  ÙÚ3�E2¹Ó}ª��ßjnU[ÙÚÓÔ!�ET%2ÙÚÓÔ=)Å*ÙÚÓÔ�

��IJ$%�C2G{%ª2ãÐ�ÙÚÓÔ�tR��@§�3©Þ12�ªÏ6}~

2�}�Ï6 !�¨	=}U�©Þ�®IÓlR��1MÎQ�V=}U2�CF�¹=

~2G{��¹CJ�&·Lßj�¥¹}ª���ãì��^ÌÕ�h�Eåæ!�CF

_�-�����à|�À²��Ï6 !�ÛÜ�`�:�J��&GRp{%ß}�

ßj}��%&ÙÚÓÔ����@�ÛÜª 3.1%}~�&G 

  ß&���� Q¾��á!�E2¹ÓÛÜ�ÝÞ�À²ð�&G������� Q

¾��á�C2{�}�i±�3�Û��E���ßjÏ6[t~&��3Ó~�ÛÜ=

ÝÞ12�CF2+ãaMµ12DÎ3�2{�=}U&G 

    ÙÚ3�âÓ��JDo��ÜÝ}U2ÊËÌÍÎ����jFã12�CFOe

�äD�%2G��Ï6�E2åæ�C2O���3��èçÊ�12O��pOÀ

²�&G��_�-�E2O�}ª�3©Þ l�åæ�R2 l=�¹|���12EF

R¨	ðC��¹|R���RCÈL��E���j¹FÛÜ=Âx�R2{��C¶

�&16G3��èç�E2�j¹F}ª��È��jÜÝ�³��$]2�CFO��E

                                                             
15 Ø���J. Phys. B 2011, 44, 075302. 
16 �h��Chem. Commun. 2010, 46, 8466. 
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���èçJ���j¹F5=no12{��C¶�&17Gèe�®Céêf}å_�R

C�j©Ý�³�78�C&��}~2G 

  �jJ��Ó�Fã�ª�ÑÒÓÔ!=�C�%2GÑÒÓÔ�ªC�BJ3E�=~2

=��ë�h_-[!ª®C~�ÛÜ�Bj6���IJ$%�C2G{�M�_�&O

�ªN���ùA�� 800℃J� 1000℃ 600℃J� 800℃�a`$]2{�=MG�$%

�C2G��&O�ª�ÈL�tR2·�CÖÒ=MG}~�����}ª��¥¹ð�

&G 

  ì��ª�·�CÖÒ�×Ø�+,¼�ÎÌ}¸ÖÒ=æÏíâ�~F��1ÎQ�!

�E2ÖÒ���E���à|��èR���À²ðC��§�?©�ãä12�´

�BÖÒ�C¶�&GÑÒÓÔ�ª�«e9!���jEa��L�!=MG}~2=�

«e9ª�LaNi0.6Fe0.4O3–δ ����BÖÒ
18��jEa��L�ª Ba1–xSrxZr0.9Y0.1O3–δ ��

��BÖÒ=@î}~�&19G{%��ÖÒ�C�ÑÒÓÔï���´³WX��

C2G 

 

  9:=]^E_`ab  �Lrsª�ðñ5�ò/�xÒ��� DNA �CFó�
Ï6�e�$%�C2GDZ¼3êE2�ª�Ñ�ÎÌ�CF�B�ôj�N���]õ

> !�BÏ6}�DNA���12{�=¨�%�C&G1990�ö Dervan��E���
Ñ�ÎÌ�oD�EåmnÎÌ�CFgB�ôj��]õ> !Ï6È��Å�&X�

Ï6�Ñ�ÎÌEåmnÎÌ½ãäåæ�_` PI ½ãäåæ�=�DNA �ò/xÒßÓ
����12{�=:�J�$%&G�� }ª������ ¥¦ØJ��PI ½ãäåæ

���¤O�C&=����}ª�PI ½ãäåæ÷ø���12{�?���$��
¤û$]&G  

 
cGDZ¼3êE2����� PI½ãäåæ�����G 

 

  \ ùúû�ü´ùý´þ���\ BWS ���R��èé�� PI½ãäåæ�e��

�L6¹NpEqèénu�À²ðC��L6¹Nóô�èénuóôN�&G$�

�êë¼	`�
��&\ ùúû��®�BC���«�PI ½ãäåæ�óôÛ�N

�&GPI ½ãäåæ��È}��-ùv�`���À²�&G��k������ PI ½

ãäåæ�`12�	=������M��� 24�ç��	�ÚÁ$%&20G 

  � Ç�¼��Îå�VnuZ6 TGF!�CF3�q�.ª��L6��������L

                                                             
17 ���r����� 2011-124597. 
18 ì���Solid State Ionics, 2010, 181, 1771. 
19 ì���Solid State Ionics 2012, 206, 91. 
20 ��k������Biol. Pharm. Bull. 2012, 35, 2028. 
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6�¹Nô"12GTGF ª�Ó�� TGFα � TFGβ �ÏS�%2GTGFβ ª�èé��®

�¹F��12�þ.}~��ñQ���}ãF$%�èé�nu�èé�ê ã¾�¼

�>��è�³������BGk��ª�TGFβ1!� DNA �� l���12 PI ½ã

äåæñQ¨	��ãÎæ_�-Q��&Gá��¤12&O��ßo�8GR��

}U2�	��é´ñò!�w'�����À²¥¦�&G÷øù-}~2êÎ�Û¾ 

}ïÈðC�ñò>��óôO&G$��{�_�-õö_���������ñ

ò=óô$%2{�=O�%&G{���ª���4·Õ�2013 � 10 h 18 ���Ë�

Þ`�%&�c���êªÖ×�G 

 

 

cGPI½ãäåæ�E2ñòóô�ù-MÈ����4·Õ�2013� 10h 18��G 

 

  PI ½ãäåæ_����oÐ�=�C¶�&�Ï_��èé  Dedifferentiated fat cells 

(DFAT)I���=�C¶�&3�q�.�f�´ÝÞ$]2 Stabilon �CFäå,h 16 

tJ�R2aã���1æR��`12�aã�+ãXZ�®C���¤û�&G$���

oÐ�ª��èé�Ï_�$C��L6¹N�èé�>�~_�`�:�J��&21G�

h�*¸� !����_�-�½Ì�Zã�!5�^�3ª��'�ú�ïÈ����k

����Ç&ê��'ú������]�À²�&G 

  ß&� !�ª��L6¹NË¾ �Î��P:ðC�û"U�´I	��#$�`�

2�L6�`�:�J��&22G 

 

  >?@A;<  ����� �Ï
�&�����¡=�%d%�ÏÐ}M��~2

��S7!���C2G������ }ª��%����¡=º�rs��12{��

E����C��¢��¹û$]2{��$���rs�ÊËÌÍÎ��'ÏÐú�¨

��ÖÒ�78;c12{�%�&G 

  Èx�E��)�YB��J�R2���ô��&G 

  NcECdefgh=Õ Tä¾����E2+,-.�+, !� Û��´ 

  >?@AC>?ij�kh= ¾�më��O&+,-.�+, !����-´ 

  DElmCnoh=+,-.�3�`�256��I2åMìÎ2N� 

  {{}ª����}��%&$ßâßR�+,! !I���´�BC��Ö12G�%

                                                             
21 oÐ��Nat. Commun. 2014, in press. 
22  !, Balmain��Nature 2009, 458, 505. 
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¿�}��|�&'IC��J��rs�ÊËÌÍÎ��'ú���=c�%2��ß}^

_C��=��%&G 

 

  NcECdefg�()>?,p  �h�ª�Ï6����� !� Û���

Ï6ìíÌ}� !P:ð��C&Gc�Õ1�ª�½Ì�Zã�!�CF_�-}~2

=�Ï6 !~D�~����j��!�CFR�Ï6�����12 lÏ6 !�

f��&]�~2G{��j�� l�l(�ÌC�E���Ï6gÒ�sT]&��~

2Cª�V|V�sT]&�R��g)ë|R !ô"}U2{��C¶��C&23G

������ }ª�Ð�Y)ë|RÏ6J�R2 !ô"À²�&G 

 

     
cGÏ6 !�ÌC�E�gÒ���~2Cª�V|V����xÒ�&½Ì�Zã�Ï6G 

 

  )*�3��}ª������ZÌ!�CFÏ6=���J&S����3ÊËÌÍÎ

�O2�3+�ä�X+!���ìC�C2G�h�ª�����ZÌ�Ï6 !É!

������ !À²�&G~2ñ�É!����ZÌª�DNA 8�]2g,�]g

 !��z12{�=�J�&24G,���+,-.{�EFRY)ë|�-�R>��

±Þ`�%&{��S,=~2G�%¶S}ªR��{�EFR����ZÌ��� !

 Û}U&�CF{�ª�3+�ä�X+���.±� !� Û12&O�\� =�

�%&�CF{�}�~2G 

 

cGÉ!����ZÌ�g,�]g�� !G 

 

  Ï6�ùU[t[t�ìíÌ}W/12&O���m�ÌD¾^Î½Ì�Zã�0�!

�CFÏ6���&G{�Ï6ªÏ6È�ÛãëT¸6[t�Ç����12{�=h�

$%&�}�{�Ï6/1Þ�xÒ$]�27 �ËÌ3a4}W/�&G�����Ï

6=Bü����ÝU~D256tu12{�=}U�{�ñ�Ï66ù§O��²

�_!12{���É�&���R�&25G 

                                                             
23 �h��J. Am. Chem. Soc. 2005, 127, 10400. 
24 �h��J. Am. Chem. Soc. 2013, 135, 5262. 
25 �h��J. Am. Chem. Soc. 2010, 132, 6870. 
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cGÏ6��¿�Ï6ìíÌ}+�D&íG 

 

  U*����ª�®º�¬etuæ����&O��5 nm S��0E&�2ã^�7

I8xÒ12O�¥¹���%Ê���¬´+,Á6J�R2ÖÒ��12{��

�É�&G��%&º�ª?©D2 5.4 T particle/inch2�1 �OE�1~&� 5 400 000 

000 000 Á6�}~2G�`�ªÕ Tä¾����9:|R?~>�1·�CO��E

����;[!I�ã�V!R��+, !������É�&26GU<�ª��-=L�

®Ï6ÖÒ}~2½ãøh�BC��;�t´�-�_12{��E��>:´�®C�

ZÌT=��%2{��C¶�&G 

 

      

cGU*�����+,8xÒ�����`���î?;!���G 

 

  >?@A�GLq>?ij�k�rs�tuvw  ������ ���Î

�ª�%d%���������WX�P����B��¡=�ß��C2G�¤`2

�������ª�Ó6ªpEq X ª�@�E2Aº�á !P��L��´WX�¿

�36ÀÁ��Ç&êô"��Ï6+,	��ÖÒ���ª�L�Õ1g)ëB�-.�

³0h_-+,Á6�^ÎÕ�+,1MÎ��^ÎÕ�+,�¾æ�úX� !Ô��R�

=~2G 

  {%��ÖÒ���FJ�&���¢���E��=V�¹û$]2�����rs�

ÊËÌÍÎ��'ÏÐú���c2{�?©�����¤O�_`�EFR+,-.�

+, !�+,D�E¼�������´�-´WX�&G 

  4»¬´³0�¬`�È ���^ÎÕ�+,1MÎ�G 

  4^ÎÕ�+,1MÎ��+,�¾æ��mE���æ�ij�E2mEaÎæ 

  4�j©Ý�³�$% 

  4®�á´h_ïC$% 

  4¥\j�L���f} 1111�pEq 111�L�� 

                                                             
26 �`��Chem. Commun. 2012, 48, 1668. 
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  4�1ÎQ��C&®º�3Îð¾  

  4®º�3Îð¾ �C&=6 

  4�=Ó6ìÎ|Îj��E2^EÇãXZ�ô"$%&¿B^ÎÕ�+,1MÎ� 

  4ßjnUÙÚÓÔÛÜÝÞ�&O�h_13���� Q¾��á 

  4�D ãÌäÛ1ãæ!Ï6�+,ãÕ� 

  4hj©Ý-.��� ÌåË¾Û�¼�´ 

  _`�E(���¥¹�&G 

  4FÇ�çGç���Ç&êj�E( 

  4+,��Ì¹FE(27 

  4¬_¢q�Ç&êi��E2®2�³0��³$%F��28 

  4û"w'�&O��eH�Ç&êE( 

  4THzÀ¿�36ÀÁÂ 

  4Iú�Ï66ù� ATPÏP×��Ï6ìíÌ}�: P: 

  4FU&èé�27[Ó63a4W/�� 

 

  DElm�>?,pxyz�{�|}
{~�  MÈVÌÎ���¢���

56��4	QVÌÎ�ª���|RÀ²�2åMìÎ2N�ð�&G+,�Î Ì0E

&�EFRa»R��}ª�-.ª�56��!�CF¸��È���2ßFG�&=���

+,-.�¤ù�P12&O�ª�56���KPQW*PQ12{������+,

-.�3=�&�&�U�+,-.�3=��EF�����12J2åMìÎ2N��E

��h�}U2{�=¢5�,G}~2G������ }ª�{%��)*�Ë��g¶G 

  +,-.ª56���È���2JF=�56���K��ß¶�P$%�CRCW*�

=~2G��È��B��� ñ=~2G{%ª�gB�tR2LM��%d%Ó6=�B

oB~2�U��%d%�Ó6��¼Ñ�!ª¢�OÝÝC&�v=f�}~��NÝ

C&�vªE�zf�}~2��CFLñ}~2G�O�ª�¼Ñ�=NÝC&Ó6ç�

ª� }URC«ü=~2{��BS�����ÊËÌÍÎ=ÞP�zf��R2{�

:�J���®��Q}~�&�� ñ��bP:�&29G{��?ªR"-��M=Ú

Á12 IOPÛì� �ÚT%�ST-��M=¹ð12 Europhysics News}�Ö$%&G 

  ���W�J��,GR��ë�
[=~2G
[ª�.|�+,¼�ÎÌ}~����

�´ª
[�56��î�12{�}��%2ªo}~2G`��ª_`�EFR
[�

çY���56��|P:ð�&303132G 

  4³0��MottUV�!�Æ[ 

  4³0Ó9Wì12¿�Ï6 

  4³0�á
[ 

  ������ rsÏÐ}ª�Þ��&EF��i±�3Ê���9:|�rs¯U

°��CF)*�Ë��g}C2G�X�fY�ª�2åMìÎ2N�J���)*�Ë�

�g¶GÈL��Z«� 100 x_Þ®m}~��ß&®A�RÓ¬ÆBü�XP��¥¹

�&33Gß&ñQ�+, !�B�� Q¾��á�BC�2åMìÎ2N�ðC3[

°OÛ�À²�&G 
                                                             
27 \]���� 2012-204982. 
28 ���\]�r����� 2012-195690. 
29 �O��Phys. Rev. A 2011, 83, 032511. 
30 `���Phys. Rev. B 2010, 82, 045107. 
31 `���Phys. Rev. B 2012, 85, 045112. 
32 `���Phys. Rev. B 2012, 86, 205115. 
33 �X�fY��J. Electromagn. Waves Appl. 2012, 26, 997. 
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  Ó¬�=+,-.������2åMìÎ 12&O���X��O�ª�Ó¬��O

Se}~2 Maxwell OSe�-.�OSe}~2 Shrödinger OSe¢B�P���¥¹

�&34G+,0E&��ìÎ �3=j�$%&��ª�ÈL���}ªZ�CP��%

o�;^��}�±ZNRP�=²³}~2{��C¶�&G 

 

 

������ 
 

  01��L�����_`������� ¥¦B��`&�Ó�ò�|R?©�
(����=���Õ1G�

�

&�./012�3*=�2�NOPCNOQRSTWX��L����

_? N� �  �����á|78�E��  � ?© 
�¯U°±m� 0.25 Gbits/s  3`±¬_×� 25000 Gbits/s (10wx� 
�æ�tuº� 0.2 Tbits/inch2  �����ó+,¬´� 2 Tbits/inch2 (10x� 
�¯U°±º� 0.6 μm2/bit  ?i±�¯U°± 0.003 μm2/bit (200x� 

��� 40 fs�¿�qÌ¼}¬_×�Mµ�&a250000 Gbits/s��G�ïtu=)*G 

  � Á6º� 5.4 Tbits/inch2�?©� 2.7x�(�GÁ60E&��´�b�_=)*G 

  � 0.004 μm2/bit(�G$��aè_À²fG 

 

&�./012�3*=�4�DE3*�lWX��L����

_? N� �  �����á|78�E��  � ?© 

�¿�36b ¹FÛÜ<10c 56æ¾ �E2¿�36¹F 30c 

�¿�36ÀÁÂ 56ÛÜ 1%�¶	Ã~10-8 Ó�èª�E2¿�36ÀÁ 50c, 10–8 

�36Ã�ÓÂ ÏP³ 0.2 eV�ÅÆ 100 kHz Ó��
�Û�0}�36Ã�Ó 0.2 eV, 1 MHz 

�56�B%��MÈ dM�<0.7 ®dM�56�B%�� dM�>0.9 

�56��ãÎ 1 ms 9aA¸6�e4ÕÎ¼äÙ� 10 ms 

�56â¾ D�E¼ 56ÛÜ~1%� <0.3K THzÀ3�Ç&ê7�56â¾  >5%, fA–1.8 K 

  � ¿�36¹FN�&VgG 

  � InGaAs/InP-APD}ÀÁÛÜ 6%�¶	Ã 10–8(�G 

  � ÛÜ>80%�ÏP³ 0.2 eV�Å�Æ� 80 MHz�?©� 80x�(�G 

  � dM�~0.9(�G 

  � ~0.3 ms�e�Bü� 100%�e�ÛÜ(�G 

  � 1.1 K_Þ�ù�=IJ}U2��GÀÁÂ��3U�ªÈLE� 1ºÝÞG 

 

                                                             
34 �X��O�fY��Int. J. Numer. Model. 2013, 26, 533. 
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�Ï6��hÍ3ÏP� � �RC� 3©Þ�h_�iëåæÏ

6_�

§O�MN�

�3ä2¼ �j©Ý� � J�·�C� ���¹��&3��NY� 56ÞÜ>0.1, >6

.5%�

�®»�ÑÒÓÔ� Ô¢»� 60 MPa��ùA�

900 ��

êE��4+,Á6J��·�

���Û¼�

»�Â�>x�

600� 

�fXRßj�ßjnU

ÙÚÓÔ�

ÊËÌÍÎ~�ÛÜ 3c� +, !�E23[°OÛ�

Ê��

5c 

�3��èçÊ�3×�� m� 34 nmol/h/mg� �L6�Å3��èç� [ºÞP$]2�

  � Ï6_}�j¹F�ÛÜ 2xGhÍ3ÏPªK(�G 

  � 56ÞÜ 0.01S��2.5%��³}x5 2x_(�G3.5%��³úî�fG 

  � o.R^�ÎæÖÒ�ÓP.ÖÒ¹�GX¼ ÛÌWXE(h��VgG 

  � 3[°OÛ�}ßj~&��3Ó~�ÛÜª 1.7xNG 

  � ä+í+-ZrVFe�} 7x��jnÞ(�G 

 

&�./018�9:=9:������>?j��WX��L����

_?� N�� �  �����á|78�E��  �� (�?©�

�^×Ø��Î��

¥¹�

�jÀ²f� ^�t|F�-.�_�-�¢�� §O�MN�

�F�k34¹3-

.�¥¹�

fÍ´�U��W

*�

���®U��a�®k3-.���

$��fÍ´�®C��¥¹�

^�t|F�-.�_

�-�E2ÀÁ�

�ex vivol)À7�

�N;�

l)Ü=aC� ®U�}®�t´^l)À7�¥¹� l)Ü 80%_Þ�mÚ

´Ü 10%_` 

�in vivo
íl)À

7�ú����

^§Il)ªno� ^§I
íl)78�ÝÞ�fXRÀ7

:Â�¥¹ú�M¥��

F��f�²³R_�

-�j�� 

�^w'R�ow´

pqú����

\^ ú¬�ç

YpqÀ²�

^�t|RGèé-.����F�rs

�4ow´pq�l)w'�

÷øØïÈ�¥¦�

  ��� ��P¤fG 

  � X��ä©�78=�¢��¡�E�N;GM�_��P¤fG 

  � ù-MÈ}û"èé�k3¹ß=²³�Gl)ú����ªÐ���=MGG 

  � MÈù-ìíÌ}�Ø÷øïÈ}IJ$%2DÎ3G÷ø��ªOGGñòw'��

��ª�õö_��÷øù-MÈ}Û�NG  

 

  ��i
����_`�
��	�t¯��Á���M¹
����� a³u�
�BC�ß�O&GJ�{È�ÃÄ�A, B�ª�A =-Ã����Î��t���B =� 

D&���Îü��t��}~2Gß&��¢����`Ë¾ �Î�c�Õ�&G

ºR�¢��=DÎ3���Õ$%�C2{�=�J2Gß&��Á������Õ�&G 
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G���� 

 2009 2010 2011 2012 2013 

�	 117(20,6) 108(15,4) 121(20,3) 112(22,5) 128(18,11) 

�Á�� 8(1,0) 9(4,1) 8(2,0) 3(2,0) 3(1,0) 

vJwx� 80 45 66 29(5,2) 68(6,2) 

�M¹
 323 327(51,10) 281(57,6) 277(126,16) 391(104,29) 

t¯ 17 11 19 5 17 

�� 4 4 5 9 13 

� a³ 30(11,0) 33(13,2) 27(10,2) 27(7,1) 30(3,0) 

 

cG�¢���`Gªª�¢��
��Ù$=�Ã�ç�12Gyª	�	�VìÎª	

���M¹
�� a³G^ÇÎDÎ3}ª����Î���	aì����	z�	

�	{z��	|�F-ab��	}�R	y���¢����		Þ��	}��M¹


	z�� a³	Ñ����ßÓ=~2G

 


G�Á����G 
¹:��L Á�~·� ¹:¡ 

�������	
�������������������
������� 

2013-214044 �� 

�� !"#�$� 2013-048126 %&'()* 
+�,-.�/01234 2013-138533 56 
�� !"#�$� 2012-106382 %&'()

*(78 
9:�;�<134=9:>?@A/�BCD�EFGH 2012-204982 IJ 

 
KLMN1234 2012-195690 56(IJ(

OP 
Q�RSTUHVWXUH�YZ[\].^_�`�a�b�Q
�RSTcd�ef��gh�$Agij]�kl�m�no 

2011-514288 pq 

r�A�S_#�st1��uv�uvwxKL�b�yz�{
|GH}bCuv�~|GH 

2011-124597 OP(�8 

��GHBC34 2011-234153 IJ 
��.�/01234 2011-068129 56 
.�/0���D����<1GH 2011-501691 56 
���������������� ����

4873510 
�� 
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������������������<����=BC��
�������� ¡��¢�£���GH 

2011-503644 �� 

¤¥¦�����§K�K¨�©ª«¬Z®¯°±U² 2011-503643 
US 13/256012 

��(78 

HIGH-SPEED PULSED HOMODYNE DETECTOR IN OPTICAL 
COMMUNICATION WAVELENGTH BAND 

WO/2010/035
533 

6³(´G 

µo¶�c�·Z¸¹ º» 2010-
026455 

56 

+hX¼½�¥¾�¿?34=+hX¼½�¥¾�¿?GH=+
hX¼½�¥¾=+ÀÁÂ9Ã=�Ä�Å���
�Q=�Ä�ÅÆ�
���=�Ä�ÇÈyÉ���
�Q=�Ä�ÊËÌÆ���� 

2010-198325 IJ 

ÍÎÏÐÑÒ�=ÍÎÏÐ34=ÍÎÏÐGHBC�Ó��� 2010-161996, 
PCT/JP2011/0
66148 

ÔÕ(Ö×(
Ø)(ÙÚ 

ÛÔÜ¤Ý~Þ�ß�¡Wàáâ�� 2010-146985, 
PCT/JP2011/0
64696 

78(�� 

"�mã#�äåX}bCæçèÁéUH�}ê�D�ëZ 2010-029205, 
PCT/JP2011/0
53054 

��(%&
(ì)(%&
(')(Öí 

���������������� 2010-519093, 
PCT/JP2009/0
62054 

�� 

~îh¯°�ï?GH 2010-508220, 
PCT/JP2009/0
57524 

�� 

0�#ÒS�ðQ^.^_ñ��ò��óô�<�õ�� 2010-508268, 
PCT/JP2009/0
57801 

�� 

Q�RSTUHVö÷�c�øùc���=WXUH�YZ[
\]ö÷¼ú�Q�RST�û���[\���gh�$Agi
j]�kl�m�no 

PCT / JP2009 / 
070081ü
N002P08005 

pq 

Q�RSTUHVWXUH�YZ[\].^_�`�a�b�Q
�RSTcd�ef��gh�$Agij2�kl�m�no 

2009-122552 pq 

ýlA��gþ�X α �©ª�KQ�RST 2009-077375 pq 
Myc ����¢����������� DNA §K�K¨�
b�¯°±U²�����¯°±U�K¨ 

2009-061321, 
PCT/JP2009/0
66111 

��(�	 

CO2
��GHBC CO2
��Z���34 2009-185042 �8 
�����Al��;����#_ã�� 2009-131857 �8 
Ý�.�/0
�Ò�12GH�Ý�.�/0
�Ò�1234 2009-080683 56 
,-+�.�/01234 2009-171864 56 

 
  ��  _`����Î~2Cª���Î���f}����� ������&��-�

�F���tu}~2G���Î�� 12��(���-��F��� 23�}~�&G 
 


G���Î���G 

��¡ � �h� 

�X¤�� �� 25��������� �8� 2013� 11h 21� 

U*+,��X¤���

��·�fY�g 

�� 25����¬e�M�	� 2013� 9h 4� 

���� Óe�Mç��	¹
� (/�4ÖÒ4�

v �
+) 

2013� 9h 

�`�6 �� 25 ����_�MÐ�EæpEqÆ 2013� 
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[_� M���7� 

U*+,�fY�g �Óe�M¤�� 2012� 9h 13� 

�X¤�� Ó6rsvw�MÊì� �Q�¼�0

EÊXZ�ùÉô� 

2012� 3h 21� 

�Z,�k�P���

�: 

�����M��� 24�ç��	 2012� 

�`�6 , 86���ÛÇå¾�¼õMç��	� 2012� 

}�������: �TDM��!ç��	� 2011� 6h 18� 

���� �� 22��������� �8� 2011� 5h 

���� Ó6rsvw�M�8�7� 2010� 3h 

U*+,���· MORIS2009, Best Poster Awards 2009� 6h 

 


G��-��F���G 

��¡ � ��

�Î 

�h� 

�Y�� Best Poster Awards�"£MN MORIS2013 �� 2013� 12h 

`¸�� �Ó�Mç�½¼3Î¹
���Ó�M(�Ûå

+Î 

\] 2013� 11h 30� 

���� �� 24��Óe�Mç��	¹
� �X 2013� 9h 12� 

���ö ��ÛÇå¾�¼õM, 26 ���2�½�ëT

í¼ ½¼3Î¹
� 

ì� 2013� 9h 4� 

¬��� �� 25�� Óe�M� 5 �Fç�¹
� �X 2013� 9h 3� 

®��� �� 25�� Óe�M� 5 �Fç�¹
� �X 2013� 9h 3� 

o*� Ó6rsvw�M�� 24 ��Ó¬Æ����M

�Fç�¹
� 

�X 2013� 6h 14� 

�È� �� 24��Ó6rsvw�M�8�7� �X 2013� 3h 20� 

�È� �� 24 ��Ó6rsvw�MÊì� �Q�¼

�0EÊXZ�F�7� 

�X 2013� 3h 20� 

o*� 

 

�� 23 �Óe�Mç��	¹
��/�4Ö

Ò4�v �
+� 

�X 2012� 9h 20� 

���� Ó6rsvw�M�� 23 ��Ó¬Æ����M

�Fç�¹
� 

�X 2012� 5h 25� 

�È� Ó6rsvw�M�� 23 ��Ó¬Æ����M

�Fç�¹
� 

�X 2012� 5h 25� 

���� �� 23��Ó6rsvw�M�8�7� �X 2012� 3h 21� 

o*� �� 23 ��Ó6rsvw�MÊì� �Q�¼

�0EÊXZ�F�7� 

�X 2012� 3h 21� 

���ö , 27 ���ÛÇå¾�¼õM`�5 ��¹


Mç�� 

ì� 2011� 9h 29� 

÷�ç� �� 22��Ó¬Æ����M�Fç�¹
� �X 2011� 5h 28� 

�ÐZ� �� 22��Ó¬Æ����M�Fç�¹
� �X 2011� 5h 28� 

Joji Kato 

 

Korea-Japan Joint Forum, Excellent Student Poster 

Award 

�` 2010 � 8 h 22-25

� 

���� Ó6rsvw�M�� 21 ��Ó¬Æ����M �X 2010� 5h 29� 
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�Fç�¹
� 

ÐQ�3� , 10 �ìÎ|Î�M� 5 ��M½¼3Îw

xç��  

\] 2010� 3h 3� 

®� 6 2009��Ó�M�)�Mç�½¼3Î¹
� \] 2009� 11h 14� 

.h¡ø Ó6rsvw�M�� 20 ��Ó¬Æ����M

�Fç�¹
� 

�X 2009� 5h 23� 

��¢�� Ó6rsvw�M� 5 �F�7� �X 2009� 5h 23� 

 

 

�	
����� 
 

  !��À���Í-}�ß2Eí� ������¦O���	
sgM���f0�Â

¥2�½�ëT���×�����sgM¥ù�&�`t
Ïj�G�%_����� 

���ÖÒ��Û�3Îrù�(���ÎÇT��ù���� �8wxM}��ÓÛ¾2

N��¥ùð�&G��R£B�wx¡vC��wxMR�¥ùG 

 


G�¢���¤4��¹w¡
��G 

2008�� 2h 27� ��Â[��	
sgM�ã ãÎ �?@� 

2009�� 9h 7� ��Â[��füsgM���� � 

 9h 18� ,[�2�½�ëT��� � 

 10h 31� 0EÊ�¼ä�Ç�p¤�� 

 11h 28� �8wxM�ÓÛ¾2N����� � 

 1h 15� ��Â[����sgM���� � 

 2h 13� ��ÖÒ��Û�3Î(���ÎÇT���� � 

2010�� 5h 10� ��ÂÂ��	
sgM���� � 

 9h 8� ,Â�2�½�ëT���� � 

 1h 8� ��ÂÂ����sgM���� � 

 2h 5� ��ÖÒ��Û�3Î(���ÎÇT���� � 

2011�� 5h 27� ��ÂV��	
sgM���� � 

 8h 24� ��ÂV��füsgM���� � 

 11h 26� �8wxM�ÓÛ¾2N����� � 

 1h 7� ��ÂV����sgM���� � 

 1h 28� ��ÖÒ��Û�3Î(���ÎÇT���� � 

 2h 20� ,V�2�½�ëT�� � 

2012�� 5h 26� ��Âð��	
sgM���� � 

 9h 15� ,ð�2�½�ëT�	�� � 

 11h 28� �8wxM�ÓÛ¾2N����� � 

 1h 12� ��Âð����sgM���� � 

 2h 9� ��ÖÒ��Û�3Î(���ÎÇT���� � 

2013�� 5h 18� ��Â>��	
sgM���� � 

 6h 11� JST·789:M���78�&: JST� 

 12h 21� ,>�2�½�ëT�� � 

 2h 15� ��ÖÒ��Û�3Î(���ÎÇT���� � 
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  ����=���q��
�C�{k��  (�56������P¤�

&O�<�������-�½¼ æ� ÇÌ�PD���-¥��&Gß&�����

�}./GI)S��¦�§è=ð�%�C2f�./GI�F��4|56����ã

0Î1ä2¼3� �RA����¥��&G����� ���VÌÎ�fJ���8�

&M DC�"#$%&¡=Â�C2G 
 


G��-pEqã0Î14ä2¼3�  

 2009 2010 2011 2012 2013 

PD���- 3 7 9 10 10 

RA�./GI�F� 5 5 3 4 5 

 

  ¿�9Ï=A¢�&��-��Fª�_`�EF��ÅÆ����¡@��':`R�}

�¨��C2G 

  Gandhigram Rural Institute ú-.�E�æ��1¾�����È�¥@�©£ª�'Û�

3Î�����	�� (���-�«Y¬�¤��-�����	�� f� A�Î®

=gÛ�3Î�¯���f-�°����� �¤f-�Alcaliber�¼�E�� 

 

  �����= ¡¢�� 
  {�£
¤¥  ±��Â¥2�½�ëTðR�&G2009 �§�ªR²}"£MN�

2010 �,Â�ª(�wxf/�ðC�2012 �, 4 �ª	�� �';��<=|/0>

�56?@� !ô"pEqÓ6�vô"�/��·-.�¥¹!��¢}¥ù�2013 �

@A2�½�ëTª��ÝS¡
���®³F����¼ Î�ð�&�cMú�¹w	

��ÝSÏj�G 

 

第５回（最終）シンポジウム

日本大学N.研究プロジェクト

「ナノ物質を基盤とする光・量子技術の極限追求」
～健やか未来への一里塚～

平成25年12月21日

午前の部
10：00‒12：00 高校生・一般向け企画
 研究者と高校生のクロストーク  科学の素晴らしさと研究という仕事
昼の部
12：00‒13：00 ランチ／ポスターによるプロジェクトの成果発表
午後の部
13：00‒18：00 挨　　拶 
 成果報告  大月穣( 　 　 )，行方直人( 　 　 )，福田昇( 　 　 )
 招待講演 「DNAオリガミと人工遺伝子スイッチ」
     杉山弘(京都大学大学院，iCeMS)
  「電子線1分子追跡法(DET)による水中の金コロイドの運動計測」
     石川晃( 　 　 )
 若手講演 齋藤孝輔( 　 　 )，杉本隆之( 　 　 )，丹羽栄貴( 　 　 )
  岸本誠也( 　 　 )，竹内嵩( 　 　 )
 成果と展望 西宮伸幸( 　 　 )，塚本新( 　 　 )
 講評
夕方の部
18：00‒19：00 研究交流会／ポスターによるプロジェクトの成果発表

土

連絡先　日本大学本部研究推進部 kenkyu47@nihon-u.ac.jp，研究代表者・大月穣 otsuki.joe@nihon-u.ac.jp

午前10時より開催日時

場　　所

プログラム

日本大学
理工学部

日本大学
理工学部

日本大学
理工学部

日本大学
理工学部

日本大学
文理学部

日本大学
文理学部

日本大学
文理学部

日本大学
理工学部

日本大学
理工学部

日本大学
医学部

日本大学
医学部

日本大学会館 2階大講堂
（JR「市ヶ谷」駅下車  徒歩2分）
〒102-8275
東京都千代田区九段南4-8-24

日本大学N. 研究プロジェクト 検索詳しくは
http://www.nihon-u.ac.jp/research/n_research_project/project01/Nproject21.html

ファミリーマート

りそな銀行

日本大学会館

A1出口

A1出口三
菱
東
京
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J

ス
タ
ー
バ
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ク
ス

都営新宿線

東
京
メ
ト
ロ
有
楽
町
線

JR 市
ヶ谷駅

 

cG2�½�ëT½¼3Î�2009-2013�G 

 

  ¦WX§¨�  ��78�&: �JST�ª����Â|��:`pEq JST �!ñ?@

�E�Fß%&�����M�_�¤12&O�´·789:Mµ¥ù��C2G���

��� ���¹w12&O��2013 � 6 h 11 ������� ��78¶��9:

M¥ù�&G 

  ¹
�&�Á�78ª_`�v�G 

    49:ÙÚ3Ê��&®m¬etu                                  �fY� 

    4+,4êE����Ì�Á·b��²~ô"12¸Á,&Ì�¹FE(�¥¹ 

                                                                          �\]� 

    4¬_�Ç&�Eæ�Å�Æ�qÌ¼F��E2·¹�%��;^          ���� 

    4�j©Ý�³^�ÛÌ����E2F-|�jFã�ÛÜ_              �r�� 
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    43�q�.�º�»T1O��¥¹ 

          ��L|�fÍJB¼½R iPS�Ï_èé����¥¹�ÝS��    ���� 

    4·L�Ea��Ñ�ÎÌ4EåmnÎÌ½ãäåæ�á�¥¹            �k�� 

  ·789:M�¥ù�`��ª���P¤ 4��P¤)�¨¾)�Nubic �pÅ¿�R

�ß�&G 

 

 

cG·789:M(2013)G 

 

  ��
©
>6  ��� ¹ð��	��������� �����:���kÎ+

Ì!���� ���Î�P9t?���&G{��	�ª�J-Stage�=��ÀÒ}Í

	Á�²³}~2GÈxª_`�v�G 
    4AqÌ¼ìÎ|Î�E2®m¬_ô"�	� 

                                                     ���U*�No. 122, p. 25-33 

    456¶·vw�M�_?��&¿�36ÀÁÂ�¥¹ 

                                                      �Þ�ðO�No. 123, p. 1-10 

    4Fiddling with Electrons and Photons Using Metal Complexes at the Molecular 

      Scale                                                �h�No. 124, p. 26-35 

  ��ª��«�t¬®  ��_�M}ª�ã4Â4��S����·ÏÐ4·���¥

P�RÏÐú�¹û��£��z9|�¥P���@��� Ñ¾�¼R��¡
ÂÁ

��C2G���Î=¡
Ã¤¡�R��Â���Ó¡
¥ù�&�1�ªh��G 

    42009� 3h 27��, 89Ä��M 

      Uï²³R�HIJKL! Û12_� �Å���f/�RF� �r�� 

    42014� 3h 27��, 94Ä��M 

      3�-.�����	/�J�3ÖÒ4D�E¼ú��h� 

 

  �����=�¯°��� 
  ±
¥²

  ¥ÎT�Î���������� � ¾��Î���+Î����

�C��{�ã¾�12���%2EF��&G£B����ú��	��I��IR�

�QMÎ¼�2�½�ëT�Ûå+ÎR��p¨�]���&G 

  ����k�³´  ����� ¥¦�}~2 2009 ��p¤�}¥ù$%&�0EÊ�

¼ä�Ç!}Æ8� 4]�#�-.D|E��qËÌûÕð�&�c���êªÖ×�

���G0EÊ�¼ä�Çª���@�Ç�0EÊ�¼�Eí� }~�����X&S=

0EÊ�¼XÎê����F_����±�¥ù$%�C2G  



日本大学 N.研究プロジェクト報告書

25

 

 

 
2009  

 
    2013 12 21

4
23 144

 
    

2014 3  
  N.  
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Fig. 1 Compositional dependence of 
damping parameter ¥ and precession 
frequency f  
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Fig. 2 Temperature increase of metallic 
particles heated surface plasmon 
antenna. 
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Fig. 4 A simulation result as a 
generated circularly polarized light 
into a center particle. 

 

Fig. 3 The demonstration of all-optical 
information recording on magnetic 
media. 
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Fig. 5 Magneto-optical image of magnetic domains 
after single pulse laser irradiations. 
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Fig. 6 Surface morphology (a) and written 
magnetic domains (b) observed by magnetic 
force microscope for rod plasmon antennas. 
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Fig. 7 Surface morphology (a) and written magnetic domains 
(b) observed by magnetic force microscope for square plasmon 
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KCNQ1OT1 pyrrole-imidazole polyamide
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  C������M���e��3!4ST�56#�-�>�������	
���
�������������������� !"#$%&%�'()*
�+���'(

�,�-./���'((PLA)0#�!123!4�567�89:;<=�>?@A�#
BC��D?EFGA�3!4./��H�#PLA 0IJ2.K/�L�
� PLA IJM#

NO!PQ�R�ST.0#PLA �UV2MW�XL��FYZ�ST��[� #H�#
L�IJ\]5�^_`a.0bc^_`a��[� #��?0#IJ\]Q?d�e�

�fgQhij2�k�����lmn.0#PLA �NOop�q���GA Mrs?#
L� 5 tu#PLA ��
�#PLA �vwx#y56 PLA z`^{|}�1~M��#

PLA�e�q����@�������`�H.K������`�ST��M�[�� 
,

-.,�� /-��0, 1��23456789:6;<=>89?@?�A>	�;BCDEF9G6HIJ,

  ��-?d�$%&%�'()*?d[6+��� L-'(MzO��?#��#,���

��R�L�. PLLA M+��PLLA 0#����!4��� 3.4×104.#IJQ��� 60 
~ 70%�������./[��H�#13C v ¡g¢£¤¥
�#ch¦2§./� D v

PLA(PDLA)�¨©�ª�«>¬�L��A
 #i��� PLLA��?®5�� 
/.,�� //��0, 89?@?�AKLMN>OMKPQR6
�;S�TU�,

  0¯�?#PLLA ^_`a�z`^{|}�°±?²³�V´µ¶·?¸�6¹º5��
»C�¼½.¾¿M�[��#PLLA �À¼2�ÁÂ
��||Ã`aM¼½?^_`aM

ÄÅ5��^_`a�V´µÆ�M 100#120#140 ÇÈ 180°C .ÉC2 ÊË�[��ÌÍ�
�5�Î"�^_`a.0#IJQ�� 52.5%./[��#V´µÏ�L�.#53.8#55.4#

61.6 ÇÈ 63.7%�IJQ��� 10%KÐw5��yL.#3ÑÒ`Ó�wÔ=mnqo?Õ
�6#L���z`^{|}�1~M�[��LÖ#PLLAIJË�Ë×0 15.7 ~ 20.1nm#

H�#IJØÙ0 8.4 ~ 12.8nm�VÚ�?d IJ��Û�ÜÝF��L��A
[�� 
  V�W���X>89�AKLMN>1�Y��,
  ÄÅ5� PLLA ^_`a�V´µÞ#ßà#IJáâ?fã(µxhäfgxhåæç
èéê��¢ëmn)H�0¡ã(ìíÜhîïSTmnð3ñòóô���¢ëmn)õöÏ

�L�.#fã9¡ã÷]?ø56ù¥÷]?\ú5�op§�ÄÅ.Ý��
�ÉCqG

��¢ëmnM�����R�� 

, ,���Z��<[89�A\H9]^3_9`a��>�b,

  PLA �L�H.ûüý?ÜÝFþ�.Ý�
[����56#�����23!4��	

6 PLA �UV2#ÇÈq
�����L�?��/��������yL.#�5�
PLA ��������i�������MNO���`����.��Q5�NO����

��MÄÅÏ�L�.#L���³ M!"5���#$5��BC�mn%`�&.0#

3!4?�&%��&�%%'M��6������QÏ�(�M)F
�o*56Õ #

PLA������Þ?���MNO!P�R�L�.#YZ2+��ST�k�M¾Ù�� 
��� ����7cd4eJfd`E7KLMN>�b,

  PLA ?0ch¦2§�,©Ï��#-.?Õ"�,©/�� L v#D v�Kª0ë��
,©Ï���X15�3!4�ù¸./��H�#L���op§�ø22�3F#�45

�6%&5���(sc)?j78"���9:�op§M;Ï��sc opM<Ï� PLA(sc-
PLA)0-µi2=?+�#IJ2./� PLLA d K3>Â#3?2@.AF�GB�C

��6���BC�mn%`�&.0#sc opM;Ï�D?¼½»9EFÊË�>MGH
IJÏ�L�.op§���Û9!PKL�¦��L�
�#L��MMGQÏ�L�.U

V2?+�#��?0YZ2?K+��ST�k�.Ý���2�N¸"���� 
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g.,�� /g��0, 89�AKLMN>1�Y��;h�i�jk<=9l3EMm,

  V�nopqr89�AKLMN>�b;1�Y�� 
  NO-=�NO$����æçèéê�mn%`�&�¢ë.#fã��?d� PLLA ^

_`a�3IJQ#3\]Q?¸�6¹º5��1kV/m �fãÞ. PLLA MV´µ5#>1
ÇÈIJá&|k��Æ��ÊË?¸�6¹º5��LÖ#>1Æ� 170℃#IJáÆ

� 140℃.ÉC1 ÊË�Ï�L�.#IJQ� 74%#\]� 60%���^_`a�+���� 
��"#$%�&'
(���7cd4eJfd`E7KLMN>�b 

  scJM;Ï�D�¼½»#�Å¶·MGHI�������sc	
��������
����������������� !"#$%&�'(()*+�,-� 2 ./01�

2345��67*+8�sc-PLA 9:;<=><�?@�A8&B�400 ~ 800nm C
DEF� 85%GHBIJ��KLAIM<�N����8O%P�� 

, ,��s��89:6Zt�u[89�A7cd4eJfd`E7KLMN>9l3EM 
  sc 	 QR<%&S
�'*8TU��V&�WXY�Z L [\ D ] PLA 8^_���

�����ZTU�`��a���WXb cde�fR�g�L�D h8ijk+�lm
n�� PDLLA�eo�a pqrs�tu���PDLLAZ�vRwp�x�9:yz=

><8{|���a���� }~��L����S������V��y�����j�

��5������a �$�400 ~ 800nm  CDEF8 80%GH�IM<8`��150℃

���� 10MPa��k� �<�8@����S��67*+8������ 
v.,�� /v��0, 89�AKLMN>1�Y��;h�i�jk<=9l3EMm, ww,

  10T  �������PLLA  �� z�¡ �	s¢(£4 ./���������
PLLA  �	sz�¤¥z�¦§�j5(�*�����8¨V©���� z� 185℃�

��. ª«�	�¬�g��®������PLLA �	 ¤¥s8¯°V©����
140℃�¡ �	sV��?@./�±²g PLLA �	8#³����8O%P�����

´�µ¶ �n�´� yV�±²g PLLA�	 ¤¥s8¯°V©���8¨·V©�� 
  89�A7cd4eJfd`E7> !;k>"#$x� 

  sc-PLA S
�'*��g¸�A¢(£4��og¹º���PLLA� PDLA8^_��
sc-PLA �WX���n�sc 	 QR<8»o��%&��j¢¼�'4½¾�¿���8

TUAH�a b ��8ÀÁU�o�a���sc 	�����2i*�i+���CrA

����{�xÂs��Ã���sc 	������ 1,1,1,3,3,3-Ä2
6*�(�Å¢(Æ

��*(HFIP)�,-�eo�ÇÈ�g�ÉÊs�5SË+Ì��K�Í*�S�É���È
P��Arrhenius ¢(�5%&��É��Î  zÏÐ��og¹º����Ñ� z�p

Ò����� sc½¾8�©�Ò�PLA �É��BÓ%�°È����8O%P�� 
y.,�� /y��0, 23456789:6;<=>89�A>h�i� 

, , h��%&pqr89�AKLMN>1�Y��;'()�z 
  �©������ PLA ¤¥67*+ E:Ô<Õ��g�He-Ne ¼�Ö(×³ 632.8nm)�

eog¼�ÖIJyz�67*+ WØÙ� ÚÛ��og¹º����Ñ�¼�ÖIJy

z8 90°ÜÝÔ�Ás��¤¥67*+ ÞE;<8��V©�� 

  89�A7cd4eJfd`E7> !*+;k>"#$x� 
  HFIP ��ßà� PLA á â8�� XFãÙ�äåæ�çè���Ñ�,�./��B�

WØéê Rg 8À�ÒA� sc 	8�©go���8O%P����� zHë��B�Óz
RìZí���50°C �Z PLA )î�Sï��ðñz Óz�¨����©&ò�%&�ó

ô�õ8 sc-PLA ��WX�NöA÷ø�A�ù�B �úO©�� 
, , h�i�89�A7cd4eJfd`E7\H9]^3_9`a��>�b,

  �ij��¢Sjûü�eog PLLA[\ PDLAýþ��5S�52��S*������
a b��©&ð� sc s��S�� ���S��s�ÈP�����S��s�gB

sc 	 w#Z�	V©
��������5*
����S�8�ns�go���8O%
P������n���S��KPg���S��Z 3 ���5��'½¾�w#�gß

��sc-PLA ��K�B=><8pÒ�p ���+�<���¨���©�<r�N��� 
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()� *+,-./�01!2+34!56789:;<=��>?@A�BCDEFG

H�IJK�LMN�OP�QRST�U=VW�XK�Y?Z�[\]^_�`abcd

\]^_�ef�Zghi����jk0l�mn-om4�pqr�_?!Z��`ab

stu`�vowxy?*2+34!56zu{�stu`�vo9j|}�~��>?

@����������*!���������N-��1@?*2���yA�����

=�y�Z�\S��*������3������������=���3�,?3���

����?@��������,A$ �¡4!¢��56|}����=�£�Z�78

��¤¥�vo,¦§��@¨!2 

�����Mott� !"#
��$% 
� stu`©_�ª�«r��0¬A�®bCD¯°0±stu`�²³�%�YZ�\

S«r´µ* Mott ²³�y^(4!,¨�¶·�tb¸²³�,¹º�stu`-R^�
*«,?3+,y»*2Y\S£��3��¤¥,4@�R¼½¾h��¿DMFTÀ-ÁÂ
_?rq@?*2tDÃ���S4@A�Ä¯zu®[�Z�\S�wÅÆ4!ÃÇ`ÈF

DMFT ��-ÉG¼�0�''»*-�+q�y���=�£���A�Ê$zu® DMFT
��rq@?!2ËÌA�����>?@���=�£�Z�78�ÃÇ`ÈFDMFT ��
�Í�@��4!2 
ÎÏA�ÐÑZÒÓMott ²³�ÓÐÑZÒzb¸uÔÕ78����_?!ÖsDy»��
× yØÙq! N "�«r(*$ÚÛÜ� DMFT �ÝÞ|ÃÇ`ÈF�ßxy��àáâ
ã�Ä¯"�[�Z�\S�ä�åq!æ++y£A 1 tb¸�Y�°çèD®éêby�
4�²³�%��ë Hubbard Èuì�ÃF<bíoBCDEF�ä�åq!2������
ZÒ�î�q!"�%�ÐÑÓ²³�ïð�º�9Zñòóô-�Ê$zu® DMFT �h
°,AõN¼�ö0*+,-�«1!2�!�Î 2��3����ÐÑ���÷ø4! Mott
²³��Ê"�÷ø%�Z�78���4!2++y��ù�Ä¯ 4 "�¿"� 1ú4À�
ÃÇ`ÈF�ßû+,�����ù�Ä¯ü"�[�Z�\S�ä�åq!2Ê$zu®

DMFT yA�÷ø%AÐÑ,�ý¯�����þ����Dè���0*-�ÃÇ`ÈF
DMFT���«r�÷ø%-��O��y���Dè���,±�*+,-�«1!2 

 
&�'()*��
+),�-,./)*�0123�

  ÐÑZÒ[�	
�*Ê$���Zñòó���õ-./�01!2��zu¸yA�
��ST¥¿DFTÀ, Landauer���_?@�Ê$���t�`;�ÔÃòóô-þ���
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��q*-��&4w��,�$�A�Â0?æ"

��$'A�DFT yA��y¨0?��ù�ÃF<
bío���*Z�\Sy»*2+qr�����

���*!��Î���3���� 2 ZÒ�	
�
* N zu®� Hubbard ���Å��+����tu
ê`Z� 0 Ò�¿�½� !Ày�Z�78��"
L#K¥���£� Green ST����*+,�

������ST,4@��!2++y�U AÃF
<bíoBCDEF� Lt A��úZÒ[�$ð%��

Mt AZÒù�$ð%��& 1=t A��ù�Ä¯zu®[$ð%�y»*æ',4@ 3 zu®
�áÜ���h°���� !�A�3 ��cd«r´µ* 3 aFÃ«r0*-�

Coulomb (<Ô)F¸���*aFÃA 2 '��+�*2,���-OP�*,�ý-./
GH-0m4@�Coulomb (<Ô)F¸��*1BCDEFE2Ôì-34�*º�-��

y5rq!2 �  
6���5#(�*
 Rashba23�
�����>?@�`abcd\]^_-Z�78���067��!�h°-»*2$

'A�®8<9:D²³��tDÃtb¸E2Ôì�;<*��=>tb¸y»��w3$

'A�Au 9 Bi 0±�gN����=>tb¸�`ab�Òy»*2?@A� Rashba ��
,ABq@?*2DFT ��* Rashba ���C$"���A���������D#ÖsD
yýE4@FÙq!24«4�D#ÖsDy���yA��=>tb¸9��./tb¸�

G�A��rq0?æp+yËÌABHIÔs�Ô¸ Green ST¥�JKÂ�������
�C$"� DFT ����������� Rashba �����!2',4@LZ��L���
Rashba ��-Í�@ª��q! Au(111)��,�Ag(111)���� Bi -÷ø4!£���t
b¸78������Î M �N�2ÎA��"��"�O�>P* k �� !�ρ(ε, k)�
Y�QÔì��;R� k�SR�ε�ä1@T?!w�y»*2U?VWAtDÃBCDEF
tb¸����XY4!,¨�BCDEFE2Ôìy»*2+�E2Ôìù����y�Z

[íïLMN�[\����ÃÇQF`]^-�«q@`ab�Ò4!��=>tb¸-m

q*�-�«*2

 

789:

(1) Ishida, H.; Liebsch, A.; Phys. Rev. B 2010, 82, 045107. 
(2) Ishida, H.; Liebsch, A.; Phys. Rev. B 2012, 85, 045112. 
(3) Ishida, H.; Liebsch, A.; Phys. Rev. B 2012, 86, 205115. 



日本大学 N.研究プロジェクト報告書

63

 

*+,-./012�������	
�����������

�

�����

���������	
� 
 
  ��
�	������������������ !"/Cr2O3 #$%��&'()*

+�,- ./01�23),�,45.67+89:;�<=(:>��������&

'?(�@) ��� ABC�DE1�FGHIJKLM	NO- .89:;�<=

.PQ=RSTUS(VW)�XYZY[\���),- ]^_�(`abcde���

fghi/0���`abcj�kl.mnRSkofg.pfR(q$�Yrs��Kt

Y�.n&S nm uYvY]wxy�zs{
|]}~(:>�(C60 .n&S�N�v�

s�r���N���]�����wxy��GHLX���J�zs{
|}~.PQ=

RST 
 
��������� !"#$%&'(�������	�

  j�X�J+���*c.�1���������.}~1�<=+()*+�,- .
/01�����)���	
(�@) =�� ]��]g����.��FGHIJK

LM	NO��	
]�8.PQ=RST���}~�?jeX�J+�%fg./01

�������f% ¡.¢£=1�S¤(��¥�|Y¦N�]}~ ¡($§fg ¡

.pfR(¨¥©ª«¬®.¯°S]±(�«¬}~ ¡]�8.²³RSTn&S´µ
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JºY��»¼½¾(¿eÀÁ)=]ÂBÃ
Ä��Å(�KYÆ�.n&S��¥�

|Y¦N�]}~�fÇRSTÈ� 95%
ÉÊ]�¥�|Y¦N�]}~?���

ËR&A(ÌÍÎÍ( LaFeO3(LFO)Ï
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REMO3 .ÑJ
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��IN���Å(1Ú']���?
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ST�«¬]cæ�Y�çè(éYJç

è]7�êD ����ëêD ì>* 
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RS©5(�� �t�Y7�?÷

450K=67ÉÊ+�°STò�� 

3.2
nm

0
nm

(a)5μm) 5μm (b)//STO[100]

ò 1Ï[CFO/BFMO]���](a)bcó((b)RHEED óT
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300K(10K+]���Õ.ö1TFe1-xMnx 1���1���? 300K��&' 0.055μB+�J

O�]÷ 4 �=�°ST�����������*c.}~1�<=��°'(��Q��
� - .�JO��R'��1�<=�fÇRST 
 
3�45�678*+9:6�������;8<�=>./�

Äw��:& 1nm uYvY])*
45ô�zs{
|(FET)}~]S¤(
VW)�XYZY(FEL)[\���b
cde ¡(`abcj�kl.m

nR'(),- (fghi(ko

 .BC/0RSq$�Yrs��

K t Y � (Single-Walled Carbon 
Nanotubes : SWNTs)]��fg.PQ
=RSTSWNTs ?¸|�YJ.�Y
rs�Y
=R(�À,îfg

(CVD)���°'(��%�ã Si `
a(ÛL 	�(��!ª`aÊ�

fg:;STFEL "g? 0.3~6μm =
#$+(�%LM��&]I	O

ÑJ
ì>'f:Í�T�°'(( 
�.)Q�*+1�<=�,(FEL "g�êD
RÂ-./1� SWNTs .��Q�fg:;�
<=A+ã�TFEL "g��°'012 
SWNTs ]�s3º4N�.��#H(�	z�
Ü�/0)=56�Tbcde.¯&(789
�hi./01�<=+(SWNTs fghi.
��+ã�Tq©ª`a?kofg�mnRST 
ÛL 	�`aÊ�?�s3J�RSg:÷

500nm ] SWNTs AkoRSTò 3 � 800nm-
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O�J.ö1T
�O�J?ò�:ó�öRS

)w;Ê]<= 1μm >?+@ÐRST(a)Radial 
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./{êë5îÉA�MKL1�×N]5¢£P��	;xyÂ8Ac� PPAR�2�&�5
xyP��,-./��ïð	;AC�P���Q��DFAT��*+ MKL10&�Á«�

�ñ!c�	;xyÂ58Ô+�,-./��	;xyP��>�0òóAC�z6�ST

0ô�+ Nature Communicationõ�ö÷A�øùúû 1c��� 

 
(1) Nobusue H, Onishi N, Shimizu T, Sugihara E, Oki Y, Sumikawa Y, Chiyoda T, Akashi K, Saya H, 

Kano K, Regulation of MKL1 via actin cytoskeleton dynamics drives adipocyte differentiation, Nat 
Commun, 2014 in press.



日本大学 N.研究プロジェクト報告書

71

 

 

x 1 ^_LMM)`�ÄM)ÅÆ 

�� �� �� �� �� �� �� �� �� ���
��

��

��

��

��

���

	�
��
�
��
�
�
�
	�
�
��
�
�

��� ��	�������

x 2 ^_LMM)`� 87Rb >)Kd#
ÒÓn� RbÖ�Ù�ÚV= 

o�$�����������	
��

 

���

	
W()	
Xà 
 

  ()	
áâcde()ã�äåª´�������	
�������������
��������� !"#$%�&��#'()*+,��-�� ./0#���1

�234�567�8� !"#'9:;��<=>)?@ABC�()*+,�./

DE.BD%FC�5G:;HI-$%7$C�'J@7K��LM()NO&PQ

 87Rb >)<KRSTUV0#-$%FC�'-&./0#��K�W1X87Rb >)K
YZ0#[\]^_LMM)`�abcdef&ABC�LM()NO&�ab�W2Xg

hijklDABC��mnMUVop�q��W3XrstuC�LM()NO&�>
)<v�UV�wxC�' 

 
��������������
��

  ()NO&PQ�^_LMM)`B��ab0#'yz�>)<vMUV0#��K
��f�{R|>)�}~���KYZC��O\]|�������]��!"#1�|

"#'��|B�# 87Rb >)��u���{R� 795 nm !"���������]� 6 
MHz ��!"#'-&��{R�\]NO^_LMM)`ab0#��K���q�

:;H��' 
� {R 795 nm�^_LMM)`���\���Wtype II PPKTPXK{R 397.5 nm����

M��C�����*�,���z��j-���abC�'���M���\���

Wtype I PPKTPX ¡�¢£¤Y¥¦§K¨pC�{R 795 nm��©ª60 mW�«ª¬ª

M��C�a���'{R 795 nm «ª¬ª�{®¯�°��«ª¬ª{®±²³�
´µKd�� 1 MHz ��K±²C�'���M�¶·� 6 mW !"��Y¥¦B���

�u� 3 ¸�¶·¹�'�a���^_LM
M)`�{®º|��® THz ��"��>

)KUV0#��K�-& 10� MHz ��K
[»D0#1�|"#'¼®�M½¾��¢ª

cde 2 ¿�À¢Á�B�^_LMM)`�
{®[»DH��' 

� ^_LMM)`�()=ÂÃ0#��K�

ÄM)ÅÆÇ~H��Wx 1X'-&d�(

)=�FÈ!"#ÉÊÉ,´�Ë��$-Ì

97.4%!"���ÍÎ�^_LMM)`|ab

!Ï�$ÐÑ#' 
� yz�^_LMM)`�{®º|����

ÂÃ0#��K�^_LMM)`>)KY

ZÒÓ��#.ÔH��'>)Õ���$C

���Ö��×�KØ�C� Rb Ö�
W87Rb:28%, 85Rb:72%XB��'x 2KM)

`�>)v�ÒÓn� Rb Ö�Ù�ÚV=Û
0'Rb Ö�Ù�| 95Ü�$ÏÝ 97%�M)`

|ÒÓ�&�'-&Kd��M)`�{®��

×�< Rb >)�ÒÓ������Þ���ª

º|���WÝ 500 MHzXß![»D�&��
#-$|ÂÃ!Ï�' 
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x 3 «ª¬ªM�UV�èa'é
ê�äª�|UVC��ë 5 μs ì
Kèa�&�M' 

�����������

� >)B��M�UV!��ghijklD$íî&#/ïAB0#'-�/ï!��

3 ðÎ>)K{R�ñ�# 2 ò�YZM��0#$�óz�MW�ÁªôMXK$��>

)|kl�õö$�#'��K�NIyz�MWã��Áª�MX�÷�øù0#-$!�

�ÁªôM>)<KUV0#-$|!Ï#'9:;!� 3 ðÎ>)$C�5Gúª¢|û

ü� 87Rb B��'ß��ýþ�op�bK0#��K�Ö��×�KØ�C�>)Õ�
���BC�' 

� �ÁªôMcdeã��Áª�M$C��{R 795 nm � 2 ����Y¥¦¤��@«ª
¬ªB��W2 ��«ª¬ª�Ý 6.8 GHz �{®	|"#X'ã��Áª�«ª¬ª�

Rb >)�YZ\K{®Á��C�\] 1 MHz ��K
±C�'ß��Áªô«ª¬ª
�ã��Áª�«ª¬ª$MÎ����#-$!�2 ��«ª¬ª��`{®¯�°

�·
±C�'Rb×��MUV���$�#�h?����h���0#���3���
ª�Á£��h?³ª�Þ§K¨pC�'ß��

MUV�mn��#��K�d����� Rb
Ö�|�A!"#�� Rb ×���#1�|"

#|�h��a������KÙ�!×�Ù�

±²0#³�´µ��C�' 

� �Áªô«ª¬ªM$ã��Áª�«ª¬ªM

���K���� Rb ×�K��0#'ã��Á

ª�«ª¬ªM�SK� 0#-$!��Áª

ô«ª¬ªM� Rb >)§KUV�&#'f�ì

y~�ST|!"C��ëèeã��Áª�«ª

¬ªM��0#$��Áªô«ª¬ªM|èa

�&#'x 3KUVST 5 μs��u�MUV�è
a�.Ô�#Û0'«ª¬ªM�èamn

� 85%!"���mn�MUV�èa³�´
µ|�$!Ï�' 

� ^_LMM)`�÷�����æç!"��

/H�.Ô%!-&UV!Ï#�&'0

#1�|"#'á(�«ª¬ªMB��)

-ß!æç�«ª¬ªM�UV|/H³�´

µ!3*�&+C�'M&¶¦$C�,y

M)&¶¦B��'�Áªô«ª¬ªM�

©ª2.6 nW�$Ï��#x 4KÛ0'-�
$ÏèaM�-.ÂÃ!Ï����'^_L

MM)`� pW «/���©ªC���$0

Ñ�&#�!�/H³�´µ!�^_LMM

)`�UV�èa�1C�$0Ñ�&#' 
 

0���

� >)B��()*+,W()M�UVX�./%FC�^_LMM)`abopcd

eMUV³�´µ�q�H��'500 MHz���\]Në�ÄM)ÅÆKc����É
ÊÉ,´�Û0^_LMM)`¹�&�'2ì�M)`�\]>)KUVCI# 10 

MHz ��K[»D0#1�|"#'MUV³�´µK3C���ã4ª«��M��mn
�UV�èa�./!Ï�'C�C�|�����æç�^_LMM)`�UVK��«ª

¬ª56�&����>)78B�#1�|"#$0Ñ�&#' 
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KCNQ1OT1��������	 pyrrole-imidazole polyamide
 

��������
���
�� 

�����

×ØÙ 
 

Beckwith-Wiedemann ���(BWS)�������	��
��

������������������� �!"#$%�&'(

#)*&�+*&,�-.��/012345�67
 11p15.5 �

���89:;#<=��>�?@ABCD:;��� KvDMR�

H19DMR #EF�GHIJKLM234NO�paternal uniparent 

disomy (UPD)#P�QRSACD234�9TUVWUVXSAY

Z[\�]^_S`#abcde��fg�/KvDMR ��GHI

J[\� UPD _`h��ij2349SAkl�mn long non-coding RNA ��� KCNQ1OT1

_SAYZ��/oL��pqrsI9 KCNQ1OT1 promoter :;��GHIJcde�_�t

qrsI��GHIJcde�/pqrsI� KCNQ1OT1 promoter :;_�GHI[\� UPD

_`h���ursI� KCNQ1OT1 _SA��\vij2349SA�ursI�klfg�/

klfg�234�#�&'kl234 KIP2 _w[g�KCNQ1OT1 promoter :;9�GHIJ

EPx KIP2 9SA]^�yz{M|{X}�~&'9�����fgde�/8g�P�

KCNQ1OT1 9��SA�����8�_&'S`9G������EPx&'kl��9SA

#�X_����\/

Pyrrole-imidazole polyamide (PIP)���N-methlpyrrole��N-methylimidazole���@-��\J

-����9�@-��#P���9 DNA ������KV#��c -��8�_�¡�

(Im/Py [\� Py/Im � G-C [\� C-G�Py/Py � A-T [\� T-A ���¢ -��,/89�

£�¤¥c�¦V2349§¨C©:;#Ucd���KV# PIP �-�����§¨14#U

cdª-V«¬���8��234SA�kl��8�_®�X�/PIP ���¯X drug-

delivery system �°±��²³´#µ¶·¸mc�[\`
¶�9¹º�»!��234�KV

SAkl�£�cd¼L#½¥���/¾¿��KCNQ1OT1 promoter:;#U�� PIP�cd�

h-CCAAT-1 (PI-1)� h-CCAAT-3 (PI-3)�-�c��9SA9kl#P�¬&'���ÀÁc\/ 

[²�PIP�ÂÃÄÅ BWSÆÇ*ÈÉÊ(BWS6�9,#ËbcdÌÍÎc\�8Ï�real time 

RT-PCR#d KCNQ1OT19½�XSAkl��v\(P<0.05,/[\�KCNQ1OT1 promoter:;

_]GHIJ����KCNQ1OT1 9SA

ÐÑ��v\)*&ÈÉÊ(G401,#U

cd»ÒÓ# KCNQ1OT1 9½�XSAk

l��v\(P<0.05,/f�#�G401 #E

ed�KIP2ÔÕ9ÐÑ�Western Blot�Ö

�c\/[\�WST-8 #P��PIP Ëb#

h-CCAAT-1 (PI-1)� h-CCAAT-3 (PI-3)�

   ATTGGCCCA
     AcPyPyImIm��PyPy
Dp��PyPyPy��ImImIm

   TAACCGGGT

  AGCTGATT
    AcImPy�ImPyPy
Dp�PyIm�PyPyPy

  TCGACTAA

     ATTGGCCCA
     AcPyPyImImβPyPy
Dp β PyPyPyβImImIm
   TAACCGGGT
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P�&'ÈÉÐÚkl���Ö��

¡\/8g� Fluorescence-activated 

cell sorting #P��apoptosis 9ÐÑ

#PÛd`h�8�_Ö�fg\/

ÜYP��KvDMR _]GHIJ

��Û\)*&ÈÉÊ(G401,#E

ed KCNQ1OT1 234 promoter :

;�¦V�c\ PIP �Ëb��8�

� KCNQ1OT1 2349SA�kl

����KIP2 ÔÕ_ÐÑc�8g

_&'ÈÉ# apoptosis �ÝÞc�&'kl���`h�8�_Ö�fg\/KIP2 ÔÕ�ßÃà

áâãräå apoptosis �ÝÞ��8�_��fgdE�æçcXe ���Û\/[\�89

PIP ��KvDMR _]GHIJ���è9&'#Ucd»¬&'����v�®�_éêfg�

ëì¬&'íî�cd PIP9ïíðS#y¡�ñb������g\/  

0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 

1.4 

24 48 72 96 

no treat 

1μM 

3μM 

mismatch PIP 3μM 

 n=6, t test 
�

P value 72 hours 96 hours
no treat v.s. PIP 1μM not significant P<0.0001
no treat v.s. PIP 3μM P=0.0037 P<0.0001

no treat v.s. mismatch PIP 3μM not significant not significant

hours�

Absorbance�
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����������������������� !"# ��
�$�%&'(�)*�+( �,-����������./01�2345���67

8�9:� DNA �;<=>?��@ABCD��EFGHD���IJ678�KLI�
��1���=>?���M, �N�OPQ��RS TUVGQWXYGZI=[�W

XYQ\GYQ]������^ T45�_`a2ba�	
���cd��e�fg�

������hWXYGZ�i T���������6j TklImnop'q�rs

�45t_`a2

�����������������

UVGQWXYGZ��uvw�xy�zaI{���1�2 j �|}x��~��

�cd����=>?���1����a��G�B�6q���S0�� a2=>?�

���uvw�I���1d�������uvw��I{W��QI��0����7F

S�������J�c��uvw�0q�����j���Q������a45S T

�d�?�2~���>���|���A�gQ�A�gQ����C�gQ���

A�gQS ¡-�¢��>�S�

~��£¤�£{�A�gQ¥��

G�B��0����¦�����

A�gQ¥�����T{I{��

��7SI`a2~��|��c`

T�=>?S§=>?�¨©�ª�

�S�ba����£¤�«bd�

���£¤�cd6�������

c`T��G�B0���ad��

��Ij`ad���S0�� a

¬J. Nanosci., in 20132 
�=��~��x�u®¯�_�

S�|}�°0±!¢� ���G

�B����0²³����St�

� a2u®¯�cdUVGQWX

YGZ��#;´�µ¶0·_���S�±°�¸° ��#6qR0��x��d¹b

���S�cd�������0º»���S¼½T{�2

UVGQWXYGZ�¾�� X ¿ÀÁ�c������ÂÃ0ÄÅ�1`aaÆ�Ç�

���tÈL���=>?������ÉÊ a2WXYQ\GYQ]�Ë!j=Ì=�T

{����1d�ÍÎmn�zaI{W��QI���1�0�����0�����S0

�� T{�2WXYQ\GYQ]� 5 mg Ï¤��ÐC�gV�Ñª�Òj=Ó�gÔ�
��Õ>�135Ö�×Ø aÙHV�ÐgVÒ�Ú#�>a2N�Û�ÜÝ�Þß �~�

��>a2à;���D��áâQ�ãä�åæ�_`açuèéêë�ì a2íîîï

ðÏ¤�$ñ�òó-IôL0åæ��T{�2D��áâQãä�çuèéê���õö

Á÷�øS���ù��úû Tüýu0åæ���2Ó�gÔ���Õ>T{�aÆ��

��ù*�^ T��òó-I¢þ�¼½�!!�õöÁ÷�ø0¢� T{�S¼½=�

�2���~���_`a���WXYQ\GYQ]�*�1��S�¼½�S���0À

� I0=q� aS¼½��ª�1�2«bd�WXYQ\GYQ]����=>?ÈL

���0���À� I0=~��0·*�N�aÆ�����À�t !��À��S�

��� ���� !"�#�$%&'�()*+�
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õöÁ÷�	0òó-�¢���aÆ

à;�c�Içuèéêë�
½aS

���ª�2

���WXYQ\GYQ]�Ë!j

=Ì=�T�d�����0ÌI�

��1�2à;�òó-Içuèéê

ë�
½�\B�Q�i T����

¿ÀÁ�æÃ aS�������

�T{���� � P21/c �i���t

«��������� a2 j I

0=�P21/c ��i�y�t«i���

1d�W��QI���*�����

W��QI�$��1�2«bd��

��i��������S�����

�{��!�����S0�ªI{i

�-I�$��1�S{½�2 j � ���j�j����a!"¬�S������

#0È#��X$!"S Tåæ��T{����%Û�&'���=>?��»(�)

�#��45 T{!./01�2

2����3456�789:;<=>?@ABCDE

hWXYGZ@UWXYGZ�*»��+��R�S T+,�1�2 j ���R�

FS���-�!��S�Ø:.0/0��*»�12µ¶0·_ �!!I�S34�ª

�2��R�S T�N����+( amnop�5»��d�?�2�6-IWOQ7

8�Óg�B�9:��+)R�

�;Ý�m��>��:�1d�

;Ý�aÆmn�<�78�V�

 T b�23�:��WXYG

Z�t«3=*»��w�I��

�+( �������S�*»

�>¨ �?Ý�tWOQ78�

mnFS¢@ABS a2

àC��hWXYGZ���R

��?Ý�×Ø WOQ78�m

n�¢@Û�]D"�hq��E

F amnop��GB�HDV

Q�1�23I¤�û��uJ

��GB(7KQAgIJuvLM�NO ��GB�u�45Ü� P�ª�QR�S½

a2TU-Imnop��GB�uSÈL� 1600cm-1 VW� G �BZ�XY���ZgD
S 1380cm-1 Ï¤� D �BZ0åæ��a23�:�cd6q amnop���6-Im

nopcd[j�ZgD\0]!�G�BZS D�BZ0���<I`Tåæ��T{�2
��c�I^_��`�fOBZ��DÓg�BSab��mnop��GB�HDVQS

cd T�d�?Ý����WOQ78�mn�k {9:S T+(�ª��S��GB

�ucdì a2ba�×ØÝ¤� 150Öb�?e�>TtÈL�mnop0f=�T�d�

?Ý��mnop'q�AB��ì��S0�ªa2

�F�  !"�#���?@AB-GH.I,���

�2�  !"�J�"�K�LM()*+�
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Ì¢� SUS9TVW���������� 

���������	
�����������������

�

����

����*��C�����

�

������	
��������������������������� !"�#$

%&'
��(�)*�+,-��.�/0123045678��9:5;<=>

5%?@�AB C���D0EF%GH
��IJKLMNO0����%?@P8AQ

6����������6RJSTU%VWXYABZA[�\��]^+�_�`%=>

P8AQ6����������][�ab��cde6fg�0hi]�\�jk�C�

��l%mnAB�������� !"
��o@peqD0EF%GH
��rlst

0uvl%Ipwx
��orl�`�0y(z{�|#}~q��D0��%I�e��

9T
��oJl��+,b��67�}�#�\�jk%��AB��\]������

���0AQ6I����K�y(�{��+,-678����0��]��*-���

��|0����678�0�l6��� ¡�AB 
¢£TUVW����������(CNT)0JKLMNOF����i¤¥�`��|

¦6§�A{�¨���6©ª«¬%�®0¯°6RJSTU±%²nI������

����6RJSTU%VWXYAB³�´|µNi¶VW CNT ·o¸¹6[100]*º»6

[110]»0¼½S%¾�I©¿H6VWXÀI©� 10Á80 nm*¸X 100Á800 nm0}Â�Ã
�^Ä·}ÅÆ6Ç:XÀAB( Appl. Surf. Sci., DOI 10.1016/j.apsusc.2013.11.056, ÈÉ 2010-

198325)� �Ê�(�µSUS304¶9T6Ë��oÌ¢6ÍPÎc;<0TUVWµA Î¥¼
½S Fe2(1-x)Cr2xO3, B Î¥Ï¼½S Fe2(1-x)Cr2xO3, C Î¥¼½S Fe(1-x)Crx ÐÑÒXÀAB(JPS 

Conf. Proc.2014) 
Ó£��������������*[�ab��cde(Appl. Phys. A, 101, 723-725)67

8[�\��*^+�_�`0=>¥Kl�A�`��|¦0{�¨���6©ª«¬�

_��|i�
(�)ÔÕ678��+�ÊÖ��%�×
·I��%����A©¿

c��������������(Appl. Surf. Sci. 255, 9655-9658)ÐØÙc6ÚÇ�I¢Û
%Ü�Ý�Þß�\�(Ga+)%àáXY�jkP8(J. Nanoele. Optoele., 7, 275-278) ×
·

[�\��%=>�ABZA���â�^%ã�äå8×
67�æv0 CNT 6#��
�8×
Ðçè�AB 
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Ìê� ����K��ë-����+,- 

 

Ìì� ��*-�����|0íî 

�

�

�

�

�

�

�

�

�

�

�

�

�

�

ê£�0p~ï678Ç:
�e*re0�

�ðñ%ò"·�ó9ôõ0?@¥+�`�]

�^���Þß%ö÷�����Arl�`�

(Appl. Surf. Sci., 255, 9688-9690)%(�)øùúû

��567�y(z{�|#}~qyÖ|ßü6

:ý�AB(Appl. Mech. & Mat., 481, 125-128)ZAI

�þ|���0����Ð��¦0�e��ó

9ôõ%�	
��Ð��¦0Jl�¹�+,

-�67�:ý�Iý0�S]����D0

Â|�³��ß0���n��]rl6���

���AB (JPS Conf. Proc. 2014, ÈÉ 2012-
195690 ) 

ì£rlst�ý0��pÔÕ�|�(�)�

�5678uvl(Appl. Phys. A, 110, 963-966)6

Ë��IYAG (�)0� 2 }��·�8�¸
532 nm 7� !��¸·(�)Â³�|P8×


·¼½SÐ"#(Appl. Phys. A, 101, 723-725)X
ÀI� 4 }��·�8�¸ 266 nm 67�¼½S

Ð$ %üP8×
%&î�AB 
'£����K��ë�+,-678���

�0��6��� ¡�I�+,-%íîXY

8�,|0©�% 50(m 
)*P8×
67

����+´�^D0�+,-,-%./6P

8û5%?@�AB(JPS Conf. Proc. 2014,)� Z

AI(�),-678��,001~2*3Ç


456eb³`���.�� (FEL Appl., 

ISBN978-3-95450-123-6, THPD06, 559-562)6�
�������8B 

7£(�)
àá�\�÷�ßi¤·���

,|%�¬eq689XY8×
67�I�

�*-�����|0����6::�I��|0©�%;<(mÁ;(m 0=>6Ë��
ò?·©¿H6íîXY8×
6::�I@A0BC67�-�����|Ð�D����

��|6#8×
%ÑÒ�AB(Adv. Mater. Res., .871, 338-341, ÈÉ 2012-204982 ) 

�
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PI�������	
������ 

��������� 

ßàá�

 
�������	�� (PI)
�����������  N-methylpyrrole(Py) ��� 

N-methylimidazole(Im) ������DNA ��� !"�#$%&'()*+��,-&.Im

( Py/01$2345�678��/ DNA�#$�3&'()9:�;&'(<=�>?@

A�B�C�DE/FGH@#$IJKLM%& PI
�����FGH@/#$KN$OP

Q�R">?@/FGOPKST'()UV�W&. X8 Drug Delivery System KYZ(3

[�\]^�_`a�;&'(<=�PI 
����bc/FGOPd(Q,UV��&e@

�;&.'�f��gh��

ij/kH(8&>?@/

lmKno%& PI
���

KpqQ�r/-st<

)ijuv/wxyzK{

%'(K|}~�����

��~K�-������

Q�*+Q,W�.

6s/��������

-, MYC >?@/����
���lm��)�L��

,-&.MYC� basic-helix-loop-helix leucine zipper�FGH@�;��MAX ���(
��]K��Q�DNA / E-box ���#$%&.MYC ���lm)o���,-&>
?@� 4 � ��/¡��r�=/6s�¢£/�¤��¥�¦§��
��¨©�eª
�«¬Q�¢£/��ªK®¯Q,-

&.��/�¥noKR"(Q,�MYC
_Qs� MYC °±>?@/²:�lm
�Kyz"�o�%&�³�7h8�A

��´)µ1=�,W�)�¶·/¸¹

��\]^º/»¼/½Q�8¾/¿À

);���ª��ÁÂ,-8-. 
�� r ' � g h � �  E-box � �

CACGTG KÃÄ�f��Ie"�LM
%& PI
���KÅÆÇ�QÈÉÊË�
���¥no:/ÌÍKÎÏQ�.r/

#z�5 ÐÑ/ E-box LM
���/
TÒ Myc-6 )��ÓÔ�¢£Õ�Ö�Ó×��Øj¢£Õ�ÙQÌÚ8�¥noyzK{

�������� Myc-6 ����MG63  !�"#$%�

B A BA

�&� E-box '(������
AA. Û
���/ DNA LM��� BB. Myc-6 /�Ü 
Ý=Py; Þ=Im, W= A or T 
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%âK�LQ�.ÓÔ�¢£ÕMG63 ��-,��1μM�
��¥:ÈÉ 2Ë�ã�ä���:KÌÚ�noQ�¢£å
U/æçKSÂ�('è�Myc-6 é¬ê/¢£�� S U�
M U/¢£Æ/ë$)ìíQ�î� G0/G1 U�;&¢£
/ë$)ïé¬ê(ðñ,ÌÚ���Q,-�.�=�

Myc-6 é¬����òU�
��¨©/ó�ô��;&
phosphatidyl serine /¢£õö÷º/øù)��Q��=
�úU�
��¨©/ó�ô��;&ûü� Caspase3 /
ùm)ýþ���.4�ó�©�°� MG63 K��Q,
Xenograft Ç�Q�Myc-6 K 1 ����2��	
�/�
����é¬KSÂ�('è�ïé¬ê(ð�Q,ÌÚ

8���¥no���. �/#z<=�Myc-6 � in vitro, 
in vivo /����-,��/�¥Kno%&'()�L
�W�.

�=� Myc-6 /�¢8Ç�²�Kæ�%&�³
� Myc-6 
������lm)ª%&>?@
�t-, DNA ó������K�-,��"��
ñ�('è�10 μM / Myc-6 é¬úÌÚ8lm�
°K{Q� 18 />?@/TÒ�¤� non-coding 
RNA /
t�;&MALAT1 >?@/�± 1000bp 
 ^��E-box Ñ���);&'()�Â�.Myc-6 
)'/��� !"�#$%&'()��¨���

� �����L��(É 3)�f� siRNA ���
MG63 ��!&MALAT1/lmK�����"
Q�#z�ÌÚ8�¥noyz)ýþ���(É
4).'/#z�� MALAT1 ) Myc-6 /#$/
%"/
t�;��Myc-6 ��&¢£�¥no�
«¬Q,-&9:�)&fÂ�.m'���yz

"8
���/(l�)/*)+d(/,�A

��ã�/�-KR.Q,-&. 

�) MALAT1 �*+,-./0 !"#1234 
MG63 ¢£��!&MALAT1 /lmK siRNA ���noQ�¢£\
/0KWST8 �� ���Â,12"�a�Q�. 

�5�Myc-6 678MALAT1 ��92: 
AA. Myc-6 /é¬���MG63 ¢£��!&
MALAT1 /lm�)34/"�no���.
BB. ��¨���� ����Myc-6 )MALAT1 
�±�#$%&'(K�L.MALAT1 �±/ E-box 
7��K56DNA ü7(Myc-6 
���K8$
Q,9:;�%&(<"¨��)==��.  
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45�,6789:;<���=�������	
��������

 
�����

��[«�������	 
 

�������

2006
� LaFePO� 4K��2008
�� LaFePO���������� LaFeAsO��

����� !��"#$% LaFeAsO0.89F0.11� 26K�&'(�)*+��,-./%0
+/�12�$3456�78�9&'(:�;,./%0+/<�&'(:�=>?�7

� 2@ABCDE���+��FG4�HA��IJ< 1111411141224119� 4��K
L./3MN02008
�� LaFeAsO��� 11119� SrFeAsF� Sr���� La�"#$%

Sr0.6La0.4FeAsF� 26 K�4Sm�"#$% Sr0.5Sm0.5FeAsF� 56 K�&'(�)*+��
OP./%0Q%42010
����RS$% LaFeAsO0.89 � 28 K �&'(�TN�MU

OPVT./%0WX�79&'(:�;,YZJ< LaZnPnO (Pn=P, As, Sb)�[\]^�
_`3aG4b�cd�eJ$3f� 11119&'(:�g*Nhi�_`%0 

�������� !"#�

$%&�La1-xOFeP��'( La)*� (����

LaOFeP�&'(jklm Tc� 4 K�FN�OP./%�4b�n�hi�� LaOFeP
op� Tc� 0J< 7Kqm�r<�s�t</3M%0b+�4b�uv�w<J�*N%

x�4LaOFeP�yz{|\�}~$4�����m��VKsT�����N���</
N La�RS$%����H$4b�����M3��%0WX������ La1-xOFeP 

(0≤x≤0.20)���*N+��H�$%0x=0�FN LaOFeP� Tc � 4.7K�FN+���J
`%0x���*N� x=0.10Q�� Tc ���$4x=0.10��¨� Tc = 7.0K�)$4b�n

��$%0+�+�J<4��� Tc �r<�s�4����yz{|\��NV��FN
+��w<J�$%[1]0 

$%$�Sr1-xRxFeAsF (R=La, Pr, Nd, Sm)��+�,
���-. 
SrFeAsF� Sr���� ¡¢A� R=La,Sm�"#*N+���G¨M Tc �£</N+�

�OP./3M%�4Nd �"#$%OP�TJ`%0Q%4Pr �+3 ^�¤4 ^�¥N¦§
\�FN%x4¨� ¡¢�"#$%V���©TNªy�)*¦§\�F`%0b+�4

*��OP�FN[«V¬x3 Sr1-xRxFeAsF (R=La, Pr, Nd, Sm)��H$4�����&'(
\���%0Sr1-xNdxFeAsF ��M3�®{� SrF2 ¯ FeAs2 T°�±²[�¬³V��4

0≤x≤0.5 �´µ�4���������H*N+��H�$%0"#{ x ����V� Tc�

��$%0�¨� Tc� Sr0.5Nd0.5FeAsF � 49K �FG4��OP./3MN Sm "#� Tc�

¶·*N¸�£</%0Q%4Tc �a¹Nº�»¼½¾

�lm¿À(dHc2/dT)�-1.5T/K �FG40K �a¹Nº�
»¼½¾�,ÁV`%�+Â4 75T �MU�Ã�¨M
¸�)$%[2]0�C4R=Pr ����DEÄÅ¯ Tc �¨

� R �Ks6©T`3aG4Pr �¤3 ^�T`3MTM
¦§\�FN0 
$%/�SrFeAsF1-x�01
23��-. 
��RS��GÆEÇÈÉ$% LaFeAsO1-x �¨M Tc�

)*+�J<4 !�RS$% SrFeAsF1-x �aM3VÆ

EÇÈÉ��G&'(�;Ê�~Ë$%0ÆÌÍÎÏ�

ÐÑ¸� x �����G��$%�43K Yº�&'(�
�T<TJ`%0ÆÌÍÎÏ�lmÒÓ\�ρ(T)= ρ 0+ATn 

�ÔÕ$%(Ö 2)0¨�[«�� n � 1~2 �´µ�Ó×
*N¾Ø�&'(\�)*�4Ù9�� x = 0.25 � n 

=1.08�F`%�&'(\�).TJ`%0 

ρ 
(Τ

 )
 −

 ρ
0 ( 

m
Ω

 c
m

 )

Temperature(K)

T 

10 100

10-2

10-1

 

100

 

10-3

T 2

T 1.08 T 2.25

x = 0.4
x = 0.25

 

Ö 2� log(ρ (T)- ρ 0)� logT�gÚ 
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$%>�Sr1-xRxFeAsF1-y (R=La, Nd, Sm)�?��� !���-.�

�Û� ¡¢�ÜÝ�"#$% Sr1-xRxFeAsF(R=La, Nd, Sm)�aM3 !�RS�(Þ$%
Sr1-xRxFeAsF1-y ��H$%0 !�RS� ¡¢"#��ß�9�ÆEÇÈÉ�(Þ*N�
à�FN�4RS{�����V� Tc ���$%0Ã'(áâ�ÆÌÍÎÏ�lmÒÓ\
�ãäåρ (T)=ρ 0+ATn�æM3ÔÕ$%0Ö 3 � Sr1-xRxFeAsF1-y �a¹NËÅ n � F RS{
y�gÚ�)*0 !� FRS{ y���*N�ËÅ n�
��$3MN0+/���RS�£</3MN����

çÑ�èé��`3MN0Ö 4 � n � Tc�gÚ�)*0

+�¾Ø�� n ���*N� Tc���*N0�ß�èé

�¨�79&'(:�aM3V,-./3MN0*T�

ê4n~2 �)*>Ã� Fermië:J<à/4{E»¼?�
ìí6�&'(�;Ê*N0n � Tc �gÚ�îïT�

�+/� ¡¢A��ÒÓ$TM+��FN0Tc �Ið

ïñM Sr1-xLaxFeAsF1-y �� y = 0.15 Q�&'(�,-.
/3MN�4Tc �¨M Sr1-xRxFeAsF1-y (R = Nd, Sm) �� y 

= 0.05 �&'(�òó*N0+/� n � y �gÚJ<V

ôõ./4Sr1-xLaxFeAsF1-y�� n � y� ��V�öX��

�*N�4Sr1-xRxFeAsF1-y (R = Nd, Sm)�� y �÷.Táâ
�øù���*N0 

$%@�LaFe1-yZnyAsO��+�,
23��-. 

LaFe1-yZnyAsO1-xFx��4�¨� Tc �)* y �¸� x �

¸��`3ª�N��OP�T./%0b+�4úÏû

ü LaFe1-yZnyAsO �����t%�4ýþ�H��

LaFeAsO � LaZnAsO ����T`%0y≤0.2 �����

���£</3aG4DEÄÅ a,c �Mà/V y ��V�

��$%0 

$%A�LiFe1-xCoxAs � ! Li1-xYxFeAs�01
23B.��
111 9� LiFeAs �¨�79&'(:��©TG4"#�

$TM��� Tc� 18K �&'(�)*0b+�4WX�4
LiFe1-xCoxAs � Li1-xYxFeAs ����$%0Ê×Q����

$3MN"#{�´µ��� 111 ��f��$3£</
3MN0LiFeAs � Tc� 10.8K �FG4��¸�GñM�4

+ / � � 	 
 � R S � ¦ § \ � � � < / N 0

LiFe0.98Co0.02As � Tc� 9.5K �FG4���"#{��

V� Tc ���$%0 
$%C�SrFFe1-xNixAs�23B. 

SrFFeAs�� FeAs�� Fe������ Co�"#$3V4 4K�&'(�TN�OP
./3MN0&'(�;Ê� dÆEÅ�����NÆEÇÈÉ��N�*/r4Co�GV d

ÆEÅ�5M Ni�C��Ïï�FN���</N%x4SrFFe1-xNixAs��H$%00≤x≤0.2
�´µ����������H*N+��H�$%0"#{ x����V����jk��
NÆÌÍÎÏ�øùT�ê�t�)*lm�ñl��k�$4��ïTÆÌÍÎÏ�lmÒ

Ó\�)$%�43K Yº�&'(�£N+���sTJ`%0 
$%D�Sr0.5Nd0.5FeAsF����EFGH�I��JK�.LM�

Sr0.5Nd0.5FeAsF �º�»¼½¾�lmÒÓ\��Ä��/r4Ê× MgB2 ����ý��

¨�»¼Æ��m��� Hyper Tech Reserch Inc.��V��GV¨M¸�£</%0 
[1] X. Jin, T. Watanabe, K. Takase, Y. Takano, J. Alloys and Compounds 2009, 488, L14-L16.  
[2] R. Suganuma, Xinzhe Jin, T. Watanabe, K. Takase, Y. Takano, J. Physics Conference Series 200 

(2010) 012193.  

2.5

2.0

1.5

1.0

0.5

n

0.300.150
y

Nd

Sm
La

 

Ö 3 Sr1-xRxFeAsF1-y �a¹ 

NËÅ n� y�gÚ 

2.5

2.0

1.5

1.0

0.5

n

454035302520
Tc[K]

 

Ö 4 Sr1-xRxFeAsF1-y �a¹N 

ËÅ n� Tc�gÚ 
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�

� !�"#$%&�

�g��

�

� %&'(��0£1�2"�C-��������	
�������������������

��� ���!"#$��%&'(��)� 30�*+%,-./(�0$12�3�25�%45./

6789:;�< 2=>?@ ��5�	
AB C����!%&'(����DEFEGHIJK

�LM$��./HIJK(äKGFNK)O�PQR$��äKGFNKSTUVWXAndrogen 

receptor; ARY�Z[C\]>^����!_`a�bcde�%&'(fgh�LM�äKGFNKi

jgh6��!ke� ARlc�mn>o �%&'(�pq>mndr�2�$��6�fgst

2��(uv�wx6y� �äKGFNKijgh6z{Xj|}~/: castration-resistantY�C5�

O���fg�����k6��! , �3����j|}~/%&'(uv������äKG

FNK���+� ��5������pq����äKGFNKSTUVW��� �Z[$��

k6���� ���!%&'������R����45äKGFNK����� TMPRSS2 (

:��� ERG6�� �uv�(�����(��/��4�äKGFNK P/6y� �j|}~

/�¡¢6£¤�k6¥¦de�§¨de���(Tomlins SA et al, Science 310:644-648, 2005)!��©

���6����ª��äKGFNKSTUVW(AR)6N«¬+� AR�������©���®

¯�°±��>²³ ���R���>´£dr�k6tj�µ¶$¥¦de���!ke-�äK

GFNK������·¸¹º;��4�������´»�4��¼k� ERG����t½´»�¾

 �¿À/ RNAÁäKÂTKDÃÄ>ÅÆ ��´»>ÇÈ±���k�4��%&'(>fg��

ÉhÊ6´�de�¥¦de���! , �¿À/ËÌÍÁäKÂTKDÃÄ�£R�$ÎÏdeÐ

3�È±/6Ñ�!Ok$�ÒÓ�»Ô%&'(�fg�Õ{$�5�,M�È±$ÈÖC×x>¢�

�Ø� PIÙÚäÛG�Ü¨ �! 

� PI ÙÚäÛG�ÝÞßäÛ«Ä N-methylpyrrole(Py)�4� N-methylimidazole(Im) $àáde�Î�$

�5�DNA ���°âa����k6¥¦de���XCho J et al.PNAS 92:10389-10392, 1995Y!

Im/Py ãä� GäC >�Py/Py ãä� TäA �4� AäT >åæ��!PI ÙÚäÛG DNA ç����

DNA �èé DNA ���êë��ìí/>@î�Im/Py  Py/Py �ïð�ñrò<$��óC��

� DNA ��dr�k6$��!siRNA Côõ��È±/2��k,-�Î�öafg÷ �

ø�3ùúde���×$�5�ûü$�´» ������>öa � PIÙÚäÛG6~ûü{ý

>@M�6þ��uv����åde���(Wang,et al, Cancer Sci 101:759-766,2010)! 

 

'()*+,-./ PI ����012����34056278 

� ÒÓ�j|}~/�L;C���� TMPRSS2-ERG������´£>mn�� PIÙÚäÛG>�

á ���fg÷��´>q��!²³de�°±���� �TMPRSS2-ERG������´£>

mn�� PI ÙÚäÛG>�g�	
�ê���:-®$�� �uv��/����Æ����>�

%&'(uv(LNCaPuv)>c���� �!LNCaPuv�äKGFNK��>qñC������

6´£ C�k6�-e���! 

� ��NI���ä�TE>c��+ ���¾�� PIÙÚäÛG(*! FusionÙÚäÛG)���>

�� �!FusionÙÚäÛG�²³de�°±���� C�"#E$%&K�FWIÙÚäÛG

õ��Õ'��6åØ-e�!(�%&'(uv� LNCaP>�FusionÙÚäÛG�"#E$%&K�

FWIÙÚäÛGÅÆ)�Î��TMPRSS2, ERG°âaUFW%>c����R� 50uv��5�·*

+/uv)>�, �!Fusion ÙÚäÛG)�-�)�õ��·*+/uv)6Õ'�./ ���!
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%&'(uv� LNCaP�¾ Oe3e�²³��� FusionÙÚäÛG"#E$%&K�FWI PIÙ

ÚäÛG>���äKGFNK��>q��TMPRSS2-ERG����´»> RT-qPCR��,± �k

4�FusionÙÚäÛG56)$�Õ'�������´»6./ �!FusionÙÚäÛG7��4�u

v�����4����ç���> MTS assay�Cell migration assay���� �k4�FusionÙÚä

ÛG7�uv�����������6Õ'�mnde�!*+�ý45�%&'(uv�����

Break Fusion Site�4�������wá� ERG�´»8�Z[C\]>�� �uv�������

9: ���k6åØ-e�!;���in vivo������><��Ø��7=>?@WGAëD�

B!� LNCaPuv>ÅÆ �ûüCDJEI>c���� �!CD � LNCaPûü�FEG6��

L±�$�ø �k>�å ���H 10I�M FusionÙÚäÛGÅÆ)��4�"#E$%&K�F

WIÙÚäÛGÅÆ)�Î���sJKa�=LLÅÆ>q��!ÅÆ�M,- 4=N��Oe3e�

ûüO>,± �k4�FusionÙÚäÛGÅÆ)$Õ'�ûü��ø6mnde�!+ ý>P�

NUBIC>¯¤�°QRS>q��(TUhVW�øT. �� PIÙÚäÛG. °� 2013-234135 2013-11-21)! 

 

9(AR >C%:;&<# PI 'D��������	
������� 

� AR �Ú#KG�X/Ã�PQR$��!AR �Ú#KGXäKGFNKY��Ã��Yq �AR 

·¸Z[;�¹º C6-öa����UFJWVW�4�\K]KFW^_�� ARE �� �ö

a����´»>º`��!AR ·¸Z[;�� GATA2, Oct1, FoxA16��6�k�0$ÒÓ��Oct1 

6 AR �·¸1/>�adr�%&'(�b����>Æ��k>¥¦ �(Obinata D, Takahashi S, et 

al, Int J Cancer, 2012)!M�5�Oct1 Ê�·¸Z[;�� AR � P//·¸1/>�adr�äKGFN

Kijgh!�ÑäKGFNKcd����2�AR �X/�(:���>´»dr�e�6��f,

de�!k�k,-�AR ·¸¹º���>mn��k6g��fg}~/%&'(���CfgÉ

h�C�h�/6i�-e�!4���Oct16äKGFNK������·¸�Mj+k�=l��\

K]KFW^_�������°âa����ÙÚäÛG>lá �+ mnáýó�opq

h>c����>q��!rL�sFAÂKt\uv(ChIP-chip)Ïw�45�äKGFNK��/>Õ 

���xxyz��� ACSL3�·¸�Mj+k��� AR�{=>´< �O���|à���

�%&'(����´»�M���� �!d-�O���|à>öa � PIÙÚäÛG>�´ �

ACSL3>mndr�k�45%&'(�Æ����>�� �!%&'(uv� }~���>c����

���{=�����M��������������±>�ð�ý������O����XÔ

��·¸¹º;� �������6Z[C��>�� ���k6åØ-e�!Ok$����°â

aC ��ÙÚäÛG>�´ �}~����ÅÆ �k4����}��´»6Õ'�Ñ! �������

6mnde���!�×JEI>c��~ûü{ý���������ûüFEG�Õ'C��6<-

e�!�mnáý2+ ý>P� ~����>¯¤�°QRS>q���TUhVW�øT���� ��ÙÚ

äÛG��°� ������������!�

� �mnùN0��´de� ��ÙÚäÛG> ¡��k�4���%&'(�b¢�fg�Õc,M

ÈÖ$È± �÷£>�´��k6QÐC5¢�!£R�$�È±/6�3�ï¤�uvç�Yq

/2����´�� ��ÙÚäÛG>Õ{áÎ��÷£��%&'(�b¢�fg�{ýaC÷£C

�i�-e�!�

�
��Fusion�������������
����� }~���uv> ¥ =�@WGAëD�
¦§¨�CD �L±�FEG��ø ���=

LL©JK§ª��Oe3eÙÚäÛG>ÅÆ 

�!� =Nst �y«aCAëD>¬�!�
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� �����	
�������������� 100 ��������� !"#$%&
'�($)�%**+',-./01�(234565�/7�100 �����	
��
�� ATP ��89:�;<=>)?�@A7B�B��89:�;</CD5?)$EF
���)��������	
����G�H�IJKLM� N5?)�)453/

2?�B��O!/PQ��$4RR��B���KLS�T�UVW�5?�X���K

LS�T=Y$%Z��[L\L]^_+����B���KLS�T=Y$`abcde

Zfg��� h234 

 
��������	�
�������������������

� i	�IjkK�lc m$nopqr;s�IjkK�l�^t no�KLS�T

.�uv53wx�Yy=r;s�IjkK�l�i	�IjkK�l�z67{|=}

62?~forward����m��{|67z=}62?~backward���2��m$R�/E
62?)$4565�@�+��E62?)�6234RR���m��������� 

���r�������l67@A�A���&��<�L O�534@����forward
� backward���&��<�L�@A�A 44k kJ/mol, 79 kJ/mol�(234RA7����
180���7A3i	���/r;s�IjkK�l ��}=^6#� "#$��i
	���/��7A$¡¢�£¤^��<�L��¥A?)$R� ¦§5?)$

~Biochem. Biophys. Res. Commun. 2010, 396, 593-542�4  
 

fluorescent actin filament
forward (fast)backward (slow)

myosin filament
 

 

 ���������ATP�!"#����	�
�
� c¨ 1 ���67 180���7A3i	���/r;s�IjkK�l ��}=^6
5?>����7A$R�=Y2? ADP ©ª�� «¬¥�ATP =Y$i	��r;
s�67�uª ®�5?)$3¯=m���/°�5?)$R�/¦§¥A34565�

/7�ADP ©ª��/ backward �
®��2?)$6±y6�²76=

�2?)�)w³����i	�

=�´53no ADP  CagedATP
�o�u=Y$ ATP =Y� chase#
$µ¶·¸ ¹º5�chase ¥A$
�¥ �KLS�T53w���

forward �����backward ��®
)no»��°� ¦5�ADP ©ª
��/ backward �®��2?)$
�� ¼3  (BIOPHYSICS 2013,�9, 
13-20).  
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-���>�2&@�!�2���������� @���!����� �^¡%¢

n2£�¤¥�¦§>���-)*.[=�%��¨���@�!���©'(. 10-4Pa
ª«�`¬R2��@���J>.® �¯°-±²��Z@³´�µ¶·2¸¹�%

����^¡%º»«-.¼½@�¾����.w¿À���	Á{ÂÃ�&�kPl

mn%Ä�ÅÆÇ-)*���	.-¾%��¨�-@ÈV.�¾����/kPlmn
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ÓÔ>�Õ� 20nm �Ö��`¬R×Ø	ÙÚÛ×Ø�ÛÜÝ�Þß�à�	>áâ>@

¨�ÙÚÛãäå-���æç>)*���	��è��é�ÎÏÐPà��-æç>��

���¾��??����!���-)*>���ê�� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ventral membranes of CHO cells
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HCl
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Spin-coating on substrate
annealing

SiO2

Si

Nano-pore

EOM-PON-EOM 
Si(C2H5O)4
HCl
C2H5OH Micelle sphere

Spin-coating on substrate
annealing

 

Fig. 1 Fabrication of SiO2 thin films 
having self-assembled nano-pores.  

 
Fig. 2 SEM image of NDA (Nano Dent 
Array) surface. 
 

Evaporation

Suspension
Substrate

Surface 
tension

Capillary 
forcePull up

Toluene

Silica particles

PMPS

SiO 2substrate

Silica particle

Coating
UV irradiation, 
and annealing

Dip
SolutionEvaporation

Suspension
Substrate

Surface 
tension

Capillary 
forcePull up

Toluene

Silica particles

PMPS
Toluene

Silica particles

PMPS

SiO 2substrate

Silica particle

Coating
UV irradiation, 
and annealing

Dip
Solution

Fig. 3 Fabrication of SASP (Self-
Assembled spherical small Silica 
Particles) layer.  

 
Fig. 4  SEM planer view of SASP (Self-
Assembled spherical small Silica 
Particles) surface.
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  f���	
�?,�óô+�õ����1Tbit/inch2 ����	
���������

���������������� �!"��#$����%&'()��*+��

��	
����,+-. 5 Tbit/inch2/0�1234�56,�7����#89�:;<
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�?,���@A�B�C�DEFG'H,�IJ	
KLMNO&C��#$

����DEPQRSTUFG'H,�IJKL'V�WXY�C�Z[\]/^_��`

'ab�cd�ef���+DEFG'gh�H,�ijklRmno�ab'pq��r

s,�7����#

������������ !"#$%&'()*+,-

./0123

tDEuvwxyz{(15nm /|)�ghFG'H,�ij
klRm�}d~'�LN�Y��������,���

m���������R�Z[^_��`���V�&�

DE����S'P�j�RmXB��Z[^_�`��

�����C��FG��TU,�����z{�DEx

�'gh�H,�no�Nano Dent Array: NDA����� 
��,���¡¢�k�RmXB��DE��£�¤¥¦

�Z[^_�`�����§��TU�,�¨©Z[^_

DE£�¤��Self-Assembled spherical small Silica Particles 
layer:SASP�ª�+��«�DEFGno��¬rs�e

454z{�DEx�FG�cd 
45454®���¯°'H,�£�¤����±²³�-e

���;´�

m���������R�µ¶·�¸¹�������

�,DE¯°º'» 8 nm ª�» 5 nm ���¼½,�Y
Y7��¾�¿À¸¶WÁ�ÂÃ�����cdO&�

ÄÅ�e;´TU34�h_'»�μm2�8.8×105 nm2 /

0����Æ:�e�ÇÈÉ

45456®���¯°'H,�£�¤������� 
�°Ê£�¤��}Ë�b��ÌÍ��.��@¦��

S'cd,�m���������R(A)§�°Ê£�¤
�¾d@���imÎÏmÐ££Îj(B)§B��ÑÒÓ
Ô(C)�Õ'Ö×Y��¾�ØÙÚ�Û�,�ÏÜERS
(D)�Ý'ÆÞ,���¯°�©ßà��á������
'âãe

656®¯°'äå£�¤��Yæç+DEghFG�}d 
¯°'äå£�¤��Yæç+DEghFGY�C�¡

¢�k�RmX���fèé£�¤¥¦�¥¦º» 10 
nmê18 nm�TU��}ËY�&'�P�Y�e ICP Ï
�ëjì����íÒ� Si no0î�ïðFG�}Ë�
dñ�e 
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Fig. 5 SEM image of sirica thin film having nano dent 
array structure. 
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¥ºÆ:'�,�e� RTA ����e�ó
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Fig. 6 XRD profiles of before and after the additional 
annealing 

5 nm

{110}

{200}
 

Fig. 7 Bright field image of TEM and Electron diffraction 
pattern for an isolated grain after additional annealing.  
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Fig. 2 Magneto-optical image of magnetic domains 
after single pulse laser irradiations. 
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Fig. 3 The demonstration of all-optical information 
recording on magnetic media. 
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Fig. 2  Temperature distributed diagram 

parallel to X-Y plane of bit patterned medium 
(BPM). 

 

 
Fig. 3 Temperature of three columns (#1, #2, and 
#3) as a function of time. Media was BPM with 
rectangular arrangement. 
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Fig. 4 Surface morphology (a) and written magnetic 
domains (b) observed by magnetic force microscope 
for rod plasmon antennas. 
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Fig. 5 Surface morphology (a) and written magnetic 
domains (b) observed by magnetic force microscope 
for square plasmon antennas. 

 

Fig. 6 One of simulation results 
calculating optical intensity distribution 
for patterned media. 
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´1'? µ�¶�·1¸¹�`���º� µ�6��z»h4¼½RSL¾�¿� 3 c
���'?ÀÁÂÃÄ~h1ÅÆÇ4�Èµ,É�����z»h4¼½�Ê�`:,:R

S1L 2 cËÌÍ��'?�ÈÎ!,É��FÏ�
Ð����'?RS��Ñ3�ÒLÓ
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�
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(Ti0.2Zr0.8)(Fe0.5Mn0.5)1.5�7ù,úâûRS
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nm�ü.á��H·1ýþ��6�³´�1 MPa 

å����'?é� 20%���¸��Fü.áýþK
Ï4���_Ö��¦§ µ�6

�¸�� 60%��6,����H�	�
Çí�6 Î
�¸����56ÉÎ�+ýþ

7�`RS%&

	�����b �`���������`:�P�6øí`:�F 

� ¶�·1¸¹º�� µ�ß
ü.áýþ��ù6�LiBH4å7� MgH21L���K1

P��ÁÂ´��Ù´4 !���Ï4���_Ö�,-�+I��¦§ µ�6��Ù´

4�����Æ,�F(Ti0.2Zr0.8)(Fe0.5Mn0.5)1.5�7ù,úâûRS�mRL���1Lü.á

ýþ¨©��÷Î!,:���è�+I�6��R�µ�6Ù´4�¥5�F 

� ��ÁÂ´��Ù´4LI��¸1PÞC��56�1®��6í� MgH2
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":_#h�rÀ(Ti0.5Zr0.5)(Fe0.2Mn0.8)1.5ð 
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Â�ÈÎ!,Æ,�FNb2O5I�
7�Ù´4¨©�ü.áýþ
7�`$%&�56�d

�6:ù56
,��I���� ON/OFF �+
7�`�ù56�'(�)Î!�6*í�F 
 

���0 !"#1�$!�23"4565�

+,%&¢-.
���Ù´1/½'( µ`>?��mR���L 1 ��Q�� 0.1575 

nm2 �&¢�0÷�F�1ã}��2&15�7ù,345�:'(�¥5�6�� L

C6H2 6,����>?6�L 2.7%6,�FP�����7�81'(�!��%&� L

C6H66,�56�DE !���>?-.6�`�91Q�F���7�8
:���56

�1®!��_#hîjÕj
7�`%&
;��56L�<1Q�6øíÎ!��÷�=

�	�´� (77 K) �7ù,Ù´1���:� µ�S>��Æ?÷Î!�F 
�j@Ôj~ç
7��A�jB�rs@Cj�R �ÐDEFÔj~ç
7�S>GH

rs�jB�I�R �JKjLç
7��1ã}��b 6S>GH�M�sjh CVD 
(4NO( Z) ç
7�P�GHS>�R �å7�f�~�{_#Q��ç1)�S>G

HRS�T 
7�S>GHrs�jB�I�R ,-����U©�Ni�Pd å7� Pt �
·1L Pt �VW���:�3�����56��É��F5!L�XYR 1)� BN�

CNå7� BCN
K��Z~_�Ç[�`P\]1Q�ÛJ. Alloys and Compounds, 2013ÝF
^_=`aå7��_�&ÉÎL Pt �b��c��:�÷�3d döS>e�1fg/�h

i��U©�Cr-Fe RSå7�Ä�ÕjRS (Fe-Ni-Mn) 
d�3�Q�56�ÈÂ�`:
�Fhi�Y�1RS���'?j´á�kè��ß�89���'?½l6Lm,�@A

�n�RS�ÈoÉ��Fp�q÷`rs��F 
 

%�&'()*�$!+,0�0 !"#1�-.�/0�
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,x�� 

(Sieverts �ç4) ��yz=1Q�F6
5{��(Ti0.2Zr0.8)(Fe0.5Mn0.5)1.5 ���'

?éL�³´ (26�) 1L°v� 1/4 w

,x��Ù´1L°v� 1w
,x�

�U©6,�� (Ü�")F°v� 1 w
6:ù56L Henry�ç4
8ù6:ù

561Q����L���GG1RS


|:�`:�56
,�F°v� 1/4 w


,x��C}L��� 1���RS

��G!�ß�2 7����6�!6

\é��~�b ��6:ùY��§�

�!� ���F 

����÷
�5�RS�G�³´1��'? µ�1 MPa 1 0.634 mass%'?��65
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'?�`:,:6®6¡�\]��á=,��'?��÷Î!�F551�77 K1���'
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¥5��¶��H1'?é��{
,�56��"
�É÷`:�FG

��³´1'? µ���� 77 K1�¶��H1º��,:56P���É÷`:�F 
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���§¼45¦½	�%��:�
½�����4��o�p����~���:�

�p12 9¾4����2 THz ��!½¦�42nm �¦��Ú�q�������

	
��������������������� ! "#$%&'(� TiO2 )*�+

,�-./0�!1  23&'(� 2nm4%�565�78��9:� 

 
 

����������������� THz�� �!" 
;<=>%?,�(QD)	@AB THzCDEF%G

HI�GHJK�LM(/QD�NO�PQRST�
UV	WXY�ZN[\�]�^_`	ab9c

de:�f�GHIg THzF%hi�jk QD9
�PQRST�( 17%	�lmnopq	rZ

stH��f�uvlwxnopqyz	tH{

L�|}�f(e/2O~7%�M���X��

j�lmnJ�	��Z�5���l���#�

 �}���b	�ZB��}���F%�j

NO�PQRST��97%�tH�5�jk �

A��/ST�mn�5g>%?,���7%[�

�M����Z?,�g��(Zs�}b	���

f(9WXY���B�7%[���#	��B

 ¡��¢£/ ¡��¤P¥�¢£/¦§¨�©ª�LM�jk/GHI�«F¬�	�

� NEP9~10-19 WHz-1/2(/®jkE¯£A°	±B²³´ 1µ/¶·¸µ/u¹65º»

2µ¼� 
 

#�Si $%&'()*+, Au -.�����/01234)CdSe �����567��

8��9: 

½��gDEF%¾(Zs�¿�À�n CdSe >%?

,�/wp¿l²Si¼ÁÂ Au ¦§<ÃÄ/DEF% 
¡Å%	 1 ÆÇM�È,É5�ÊËÌB/Í�Î	Ï

�AÐ[\�F>%0³ÑÄ	ÒÓ�b	cd(Z/

2 Ô�14��/Si ¦§<ÃÄ�Õº/CdSe DEF%

¾�Õº	
ÁZB�ICP �j SOI ÆÇ�¨�	Ö
A/Ã| 630 nm ���F%�wl¤n×5?Øµ	Ù

BZBÚÛ 320 nmÜ/|Ë 1 mmÝM� Si¦§<ÃÄ
��Þ	ZB�f�<ÃÄ�ßÀ?�*5nP)m¹

g 10 nm à�(ÏáâXã� ZYZ�9XO�©ª
dGä��9WXY��k/½������åæ�e

�¢çgèZA�7%é)ê5n?ë�ìí�j Au
îï<ÃÄðjÂ¹�PÀ�-�ñò	âÔÅ%��

Þ�ðAs/ë�ó�9ô 100 nm ( �}/1 mm Ý
M� ¡^_�Å%��ÞgèZAf(9õY�B�

ZYZö\e�R5�GH	@ABìíegë�ó�

	 50 nm Ý#��÷f(9õYk/Óøù ^_� ���������	
�

�

1.5 μm

2� 1������

��� CdSe���

��
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Å%��Þ	úAeA�fãg Au ûü¹�PÀ�{L`-�I��Þeâý�(��s

A�Mþ(�ÖZs/DEF%¾�@A CdSe ¿�À�n>%?,��<ÃÄ(��,
�pl¤	�¡ZBEO~��Ê��öZB�7%é��¹�	@A/>%?,�	� 50 

nmà���EO~M� 1.5 mm�|Ëeq�Àz�	
f(�Þ�ZB�Ózegq�À
z�>%?,�gEO~ñò	(�sA�9/<ÃÄ(��,�pl¤�g�4(÷�

�B/f�>%?,�g 37 nm �� Au îïYX�ul�FT¾�om,�l�F(>%?
,�]��,�pl¤	��ZB� ²u¹65º» 1µ¼ 

 
;�<8=>?@ABCD�E7FGH TiO2IJ�K�L2M�NO 

��g�Å�¬���7��NJKÊ�B��

TiO2�O~)*�+,�-.	 FTO Æ�M��Þ�
f(	c�Z/7%é��¹�M�¦§R¹�]

� TiO2¦§ñò�� !ï©ª�Õº("#	cd

(ZB�TiO2 )*�+,�-.ñò��Þ�ðAs

�$%©ªe: TiO2¹È,6!ï&� Ar:O2'¹

�(�)	 2:1 (�f(�jk/*Ê+6l�,
Þ	¿l��5ne�-Yke�}/¦§ EB �

�¹�R¹�	.Ë�A�[#e� TiO2!ï�Þ�

ZB�f� TiO2¦§ñò	 500 �e/ÞËÌf(

�jk/q×n)0¹YXn+n1qû652]�

-.Ê	��Z/�B3�4ygc5�B6Ê97

Af(	��ZB�fãg PMMA �8�N[9`
	:Ô�P¹+,��8[�Øµ�;ZAÆÇM�

â TiO2¦§ñò�Þ9^_�f(	�Z/<=>�

?@9å@e��²³´ 2 µ/u¹65º» 1 µ¼� 
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  ��A�����B3(SOFC)��¿�"�6CD5��4r��X2¹�#����
.
�� �Ï/�5NE-5���x��#�!"�q 800F1000�� 600F800���

������	
����������������������� !"#$%�&'

()*+,�-.	
����"�/012��3��4*5�6" ��7,(8+

,�!���9:;<!�/=���>�4*:�?@ABC��DEFEG	HI�J

�KLM�EGN���:;<!�7,(8+,�!�O9�P	��QRQ:ST!�/

�>���>:UVEW�7,(8:�X!�STN�YZ:[\N���:]^�/3

��_�-.!�4*5:`aN���b��7,(8STcd-.�ef�6"gN/ 

 
������� �������������� T�!"#$�%&'(�)*+,-./0123�456�

  LaNi1-xFexO3-δ�h� LaNi0.6Fe0.4O3-δ�ij+,��#$%�k=�"� Sr 	l"���
&'()*��Pmno9	p���qr�#$%+,st�!HI��J�/!Q!

�	>04*�(%�!�EGuv�wxPy SOFC ���zF{|}~$������
(h9�;<�����������P���9��r���"�Q^�/ 

012��ijEG�M�!����J�&LnoM��W�KLM��6����

�M�������G�z����G�!�/����EG�G�!��� 3+� Ni ���

:���J�������Ni �	�"�*�#$%+,�EG�G�!�/(Solid State 

Ionics 2011)=������ ¡¢���£¤y¥¦C§��¨� X ©ªr�«¬®ªr

y¯°�±ªr��������M�EG!� LaNi0.6Fe0.4O3-δ� 1050²��³N��7,(
8�#$%�!´µ¶��³·zFO"«¬®F�*¯°�±:¸6+,�����:

¹>Q�!�/(J. Amer. Ceram. Soc. 2012) �>�&LM��X!�º,»Q�����¼�
KLM�EG!� LaNi0.6Fe0.4O3-δ �³'��«½:�¾!���¿�����M�EG!�

º,���³	���ÀÁ����³·zF¬®»Q����¯°�±b�*�ÂÃ!y

N"��:¹>Q�!�/ (Mater. Res. Bull. 2013) =�#$%��Ä�(Å:ÅN���Æ

¶��ÇÈÉÊËÌÍC��dQ����	Î>����O���ÇÈÏr«9	.ÐN

���	Ñ�>��/ÇÈÏr«9���ÒÓy�(ÔÕP�Ö×���Ø����ÙÚÛ

:�"ÇÈÏr«9ªr��ÜÇÈ�ÝÂÃ����(Ôªr:�¾�LaNi0.6Fe0.4O3-δ �

7,(8��Þß���h9)àFST:ºV�/=�ÙÚÛ:�"ÇÈÏr«� δ :S

T!���¿á300-700 ºC�ÇÈ�Ý 1â10-4 atm ã� δ=0.10±0.01 �ä���	¹>Q��
^�/SOFC ��uv��04*ã��ÇÈåæ	 3 %3çè^"�������é�C

»Q����ÇÈê¨ëìbíJ"��	î���#$%�!ï""���	îð��

�/=� Sr :kñ�"�¼�#$%+,��b�ÇÈ�Ý��� δ �ÕP	p���Pm

¶�qr�ä���	î���/SOFC ��uv���"�(h9:ST!���¿�Ç
È�Ý���òóÇÈÏr«�.ô���õÍö÷øù�£ª���b���700 ºC3��

�ÇÈ�Ý 10-4$Ý��b 130 S·cm-1:ú��O"($û�Ô:îN���ÇÈåæ�.ô

���é�C�ü�z�ÕP�p�"��:¹>Q�!�/ýECS Transactions 2013þ/ 

3ç�� LaNi0.6Fe0.4O3-δ 	#$%+,�!���h9:¸6��	¹>Q��^�»Q

�����#$%�!���9�:¸6�³��³':EGN��Mb¹��N���	

�J�04*	 ��(%+,st�����Ø���:¹>Q��J�/ 
 

7�819:;<=> ?�@ ABCADC��EF��@�� T�GH$I-J!",-.<=K6LM�

Ð��&'ÇP4�7,(8���	�b"��
�Ë�('�ÇP4
�Ë�('�ä

�
�ö÷qrP�C��÷	_��">�"�/04*�Pm¶�qr9y�z	�
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���"ó���ä�b���������ÇP4
�Ëû������ 900 ºC 3ç�O

�	
��ä���	����^"�/012��ÇP4
�Ë��ó�íJ�
�Ë�

ü���
�¶�O�	
��ä�b��Ñ�����z��P������È
�Ë�(

9�����|:;<N�J��³���!�/

�È
�Ëû�'�!ijQ>� ��"��� SrZrO3y BaZrO3�!�"#|$


[%:¸64*�ä�/BaZrO3� Zr &
� Y �!'(Ö)T
�Ë:	�d*!Ç
Èåæ:�è!�b��O"+"Ë�(h9:îN��	Î>�"�/!Q!�	>0

4*,�-�³9�ä����&'()*�!{|ö����"�³'�EG	./�-

!"��	����^"�/SrZrO3� Zr &
� Y �!'(Ö)T
�Ë:	�d*!

ÇÈåæ:�è!�b�bO"�È
�Ëû�:îN0	12�����!Qb�³	

«½¶34�ä���	�Q^"�/!Q!�	>04*ã��5�â7,(8���z

� 3 (b�[%L6ü	ä��78¶qr9	����^"�/012��9:�&';
'�ä� Ba1-xSrxZrO3:����M�EGN����G�!�O� X ©<=����Ù�>�

î?Ù�à�ÙÒÓ>:Lt¶��"L6ü@�:¹>Q�!�/Sr &
� Ba :d*
!"��L6ü�z:��P�J�Ba� 0.63ç�5�â���z=���L6ü��"

4*:EGN����G�!�/(Thermochim. Acta 2012, IOP Conf. Series, Mater. Sci. and Eng. 
2011) �>�&LnoM��ÜKLDEM�«½:]"�KLM�EG!�º,��	O"

�³·z:îN��:¹>Q�!�/���KLM�EG!��	&LM�EG!�b��

�³�A	BC¶�GD�facet	ôE����Fo!"�/ 

=�[%L6ü�GH	ù����³h9bIJ� Ba0.6Sr0.4ZrO3�6" Zr &
� Y
:d*!�º,�EGb�¾!�($û�h9bST!�/Y :d*!bL6ü@���

Ü�³h9�ÕP����Ba0.6Sr0.4Zr0.9Y0.1O3-δ 	O"�³h9:¸K�L6ü���LM�

�	ù�"��:¹>Q�!�/Ba0.6Sr0.4Zr0.9Y0.1O3-δ �($û�h9:ST!���¿�Ð

�=��12��"� BaZr1-xYxO3-δ y SrZr1-xYxO3-δ �«�O"($û�h9:îN��

:¹>Q�!�/(Solid State Ionics 2012) 

N���OPQR�S>0+TUV�=W���XY9Z[

&'()*�! Ba0.6Sr0.4Zr0.9Y0.1O3-δ �O"ÉÊËÌÍC	î�����0+,:�"�

7,(8��X:ºV�/����M���04*NL�OP+,:EG��Q+A|G�

�RST�!�U�V�Ý+A|:�¾!�U�1500 ºC��³:]^�/�³·z 95 %3
ç�&'()*�!�����³':Ø���	Wj�X()*�(%+,��Ü{|Ì

�C+,�!�Y
A��|{�|��Z[9�ïç����¬:78¶�1\!�¢

�]ç^�/(%+,�!�_`��|:&'($*�9a�b±!/900 ºC��J

c�:�¾!�/=�Y
A��|{

�|öËd:ç��c[! 900 ºC �
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����() ¡¢�>Ü�{|:�
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 PI����������������������� 
 

 !"#$%&'#()*+�

����

 
,-./0123�456781�9:67(PI)��������� 
������� PI ����	
���������
� DNA ������������� !"#$%&
'()!*+,-./&� !012345&-.6

7089"#:;<��=�>? DDS@ABC,DE
�F?GHI#:JK
LM2,NOPQ,RST,

UVWX>Y�VW7Z[�\3]^ TGF-_1 �\"
# PI ����	0`�ab3c:def=3ghij
*klmno=�pqmn+rst��uvw^xy

z�{|g TGF-_1 }~u�����
]^xyz=
�|�q70��c:��uvw^� TGF-_1 0��
%&="#NO��7PQu��0��3,]^ TGF-_1 �\"# PI ����	���0
��3c:����~���� A �g��uvw^�LZ[u��0��3,def�i
=3g��*��,�7,b�7,��70��,��3c:��,GMP ���	+��
�>� !�0¡|,ef¢ I��i0¡£:
 
 
;-<= TGF-β1>?@�ABCD PI����EFGH iPSIJKL���� 
]^¤¥¦NDE§ MCF10A� Phorbol 12-myristate 
13-acetate¨PMA©0ª«3 EMT�¬®��¯I,
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with Dielectric Rectangular Cylinders Sandwiched between Two Multilayeres” * IEEJ Trans. 
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Nihon University N. Research Project –– Summary 
  Here we are in the final year of our project "Nanomaterial-based Photonic and Quantum and Bio 
Technologies", which started in academic year 2009 after one year of feasibility research in 2008. The 

purposes we set up were to address three of the most pressing problems facing the society today -- (i) 
the information explosion, (ii) the exhaustion of fossil fuels and the related steep increase of 

atmospheric CO2 concentration, and (iii) cancer that accounts for a third of Japanese death. They are 
apparently wide ranging, but if we look into the origin of these problems from a technological point of 

view, we find that every problem has its roots in materials in the nanoscale. We have focused on the 
sciences on quantum mechanical interaction between nanomaterials and light and on advanced 

technologies that rely on them and conducted this collaborative project comprising researchers from 
five Colleges of Nihon University, each with a background in science, technology, medicine, or 

pharmacy. 
  We have achieved many, if not all, of the research goals we initially set up. In the magnetic 

recording, we have not only demonstrated a possibility of ultrafast recording, but also found a new 
mechanism of recording. For recording density, we have achieved smaller recording spots than our 

planned goal. For quantum information technology, we have achieved the original goals about the 
single photon detector and the entangled photon source and successfully demonstrated their 

performance. In the energy technology area, we have found new materials that satisfy the 
requirements for use in fuel cells, while improvement of solar cell efficiency is still on the way. For 

the PI polyamides, while studies at the cells and mice levels are continued for cancer treatment, a great 
progress has been made as a drug candidate for the inhibition of skin scar, which was made into 

ointment and was found effective on mammalian marmoset. 
  These achievements have been published in many journals including Nature and its sister journals 

such as Nature Photonics, Nature Communications, and Nature Materials as well as J. Am. Chem. Soc. 
etc. and led to 31 patent applications.  

  A number of new collaborative researches across the Colleges have begun, more than we originally 
planned, as a result of the project activities. For example, a sintering protocol used by Hashimoto of 

the College of Humanities and Sciences was applied by Iwata of the College of Science and 
Technology to the production of high-quality, nano structure-controlled films. A new collaboration 

has begun between Asai of the College of Science and Technology and Fukuda of the School of 
Medicine, in which plasma is applied to medicine. 

  We have placed emphasis on the training and development of young, next-generation researchers 
through the advanced research. We have provided financial support to (post-doctoral) research fellows 

and research assistants. Thirty five awards were granted related to the project member, many of which 
were poster awards and presentation awards to young researchers.  

  This project has led to a successful selection of a new MEXT strategic project for private 
universities "Search and Creation of New Materials, Properties, and Devices through Understanding 

and Control of Ultrafast Interaction between Light and Matter", which we hope will be a successor 
locomotive for further research activities. 

  We wish to express our respect and gratitude to professors of the Strategic Research Council for 
Academic Research and the staff of the Research Promotion Department for the planning, 

implementation, and support to the "Nihon University Strategic Project for Academic Research" aka 
"Nihon University N. Research Project." We acknowledge the advisory board members for their 

evaluation and encouragement. We also wish to appreciate all members of Nihon University who 
allow us to engage in this large-scale project over the last five years. 

  Here we present the final report, hoping that the achievements of this project will contribute to bring 
the low-carbon healthy society into reality in the healthy future. 

February 5, 2014, Project Leader Prof. Joe Otsuki 
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Overview of the Project 
 

This project addresses three major issues that needs technological innovations: 
  - 1. Information technology: Super high speed, super high density recording and quantum 

information processing 
  - 2. Energy technology: Solar energy harvesting with nanostructures 

  - 3. Medical technology: Nanobio technologies for medical applications 
on the basis of our photonic, quantum, and bio technologies through collaborative studies over 

different departments of Nihon University. 
 

To establish a common basis for the research on the three subjects, this project also explores sciences 
and technologies in  

  - Photonics and quantum aspects of nanomaterials. 
Nanomaterials will be fabricated both from bottom-up approaches and top-down approaches as well as 

by reactions controlled at the nanometer level. The experimental approaches are complemented by 
quantum theoretical and computational studies on the interaction of light with matter at the nanometer 

scale. Nanomaterials will be developed through these approaches for the applications in the above 
mentioned three areas. 

 
Thus this project aims at providing innovative technologies to contribute to realize a highly-developed 

sustainable society. We also put an emphasis on education for young generations through the 
interdisciplinary cutting-edge research. 

 
Research Groups 
 
The members belong to one or more groups depending on the area of research. Application oriented 

groups mutually collaborate around the groups for nanoscience and nanotechnology. 
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Introduction 
 
  In the beginning of 2008, the research program "Nihon University Strategic Projects for Academic 

Research" was announced. In the program, researchers from different Colleges of Nihon University, 

geographically separated, were expected to work together. I believe that this was an ambitious 

program which tried to address issues along the national science and technology policy and meet the 

society needs, and can have impact, increasing the University's competitiveness. 

  We started to make a team to apply to the program. There was a group led by Itoh in the College of 

Science and Technology that I work for, which had worked together in application to the COE and 

global COE programs by the MEXT (Japanese government). There was also a group members in the 

College of Science and Technology for the High-Tech Research Center Project on nanomaterials 

supported by the MEXT to be over in 2008. We made a team mainly from these groups and recruited 

new members from the College of Humanities and Sciences and the School of Medicine. We had 

meetings, made a research proposal, and applied to the "feasibility research" in May 2008. Our 

proposal was selected as one of the five feasibility researches after screening and hearing processes. 

The team was further improved joined by new members from the College of Bioresource Sciences and 

the School of Pharmacy. After further presentation, paperwork, and hearing, our proposal was 

approved as the only one designated research in October 2008. I remember that we held a research 

retreat in Atami Onsen (hot spring) in February 2009 and discussed our project all day long to jump 

start the Project. 

 

Research Proposal 
 

  The submitted research proposal was as follows. 

This project addresses three major issues that needs technological innovations: 
  - 1. Information technology: Ultrahigh speed, ultrahigh density recording and quantum information 

processing 
  - 2. Energy technology: Solar energy harvesting with nanostructures 

  - 3. Medical technology: Nanobiotechnologies for medical applications 
on the basis of our photonic, quantum, and bio technologies through collaborative research across 

different Colleges of Nihon University. 
 

To establish a common basis for the research on the three subjects, this project also explores sciences 
and technologies in  

  - Photonics and quantum aspects of nanomaterials. 
Nanomaterials will be fabricated both from bottom-up approaches and top-down approaches as well as 

by reactions controlled at the nanometer level. The experimental approaches are complemented by 
quantum theoretical and computational studies on the interaction of light with matter at the nanometer 

scale. Nanomaterials will be developed through these approaches for the applications in the above 
mentioned three areas. 

 
Thus this project aims at providing innovative technologies to contribute to realizing a highly-

developed sustainable society. We also put an emphasis on education for young generations through 
the interdisciplinary cutting-edge research. 

  The areas of research were determined from a point of view that the members had already 

established backgrounds and were likely to further develop significantly. We also decided to address 
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important issues, rather than niche issues, to contribute to solving problems facing society. On the 

basis of these considerations, we decided to address issues in the most important areas, i.e., 

information, energy, and medicine. These appear, and are, too broad a theme. From a technological 

point of view, properties of substances and materials relevant to each one of these areas are 

determined by the microscopic structures and properties such as the arrangement of atoms and the way 

they interact with light. Therefore, we need to get insights into the microscopic world and to devise 

technologies based on the insights. There came a common theme of sciences and technologies on the 

nanometer scale that is the dimension of assemblies of atoms and molecules. A nanometer (nm) is: 1 

nm = 0.000 000 001 m. 

 

SScience 
and technology 
on nanomaterials 

and light 

超分子・自己班 

IInformation 

EEnergy 

MMedicine 

・Demonstrate ultrafast recording. 
・Understand physically ultrafast recording. 
・Develop key devices for quantum information. 

・Develop solar energy utilization. 
・Develop hydrogen energy utilization. 

・Develop DNA recognition drugs 

Low-carbon healthy society, healthy future 
 

Figure. The goals of this research project.  

 

  Information Technologies.  A new methodology is required to meet the demand of 

information explosion to record and read more information on smaller regions, faster. Safety must be 

assured for the large-volume data transfer. This project aims at faster, smaller, and safer information 

technologies. 
 

  Energy Technologies.  Only the people in the last 100 years enjoy lives which depends on 

massive fossil fuels as shown in the figure. The Fukushima disaster happened on March 11, 2011, 

which was beyond our imagination at the start of this project. Although shale gas is being developed, 

it is certain that the Sun is the only sustainable source of energy. This project aims at better use of 

solar energy and hydrogen as an energy carrier. 
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Figure. Energy consumption of humans. The unit of the ordinate is megaton oil equivalent, the abscissa 

represents the year. Data from the United Nations$BP$and WEO. 
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  Medical Technologies.  Cancer accounts for a third of Japanese death. Cancer is a disease 

in which cell proliferation is out of control due to abnormal gene expression. Therefore, if one can 

control the gene expression, the cure may be within our reach. Doctors in the School of Medicine had 

been working on synthetic compounds called pyrrole-imidazole polyamides which can recognize the 

base sequence of DNAs. This project aims at developing drugs based on this class of compounds. 
 

  Nanomaterials Research.  Every one of the above mentioned researches needs 

nanomaterial-based science and technology. Information needs to be written into an ever smaller area 

of nanodimension; photovoltaic efficiency depends on the properties of nanointerface where photon-

to-electron conversion occurs; the DNA binding compounds recognize the shape and properties of 

DNA at the nanoscale. We studied these specific aspects of nanoscience and nanotechnology as well 

as those from broader perspectives. 

  To fabricate nanomaterials, there are two approaches. One is the top-down approach which is well-

known in the semiconductor industry and the other is the bottom-up approach relying on self-assembly 

which is adopted by living organisms. Both approaches, depending on the background of the 

individual researchers, are jointly employed in this project. Theoretical studies and numerical 

simulations were also performed along with the experimental works, because theoretical 

understanding is indispensible on the interaction of light and nanomaterials. 

 

 

Research Progress and Achievements 
 

  The scientific impact, novelty, and significance are demonstrated by papers published in reputed 

journals such as Nature and its sister journals, Nature Communications, Nature Photonics, Nature 

Materials as well as J. Am. Chem. Soc., etc. On the other hand, the technological novelty is seen from 

31 patent applications. Thirty five awards were granted from scientific communities; many of which 

were presentation and poster awards to young researchers, showing the effectiveness of the training 

and development for young researchers of the project. 

  The overview of the research achievement is described in the following. Please see the group 

reports and individual reports that follow for details. 

 

  Information Technologies: Ultrafast, Ultrahigh Density Recording.  The 
hard disk has an array of tiny magnets, called magnetizations, on the surface. Digital information 

comprising zero's and one's is recorded as an up or a down of each magnetization. Therefore, the 
magnetization must be flipped over to write information. In the present technology, the flip-over of 

magnetization is achieved by magnetic field, which is a slow process on the order of 0.25 Gbit (250 
000 000 zero's or one's) per second. 

  Before this project started, Tsukamoto and Itoh, in collaboration with a Netherlands team, had 
found a physically new phenomenon. The electric field of passing waves of light can change direction 

as it passes, which is called circularly polarized light. The new phenomenon Tsukamoto and Itoh 
found is that a pulse of circularly polarized light on their material flips the magnetization.123 They 

named the phenomenon "light-induced ultrahigh speed magnetization inversion." This is a new 

                                                             
1 Tsukamoto and Itoh et al., Phys. Rev. Lett. 2007, 99, 217204. 
2 Tsukamoto and Itoh et al., Phys. Rev. Lett. 2007, 99, 047601. 
3 Tsukamoto and Itoh et al., Phys. Rev. Lett. 2007, 98, 207401. 
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method for inverting magnetization completely different from conventional methods. The recording in 

this new method can be 100 000 times faster than the present method, in principle. 
  The mechanism had not been known because the phenomenon was unprecedented. They attempted 

to obtain insight into the mechanism of the magnetization reversal, with faster recording in mind. They 
successfully demonstrated fast writing by destroying and flipping the magnetization with the first 

pulse and reading with the second pulse.4 The whole process took only 30 ps (0.000 000 000 03 
seconds), which was already much faster than the status quo. This result was highlighted in the 

Spotlighting Exceptional Research in Physics (2009, 2, 73) published by the American Physical 
Society, in Research Highlights in Nature (2009, 461, 318), and in Research Highlights in Nature 

Photonics (2009, 3, 606). 

 

 
Figure. "N." (Nihon University icon) written by the light-induced ultrahigh speed magnetization 

inversion. 

 

  They then were successful in probing the behavior of magnetization reversal with an extremely 

short time.5 Upon irradiation by laser pulse on the material containing iron and gadolinium, the 

magnetization of iron flips in 300 fs (0.000 000 000 000 3 seconds), while that of gadolinium flips 

slower in 1.5 ps (0.000 000 000 001 5 seconds). Little had been known about what happens in this 

time scale and this work marked a milestone in the magnetic materials research. Further, they newly 

discovered another mechanism for magnetization reversal by ultrafast heating with laser pulse.6 

  In yet another work, they obtained insights not only in a short time domain but also in a small 

spatial domain by observing magnetization reversal by X-ray laser.7 The data showed that magnetic 

interaction between iron-rich domain and gadolinium-rich domain affects the magnetization dynamics. 

These results suggest that the nanostructure of the magnetic material can be engineered to control the 

magnetization reversal behavior, possibly leading to faster recording. 

  Light can be fast but on the other hand cannot be concentrated smaller than its wavelength scale due 

to its nature as waves. With visible light, with the wavelength around 500 nm, one can write a bit of 

information in an area of 500 × 500 nm, which determines the information density. Nakagawa and 

Ohnuki et al. addressed this problem with near-field light. Upon light irradiation on a nano-sized metal, 

the light apparently resides near the metal. This state of light, which is called near-field light, has the 

effect of concentrated light around the nanoregion and thus may be used for ultrahigh density 

recording. They approach the issue from both experiments and simulation, culminating in a minimum 

62 nm × 67 nm recording area at present. 

  Information Technologies: Key Technologies for Quantum Information.  

The amount of information trafficking is increasing exponentially as well as the information stored. 

The safety of information transfer is assured by cryptography. The present cryptography relies on the 

                                                             
4 Tsukamoto and Itoh et al., Phys. Rev. Lett. 2009, 103, 17201. 
5 Tsukamoto and Itoh et al., Nature 2011, 472, 205. 
6 Tsukamoto and Itoh et al., Nat. Commun. 2012, 3, 666.  
7 Tsukamoto et al., Nat. Mater. 2013, 12, 293. 
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fact that computers are not good at integer factorization or prime factorization, meaning that it takes 

too much time to do it. Recently, integer factorization of numbers over 200 digits was reported (NTT, 

2010) and the safety concerns are increasing. 

  Quantum cryptography is attracting attention because it is impossible, on the basis of its principle, 

to do eavesdropping or decoding. There remains a number of technological problems to bring the 

quantum cryptography into reality, however. Namekata and Inoue had cutting-edge achievements 

including  

    • First cryptography demonstration in Japan using existing local area network (LAN) lines,8 

    • A single-photon detector with the highest repetition rate for optical communication band,9 

    • Quantum key distribution with the highest repetition frequency.10 

  In this project, they further developed key devices and demonstrated their performances. 

 

 

Figure. The first quantum cryptography experiment in Japan using the LAN. 

 

  The most important device for quantum information technology is the single-photon detector. Light 

is a wave on the one hand but a particle called a photon on the other and is counted as one, two, and so 

on. The quantum cryptography utilizes this property of light. Therefore, the individual photons must 

be detected when they arrived, and quickly. Namekata and Inoue have developed a single-photon 

detector with a repetition frequency of 2 GHz (2 000 000 000 times per second) by a custom-operated 

avalanche photodiode photodetector. 11  They also developed a high-quality photon-number 

discriminator that can tell how many photons arrived with a repetition rate of 80 MHz (80 000 000 

times per second), orders of magnitude faster than conventional devices (100 kHz, 100 000 times per 

second). They were successfully demonstrated a quantum operation called non-Gaussian operation.12 

  They performed quantum key distribution experiments using their own devices and achieved long-

distance distribution (160 km) and high-rate distribution (1 Mbps = 1 000 000 times per second).13 

  Further extension of the distribution distance requires quantum relays. One of the key technologies 

for quantum relay is the generation of entangled photon pairs and entanglement swapping. They 

obtained entangled photon pairs with a high purity of ~0.9 compared with conventional ~0.75 for the 

optical communication band (1550 nm). They also developed a quantum receiver beyond the standard 

                                                             
8 Namekata, Inoue et al., Opt. Express 2005, 13, 9961. 
9 Namekata, Inoue et al., Opt. Express 2006, 14, 10043. 
10 Namekata, Inoue et al., Appl. Phys. Lett. 2007, 91, 011112. 
11 Namekata, Inoue et al., IEEE Photo. Tech. Lett. 2010, 22, 529. 
12 Namekata, Inoue et al., Nat. Photon. 2010, 4, 655. 
13 Namekata, Inoue et al., Opt. Express 2011, 19, 10632. 
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quantum limit of coherent optical communication.14 

  These achievements attracted great attention from industry and were highlighted in many 

specialized periodicals. 

    %Nikkan Kogyo Shinbun, February 12, 2010. 

    %Nikkan Kogyo Shinbun, July 8, 2010. 

    %Laser Focus World, June 28,  2011. 

    %Fuji Sankei Business i, June 28, 2011. 

    %Nikkan Kogyo Shinbun, May 16, 2011. 

    %Denkei Shinbun, February 27, 2012. 

    %Denpa Times, March 5, 2012. 

  For the quantum relay, a quantum memory is required in addition to the entanglement exchange 

mentioned above. Relevant paper by Kuwamoto on the Bose-Einstein condensates was selected in the 

Highlights of 2011 of J. Phys. B.15 

 

  Energy Technologies: Solar Energy and Hydrogen.  In the energy technology 

area, we put focus on systems that utilize solar light energy. We studied each of the technologies that 

comprise the solar utilization cycle shown in the figure below, i.e., solar photovoltaics, photodriven 

hydrogen generation, hydrogen storage, and fuel cells that generate electricity from hydrogen. 

 

 

Figure. Solar energy utility cycle and technologies we addressed. 

 

  Dye-sensitized solar cells are one of the promising candidates for the next-generation solar cells. 

This has an advantage that the absorption wavelength and electrochemical potentials can be tuned by 

chemical design because light absorbing materials are molecules unlike silicon solar cells. To take 

advantage of this property, Otsuki examined a class of compounds named "perylenedicarboxylic 

imdies" systematically and revealed the structure–performance correlation. The maximum efficiency 

obtained through the study was 3.1%. 

  Matsushita attempted to increase the efficiency by using photonic crystals to confine the light on the 

cell. She obtained data that confirmed that the near-field light produced by the photonic crystals 

indeed increases the light-to-current conversion efficiency per dye molecule. 

  The sun light may be converted to chemical energy such as in the form of hydrogen molecule, 

instead of producing electricity. Hydrogen generation using synthetic molecules and photosynthetic 

bacteria was both examined. Otsuki designed supramolecular catalysts that self-assemble to form 

                                                             
14 Inoue et al, Phys. Rev. Lett. 2011, 106, 250503. 
15 Kuwamoto et al., J. Phys. B 2011, 44, 075302. 
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catalytic sites spontaneously just upon mixing in solution and found that the turn-over number of 

hydrogen generation was twice as much as a system without self-assembly.16 

  Asada and Nishimiya found that the hydrogen generation was increased by placing a hydrogen-

storage alloy in the hydrogen-generation chamber containing photosynthetic bacteria.17 This was 

made possible by a water- and moisture-resistant treatment of the hydrogen-storage alloy developed 

by Nishimiya. 

  Fuel cells are used for the generation of electricity from hydrogen. There are several types of fuel 

cells, among which the solid oxide fuel cells are attracting attention as a highly efficient device. For 

the commercialization of the solid oxide fuel cells, the operation temperature must be lowered from 

the present 800–1000 °C to 600–800 °C. New materials are needed to achieve the low temperature 

operation, which was addressed in the project. 

  Hashimoto systematically searched for materials prepared by the Pechini method that can mix the 

starting materials at the nanoscale and found materials that achieved the required properties. Fuel cells 

require the air electrode and the proton conductive material. He found that the optimal air electrode 

material is LaNi0.6Fe0.4O3–δ
18 and the optimal proton conductive material is Ba1–xSrxZr0.9Y0.1O3–δ.

19 He 

is now at the stage of preparation of prototypes of fuel cells. 

 

  Medical Technologies: DNA Recognition Drug Development.  Genetic 

information is stored as the sequence of four types of bases in DNAs, which are giant molecules. It 

was known that distamycin, which has pyrrole groups, pentagonal units containing a nitrogen atom, 

binds DNA. Around 1990, Dervan found that synthetic molecules in which imidazole, a pentagonal 

unit containing two nitrogen atoms, is introduced into the distamycin framework bind DNA in a 

sequence-selective manner. He termed the molecules pyrrole–imidazole polyamides (PI polyamides 

hereafter). 

  The researchers of the Schools of Medicine had been working on the PI polyamide when the project 

started. They have advanced the studies aiming at drug development in this Project. 

 

 

Figure. Distamycin (left) and an example of PI polyamides (right).  

 

  They confirmed suppression effects of PI polyamides on gene expression and cell proliferation in 

experiments using an osteosarcoma cell line, a hepatoblastoma cell line, Wilm's tumor cell line, and a 

                                                             
16 Otsuki et al., Chem. Commun. 2010, 46, 8466. 
17 Asada, Nishimiya et al., Patent Application 2011-124597. 
18 Hashimoto et al., Solid State Ionics, 2010, 181, 1771. 
19 Hashimoto et al., Solid State Ionics 2012, 206, 91. 
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human prostate cancer cell line. Some PI polyamides were also found effective in mice experiments. 

Pharmacokinetic behaviors of PI polyamides were also evaluated. A paper by Soma, Fukuda, and 

Matsumoto on PI polyamides was selected as the excellent paper in Biol. Pharm. Bull. published by 

the Pharmaceutical Society of Japan in 2012.20 

  The transforming growth factor (TGF) is a class of proteins that bind DNA and regulate its 

expression. TGF is categorized into two subdivisions, TGF-α and TGF-β. The TGF-β are proteins 

which are produced in various tissues and are involved in cell growth, production of extracellular 

matrices, and regulation of immunity. Fukuda et al. designed multiple PI polyamides that bind to the 

sequences in the binding site of TGF-β1 and found a lead compound that inhibited the expression of 

TGF-β1 mRNA (the template for TGF-β1) in human- and marmoset-derived fibroblasts. To facilitate 

drug development, while continuing studies aiming at treating cancer, evaluation of the compounds for 

a simpler symptom was performed on mammalian marmoset. They made the PI polyamide into 

ointment and applied to fibrotic scar on marmosets and confirmed the inhibition of the skin scar. The 

results were highlighted in Nihon Keizai Shinbun (October 18, 2013, for a full image, see appendix). 

 

 

Figure. Less scar after surgical operation. Clinical trial expected next year. 

 

  Other than on PI polyamides, studies on dedifferentiated fat cells (DFAT) found by Kano and the 

Stabilon, a 16-peptide motif that stabilizes proteins, found by Masuhiro have advanced. Further, Kano 

et al. clarified the relationship between the dynamics of cell shape and gene expression during cellular 

differentiation of fat cells.21 Photodynamic effects were evaluated for newly synthesized porphyrin 

and chlorophyll derivatives by Otsuki, Fujiwara, and Nagase. Asai and Fukuda are working on plasma 

for applications in medicine. 

  Another topic is that Nagase et al. in the Balmain group have analyzed genetic network structures 

related to skin inflammation and tumor susceptibility, the results of which were published in Nature.22& 

 

  Nanomaterials Research. Each member of the project has his/her own expertise in various 

area of nanoscience and nanotechnology. This project aims at facilitating communication among them 
thereby advancing collaborative studies and providing their expertise, materials, and techniques to the 
                                                             
20 Soma, Fukuda, Matsumoto et al., Biol. Pharm. Bull. 2012, 35, 2028. 
21 Kano et al., Nat. Commun. 2014, in press. 
22 Nagase, Balmain et al., Nature 2009, 458, 505. 
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areas of information, energy, and medical technologies. 
  The following three groups were organized. 
    • Supramolecules and Self-Assembly Group. Preparation and characterization of nanomaterials 

and nanostructures from the bottom-up approach. 
    • Nanomaterials and Nanotechnology Group. Preparation and characterization of 

nanomaterials and nanostructures from the top-down approach. 
    • Quantum Theory and Computation Group. Quantum mechanics and simulation on the 

interaction of nanomaterials and light. 
  Advances in these groups will be described in the following sections. There I present various 

nanostructures and their properties obtained in the Project, which include examples with significance 
in their own right and those promising for applications to information, energy, and medical 

technologies. 

 

  Nanostructures through Supramolecules and Self-Assembly.  Otsuki et al. 

had been working on construction of molecular assemblies and characterization of them at the 

molecular scale. The examples shown below are arrays of compounds called porphyrins. The 

molecular structures are custom-designed such that intermolecular interaction moieties (hydrogen 

bonding sites) are introduced in the molecules. They found that, by design of the molecular structure, 

molecules can be arranged, for example, into double-rows (left) and into a zigzag pattern (right).23 In 

this Project, the self-assembly has been further examined including three-dimensional architecture. 

 

     
Figure. Porphyrin molecules arranged in double rows (left) and in a zigzag pattern depending on the 

molecular structure. 

 

  In natural photosynthesis, chlorophyll molecules assemble into organized arrays and function as 

light-harvesting antenna. Otsuki et al. investigated self-assembly structures with synthetically 

modified chlorophyll molecules. One of them was found to form double helices, reminiscent of the 

double helices of DNA, in the crystal state.24 It is significant that a molecule was organized into a 

three-dimensional structure of this complexity (and beauty). The result also offers a hint to construct 

artificial antennae for light-harvesting. 

 

                                                             
23 Otsuki et al., J. Am. Chem. Soc. 2005, 127, 10400. 
24 Otsuki et al., J. Am. Chem. Soc. 2013, 135, 5262. 
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Figure. Double helices of a modified chlorophyll molecule. 

 

  Otsuki et al. prepared a double-decker porphyrin complex to observe molecular dynamics at the 

single molecule level. It was anticipated that this molecule rotates around a cerium atom residing at 

the center of the molecule. The molecules were made into array on a substrate surface and were 

observed with a scanning tunneling microscope. They obtained images showing that some molecules 

have changed their orientation, which was the first successful visualization of this type of molecular 

motion.25 

 

Figure. Visualization of molecular motion at the single molecule level. 

 

  Itoh and Tsukamoto succeeded in preparing magnetic nanoparticle arrays for ultrahigh-density 

magnetic recording. Their method took advantage of the self-assembly of 5-nm sized silica 

nanoparticles and nanopores. The particle density was 5.4 T (5 400 000 000 000) particles per square 

inch, which was beyond the original goal. Matsushita et al. prepared star-shaped and ring-shaped 

nano-objects by a newly developed method combining a bottom-up approach and local heating.26 

Ikake et al. found that polylactic acid, a polymer derived from plants, forms highly transparent films 

by preparation of complexes of the stereoisomers. 

 

      
Figure. Nanopore array (left) and nano stars (right).  

                                                             
25 Otsuki et al., J. Am. Chem. Soc. 2010, 132, 6870. 
26 Matsushita et al., Chem. Commun. 2012, 48, 1668. 
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  Preparation and Characterization of Nanomaterials and Nanodevices.  

The members of the Project have various backgrounds in specialized methods and materials. The 

methods include precision electron and X-ray diffraction analysis, characterization of 

superconductivity, single photon detection, and control over plasma; the materials include 

superconductive two-dimensional layered materials, metal oxide nanoparticles, carbon nanotubes, 

carbon nanorods, and hetero-structured semiconductors. 

  In this Project, the following materials, systems, and properties were studied. 
    • Carbon nanotubes containing ferromagnetic metal (magnet) inside 

    • Diodes made from carbon nanotubes (nanorods) and diamond-like carbon 

    • Thin films of hydrogen storage alloy 

    • Highly crystalline zinc oxide thin films 

    • Iron-based superconductors, particularly 1111- and 111-types 

    • Ultrahigh-density target prepared with the Pechini method 

    • Superlattice prepared using the ultrahigh-density target 

    • Chirality-controlled single-walled carbon nanotubes via irradiation of free-electron laser 

    • Photonic crystals for efficiency improvement of dye-sensitized solar cells 

    • Nano ribbons of silver tolylacetylide 

    • Photoluminescence of oxygen storage materials 

  The following devices and methods have been developed. 

    • Plasma irradiation device for sterilizing periodontal disease bacteria 

    • Nano bubble producing device27 

    • Atmospheric plasma device for cancer treatment 

    • Single photon detector for terahertz bands 

    • Characterization of molecular motion in muscle and ATP hydrolysis at the molecular level 

    • Scanning electron microscopic method for live cells 

 

  Quantum Theory and Simulation of Electromagnetic Field over 
Nanostructures.  Theorists, in collaboration with experimental teams, studied quantum theory 

and made simulations on the nanoscale. Materials in nano-scale regions behave in accordance with 

quantum mechanics. Therefore, it is important to address unresolved problems in quantum mechanics 

as well as to develop computational methods to predict what happens when light hit a nanomaterial. 

This Project addressed these issues. 

  There remains unresolved issues in quantum mechanics. One of them is Hund's rule. The rule states 

that, in a situation where two electrons reside in different orbitals, the state in which electron spins are 

oriented in the same way is more stable than the state in which electron spins are oriented in the 

opposite ways. The puzzle was why. Sako found that there is a domain in space where two electron 

spins in the opposite directions cannot exist, which raises the energy of the spins in the opposite 

directions.28 This analysis solved the long-standing puzzle in quantum mechanics. The work was 

chosen as the IOP select by the Institute of Physics (UK) and highlighted in the Europhysics News 

published by the European Physical Society. 

  Solid surfaces are important for device applications. The surface is nanoscale in essence and hence 

the properties are determined by quantum mechanics. Ishida et al. revealed properties of the following 

                                                             
27 Suzuki et al., Patent Application 2012-204982. 
28 Sako et al., Phys. Rev. A 2011, 83, 032511. 
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surface systems quantum mechanically. 

    • Interface between metal and Mott insulator 

    • A single molecule between metal electrodes 

    • Surface of metal crystals 

  The information technology group of this Project has investigated near-field light as a means of 

information recording. Ohnuki and Nakagawa approached the problem from simulation. They 

developed a high-precision computation method more than 100-fold faster than conventional 

methods.29 

Simulation of a variety of nanostructured photonic crystals were also performed to analyze the light 

confinement effects. 

  Ohnuki and Sako have developed a new code that simultaneously solves the Maxwell equations, 

which describes how electromagnetic waves behave, and the Shrödinger equation, which describes 

how nanomaterials behave, to simulate the interaction between light and nanomaterials.30 Only the 

newly developed method afforded the correct solution to a situation where light is irradiated onto a 

nano-sized plate, while conventional methods failed to give the correct solution. 

 

 

Publication Summary 
 

  Initial Goals and Final Achievments. The tables below list the initial goals and the 

final achievements for each group.  
 

Table. Information Technology: Ultrahigh Speed/Density Recording 
Items Status quo Original technologies Target 

(1) writing speed 0.25 Gbits/s photoinduced magnetization 25000 Gbits/s 

(2) recording density 0.2 Tbits/inch2 nanomagnetic material through 

self-assembly 
2 Tbits/inch2 

(3) writing density 0.6 μm2/bit near-field thermally assisted 

recording  
0.003 μm2/bit 

(1) Magnetization reversal was proven with a single 40 fs pulse, corresponding to 250000 Gbits/s. 

Continuous recording is to be addressed. 

(2) Particle density of 5.4 Tbits/inch2 (2.7-fold greater than the goal) was achieved. Homogeneous 

preparation in sizes and properties is to be addressed. 

(3) 0.004 mm2/bit was achieved. Further miniaturization is ongoing. 

                                                             
29 Ohnuki, Nakawaga et al., J. Electromagn. Waves Appl. 2012, 26, 997. 
30 Ohunuki, Sako, Nakawaga et al., Int. J. Numer. Model. 2013, 26, 533. 
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Table. Information Technology: Quantum Information 

Items Status quo Original technologies Target 

(1) single photon  <10% quantum dots 30% 

(2) single photon detector 1%, dark 

count~10–8 
superconducting thin wire  50%, 10–8 

(3) photon number 

resolving detector  
0.2 eV, 100 kHz superconducting transition edge 

sensor  
0.2 eV, 1 MHz 

(4) entanglement exchange fidelity<0.7 High fidelity exchange >0.9 

(5) quantum memory 1 ms, low temp Bose condensates 10 ms 

(6) quantum bit device ~1%, <0.3 K THz plasmonic quantum bit >5%$rt–1.8 K 

(1) Single photon emission was confirmed. 

(2) Detection with 6% efficiency with dark count ~10–8 was achieved with a InGaAs/InP-APD. 

(3) Efficiency >80%, resolution 0.2 eV, repetition >80 MHz (80-fold greater than the goal) were 

achieved. 

(4) Fidelity ~0.9 was achieved. 

(5) ~0.3 ms Storage and 100% efficiency were achieved. 

(6) Results suggesting >1.1 K operation. Sensitivity of the detector increases by an order of magnitude. 

 

Table. Energy Technologies: Harnessing Solar Energy with Nanostructures 

Items Status quo Original technologies Target 

(1) water photolysis with 
supramolecules  

not exist self-assembly of sensitizer and 
redox catalysts  

to realize 

(2) light assisted hydrogen 

storage  
a new concept light triggered desorption that 

we have found 
yield >0.1 

>6 wt% 

(3) high strength fuel cell  60 MPa, 

900 Ö 

a new preparation process from 

micro/nano particles 
2–5 fold, 600 °C 

(4) DSSC with inexpensive 

dyes  
3% light confinement effect of nano 

structure  
5% 

(5) bioreaction of photo-
synthetic organisms  

rate 34 
nmol/h/mg 

genetically engineered 
photosynthetic organisms  

an order of 
magnitude increase 

(1) Supramolecular system produced twice as much H2. Complete water photolysis is yet achieved. 

(2) Quantum yield ~0.01. Doubling capacity with 2wt% alloy achieved. 3wt% alloy being tested. 

(3) Promising cathode and electrolyte materials found. Test cell has been completed to be tested. 

(4) 1.7-fold increase confirmed due to light confinement effect. 

(5) Anabaena/ZrVFe system recorded 7-fold increase in H2 production. 
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Table. Medical Technologies: Nanobiotechnologies for Medical Applications 

(1) probe 

compounds for 
cancer 

under 

investigation 

cancer specific compounds 

identified 
to realize 

(2) luminescent 

compounds  
safety, sensitivity  safe, long wavelength 

luminescent compounds  

detection of cancer marker 

with compounds 

(3) ex vivo diagnosis low diagnosis rate  highly sensitive and 

specific diagnosis  
diagnosis rate >80%  

small error <10%  

(4) in vivo image 

diagnosis 

early detection of 

cancer is difficult 

improvement and low-cost 

detection system 

candidate compounds for 

in vivo use  

(5) treatment of 

cancer and other 

diseases 

affecting normal 

region 

cancer-specific drugs and 

new treatment  
preclinical trial 

(1), (2) in progress. 

(3) Telomere labeling method established by coworkers. Applications being tested. 

(4) Fluorescence tumor labeling achieved in animal experiments. Diagnostic application needs further 

studies. 

(5) Data obtained in preclinical trials in animal experiments. Clinical trials to be done. As a scar 

treatment drug, the compound was made into ointment and effect confirmed for mammalian 

experiments. 

 

  Publication Data. The following table presents the numbers of papers, books, patent 

applications, conference presentations, awards, and external funding. The first numbers in the 

parentheses are for collaboration among members and the second numbers for collaboration among 

members across Colleges. The network showing collaboration is also shown.  

 
Table. Publications. 

 2009 2010 2011 2012 2013 

Paper 117(20,6) 108(15,4) 121(20,3) 112(22,5) 128(18,11) 

Patent application 8(1,0) 9(4,1) 8(2,0) 3(2,0) 3(1,0) 

Invited lecture 80 45 66 29(5,2) 68(6,2) 

Conference 

presentation 323 327(51,10) 281(57,6) 277(126,16) 

 

391(104,29) 

Book 17 11 19 5 17 

Award 4 4 5 9 13 

External funding 30(11,0) 33(13,2) 27(10,2) 27(7,1) 30(3,0) 
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Figure. Collaboration network of individual members in the Project. The lines represent collaboration 

with the width indicating the number. Black lines are for joint papers and grey lines are for other 

forms of publication. 

 
  Awards Granted.  Twelve awards were granted to members for their research and 23 poster 

and presentation awards were granted to researchers and students under the supervision of a member. 

 
 
Project Activities 
 

  Twice a year, all members got together to semiannual meetings to report and discuss about 

progresses. Once a year we organized a symposium, co-organized a young forum with the Advanced 

Materials Science Center (AMSC) of the College of Science and Technology (CST), and organized a 

special session in the CST symposium. Seminars were also organized on a non regular basis. Other 

activities for dissemination purposes will be described later. 

 

Table. Events facilitating collaboration and dissemination. 

AY 2008 Feb 27 Semiannual Meeting�retreat, Atami' 

AY 2009 Sep 7 Semiannual Meeting (CST) 

 Sep 18 The First Symposium (SM)  

 Oct 31 Science Agora (Odaiba)  

 Nov 28 CST symposium special session (CST) 

 Jan 15 Semiannual Meeting (CST) 

 Feb 13 AMSC young forum (CST) 

AY2010 May 10 Semiannual Meeting (CST) 

 Sep 8 Second Symposium (CST) 

 Jan 8 Semiannual Meeting (CST) 

 Feb 5 AMSC young forum (CST) 

AY 2011 May 27 Semiannual Meeting (CST) 

 Aug 24 Semiannual Meeting (CST) 

 Nov 26 CST symposium special session (CST) 

 Jan 7 Semiannual Meeting (CST) 

 Jan 28 AMSC young forum (CST) 
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 Feb 20 Third Symposium (HQ) 

AY 2012 May 26 Semiannual Meeting (CST) 
 Sep 15 Fourth Symposium (CHS) 
 Nov 28 CST symposium special session (CST) 
 Jan 12 Semiannual Meeting (CST) 
 Feb 9 AMSC young forum (CST) 

AY 2013 May 18 Semiannual Meeting (CST) 
 Jun 11 JST New Technology Presentation Meeting (JST) 
 Dec 21 Fifth Symposium (HQ) 
 Feb 15 AMSC young forum (CST) 
CST: College of Science and Technology, SM: School of Medicine, AMSC: Advanced Materials 
Science Center, HQ: Headquarters of Nihon University, CHS: College of Humanities and Sciences, 
JST: Japan Science and Technology Agency. 
 
  Support to Young Researchers.  We hired (post-doctoral) research fellows for their 
support as well as for advancing research. We also hired research assistants for their works in the PhD 
courses, taking in consideration that many Japanese universities now discount the fees for the graduate 
school. Two of the research assistants were granted the DC scholarship by the Japan Society for the 
Promotion of Science.  
 
Table. Research fellows and research assistants 
 2009 2010 2011 2012 2013
(PD) research fellow 3 7 9 10 10 
research assistant 5 5 3 4 5 
 
  Former fellows are now working in universities, industry, and medical institutions in the world: 
  Gandhigram Rural Institute (India), Chisso, physician, Akiru Municipal Medical Center, CHS of 
Nihon University, Masukawa Institute of Science and Culture, CHS of Nihon University, Chiba 
Cancer Center, Tsukuba University, Keio University, Alcaliber (Spain) 
 
  Dissemination: For Academics and Industry 
  Symposium.  Symposiums were organized annually. The first one in 2009 was on an international 
basis in English language, the second one in 2010 was organized for young researchers, and the fourth 
one was jointly organized with the MEXT project of the College of Humanities and Sciences. We 
organized the final symposium including a cross talk show with high-school students (see 
Dissemination: General Public).  
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第５回（最終）シンポジウム

日本大学N.研究プロジェクト

「ナノ物質を基盤とする光・量子技術の極限追求」
～健やか未来への一里塚～

平成25年12月21日

午前の部
10：00‒12：00 高校生・一般向け企画
 研究者と高校生のクロストーク  科学の素晴らしさと研究という仕事
昼の部
12：00‒13：00 ランチ／ポスターによるプロジェクトの成果発表
午後の部
13：00‒18：00 挨　　拶 
 成果報告  大月穣( 　 　 )，行方直人( 　 　 )，福田昇( 　 　 )
 招待講演 「DNAオリガミと人工遺伝子スイッチ」
     杉山弘(京都大学大学院，iCeMS)
  「電子線1分子追跡法(DET)による水中の金コロイドの運動計測」
     石川晃( 　 　 )
 若手講演 齋藤孝輔( 　 　 )，杉本隆之( 　 　 )，丹羽栄貴( 　 　 )
  岸本誠也( 　 　 )，竹内嵩( 　 　 )
 成果と展望 西宮伸幸( 　 　 )，塚本新( 　 　 )
 講評
夕方の部
18：00‒19：00 研究交流会／ポスターによるプロジェクトの成果発表

土

連絡先　日本大学本部研究推進部 kenkyu47@nihon-u.ac.jp，研究代表者・大月穣 otsuki.joe@nihon-u.ac.jp

午前10時より開催日時

場　　所

プログラム

日本大学
理工学部

日本大学
理工学部

日本大学
理工学部

日本大学
理工学部
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日本大学
医学部

日本大学
医学部

日本大学会館 2階大講堂
（JR「市ヶ谷」駅下車  徒歩2分）
〒102-8275
東京都千代田区九段南4-8-24

日本大学N. 研究プロジェクト 検索詳しくは
http://www.nihon-u.ac.jp/research/n_research_project/project01/Nproject21.html
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Figure. Posters for the symposiums (2009–2013). 

 

  JST New Technology Presentation Meeting.  Japan Science and Technology Agency organizes 

New Technology Presentation Meetings for the promotion of commercialization of technology seeds 

held by universities and public institutes. On June 11, 2013, we jointly organized this meeting for the 

promotion of our technology seeds and presented six inventions for which the patents are applied. 

  We greatly acknowledge the Research Promotion Department, the Intellectual Property 

Departments, and the Nihon University Business, Research and Intellectual Property Center (Nubic) 

of Nihon University. 

 

 

Figure. JST New Technology Presentation Meeting (2013). 

 

  Journal of Research Institute of Science and Technology. Review articles were published in the 

Journal of Research Institute of Science and Technology, published by the College of Science and 

Technology, Nihon University. This journal is available free of charge on line through J-Stage. 

  • Tsukamoto, Itoh, "Ultrafast Manipulation and Measurements of Magnetization by Ultra Short 

Pulsed Laser", 2011, No. 122, p. 25. 

  • Inoue, Namekata, "Development of Single-photon Detectors for Practical Quantum Cryptography", 

2011, No. 123, p. 1. 

  %Otsuki, "Fiddling with Electrons and Photons Using Metal Complexes at the Molecular Scale" 

2011, No. 124, p. 26. 

  Special Sessions in the Annual Meeting of the Chemical Society of Japan. The Chemical 

Society of Japan organizes special sessions for communications among industry, public, and academic 

sectors, development of new fields, and interdisciplinary researches. Two such special session were 
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organized by members of this Project. 

  %March 27, 2009, Special session in the 89th Annual Meeting; organized by Nishimiya 

    "Chemistry as central science: building up sustainable healthy society" 

  %March 27, 2014, Special session in the 94th Annual Meeting; organized by Otsuki (planned) 

    "Interaction of Light and Matter: From Basics to Photonic Materials and Devices" 

 

  Dissemination: For General Public 
  Website.  We made our website that was linked from the top page of Nihon University. News of 

publications in top journals and awards granted and announcements for symposium were publicized. 

  Science Agora. Science Agora is one of the largest scientific events in Japan for general public 

annually held in Odaiba in the Tokyo bay area. We presented a panel designed by Prof. Kimura of the 

College of Art. 

 

Figure. Science Agora (2009). 

 

  Cross Talk Show with High School Students. As part of the final symposium held on December 

21, 2013, a cross talk show "great science and job as a scientist." Some researchers from the Project 

(Otsuki, Tsukamoto, and Matsushita) and high school students talked about science on the stage. 

Twenty three high school students joined the show. This event was planned by Prof. Kimura of the 

College of Art and Owada of the Research Promotion Department. Ms. Kuwabara, a student of the 

College of Art, emceed the show.  

  Publication of Book. An easy-to-read book about the researches and researchers' thoughts in this 

Project will be published written by science writers who interviewed some of the members. The book 

is entitled "Six Promises in the Future – Stories of Nihon University N. Research Project –" and is to 

be published in March 2014 by Leave-A-Nest Publication. 

  Media. Our Project was highlighted in several media for general public. Most of them was 

mediated by the Research Promotion Department, Intellectual Property Department, and the (Nihon 

University Business, Research and Instinctual Property Center (Nubic). 

    %2009, Nikkan Kogyo Shinbun, April 17 

    %2009, Toyo Keizai, June 27 

    %2010, 2011 Takuetsu-suru Daigaku, Daigaku Tsushin 

    %2013, Daigaku no Yakusoku, Recruit  
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Figure. Our Project highlighted in media. 

 

  Dissemination in the University. Five issues of Nihon University Press covered our Project and 

published articles on various aspects of the Project. Nichidai Koho and many other College brochures 

also highlighted our Project. 

 

 
Figure. Nihon University Press, April to August, 2010. 

 

 

Prospects 
  One of our goals was to acquire another funding when the Project is over based on our 

achievements during the five years. In this sense, we were able to start a new large-scale project this 

year, the MEXT strategic project for private universities "Search and Creation of New Materials, 

Properties, and Devices through Understanding and Control of Ultrafast Interaction between Light and 

Matter", led by Tsukamoto, which we hope will be a successor locomotive for further research 
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activities. 

  Some of the members will join large-scale projects which are listed below. 

 

the MEXT strategic project for private universities 

  Institute: Nihon University, AY 2013 to 2017 

  Search and Creation of New Materials, Properties, and Devices through Understanding and Control 

of Ultrafast Interaction between Light and Matter" led by Tsukamoto 

Grant-in-Aid for Scientific Research on Innovative Areas 

  AY 2013 to 2017 

  Molecular Architectonics: Orchestration of Single Molecules for Novel Functions 

  Ishida, Sako 

METI Technology for renewable energy storage and transport (energy carrier project) 

  AY 2013 to 2017 

  Electrochemical Ammonia Synthesis from Water and Nitrogen in Molten Salt 

  Nishimiya 
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Information Storage Group 
 

Katsuji Nakagawa*, Akiyoshi Itoh, Arata Tsukamoto 
 

1. Research Purpose 
  The information storage group pursues fundamental research to quest for high-density and high-
speed memory for going green technology. 

 
2. Advances and achievements in 2009 
  A high-speed recording and huge capacity for storage are 
extremely precious to our society. The phenomenon of a photo-

induced magnetization applying a femto-second laser, which 
was revealed by our members, suggested a possibility to 

dramatically improve the high-speed recording of information 
technology. Besides, utilizing nano-technology fabrication for 

a near-field antenna and recording materials, huge capacity 
will be achieved. Gdx(Fe87.5Co12.5)100-x as a rare-earth transition 

metal alloy film was studied. Optical Parametoric Amplifier 
(OPA), which is supported by the project, was installed to 

probe the phenomena from 0.5 to 5 eV in energy. Substrates 

with nano-structured surface were fabricated to improve a high 
density recording prospects in active collaboration with 

Supramolecules and Self-Assembly Group. We also analyzed 
the thermal inter-diffusion of patterned recording media with 

thermally assisted. The particle structure of the recording 
media is effective to enhance memory density for the 

thermally assisted recording. We begun to study analyzing the 
filed which was close to electrode when a circular polarized 

light was exposed for the purpose to effectively utilize the 
optical induced magnetization as high-speed recording in a 

local region. 

 

3. Advances and achievements in 2010 
1) Femto-second laser and the optics have been designed and 

constructed to analyze the surface plasmon response. 
2) Electro-magnetic transit analysis method for nano-scale 

dispersion materials has been developed by the cooperation 
with Associated Professor Ohnuki. 

3) We have studied some surface plasmon antennas to find an 
antenna, which can create circularly polarized resonance mode. 

It was revealed that some antennas had a resonance mode for 
circularly polarized light.  

4) All-optical time resolved measurement system was 
constructed with femto-second pulse laser. Magnetic and 

optical response from material was monitored by the magneto optical effect and the change of 
reflectivity caused by heating of electrons, respectively. Ultrafast demagnetization phenomena were 

observed which must be caused by heating of electron system. 
5) Perpendicular magnetized TbFeCo thin film consisted from rare earth and transition metal alloy was 

10

20

30

40

0.00 

0.08 

0.16 

0.24 

0.32 

0.40 

20 22 24 26 28

pr
ec

es
sio

n 
fre

qu
en

cy
 f 

[G
H

z]

G
ilb

er
t d

am
pi

ng
 p

ar
am

et
er

 α

Gd content x [at. %]

damping

frequency

CA CM

G
ilb

er
t d

am
pi

ng
 p

ar
am

et
er

 α
ef

f

 
Fig. 1 Compositional dependence of 
damping parameter6 and precession 
frequency f  
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Fig. 2 Temperature increase of metallic 
particles heated surface plasmon 
antenna. 

 

Fig. 3 The demonstration of all-optical 
information recording on magnetic 
media. 
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prepared. We clarified that the magnetization direction of TbFeCo 

can be switched by irradiation of circularly polarized ultra short 
pulsed laser without magnetic field. 

6) We have succeeded preliminarily to prepare thin SiO2 layer on 
metallic films which have two dimensional closed packed nano-

pores prepared by the polymer micelles technique. As another 
type of nano structured template having a conjugate relation with 

nano-pore structure, nano convex pattern was prepared by using 
self-assembled spherical silica particles followed by inductively 

coupled plasma reactive ion etching. 
7) We prepared test batches of Si and metallic film by Ar ion 

etching and confirmed the etching rates satisfied our study.  
 
Collaborations and activities in 2010 as the group 

  We had one or two meetings every month with Associated 

Professor Ohnuki to find a method to calculate a surface plasmon response. The results were reported 
at IEEE International Symposium on Antennas and Propagation, July 11-17, 2010, Toronto, Ontario, 

Canada. We also invented a new antenna structure to confine a circularly polarized light, and 
submitted a patent. We also reported this result at 55th Annual Conference on Magnetism & Magnetic 

Materials, 14-18 November 2010, Atlanta, Georgia, USA. 
 

4. Advances and achievements in 2011 
1) We had trials to write magnetic domains on a magnetic film by femto-second laser. The magnetic 

film was coated with surface plasmon antennas which were made by E-beam lithography. The shapes 
of the antennas were designed by electro-magneto simulation as well as thermal diffusion simulation. 

From the observation of film structure dependency on optical/magnetic response during tens of ps 
after laser irradiation, it was found that conductive metallic layer play an important role in ultrafast 

energy transfer process. 
  We also set up the system applying a fine adjustment manipulator. Laser pumping and probing 

system can be easily adjusted by the new system. 
2) We found some specific aperture shape which can confine a circularly polarized light. We also 

studied another structure for antennas which can create a localized circularly polarized light with a 
liner polarized light.  

3) A new magnetic bias coil was prepared for applying up to 1 kOe. The bias field can be synchronized 
to the laser system. 

4) We started to fabricate nano-meter structure using etching method. Nano-size silica particles were 
placed over a metal film before etching. 

5) We found that the magnetization in a small one magnetic particle can be reversed by applying 
surface plasmon antenna by simulation. 

 

Collaborations and activities in 2011 as the group 
We have had regular meetings once or twice a month meetings every month with Associated 

Professor Ohnuki, belonged to Quantum Theory & Computation Group, to find a method to calculate 

a surface plasmon response. The results were reported at IEEE International Symposium on Antennas 
and Propagation, July 5-6, 2011, Spokane, Washington, USA. We had two invited talks about 

magnetic nano-particle media and dynamics of ultra fast magnetic reversal at Moscow International 
Symposium on Magnetism, Aug. 21-25, 2011, Moscow, Russia. We also reported about thermally 

assisted recording, ultra-high speed magnetization, and circular polarized light generation with a 

 
Fig. 4 A simulation result as a 
generated circularly polarized 
light into a center particle. 
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Fig. 5 Magneto-optical image of magnetic domains after 
single pulse laser irradiations. 

plasmon antenna at Magnetic and Optical 

Research International Symposium, June 21-24, 
2011, Nijmegen, The Netherlands× 

 
 

5. Advances and achievements in 2012 
1) Thermally assisted magnetic recording with 

surface plasmon antenna has been succeeded by 
applying femto-second laser. Three issues are key 

points of this success: (1) a computational 
analysis of electro-magnetic field as well as 

thermal diffusion in magnetic film, (2) a structure 
design of surface plasmon antenna and antenna fabrication by electron beam lithography, and (3) 

magnetic recording test applying femto-second laser with surface plasmon antenna. The magnetic 
mark of 166 nm x 120 nm was written by this method. The written mark size has not reached the size 

of project goal: 77 nm x 77 nm. Our progress, however, is very big, and we still go forward to our goal 
in the final year. 

2) We found experimentally a novel 
magnetization reversal phenomenon in a ferri-

magnetic GdFeCo film driven by an ultrafast 
heating of the medium resulting from the 

absorption of a sub-picosecond laser pulse 
without the presence of a magnetic field. Also 

relevantly to technological applications, we have 
shown experimentally that switching can occur 

when the sample is at room temperature before 
laser excitation. 

3) We found that the combination of dielectric 
optical waveguide and surface plasmon polariton is highly effective in optical energy transfer into 

small surface plasmon antenna. Besides, the combination structure can also create circularly polarized 
light in a small region. 

4) A rapid thermal annealing is effective to obtain high Ku (uniaxial magnetic anisotropy) as well as 
small L10-FeCuPt grains. However, it revealed that each grain were mostly polycrystalline structure. 

We found that an application of adequate additional annealing makes grains into L10 single crystalline 
structures and grains kept almost similar size. 

 

Collaborations and activities in 2012 as the group 
A result about a nano-meter structured magnetic film with high uniaxial anisotropy was reported at an 
international conference (ICM2012, July 8-12, Pusan). At another international conference 

(ICAUMS2012, Oct. 1-5, 2012, Nara), six reports were also presented including femto-second laser 
thermally assisted magnetic recording, dynamics in first magnetic reversal, recording materials, and 

localized circularly polarized light. Some of these reports have been collaborated with Associate Prof. 
Ohnuki. We have kept an inner meeting at least once a month. 

 
6. Advances and achievements in 2013 
1) We found that all-optical switching with circular polarized femtosecond laser pulses in 
ferrimagnetic GdFeCo is related to the collinear sub-lattice magnetization and not with the net 

magnetization. Furthermore, we reached an explanation of the AO-HDS based on magnetic circular 

 
Fig. 6 Surface morphology (a) and written magnetic 
domains (b) observed by magnetic force microscope 
for rod plasmon antennas. 
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dichroism (MCD). We already reported that ultrafast heating can act as a sufficient stimulus for 

magnetization reversal in a ferrimagnet with taking into account the multi-sublattice nature as 
mentioned in section 5.1. The above results show that the helicity-dependent absorption in a multi-

sublattice magnetic layer exactly matches the helicity-dependent features in switching experiments. 
Furthermore, we clarified that the magnetization direction of high anisotropic magnetic recording 

media of TbFeCo can be switched by irradiation of circularly polarized ultra-short pulsed laser without 
magnetic field. 

2) The minimum written domain size of 
62 nm by 67 nm was successfully  

performed by femto-second laser utilizing 
surface plasmon antennas on magnetic 

film, beyond our final goal such as 77 nm 
by 77 nm.  

3) It was revealed that a cross antenna, a 
cross aperture, and a four-leaf clover 

aperture can create a localized circularly 
polarized light applying with patterned 

media. 
4) We started fabricating the cross 

aperture on Au metal by E-beam 
lithography.  

5) From the utilization of self-assembly 
prepared nano-structured substrate, high 

density FeCuPt magnetic nano-grains was prepared by rapid thermal annealing method as 5.4 T 
particles/inchÀ2 with average grain diameter of ~10 nm. 

Furthermore, multiple formation process of the grain was performed for further increase in areal 
density of grains. By using this procedure, we got higher areal density of grains as 3.2T particles/inchÀ2 

on flat oxidized Si substrate. 

(a)   (b)  
Fig. 7 Surface morphology (a) and written magnetic domains 
(b) observed by magnetic force microscope for square plasmon 
antennas. 
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Quantum Information Group 
 

Takeshi Kuwamoto*, Hideomi Hashiba, Naoto Namekata 
 

1. Overview of the research targets and plan  
  Purpose of research in quantum information group is to resolve technical problems for developing 
and expanding the quantum information, communication, and computer technologies, which are 

expected to achieve the large-capacity telecommunication beyond the conventional limit, the extreme 
high-speed calculation which far exceeds a supercomputer, and the ultimately reliable cryptography 

such that every eavesdropping and decoding are impossible in principle. Quantum information 
technologies can supply the system with very high energy efficiency, thus our research contributes to 

green innovation in information processing and communication. 
We mainly investigated single photon emitter and detector, quantum key distribution, quantum 

memory, and quantum dot device. 
 

2. Achievements of research 
2.1. Photon Detection Technologies 

  Photon detector is essential for QICTs. In order to realize QICTs using installed optical fiber 
networks, the photon detector must have a high photon detection efficiency in telecommunication 

band (~ 1550 nm: the minimum-loss window of optical fibers) with low noise counts. We have 
developed the telecom-band single-photon detector (SPD) using a compound semiconductor device, 

namely an InGaAs/InP avalanche photodiode (APD). Although the SPD based on the InGaAs/InP-
APD is very practical, it has drawbacks, compared with the other SPDs, that are an afterpulse noise 

and a low repetition frequency. We proposed a “sinusoidal gating” method in which a sinusoidal 
voltage was used as the gate voltage. Then, using the sinusoidally gated InGaAs/InP-APD, high-speed 

single-photon detection at 1550 nm can be realized with a low afterpulse probability. Currently, we 
achieved a repetition frequency of 2 GHz which is three orders of magnitude higher than that of the 

conventional gated InGaAs/InP-APD. Moreover, the photon detection efficiency of > 10% was 
achieved with a dark count probability of 10-7 and an afterpulse probability of < 3% (IEEE Photo. 

Tech. Lett. 2010; Opt. Express 2011). We also applied the sinusoidal gating method to a Si-APD. 
Using the sinusoidally gated Si-APD (quantum efficiency was 72.4%), visible-light single photons can 

be successfully detected with a detection efficiency of 70.6%, which implies that a photo-excited 
single charge carrier in a silicon avalanche photodiode can trigger a detectable avalanche (charge) 

signal with a probability of 97.6% (Appl. Phys. Lett. in press). 
  Although advanced QICTs demands the photon number resolving capability, the SPDs described 

above do not have it. Therefore, we have developed the so-called photon-number-resolving detector 
(PNRD) using a superconducting Titanium transition edge sensor (Ti-TES).  We achieved a detection 

efficiency of > 80 % at 1550 nm 
with a photon number resolving 

capability of < 0.2 eV. Then, we 
applied the developed PNRD to a 

non-Gaussian operation on the 
pulsed squeezed vacuum at 1550 

nm. The two-photon-subtracted 
squeezed state was successfully 

generated (Nature Photonics, 2010). 
We observed dips in reconstructed 

Wigner functions of the generated 

 

 

Fig. 1ØWigner function of the generated non-Gaussian state 
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quantum states (see Fig. 1), which is the clear evidence that the non-Gaussian operation was realized. 

 
2.2. Quantum Key Distribution Experiments 

We performed a 2 GHz clocked differential-phase-shift QKD (DPS-QKD) experiment using SPDs 
based on sinusoidally gated InGaAs/InP-APD. A secure key rate of 24 kbit/s was achieved over 100 

km of optical fiber, which was higher than the previous record. Moreover, we have successfully 
distributed secure keys against the general individual 

attacks over 160 km of optical fiber (Opt. Express, 2011). 
These results will accelerate the realization of a practical 

QKD over a metro-sized optical fiber network. 
  To extend the communication distance further, e.g. > 

400 km, entanglement-based QKD system is preferable, 
because it will play an important role in the quantum 

repeaters described in the next section. We have 
developed the polarization entangled photon pair source 

and the entanglement-based QKD system using it (Fig. 2). 
 

2.3. Elemental Technologies for Quantum Repeater 
To realize the long-distance QKDs, we need the quantum repeater which can improve the 

throughput reduction with distance from exponential to polynomial. The quantum repeater is 
composed of three elemental technologies: the entanglement swapping, quantum memories (or buffer 

storages), and the quantum non-demolition measurement of the photon number. 
We demonstrated entanglement swapping with 1550 nm polarization-entangled photon pairs created 

by spontaneous parametric down conversion (SPDC) in two spatially separated type-II periodically 
poled lithium niobate (PPLN) bulk crystals. In a partial Bell-state measurement, entanglement was 

observed between two photons from independent sources. We employed sinusoidally gated 
InGaAs/InP-APDs operated at a repetition frequency of 1.28 GHz, which increased a four-fold 

coincidence count rate without degrading the fidelity of entanglement swapping. The obtained fidelity 
is ~ 90% which is high enough to infer a violation of Bell inequality and to implement the 

entanglement-based quantum key distribution (J. Phys. B, 2013). 
  In our experiment, the success probability of the entanglement swapping is less than 10-6. To 

enhance the success probability, the key technology is the quantum memory (or buffer storages). In 
this work, we have tried to realize the photon buffer storage by means of an optical switching network. 

As shown in Fig.3, the photon buffer 
storage we designed is composed of 

optical fibers and low-loss fiber-optic 
components. It gives the 

programmable optical delay to 
photons with a low optical loss, and a 

quantum state of light (polarization of 
photons) can be maintained without 

any active compensation. 
 

2.4. Development of quantum memory 
2.4.1. Generation of orthogonally polarized photon pairs 

  Quantum entanglement states are made up of orthogonally polarized photon pairs. Atomic sample 
we use is 87Rb atom, and its transition wavelength for photon storage is 795 nm with linewidth of 6 

MHz. Therefore, we have to prepare the orthogonally polarized photon pairs which met above 

 
Fig. 2. Entanglement-based QKD 

Fig. 3ØPhoton buffer storage using the optical 

switching network. 
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Fig. 4. Two-photon interference of 
orthogonally polarized photon pairs. 
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Fig. 5. Result of storage and retrieval 
experiment for laser pulse. The right peak 
corresponds to the retrieved light pulse after 
5-μs storage. 

requirements. 

  Orthogonally polarized photon pairs with 795-nm wavelength were produced by a parametric down 
conversion which was brought about by injecting a 397.5-nm-wavelength pump laser into 10-mm-

length nonlinear optical crystal (type II PPKTP). The pump laser was obtained by pumping a type I 
PPKTP crystal placed in a bow-tie type optical resonator with a 60-mW power, 795-nm-wavelength 

laser. Orthogonally polarized photons immediately after the crystal have the frequency expansion of 
THz order. Since the bandwidth of photons coupled with atoms is several MHz, this wide spread of 

frequency have to be narrowed. We utilized optical interference filters and etalons to obtain the 
narrow-bandwidth orthogonally polarized photons. 

  Figure 4 shows result of two-photon interference measurement of generated orthogonally polarized 
photon pairs. This measurement is performed to 

estimate quantum property of the photon pairs. The 
obtained visibility was 97.4%. This result shows that 

generated orthogonally polarized photon pairs satisfy 
a demand as the quantum light source. 

  We measured the absorption of the generated 
photons by 87Rb atoms to confirm the frequency 

extent of photons. At the temperature of 95°C, 97% of 
photons were absorbed. This means that the frequency 

broadening of photons is about 500 MHz. 
 

2.4.2. Light Storage system 
  The phenomenon called electromagnetically induced transparency is used to store the light in 

neutral atoms. When two different resonance lights are shined to three level atoms, by controlling the 
intensity of one light (control light), the other (probe light) can be stored in atoms. We used 87Rb 

atoms enclosed in grass cell as the sample, because of the abundant knowledge of its properties. 
  As probe and control light source, two external cavity diode lasers were used. The frequency 

fluctuation of control laser was controlled by a frequency locking system using Rb sample, and 
suppressed to be less than 1 MHz. The frequency of probe laser was controlled by the optical phase-

lock with the beat signal between the probe and control lasers such that the frequency difference 
between two lasers agrees with that between the two low-lying atomic-energy levels. The probe laser 

beam was formed to a 5-μs-width gaussian pulse with an acousto-optic modulator. Rb sample grass 
cell was placed in a threefold magnetic shield and its temperature was controlled with a heater using 

hot-water. 
The probe and control laser beams were coaxially propageted and injected into the Rb grass cell. By 

suddenly switching off the control laser light, the 
probe light pulse was stored in the atomic 

sample. Figure 5 shows an example of results of 
light storage experiment for the storage time of 5 

μs. The efficiency of retrieved light pulse was 
85%. This value means that we prepared 

sufficiently high-performance experimental 
system for light storage. 

  We investigated the storage of extremely 
weak coherent light pulses, because the intensity 

of orthogonally polarized photons would be very 
weak. The retrieved signal was not confirmed 

for the 2.6-nW probe laser power. This means 
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Fig. 6. (upper) TiO2 photonic crystal. 

(lower) XRD measurement of TiO2 
after baking. Rutile and anatase 

appeared. 

that the storage and retrieval of orthogonally polarized photons using current our system is difficult. 

 
2.5. Development of fabrication technology of silicone waveguides, Au strip couplers and single 

photon emitters by one dimensionally aligned CdSe quantum dots 
  Semiconductor wave guides and photonic crystals are increasingly important in optoelectronic 

devices for quantum information technology.  We study silicone wave guide devices with its third-
order nonlinearities.  Research of silicone wave guide devices on this project has been focused on 

development of simple fabrication method of the waveguides and we attained to develop concrete 
fabrication method for a Si waveguide of 320 nm wide and more than 1 mm long. The waveguide has 

small roughness of side-walls of less than 10 nm and accuracy of shape of the waveguide is restricted 
by our EBL that has field alignment precision of around 100 nm by auto-align mode or around 50 nm 

by manual align. This also affects for large sized structure such as Au stripe couplers. We also studied 
fabrication technique of arrays of colloidal quantum dots of 5 nm CdSe covered by silica. We attained 

55 nm wide, 1.5 mm long array of the QD in sub-one dimensional shape. Evanescent coupling of the 
quantum dots to gold thin film of 37 nm was also confirmed. 

 
2.6. Fabrication of titanium dioxide photonic crystals for dye sensitized solar cells 

Titanium dioxide (TiO2) has been draw attention for dye sensitized solar cells by its catalytic 
characteristics. Our aim is an experimental study of 

fabrication of fine structures, i.e. photonic crystals, of 
TiO2 for solar cells to enhance its efficiency. A TiO2 thin 

layer of 150 nm thick was grown on an FTO glass 
substrate with a fine patterned ZEP resist mask by a 

conventional RF magnetron sputter method with Ti 
target (upper of Fig. 6). We found that, during the 

deposition, keeping ratio of Ar-O2 gas of 2:1 and the 
deposition ratio of around 0.5 Å/s ensures enough 

oxygen to form TiO2 and low temperature to avoid 
deformation of fine pattern of the ZPU resist mask. 

Design of the fine patterns is photonic crystal structure 
of periodic zigzag slabs of 108 nm width, 608 nm in 

period. TiO2 layers are white-transparent, amorphous, 
and those roughnesses are around 7 nm. Baking of TiO2 

fine structures at 500 oC transforms TiO2 from 
amorphous to rutile and anatase forms while keeping the 

same profile of the fine structures (lower of Fig. 6). Our 
new fabrication method can be one of a promising 

technique to optic devices on researches and industrial 
area. 

 
3. Collaboration and activities as the group 
  We had several times of group meeting every year to report and share individual progress, and 
discuss the direction of research. We also collaborated with Prof. Ohtsuki and Prof. Ohnuki about the 

development of a multichannel single-photon device which composed of CdSe colloidal quantum dot 
array and plasmonic waveguide. 
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Energy Technology Group 
 

Takuya Hashimoto,* Joe Otsuki, Sachiko Matsushita, Yasuo Asada, Nobuyuki Nishimiya 
 

1. Purpose 
  Development of materials, which will construct new energy system, has been performed toward 
“Construction of Healthy Society” under the common keyword, “nano” in the energy group. For 
realization of “Healthy Society”, enough energy supply is highly required; however, practically 
employed energy systems contain severe problems. Mainly employed fossil fuel system involves 
anxiety for depletion of resources and exhaust of greenhouse gas. Nuclear energy system has 
possibility of destruction of environment and human health as revealed by accident of nuclear plant at 
Fukushima prefecture. 

In this project, in order to construct solar energy system which is free from above mentioned 
anxieties, the following researches have been carried out. (1) Development of dye-sensitized solar cell 
using “nano-structured electrode” or materials with “controlled molecular structure”, which is one 
kind of nano structure. (Matsushita, Otsuki) (2) Development of H2 generation processes using direct 
H2O photolysis, which are clean energy processes with absence of greenhouse gas emission. One 
approach is development of catalyst materials with controlling molecular structure, so-called artificial 
photo synthesis. (Otsuki) The other one is usage of bacteria which generates H2. (Asada) (3) 
Development of new hydrogen-storing alloy by nano-space design for safe transportation and storage 
of H2. (Nishimiya) (4) Development of 
materials for solid oxide fuel cells in 
order to realize clean electrical 
generation using H2 as resource gas. 
Synthesis of high functional materials 
is examined with Pechini method, 
which is one of nano-processes. 
(Hashimoto) Fig. 1 shows schematic 
diagram of final purpose of the energy 
group. We regard that technology of 
each research should be sophisticated 
for high correlation of each research.  
 
2. Plans, progress and achievement of energy group 
  Abstracts of each research are shown here. Minute reports are presented in each researcher’s report. 
(1) Improvement of energy conversion efficiency of dye-sensitized solar cell by using nano-structured 
electrode. (Matsushita) 
  It has been suggested that energy conversion efficiency per one molecular dye is improved by 
employing “self-organized” photonic crystal as electrode in the dye sensitized solar cell. In order to 
clarify the effect of photonic crystal, micro patterning of TiO2 is highly required. In this project, 
technology of photo- or electro- lithography of TiO2 has been established and experiments of 
verification of role of photonic crystals have been prepared.    
(2) Improvement of energy conversion efficiency by development of new dye. (Otsuki) 

Development of new dye for improvement of energy efficiency of dye sensitized solar cell has been 
investigated. Complexes composed of Ru and perylenedicarboxylic anhydride derivatives have been 
examined and conversion efficiency of 3.1 % has been realized. In addition, preparation of new 
promising cyclometalated complexes has been succeeded and investigation of their property as dye 
sensitized solar cell materials is in progress. 

Fig. 1 Schematic diagram of purpose of energy group. 
Red circle represents sun.
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(3) Development of new catalyst for photolysis of H2O (Otsuki) 

  As a new catalyst for photolysis of H2O, molecular in which the photosensitizers spontaneously 
assemble around cobalt ion has been prepared. Amount of H2 produced by illumination using this 

catalyst was as twice large as one produced without self-assembly. 
(4) Improvement of amount of H2 generation from bacteria by addition of encapsulated H2 storage 

alloy (Asada, Nishimiya) 
  It is well known that some kinds of bacteria generate H2 gas by H2O photolysis. In this project, it 

has been revealed that addition of encapsulated H2 storage alloy to the H2O photolysis system 
employing bacteria is effective to increase amount of H2 generation. 

(5) Control of H2 storage and desorption of metal alloy with ultraviolet light irradiation (Nishimiya) 
  For H2 storage metal alloys, not only large amount of storage but also ability for easy H2 desorption 

are required. In this research, it has been discovered that H2 storage and desorption property in some 
metal alloys can be controlled by irradiation of ultraviolet light. Especially in the presence of photo-

catalyst such as WO3, H2 desorption temperature has reduced by ultraviolet light irradiation. 
(6) Development of catalytic metal for decomposition of H2 (Nishimiya) 

  For increase of amount of H2 storage by adsorption on the solid surface, decomposition of H2 to H 
atom is effective. In this project, various metals have been surveyed as for metal catalyst for 

decomposition of H2 at temperature of 77 K, at which adsorption on the solid surface occurs. It has 
been revealed that Pt is the most promising and that Cr-Fe alloys has high potential as catalyst. 

(7) Development of materials for intermediate-temperature solid oxide fuel cells. (Hashimoto) 
  At present, solid oxide fuel cells, which is free from emission of greenhouse gas and has high 

energy conversion efficiency, works above 800 ºC, resulting in less reliability and practical stability. 
For reduction of operating temperature to 600 ºC, development of new materials has been examined. 

In this project, one of the solution mixing process, Pechini method, was employed for the preparation 
of materials instead of conventional solid state reaction method. Owing to nano-level mixing, we have 

succeeded in preparation and proposing new materials as electrolyte and electrode. Test cells are 
fabricated and investigation of their property is now in progress. 

 
3. Collaboration in energy group and with other research group 
  Not only collaboration in energy group but also that with other research group have successfully 
been carried out. 

  Achievement listed in (4) is a collaboration work between Prof. Asada, who is a specialist of 
biology, and Prof. Nishimiya, who is a specialist of H2 storage alloy. The addition of H2 storage alloy 

to biologically H2 generation system has been patented. Investigation of dye-sensitized solar cells 
composed of photonic crystals has mainly been carried out by Prof. Matsushita. Prof. Hashimoto made 

collaboration on the work using X-ray diffraction and SEM measurements. The collaboration was 
presented by two academic papers published in “J. New Mat. Electr. Sys.” and “J. Porous Mater.” 

  The success of establishment of technology of photo- and electro-lithography is due to collaboration 
between Prof. Matsushita and Prof. Hashiba, who belongs to nano-group in N. Research Project. The 

collaboration is published as academic paper in Jpn. J. Appl. Phys. The Pechini method, employed for 
fabrication of new material for solid oxide fuel cells by Prof. Hashimoto, is also applied for fabrication 

of target materials for thin film fabrication by Prof. Iwata, who belongs to nano-group. It has been 
clarified that superior ceramics not only as solid oxide fuel cells but also as target for thin film 

preparation can be prepared by the Pechini method. 
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Medical Group 

 

Medical Group Members 

ARISH: Fukuda N, Chiba Cancer: Nagase H, Watanabe T, Nihon Univ. School Med. Severe Disease 

G: Soma M, Fujiwara K, Saito K, Igarashi J, Radiology: Abe O, Abe K, Urology Takahashi S, 

Pediatric Surgery: Koshinaga S, Nihon Univ. Bioresourse Science: Masuhiro Y, Kano K, Nihon Univ. 

Pharmacy: Matsumoto Y, Aoyama T 

Ishibashi N, Kawashima H. Shinojima Y, Hasegawa R, Mashiko A, Oh G. 

 

Research Summary 

Medical Group has performed researches in two themas as “Applied chemical biology: strategy to 

cure cancer patients” to develop novel diagnosis methods for cancer using nano thechnology in 

corroboration with Chemical group in Colledge of Science and Thechnolgy, and as “Drug-discovery 

for novel gene silencer pyrrole-imidazole polyamides” for cancer and sever diseases based on the 

chemical genomics. 

 

Contents of Researches 

1) Novel chemosensitizing radiation therapies by using synthetic porphyrin derivatives (Nagase, 

Fujiwara, Soma).  

Photodynamic therapy (PDT) is a medical treatment that uses a photosensitizing chemical and a light 

source to activate the applied chemical. The result is an activated oxygen molecule that can destroy 

nearby cells. Precancerous cells and certain types of cancer cells can be treated by PDT. Cancer cells 

uptake more of the porphyrin derivatives and retain the chemicals in a long duration. Thus, the PDT 

can introduce a cancer cell specific therapy. We invented the radiation-sensitizing chemical of the 

porphyrin derivatives, which can be used for PDT and may also induce photon activation therapy 

(PAT), provoking the emission of Auger electrons after inducing a photoelectric effect. X-ray radiation 

allows for the treatment of cancers that are deep inside the human body. We observed an induced 

cancer cell death after irradiation following administration of the porphyrin derivative.  

 

2) Pharmacokinetic/Pharmacodynamic Analysis of tumor-localizing photosensitizing compounds 

(Matsumoto, Aoyama) 

To describe the relationships between effects 

following photodynamic therapy, light dose, and 

plasma compound concentration, they developed a 

high-performance liquid chromatography (HPLC) 

method for the determination of plasma 

concentration and investigate the pharmacokinetics 

of novel compound CT101019a. 
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3) A novel model of onset breast cancer by 

implanting mature adipocyte-derived 

dedifferentiated fat (DFAT) cells (Kano K) 

To develop a breast cancer mouse model, mouse 

DFAT-GFT cells were transfected with protooncogene 

to transform to the mammary epithelial cells by the 

conditional regulation of the gene expression. Using 

the mouse breast cancer models, we demonstrated 

introduction of the cancer cell death with increasing 

sensitivity to radiotherapy with developed the PDT. 

 

4) Development of an E-box targeting Pyrrole-Imidazole polyamide to inhibit cell growth 

(Fujiwara, Soma) 

PI polyamides targeting E-box consensus inhibited proliferation of the osteosarcoma cell line treated 

with Myc-6 showing reduced growth rate by WST8 assay and colony formation assay.  In the 

wound-healing assay, Myc-6 inhibited cell migration activity dose-dependently.  Intravenous 

injection of Myc-6 once a week for a month caused growth inhibition MG63 xenograft developed in 

Nude mouse without evidence of toxicity. 

 

5) Development of antitumor PI polyamides for pediatric 

cancer (Koshinaga) 

PI polyamidesÙh-CCAAT1Úh-CCAAT3Ûdesigned on the 

CAAT box in promoter reasion of LIT1 gene efficiently 

suppressed expression of LIT1 gene and proliferation of 

Hepatoblastoma cell line (HuH6 clone5, HepG2), and 

Wilm’s tumor cell line (G401). 

 

6) The development of newly molecular targeting drug of PI polyamide for prostate cancer 

(Takahashi S, Obinata) 

Human prostate cancer cell line treated with Fusion 

Polyamide was compared with those with Negative 

control polyamide. Treatment of Fusion Polyamides 

showed significant decreased both DHT induced 

TMPRSS2-ERG and endogeneous ERG expression, as 

well as cell growth and migration. These results 

demonstrate that PI polyamide targeting these 

breakpoints sequences may be a new therapeutic 

intervention in prostate cancer. We confirmed anti-tumor  

efficacy of the PI polyamide in the animal experiment  

using a nude mouse in vivo. 
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7) Development of PI polyamide targeting human 

TGF-β1 -Preclinical study- (Igarashi, Fukuda):  

We confirmed that PI polyamide targeting human 

TGF-β1 (GB1101) is strongest to inhibit the 

expression of TGF-β1 mRNA in human- and 

marmoset-derived fibroblasts. We checked the 

combination of components of soluble materials and 

solutions for PI polyamides and found that Macrogol 

Ointment was most effective substrate to delivery 

the PI polyamide into skin. We examined effects  of  PI polyamides targeting human TGF-β1 on 

development of skin finrotic scar created in common marmosets and confirmed acual inhibition of the 

skin scar. 

 

8) Development of the Nihon University 

original methodology inducing iPS cells using 

the PI polyamide targeting human TGF-β1      

(Saito, Fukuda, Masuhiro) 

We examined the iPS-producing method 

establishment using proteolysis resistant cell-

permeable proteins and the iniciation factor, TGF-

β1 inhibitor, PI polyamide targeting human TGF-

β1, Apigenin, TGF-β1antagonist and Apigenin, 

and TGF-β1 and PI polyamide targeting human TGF-β1. 

 

9) Histone acetylation of specific genomic region induced by PI polyamide-SAHA conjugate 

(Nagase, Watanabe) 

We made considerable advances in coupling of existing drug SAHA that is begin used as an HDAC 

inhibitor, to PI polyamides for targeting specific subsets of genes for reactivation in cancers (e.g. 

Cdkn2a / p16). Watanabe developed a method of simple synthesis with solid phase synthesis method 

using glutamic acid which is the usual amino acid. Six ring cyclic PI polyamide was synthesized. 

 

10) Development of plasma medicine for skin 

malignant melanoma (Saito, Fujiwara, Fukuda) 

We started a project of the development of plasma 

medicine for skin malignant melanoma 

collaborating with the plasma team in College of 

Science and Technology. This plasma medicine 

targets the cancer stem cell with all trans retinoic 

acid to reduce the tolelance of radical oxygen 

species. 
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Activities of Medical Team in 2013 

1. Meeting of N. Research team in every week.  

2. Meetings in the collaborating institute Central Institute for Experimental Animals Common 

marmoset team for the development of PI polyamide targeting TGF-β1. 

3. Meeting with the Drug Preparation Room in Nihon University School of Medicine Itabashi Hospital 

and Clinical Pharmacokinetics team in College of Pharamacy about the development of PI polyamide 

targeting TGF-β1. 

4. Meeting with the team in College of Pharamacy about the GLP grade phamakokinetics study for PI 

polyamide targeting TGF-β1. 

5. Meeting for the development of plasma medicine for skin malignant melanoma collaborating with 

the plasma team in College of Science and Technology. 

6. Presentation for the development of PI polyamide as practical medicine in College of Pharmacy.� � �  
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Supramolecules and Self-Assembly Group 
 

Hiroki IKAKE,* Akiyoshi ITOH, Joe OTSUKI, Arata TSUKAMOTO, Sachiko MATSUSHITA 
 

1. Introduction 
  The goal of the supramolecules and self-assembly group is to develop advanced technologies on 
nanomaterials and nanostructures and to supply these technologies to the application-oriented groups, 

i.e., the information, energy, and medical groups, thus strongly promoting networking among these 
groups on diverse fields. As follows, each groups theme in this project for 5 years. 

2. Research Project on each group for 5 years 
Ü The development for super high density memory device (Itoh & Tsukamoto Group) 
  By using the self-organization/integration phenomena of the polymeric micelles,we produced a fine 

substrated silica particles, which were regularly arranged three-dimensionally (Fig.1). We started the 
development of a template to obtain a nanostructured 

metal material by using this substrate. And then, we were 
obtained this template (Fig.2). In this study, we 

discussed to produce a FeCuPt ordered alloy particles. In 
the super high density recording, it was not only the 

particle size of the magnetic particles, the magnetic axis 
(c-axis) was perpendicular to the surface of film and a 

single crystal of regularly L10 phase was necessary. We 
could be produced the single crystal FeCuPt 

nanoparticles of c-axis oriented by rapid heating heat 
treatment. In addition, we obtained magnetic 

nanoparticles completely isolated number density was 
5.4T particles/inch-2. Furthermore, we carried out a 

plurality of the process, and then we obtained the 
nanoparticles, which were the average particle diameter 

of about 10nm and the number density of about 3.2T 
particles/inch-2 in Si substrate. 

Ü The development of light and quantum function 
of nano-molecular systems using self-assembly 
phenomenon (Otsuki Group) 
  We have succeeded in visualization of the motion of a single 

molecule by using STM (Fig.3). We made attempts to prepare
a regularly arranged two-dimensional nano-structure as a 

single photon source, in which the distance between quantum 
dots is greater than visible wavelength. We have found that 

pyridine-appended chlorophyll molecules form double helical 
structures, which was revealed by the single crystal X-ray 

crystallography, reminiscent of the double helices of DNA. 
While an oxazole-appended chlorophyll derivative leads to a 

stair-case type architecture. These works constitute a step 
toward constructing artificial antenna systems based on 

molecular assemblies. We have also synthesized new metal 
complexes as a sensitizer for dye-sensitized solar cells. 

Fig.2 SEM and AFM images of fine silica template. 

Fig.1 SEM imaging of fine silica template. 

Fig.3 Visualization of the rotational 
motion of the molecule. 

Ü
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Ü Preparation of the optical device by using nano-particles with self-assembled and photonic 
crystal (Matsushita Group) 
  Our group aimed to the construction of optical devices by using photonic crystals, and we have 

discussed the photoelectric conversion efficiency, and we have studied the relation to lifetime of 
electrons and the interface of device. We have prepared the regular structure necessary for plasmon 

control in the visible light region by using the self-assembly / integration behavior, to which has a 
three-dimensional dense aggregate such as silica, and then we could be produced fine particles, which 

was etched by using hydrogen fluoride aqueous solution (Fig.4). 
  Further, We had found the titanium oxide - the electrolyte photonic crystal with having full-

photonic-band gap and complete-photonic-band gap by using two-dimensional expansion method. 
Indeed, we incorporated into the calculated result the wavelength dispersion of the refractive index of 

titanium oxide as factor, and then we could create a new photonic band diagram and were able to have 
versatility on the operation result. We prepared single crystals of titanium oxide by using the 

calculation results, and then we were obtained its photonic band diagram by reflection spectroscopy 
method. From these results, we have prepared a regular structure with having a complete-photonic-

band gap, in order to confine the light completely in a two-dimensional plane as a novel inhibiting 
emission photonic crystal. We 

have revealed that the crystal 
structure in the dye-sensitized 

solar cell incorporating its 
photonic crystal was related to 

the photoelectric conversion 
efficiency of per one-photon 

and per one dye. 
ÜÜ  Development of Poly(lactic acid)s Films as biopolymer, and Applications to New Material 

Field (Ikake Group) 

  Our group attempted the preparation of poly(L-lactic acid) (PLLA) oriented film as a novel optical 

material by using PLLA, which is crystalline polymer, with having a biodegradable function. In this 

study, we have prepared the PLLA films under the magnetic field of 10T. We have revealed that the 

degree of crystallinity and orientation of PLLA film is facilitated by controlling the heat treatment 

conditions and irradiation of magnetic field in this process. We discussed the relationship between the 

azimuth angle of PLLA films and the intensity of transmitted laser of these films by using He-Ne laser 

(wavelength 632.8nm). As a result, we have found the polarizing properties of these films by the 

periodic changes of the laser intensity. Next, we have prepared an optical film with using sc-PLA, 

which including stereocomplex crystal formed from PDLA of different chirality and PLLA. Sc-PLA 

has excellent properties, heat resistance and mechanical strength, compared to PLLA, and we could 

control the size of the stereocomplex crystal of films, in which formed sc-PLA films by using casting 

solvent. As shown in Fig.5, in the case of use 1,4-dioxan as solvents, the films became opaque due to 

the increasing size of stereocomplex crystal. On other side, in the case of chloroform films were 

transparent due to become small crystal size in film, and the film has the transmittance to 85% in 

visible light region of 400 ~ 800nm. In addition, we also 

discussed that sc-PLA film recycling for after use. We 

have prepared sc-PLA / silica hybrid materials by using 

the sol-gel method. Silica hybridized by nanometer size 

inside the films, and these hybrid films have high heat 

resistance than the sc-PLA film, and also showed a 

rubber plateau behavior in the high temperature region. Fig.5 Appearance of (a) mix-PLA(CHL) and 
(b) mix-PLA(DOX) films. 

(a) (b) 

Fig.4 The isotropic etching by using an aqueous solution of hydrogen 

Etching 0 12s
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Nanomaterials and Nonodevices Group 
 

Kaoru Suzuki*, Yoshiki Takano, Tomohiko Asai, Nobuyuki Iwata, Hideomi Hashiba, 
Shigeru Chaen, Ken Judai, and Shosuke Mochizuki 

Purposes 

This group aims at fabrication of nanomaterials and nanodevices for high functional applications 
such as electric circuits, biosensor, superconductors, EUV light source, field effect transistor, quantum 

dot terahertz single photon detector, solid oxide fuel cells, new photo-memory, and  bio-nanomotor 
by using fundamental techniques of  nano-process, fabrication of nano-materials, analysis of nano-

level structure and analysis by nano-technique.  
 
Plans 

Prof. K. Suzuki :  Carbon nanotubes (CNTs), nanorod (CNR) and nanofibers (CNFs) have 

attracted great interest due to their novel electrical, optical, and mechanical properties.  These 
materials are promising candidates for a large variety of nanodevices, such as electric circuits, 

biosensors, and optical components by wide band gap, Eg(carbon)>5.6 eV,  semiconductor effect.  
CNR and metal included CNTs are now sometimes grown on a silicon substrate with metal catalyst 

through thermal decomposition in ethanol at temperatures from 973 K to 1273 K by joule-heat with a 
DC power supply. The hydrogen yield on water decomposition with the lanthanum doped titanium 

dioxide thin films on quartz substrate that apply the photo catalytic reaction have been studied for fuel 
cell by using plasma assisted pulsed laser deposition method with non-sintered heavily La doped TiO2 

target.  
Prof. Y. Takano:  Since the discovery of high Tc superconductivity in (LaO1-xFx)FeAs in 2008, 

many researches on the iron-based superconductors have been carried out. Before this second 
superconductivity fever, it was reported that (LaO)FeP became superconducting at about 4 K. 

However, several research groups reported different Tc in (LaO)FeP. Thus, the electrical properties of 
LaOFeP is still controversial. Takano has considered that the stoichiometry of the sample is important 

to determine the electrical properties. Then, he has prepared single phase samples of La1-xOFeP using 
the special heat treatment and measured their structural, electrical and magnetic properties.  

Asso. Prof. T. Asai is studying the application of self-organized magnetized plasmoid.  His 
research interest is experimental physics and application self-organized magnetized plasmoid. In this 

project, he is focusing on application of the compact toroid which has been less applied so far. 
Currently, his experiments are focusing on development 1) EUV light source and 2) alloy-film 

generation. Both are realized by exquisite control of discharge on magnetized coaxial plasma gun 
using high-power IGBT inverter developed in our lab. 

Asso. Prof. N. Iwata is studying : i) The SWNTs were grown by alcohol chemical vapor deposition 
(ACCVD) method on quartz substrate with Co/Mo catalysts.  In order to grow SWNTs with specific 

chirality, free electron laser (FEL) was irradiated during growth. ii) Gold (source and drain electrodes) 
sputtered SiO2/Si substrate was dipped with a speed of 1mm/s from C60 saturated toluene solution.  

In advance of the dipping, the surface of the substrate and Au electrodes was treated into hydrophilic 
or hydrophobic. iii) A ferromagnetic domain can be controlled by a spin direction of Cr ion at the 

interface in ferromagnetic metal / Cr2O3 multilayer.  Considering a magnetoelectric effect of Cr2O3, 
the ferromagnetic domain is controllable by a electric field applied to the Cr2O3.  Single crystal 

Cr2O3 thin film is required for the ferromagnetic domain controllability. iv) 
LaFeO3(LFO)/CaFeO3(CFO) superlattice was grown by pulsed laser deposition (PLD) method.  The 

superlattice was alternate growth of 7 units of CFO and LFO, and that was repeated for 14 times.   
Assis. Prof. H. Hashiba is studying TiO2 photonic crystal embedded on quantum dot terahertz 

single photon detector.  An experimental study of a sensitive detector for terahertz radiation, based 
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on a GaAs/AlGaAs quantum dot (QD) of ~1 micrometer size defined by mesa patterning and metal 

gates has been reported. Quantum efficiency of the absorption of individual photons, inducing a 
charge polarization of the QD, is enhanced by an introduction of photonic crystal. He developed 2-

dimensional TiO2 photonic crystal fabricated by standard electron beam lithography for the detector. 
The photonic crystal is designed to have full band gap energy around a wavelength of incoming 

photons. This project aims enhancement of the efficiency of the detection and selectivity of 
polarization of incoming photons. 

    Prof. S. Mochizuki : The photoluminescence properties of different pristine CeO2 specimens 
(bulk crystal, film and nanocrystals) have been firstly studied at different temperatures between 7 K 

and room temperature. The photo-induced luminescence spectral change has been observed at room 
temperature for the first time. The phenomenon observed in a vacuum is explained as a photo-induced 

associative detachment of O2 on the specimen surface, while that observed in O2 gas is explained as a 
photo-induced dissociative adsorption of O2 on the specimen surface.  

Prof. S. Chaen : We have constructed expression vectors for 4 kinds of long-wavelength shifted 
fluorescent proteins.  In vitro single molecule imaging of these proteins fixed on a cover glass has 

been conducted.  Each protein exhibits distinctive characteristics upon fluorescence intensity and 
photo-breaching resistant properties.   

    Asso. Prof. K. Judai is interested in a chiral nano helix assembled from achiral molecules. The 
process, the origin of chirality and the control of nano helical structures were investigated.    

 
Progresses  
    Prof. K. Suzuki has performed the following studies. 
(1)Metal encapsulated carbon nanotube for magnetic force microscope probes: The diameter and 

length of the Ni filled CNT were in the range of 10 – 80 nm and 100 – 800 nm with varying heating 
period and temperature, respectively. The walls consist of cylindrical graphene sheets with 3 -50 layer. 

The structure of synthesized stainless-steel filled CNT processes 3 phases which indicate that 
monocrystal of Fe2(1-x)Cr2xO3 in A part, polycrystal of Fe2(1-x)Cr2xO3 in B part and monocrystal 

of Fe(1-x)Crx in C part by NBED analyses.  
(2)Creation of carbon nano-tube/rod and diamond-like carbon devices: Carbon nano-tube/rod forests 

were closely grown, one of a CNT was processed by focused Ga+ ion beam. Voltage and current 
characteristic shown diode property 

(3)Synthesize of photocatalytic SrxLa1-xTiO3 film for hydrogen generation: La doped TiO2 have 
attracted great interest for photocatalytic properties, which can be used visible area in solar light 

although only TiO2 limiting with ultra violet area.,and deposit of TiO2 on polymer films by laser 
induced forward transfer method. A magnetized coaxial plasma gun is utilized for a deposition of 

high-melting-point metal such as Ti0.5Zr0.5(Fe0.2Mn0.8) for hydrogen storing alloy collaborative 
study with prof.Nishimuya and Asai. 

(4)Synthesis of ZnO nano-films for light emitting device: We have synthesis nitrogen doped p-type 
ZnO nano-films by infrared light excited pulsed laser deposition method.  High quality crystalline of 

p-type ZnO nano-films were improved by pulsed YAG laser annealing below 532 nm ,and optimum 
wavelength was 266 nm 

(5)Bio-electronics: For sterilization of periodontal bacterium, atmosphere pressure low 
frequency/temperature micro plasma jet were developed with micro nozzle. 

(6)Green technology: The nano/micro bubbles were controlling ejected by laser/focused ion beam 
fabricated nozzle on piezoelectric vibrator for defecation of water. 

    Prof. Y. Takano has performed the following studies for iron-based superconductors. 
(1) Superconductivity of La Deficient La1-xOFeP 

(2) Crystal Structure and Superconducting Properties of Sr1-xRxFeAsF (R=La, Pr, Nd, Sm) 
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(3) Preparation and Electrical Properties of SrFeAsF1-x  

(4) Superconducting Properties of Sr1-xRxFeAsF1-y (R=La, Nd, Sm) 
(5) Crystal Structure and Electrical Properties of LaFe1-yZnyAsO 

(6) Preparation and Superconductivity of LiFe1-xCoxAs and Li1-xYxFeAs 
(7) Electrical Properties of SrFe1-xNixAsF 

(8) Basic study for the application of Sr1-xNdxFeAsF for the superconducting wire rod 
(9) Superconducting Properties of Ca1-xRxFeAsF1-y (R=Nd, Sm) 

In study (1), Takano indicated that the origin of the previously reported scattering of Tc in LaFePO was 
the off-stoichiometry of the samples. In study (2), Takano has firstly prepared Sr1-xNdxFeAsF and 

measured their superconducting properties. Also, in study (8), Takano showed that the upper critical 
magnetic field of Sr0.5Nd0.5FeAsF was higher than that of MgB2 that had the highest critical current 

density. In studies (3) and (4), Takano indicated that the electron doping due to the F deficiency was 
essentially different from that due to the O deficiency in LaFeAsO and that due to the rare earth 

substitution in SrFeAsF. Figure 1 shows the relation between Tc and y in Sr0.6La0.4FeAsF1-y. 
    Asso. Prof. T. Asai has has performed the following studies. 

(1)Magnetized Coaxial Plasma Gun has been applied for new alloy film deposition technique of 
Magnetized Coaxial Ion Gun (MCIG) method. This realizes the generation of metallic thin film with 

the materials which have high-melting-point. Result of the scratch test (JIS R 3255) on an aluminum 
thin-film formed on a SiO2 substrate indicates 4.2 times higher adherence strength compared to the 

conventional vacuum vapor deposition technique. This technique had been applied for a patent via 
NUBIC. (”Fast alloy film deposition method”Ýby Tomohiko Asai, Kaoru Suzuki, Nobuyuki 

Nishimiya, Mikio Takatsu, 2012.9.6 (JP2012-195690)) (Collaboration with Prof. K. Suzuki, Prof. N. 
Nishimiya and Prof. S. Masutani et al.) 

(2)Based on the MCIG, experimental investigations of novel technique of diamond-like Carbon (DLC) 
generation has been initiated. The functionality of DLC is generally depends on the hydrogen content 

and ion energy injected into substrate. The MCIG technique potentially controls both hydrogen 
contents and injection energy of carbon ion. (Collaboration with Mr. M. Hiratsuka and Dr. H. 

Nakamori et al.) 
(3)The application of the LF jet for medical treatments has recently been initiated. In this project, we 

are focusing on the application to the cancer treatment. The experimental device had been developed 
(Figure 3) and the initial experiments have been initiated. (Collaboration with Prof. N. Fukuda, Dr. K. 

Fujiwara, Dr. K. Saito and Dr. H. Koguchi (AIST) et al.) 
(4)The muon catalyzed fusion (μCF) is one of the nuclear fusion reaction processes caused in a μ-

atom. To improve the efficiency of μCF, innovative concept of fusion reactor design has been 
proposed and preliminary experiments on a super-Alfvénic translated FRC (Field-Reversed 

Configuration) plasma have been initiated. (Collaboration with Dr. E. Nakamura (KEK))  
    Asso. Prof. N. Iwata has has performed the following studies. 

(1)The aim of our study is to synthesize the oxides superlattices with atomically sharp interface.  The 
superlattices could be the quite low consumption magnetic devices controlled with electric field, and 

multifunctional, for example ferroelectric and ferromagnetic multiferroic devices.  For the fabrication 
of the superlattices, highly refined and atomically controllable deposition technique are required.  We 

developed the synthesis of highly dense target, layer-by-layer technique, and carried out the detailed 
analysis of crystal structures for the superlattices.  The materials used were ABO3 

(A=Ca,La,B=Fe,Mn)ÃREMO3 (RE=La,Bi,M=Fe,Fe1-xMnx).  Although it is difficult to calcine the 
target with the density more than 95%, the targets of LaFeO3(LFO)Þ95.5%ÃCaFeOx(CFO)Þ96.4%Ã

BiFeO3(BFO)Þ95.2%ÃBiFe1-xMnxO3(BFMO)Þ96.6% were able to be fabricated using the Pechini 
method by the collaboration research with Prof. Takuya Hashimoto.  The superlattices were 

fabricated by the alternate stacking of the ABO3 and REMO3 using pulsed laser deposition method.  
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High quality superlattices grew by a cube-on-cube manner demonstrated by a x-ray diffraction, 

reflection and reciprocal space mapping, where the superstructure satellite peaks and Laue oscillation 
were clearly observed.  Decreasing temperature, magnetic interaction through the interface was 

developed expected in the illustration of the temperature and/or magnetic field dependence of in-plain 
sheet resistance and Hall resistance.  In the [CFO/BFMO] superlattice, the saturation magnetization 

MS of 0.055μB per Fe1-xMnx at 300K was observed with the Curie temperature of approximately 450K.  
The value of the MS is four times higher than that of bulk BFMO.  Novel function can be invested by 

the synthesis of superlattices. 
(2)For the supreme fine FET devices with one nm order in size, the single-walled carbon nanotubes 

(SWNTs) were synthesized by a chemical vapor deposition (CVD) method with the features of 
uniform electric property, controlled growth position, and anisotropic alignment.  The features are 

realized by the irradiation of the free electron laser (FEL), surface treatment, and the atomic 
arrangement of the substrate surface.  The alignment growth of the bundled SWNTs were grown on 

sapphire substrate.  The semiconducting SWNTs with four kinds of chirality grew by irradiating the 
800nm-FEL.  Without the FEL metal and semiconducting mixed SWNTs grew with the chirality 

more than 30.  The reduction of the grown chirality is attributed from the variability of the 
wavelength and the hundreds femto-seconds micropulses of the FEL.  The chirality control during 

the CVD deposition is successfully carried out at the first time in the world.  The synthesis position 
control and the chirality control were also achieved simultaneously by the surface treatment of a 

hydrophilic between electrodes.  
    Assis. Prof. H. Hashiba has has performed the following studies. 

(1)One of the promising ways to perform single-photon counting of terahertz radiation consists in 
sensitive probing of plasma excitation in the electron gas upon photon absorption. We aimed to reveal 

appearance of plasma excitations under high ratio of incoming photons and at high temperature. Our 
device is assembled from a GaAs/AlGaAs quantum dot, electron reservoir and superconducting 

single-electron transistor. The quantum dot is isolated from the surrounding electron reservoir in such 
a way that when the excited plasma wave decays, an electron could tunnel off the dot to the reservoir. 

Plasma excitations of the QD arises with a formation of confinement potential barrier from the 
reservoir having resistances more than resistance quanta, and we revealed that appropriate shape of the 

barriers lowers dark counts by suppression of flow of hot electrons form the reservoir and reveals 
higher order excited states. The higher order excited states is expected to have the same plasma 

frequency of that of the first and shows a heat bath effect of the QD.  The detector shows high noise 
equivalent power of ~10-19 WHz-1/2 . 

(2)Titanium dioxide (TiO2) has been draw attention for dye sensitized solar cells by its catalytic 
characteristics. Our aim is an experimental study of fabrication of fine structures, i.e. photonic crystals, 

of TiO2 for solar cells to enhance its efficiency. A TiO2 thin layer of 150 nm thick was grown on an 
FTO glass substrate with a fine patterned ZEP resist mask by a conventional RF magnetron sputter 

method with Ti target. We found that, during the deposition, keeping ratio of Ar-O2 gas of 2:1 and the 
deposition ratio of around 0.5 Å/s ensures enough oxygen to form TiO2 and low temperature to avoid 

deformation of fine pattern of the ZPU resist mask. Design of the fine patterns is photonic crystal 
structure of periodic zigzag slabs of 108 nm width, 608 nm in period. TiO2 layers are white-

transparent, amorphous, and those roughnesses are around 7 nm. Baking of TiO2 fine structures.at 500 
oC transforms TiO2 from amorphous to rutile and anatase forms while keeping the same profile of the 

fine structures. Our new fabrication method can be one of a promising technique to optic devices on 
researches and industrial area.  

Prof. Chaen has performed the following studies. The ensemble of many bio-nanomachines does 
not represent the real view of the bio-molecule, because the individual reaction does not intrinsically 

synchronizes with each other. We have studied the biomolecular motor using the ordinary fluorescent 
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imaging and the receptor protein on the biomembrane using the single-moecule fluorescent imaging 

technique. Firstly, studies on myosin motor of myosin filament suggested that the movement of 
myosin molecule was supplied by the thermal fluctuations. Moreover, by developing a new method 

which can image the chemical reaction occurred the myosin movement, we found that the chemical 
reaction was influenced by the myosin conformation. Secondly, in the study on the receptor protein of 

membrane, we have succeeded in improving our microscopy system by selecting a appropriate 
fluorescent protein, mPlum compared to ordinary fluorescent protein, GFP.  And, we have developed 

a new wet cell using a carbon thin diaphragm to observe a living cell in aqueous solution with 
scanning microscopy at nanometer resolution. 

  Asso. Prof. K. Judai has found silver tolylacetylide molecules assembled into a chiral structure, 
nano helical morphology, even if the acetylide is an achiral molecule. A systematical study of 

recrystallization solvent revealed that twisted nano helix and non-twisted straight nano ribbon 
structures can be controlled by the solvents. This may carve out the direction of mirror-symmetry 

breaking in the homochirality problem.   
 

Appeal achievements 
  Our group member obtained the following achievements.1). 92 papers; J. Am. Chem. Soc., 

Nanotechnology and BIOPHYSICS etc., 2) 4 books; Advanced Solid Laser etc., 3) 8 patents; Patent 
Appl. No.2012-195690 and No.2012-204982, etc., 4) 22 grants; Science, Sports and Culture, a Grant-

in-Aid for Scientific Research, etc., 5) 11 awards or articles; “Shiokawa” award, etc. 
 

Conclusions 
  In this project, the problem of fabricaton of nanomaterials and nanodevices for high functional 

applications such as electric circuits, biosensor, superconductors, EUV light source, field effect 
transistor, quantum dot terahertz single photon detector, solid oxide fuel cells, new photo-memory,  

and bio-nanomotor has been studied. We succeed the following nanomaterials; 1) Superconductivity 
of La Deficient La1-xOFeP and Sr1-xRxFeAsF (R=La, Pr, Nd, Sm) etc., 2)Photonic crystals, of TiO2 for 

solar cells to enhance its efficiency, 3)Photocatalytic SrxLa1-xTiO3 film for hydrogen generation and 
p-type ZnO nano-films for light emitting device, 4) Silver tolylacetylide that twisted nano helix and 

non-twisted straight nano ribbon structures, 5) CeO2 - ZrO2 for photo-induced dissociative adsorption 
of O2  gas, and nanodevices; 6) Ni or SUS encapsulated carbon nanotube for magnetic force 

microscope probes, carbon nano-tube/rod and diamond-like carbon diode  and chirality controlled 
single-walled carbon nanotubes for field effect transistor, 7) LaFeO3(LFO)/ CaFeOx(CFO)/ 

BiFeO3(BFO)/ BiFe1-xMnxO3(BFMO) superlattices for ferroelectric and ferromagnetic multiferroic 
devices, 8) GaAs/AlGaAs quantum dot electron reservoir and superconducting single-electron 

transistor for single-photon counting of terahertz radiation, 9) Magnetized coaxial plasma gun, 
Magnetized coaxial ion gun and Low frequency plasma jet, 10) Nano/micro bubbles for water 

purification, 11) Single-moecule fluorescent imaging for biomolecular motor, myosin motor of myosin 
filament, Scanning electron microscopy to observe a living cell in aqueous solution. 
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Quantum theory and computation group 
 

Hiroshi ISHIDA, Shinichiro OHNUKI, Tokuei SAKO,* Tsuneki YAMASAKI 
 

1. Summary of research progress in Quantum theory and computation group 
  This group aims at understanding the fundamental mechanism and properties of interaction between 
light and nanomaterial employing quantum/electromagnetic theories and large-scale computation. The 

highlights of their research achievements are summarized as follows. 
 

2. Electronic properties of solid surfaces and adsorbed molecules (Hiroshi ISHIDA) 
  Recent progress in microfabrication techniques has enabled us to adsorb molecules at desired 
positions and to synthesize atomic monolayers in layer-by-layer fashion. Novel quantum phenomena 
occur in these nano-size systems as a result of energy-level discretization, symmetry lowering, change 
in the boundary condition of wave functions, and electron correlation effects. In the search for new 
functional materials and in the development of nano-size devices, the importance of theoretical 
calculations are ever increasing as a tool to analyze and predict experimental observations. In the 
present work, we conducted theoretical calculations of the electronic structure of solid surfaces and 
adsorbed molecules by placing emphasis on "the effects of strong electron correlations" and "the 
calculation of truly semi-infinite solid surfaces". 
(2-1) Electronic structure of the Metal/Mott insulator interfaces 

An important question from a view point of device application is whether a device such as tunnel 
junctions works properly when a band insulator is replaced by a Mott insulator originating from strong 
electron correlations. As a theoretical technique to treat strongly correlated systems, dynamical mean-
field theory (DMFT) is widely used. In particular, for bulk crystals, its extension to cluster type DMFT 
methods where electron correlations among neighboring atomic sites are taken into consideration are 
becoming standard. On the contrary, DMFT calculations for surface systems were so far restricted to 
those using the single-site approximation. In the present work, we applied the cluster DMFT technique 
to correlated surface and interface systems. It was demonstrated that the mechanism of the metal-to-
insulator transition in the correlated layers as well as the tunneling conductance through them changes 
qualitatively from those obtained by the single site DMFT. Similarly, we calculated the electronic 
structure of a monolayer of the Mott insulator adsorbed on a semi-infinite non-interacting metal 
substrate. While in the single DMFT, the overlayer becomes a Fermi liquid due to proximity effects to 
the metal substrate, it was found that the overlayer remains a non-Fermi liquid in the cluster DMFT 
calculation to much lower temperatures. 
(2-2) Coulomb blockade and Kondo effect in the Hubbard molecule 

It has become possible to measure conductance of single molecules connected to metal electrodes. 
On the theory side, calculations of the ballistic conductance for molecules are reported based on the 

Landauer formula and density functional theory (DFT). The agreement between theory and experiment 
is not necessarily good as DFT cannot treat many body effects caused by strong Coulomb interactions 

between electrons in the molecules. To address this issue, we considered a N-site Hubbard molecule 
bridging two non-interacting semi-infinite metallic electrodes and calculated its electronic structure in 

the limit of the zero bias voltage by using the exact diagonalization technique. It was shown that our 
method can describe Coulomb blockade effects as well as the formation of Kondo resonance at low 

temperature originating from the coupling of localized spins in the molecule and conduction electrons 
in the electrodes. 

(2-3) Rashba effects in the localized surface bands of crystal surfaces 
Spin-orbit interactions play an important role in the electronic structure of crystal surfaces. One 

example is the topologically protected surface states of topological insulators. Another is the spin 



Nihon University N. Research Project Final Report

162

 

 
Fig.2 Proposed system for high-density 
all-optical magnetic recording. 

 

 

Fig.3 Circularity inside the bit-

patterned media. 

polarization of localized surface bands observed in nonmagnetic materials such as Ag and Bi. The 

latter is called the Rashba effect. Previous first-principle calculations of the Rashba effect within DFT 
were performed by approximating crystal surfaces by thin slabs. However, the slab model is not 

suitable for the accurate description of localized surface states and surface resonances, since the bulk 
energy levels in the normal direction are discretized. We have  

incorporated the spin-orbit interaction term in our embedded 
Green's function program and performed first-principles DFT 

calculations of the Rashba effect for a number of truly semi-
infinite surfaces. As an example, we show in Fig. 1 the 

calculated surface band structure of Bi/Ag(111) surface, 
where we plotted the intensity map of ρ(ε, k), the k-resolved 

local density of states within a muffin-tin sphere of an 
outermost surface atom, as functions of the wave vector and 

one-electron energy. The dark regions correspond to the 
energy gaps of projected bulk energy bands. Bright lines in 

the energy gaps are the localized surface states. As the 
Kramers degeneracy is lifted at the surface due the lack of the 

space inversion symmetry, the surface bands become spin-
polarized except for the the Γ point in surface Brillouin zone. 
 
3. Nano-Electromagnetic Simulation for Light-Material Interactions (Shinichiro OHNUKI) 

We have developed fast and reliable electromagnetic simulation methods for studying interaction 
between light and nanoscale objects. We apply our novel methods to designing nanoscale devices for 

high-speed and high-density magnetic recording, quantum telecommunication, and so on. This 
research was awarded the 2013 academic award from College of Science & Technology, Nihon 

University and the 2013 best paper of Magnetics Society Japan. 
(3-1) Time Domain Responses of Electromagnetic Fields by 

Integral Equation Methods 
We have developed novel fast and accurate solvers based on 

integral equation methods with fast inverse Laplace transform for 
time domain electromagnetic problems. The advantages of our 

proposed method are (1) the computational error is easy to be 
controlled, (2) there is the no restriction of selecting time step size, 

and (3) an arbitrary observation time can be selected. Using the 
combination of fast algorithms and parallel computing, the 

speedup rate becomes over 100 times faster. We have designed 
plasmonic antennas which can localize circularly polarized light in 
nanoscale.  
(3-2) Design of Plasmonic Antennas with Bit-Patterned Media for 
High-Density Magnetic Recording 
We study characteristics of plasmonic antennas with bit-patterned 
media to realize high-density all-optical magnetic recording 
through the collaboration with Prof. Katsuji Nakagawa, 
Information Group. Figure 2 shows an asymmetric cross antenna 
constituted by two dipole antennas with bit-patterned media. 
Antenna lengths are selected to obtain 90° phase shift. Localized 
circularly polarized light is generated inside the particulate 
medium at the center of antennas. In our proposed system, the 

 

Fig.1 Bi/Au(111)ßà� Rashba7á 
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Fig.4 Time domain response of current 
density in a nano plate. 
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Fig. 5 Nano tube and the coordinates. 

 

Fig. 6 Control of electrons states by a 

recording density can be achieved over 2Tbit/inch2. We 

investigate the motion and required DC field of magnetization 
reversal using micro magnetics simulation in collaboration with 

Prof. Arata Tsukamoto, Information Group, as in Fig.3.�
(3-3) Multiphysics Simulation of Nanoscale Objects in Laser 

Fields 
We have developed the coupled Maxwell-Schrödinger scheme 

which is based upon the FDTD method in collaboration with Prof. 
Tokuei Sako, Quantum Theory and Computation Group. Our 

proposed method can handle tunneling effects due to well 
structures. We have investigated current densities and 

electromagnetic fields of nano plates. Advantages of our method 
have clarified in comparison with conventional classical solvers 

(Fig. 4). We have investigated the interaction between the light 
control pulse and thin tube including only a single electron, where 

the pulse is designed to control the electron-state. Our designed 
pulse has excellent ability to control the electron state with high 

accuracy (Figs. 5 and 6). 
(3-4) Modeling of Plasmonic Waveguides for a High Sensitivity 

Optical Sensor 
We have proposed an optical sensor which consists of a metal 

stripe and nano wire. Using the proposed device, electromagnetic 
energy is concentrated around the metal stripe and the energy can 

be efficiently absorbed into the nano wire. Joule heat inside the 
nano wire is produced due to the electromagnetic energy and 

becomes over 50 times higher than that for the case without the 
metal stripe. 

4. Origin of Hund’s rule and angular correlation in natural and artificial atoms (Tokuei SAKO) 
Artificial atoms or quantum dots, novel quantum systems confining a small number of electrons in a 

low-dimensional artificially-designed nanoscale potential well, play an essential role in the 
development of next generation devices operating under the principle of quantum mechanics, utilized 
in, such as, quantum computation and quantum telecommunication. Since the electronic properties of 
artificial atoms are known to depend strongly on their size and/or number of electrons, understanding 
their complicated electronic structure is one of the most fundamental and essential issues. In this 
direction the author has focused on in this N. project the origin of so-called Hund’s rule and studied 
the mechanism of this fundamental rule operating in artificial atoms. An inherent hole in the spin-
parallel singlet wave function has been identified and is called conjugate Fermi hole.  It has been 
shown that the origin of Hund’s rule is rationalized on the basis of this conjugate-Fermi-hole concept. 
(4-1) Origin of Hund’s multiplicity rule 

Empirically derived Hund's rules of pre-quantum-mechanics era that predict the ordering of the 
energy levels possessing different spin and orbital angular momentum quantum numbers proved to be 
almost universally valid for atoms, molecules, and quantum dots. Yet, despite the history of a long 
standing debate the search for various aspects of their origin persists, that was most likely due to our 
lack of knowledge as to how electrons in the system behave differently for different spin states. We 
explore the origin of the first Hund rule for a two-dimensional model of He-like systems and that of 
two-electron quantum dots which represent ideal systems providing a direct fundamental insight into 
the structure of the internal part of the fully-correlated wave functions, allowing us an unambiguous 
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argument. An examination of their probability density distributions indeed reveals the existence of a  
region in the internal space which we refer to as a conjugate 
Fermi hole (Fig.7 Phys. Rev. A 2011). In this region the 
singlet wave function has a smaller probability density than 
the corresponding triplet one, in contrast to a genuine Fermi 
hole in which case the triplet has a smaller density than the 
singlet. Thanks to the presence of this conjugate Fermi hole, 
the singlet probability density has to migrate far away from 
the center of the one-electron potential, rationalizing thus a 
well-known broader electron density distribution of the 
singlet state than is the case for the corresponding triplet, that 
is a key observation to explain the singlet-triplet energy gap. 
This result was published in Journal of Physics B in 2012 and 
was chosen as IOP Select Paper, which was further covered 
by Europhysics News published by the European Physical 
Society. He was invited by JPS to write a review article on 
this subject in BUTSURI, that was published recently in the 
June issue of 2013 with the title “Origin of the First Hund 
Rule in He-Like Atoms”. 
 
5. Switching Effect and Confinement efficiency by Dielectric Waveguide with Photonic 
Nanostructures (Tsuneki YAMASAKI) 

We have analyzed the scattering and guiding problems by dielectric waveguides with defects 
composed of dielectric circular cylinders array loaded with dielectric rectangular cylinder and arbitrary 
dielectric structure in the middle layer, and investigated the influence of power transmitted 
coefficients by using the combination of improved Fourier series expansion method and multilayer 
method and the distribution of energy flow for defect area utilizing the propagation constants at the 
guided region. We have investigated the optimum dielectric structure to obtain the switching effects or 
confinement efficiency. Numerical results are given for the influence 
of the incident angle and normalized frequency of the transmitted 
power in terms of the parameter 3 0ε ε  of the rectangular cylinders 
in the middle layer sandwiched between two multilayers, yielding 
the basis characteristics of resonance peak for switching or frequency 
selective devices for both TM and TE cases. 
(5-1) Confinement efficiency of photonic structure for case of loaded 
with arbitrary dielectric structures 

We consider the dielectric waveguides composed of dielectric 
circular cylinder array with air-hole type circular cylinder array. 
Figure 8 shows the distribution of energy flow at the guided area for 
types A and B as condition of excited normalized frequency 

0.4814p λ = and 0.4368p λ = , respectively. And also, the circles of 
solid and dashed lines denote the position that it is placed the 
dielectric circular cylinders or air-hole circular cylinders. Form these 
results, we can see the following features: (1) From a comparison of 
structure type A and type B, the energy of defect area for type B can 
be concentrated than that of structure type A. (2) We obtained the 
confinement efficiency by type B compared with previous structure 
type A. 

 

Fig.7 Structure of standard Fermi holes (blue) and 
conjugate Fermi holes (red) in the internal space 
of two electron. 

 

0.4814p λ =

z

x

y  

 

0.4368p λ =

z

x

y  

Fig.8 Distribution of energy flow at 
guided area for types A (upper) and B 
(lower). 
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Improved hydrogen production by cyanobacteria with the use of hydrogen-absorbing alloys 

Yasuo ASADA and Nobuyuki NISHIMIYA 
Energy Technology 

 

     There have been some kinds of hydrogen producing microorganisms; anaerobic fermenters with 
degradation of organic materials, and photosynthetic microorganisms (microalgae, cyanobacteria and 
photosynthetic bacteria) under specific conditions. 
     The enzymes producing and/or consuming hydrogen are nitrogenase and hydrogenase. 
Hydrogen absorbing alloys (e.g., Fe/V/Zr) were encapsulated by SSG (Softened Sol Gel) method. The 
encapsulated metals were tolerant to oxygen and water.  The metal was put in a closed vessel 
containing culture of nitrogen-fixing hydrogen producer, Anabaeana cylindrica under photosynthetic 
conditions or auto-fermentative hydrogen producer, Spirulina platensis in the dark and anaerobic 
conditions for several days.  The total amount of hydrogen recovered in the alloys and Ar gas phase 
was higher in the presence of metal than in the absence of it (Japanese Patent âãääåäâæç
èé). It is suggested that the hydrogen absorbing alloys affected the balance of hydrogen production 
and uptake in these hydrogen producers. 
     We adopted the SSG hydrogen absorbing alloys to facultative fermenter, Enterobacter 
aerogenes, also. The results were similar as for the cyanobacteria (the alloys were stimulative for the 
yields of hydrogen production). We are trying to adopt to the alloys to anoxygenic photosynthetic 
bacteria that produce hydrogen with nitrogenase system.The results above is the first step for further 
improvement of biohydrogen production. Besides of improvement of light energy conversion, new 
alloys which are reactive in lower pressure with higher rate of hydrogen absorption.  
     Asymmetric reduction of isoxazole by photosynthetic bacteria (by Asada’s group) 
It was reported that the intact cells of a cyanobacterium, Synechococcus PCC7942 reduce isoxazole or 
acetophenones into its s-type alcohol form. It is estimated that alcohol dehydrogenase could be 
catalyzed, however, what enzyme is really working is not so clear. We planned that three alcohol 
dehydrogenase genes from Synechocytis PCC6308 into a photosynthetic bacterium Rhodobacter 
sphaeroides RV by using RP4-derived conjugative vecter. It was at first successful in conjugative 
transformation. Three transconjugat carrying each alcohol dehydrogenase gene are demonstrated to 
have active alcohol dehydrogenase activity in its cell-free extract. Furthermore, we found alcohol 
assimilating Rhodopseudomonas viridis No.7 can asymmetrically reduce isookisazoles and 
acetophenone into their S form of alcohols. Then, we tried the transconjugants including Rp.viridis 
No.7’s alcohol dehydrogenase for asymmetric reduction. We repeated the reduction experiments under 
various conditions. However, the transconjugant might vary into weak or no activity even for ethanol 
or butanol. The reason is not clear, but estimated to be to instability of transconjugation vector. The 
vectors might be lost during repeating the transfer the culture. The results are not enough (less than 
half of the plan). The author, Asada is very thankful to Lecturer, Ken-ich Ito, in our section for 
analysis of isoxazoles and acetophenones and Prof. Hideki Khono for making transconjugants.               
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Control of Self-Organized Magnetized Plasmoids and Their Applications 
to Nano-Materials and Medical Technologies 

 
Tomohiko ASAI 

Nanomaterials and Nanodevices  

 
  Self-organized magnetized plasmoid has attractive advantages for the variety of applications 

because of its wide range of plasma parameters and its ease of control. In this work, applications of the 
magnetized plasmoid for a rapid thin-film deposition and EUV light source have been proposed and 

demonstrated. Also, several innovative applications of the plasma formation technique, e.g. medical 
treatment and muon catalyzed nuclear fusion have been proposed and initiated in this project.  

 
1. Development of high-speed film 
deposition technique by magnetized 
coaxial plasma gun 
  Magnetized Coaxial Plasma Gun (MCPG) 
has been applied for new alloy film 

deposition technique of Magnetized Coaxial 
Ion Gun (MCIG) method as shown in Figure 

1. This method realizes the generation of 
metallic thin film with the materials which 

have high-melting-point (e.g., Ti, Zr …). 
Generation methods for these materials had 

been limited to the ion beam assisted vacuum 
deposition. The optimization of gun operation 

and the initial experiment with composite 
material electrode have been successfully 

performed. Result of the scratch test (JIS R 
3255) on an aluminum thin-film, which 

formed on a SiO2 substrate with the newly 
proposed MCIG technique, indicates 4.2 

times higher adherence strength compared to 
the conventional vacuum vapor deposition 

technique. The developed technique had been 
applied for a patent via NUBIC. (”Fast alloy 

film deposition method”êby Tomohiko Asai, 
Kaoru Suzuki, Nobuyuki Nishimiya, Mikio 

Takatsu, 2012.9.6 (JP2012-195690)) 
(Collaboration with Prof. K. Suzuki, Prof. N. 

Nishimiya and Prof. S. Masutani et al.) 
 

2. Development of MCIG with carbon electrode for hard DLC generation 
  Based on the MCIG technique which has been developed for the thin-film generation of high-

melting point metals, experimental investigations of novel technique of diamond-like Carbon (DLC) 
generation has been initiated. Generally, DLC is generated by the discharge or spattering in the 

hydrocarbon gas atmosphere. Therefore, precise control of the hydrogen content in a DLC is difficult. 
The proposed method by utilizing MCIG with carbon electrode does not require hydrocarbon gas to 

generate DLC. Then the content of hydrogen is easily controlled by changing mixing ratio of 

 

Figure 1. Schematic diagram of MCIG 

 

 
1.5

1.0

0.5

0.0

S
en

so
r 

O
ut

pu
t [

A
.U

.]

50403020100

Force [mN]

MCPG
Vaccum

10 mN

42 mN

CSR-2000
Stylus dia. 15μm

 
Figure 2. Result of the adherence strength test of 
aluminum thin-film on a SiO2 substrate by methods 
of a vacuum vapor deposition and newly proposed 
MCIG technique 
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discharge gas. The functionality of DLC is 

generally depends on the hydrogen content and 
ion energy injected into substrate. The MCIG 

technique potentially controls both hydrogen 
contents and injection energy of carbon ion.  

(Collaboration with Mr. M. Hiratsuka and Dr. H. 
Nakamori et al.ë 

 
3. Application of LF Plasma jet for Medical 
Treatments 
  The atmospheric-pressure LF (Low Frequency) 

plasma jet has been investigated to apply for 
surface modification technique of e.g. CNT 

composite materials. The application of the LF jet 
for medical treatments has recently been initiated. 

The high energy electron and ions supplied by the 
LF jet have a potential to be a tool to control 

chemical balance of cells in addition to the direct 
effect of hot particles. 

  In this project, we are focusing on the 
application to the cancer treatment. The 

experimental device had been developed (Figure 
3) and the initial experiments have been initiated.  

(Collaboration with Prof. N. Fukuda, Dr. K. 
Fujiwara, Dr. K. Saito and Dr. H. Koguchi (AIST) 

et al.) 
 

4. High-efficiency method of muon catalyzed 
fusion 
  The muon catalyzed fusion (μCF) is one of the 
nuclear fusion reaction processes caused in a μ-

atom. To improve the efficiency of μCF, 
innovative concept of fusion reactor design has 

been proposed and preliminary experiments on a 
super-Alfvénic translated FRC (Field-Reversed 

Configuration) plasma (Figure 4) have been 
initiated.  

  The application of GeV-class hadron particles to new energy production by using nuclear fusion 
reactors has been discussed. The FFAG (Fixed Field Alternating Gradient) accelerator is an attractive 

candidate for this study because it is compact with small magnetic materials, and is capable to supply 
stable beam for DC-magnetic field operation, although the electric field of the acceleration rf-devices 

is low up to 100 kV/m due to the requirements for large aperture and for time-variation of rf frequency 
to adjust to the non-linear velocity of high-energy particles. We have studied to improve the FFAG 

accelerator by applying magnetic field configuration to main bending magnets, to satisfy isochronous 
condition and phase stability. Figure 5 shows the conceptual design of the new accelerator. Numerical 

investigation has been initiated to optimize the accelerator design for the application to μCF. 
(Collaboration with Dr. E. Nakamura (KEK))  

 

Figure 3. LF jet for a medical applications 

 

 

Figure 4. FAT device 

 

Figure 5. Schematic of FFAG accelerator for high 

energy hadron 
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Imaging of Bionanomachines 
 

Shigeru CHAEN 
Nanomaterials and Nanodevice 

 
  In studies on bio-nanomachines, the conventional ensemble techniques have been used. However 
the ensemble of many bio-nanomachines does not represent the real view of the bio-molecule, because 

the individual reaction does not intrinsically synchronizes with each other. Studying single-molecule 
at a time is necessary for understanding the bio-nanomachine in action. Here we report studies on the 

biomolecular motor using the ordinary fluorescent imaging and the receptor protein on the 
biomembrane using the single-moecule fluorescent imaging technique. 

 
1. Studies on the biomolecular motor using the ordinary fluorescent imaging technique. 
  In vitro motility assays using bipolar myosin thick filaments demonstrated that actin filaments were 
capable of moving in both directions along the myosin filament tracks. The movements, however, 
were slower in the direction leading away from the central bare zone than towards it. To understand 
the mechanism underlying these different direction-dependent motilities, we have examined the effects 
of temperature on the velocities of the bidirectional movements along reconstituted myosin filaments. 
The apparent activation energy of the movement away from the central bare zone was significantly 
higher (79 kJ/mol) than that of the movement toward the zone (44 kJ/mol). Given that the backward 
movement away from the central bare zone would cause the myosin heads to be constrained and the 
stiffness of the cross-bridges to increase, these results suggest that the elastic energy required for the 
cross-bridge transition is supplied by thermal fluctuations. ìBiochem. Biophys. Res. Commun. 2010, 
396, 593-542í.  

 

 

 

 

 

 
 
2. Imaging of ATP hydrolysis of bionanomachines. 
 
 As mentioned above, we have suggested that the backward movement causes the myosin heads to be 
constrained and increase in the energy required for the ADP release step by the findings that the 
thermal activation energy. In this study, in 
order to examine whether ADP release 
rate is slower in the backward than the 
forward movement, we constructed an 
assay system to estimate the ADP release 
rate from the displacement of fluorescent 
nucleotides bound to myosin heads by 
flash photolysis of caged ATP. Using the 
new assay system, we obtained that ADP 
release rate is slower in the backward than 
the forward movement (BIOPHYSICS 
2013,�9, 13-20). 

 

fluorescent actin filament
forward (fast)backward (slow)

myosin filament
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3. Studies on the receptor protein on the biomembrane using the single-moecule fluorescent 
imaging technique 
  Single molecule imaging technique has broken through the bottlenecking problem of optical 
resolution limit and provided a method to directly observe each single molecule by optical microscopy.  
Traditional epi-fluorescence microscopy can not identify faint fluorescence from a single molecule 
buried in enormous amount of background fluorescence.  Evanescent field illumination method 
provides a device for drastically reducing background fluorescence and enables in vitro single 
molecule imaging of purified proteins.  The method, however, has several problems to overcome in 
in vivo usage.  Intense and heterogeneous distribution of autofluorescence in living cells or tissues is 
a deep-rooted obstacle to reduce background.  Brownian motion of objective molecules bring about 
spaciotemporally ever-changing distribution of their fluorescence intensity.  To surmount these 
difficulties, we have improved our microscopy system to accomplish high contrast imaging and 
investigated alternative fluorescent reagents 
instead of GFP.  We have so far singled mPlum, 
a fluorescent protein, out for High S/N ratio and 
long lifetime of its chromophore.  We intend to 
evaluate in vivo usage of mPlum.  In practice, we 
conduct in vivo single molecule imaging of a 
fusion protein consisting of Plasma Membrane 
Targeting sequence (PMT) and mPlum expressed 
in living cells.  PMT sequence makes it possible 
to place the fusion protein directly under plasma 
membrane. 
 

4.  Development of a new wet cell using a carbon thin diaphragm to observe a living cell in 
aqueous solution with Scanning Electron Microscopy at nanometer resolution 
  In electron microscopy, transparency of specimens against a beam of electrons in TEM or intensity 
of secondary electrons and so on induced by an incident electron beam in SEM is translated into 
contrast. Any material surrounding a specimen, which prevents electron beam passing or detection of 
secondary electrons, obstructs to create an image. Hence, electron microscopy intrinsically requires 
high voltage electron beam irradiation of specimens and high vacuum under 10-4 Pa in the cell for 
specimens. Water in samples must be replaced with some resins or completely dried up. These 
conditions make it difficult to observe wet or living samples like enzymes retaining catalytic activities 
or living cells in aqueous solution. To image wet and living samples using electron microscopy at 
nanometer resolution, we are developing a new wet cell for SEM whereby living cells and enzymes 
can be maintained in aqueous solution. A carbon thin layer with thickness of 20 nm was made by 
vacuum evaporation. We applied it as a diaphragm withstanding a pressure gap for separating a 
specimen in solution at atmospheric pressure from high vacuum environment. Cells and enzymes were 
placed on its surface of the atmospheric side. They were imaged using SEM. The EM photographs 
show detailed structures of the cell membrane and the enzymes. 
 
 
 
 
 

Ventral membranes of CHO cells
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Drug discovery of pyrrole-imidazole (PI) polyamide by the chemical biology and Development of 

plasma medicine for cancer 

Noboru FUKUDA, Jun IGARASHI, Kousuke SAITO 

Medicine 

 

1. Drug development of PI polyamide as practical medicines 

We confirmed that PI polyamide targeting human TGF-β1 

(GB1101) is strongest to inhibit the expression of TGF-β1 

mRNA in human- and marmoset-derived fibroblasts. We 

checked the combination of components of soluble materials and 

solutions for PI polyamides and found that Macrogol Ointment 

was most effective substrate to delivery the PI polyamide into skin. We examined effects  of  PI 

polyamides targeting human TGF-β1 on development of skin finrotic scar created in common 

marmosets and confirmed acual inhibition of the skin scar. 

 

2. Development of the Nihon University original 

methodology inducing iPS cells using the PI polyamide 

targeting human TGF-β1  

We examined the iPS-producing method establishment using 

proteolysis resistant cell-permeable proteins and the iniciation 

factor, TGF-β1 inhibitor, PI polyamide targeting human TGF-β1, 

Apigenin, TGF-β1antagonist and Apigenin, and TGF-β1 and PI polyamide targeting human TGF-β1. 

 

3hhDevelopment of plasma medicine for skin malignant melanoma�

We started a project of the development of plasma medicine for skin malignant melanoma 

collaborating with the plasma team in College of Science and Technology. This plasma medicine 

targets the cancer stem cell with all trans retinoic acid to reduce the tolelance of radical oxygen species. 

��

4. Drug development of cyclic PI polyamides 

To verify the higher efficiency of biological activities of the cyclic PI polyamides, we have been 

carrying out the comparison between hairpin and cyclic PI polyamides with nine-ring or ten-ring this 

year. According to results of Real-Time PCR, cyclic PI polyamides targeted human TGF-β1 much 

more significantly than hairpin PI polyamides, indicating the cyclic PI polyamides maybe can be used 

as a new type of DNA-binding molecule with lower dose. 
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Single Photon Optoelectronics Devices 
 

Hideomi HASHIBA 
Nano-devices; Quantum information 

 
  Our research aims development of single photon optoelectronic devices. The research has focused 
on silicone/Au waveguides, CdSe colloidal quantum dots as single photon emitters for quantum 

information transport, two dimensional TiO2 photonic crystals of low refractive index for solar cells, 
and single photon detectors for THz range on this project. 

 
1. THz plasma excitations of quantum dots confined with potential barriers 

One of the promising ways to perform single-photon 
counting of terahertz radiation consists in sensitive probing 

of plasma excitation in the electron gas upon photon 
absorption. We aimed to reveal appearance of plasma 

excitations under high ratio of incoming photons and at 
high temperature. Our device is assembled from a 

GaAs/AlGaAs quantum dot, electron reservoir and 
superconducting single-electron transistor. The quantum dot 

is isolated from the surrounding electron reservoir in such a 
way that when the excited plasma wave decays, an electron 

could tunnel off the dot to the reservoir. Plasma excitations 
of the QD arises with a formation of confinement potential 
barrier from the reservoir having resistances more than 
resistance quanta, and we revealed that appropriate shape of the barriers lowers dark counts by 
suppression of flow of hot electrons form the reservoir and reveals higher order excited states. The 
higher order excited states is expected to have the same plasma frequency of that of the first and 
shows a heat bath effect of the QD.  The detector shows high noise equivalent power of ~10-19 WHz-

1/2 .î1 paper, 1 lecture meeting, 2 postersï 

 
2. Development of fabrication technology of silicone waveguides, Au strip couplers and single 
photon emitters by one dimensionally aligned CdSe quantum dots 

Semiconductor wave guides and photonic crystals are 

increasingly important in optoelectronic devices for quantum 
information technology.  We study silicone wave guide 

devices with its third-order nonlinearities.  Research of 
silicone wave guide devices on this project has been focused 

on development of simple fabrication method of the 
waveguides and we attained to develop concrete fabrication 

method for a Si waveguide of 320 nm wide and more than 1 
mm long. The waveguide has small roughness of side-walls of 

less than 10 nm and accuracy of shape of the waveguide is 
restricted by our EBL that has field alignment precision of 

around 100 nm by auto-align mode or around 50 nm by 
manual align. This also affects for large sized structure such 

as Au stripe couplers. We also studied fabrication technique 
of arrays of colloidal quantum dots of 5 nm CdSe covered by 

silica. We attained 55 nm wide, 1.5 mm long array of the QD 
Emission from 1d arrays

1.5 μm

sub-one dimensional 

CdSe QD array 
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in sub-one dimensional shape. Evanescent coupling of the quantum dots to gold thin film of 37 nm 

was also confirmed. î1 posterï 
 

 
3. Fabrication of titanium dioxide photonic crystals for dye sensitized solar cells 

Titanium dioxide (TiO2) has been draw attention for dye 
sensitized solar cells by its catalytic characteristics. Our 
aim is an experimental study of fabrication of fine 
structures, i.e. photonic crystals, of TiO2 for solar cells to 
enhance its efficiency. A TiO2 thin layer of 150 nm thick 
was grown on an FTO glass substrate with a fine 
patterned ZEP resist mask by a conventional RF 
magnetron sputter method with Ti target. We found that, 
during the deposition, keeping ratio of Ar-O2 gas of 2:1 
and the deposition ratio of around 0.5 Å/s ensures enough 
oxygen to form TiO2 and low temperature to avoid 
deformation of fine pattern of the ZPU resist mask. 
Design of the fine patterns is photonic crystal structure of 
periodic zigzag slabs of 108 nm width, 608 nm in period. 
TiO2 layers are white-transparent, amorphous, and those 
roughnesses are around 7 nm. Baking of TiO2 fine 
structures.at 500 oC transforms TiO2 from amorphous to 
rutile and anatase forms while keeping the same profile 
of the fine structures. Our new fabrication method can be one of a promising technique to optic 
devices on researches and industrial area. (2 papers, 1 poster) 
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Preparation of Development of Materials for Intermediate Temperature Solid Oxide Fuel Cells 
with Nono-mixing process 

 
Takuya HASHIMOTO 

Energy Technology 

 
  Solid oxide fuel cells (SOFC) attract much interest due to high energy conversion efficiency and 

low emission of pollution gas. At present, operation temperature of SOFC is about 800-1000 ºC, which 
should be reduced to 600-800 ºC for practical application. In order to reduce operating temperature, 

new materials for cathode, electrolyte and anode which work at such a low temperature should be 
developed. In this study, potentials of the compounds listed below as new SOFC materials have been 

investigated. Improvement of property as SOFC materials has been examined by employing Pechini 
process as preparation method, which is expected as nano-mixing process. Fabrication and evaluation 

of new SOFC test cell combining these new materials are in progress. 
 

1. Optimization of preparation method and sintering temperature of LaNi0.6Fe0.4O3-δ as new 
cathode material and its stability at low oxygen partial pressures 
  LaNi1-xFexO3-δ, especially LaNi0.6Fe0.4O3-δ, attracted interest as new cathode material for SOFC due 
to low chemical reactivity with electrolyte material originating from absence of Sr. However, 

possibility of practical application was not verified enough because optimization of preparation 
conditions and evaluation of electrical property of LaNi1-xFexO3-δ as cathode material had not been 

sufficiently carried out.  
In this study, preparation of LaNi1-xFexO3-δ with Pechini process, one of the solution mixing method, 

was examined in place of conventionally used solid state reaction process. Employing Pechini process, 
preparation temperature of LaNi1-xFexO3-δ decreased, resulting in preparation of single phase specimens 

with high homogeneity and large Ni content originating from prevention of reduction of trivalent Ni 
(Solid State Ionics 2011). It was also clarified that sintering of LaNi0.6Fe0.4O3-δ powder prepared by 

Pechini method at 1050 °C produced sintering body with density of 70 %, high specific surface area 
and homogeneous pore size distribution, which are ideal as cathode material (J. Amer. Ceram. Soc. 

2012). Comparison of LaNi0.6Fe0.4O3-δ sintering bodies prepared by other solution processes was also 
carried, indicating that Pechini process employed in this study was superior from the viewpoint of 

controllability of sintering density, specific surface area and homogeneity of pore size distribution 
(Mater. Res. Bull. 2013).  

For practical application, electrical property under low oxygen partial pressure is also an important 
factor since cathode is exposed to low oxygen chemical potential under SOFC operation. Also, 

variations of crystal structure, mechanical property and so on by variation of oxygen partial pressures 
at high temperature due to generation of δ are inevitable information for practical application. It was 

revealed that δ of LaNi0.6Fe0.4O3-δ at 300-700 °C under oxygen partial pressure of 1-10-4 atm was 
within 0.10±0.01. The concentration of oxide ion vacancy reached more than 3 % under SOFC 

operating conditions, suggesting that not only electrical conduction but also oxide ion diffusion in 
LaNi0.6Fe0.4O3-δ was high. The smaller δ variation of LaNi0.6Fe0.4O3-δ at SOFC operating conditions 

compared to other candidate cathode oxides indicated superior stability of LaNi0.6Fe0.4O3-δ as cathode 
material. It was also clarified that electrical conductivity of LaNi0.6Fe0.4O3-δ showed more than 130 

S·cm-1 below 700 °C despite of oxygen partial pressure as low as 10-4 atm, indicating high potential of 
LaNi0.6Fe0.4O3-δ as cathode material for SOFC (ECS Transactions 2013). 

 
2. Preparation and evaluation of proton conductivity of Ba1-xSrxZr0.9Y0.1O3-δ 
  At present, yttria stabilized ZrO2, oxide ion conductor, has been employed as electrolyte material for 
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SOFC. For realization of enough oxide ion conductivity, temperature more than 900 ºC is necessary, 

which make the operation of SOFC at intermediate temperature impossible. In this study, development 
of new proton conducting oxide is examined since it has been regarded that light proton can be 

transferred at low temperature more easily than heavy oxide ion. 
SrZrO3 and BaZrO3 with distorted perovskite structure attracted much interest as mother phase of 

proton conducting oxides. It was reported that oxide ion vacancy generated by partial Y3+ substitution 
for Zr4+ site played the important role for proton conduction. Although BaZr1-xYxO3-δ showed high 

proton conductivity, poor sintering property was severe problem for application. Sintering property of 
SrZr1-xYxO3-δ was high; however, three kinds of structural phase transition in SrZr1-xYxO3, which were 

absent in BaZr1-xYxO3-δ, were problems for application. In this study, preparation and evaluation of 
property of Ba1-xSrxZr0.9Y0.1O3-δ was performed under speculation that it might have the both merits of 

BaZr1-xYxO3-δ and SrZr1-xYxO3. Employing Pechini process, single phase specimens with composition 
of Ba1-xSrxZr0.9Y0.1O3-δ were successfully prepared. It was revealed that Ba0.6Sr0.4Zr0.9Y0.1O3-δ had 

superior sintering property and no first order structural phase transition from room temperature to 
1200 ºC (Thermochim. Acta 2012, IOP Conf. Series, Mater. Sci. and Eng. 2011). 

  Electrical conductivity of dense Ba0.6Sr0.4Zr0.9Y0.1O3-δ ceramics was measured either by dc four 
probe method or ac impedance method. It showed higher electrical conductivity than those of so far 

reported BaZr1-xYxO3-δ and SrZr1-xYxO3-δ, indicating high potential as new proton conducting oxide 
(Solid State Ionics 2012). Ac impedance measurements of Ba1-xSrxZr0.9Y0.1O3-δ revealed that electrical 

conductivity of grain boundary improved with Sr substitution, showing correspondence with increase 
of sintering property with Sr substitution. Ac impedance measurement of Ba0.6Sr0.4Zr0.9Y0.1O3-δ also 

showed that improvement of electrical conductivity at grain boundary was necessary for further 
improvement of proton conductivity in Ba0.6Sr0.4Zr0.9Y0.1O3-δ system. 

3. Trial for development of new SOFC using new materials 
Since the high potential as proton conducting electrolyte material of Ba0.6Sr0.4Zr0.9Y0.1O3-δ was 

demonstrated, fabrication of test cell using this material was examined. The single phase powder of 

Ba0.6Sr0.4Zr0.9Y0.1O3-δ was prepared with Pechini process and the disk pellet with about 20 mm diameter 
was prepared with uniaxial pressing. After cold isostatic pressing (CIP), the pellet was sintered at 1500 

ºC in air. The sintering density of obtained specimen was more than 95 %, which is sufficient for 
electrolyte of SOFC. After polishing surface as mirror, Pt paste was painted on the both surfaces and 

heat-treated for preparation of electrode. For 
gas sealing, ring shape pyrex glass was 

attached on the surface of the electrolyte and 
partially melted at 900 ºC for adherence to 

Al2O3 tube for fuel flow. Fig. 1 shows 
photograph of fabricated test cell. Adherences

between electrolyte, electrode and gas sealant 
were confirmed with secondary electron 

microscope and gas flow test. At present, trial 
for electrical power generation at 500 ºC is in 

progress. Fabrication of test cell employing 
other electrode material is also in progress. 

Air�O
2
��

Electrolyte�

Fuel�H
2
)�

Fig. 1� Photograph of test cell. 
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Development of Poly(lactic acid)s Films as biopolymer, and Applications to New Material Field 
 

Hiroki IKAKE 
Supramolecular and Self-Assembly 

 
  In our group, the aim of development of poly(lactic acid)s (PLA) films as biopolymer with the high 
thermal- and mechanical- resistance. And then, the improved PLA was submitted to new material field.

 
1. Preparation of Poly(butylene terephthalate) Oriented Films by using High Magnetic Field 
  Orienting the crystalline domains of poly(L-lactide) 
(PLLA) in a specific direction would be one of excellent 

techniques to give various functions to PLLA. High 
Magnetic field was irradiated to semicrystalline PLLA, 

while annealing it at elevated temperatures according to 
a program. After holding PLLA at 185°C for 10minutes, 

it was held to raise the degree of crystallization at 140°C 
for various holding time. The oriented PLLA films were 

analyzed with small-angle X-ray scattering (SAXS). 
SAXS intensity of the oriented films was shown the 

cyclic behavior by an angle of 180 degree, and then it 
increased to a certain direction with increasing holding 

time. The aspect ratio (Y/X) of the maximum scattering 
vector was about 20%, the degree of orientation of the 

annealed film for 6hrs. These results of SAXS suggested 
that the degree of orientation of PLLA films was 

increased with increasing the crystal growth time under 
irradiated magnetic field at 10T. 

2. Effect of Cast-solvent on the Morphology of Mixtures of Stereoisomeric Poly(lactic acid)s 
  Semicrystalline films were prepared by casting chloroform (CHL), acetonitrile (ACN) or 
tetrahydrofuran (THF) solutions of a mixture (mix-poly(lactic acid) (PLA)) of poly(L-lactic acid) 

(PLLA) and poly(D-lactic acid) (PDLA) (Fig.3). All of the films involve stereocomplex crystals (sc-
PLA) of PLLA and PDLA, but no crystals of PLLA or PDLA. The origin of the marked cast-solvent 

dependence of the morphology was studied by assuming that the structure of sc-PLA would be 
constructed by the balance of the interaction energy E1 between the PLLA and PDLA chains in 

solution, and the interaction energy E2 between PLLA or PDLA chains and solvent molecules. With 
the relation between E1 and E2, the scheme for the formation of sc-PLA was classified into two 

categories, Category-I and -II. In Category-I, the relation E1 > E2 holds over the entire concentration 
range, and in Category-II, the relation E1 < E2 holds 

over the range from dilute to moderate 
concentrations. As a result, the data indicate that 

Category-I would be proper when sc-PLA is formed 
by casting a THF or ACN solution of mix-PLA, and 

that Category-II would be proper when sc-PLA is 
formed by casting the CHL solution of mix-PLA. 

3. Effect of Cast-solvent on the Morphology of Mixtures of Stereoisomeric Poly(lactic acid)s 
  Two kinds of cast films, mix-PLA(DOX) film and mix-PLA(CHL) film, were prepared with an 

Fig.2 2D SAXS and drawn images of the heat 
treated PLLA films for 6hrs under magnetic 
field at 10T. Image a) azimuthal angle: 0° and 
Image b) 90°.a) azimuthal angle: 0° and Image 
b) 90°. 

Fig.1 2D SAXS images of PLLA films heat 
treated for 0, 2, and 6hrs at 140°C under 
magnetic field at 10T. 

(a)�� (b)�� (c)��

Fig.3 Appearance of cast films prepared with 
different cast solvent (a) mix-PLA(CHL), (b) mix-
PLA(ACN), (c) mix-PLA(THF). 
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equal-weight mixture of poly(D-lactic acid) (PDLA) and poly(L-lactic acid) (PLLA) by using 1,4-

dioxane (DOX) or chloroform (CHL) as casting solvent, and it is clarified that mix-PLA(DOX) films 
are opaque, whereas mix-PLA(CHL) films are transparent (Fig.4). The relation between the 

transparency of these mix-PLA films and their morphology was studied by wide-angle X-ray 
diffraction, differential scanning calorimetry, and small-angle X-ray scattering. It is shown that the 

transparency does not depend on the crystallinity of sc-PLA, but on the macrostructure of the stereo-
complex composed of PLLA and PDLA, sc-PLA, which is 

reflected in crystal size, lamella thickness and long period and 
their distribution. The transparency is lowered as the 

macrostructure becomes more disturbed or disordered. 
Moreover, it is shown that mix-PLA(CHL) films have good 

transmittance comparable to that of poly(methyl 
methacrylate) or polycarbonate and better thermal-resistance.  

4. Morphology of Poly(lactic acid) Stereocomplex/Silica Hybrid Films 
  Poly(L-lactic acid) (PLLA) and poly(D-lactic acid) (PDLA) which were hybridized with inorganic 
substance, SiO2, stereocomplex (sc-PLA/SiO2) were prepared in order to improve the heat-resistance 

and mechanical properties of sc-PLA. Hybrid polymer films, sc-PLA(H)/SiO2 and sc-PLA(C)/SiO2, 
consisting of stereocomplex(sc) crystals of poly(lactic acid)s, which were prepared with solvent-cast 

method by addition of SiO2 to a mixture of end-OH group modified poly(L-lactic acid) PLLA and 
poly(D-lactic acid) PDLA, and end-COOH group modified PLLA and PDLA, respectively. In the DSC 

curves of sc-PLA(H)/SiO2, endothermic signal was observed at 235°C , whereas, in the DSC curves of 
sc-PLA(C)/SiO2, broader endothermic signal was observed at 225~235°C. Moreover, in Lorentz - 

corrected SAXS pattern, the peak position of the hump for sc-PLA(H)/SiO2 is located at smaller 
scattering vector q than that for sc-PLA(C)/SiO2, where q is defined by (4π)/λ×sin(θ/2) and θ is 

scattering angle, and it was suggested that the morphology of film of these modified PLA hybrids is 
seriously influenced by variation in modification of end-groups of PLA chains. From dynamic 

viscoelastic measurement and thermo-gravimetric analysis, it was clarified that the hybrid thus 
prepared has 3-dimensional network structure, and higher heat-resistance and mechanical properties 

than those of sc-PLA. 

5. Disintegration of poly(lactic acid)s stereocomplex by HFIP and its influence on alkaline 
hydrolysis 

  The present purpose of the study is to establish a useful method to disintegrate the structure of 

stereocomplex PLA(sc-PLA) of poly(L-lactic acid) (PLLA) and poly(D-lactic acid) (PDLA), and 

degrade the disintegrated chains. The sample powder of sc-

PLA, which was prepared from an equal amount of PLLA and 

PDLA, was dissolved in 1,1,1,3,3,3-hexafluoroisopropanol in 

a concentration of 5 % and then the solution was treated with 

1wt%NaOH aq. solution at different temperatures in order to 

find a suitable condition for the alkaline hydrolysis of sc-PLA. 

From SAXS data, it was shown that the radius of gyration of 

polymer chain increases as the standing time of the sample 

solution becomes longer, and the polymer chains are 

gradually set free from crystal of sc-PLA. From the Arrhenius 

plots for the sample, the rate constant of samples were 

increased with increasing the disintegration temperature. 

Fig. 4 Appearance of (a) mix-PLA(CHL) and  
(b) mix-PLA(DOX) films. 
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Electronic properties of solid surfaces and adsorbed molecules 
 

Hiroshi ISHIDA 
Quantum Theory and Computation 

1. Introduction 
��Recent progress in microfabrication techniques has enabled us to adsorb molecules at desired 
positions and to synthesize atomic monolayers in layer-by-layer fashion. Novel quantum phenomena 
occur in these nano-size systems as a result of energy-level discretization, symmetry lowering, change 
in the boundary condition of wave functions, and electron correlation effects. In the search for new 
functional materials and in the development of nano-size devices, the importance of theoretical 
calculations are ever increasing as a tool to analyze and predict experimental observations. In the 
present work, we conducted theoretical calculations of the electronic structure of solid surfaces and 
adsorbed molecules by placing emphasis on "the effects of strong electron correlations" and "the 
calculation of truly semi-infinite solid surfaces". 
2. Electronic structure of the Metal/Mott insulator interfaces  
 An important question from a view point of device application is whether a device such as tunnel 
junctions works properly when a band insulator is replaced by a Mott insulator originating from strong 
electron correlations. As a theoretical technique to treat strongly correlated systems, dynamical mean-
field theory (DMFT) is widely used. In particular, for bulk crystals, its extension to cluster type DMFT 
methods where electron correlations among neighboring atomic sites are taken into consideration are 
becoming standard. On the contrary, DMFT calculations for surface systems were so far restricted to 
those using the single-site approximation. In the present work, we applied the cluster DMFT technique 
to correlated surface and interface systems. 
 Fig. 1 shows the tight-binding model employed for calculating the metal/Mott insulator/metal 
interface, where an atom chain in the normal direction indicated by dashed lines was used as a unit of 
cluster for the cluster DMFT. We introduced the Hubbard type on-site Coulomb energy for the middle 
layers sandwiched between two non-interacting metal electrodes. It was demonstrated that the 
mehanism of the metal-to-insulator transition in the correlated layers as well as the tunneling 
conductance through them changes qualitatively from those obtained by the single site DMFT. 
Similarly, we calculated the electronic structure of a monolayer of the Mott insulator adsorbed on a 
semi-infinite non-interacting metal substrate. In doing so, we adopted a cluster consisting of 4 sites as 
a cluster for the cluster DMFT approach in order to consider interatomic electron correlations within 
the plane. While in the single DMFT, the overlayer becomes a Fermi liquid due to proximity effects to 
the metal substrate, it was found that the overlayer remains a non-Fermi liquid in the cluster DMFT 
calculation to much lower temperatures. 
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3. Coulomb blockade and Kondo effect in the Hubbard molecule  
 It has become possible to measure conductance of single 
molecules connected to metal electrodes. On the theory side, 

calculations of the ballistic conductance for molecules are 
reported based on the Landauer formula and density 

functional theory (DFT). The agreement between theory and 
experiment is not necessarily good as DFT cannot treat many 

body effects caused by strong Coulomb interactions between 
electrons in the molecules. To address this issue, we 

considered a N-site Hubbard molecule bridging two non-
interacting semi-infinite metallic electrodes and calculated its electronic structure in the limit of the 

zero bias voltage by using the exact diagonalization technique. It was shown that our method can 
describe Coulomb blockade effects as well as the formation of Kondo resonance at low temperature 

originating from the coupling of localized spins in the molecule and conduction electrons in the 
electrodes. 
4. Rashba effects in the localized surface bands of crystal surfaces  

Spin-orbit interactions play an important role in the electronic structure of crystal surfaces. One 

example is the topologically protected surface states of topological insulators. Another is the spin 
polarization of localized surface bands observed in nonmagnetic materials such as Ag and Bi. The 

latter is called the Rashba effect. Previous first-principles calculation of the Rashba effect within DFT 
were performed by approximating crystal surfaces by thin slabs. However, the slab model is not 

suitable for the accurate description of localized surface states and surface resonances, since the bulk 
energy levels in the normal direction are discretized. We have incorporated the spin-orbit interaction 

term in our embedded Green's function program and performed first-principles DFT calculations of 
the Rashba effect for a number of truly semi-infinite surfaces. As an example, we show in Fig. 4 the 

calculated surface band structure of Au(111) and Bi/Ag(111) surfaces, where we plotted the intensity 
map of ρ(ε, k), the k-resolved local density of states within a muffin-tin sphere of an outermost surface 

atom, as functions of the 
wave vector and one-

electron energy. The dark 
regions correspond to the 

energy gaps of projected 
bulk energy bands. Bright 

lines in the energy gaps are 
the localized surface states. 

As the Kramers degeneracy 
is lifted at the surface due 

the lack of the space 
inversion symmetry,   
the surface bands become 
spin-polarized except for 

the the Γ point in surface 
Brillouin zone. 

References 
(1) Ishida, H.; Liebsch, A.; Phys. Rev. B 2010, 82, 045107. 
(2) Ishida, H.; Liebsch, A.; Phys. Rev. B 2012, 85, 045112. 
(3) Ishida, H.; Liebsch, A.; Phys. Rev. B 2012, 86, 205115.  
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Multi-functional and Highly Dense Devices by Fabrication and Control of Nanostructures 
 

Nobuyuki IWATA 
Nanomaterials and Nanodevices  

 
  The purpose of this study is to induce the giant magnetoelectric (ME) effect in superlattices using 
perovskite-related oxides and ferromagnetic metal/Cr2O3 heterostructures.  In addition, the 

ferroelectric and ferromagnetic multiferroic property is expected in superlattices.  For highly dense 
devices, the single-walled carbon nanotubes (SWNTs) with the features of the homogenious electric 

property, controlled growth position, and aligned growth orientation are fabricated at nm-scale using 
free electron laser (FEL) irradiation, treatment of substrates, and atomic arrangement of the substrate 

surface.  The C60 multi-functional and flexible transistor is also expected by both of top-down and 
bottom-up techniques.   

 
1. Multi-function in superlattices using perovskite-related oxides 
  The aim of our study is to synthesize the oxides 
superlattices with atomically sharp interface.  The 

superlattices could be the quite low consumption 
magnetic devices controlled with electric field, and 

multifunctional, for example ferroelectric and 
ferromagnetic multiferroic devices.  For the 

fabrication of the superlattices, highly refined and 
atomically controllable deposition technique 

arerequired.  We developed the synthesis of highly 
dense targets and layer-by-layer growth technique, 

and carried out the detailed analysis of crystal 
structures for the superlattices.  The materials used 

were ABO3 (A=Ca,La, B=Fe,Mn) 0 REMO3 
(RE=La,Bi, M=Fe,Fe1-xMnx).  Although it is difficult 

to calcine the target with the density more than 95%, 
the targets of LaFeO3(LFO) ð 95.5% 0

CaFeOx(CFO)ð 96.4%0 BiFeO3(BFO)ð 95.2%0
BiFe1-xMnxO3(BFMO) ð 96.6% were able to be 

fabricated using the Pechini method by the 
collaboration research with Prof. Takuya Hashimoto.  

The superlattices were fabricated by the alternate 
stacking of the ABO3 and REMO3 using pulsed laser 

deposition method. High quality superlattices grew by a cube-on-cube manner demonstrated by a x-
ray diffraction, reflection and reciprocal space mapping, where the superstructure satellite peaks and 

Laue oscillation were clearly observed.  Decreasing temperature, magnetic interaction through the 
interface was developed expected in the illustration of the temperature and/or magnetic field 

dependence of an in-plain sheet resistance and a Hall resistance.  In Fig.1 (a) surface morphology and 
(b) reflection high energy electron diffraction (RHEED) image of the [CFO/BFMO] superlattice with 

the thickness of 80 nm are illustrated.  The surface and the RHEED image showed step-terraces 
structure and streak pattern, indicating two-dimensional flat surface at the atomic level.  Figure 2 

shows saturation magnetization as a function temperature.  The closed squares are measured data.  
The solid line was illustrated using Brillouin function with the Curie temperature of 450K.  Inset 

figures are magnetization curves at 300K and 10K.  The magnitude per Fe1-xMnx at 300K was 
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Fig.2ðSaturation Magnetization vs. temperature of 
[CFO/BFMO] superlattices.  The symbols of $ 
are measured data.  The MS is saturation 
magnetization at 0K.  The TC is Curie temperature.  
The solid line is illustrated using Brillouin function.  

Fig.1ð(a) surface image and (b) RHEED pattern of 
[CFO/BFMO] superlattice.  
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0.055μB, which is approximately four times larger than that of bulk.  Fabricating superlattice with the 

atomically smooth interface developed artificially the magnetic property. 
 

2. Fabrication of Highly Dense Transistor using Single-Walled Carbon Nanotubes 
For the supreme fine field effect transistor 

(FET) with nm order in size, the single-walled 
carbon nanotubes (SWNTs) were synthesized 

by a chemical vapor deposition (CVD) 
method using ethanol as a feeding gas.  The 

grown SWNTs are expected to have the 
features of homogeneous semiconducting 

property, which is correspondence with the 
homogeneous chirality, controlled growth 

position, and anisotropic alignment.  Those 
features are realized by the irradiation of the 

free electron laser (FEL) during the CVD 
process, the surface treatment, and the growth 

on the atomic arrangement surface of the 
single crystal substrate.  The FEL is    

composed of micro-pulses with the full width at half maximum 
of hundreds femto-second, and the wavelength is variable from 

0.3 to 6μm.  Those distinctions make it possible to grow the 
chirality controlled SWNTs without a collapse of bonding by 
thermal heating.  The surface treatment is able to decide the 
deposition position of the catalysts, resulting in the growth 
position control of the SWNTs.   

The alignment growth of the bundled SWNTs was grown on 

sapphire substrate with the length of approximately 500 nm.  
Figure 3 shows the Raman spectra of the SWNTs grown with 

the 800nm-FEL irradiation.  The spectra were detected at the 
region with 1μm in diameter between electrodes described in 

the inset image.  The radial breathing mode (RBM) and D- and G-peaks were illustrated in (a) and 
(b), respectively.  The RBM peak appeared only in the spectrum detected using 785 nm excitation 

laser with the G/D ratio of 88.  At the area 10μm away from the area between the electrodes, the 
RBM as well as G- and D-peaks did not appear.  Those results reveal that the high quality SWNTs 
grow with the semiconducting property, where the chirality possibility is reduced at only four types of 
(14,0), (13,2), (10,6) and (5,7).  The FEL irradiation is quite effective to control and reduce the 
possibility of the chirality, considering that the metal and semiconducting mixed SWNTs with the 
chirality more than 30 grow when the CVD process is carried out for the SWNTs growth without the 
FEL irradiation.  The surface treatment is also effective to control the growth position.  Figure 4 
shows the G/D ratio as a function of the SWNTs diameter.  The highest quality was the SWNTs with 
1.7 nm in diameter showing the value more than 400 in the G/D ratio.  With the same CVD condition 
using the 800nm-FEL irradiation, the growth was restricted in the SWNTs with the diameter of 1.1 nm, 
and the quality was also developed demonstrated by the increase of the value of G/D ratio.  It is 
concluded that the synthesis position and the chirality control are achieved simultaneously by the 

hydrophilic surface treatment between electrodes and the FEL irradiation.  In particular the chirality 
control of the SWNTs during the CVD process is successfully carried out at the first time in the world.   

Fig.3ðRaman spectra of (a) RBM and (b) G and D peaks for 
SWNTs grown between electrodes with 800nm-FEL irradiation.  
The notation of the 441,532,632,785 indicate wavelength of the 
excitation laser used in Raman measurement.  The unit is nm.  
The hydrophilic treatment was done only the area between 
electrodes.. 

Fig.4ð The value of G/D ratio of the 
SWNTs grown without FEL as a function of 
the SWNTs diameter.  The symbol of ' 
indicates the data of the SWNTs grown with 
800nm-FEL irradiation.  
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Development for Application of Cluster and Molecular Aggregating 
 

Ken JUDAI 
Nanomaterials and Nanodevices 

 
The construction of nano architectures by self-assembly of molecules requires well-understanding 

on molecular nature and complete control of molecular interaction. In this study, silver acetylide and 

acetylsalicylic acid were investigated as a model compound for a nano helix, which is important bio 
architecture such as DNA double helix and α-helix of protein. Besides, a novel carbon materials 

preparation method is also established. Copper acetylide self-assembles into nanowires, and its 
nanostructures are suitable to prepare new carbon materials.  

 
1. Origin of Nano Helix by Molecular Aggregates 

Silver tolylacetylide does not have chiral center carbon, and is an achiral molecule. However, it 
turned out that twisted nano ribbon structures, chiral helices, were generated by recrystallization in 

solution phase. We have investigated for the chiral origin how the achiral molecules aggregate to the 
chiral nano helical structure. The solvent for recrystallization was changed between methanol, ethanol, 

1-propanol, and 1-butanol systematically. Fast recrystallization solvent such as methanol was observed 
as twisted nanoribbon structures, and the other side, slower solvent such as 1-butanol was as straight 

non-twisted nanoribbon structures. Helical 
and non-helical structures can be controlled 

by recrystallization solvent. Crystallization 
speed, in other words, quality of crystal by 

crystallization kinetics is important for 
twisted nanoribbon structure (J. Nanosci.

2013). 
An additional experiment showed that 

light irradiation made solution color 
changing to red and enhancement of 

twisting nanoribbon structures. The light 
irradiation produced decomposition of 

silver acetylide and dimerization reaction. 
The dimerization of acetylide indicated red 

color, and displacement of crystal by the 
decomposed compounds enhanced crystal tension and twisting.  

Acetylsalicylic acid is a famous and well-known molecule. It does not have chiral center carbon, 
and it is an achiral molecule. However, it was recently found that the crystal structures of 

acetylsalicylic acid are also helically rotated. 5 mg of acetylsalicylic acid was put on a microscope 
slide and was covered with a covered slip. It was melted by a hot plate at 135 °C temperature, and was 

subsequently cooled down by room temperature. Figure 2 indicates a polarized-light microscope 
image of the recrystallization of acetylsalicylic acid with the crossed Nicole prism. The periodical 

structures with 500 μm pitch were observed. The light transmission is depended upon the difference of 
refraction indices by birefringence and thickness of crystal in the polarization microscope. The 

thickness of the crystal could not alter periodically because the position of covering glass slip 
determined the thickness. The difference of birefringence was only solution to explain the microscopic 

image. Taking into account only acetylsalicylic acid used, the recrystallization of acetylsalicylic acid 
should turn and rotate in the crystal growth. In short, the acetylsalicylic acid crystal is growing with 

twisting and rotating as same as silver acetylide molecules. The periodic polarization microscope 

�������	� � 
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image can be explained by every 

single or half turn of crystal surface
corresponding to the pitch of 

birefringence change.  
Acetylsalicylic acid is famous 

molecules and the crystal structure has 
been also known. The powder x-ray 

diffraction was measured by the 
sample of periodically twisting crystal. 

All the diffracted peaks could be 
assigned by the reported crystal 

structure of acetylsalicylic acid with 
P21/c space group symmetry. However, 

the space group of P21/c has an
inversion center, and it was allowed 

for packing achiral molecules only. 
Actually the crystal space group symmetry indicated no information on righ-handed or left-handed 

helical crystals. We should study further the origin of chiral nano helix from the point of symmetry.  

2. New Amorphous Carbon Preparation Method by Nano Structures 
Copper acetylide and silver acetylide are famous as explosive compounds. However, when the 

explosive crystal was downsized into nano scale, the explosive nature would be eliminated by much 
less thermal conductance preventing from explosive chain reactions. This nano less-explosive 

character was applied to new noble carbon material production.  
Generally amorphous carbon was 

generated by high temperature 
exposing of organic compound for 

carbonization. The high temperature for 
carbonization makes crystallization to 

graphite partially. In this method, the 
carbonization reaction can proceed in 

lower temperature because of chemical 
reactive nature of copper acetylide, and 

genuine amorphous carbon materials 
can be generated.  

Figure 3 shows Raman spectra of 
new carbon materials generated by low 

temperature carbonization of copper acetylide nano compounds and acid treatment for removal of 
copper element. In this year, the existed spectrometer and newly resourced optical parts such as 

Raman special filters were assembled in order to measure Raman spectroscopy in our laboratory. 
Around 1600 cm-1 peaks assigned to G-band were observed as same as typical carbon materials, and 

also about 1380 cm-1 peaks assigned to D-band. The Raman spectra in this method showed extremely 
broader peaks than those of typical carbon materials, and the G-band and the D-band were deeply 

overlapped. These specific Raman peaks were observed by only diamond-like-carbon materials.    

��������������������������������������������������������
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A novel model of onset breast cancer by implanting mature adipocyte-derived�
dedifferentiated fat (DFAT) cells 

 
Koichiro KANO 

Medicine 

 

Animal models of cancer, particularly mouse models of cancer, are commonly used to study 

tumor biology and develop new approaches to conquering human cancer. Previous research in 
modeling cancer in laboratory animals, especially experimental mice, has advanced tremendously our 

insights into the biology of cancer. Our goal is to make a novel model of onset breast cancer 
implanting mature adipocyte-derived dedifferentiated fat (DFAT) cells.   

 
1. Mature adipocytes derived DFAT cells can transdifferentiate into mammary epithelial cells 
and/or myoepithlial cells in vivo 

After birth, the mammary gland is primary composed of adipocytes and a limited the epithelial 

ductal network. But during pregnancy, the epithelium expands and invades the surrounding fat pad, 
whereas apparent reduction of cell number and diminution of the cell size is observed on adipocytes. 

After weaning, the decrease of mammary epithelium takes place concomitant with the repopulation of 
the mammary fat pad with adipocytes. The mechanism of interacting capacity between epithelial cells 

and adipocytes is not clear. Here we show that stromal adipocytes in the mammary gland are 
necessary to the formation of mammary gland. We transplanted wild-type mammary gland into the fad 

pad of GFP transgenic mouse. The end buds of expanded mammary glands were expressed GFP. In 
contrast, less expression were detected at GFP mammary glands in wild-type fat pad. Sectioning 

demonstrated that transplanted and normally formed mammary gland from the wild-type in the cleared 
fat pad of the GFP transgenic female mouse, alveoli were composed of transplanted epithelial cells 

and stromal cells, surrounding epithelium. At the pregnancy and lactation, transplanted stromal 
adipocytes formed functional alveoli-like structures with expressing the epithelial markers and 

secreted abundant intracellular lipids into the lumen. Our studies indicate that stromal adipocytes of 
the mammary gland are important not only as a stroma, but as a composition, directly participate, in 

the development of the mammary glands. 
We have previously reported that the establishment of a preadipocyte cell line derived from 

dedifferentiated mature adipocytes of GFP transgenic mice using ceiling culture. These cells possess 
most of characteristics of preadipocytes in vitro and in vivo, and we called these cells dedifferentiated 

fat (DFAT) cells. Moreover DFAT cells can trans-differentiate into mesenchymal cell lineages 
(osteoblasts, chondrocytes and endothelial cells) in vitro and in vivo. Here we show the first report 

that DFAT cells derived from 
mesoderm trans-differentiation into 

ectoderm-derived mammary 
epithelial cells and/or myoepithelial 

cells in vivo. We implanted DFAT 
cells into mammary anlagen-free 

adipose tissue of wild-type female 
mice, and then recipient female 

mice mated with male mice. At day 
5 post partum, DFAT cells could not 

form a functional mammary gland. 
When DFAT cells were implanted 

into normal mammary adipose 
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tissue, a number of GFP positive cells were detected in mammary alveoli throughout tissues. 

Additionally, double immunofluorescent staining showed that a number of GFP positive cells were 
positive for the epithelial cell markers E-cadherin, Keratin18 and/or the myoepithelial cell marker 

aSMA. These findings indicate that DFAT cells derived from mesoderm can trans-differentiation into 
ectoderm-derived mammary epithelial cells and/or myoepithelial cells through interaction with 

mammary anlagen in vivo. 
 

2. Actin cytoskelton dynamics control adipocyte differentiation via regulation of MKL1 
The hallmark of adipogenesis process is the dramatic alteration in actin cytoskelton as the 

structure of filamentous actin is converted from stress fibers to cortical actin. Here, we report that 
actin cytoskelton dynamics act as a trigger of adipocyte differentiation. Actin cytoskelton remodeling 
was immediately caused via the down-regulation of RhoA/ROCK signaling, which is a prominent 
regulator of cytoskeletal dynamics, and this actin remodeling was required for a master regulator 
PPARγ expression and adipocyte differentiation. Also it was found that the cellular G-actin levels 
were rapidly elevated depending on adipocyte 
differentiation, and increasing G-actin caused 
adipogenesis by preventing nuclear translocation 
of MKL1, which is a transcriptional co-activator. 
Moreover, we revealed that MKL1 expression 
was reduced during adipogenesis, and further 
only knockdown of MKL1 could trigger 
adipocyte differentiation. Besides, PPARγ was 
closely involved in the down-regulation of 
MKL1 in a positive feedback manner. Our 
findings provide new insights to the regulatory 
mechanism of adipocyte differentiation that 
actin cytoskelton dynamics control adipocyte 
differentiation via regulation of MKL1, and that 
MKL1 is a novel repressive regulator of 
adipocyte differentiation. 
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Anti-tumor effect of pyrrole-imidazole polyamide targeting KCNQ1OT1 gene 

 as new therapeutic agent 

 

Tsugumichi KOSHINAGA 
 

Medicine 

     Beckwith-Wiedemann syndrome (BWS) is a human imprinting 

disorder with a variable phenotype, including the major features like 

omphalocele, pre- and postnatal overgrowth and macroglossia. Around 10% 

of BWS patients develop embryonal tumor (Wilm’s tumor, 

Hepatoblastomoa). It has been known that BWS is associated with 

epigenetic alterations in two imprinting control region, KvDMR and 

H19DMR, on chromosome 11p15.5. Genomic alteration in KvDMR regions, 

such as aberrant methylation, deletion of gene and paternal uniparent disomy, lead to overexpression of 

KCNQ1OT1 gene, which is non-coding RNA and suppress circumjacent genes in cis. In normal status, 

KCNQ1OT1 promoter region of maternal allele is de-methylated, but of paternal allele is methylated. De-

methylation of KCNQ1OT1 promoter region in maternal allele make overexpression of KCNQ1OT1 gene. 

Expression of tumor suppressor gene KIP2 is suppressed by KCNQ1OT1, and de-methylation of KCNQ1OT1 

promoter region accompanied with down-regulation of KIP2 has been reported in colorectal cancer, lung cancer, 

and other adult cancer. Based on these facts, we hypothesize that suppression of KCNQ1OT1 gene could show 

anti-tumor effect. So, we have been tried to develop chemical compounds suppressing this gene. 

     Pyrrole-Imidazole polyamides (PIP)  are small synthetic chemicals composed of the aromatic amino 

acids N-methylpyrrole (Py) and N-methylimidazole (Im). A combination of PI polyamides recognized the 

specific DNA base pairs, (Im/Py, Py/Im and Py/Py pairs bind to G-C, C-G, and A-T/T-A, respectively). A 

concatenation of these pairs made it possible to bind to a variety of specific DNA sequences, and suppressed the 

transcription of their target genes by competitive inhibition of the binding of transcription factors. Since PIPs 

were efficiently delivered to nuclei of several tissues without any specific drug-delivery systems, they can be 

powerful tools to develop gene-specific silencers. We generated PIPs h-CCAAT1 (PI-1) and h-CCAAT3 (PI-3) 

targeting promoter region of KCNQ1OT1 gene 

and investigated their anti-tumor effect. 

     It was clearly shown by real-time PCR that 

the expression level of KCNQ1OT1 was 

significantly reduced in human BWS fibroblast 

cell line BWS6 and BWS9 treated with both PI-1 

and PI-3, compared to control cells (P<0.05). 

Similar result was found in Wilm’s tumor cell line G401, which has de-methylated CpG island (CpGi) on 

h-CCAAT-1 (PI-1)� h-CCAAT-3 (PI-3)�

   ATTGGCCCA
     AcPyPyImIm��PyPy
Dp��PyPyPy��ImImIm

   TAACCGGGT

  AGCTGATT
    AcImPy�ImPyPy
Dp�PyIm�PyPyPy

  TCGACTAA

     ATTGGCCCA
     AcPyPyImImβPyPy
Dp β PyPyPyβImImIm
   TAACCGGGT
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KCNQ1OT1 promoter and shows up-

regulated expression of this gene.  In 

addition, induction of KIP2 protein in 

G401 cells after the combined treatment 

with PI-1 and PI-3 was detected by 

western blotting.  When the effect of 

the PIPs on cell viability was tested by 

WST8 assay, G401 cells treated with 

the both PIPs showed significantly 

lower number of living cells compared 

to that in the control cells. Since it has been reported that KIP2 is involved in the induction of apoptosis via 

mitochondria pathway, we examine the cells by using apoptosis marker. In the Fluorescence-activated cell 

sorting analysis, we found the higher number of cells undergoing apoptosis in the PIPs treated group than in the 

control group. Taken together, our current data strongly suggested that the combined treatment with PI-1 and PI-

3 induced apoptosis in the Wilm’ tumor cells by suppressing KCNQ1OT1 expression, followed by the up-

regulation of KIP2 protein.  

     Based on these results, we believe that the PIPs targeting KCNQ1OT1 gene have possibility to be new 

therapeutic agents for tumor with de-methylated CpGi on KCNQ1OT1 promoter.  
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Fig. 1. Two-photon interference of 
orthogonally polarized photons. 
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Fig. 2. Absorption rate of generated 
orthogonally polarized photons by 87Rb 
atoms as a function of atom 
temperature. 

Experimental Studies for Quantum Memory using Neutral Atoms 
 

Takeshi KUWAMOTO 
Quantum Information Group 

 
  Quantum information processing is hoped very much as a next-generation information, 
communication and computer technology. Quantum memory is indispensable and keystone for 

constructing scalable quantum processing systems. Our aim in this project is establishing the basic 
technique for materializing the quantum memory using neutral atoms. We especially intend to store 

the quantum entangled states. Our scheme is (1) generation of orthogonally polarized photon pairs 
resonantly coupled with 87Rb atoms, (2) construction of high performance light storage system using 

electromagnetically induced transparency phenomena and (3) storage of quantum entangled states 
with unified two systems. 

 
1. Generation of orthogonally polarized photon pairs 
  Quantum entanglement states are made up of orthogonally polarized photon pairs. Atomic sample 
we use is 87Rb atom, and its transition wavelength for photon storage is 795 nm with linewidth of 6 

MHz. Therefore, we have to first prepare the orthogonally polarized photon pairs which met above 
requirements. In order to obtain the required photon pairs, we performed following R&D. 

  Orthogonally polarized photon pairs with 795-nm wavelength were produced by a parametric down 
conversion which was brought about by injecting a 397.5-nm-wavelength pump laser into 10-mm-

length nonlinear optical crystal (type II PPKTP). The pump laser was obtained by pumping a type I 
PPKTP crystal placed in a bow-tie type optical resonator with a 60-mW power, 795-nm-wavelength 

laser. Obtained power of the 397.5-nm pump laser was 6 mW, and this value was 3 times larger than 
the case without resonator. 

  In general, orthogonally polarized photons 
immediately after the type II PPKTP have the 

frequency expansion of THz order. Since the 
bandwidth of photons coupled with atoms is several 

MHz, this wide spread of frequency have to be 
narrowed. We utilized optical interference filters and 

etalons to obtain the narrow-bandwidth orthogonally 
polarized photons. 

  Figure 1 shows result of two-photon interference 
measurement of generated orthogonally polarized 

photons. This measurement is performed to estimate 
the quantum property and quality of photons. The 

obtained visibility was 97.4%. This result shows that 
generated orthogonally polarized photons satisfy a 

demand as the quantum light source. 
  We measured the absorption of the generated 

photons by 87Rb atoms enclosed in grass cell in order 
to confirm the frequency extent of photons. Figure 2 

shows the absorption rate of photons as a function of 
atomic sample temperature. At the temperature of 

95°C, 97% of photons were absorbed. This means that 
the frequency broadening of photon is about 500 MHz. 
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Fig. 3. Result of storage and retrieval 
experiment for laser pulse. The right peak 
corresponds to the retrieved light pulse after 
5-μs storage. 
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Fig. 4. Result of Storage and retrieval 

experiment for weak (2.6 nW) coherent 
light pulse. 

2. Light Storage system 
  The phenomenon called electromagnetically induced transparency is used to store the light in a 
neutral atomic sample. For this phenomenon, when two different resonance lights are shined to three 

level atoms, one of light (probe light) passes thorough the sample without any interaction. That is, the 
atomic sample is transparent medium for the probe light. Moreover, by controlling the intensity of 

another light (control light), the probe light can be stored in atoms. In this study, we used 87Rb atoms 
enclosed in grass cell as the sample, because of the abundant knowledge of its properties. 

  As probe and control light source, two external cavity diode lasers were used. The frequency 
fluctuation of control laser was controlled by a frequency locking system using Rb sample, and 

suppressed to be less than 1 MHz. The frequency of 
probe laser was controlled by the optical phase-lock 

with the beat signal between the probe and control 
lasers such that the frequency difference between 

two lasers agrees with that between the two low-
lying atomic-energy levels. The probe laser beam 

was converted into a 5-μs-width gaussian pulse with 
an acousto-optic modulator. Rb sample grass cell 

was placed in a threefold magnetic shield and its 
temperature was controlled with a heater using hot-

water. 
  The probe and control laser beams were coaxially 

propageted and injected into Rb grass cell. By 
suddenly switching off the control laser light, the 

probe light pulse was stored in the atomic sample. 
Figure 3 shows an example of the results of light 

storage experiment for the storage time of 5 μs. The 
efficiency of retrieved light pulse was 85%. This 

value means that we prepared sufficiently high-
performance experimental system for light storage. 

  We investigated the storage of extremely weak 
coherent light pulses, because the intensity of 

orthogonally polarized photons would be very weak. 
Figure 4 shows the result of light storage experiment 

for the 2.6-nW probe laser power. In this case, the 
retrieved signal was not confirmed. This means that 

the storage and retrieval of orthogonally polarized 
photons using current our system is difficult. 

 
3. Summary 
  We investigated the generation of orthogonally polarized photons pairs and the construction of light 
storage system using electromagnetically induced transparency. For the orthogonally polarized 

photons, the quantum characteristic was sufficient. However, its bandwidth has to be narrowed still 
more. For the light storage system, high-efficient storage was realized. However, the storage of 

extreme weak light is difficult for our current system. The ultracold high-density atomic sample 
earned from laser cooling technology would be required. 
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Construction of the Escherichia coli expression system of the cell membrane permeable iPSCs 

induced factors that strengthened proteolysis resistance 

 

Yoshikazu MASUHIRO 

Medicine

 

It is required that the induced pluripotent stem cells (iPSCs) to use for regenerative medicine are safe 

genetically. As for the current iPSCs derivative methods, the virus methods are mainstream, but gene 

variation is concerned about by these methods. Therefore, the derivative method using protein and the 

reagent is expected in future.  

 

1. Making of the proteolysis-resistant and cell membrane permeable mouse Yamanaka factors 

 The derivative method with the cell membrane permeable proteins have been already reported by two 

groups, but induced efficiency is extremely bad, and there are many problems (operation and 

preparations are great). For this reason, it is thought that cell-permeable proteins are degraded in a cell 

early. Therefore, in this study, we work on development of iPSCs induced factor (Oct4, Sox2, Klf4, 

Glis1) having resistance in the proteolysis in the cell. We try in particular application (it fuses as a tag) 

of proteolysis-resistant motif Stabilon which we developed originally in our laboratory (Arakawa, T, 

Masuhiro, Y, et. al. 2010, BBRC). In a past study, because the Stabilon was quite effective about Sox2 

and Glis1, we made Stabilon fusion and a non-fusion for these proteins. From the quantity of the 

expression and simplicity of purification, we decided that these proteins expressed in inclusion body 

of Escherichia coli.  

 
We performed cloning of these yamanaka factors in pET28a expression plasmid and transformed it in 

BL21(DE3). Oct4; 3mg, Sox2; 3mg, Sox2-Stabilon; 3 mg, Klf4; 4.5mg, Glis1; 1.2mg and Glis1-

Stabilon; 1.2 mg expressed in BL21(DE3) per 1 liter LB culture media. In addition, we purified these 

proteins under guanidine hydrochloric acid and urea (denature condition) from an inclusion body, and 

performed refolding by the dialysis. These denature proteins refolded about Oct4; 30%, Sox2; 10%, 

Sox2-Stabilon; 30%, Klf4; 5%, Glis1; 0% and Glis1-Stabilon; 5%. In addition, we were able to 

confirm the DNA binding capacity by Gel shift assay about Sox2, Sox2-Stabilon.  
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2. Making of the proteolysis-resistant and cell membrane permeable Homo sapiens Yamanaka 

factors 

 To make genetically safe human induced pluripotent stem cells, we wrestled for expression system 

development of the proteolysis-resistant and cell membrane permeable Homo sapiens Yamanaka 

factors protein. We made a fusion body and a non-fusion body about Oct4, Sox2, Klf4, all of Glis1 

and built a good expression stock in BL21(DE3). We introduce it into a normal human fibroblast cell 

and going to try iPS induction in future. 

 

3. Making of the proteolysis-resistant and cell membrane permeable cell-differentiation factors 

 It is important that the establishment of efficient induction of the differentiation cell from induced 

pluripotent stem cells, too. In this study, we tried expression system construction of the protein which 

was inducible with a maturity white blood cell (granulocyte), Treg cell, hepatocytes. The maturity 

white blood cell differentiation system built expression system of cell membrane permeable RARα 

(retinoic acid receptor in the nucleus) as protein therapy of the acute promyelocytic leukemia. About 

the Treg cell, we built expression system of the cell membrane permeable Foxp3 (master gene of Treg 

cell) as the protein therapy which atopy and asthma improve. For hepatocellular regenerative medicine, 

we performed expression system construction of Sox17 and HNF3β which promoted hepatocellular 

differentiation. We made the Stabilon-fusion for all of these proteins. About RARα, we confirmed that 

the ability of DNA binding, cell-permeability, transcriptional activity and induction of granulocyte 

from NB4 (from a patient). About Foxp3, we confirmed the ability of cell membrane permeability, 

transcription activity. 
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Pharmacokinetic/Pharmacodynamic Modeling of Tumor-localizing Photosensitizing Compounds 
and Pyrrole-Imidazole Polyamides 

 
Takahiko AOYAMA, Yoshiaki MATSUMOTO  

Medicine 

 
  In drug development, the study for the pharmacokinetics of drug candidates is necessary. Model-

based drug development is characterized as the development and application of mathematical models 
of drug efficacy and safety from preclinical and clinical data to improve drug development knowledge 

management and decision making. In pre-clinical phase, mathematical modeling is an approach for 
making prediction of human pharmacokinetics. We investigate the pharmacokinetics of novel 

compound CT101019a which is a candidate for tumor-localizing photosensitizing compound, and of 
pyrrole-imidazole polyamides in the N. research project. 

 
1. Pharmacokinetic modeling of tumor-localizing photosensitizing compounds 

 In photodynamic therapy, a systemically administered photosensitizing agent is activated by laser 
light of a specific wavelength delivered by an optical fiber. Light activated photosensitizer molecules 

react with endogenous oxygen which initiates a series of intracellular events that result in the 
destruction of target tissues. Talaporfin sodium is a photosensitizing agent (Fig. 1). CT101019a 

(supplied by Prof. Otsuki) is a novel compound for photosensitizing agent (Fig. 2).  
To describe the relationships between light dose, percent 

cures and plasma talaporfin sodium concentration, we 
develop the pharmacokinetic/photodynamic model of 

talaporfin sodium. The plasma talaporfin sodium 
concentration, percent cures following photodynamic 

therapy and light dose reported by Ferrario et al. were used 
as the source of pharmacokinetic/photodynamic modeling 

data. The pharmacokinetics for talaporfin sodium in mice 
was described by two-compartment model with first-order 

elimination. The relationships between the percent cures, 
light dose and plasma talaporfin sodium concentration were 

described by Emax model (Fig. 3).  
A simple and sensitive HPLC method is developed for the 

determination of plasma CT101019a concentration in rats 
and applies to the pharmacokinetic study. The half-life of 

CT101019a was shorter than talaporfin sodium. To predict 
human pharmacokinetics of CT101019a, exploratory 

population pharmacokinetic model of talaporfin sodium was 
developed using the human, rat and mice pharmacokinetic 

data of talaporfin sodium. Simulated human plasma 
CT101019a concentration profile is shown in Fig. 4. These 

findings are useful for drug developments of tumor-
localizing, photosensitizing agent. 
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Fig. 2 CT101019a 

Fig. 1 Talaporfin sodium
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2. Pharmacokinetic modeling of pyrrole-imidazole polyamides 
  Pyrrole-imidazole (PI) polyamides (supplied by Prof. Fukuda) are synthetic molecules composed of 

aromatic rings of N-methylpyrrole and N-methylimidazole amino acids shown in Fig. 5. PI polyamides 
can easily enter into the nucleus and bind to chromosomal DNA, and have been identified as novel 

candidates for gene therapy. We develop a simple and sensitive method using an internal standard that 
was developed for different sequence and longer PI polyamide (J Biomed Biotechnol, 2012). Using the 

urinary and biliary excretion data, we develop a 
pharmacokinetic model (Fig. 6, 7) that describes the 

plasma PI polyamide (MW, 1035) concentration 
profiles under lower limit of quantification (Biol. 

Pharm. Bull, 2009; Non-Viral Gene Therapy, In-Tech 
Open Access Publisher, 2011). The possible 

metabolism of several PI polyamides (MW, 1422-
1669) was investigated. The peaks of their 

metabolites and the decreases in the PI polyamides 
concentrations with incubation time were not detected 

under the experimental conditions. Because of the 
potential co-administration with other drugs, it was 

investigated whether PI polyamides inhibits various 
human cytochrome P450 in vitro. PI polyamides did 

not inhibit any of the tested human cytochrome P450. 
These findings indicate that the possibility of 

metabolic interaction between PI polyamides and 
other drugs commonly used in the treatment of 

patients is low. 

Fig. 3 Pharmacokinetic/photodynamic model of 
talaporfin sodium 

Fig. 4 Simulated human plasma concentrations 
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Fig. 5 Example for structure of PI polyamides 

Fig. 6 Pharmacokinetic model of PI polyamides  
ñNon-Viral Gene Therapy, 2011) 

Fig. 7 Plasma PI polyamides concentration (A), cumulative urinary (B) and 
biliary (C) excreation profilesñNon-Viral Gene Therapy, 2011) 
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Self-assembly and Self-organization from the viewpoint of Device-fabrication Methods 
 

Sachiko MATSUSHITA 
Supramolecular and Self-Assembly; Energy Technology 

 
  Two subjects related with self-assembly and self-organization were studied with perspective of the 
developments of unexplored scientific fields and new technology:  1) Dye-sensitized photonic crystal 

electrodes, and 2) Fabrication of optical devices via self-assembly. 
 

1. Dye-sensitized photonic crystal electrodes 
There are few reports on photoelectric conversion efficiency using naturally-occurring dyes for 

dye-sensitized solar cells (DSSC). This is because the matching with an excited electronic level of 
naturally-occurring dye to the conduction band of semiconductor is problematic; the excited electrons 

are easily relaxed to the steady state with fluorescence or heat emission. We examined the 
fluorescence inhibition effect of a self-assembled photonic crystal using Chlorine e6 dye. Chlorine e6 

is derived from chlorophyll and has a long excited electron lifetime. We prepared TiO2 inverse opals 
with various particle sizes by liquid phase deposition (LPD) and described their effect on DSSCs with 

Fig. 1.� SEM images of 202(a), 
356(b), 457(c), 731(d) nm 
inverse opal and the XRD 
spectrum (e), photonic band 
diagram and diffuse reflectance 
spectra (f), Incident photon-to-
electron conversion efficiency 
per one molar dye (g), 
electrochemical impedance (h), 
and fluorescent life time (i). 

e) 

f) 
g) 

h) 
i) 
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regard to structural, optical and electrochemical properties. In addition, we explored the implications 

of fluorescence lifetime measurements relative to the photonic band diagram and the amount of 
adsorbed dye. Although the main factor affecting the external photoelectric conversion efficiency was 

the diffusion resistance of the electrolyte and the contact resistance between TiO2 interfaces, the 
possibility that the dye fluorescence lifetime, i.e. the photonic band structure, can affect the internal 

quantum efficiency per one dye molecule was also investigated (Fig. 1, J. Porous Mater., in press.). 
� � For the better understanding of the relationship between the photonic band and electrochemical 

reaction, full-photonic bandgap photonic crystal composed of TiO2-electrolyte structure is required. 
Thus, we also demonstrated the fabrication of a photonic crystal structure of (001) rutile TiO2 

substrate by deep reactive ion etching (RIE) using SF6 plasma. A vertical etching profile and a smooth 
etched surface, which satisfy the requirements for optical device application, were obtained (Jpn. J. 
Appl. Phys.,51, 098002 (2012)). 

2. Fabrication of optical devices via self-assembly 
Complicated metal nanoshell/dielectric core 

structures, such as a nano-six-petaled structure, 
were fabricated by controlling the sintering and 

etching of colloidal crystal structures (Fig. 2a, 
Chem.Comm., 48 (11), 1668-1670 (2012)). As the 

sintering processes, one-step sintering and two-
step sintering were examined. The two-step 

sintering process successfully suppressed the 
movement of SiO2 particles on a quartz substrate 

during the thermal sintering. As the subsequent 
HF etching treatment, the two-step sintered 

structures showed different morphology from the 
etched one-step sintered structures. The structural 

dependence of position and intensity of the 
plasmon resonance peak was observed. These 

optical phenomena were discussed from the 
viewpoint of domain size, particle shapes and 

nanogaps. The Raman scattering effect of these 
nanostructures was also examinedò Fig. 2b, 

Colloid. Surf. A, 436, 930-936 (2013).ó. 

200 nm�
200 nm�

Au� SiO2�SERS�
a) 

Fig. 2. TEM images of the nano structures (a)
and Raman scattering analysis of Rhodamine 
6G(b):
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Research for high density and high speed magnetic recording 
- Thermally assisted magnetic recording applying near field optical light - 

 
Katsuji NAKAGAWA 

Information (Recording) 

 
Information recording as well as information 

processing, and information communication are 
very important information infrastructure. 

Thermally assisted magnetic recoding (TAMR) 
has been studied in this project to achieve high-

density magnetic recording. This research leads 
to a patent for achieve high-speed magnetic 

recoding as well as an award for the 2013 best 
paper of Magnetics Society Japan. 

 
1. Thermally Assisted Magnetic Recording 
Heat distribution and heat response by the effect 
of a surface plasmon antenna have been studied, 

because it is very important to locally heat by 
the plasmon antenna to achieve high-density 

magnetic recording. The structure of the antenna 
as well as the recoding media has been also 

studied by the Finite Difference Time Domain 
(FDTD) method. 

It was found that the Bit Patterned Medium 
(BPM) was an effective medium for increasing 

temperature by the plasmon antenna as well as 
for isolated heat in the medium. The temperature 

distributions for BPM and continuous medium 
(CM) are shown in Fig. 1. The peak temperature 

increase in BPM was 140 degrees in Celsius 
after 1 ns light exposure, even though the 

temperature rise for CM was only 10 degrees in 
Celsius.  

The temperature plane distribution for BPM 
calculated by FDTD method is shown in Fig. 2. 

It is observed that the particle of the BPM at the 
tip of the plasmon antenna shows the highest 

temperature.  
The temperature responses for the square 

ordered BPM are shown in Fig. 3. The peak 
temperature rise for the particle #1 shows 140 

degrees, and the its temperature decreases lower 
than 20 degrees in 1 ns. The second highest 

neighbor particle #3 shows 65 % temperature 
rise compared with the particle #1. 

 

 

 
Fig. 3 Temperature of three columns (#1, #2, and 
#3) as a function of time. Media was BPM with 
rectangular arrangement. 

 

Fig. 1  Temperature distributions of continuous 
medium (CM) and bit patterned medium 
(BPM). 

 

#1 
#2 

#3 

 
Fig. 2  Temperature distributed diagram 

parallel to X-Y plane of bit patterned medium 
(BPM). 
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2. Experimental results for TAMR 
Plasmon antennas made by gold were placed over a 
magnetic layer, and exposed with femto-second laser 

by Assoc. Prof. Tsukamoto who is a project member. 
Written magnetic domains at the tip of the plasmon 

antennas and the rings around the number were 
observed by a magnetic force microscope, as shown 

in Fig. 4. The result has been reported to the Journal 
of Magnetics Society of Japan, Vol. 37, 119-122 

(2013). The paper was awarded as one of the 2013 
best paper of Magnetics Society of Japan. 

The minimum domain size in Fig. 4 was 166 nm
120 nm. To achieve smaller written domain, the 

process of E-beam lithography was improved to get 
fine antenna patterns by the advice from Dr. Hashiba 

who is one of the project members. The smaller 
written magnetic domain: 120 nm 84 nm was 

achieved by using smaller and square plasmon 
antenna, as shown in Fig. 5. The achieved written 

magnetic domain size is a little bit bigger than the 
size of goal, but 60% of the goal has been achieved. 

We still keep trying this experiment, because we are confident to achieve the goal by simulation.  
 

3. Optical-induced ultra-high speed magnetization 
The phenomenon of optical-induced ultra-high speed 

magnetization which has been found by the project 
members: Assoc. Prof. Tsukamoto, Prof. Itoh, and et. al., has 

a potential to increase a recording speed by 100 thousands 
times. The research to increase magnetic recording density 

with applying this optical-induced ultra-high speed 
magnetization with circularly polarized light has been 

studied collaborated Prof. Ohnuki who is one of the project 
members. It was found that circularly polarized light in the 

metallic particle at the center of cross metal aperture enabled 
to be generated by FDTD method. The aperture shape of a 

four-leaf clover can also create circularly polarized light in a 
metal particle, as shown in Fig. 6. A patent about this result 

has been submitted. 
An analysis method of a transient response phenomenon of 

surface plasmon generation by simulation was investigated 
in collaboration with Assoc. Prof. Ohnuki, and we developed into the electromagnetic transient 

analysis method which could apply nano-sized dispersion material and ensure accuracy of the 
calculation. It makes assumption of plasma frequency and transient analysis of arbitrary three-

dimensional objects possible. 
 

 
Fig. 4 Surface morphology (a) and written 
magnetic domains (b) observed by magnetic 
force microscope for rod plasmon antennas. 
 

������ ������
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Fig. 5 Surface morphology (a) and written 
magnetic domains (b) observed by magnetic 
force microscope for square plasmon antennas. 

 

Fig. 6 One of simulation results 
calculating optical intensity distribution 
for patterned media. 
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Development of Elemental Technologies toward Quantum Information and Communications 
 

Naoto NAMEKATA 
Information Technology 

 
  Quantum information and communication technologies (QICTs) are the most advanced ICTs that 
rely on quantum effects, and they offer the ways to realize (1) unconditionally secure communication 

and (2) low-power and high-capacity communication. Specifically, (1) can be realized by quantum key 
distribution (QKD), and (2) can be realized by a coherent optical communication technology that 

incorporates quantum information processing (computing). These QICTs give us “secure” and “green” 
solution for ICTs, which is very important especially in a highly developed information society. In this 

work, we have developed elemental technologies for QICTs. 
 

1. Photon Detection Technologies 
  Photon detector is essential for QICTs. In order to realize QICTs using installed optical fiber 

networks, the photon detector must have a high photon detection efficiency in telecommunication 
band (~ 1550 nm: the minimum-loss window of optical fibers) with low noise counts. We have 

developed the telecom-band single-photon detector (SPD) using a compound semiconductor device, 
namely an InGaAs/InP avalanche photodiode (APD). Although the SPD based on the InGaAs/InP-

APD is very practical, it has drawbacks, compared with the other SPDs, that are an afterpulse noise 
and a low repetition frequency. We proposed a “sinusoidal gating” method in which a sinusoidal 

voltage was used as the gate voltage. Then, using the sinusoidally gated InGaAs/InP-APD, high-speed 
single-photon detection at 1550 nm can be realized with a low afterpulse probability. Currently, we 

achieved a repetition frequency of 2 GHz which is three orders of magnitude higher than that of the 
conventional gated InGaAs/InP-APD. Moreover, the photon detection efficiency of > 10% was 

achieved with a dark count probability of 10-7 and an afterpulse probability of < 3% (IEEE Photo. 
Tech. Lett. 2010; Opt. Express 2011). We also applied the sinusoidal gating method to a Si-APD. 
Using the sinusoidally gated Si-APD (quantum efficiency was 72.4%), visible-light single 
photons can be successfully detected with a detection efficiency of 70.6%, which implies that 
a photo-excited single charge carrier in a silicon avalanche photodiode can trigger a 
detectable avalanche (charge) signal with a probability of 97.6% (Appl. Phys. Lett. in press). 
  Although advanced QICTs demands the photon number resolving capability, the SPDs described 
above do not have it. Therefore, we have developed the so-called photon-number-resolving detector 

(PNRD) using a superconducting Titanium transition edge sensor (Ti-TES).  We achieved a detection 
efficiency of > 80 % at 1550 nm with a photon number resolving capability of < 0.2 eV. Then, we 
applied the developed PNRD to a 
non-Gaussian operation on the 
pulsed squeezed vacuum at 1550 
nm. The two-photon-subtracted 
squeezed state was successfully 
generated (Nature Photonics, 2010). 
We observed dips in reconstructed 
Wigner functions of the generated 
quantum states (see Fig. 1), which 
is the clear evidence that the non-
Gaussian operation was realized. 
 

 

 

 

Fig. 1ôWigner function of the generated non-Gaussian state 



Nihon University N. Research Project Final Report

200

 

2. Quantum Key Distribution Experiments 
We performed a 2 GHz clocked differential-phase-

shift QKD (DPS-QKD) experiment using SPDs based 

on sinusoidally gated InGaAs/InP-APD. A secure key 
rate of 24 kbit/s was achieved over 100 km of optical 

fiber, which was higher than the previous record.
Moreover, we have successfully distributed secure 

keys against the general individual attacks over 160 
km of optical fiber (Opt. Express, 2011. Fig.2). These 

results will accelerate the realization of a practical 
QKD over a metro-sized optical fiber network. 

  To extend the communication distance further, e.g. 
> 400 km, entanglement-based QKD system is 

preferable, because it will play an important role in the 
quantum repeaters described in the next section. We 

have developed the polarization entangled photon pair 
source and the entanglement-based QKD system using 

it (Fig. 3). 

3. Elemental Technologies for Quantum Repeater 
To realize the long-distance QKDs, we need the 

quantum repeater which can improve the throughput 
reduction with distance from exponential to polynomial. The quantum repeater is composed of three 
elemental technologies: the entanglement swapping, quantum memories (or buffer storages), and the 
quantum non-demolition measurement of the photon number. 

We demonstrated entanglement swapping with 1550 nm polarization-entangled photon pairs created 
by spontaneous parametric down conversion (SPDC) in two spatially separated type-II periodically 
poled lithium niobate (PPLN) bulk crystals. In a partial Bell-state measurement, entanglement was 
observed between two photons from independent sources. We employed sinusoidally gated 
InGaAs/InP-APDs operated at a repetition frequency of 1.28 GHz, which increased a four-fold 
coincidence count rate without degrading the fidelity of entanglement swapping. The obtained fidelity 
is ~ 90% which is high enough to infer a violation of Bell inequality and to implement the 
entanglement-based quantum key distribution (J. Phys. B, 2013). 
  In our experiment, the success probability of the entanglement swapping is less than 10-6. To 
enhance the success probability, the key technology is the quantum memory (or buffer storages). In 
this work, we have tried to realize the photon buffer storage by means of an optical switching network. 
As shown in Fig.4, the photon buffer storage we 
designed is composed of optical fibers and low-
loss fiber-optic components. It gives the 
programmable optical delay to photons with a 
low optical loss, and a quantum state of light 
(polarization of photons) can be maintained 
without any active compensation. 

Summary 
  We have developed the advanced photon detection technologies. The state-of-the-art photon 
detectors have overcome the difficulties in development of QICTs. 

 

Fig. 2. Secure key rate as a function of the 

communication distance 

 
Fig. 3. Entanglement-based QKD system 

Alice     Bob 

 
Fig. 4ôPhoton buffer storage using the optical 

switching network. 
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Development of Nano-Composite Technologies for Innovative Hydrogen Storage 
 

Nobuyuki NISHIMIYA 
Energy Technology 

 
  Hydrogen storage alloys have occluding function to uptake hydrogen atoms into lattice spaces.  
Innovative hydrogen storage is thus expected by designing the lattice spaces or by stimulating active 

surface sites by means of ultraviolet irradiation and so on.  Interruption of hydrogen storage by 
ambient oxidative attacks is took away by encapsulating the alloys with hydrogen permeable 

membranes and innovative hydrogen recovery from gas mixtures produced by water photo-splitting 
and biological fermentation and so on becomes plausible.  The present study aims to apply several 

innovative hydrogen storage techniques to energy technologies through nano-composite formation on 
the basis of collaboration with peoples in the N. research project. 

 
1. Application of Encapsulated Alloys Resistant to Ambient Air and Water 
  Environment resistant hydrogen storage alloys were prepared by encapsulating the alloys with 
silica-based hydrogen permeable membranes blended with silicone precursor.  When the estimated 

thickness of the wall was 20 nm, the elastic capsule endured the expansion by 20% on hydrogen 
occlusion.  Cycling experiments comprising hydrogenation of encapsulated ZrVFe alloys under the 

ambient pressure of detonating gas at room temperature and dehydrogenation thereof at elevated 
temperatures in vacuo showed reproducible behaviors for three times, which was contradictory to 

original alloys having no hydrogen occlusion ability after the second cycle.  That clearly showed the 
difference of oxygen resistance. 

Partial pressure of hydrogen was lowered in the 
presence of the encapsulated alloys during hydrogen 

production by cyanobacteria compared to the case in 
the absence of the alloys (Figure 1õ19th WHEC, 

2013).  More hydrogen than that corresponding to 
the downward shifts from the dotted line in Figure 1 

was occluded by the encapsulated alloys, and total 
amounts of hydrogen both in the gas phase and in the 

solid phase, the latter being determined by a vacuum 
extraction method on heating, exceeded 7 times as 

much as those in the absence of the alloys.  The 
increased yield of hydrogen would be due to an 

equilibrium shift by removing hydrogen from the 
formation side.  

 
2. Photo-Stimulated Hydrogen Occlusion and 

Photo-Stimulated Hydrogen Desorption 
Hydrogen capacity of a hexagonal alloy, (Ti0.2Zr0.8)(Fe0.5Mn0.5)1.5, under 1 MPa of hydrogen at room 

temperature increased by 20% on ultra-violet irradiation at 352 nm in air.  Presence of a 
photocatalyst, WO3, enhanced the hydrogen capacity by 60%, and the enhancing effect was higher in a 

nitrogen atmosphere.  It is plausible that some nitrogen containing functional groups were generated 
on irradiation and that they promoted hydrogen occlusion. 

Ultra-violet irradiation lowered hydrogen desorption temperatures in vacuo for LiBH4 and MgH2, 
and the lowering was enhanced by the coexistence of WO3.  Desorption from (Ti0.2Zr0.8)(Fe0.5Mn0.5)1.5 

itself was not enhanced by irradiation, but specified combinations of photocatalysts lowered the 
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Figure 1 Effect of alloys on H2 partial pressure 
during bio-hydrogen production 
 : Anabaena-ZrVFe system 
(: Spirulina-(Ti0.5Zr0.5)(Fe0.2Mn0.8)1.5 system 
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desorption temperature on irradiation. 

While the lowering of hydrogen desorption temperatures was realized by addition of conventional 
catalysts, for example, the ones from MgH2 at 130² and 400² were lowered to 60² and 200² by 
addition of Nb2O5, ultra-violet irradiation with WO3 further added inhibited the desorption at the lower 
temperature.  That meant the irradiation cancelled the catalytic effect, in other words, a route to an 
ON/OFF control of catalytic effects by irradiation was proposed.   �  
 

3. Hydrogen Spillover at the Liquid Nitrogen Temperature 
Hydrogen occupies 0.1575 nm2 per molecule when adsorbed on high specific surface area materials 

at cryogenic temperatures.  Such ordered adsorption gives a composition of C6H2 on graphene, or 
hydrogen capacity of 2.7%  If hydrogen could adsorb in atomic states, a surface composition of C6H6 

would be attained to present promising hydrogen storage materials.  Since spillover would be easy 
with hydrogen atoms available, such metals that dissociate hydrogen at low temperatures like 77 K 

(liquid nitrogen temperature) are needed. 
  Through synthesis of single-walled carbon nanotubes by a torch arc method, synthesis of metal-

modified nanocarbons by a conventional arc method, graphene formation by the Hammers method and 
metal-modification, synthesis of carbon-modified metals by a methanol CVD (Chemical Vapor 

Deposition) and synthesis of metal-modified nanocarbons by calcination of electrospun polymer fibers, 
Pt proved to have the highest dissociation activity of hydrogen among Ni, Pd and Pt.  Such were also 

the case for BN, CN and BCN which were prepared by respective wet procedures (J. Alloys and 

Compounds, 2013).  Search for alternative metals or alloys that could replace expensive and rare Pt 

revealed potential feasibility of Cr-Fe and Invar (Fe-Ni-Mn) alloys.  In the course of surveying, a 
unique alloy as described in the next section appeared, which showed irregular hydrogen occlusion 

isotherms. 
  

4. Superposition of Hydrogen Storage in 
Lattices and Adsorption at Liquid 
Nitrogen Temperature 

Occlusion of hydrogen proceeds with 

atomic hydrogen trapped inside the lattice, 
and the occluded amount of hydrogen is thus 

normally proportional to power of 1/2 of 
hydrogen pressure (Sieverts’ law).  But the 

amount of hydrogen occluded at RT (26²) 
in (Ti0.2Zr0.8)(Fe0.5Mn0.5)1.5 was ruled out by 

power of 1/4 of pressure, and the one at 
cryogenic temperatures was proportional to 

power of 1 of pressure as shown in Figure 2. 
The dependence on power of 1 meant Henry’s law and hydrogen proved to dissolve as molecules.  

The power of 1/4 phenomenon would be actual if one molecule of hydrogen could form 2 atoms and 
additionally the same amount of vacancies. 

Hydrogen adsorption at 77 K after RT sorption of 0.634 mass% under 1 MPa of hydrogen (� in 
Figure 2) unexpectedly proceeded similarly as adsorption without the RT sorption.  Furthermore, 

measured equilibrium pressures at 77 K were unreasonably higher than those at RT.  It is thus likely 
that the hydrogen storage inside the crystal lattices (occlusion at RT) and the solution-like adsorption 

at 77 K carried out at different sites.  Otherwise solution at 77 K could occur either at lattice spaces 
or at vacancies connecting to the lattice spaces.  Novel materials capable of both lattice type 

occlusion and solution type adsorption will be promising for innovative hydrogen storage. 

Figure 2 Hydrogen occlusion isotherms at 77 K for  
(Ti0.2Zr0.8)(Fe0.5Mn0.5)1.5 

  ": simple adsorption at 77 K 
� ▲: successive adsorption at 77 K after RT occlusion 
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Fig. 1 Design of Plasmonic Antennas for All-Optical Recording. 

 
Fig. 2 Verification of Localized Circularly Polarized Light. 

 

 

Fig. 4 Circularity inside the bit-patterned media. 

 

Fig. 3 Proposed system for high-density all-optical magnetic recording. 

Nano-Electromagnetic Simulation for Light-Material Interactions 
 

Shinichiro OHNUKI 
Quantum Theory and Computation 

 

  We have developed fast and reliable electromagnetic simulation methods for studying interaction 
between light and nanoscale objects. We apply our novel methods to designing nanoscale devices for 

high-speed and high-density magnetic recording, quantum telecommunication, and so on. This 
research was awarded the 2013 academic award from College of Science & Technology, Nihon 

University and the 2013 best paper of Magnetics Society Japan. 
 

1. Time Domain Responses of Electromagnetic Fields by Integral Equation Methods�
We have developed novel fast and accurate solvers based on integral equation methods with fast 

inverse Laplace transform for time domain electromagnetic problems (J. Electromag. Waves and Applic., 

2012). The advantages of our proposed method are (1) the computational error is easy to be controlled, 

(2) there is the no restriction of selecting time step size, and (3) an arbitrary observation time can be 
selected. Using the combination of fast algorithms and parallel computing, the speedup rate becomes 

over 100 times faster. We have designed plasmonic antennas which can localize circularly polarized 
light in nanoscale (Figs. 1 and 2).�

2. Design of Plasmonic Antennas with Bit-Patterned Media for High-Density Magnetic Recording�
We study characteristics of plasmonic antennas with bit-patterned media to realize high-density all-

optical magnetic recording through the collaboration with Prof. Katsuji Nakagawa, Information Group 
ÁIEEJ Trans. A, 2014Ä. Figure 3 shows an asymmetric cross antenna constituted by two dipole antennas 
with bit-patterned media. Antenna lengths are selected to obtain 90° phase shift. Localized circularly 
polarized light is generated inside the particulate medium at the center of antennas. In our proposed 
system, the recording density can be achieved over 2Tbit/inch2.�

We investigate the motion and required DC field of magnetization reversal using micro magnetics 
simulation in collaboration with Prof. Arata Tsukamoto, Information Group, as in Fig.5.�

�
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Fig. 7 Nano tube and the coordinates. 

 
Fig. 8 Control of electrons states by a light pulse. 
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Fig. 5 Magnetization reversal by micro magnetics simulation. 
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Fig. 6 Time domain response of current density in a nano plate. 

3.  Multiphysics Simulation of Nanoscale Objects in Laser Fields 

We have developed the coupled Maxwell-Schrödinger scheme which is based upon the FDTD 
method in collaboration with Prof. Tokuei Sako, Quantum Theory and Computation Group ÁInt. J. 

Numer. Model., 2013Ä. Our proposed method can handle tunneling effects due to well structures. We 
have investigated current densities and electromagnetic fields of nano plates. Advantages of our 

method have clarified in comparison with conventional classical solvers. 
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We have investigated the interaction between the light control pulse and thin tube including only a 

single electron as shown in Fig. 7, where the pulse is designed to control the electron-state. The time 
domain response of probability density is presented in Fig. 8. Our designed pulse has excellent ability 
to control the electron state with high accuracy.  

 
4.  Modeling of Plasmonic Waveguides for a High Sensitivity Optical Sensor�

We have proposed an optical sensor which consists of a metal stripe and nano wire. Using the 
proposed device, electromagnetic energy is concentrated around the metal stripe and the energy can be 
efficiently absorbed into the nano wire. Joule heat inside the nano wire is produced due to the 
electromagnetic energy and becomes over 50 times higher than that for the case without the metal 
stripe. 

 Fig. 9 Electromagnetic field around the nano wire. 
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Self-Assembled Supramolecules and Their Applications to Energy, Medical, and Information 
Technologies 

 
Joe OTSUKI 

Supramolecular and Self-Assembly; Energy Technology 

 
  Self-assembly of appropriately designed molecules offers a promising bottom-up method for 

producing nanostructures. This work aims at developing new molecular self-assembling systems, 
revealing self-assembled structures and dynamic behaviors at the molecular level, and searching for 

applications of self-assembly to energy, medical, and information technologies. We believe that 
assembly of a chlorophyll derivative into double-helical structures and visualization of rotational 

motion of a double-decker porphyrin complex at the molecular scale are two prominent achievements. 
 

1. Structures, control, and dynamic behaviors of molecular self-assemblies 
  We revealed the effects of side arms introduced in the porphyrin framework on the self-assembly at 

the molecular scale using scanning tunneling microscopy (STM).1 We found that interactions between 
porphyrins and the graphite surface predominates when the porphyrin was modified with long side 

arms, resulting in arrays of face-on porphyrins on the substrate. On the other hand, when the porphyrin 
was modified with short side arms, intermolecular interactions outweighed, giving rise to porphyrin 

columns with stacked porphyrin molecules (Fig. 1a). We also investigated the self-assembly of 
artificial chlorophyll, which has a zinc ion in the center and a pyridyl moiety on the periphery.2 This 

molecule forms a quite stable cyclic tetramer in solution. In the crystal, the pyridyl group in one 
molecule coordinates to the zinc ion in the next molecule, giving rise to coordination polymers. A pair 

of helical polymers wrap around each other, affording double helices as shown in Fig. 1b. These 
highly-ordered, extended structures of porphyrins and chlorophylls are interesting as potential wires 

for energy and electrons. 
  We constructed a system in which interaction between a zinc-porphyrin and a pyridyl group can be 

switched on/off with the trigger of light (Fig. 1c).3,4 The molecules incorporate a photoisomerizable 
azopyridine group in a molecular bowl. In the trans configuration, the pyridyl group sticks out of the 

bowl, while in the cis configuration, the pyridyl group directs inward. We found that the binding 
constant for the trans isomer was up to 20 times larger than that for the cis isomer. 

 

(a)  (b)  (c)  

Fig. 1. Structures and control of porphyrin assemblies. (a) One-dimensional porphyrin columns. (b) 
Double helices of a chlorophyll derivative. (c) Control of assembly with light. 

 
  We revealed the self-assembled structures and dynamics of double-decker porphyrin complexes at 

the molecular scale using STM. A certain double-decker porphyrin complex with a cerium ion was 
observed as circles, while the same complex but with a zirconium ion was observed as ellipses (Fig 

2a).5 We ascribe the difference in appearance to a difference in the speed of rotation of these 
molecules. We synthesized a double-decker porphyrin having a single side arm as a beacon for 

molecular orientation. We noted that some molecules changed their orientation on standing on the 
substrate, which turned out to be the first visualization of molecular rotation of this class of 

compounds (Fig. 2b).6 
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(a)   (b)  

Fig. 2. Double-decker porphyrins. (a) Different images due to rotation. (b) Change in orientation. 

 
2. Photoenergy conversion by molecular systems  
  As for the reductive side of water photolysis, it is important that electrons are transferred efficiently 
from the photosensitizer to the reduction catalyst. We prepared photocatalysts in which the 

photosenitizers spontaneously assemble around a cobalt ion to form supramolecular photocatalyst (Fig. 
3a).7 We found that the amount of hydrogen produced by illumination using this system was twice that 

by a system without self-assembly. 
  The dye-sensitized solar cells (DSSCs) are attracting attention as a next-generation solar cell. The 

effects of a donor group on the perylenedicarboxylic anhydride derivatives were investigated as 
organic dyes.8 We found that a donor group is effective to raise the energy level of the lowest 

unoccupied molecular orbital (LUMO), leading to efficient charge injection. We examined the effects 
of side arms but eventually found that dyes without side arms recorded the highest efficiency (3.1%). 

The reason for this is that the dye without a side arm was able to utilize up to the longest wavelength, 
which may be due to intermolecular interactions. This result indicates that some dyes work better with 

intermolecular interactions in spite of the conventional belief that dye aggregation is detrimental to the 
performance. We also prepared three new cyclometalated complexes and revealed their structures and 

properties.10 New cyclometalated complexes for DSSCs based on these results are now in preparation. 

(a)  (b)
OO O

N

OO

DPP-PDA

OO O

N

OO O

N

OO

DMP-PDAPDA

2 5

712

 

Fig. 3. (a) Self-assembled photocatalyst. (b) Dyes for DSSCs. 
 

3. Nanomaterials and their applications 
  Other than the systems described above, we investigated nanomaterials such as graphene11,12 and 

nanoparticles.13 Yet other works include studies on chlorophyll derivatives for photodynamic therapy 
in collaboration with Fujiwara et al in the Medical School, single molecule behaviors using 

fluorescence microscopy in collaboration with Chaen et al in the College of Humanities and Sciences, 
and nanoparticle assemblies for quantum information devices, in collaboration with Namekata et al in 

the Institute of Quantum Science. 
 

(1) Chem. Lett. 2009, 38, 570. (2) J. Am. Chem. Soc. 2013, 135, 5262. (3) J. Phys. Chem. A 2010, 114, 
884. (4) Tetrahedron Lett. 2009, 50, 2106–2108. (5) Chem. Lett. 2011, 40, 717. (6) J. Am. Chem. Soc. 

2010, 132, 6870. (7) Chem. Commun. 2010, 46, 8466. (8) Adv. OptoElectron. 2011, 2011, Article ID 
860486. (9) Chem. Lett. 2013, 42, 450. (10) J. Organomet. Chem. 2014, 749, 312. (11) Appl. Nanosci. 

2013, 3, 477. (12) Appl. Surf. Sci. 2012, 259, 460. (13) ACS Nano 2013, 7, 9997. 
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Development of Pyrrole-Imidazole polyamide showing anti-tumor effect 
Masayoshi Soma, Kyoko Fujiwara 

Medicine 
 

Pyrrole–imidazole (PI) polyamides can bind to double strand DNA in a sequence 
specific manner and suppress the expression of target gene by inhibiting DNA binding proteins 
including transcription factors.  PI polyamides are small synthetic molecules composed of the 
aromatic amino acids N-methylpyrrole (Py) and N-methylimidazole (Im).  A pair of PI 
polyamide recognizes specific DNA base pairs, i.e. Im/Py pair bind to G-C, Py/Im to C-G, and 
Py/Py to both A-T and T-A.  
A concatenation of those pairs 
made it possible to bind to a 
variety of specific DNA 
sequences.  Since PI 
polyamides can be effectively 
delivered to nuclei of several 
tissues without any specific 
drug -delivery system, they might 
be powerful materials to develop 
gene specific silencer.  We have 
been developed various type of PI 
polyamides targeting genes involved in disease, and reported some of them had curative effect 
in vitro and in vivo.  

The amplification or over expression of c-MYC has been observed in many type of 
human tumors.  c-MYC is a basics-helix-loop-helix leucine zipper transcription factor that 
binds E-box (5’-CACGTG-3’) sequence of DNA with its partner MAX protein. It activates the 
transcription of more than 4000 
genes whose products are involved in 
crucial aspects of cancer biology 
such as cell proliferation, cell growth, 
apoptosis and differentiation.   
There have been many approaches to 
down regulate MYC or its 
downstream genes, however, none of 
them has been succeeded to be 
developed as an anti-cancer drugs, 
because of the lack of drug-delivery 
system, or too complex treatment 
procedure. 

We designed several PI 
polyamides which recognize E-box 

FFig.2 Growth inhibition of MG63 cells by 
treatment with Myc-6 

B A BA

FFig.1 PI polyamides for E-box sequence 
A. Recognition sequence of PI polyamides� BB. Structure of 
Myc-6  Ý=Py; Þ=Im, W= A or T 
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consensus, and found that one of those PI polyamide Myc-6 inhibits proliferation of the many 
cells including osteosarcoma cell line MG63.  The cells treated with 1μM or higher 
concentration of Myc-6 showed reduced growth rate 
when they were examined by WST8 assay and colony 
formation assay.  When we analyzed the effect of 
Myc-6 treatment on cell cycle, dose dependent increase 
in the number of cells in sub-G1 or G1 phase, and 
reduction of cells in S-phase was observed.  In addition, 
Myc-6 treatment increased the number of cells showing 
the phosphatidyl serine, which is the marker of early 
apoptosis, on their surface membrane, and also we found 
the increased amount of cleaved-caspase 3 in the cells 
treated with 10 μM of Myc-6.  Collectively, those 
results strongly suggested that Myc-6 has an ability to 
promote apoptosis in MG63 cells. 

To investigate the effect of Myc-6 in vivo, we 
injected MG63 cells subcutaneously into each anterior 
flank region of athymic nude mice. When tumor volume 
reached 200mm3, mice were intravenously injected with 
Myc-6 at 6 mg/kg body weight once a week for 
a month.  We found that Myc-6 treatment 
suppress tumor growth significantly compared 
to control cells. In addition, no evidence of 
toxicity for animals was observed.   

By global gene expression analysis 
using microarray, 18 genes were found to be significantly down-regulated in MG63 cells treated 
with 10μM Myc-6.  Among them, only MALAT1, which is coding long non-coding RNA, has 
Myc-6 binding sequence including E-box like motif on its 5’-upstream region.  It was also 
shown by gel-shift assay that Myc-6 bind to this sequence specifically, and knockdown of 
MALAT1 remarkably impaired the growth of MG63.  Taken together, our present finding 
strongly suggested that Myc-6 suppresses 
malignant phenotypes of MG63 at least in part 
through the down regulation of MALAT1 and 
also might provide a clue to develop a novel 
anti-tumor drug.  Now, we are trying to 
improve the structure of Myc-6 to show 
stronger effect, and to develop new curative 
protocols using Myc-6 or improved Myc-6 in 
combination with conventional chemo drugs.   

FFig.4 Effect of knock down of MALAT1 on the growth of MG63 

FFig.3 Regulation of MALAT1 transcription by 
Myc-6 
A. Myc-6 reduced expression level of MALAT1 in MG63 
dose dependently. BB. In gel shift assay, DNA fragments 
containing E-box like motif on 5’ upstream of MALAT1 
showed clear mobility shift in the presence of Myc-6. 

�

�
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Figure 1. Transmission electron microscope image of stainless alloy filled CNT and NBED patterns 

Synthesis of Nano-Tube/Rod and Wide Band Gap Semiconductor Devices 

 
Kaoru SUZUKI 

Nanomaterials and Nanodevices 
 

My research aims at fabrication of nano-materials and nano-devices for high functional applications such as 

nano-tube sensor or probe for magnetic force microscope, nano-tube/rod diode or transistor, and wide band gap 

semiconductor nano-film for water-splitting or light emitting diode or hydrogen storing alloy by using 

fundamental techniques of nano-process and fabrication of nano-materials.   Using the achievement of the 

investigation, progress of energy conversion system, green- technology and bio-technology can be expected. 

1.� Metal encapsulated carbon nanotube for magnetic force microscope probes 

   We have synthesized directly ferromagnetic metal (Ni) and alloy (stainless-steel: SUS304) encapsulated 

linearly-extended carbon nanotubes (CNTs) for probe of magnetic force microscope or spin device on a mesh 

grid for viewing transmission electron microscope (TEM) by creeping arc discharge of ethanol (liquid) solution 

and silicon (solid) substrate in the cathode spot at tip of triangular pyramid shaped metal grid. These metals 

inside CNTs identified Ni and SUS with energy dispersive X-ray (EDX) spectrum analysis.  The diameter and 

length of the metal core is in the range of 10 – 80 nm and 100 – 800 nm with varying heating period and 

temperature, respectively. The walls consist of cylindrical graphene sheets with 3 -50 layer. ( Appl. Surf. Sci., 

DOI 10.1016/j.apsusc.2013.11.056, Patent Appl. No. 2010-198325)  Figure 1 shows that TEM image of 

typically phase-separating stainless alloy filled CNT. The structure of the synthesized CNT processes 3 phases 

which indicate that monocrystal of Fe2(1-x)Cr2xO3 in A part, polycrystal of Fe2(1-x)Cr2xO3 in B part and monocrystal 

of Fe(1-x)Crx in C part by NBED analyses. (JPS Conf. Proc.2014 ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.� Creation of carbon nano-tube/rod and diamond-like carbon devices 

    We have synthesized phosphorus doped carbon nano-tube/rod by Joule heating on ethanol/Si surface 

assisted with laser irradiation for chirality controlling, and diamond-like carbon films by ion beam plating 

method(Appl. Phys. A, 101, 723-725). Type of p-n junction diode and wiring were created by focused Ga+ ion 

beam injection(J. Nanoele. Optoele., 7, 275-278). Carbon nano-tube/rod(Appl. Surf. Sci. 255, 9655-9658) 

forests were closely grown as shown in figure 2 (a), one of a CNT was processed by focused Ga+ ion beam. 

Voltage and current characteristic shown diode property in figure 2 (b), and n-type CNT back gate property in 

figure 2 (c). 
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Figure 2. (a) Carbon nano-tube/rod forest      (b) Diode property         (c) Back gate property 

 

Figure 3. Low frequency and 

temperature micro plasma 

Figure 4. Nano/micro bubble ejected on 

piezoelectric vibrator micro nozzle 

 

 

 

 

 

 

 

 

3. Synthesize of photocatalytic SrxLa1-xTiO3 film for 

hydrogen generation 

La doped TiO2 have attracted great interest for photocatalytic 

properties, which can be used visible area in solar light although only 

TiO2 limiting with ultra violet area. We have successfully crystallized 

perovskite structure films which were La doped TiO2 thin film of 

La2Ti2O7 (Appl. Surf. Sci., 255, 9688-9690), Sr doped TiO2 thin film 

of SrTiO3 and both impurity doped thin film of SrxLa1-xTiO3 

(x=0.1~0.9). Now, we try to deposit of TiO2 on polymer films by 

laser induced forward transfer method. (Appl. Mech. & Mat., 481, 

125-128) magnetized coaxial plasma gun is utilized for a deposition 

of high-melting-point metal such as Ti0.5Zr0.5(Fe0.2Mn0.8) for 

hydrogen storing alloy collaborative study with professor Nishimiya 

and Asai. (JPS Conf. Proc.2014, Patent Appl. No.2012-195690)  

4.� Synthesis of ZnO nano-films for light emitting device 

We have synthesis nitrogen doped p-type ZnO nano-films (Appl. Phys. A, 110, 963-966) by infrared light 

excited pulsed laser deposition method.  High quality crystalline of p-type ZnO nano-films were improved 

(Appl. Phys. A, 101, 723-725) by pulsed YAG laser annealing below 532 nm ,and optimum wavelength was 266 

nm. 

5.� Bio-electronics 

Figure 3 show the sterilization of periodontal bacterium by 

atmosphere pressure low frequency/temperature micro plasma 

jet. The diameter of needle plasma was less than 50 mm, and 

temperature of plasma irradiated area was less than body 

temperature. Needle plasma showed emission due to OH and O 

radical. (JPS Conf. Proc.2014 ) 

6.� Green technology 

Figure 4 show the evolution of controlled nano/micro bubble 

by laser/focused ion beam fabricated nozzle on piezoelectric 

vibrator for defecation of water. Micro bubbles were not able to 

generate from capillary nozzle without piezo-vibration, while 

micro bubbles, whose diameter was in the range of 2 mm to 500 

mm, could be generated from the capillary nozzle with piezo-

vibration. (Adv. Mat. Res., 871, 338-341, Patent Appl. No.2012-

204982) 
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The development of newly molecular targeting drug for prostate cancer by using pyrrole-imidazole 
(PI) polyamide 

 
Daisuke OBINATA, Satoru TAKAHASHI 

Medicine 
 

Under the close collaboration with Noboru Fukuda, Masayoshi Soma, and Kyoko Fujiwara, we have been 

developing new molecular targeting drug by PI polyamide for cancer therapy.  
 

Prostate cancer is the second leading cause of cancer death in men in the USA. The androgen receptor 
(AR) plays a key role in the progression of prostate cancer. Until recently, the mainstay of therapy was to 

attenuate AR signaling pathway for prostate cancer. However, all men with androgen deprivation therapy 
for prostate cancer will eventually progress to castration resistant state. At that time they are termed as 

having castration resistant prostate cancer (CRPC). Several studies have shown that the majority of CRPC 
still express AR and androgen responsive genes, indicating that the AR signaling pathway is functional 

under androgen-depleted conditions. In addition, a recurrent fusion of TMPRSS2 with E26 
transformation-specific (ETS) family genes were found in about 80% of prostate cancer tissues. ETS 

genes are transcription regulators, and altered expression or properties of them affect the control of 
transcriptional processes. Those alterations also could cause development and progression of cancer. 

Since TMPRSS2, 5’-fusion partner, was upregulated by androgen, AR has been supposed to be important 
to regulate the fusion genes in the prostate cancer. Aberrant overexpression of ERG induced by 

TMPRSS2-ERG fusion is likely to be involved in prostate cancer development including castrate resistant. 
Moreover, recent studies have shown that ligand-dependent binding of AR to intronic binding sites near 

the specific tumor translocation breakpoints (TGT/AGGGA/T) caused facilitating DNA double-stranded 
break (DSB) generation.  

Pyrrole–imidazole (PI) polyamides are small synthetic molecules that recognize and attach to the minor 
groove of DNA, followed by inhibition DNA–protein interaction with high affinity and sequence 

specificity. Synthetic PI polyamides recognize and attach to the minor groove of DNA with high affinity 
and specificity.  

 
(1) Efficacy of PI polyamide targeting of TMPRSS2-ERG gene fusion for prostate cancer cells 
Here, we examined the effects of a PI polyamide targeting TMPRSS2-ERG translocation breakpoints 
(Fusion Polyamide) on prostate cancer. First, to determinate the binding affinity and specificity of 

polyamide to target DNA, gel mobility shift assays were performed. The fusion polyamide showed 
selective DNA binding ability. To determine whether fusion polyamide affects dihydrotestosterone 

(DHT)-dependent inter-chromosomal movement and TMPRSS2-ERG expression in LNCaP cells, we 
performed fluorescence in situ hybridization (FISH) analysis and measured TMPRSS2-ERG expression 

levels using quantitative reverse transcription-polymerase chain reaction (RT-PCR). After DHT treatment, 
the number of cells showing co-localization of TMPRSS2 and ERG was significantly increased in LNCaP 

cells cultured in the presence of negative control polyamide. This DHT-induced inter-chromosomal 
movement, however, was significantly decreased in cells cultured with fusion polyamide. The expression 

level of the TMPRSS-ERG transcript was also increased by DHT treatment; however, it was significantly 
suppressed in the presence of fusion polyamide compared with negative control polyamide. Moreover, we 

tested whether the fusion polyamide could down-regulate endogenous ERG gene expression. Fusion 
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polyamide substantially reduced mRNA expression levels of ERG in LNCaP cells. 

Growth and migration of LNCaP cells treated with fusion polyamide were significantly suppressed 
compared with those of cells treated with negative control polyamide. Moreover, intravenous injection of 

fusion polyamide to athymic male mice bearing LNCaP-derived tumors resulted in growth retardation of 
the tumor. These results indicate that targeting of these breakpoint sequences by PI polyamide may be a 

new therapeutic intervention for prostate cancer (Japanese Unexamined Patent Application Publication No. 
2013-234135). 

 
(2) Polyamide targeting AR coregulator binding sites in long chain acyl-CoA synthetase 3 (ACSL3) 
enhancer region 
AR is a member of the nuclear receptor superfamily and functions as a ligand-dependent transcription 

factor. Upon activation by androgens, AR translocates into the nucleus and binds to the androgen 
responsive elements (AREs). The transactivation of AR involves several coregulatory proteins. Aberrant 

expression of AR coregulators leads to AR hypersensitivity, which is one of the mechanisms underlying 
the progression of prostate cancer into a castrate-resistant state. Previously, we reported that one of 

nuclear receptor coregulators Oct1 could be a prognostic factor in prostate cancer as a coactivator of AR 
and may lead to the development of a new therapeutic intervention for prostate cancer (Obinata, 

Takahashi, et al. Int J Cancer 2012). Moreover, lipid metabolism is one of the diverse cellular functions 
regulated by androgen. ACSL3, which converts free long-chain fatty acids (16–22 carbons) into acyl-

CoAs for ATP production through beta-oxidation and the generation of various lipids, was first reported 
as an androgen-responsive gene and ubiquitously expressed at the highest level in prostate tissue. Our 

previous chromatin immunoprecipitation study showed that the upstream region of ACSL3 includes a 
functional androgen receptor binding site (ARBS), which was putative ACSL3 enhancer. We found two 

non-canonical AREs, two Oct1 binding motifs, and one GATA2 motif in the putative ACSL3 enhancer 
ARBS in sequence. We validated two AREs and one Oct1 motif are functional by luciferase assay. 

Therefore, we prepared the novel PI polyamide targeting the Oct1 binding sites in ACSL3-ARBS (OCt1 
BS polyamide) for selective knockdown of ACSL3. Cells were treated with either DHT for 24 h 

following luciferase assay. Synthetic PI polyamides targeting the Oct1 binding sites suppressed the 
proliferation and invasion of androgen-sensitive LNCaP prostate cancer cells, as well as in vivo tumor 

growth of LNCaP-derived xenografts in mice. These data indicate that ACSL3 plays an important role in 
prostate cancer progression and could offer a novel therapeutic strategy (Japanese patent application No 

2013-048126). 
 

Figure 1. Fusion polyamide 
represses tumor formation of 

LNCaP cells in nude mice. Seven-
week-old athymic male mice were 

implanted with 3 x 106 tumor cells 
and fusion polyamide or negative 

control polyamide was injected into 
the tail vein once weekly. 

Photographs of mice harboring tumors after 4 weeks of treatment with pyrrole–imidazole (PI) polyamide. 
�
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Mechanism of Superconductivity in Layered Iron-Arsenide Superconductors and Search of New 
Superconducting Compounds 

 
Yoshiki TAKANO 

Nanomaterials and Nanodevices 

 
 1. Introduction 
 In 2006, it was reported that (LaO)FeP became superconducting at about 4 K. Since LaFeAsO1-xFx 
was discovered to be a superconductor in 2008, many iron-based superconductors have been found. 

All iron-based superconductors have Fe square lattices and they are classified roughly into four 
compounds, 1111, 111, 122, and 11 type superconductors due to their compositional ratio. In 2008, it 

was also reported that the superconducting transition temperature Tc of Sr0.6La0.4FeAsF was 26 K and 
that of Sr0.5Sm0.5FeAsF was 56 K. In 2010, oxygen deficient LaFeAsO0.89 was also reported to be a 

superconductor with Tc of 28 K. As we have studied the electrical and magnetic properties of 
LaZnPnO (Pn=P, As, Sb) before the discovery of iron-based superconductors, we have mainly studied 

the 1111 type superconductors. 
2. Experimental Results and Discussions 
2.1 Superconductivity of La Deficient La1-xOFeP 
 Although the superconducting transition temperature Tc of (LaO)FeP was firstly reported to be about 

4K, several research groups reported different Tc in (LaO)FeP. Thus, the electrical properties of 
LaOFeP was controversial. We have succeeded to prepare almost single phase samples of La1-xOFeP. 

The superconducting transition temperature Tc of (LaO)FeP is found to be 4.7K. Tc firstly increases 
with x and has a maximum value of 7 K at x = 0.10 and then decreases. The origin of the increase and 

the decrease of Tc is considered to be an introduction of holes in FeP layers due to the La deficiency. 
This result indicates that the origin of the previously reported scattering of Tc is the off-stoichiometry 

of the samples [1].  
2.2 Crystal Structure and Superconducting Properties of Sr1-xRxFeAsF (R=La, Pr, Nd, Sm) 

When a part of Sr site was substituted by rare earth ions in SrFFeAs, the structural phase transition 
is suppressed and the superconductivity occurs. The study of Sr1-xRxFeAsF besides R = La and Sm is 
quite a few. Then, we have prepared Sr1-xRxFeAsF (R=La, Pr, Nd, Sm) and investigated their electric 
and magnetic properties. We have succeeded to almost single phase samples of them although a small 
amount of SrF2 impurity is observed. The highest Tc is 49 K for Sr0.5Nd0.5FeAsF. This value is 
comparable with that of Sr1-xSmxFeAsF. The value of the temperature derivative of the upper critical 

magnetic field (dHc2/dT) at Tc is -1.5 T/K and the estimated value of Hc2 at 0 K becomes about 75 T [2]. 
On the other hand, lattice parameters and Tc of Sr1-xPrxFeAsF 

are quite different from those of other compounds. This 
implies that Pr ions are not trivalent in Sr1-xRxFeAsF. 
2.3 Preparation and Electrical Properties of SrFeAsF1-x  

As the electron doping due to the oxygen defficiency in 

LaFeAsO1-y induces high Tc superconductivity, high Tc 
superconductivity is also expected in SrFeAsF1-x. Although 

the absolute values of the electrical resistivity decreases with 
x, supercondictivity is not observed above 3 K. The 

temperatrure dependence of the electrical resistivity is 
analyzed by the following power law formula; ρ(T)=ρ0+ATn 

(Fig. 1). Although superconductivity is observed in the 
samples with n =1~2 for other iron-based superconductors, 

it is not observed in the sample with x = 0.25 which has n of 
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Fig. 1 Relation between log(ρ (T)- ρ 0) 

and logT. 



Nihon University N. Research Project Final Report

216

 

1.08 in this system. 

2.4 Superconducting Properties of Sr1-xRxFeAsF1-y (R=La, Nd, 
Sm) 

We have prepared the fluorine defficient Sr1-xRxFeAsF1-y for 
the optimum rare earth substituted Sr1-xRxFeAsF (R=La, Nd, Sm). 

Tc decreases with y although the rare earth substitution and 
fluorine defficiency are expected to produce the same effects. 

The temperature dependence of the electrical resistivity in the 
normal region is analyzed by a power law, where ρ 0 was the 

resistivity just above Tc. Figure 2 shows the relation between n 
and y of Sr1-xRxFeAsF1-y ; x = 0.4 for R = La and x = 0.5 for R = 
Nd and Sm. As F deficiency y increases, n increased. This result 
is different from the previous study. Figure 3 shows the relation 
between n and Tc of Sr1-xRxFeAsF1-y. As n increases, Tc decreases. 
Similar tendency was observed in other iron-based 
superconductors. It is independent of R ions. While the 
superconductivity is observed up to y = 0.15 for Sr1-xLaxFeAsF1-y 

(low Tc compound), the superconductivity disappears at y = 0.05 
for Sr1-xRxFeAsF1-y (R = Nd, Sm) (high Tc compound). n increases 

rapidly for Sr1-xRxFeAsF1-y (R = Nd, Sm) in a small y region and it 
gradually increases with y for Sr1-xLaxFeAsF1-y. 

2.5 Crystal Structure and Electrical Properties of LaFe1-

yZnyAsO 
 Recently, it was reported that the optimum value of y which 
showed the highest Tc varied with x in LaFe1-yZnyAsO1-xFx. We 

have prepared LaFe1-yZnyAsO for 0≤y≤1. Mixed phase samples 
with LaFeAsO and LaZnAsO were obtained for middle region of 

y. Almost single phase samples were obtained for y≤0.2. Lattice 
constants a and c increased with y in this region. 

2.6 Preparation and Superconductivity of LiFe1-xCoxAs and 
Li1-xYxFeAs  

LiFeAs is called 111-superconductor and is a superconductor with Tc of 18 K itself, which is different 
from other superconductors. We have prepared LiFe1-xCoxAs and Li1-xYxFeAs. Tc of LiFeAs is 10.8K 

which is smaller than the reported value. Tc of LiFe0.98Co0.02As is 9.5 K and Tc decreases with 
increasing Co concentration. Li0.9Y0.1FeAs does not show superconductivity above 3 K. 

2.7 Electrical Properties of SrFe1-xNixAsF 
As a part of the Fe site is substituted by Co ions in the FeAs-layer, it is reported that 

superconductivity occurs at 4 K. If the extra number of d electrons is important for the occurrence of 
superconductivity, Ni ions is considered to be more effective for the superconductivity. Then, we have 

prepared SrFFe1-xNixAs. Almost single phase samples are obtained for 0≤x≤0.2. The kink temperature 
observed in the ρ-T curve which is due to the structural phase transition decreases with increasing x. 

Although all samples show a metallic conductivity, they are not superconducting above 3K.  
2.8 Basic study for the application of Sr1-xNdxFeAsF for the superconducting wire rod 

The upper critical magnetic field of Sr0.5Nd0.5FeAsF is higher than that of MgB2 that has the highest 
critical current density. 
[1] X. Jin, T. Watanabe, K. Takase, Y. Takano, J. Alloys and Compounds 2009, 488, L14-L16.  
[2] R. Suganuma, Xinzhe Jin, T. Watanabe, K. Takase, Y. Takano, J. Physics Conference Series 200 

(2010) 012193.  
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Fig. 1 Fabrication of SiO2 thin films 
having self-assembled nano-pores.  

 
Fig. 2 SEM image of NDA (Nano 
Dent Array) surface. 
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Fig. 3 Fabrication of SASP (Self-
Assembled spherical small Silica 
Particles) layer.  

 
Fig. 4  SEM planer view of SASP 
(Self-Assembled spherical small 
Silica Particles) surface.

Ultra High Density Information Recording Materials 
on Self Assembled Nano-structured Substrates 

 
Arata TSUKAMOTO, Akiyoshi ITOH 

Information Storage; Supramolecules and Self-Assembly 
 

In recent years, much attention has been focused on nano-structured magnetic media for achieving 
ultra high density recording up to several Tbit/inch2. Combining self-assembly nano-structured 

substrates with defined magnetic properties provided by a magnetic film deposited onto the surface, 
enable a noble approach to create magnetic nanostructure arrays. We tried to prepare and utilize nano-

structured substrates such as silica thin film having self-assembled nano-pores and self-assembled 
silica particle substrate. 

1. Development of nano template substrate prepared by self-
organization/-assembly phenomena 

We tried to prepare and utilize nano-structured substrates such as 

SiO2 thin film having self-assembled nano-pores and self-assembled 
silica particle substrate. Here, methods are presented for preparing 

the two different kinds of nano-structured substrates. One of them is 
a Nano-Dent Array (NDA) at the surface of SiO2 layer which is 

including closed packed nano-pores prepared by the polymer 
micelles technique (Figures 1, 2) and the other is Self-Assembled 

spherical small Silica Particles (SASP) fabricated on Si substrates by 
the dip coating method (Figures 3, 4). 

1-1 preparation of a Nano-Dent Array structure 
1-1-1 Enlargement of the areal size of single domain nano-pore 

array structure  
By reducing the molecular weight, the average diameter of nano-

pores was decreased from 8nm (as see Fig. 2) to 5nm. 
Furthermore, the areal size of single domain nano-pore array 

structure was enlarged up to around 1μm2 (> 8.8K105 nm2) by 
reconsideration of fabrication process especially the sequence of 

compound molecules. See Fig. 5. 
1-1-2 Thinning the silica layer with aligned nano pore array 

structure as 2 dimensional nano-pore allay structure  
Nano-porous Silica layer was prepared by utilizing self-

assembling phenomenon with main components of triblock 
copolymer(A), Tetra-Eth-Oxy-Silane (TEOS)(B), water with 

HCl(C) and Ethanol(D). Ethanol evaporates with drying process. 
By increase just the amount of Ethanol with keeping same ratio of 

other components A – C, prepared silica layer thickness was 
successfully reduced then achieved 2 dimensional nano-pore allay 

structure. 
1-2 Nano structured template having a conjugate relation with nano-

pore structure 
As another type of nano structured template having a conjugate 

relation with nano-pore structure, nano convex pattern was prepared 
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Fig. 5 SEM image of sirica thin film having 
nano dent array structure. 

by using self-assembled spherical silica particles 

followed by inductively coupled plasma reactive ion 
etching. 

2. Preparation of isolated nano-magnetic particles 
by Rapid Thermal Annealing method 

The Rapid Thermal Annealing (RTA) of Pt/Cu/Fe 

multilayered continuous films is effective to obtain 
perpendicularly magnetized small L10-FeCuPt grains 

on thermally oxidized Si substrate. We introduced 
Rapid Cooling Process into RTA. With the rapid 

cooling process, growing of grains were prevented, 
however new shoulder peak in XRD (X-ray 

diffraction) profile were appeared at slightly lower 
angle of FeCuPt (002) peak and it might be correspond to the disordered structure of FeCuPt. From 

electron diffraction patterns and dark field images of single grain by TEM, mostly L10-ordered 
polycrystalline structure was observed. Therefore, we preformed additional annealing to above 

isolated FeCuPt grains by using same annealing chamber of RTA, for crystallizing those poly-crystal 
grains to form single crystalline grains.  

Annealing condition was decided as 600 degree C for 1 hour. The ordering temperature of FePt 
alloy is ~600 degree C and estimated atomic diffusion length is the order of third nearest neighbor 

distance in FePt at the annealing condition. From the comparison of the XRD profiles, the intensity of 
(001) super lattice peak which indicate the formation of L10-ordered phase is increased, and the 

shoulder peak at slightly lower angle of (002) is banished as shown in Fig. 6. Thus, FeCuPt grains and 
are expected to form single crystalline grains. After additional annealing, grains kept almost similar 

size. Furthermore, we observed crystal structure of a typical single grain after additional annealing by 
TEM. In most of grains, octagonal symmetric shape is appeared as shown in Fig. 7. From electron 

beam diffraction measurement of the single grain, series of {110} super lattice and {200} lattice spots 
are observed with fourfold-symmetry. {110} spots indicate the formation of L10-ordered structure. 

Thus, the grain consists of c-axis oriented single crystalline structure from complementary results of 
XRD covering macroscopic area and localized electron beam diffraction. 

As a result, we found that an application of 
adequate additional annealing makes grains into 

L10 single crystalline structures and grains kept 
almost similar size. 

3. Achievement of high areal density magnetic 
particles 

From the utilization of self-assembly prepared 

nano-structured substrate, high density FeCuPt
magnetic nano-grains was prepared by rapid 

thermal annealing method as 5.4 T particles/inch�2

with average grain diameter of ~10 nm. 

Furthermore, multiple formation process of the 
grain was performed for further increase in areal 

density of grains. By using this procedure, we got 
higher areal density of grains as 3.2 T 

particles/inch�2 on flat oxidized Si substrate. 

 

Fig. 6 XRD profiles of before and after the additional 
annealing 

5 nm

{110}

{200}
 

Fig. 7 Bright field image of TEM and Electron diffraction 
pattern for an isolated grain after additional annealing.  
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Ultra-Fast Information Recording and Ultra-Fast Photo Magnetic Switching 

 
Arata TSUKAMOTO 

Information Storage; Supramolecules and Self-Assembly 

 
  The ever increasing the capacity of storing information motivates the search for faster approaches to 

process and magnetically record information. Most computers store data on magnetic hard disk drives, 
in which the direction – “up” or “down” – of the magnetic moments in a small region of the disk 

corresponds to a binary bit. However, it was faced to unavoidable fundamental problem for faster 
operation in conventional way known as ferromagnetic resonance limit. We have experimentally 

demonstrated that an excitation of magnetization reversal phenomena can be triggered by the ultra-
short pulsed laser irradiation. This finding reveals an ultrafast and efficient pathway for writing 

magnetic bits. Based on deep understanding of relationship between light and magnet including above 
new discovery, we are striving to establish the fundamental techniques of researching and developing 

ultrafast spin manipulation. 
1. Ultra-fast demagnetization of magnetic recording medea with ultra-short pulsed laser 

In conventional magneto-optical (MO) recording which triggered with nanoseconds pulsed laser 
irradiation, the time scale of heat-up and cool-down process depends on thermal diffusion property in 
multilayered recording media. The speed limits of heating and cooling process are important issue for 
fast heat assisted magnetic recording. Femtosecond pulsed laser light allow excitation of magnetic 
systems much shorter than the time scale of thermal diffusion. In this study, we investigated the film 
structure dependence of ultrashort laser-induced demagnetization of 20 nm thick GdFeCo alloy films, 
under the variety of with / without intermediate dielectric layer and heat sink layer. After the laser 
excitation, we found two time region from magnetic behavior: rapid step-like reducing process of 
magnetization and following recovering process with precessional motion. Figure 1 shows the ultrafast 
magnetic response of 20 nm thick GdFeCo alloy films triggered with ultrashort laser pulse irradiation 

measured by all-optical pump-probe method. Simultaneously, change of normalized reflectivity ΔR / R 
was measured for monitoring the time evolution of electron temperature. 

The time scale of first rapid step-like demagnetization processes is conformed as within 
picoseconds range independently with film 
structure, which is much shorter than 
characteristic time scale of ferromagnetic 
resonance for all the cases. Following 
hundreds ps regime, film structure dependent 
precessional motion of magnetization was 
appeared. (J. Magn. Soc. Jpn., 2012)�  

Furthermore, we demonstrated thermo-
magnetic recording by ultra-short single laser 
pulse (FWHM: 90 fs). 
2. All optical magnetization switching 
phenomena with ultra-short pulsed laser 

It has been unexpectedly found that the 
ultrafast laser-induced spin reversal in GdFeCo, 
where spins are coupled antiferromagnetically, 
occurs by way of a transient ferromagnetic-like 
state (Nature 2011). Such a novel strongly 
non-equilibrium spin dynamics may lead to yet 

Fig. 1  Time-evolutions of the change of magneto-optical 
Kerr rotation Δθk and the normalized change of reflectivity 
ΔR / R of 20nm thick Gd22Fe68.2Co9.8 alloy films. Inset 
figures show the magneto- optical Kerr effect hysteresis 
loops of each sample measured by same time-resolved 
observation set-up without pump laser. 
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Fig. 2 Magneto-optical image of magnetic domains 
after single pulse laser irradiations. 

unexplored magnetization reversal. We found that magnetization reversal could be achieved without 
any magnetic field, using an ultrafast thermal energy load alone (Nature communications 2012). Until 
now it has been generally assumed that heating alone, not represented as a vector at all, cannot result 
in a deterministic reversal of magnetization, although it may assist this process. We found 
experimentally deterministic magnetization reversal in a ferrimagnetic GdFeCo driven by an ultrafast 
heating of the medium resulting from the absorption of a sub-picosecond laser pulse without the 
presence of a magnetic field. Fig. 2 shows 
magneto-optical image of magnetic domains after 
single pulse laser irradiations. Subtracted 
(difference of each sets of images) images shows 
various magnetic domain was reversed in same 
areal size by laser irradiation for all the cases. A 
further set of experiments shows that this 
switching occurs independently of polarization and 
initial state in thin films of GdFeCo. Importantly 

for technological applications, we show 
experimentally that this type of switching can 

occur when starting at room temperature. 
3. The origin of all-optical light helicity-dependent magnetic switching 

Direct demonstration of all-optical light helicity-dependent magnetic switching (AO-HDS) was 
observed in ferrimagnetic GdFeCo alloys in the absence of an external magnetic field, which became 

subject of intense discussion in modern magnetism. The most obvious explanation via the inverse 
Faraday effect (IFE) could only very qualitatively account for the previously observed features. What 

is the origin of the helicity dependence in the all-optical switching?  
We found that all-optical switching with circular polarized (CP) femtosecond laser pulses in 

ferrimagnetic GdFeCo is related to the collinear sub-lattice magnetization and not with the net 
magnetization. Furthermore, we reached an explanation of the AO-HDS based on magnetic circular 

dichroism (MCD). Using magneto-optical microscopy in combination with femtosecond pulsed light, 
we measured the composition dependency (X:22~27) of AO-HDS in Gdx(Fe87.5Co12.5)100-x. The relation 

between the direction of reversed net magnetization and helicity of the light changed sign by going 
across the magnetization compensation composition ratio CM (X~24.5). We also found that the sign of 

MCD changed at CM. It was hypothesized that CP light acts as a strong effective magnetic field pulse 
HOM on the spins of the medium through the IFE. The direction of HOM is then defined by the helicity 

of the light. The above results do not match with the description based on the IFE. We already 
reported that ultrafast heating can act as a sufficient stimulus for magnetization reversal in a 

ferrimagnet with taking into account the multi-sublattice nature as mentioned in section 2. The above 
results show that the helicity-dependent absorption in a multi-sublattice magnetic layer exactly 

matches the helicity-dependent features in switching 
experiments. ( Springer Verlag, 2014) 

We demonstrate that via careful tuning of the 
conditions in circularly polarized laser irradiation, it 

is possible that all optically and magnetically record 
an information in the metallic ferrimagnet GdFeCo 

as shown in Fig. 3. Furthermore, we clarified that the 
magnetization direction of high anisotropic magnetic 

recording media of TbFeCo can be switched by 
irradiation of circularly polarized ultra-short pulsed 

laser without magnetic field. 

 
Fig. 3 The demonstration of all-optical information 
recording on magnetic media. 
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Switching Effect and Confinement efficiency by Dielectric Waveguide  
with Photonic Nanostructures 

 
Tsuneki YAMASAKI 

Quantum Theory and Computation 

 
We have analyzed the scattering and guiding problems by 

dielectric waveguides with defects composed of dielectric 
circular cylinders array loaded with dielectric rectangular 
cylinder and arbitrary dielectric structure in the middle 
layer, and investigated the influence of power transmitted 
coefficients by using the combination of improved Fourier 
series expansion method and multilayer method and the 
distribution of energy flow for defect area utilizing the 
propagation constants at the guided region. We have 
investigated the optimum dielectric structure to obtain the 
switching effects or confinement efficiency. 

Numerical results are given for the influence of the incident angle and normalized frequency of the 
transmitted power in terms of the parameter 3 0ε ε  of the rectangular cylinders in the middle layer 
sandwiched between two multilayers, yielding the basis characteristics of resonance peak for 
switching or frequency selective devices for both TM and TE cases. 
1. Switching effect of photonic structure for case of loaded with dielectric rectangular cylinder[1] 

nt

nrx

z

1S

2S

3S

D

0ε

0ε

0
d

d

d

1d

1d

p p

1d

d

d

1d

0θ
y yH or E

0ε
a

0ε

{ aε
b

c

3ε

0ε

2a

2ε

Fig.1 Structure and coordinate system  
of dielectric waveguide loaded with  
dielectric rectangular cylinder in the  
middle layer 

TM Wave

0

1

30[deg]
0.5
0.5
1

c p
b d
d d

θ =

=

=

=

2( )
0

TMT

p λ

0

0

3
3

a

b

ε ε

ε ε

=

=

0 0.5 1 1.50

0.2

0.4

0.6

0.8

1

3 0

3 0

3 0

1
2
3

ε ε

ε ε

ε ε

=

=

=
0.58 0.585 0.59 0.595
0

1
0.66 0.662 0.664
0

1

2( )
0

TET

1

0

0.5
0.5
1

30[deg]

c p
b d
d d
θ

=

=

=

=

TE Wave
0

0

3
3

a

b

ε ε

ε ε

=

=

p λ

0 0.5 1 1.50

0.2

0.4

0.6

0.8

1

3 0

3 0

3 0

1
2
3

ε ε

ε ε

ε ε

=

=

=

1

00.53 0.54 0.55

(a) TM wave                                          (b) TE wave 
Fig.3 0-th mode power transmitted coefficients vs. normalized frequency 

TM Wave

1

1
0.5
0.5
1

p
c p
b d
d d

λ =

=

=

=

0

0

3
3

a

b

ε ε

ε ε

=

=

2( )
0

TMT

3 0

3 0

3 0

1
2
3

ε ε

ε ε

ε ε

=

=

=

0 [deg]θ
0 20 40 60 800

0.2

0.4

0.6

0.8

1
TE Wave

1

1
0.5
0.5
1

p
c p
b d
d d

λ =

=

=

=

0 [deg]θ

2( )
0

TET

0

0

3
3

a

b

ε ε

ε ε

=

=

0 20 40 60 800

0.2

0.4

0.6

0.8

1

3 0

3 0

3 0

1
2
3

ε ε

ε ε

ε ε

=

=

=

(a) TM wave                                          (b) TE wave 
Fig.2 0-th mode power transmitted coefficients vs. incident angle  



Nihon University N. Research Project Final Report

222

 

2. Confinement efficiency of photonic structure for case of loaded with arbitrary dielectric 
structures[2,3,4]. 

 

 We consider the dielectric waveguides 
composed of dielectric circular cylinder 
array with air-hole type circular cylinder 
array as shown in Fig.4. Here, the 
structures in this study of analyses model 
are shown in Fig.5. 
 Figures 6(a) and (b) show the 
distribution of energy flow at the guided 
area for types A and B as condition of 
excited normalized frequency 

0.4814p λ = and 0.4368p λ = , 
respectively. And also, the circles of 
solid and dashed lines denote the position that it is placed the dielectric circular cylinders or air-hole 
circular cylinders corresponding to in Fig.5. Form these results, we can see the following features: 
(1)From a comparison of structure type A and type B, the energy of defect area for type B can be 
concentrated than that of structure type A. 
(2)We obtained the confinement efficiency by type B compared with previous structure type A[2,3,4]. 
 

[1]R. Ozaki, T. Yamasaki, and T. HinataË“Scattering of Electromagnetic Waves by Dielectric Gratings 
with Dielectric Rectangular Cylinders Sandwiched between Two Multilayeres” * IEEJ Trans. 
Fundamentals and Materials, vol.129-A, no.10, pp.718-724, 2009. 
[2]R. Ozaki and T. YamasakiË“Distribution of Energy Flow by Dielectric Waveguide with Rhombic 
Dielectric Structure along a Middle Layer”*IEICE Electronics Express*vol.9, no.7, pp.698-705, 2012. 
[3]R. Ozaki and T. YamasakiË“Distribution of Energy Flow for Defect Area by Air-hole Type Dielectric 
Waveguide”*The Technical Report of the IEEJ*EMT-12-70, pp.29-34, 2012. (in Japanese) 
[4]R. Ozaki and T. YamasakiË “Distribution of Energy Flow and Propagation Characteristics by 
Multilayered Dielectric Waveguide Composed of Dielectric Circular Cylinders and Air-hole Type Circular 
Cylinders”*The Technical Report of the IEEJ, EMT-12-175, pp.1-6, 2012. (in Japanese) 
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Physics 2, 73 (2009)

Viewpoint

For faster magnetic switching—destroy and rebuild

Riccardo Hertel
Institute of Solid State Research, IFF-9, Forschungszentrum Jülich GmbH, D-52425 Jülich, Germany

Published September 8, 2009

Magnetic switching is typically a continuous process, where a field pulse rotates a magnet from up to down,
but it is now possible to do this faster — and with all-optical methods — by first quenching the magnetization
to zero and then repolarizing it in the opposite direction.

Subject Areas: Optics, Magnetism

A Viewpoint on:
Ultrafast Path for Optical Magnetization Reversal via a Strongly Nonequilibrium State
K. Vahaplar, A. M. Kalashnikova, A. V. Kimel, D. Hinzke, U. Nowak, R. Chantrell, A. Tsukamoto, A. Itoh, A. Kirilyuk
and Th. Rasing
Phys. Rev. Lett. 103, 117201 (2009) – Published September 8, 2009

Magnetic data storage technology and the ever-
increasing speed of information processing have
brought enormous changes to our daily life. These de-
velopments naturally lead us to ask if there is a physi-
cal limit to the speed at which magnetic moments can
be switched [1]—a topic that has caused no shortage of
controversy in the scientific community. Exploring this
limit is complicated, partly because switching the mag-
netization from one direction to the other can occur in
multiple ways and along different paths. For example,
magnetic and electric fields, electric currents, and laser
pulses can all stimulate magnetic switching and the tra-
jectory of the magnetization vector from its initial to its
final state will vary with each of these switching mech-
anisms.
Kadir Vahaplar and colleagues at Radboud Univer-

sity Nijmegen in The Netherlands, in collaboration with
scientists in Germany, the UK, Japan, and Russia have
made a dramatic leap forward in exploring the limits
to magnetic switching. Writing in Physical Review Let-
ters, they demonstrate a magnetic write-read event that
occurs on times as short as 30 picoseconds (ps), which
is the fastest magnetic switching process observed so
far [2]. But the work by Vahaplar et al. is much more
than the demonstration of high-speed magnetic switch-
ing. By combining sophisticated experimental methods
with theoretical tools that fully account for the magneti-
zation onmany length scales (from the continuum to the
atomic and electronic limit), their study leads to impor-
tant insight and detailed understanding of what funda-
mental processes allow ultrafast magnetic switching to
occur.
So far, groups have mainly looked at ways of turn-

ing and redirecting themagnetization continuously, typ-
ically by causing it to precess with magnetic field pulses
[3]. Using purely optical methods, Vahaplar et al. show

that a faster way to switch the magnetization is to tem-
porarily quench it [4], that is, reduce it to zero, and re-
store it immediately afterwards in the opposite direc-
tion, a scheme they aptly call a linear reversal (Fig. 1).
Their experiments are an ingenious combination of

the different effects by which light interacts with mag-
netic moments. These effects are usually categorized
as optomagnetic or magneto-optical, depending on
whether they describe the influence of the light pulse on
the magnetization or vice versa. In their setup, Vahap-
lar et al. first stimulate the magnetization of amorphous
20 nm ferromagnetic films made of GdxFe100−x−yCoy
with a short and intense circularly polarized (pump)
laser pulse and then image themagnetizationwith a sec-
ond, equally short but linearly polarized (probe) laser
pulse.

The first laser pulse has two effects on the magneti-
zation. First, it rapidly pumps energy into the film, lo-
cally heating the material and demagnetizing it [5]. The
energy of the laser pulse is primarily absorbed by the
electrons, which reach a temperature of about 1200 K
within the first few hundred femtoseconds (fs) after the
pulse. Changes in the electronic temperature affect the
magnetic properties on sub-ps time scales. Most impor-
tantly, the magnitude of the magnetization M decreases
as the temperature of the electronic system approaches
the Curie temperature TC (the temperature at which the
material undergoes a phase transition from a ferromag-
net to a paramagnet, at equilibrium). Vahaplar et al.
show that the magnetization can in fact be temporarily
“destroyed” down to a value of zero about 500 fs after
applying a sufficiently strong laser pulse.

The first laser pulse also affects the magnetization via
the inverse Faraday effect [6]: as the circularly polarized
electromagnetic field pulse traverses the sample, it acts
as an effective magnetic field along the pulse’s propa-

DOI: 10.1103/Physics.2.73
URL: http://link.aps.org/doi/10.1103/Physics.2.73

c© 2009 American Physical Society
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お知らせ
第��回高分子討論会�にて�セッション開催
第��回高分子討論会
会期：����年�月��日（水）～��日（金）
会場：北海道大学高等教育機能開発総合センター
（札幌市北区��条西�丁目）

特定テーマ
「バイオ超分子材料の最前線－機能プログラミングと
応用展開－」
�月��日（水）、�	日（木）
セッションオーガナイザー：小松晃之（中央大理工）

�����������������������������������　

皆さまの御参加をお待ちしております。

班員からの論文の紹介

「百聞は一見に如かず」と申しますが� ����，この論
文では，ダブルデッカー錯体中のポルフィリンが回転
することを，「見て」実証したことを報告しました．

����年から����年にかけて，相田らのグループと
新海らのグループによって，ダブルデッカーポルフィリ
ンのセリウム錯体が溶液中で回転することが，明らか
にされました．その後，ダブルデッカー錯体は，アロ
ステリックなホスト分子の骨格として用いられたり，
金属イオンや酸化還元によってその回転速度が制御で
きることが発見されました．このような特性から，ダ
ブルデッカー錯体は，分子マシンの部品として有望な
ユニットであると考えられます．
私達は，この回転運動を単一分子レベルで「見

る」ことを考えました．一方の環として，グラファイ
トに吸着させるための長鎖アルキル基を導入したポル
フィリンを，もう一方に，環の向きがわかるようにメ
ソ位の一カ所にリジッドなアームを経てフェロセニル
基を導入したポルフィリンをもつダブルデッカー錯体
を設計し，合成しました．

この錯体は，期待通り，グラファイト上に規則的
に配列し，アームの向きも走査トンネル顕微鏡
（���）によってわかりました．長鎖アルキル基をも
つフリーベースポルフィリンで薄めた配列を形成さ
せ，同じ場所を２度走査した���像が，タイトル図で
す．１度目と２度目の走査でアームの方向が変わって
いる様子を捕らえることに成功しました．回転速度
は，分子の配列に平行から垂直な向きへの回転と，垂
直から平行への回転では異なるし，隣にダブルデッ
カー錯体がいるかフリーベースポルフィリンがいるか
によっても違うことなど，基板上での回転挙動を，
���像から分子数を数えることによって，明らかにし
ました．

（���班��日大理工��大月穣）

最新の論文より
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編集責任者：山元公寿（東京工業大学�資源化学研究所）
������������	�
������������	�����
���������	�����������������

��
���

	�

�
��
��
��
�

年
�月

��
日
発
行

�

��������	��
���������������������
��������
��������
������������
�������������������������������������	����
��
���
�������

��������	
��������������	
��	�	������	�������������	���
����������
��������������佐藤治������

�������
����������
������� ��!�����������������
�������
����"�#������
�
��$����������������
���������
%������������
�������
� �&

����
��� ������!����������"���#���$	�	������������������	���
����

����������%%���%%�&���叶深������

ダブルデッカーポルフィリン錯体の回転を「見た」
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日
大
な
ら
で
は
の
総
合
力
を
発
揮
し

世
界
へ
向
け
て
先
端
研
究
を
発
信

N
O

T
E

S

07
8

07
9

北 海 道 ・ 東 北 関 　 　 東 東 京 ・ 神 奈 川 中 　 　 部 近 　 　 畿 中 国 ・ 四 国 九 　 　 州

日
本
大
学
は
広
範
な
学
問
領
域
を
包
含

す
る
、
わ
が
国
最
大
級
の
私
立
総
合
大
学

で
す
が
、
こ
れ
ま
で
は
各
学
部
の
自
主
性

を
優
先
し
、「
分
権
型
・
分
散
型
総
合
大

学
」
と
い
う
独
自
の
シ
ス
テ
ム
を
構
築
し

て
き
ま
し
た
。

し
か
し
、
社
会
環
境
が
変
化
し
、
国
際

化
・
少
子
化
な
ど
に
よ
る
大
学
淘
汰
の
時

代
を
勝
ち
抜
く
た
め
に
は
、
日
本
大
学
の

ス
ケ
ー
ル
メ
リ
ッ
ト
を
生
か
し
た
体
系
的

な
学
術
研
究
戦
略
を
立
案
・
実
行
し
、
成

果
に
結
実
さ
せ
る
こ
と
が
急
務
で
あ
る
と

し
て
、
20
08
年
に
学
術
研
究
戦
略
会
議

を
新
た
に
設
置
。
日
本
大
学
の
総
合
力
の

象
徴
と
な
る
学
術
研
究
戦
略
プ
ロ
ジ
ェ
ク

ト
を
大
学
内
で
募
集
・
実
施
し
ま
し
た
。

そ
れ
が
「
日
本
大
学
学
術
研
究
戦
略
プ

ロ
ジ
ェ
ク
ト
」（
N
.研
究
プ
ロ
ジ
ェ
ク
ト
）

で
す
。「
健
や
か
未
来
の
創
造
」
を
ス
ロ

ー
ガ
ン
に
掲
げ
、
学
内
を
対
象
に
複
数
学

部
に
よ
る
連
携
を
条
件
に
公
募
し
た
と
こ

ろ
1
6
件
の
応
募
が
あ
り
ま
し
た
。
学
際

性
、
先
見
性
、
社
会
貢
献
、
人
材
育
成
の

し
ま
す
。
そ
し
て
、
基
盤
系
で
開
発
し
た

ナ
ノ
技
術
な
ど
を
応
用
し
て
、
実
際
に

「
情
報
」「
医
療
」「
エ
ネ
ル
ギ
ー
」
の
3分

野
で
活
用
す
る
計
画
で
す
。

今
年
度
は
本
研
究
を
開
始
し
て
2年
目

で
す
が
、
す
で
に
い
く
つ
か
の
画
期
的
成

果
が
表
れ
て
い
ま
す
。
情
報
の
分
野
で
は
、

ハ
ー
ド
デ
ィ
ス
ク
上
に
よ
り
多
く
の
情
報

を
入
れ
る
、
す
な
わ
ち
高
密
度
に
記
憶
す

る
こ
と
を
研
究
し
て
い
ま
し
た
が
、
20
09

年
に
は
磁
気
記
録
の
書
込
・
読
出
で
世
界

最
高
速
を
記
録
し
ま
し
た
。

ま
た
、
光
の
最
少
単
位
で
あ
る
光
子
の

検
出
速
度
で
も
、
同
じ
く
世
界
記
録
を
達

成
し
ま
し
た
。
こ
れ
は
、
新
し
い
情
報
の
伝
達

手
段
で
あ
る
光
通
信
の
一
種
の
量
子
暗
号

通
信
と
い
わ
れ
る
も
の
で
、「
盗
聴
さ
れ
ず

に
速
い
速
度
で
情
報
の
や
り
と
り
を
す
る
」

こ
と
へ
の
貢
献
が
期
待
さ
れ
て
い
ま
す
。

医
療
分
野
で
は
、
画
期
的
な
「
遺
伝
子
構

造
図
」
を
作
成
、
世
界
的
な
学
術
雑
誌
「
ネ

イ
チ
ャ
ー
」
に
論
文
が
掲
載
さ
れ
ま
し
た
。
こ

れ
は
、
特
定
の
遺
伝
子
を
見
つ
け
、
そ
の

遺
伝
子
が
実
際
の
人
体
の
成
り
立
ち
に
ど

の
よ
う
に
関
連
し
て
い
る
か
を
解
き
明
か
し

た
も
の
で
、
ア
メ
リ
カ
と
の
共
同
研
究
で
す
。

観
点
か
ら
審
査
し
た
結
果
、
理
工
学
部
物

質
応
用
化
学
科
の
大
月
穣
教
授
を
代
表
者

と
す
る
「
ナ
ノ
物
質
を
基
盤
と
す
る
光
・

量
子
技
術
の
極
限
追
求
」
が
採
択
さ
れ
、

20
09
年
度
か
ら
本
格
的
な
研
究
が
ス
タ
ー

ト
し
ま
し
た
。
20
13
年
度
ま
で
の
5年
間

を
期
限
と
し
て
、
研
究
費
と
し
て
年
間
1

億
20
00
万
円
が
支
給
さ
れ
ま
す
。
大
学
の

自
主
財
源
で
ま
か
な
う
研
究
支
援
と
し
て

は
日
本
大
学
で
も
最
大
で
す
。

「
ナ
ノ
物
質
を
基
盤
と
す
る
光
・
量
子

技
術
の
極
限
追
求
」
に
は
、
理
工
学
部
・

文
理
学
部
・
医
学
部
・
生
物
資
源
科
学

部
・
薬
学
部
の
5学
部
及
び
大
学
院
総
合

科
学
研
究
科
、
量
子
科
学
研
究
所
か
ら
30

人
の
研
究
者
が
参
加
。「
ナ
ノ
テ
ク
ノ
ロ

ジ
ー
・
ナ
ノ
サ
イ
エ
ン
ス

(1
) 」
を
キ
ー
ワ

ー
ド
に
研
究
を
推
進
し
ま
す
。

基
盤
系
の
グ
ル
ー
プ
は
、
原
子
の
配
列

を
自
在
に
制
御
し
て
新
し
い
性
質
を
も
っ

た
材
料
を
開
発
し
た
り
、
ナ
ノ
サ
イ
ズ

（
10
億
分
の
1メ
ー
ト
ル
）
の
穴
を
開
け
る

と
い
っ
た
極
微
の
加
工
技
術
を
研
究
開
発

エ
ネ
ル
ギ
ー
分
野
で
は
、
光
エ
ネ
ル
ギ

ー
と
水
素
エ
ネ
ル
ギ
ー
を
キ
ー
ワ
ー
ド
に

研
究
を
進
め
て
い
ま
す
。
光
に
よ
っ
て
水

素
を
発
生
さ
せ
る
研
究
や
、
次
世
代
の
太

陽
電
池
と
し
て
期
待
さ
れ
る
色
素
増
感
太

陽
電
池

(2
) の
実
用
化
、
さ
ら
に
発
生
し
た

水
素
を
電
気
に
変
換
し
た
り
、
貯
蔵
す
る

技
術
の
研
究
を
行
っ
て
い
ま
す
。
色
素
増

感
太
陽
電
池
は
、
発
電
効
率
の
向
上
が
課

題
と
な
っ
て
お
り
、
光
を
閉
じ
こ
め
る
性

質
が
あ
る
「
フ
ォ
ト
ニ
ッ
ク
結
晶
」
と
い

う
ナ
ノ
構
造
を
電
極
に
組
み
込
む
こ
と
で
、

効
率
的
な
発
電
を
目
指
し
て
い
ま
す
。

学
部
間
の
連
携
も
順
調
に
進
ん
で
い
ま

す
。
ガ
ン
治
療
の
た
め
の
「
放
射
線
に
よ

る
光
線
力
学
療
法
」(
3)
 は
そ
の
好
例
で
す
。

人
体
に
投
与
す
る
化
合
物
を
理
工
学
部
が

作
り
、
そ
の
評
価
応
用
を
医
学
部
が
行
う

と
い
う
も
の
で
、
ま
さ
に
医
学
部
と
理
工

学
部
に
よ
る
共
同
研
究
の
成
果
で
あ
り
、

特
許
出
願
し
ま
し
た
。

大
月
教
授
は
、「
世
界
10
か
国
以
上
の

研
究
施
設
と
共
同
で
最
先
端
の
研
究
を
進

め
て
い
ま
す
。
こ
の
プ
ロ
ジ
ェ
ク
ト
に
よ

り
、
参
画
し
て
い
る
博
士
課
程
の
研
究
者

に
リ
サ
ー
チ
ア
シ
ス
タ
ン
ト
と
と
し
て
一

定
額
を
補
助
す
る
こ
と
も
で
き
る
よ
う
に

な
り
ま
し
た
。
若
手
研
究
者
や
博
士
課
程

の
学
生
の
育
成
に
も
つ
な
が
り
ま
す
。
学

部
連
携
も
始
ま
っ
た
の
で
、
プ
ロ
ジ
ェ
ク

ト
が
終
了
し
て
も
学
部
学
科
の
枠
を
超
え

た
研
究
拠
点
を
継
続
で
き
る
よ
う
に
し
た

い
と
思
い
ま
す
」
と
話
し
ま
す
。

大
月
教
授
は
、
主
に
分
子
の
働
き
を
ナ

ノ
テ
ク
ノ
ロ
ジ
ー
や
バ
イ
オ
テ
ク
ノ
ロ
ジ

ー
に
活
用
す
る
研
究
を
進
め
て
い
ま
す
。

生
物
は
4
0
億
年
の
進
化
に
よ
っ
て
高
精

度
・
高
効
率
な
分
子
デ
バ
イ
ス
を
開
発
し

て
き
ま
し
た
が
、
こ
の
よ
う
な
潜
在
能
力

を
人
工
的
に
最
大
限
に
引
き
出
す
に
は
ど

う
し
た
ら
い
い
か
を
追
求
し
て
い
る
と
い

え
る
で
し
ょ
う
。「
具
体
例
を
挙
げ
れ
ば
、

光
合
成
は
、
太
陽
か
ら
の
光
エ
ネ
ル
ギ
ー

を
化
学
エ
ネ
ル
ギ
ー
に
変
換
す
る
天
然
分

子
デ
バ
イ
ス
で
す
。
こ
の
プ
ロ
セ
ス
を
再

現
し
た
人
工
光
合
成
を
実
現
し
た
い
。
地

球
の
化
石
燃
料
に
は
限
り
が
あ
り
、
エ
ネ

ル
ギ
ー
や
資
源
問
題
の
解
決
は
人
類
に
と

っ
て
避
け
て
通
る
こ
と
の
で
き
な
い
も
の
で

す
」
と
そ
の
使
命
を
語
っ
て
く
れ
ま
し
た
。

そ
の
研
究
母
体
と
な
る
日
本
大
学
理
工

学
部

(4
) は
、
学
科
数
、
学
生
数
、
教
職
員

数
と
も
学
部
の
規
模
で
は
ト
ッ
プ
ク
ラ
ス

を
誇
り
、
輩
出
し
た
卒
業
生
は
20
万
人
を

超
え
て
い
ま
す
。

日
本
大
学
理
工
学
部
の
魅
力
に
つ
い
て

「
多
様
な
価
値
観
を
も
っ
た
人
と
触
れ
る

こ
と
が
で
き
ま
す
。
例
え
ば
今
回
の
プ
ロ

ジ
ェ
ク
ト
を
通
じ
て
、
医
学
部
の
臨
床
の

先
生
な
ど
他
学
部
の
人
た
ち
と
学
生
の
う

ち
か
ら
デ
ィ
ス
カ
ッ
シ
ョ
ン
で
き
る
の
で

す
」
と
語
る
大
月
教
授
。「
基
礎
を
し
っ

か
り
勉
強
し
て
く
だ
さ
い
。
そ
う
す
れ
ば
、

最
先
端
科
学
に
も
応
用
が
き
く
よ
う
に
な

り
ま
す
」
と
受
験
生
に
向
か
っ
て
エ
ー
ル

を
送
っ
て
い
ま
す
。

ス
ケ
ー
ル
メ
リ
ッ
ト
生
か
し
た

学
術
研
究
戦
略
プ
ロ
ジ
ェ
ク
ト

ナ
ノ
物
質
を
基
盤
と
す
る
光
・
量
子
技
術
の
極
限
追
求

分
子
機
能
を
ナ
ノ
テ
クノ
ロ
ジ
ー
、

バ
イ
オ
テ
クノ
ロ
ジ
ー
に

活
用
す
る
最
先
端
化
学
。

グ
ロ
ー
バ
ル
な
視
野
に
立
つ

科
学
技
術
者
を
育
成
す
る
。

1.
 ナ
ノ
テ
クノ
ロ
ジ
ー・
ナノ
サ
イ
エ
ン
ス

ナ
ノ
サ
イ
エ
ン
ス
は
、
ナ
ノ
メ
ー
ト
ル（
10
億
分

の
1メ
ー
ト
ル
）ス
ケ
ー
ル
の
微
細
な
物
質
に
関

す
る
科
学
を
学
際
的
、
融
合
的
に
研
究
す
る
新

し
い
学
問
の
領
域
。
ナ
ノ
テ
ク
ノ
ロ
ジ
ー
は
、
物

質
を
ナ
ノ
メ
ー
ト
ル
の
領
域
で
、
自
在
に
制
御
す

る
技
術
の
こ
と
。
ナ
ノ
テ
ク
と
も
い
う
。
20
01
年

に
ア
メ
リ
カ
の
ク
リ
ン
ト
ン
大
統
領（
当
時
）が
ナ

ノ
テ
ク
を
国
家
的
戦
略
研
究
目
標
と
し
た
こ
と
か

ら
、
各
国
で
活
発
に
研
究
が
進
め
ら
れ
る
よ
う
に

な
っ
た
。
現
在
、
最
も
活
発
な
科
学
技
術
の
研

究
分
野
の
一
つ
で
あ
る
。

＊
　
＊
　
＊

2.
 色
素
増
感
太
陽
電
池

従
来
の
シ
リ
コ
ン
の
代
わ
り
に
色
素
で
太
陽

光
を
吸
収
す
る
太
陽
電
池
。
印
刷
で
大
量
に
製

造
で
き
る
可
能
性
が
あ
り
、
低
コ
ス
ト
な
太
陽
電

池
と
し
て
開
発
が
進
め
ら
れ
て
い
る
。

＊
　
＊
　
＊

3.
 放
射
線
に
よ
る
光
線
力
学
療
法

X
線
照
射
と
可
視
光
照
射
と
い
う
2つ
の
違
う

治
療
法
を
組
み
合
わ
せ
た
新
し
い
ガ
ン
の
治
療

方
法
。
ポ
ル
フ
ィ
リ
ン
化
合
物
を
人
体
に
投
与

し
、
可
視
光
を
照
射
し
て
ガ
ン
細
胞
を
殺
す
と
い

う
手
法
が
あ
る
が
、
可
視
光
は
体
の
表
面
か
ら
1

⁄
程
度
し
か
入
っ
て
い
か
な
い
。
X
線
な
ら
体
の

奥
ま
で
浸
透
す
る
の
で
、
X
線
と
光
線
力
学
療

法
を
組
み
合
わ
せ
る
と
い
う
新
し
い
ア
イ
デ
ア
で

あ
る
。

＊
　
＊
　
＊

4.
日
本
大
学
理
工
学
部

前
身
は
19
20
（
大
正
9）
年
に
設
置
さ
れ
た
日

本
大
学
高
等
工
学
校
。
土
木
工
学
科
、
社
会

交
通
工
学
科
、
建
築
学
科
、
海
洋
建
築
工
学

科
、
機
械
工
学
科
、
精
密
機
械
工
学
科
、
航
空

宇
宙
工
学
科
、
電
気
工
学
科
、
電
子
情
報
工
学

科
、
物
質
応
用
化
学
科
、
物
理
学
科
、
数
学
科

か
ら
な
る
。
教
員
数
は
非
常
勤
講
師
等
を
含
め

約
90
0人
で
、
学
生
約
10
人
に
教
員
1人
と
い
う

割
合
だ
。
世
界
的
規
模
の
30
M
N
大
型
構
造
物

試
験
機
が
あ
る
大
型
構
造
物
試
験
セ
ン
タ
ー
か

ら
、
ナ
ノ
の
世
界
を
扱
う
先
端
材
料
科
学
セ
ン
タ

ー
ま
で
、
多
岐
に
わ
た
る
研
究
施
設
が
整
備
さ

れ
て
い
る
。

“
ナ
ノ
”を
キ
ー
ワ
ー
ド
に

新
た
な
技
術
の
開
発
に
挑
む

進
む
学
部
間
の
連
携

世
界
と
の
共
同
研
究
も
活
発
化

多
様
な
価
値
観
に
触
れ

最
先
端
の
研
究
を
推
進

日
本
大
学
は
、
14
学
部
81
学
科
・
短
期
大
学
部
6学
科
を
擁
す
る
、
わ
が
国
屈
指
の
規

模
を
誇
る
私
立
総
合
大
学
で
す
。
人
文
・
社
会
科
学
か
ら
自
然
科
学
ま
で
、
多
岐
に
わ
た

る
専
門
分
野
で
構
成
さ
れ
た
学
部
・
学
科
群
は
、
あ
ら
ゆ
る
学
問
領
域
を
網
羅
し
て
い
ま

す
。
そ
の
日
大
の
“
総
合
力
”
を
発
揮
し
て
誕
生
し
た
の
が
「
日
本
大
学
学
術
研
究
戦
略

プ
ロ
ジ
ェ
ク
ト
」
で
す
。
自
主
財
源
に
よ
る
大
型
プ
ロ
ジ
ェ
ク
ト
の
実
現
は
、
ま
さ
に
日

本
大
学
な
ら
で
は
の
ス
ケ
ー
ル
と
言
え
る
で
し
ょ
う
。
複
数
の
学
部
間
を
ま
た
ぐ
“
知
の

連
携
”
に
よ
り
、
社
会
の
ニ
ー
ズ
に
応
え
た
世
界
最
先
端
レ
ベ
ル
の
研
究
を
推
進
。
日
大

発
の
イ
ン
パ
ク
ト
あ
る
研
究
成
果
の
社
会
へ
の
還
元
が
、
大
い
に
期
待
さ
れ
て
い
ま
す
。

〒
10
2-
82
75

東
京
都
千
代
田
区
九
段
南
4－
8－
24

学
務
部
入
学
課
入
試
情
報
室
T
E
L 
03
-5
27
5-
80
01

ht
tp
://
w
w
w
.n
ih
on
-u
.a
c.
jp

日
本
大
学

大
月
穣
教
授

お
お
つ
き
・
じ
ょ
う

研
究
力

健
や
か
未
来
の
創
造

高
度
科
学
技
術
社
会

高
度
科
学

科
学
技

学
技

高
社
会

エ
ネ
ル
ギ
ー

情
報

医
療

規
技
術

新
規
新新新

未
踏
科
学

科
学学
科
学

基
盤

ナ
ノ
科
学
・
ナ
ノ
技
術

人
材
育
成

学
部
連
携

ナ
ノ
物
質
と
光
・
量
子
融
合
領
域
の

光
・
量
子
融融融

光光光
・
量量
子

物
ノ
物

ナナナ
ノ

国
際
拠
点

産
学
連
携

限
追
求

の
極
限
追

ノ
物
質
を
基
盤
と
す
る
光
・
量
子
技
術
の
極
限

盤
と
す
る
光

量
子
技

光光
盤

ノ
の
極
限
極

る
光
・
量

技
術
の

基
子
技
術
の

物
質
を
基
盤

医
学
部
・
生
物
資
源
科
学
部
・
文
理
学
部
・
薬
学
部
・
理
工
学
部
・
大
学
院
総
合
科
学
研
究
科
・
量
子
科
学
研
究
所

医
学
部
・
生
物
資
源
科
学
部
・
文
理
学
部
・
薬
学
部
・
理
工
学
部
・
大
学
院
総
合
科
学
研
究
科
・
量
子
科
学
研
究
所

科
学
部
・
文
理
学
部
・
薬
学
部
・
理
工
学
部
・
大
学
院
総
合
科
学
研
究
科
・
科

研
究
科
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第２回日本大学N.研究プロジェクトシンポジウム

ナノ物質に基づく光・量子技術の極限追求
2nd Symposium of Nanotechnology Excellence, Nihon University 2010

ナノ物質に基づく光・量子技術の極限追求

Nanomaterial-based Photonic, Quantum and Bio TechnologiesNanomaterial-based Photonic, Quantum and Bio Technologies

2010年9月18日
場　　所： 日本大学理工学部船橋キャンパス14号館 （船橋・千葉）

招待講演： Dr. Pascal Naidon （東京大学 ERATO上田マクロ量子制御プロジェクト）

テ  ー  マ： 羽ばたけ、日本大学N.の若手研究者

N.研究プロジェクト若手メンバー講演：

N.研究プロジェクト紹介：

土

開演時間： 午前10時～午後5時

行方 直人 博士 （日本大学量子科学研究所）

伊掛 浩輝     松下 祥子（東京工業大学）
塚本 新（さきがけ）  佐甲 徳栄
岩田 展幸     羽柴 秀臣
浅井 朋彦

大月 穣 （N.研究プロジェクト研究代表者）

メンバーおよび共同研究者のポスター発表多数

情報は、http://www.nihon-u.ac.jp/research/n_research_project/project01/Nproject21.html
問合は、日本大学理工学部  大月 穣  otsuki@chem.cst.nihon-u.ac.jp
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写真1　FRC生成・移送装置、NUCTE-Ⅲ/T（物理実験A棟）

図1　Schematic diagram of field-reversed
　　　configuration (FRC)

物理学科　専任講師 浅井 朋彦

理工学部学術賞平成22年度

自己組織化プラズマの
安定性の積極的制御法に関する研究

現状、核融合炉心に最も近いとされる磁場閉じ込
めプラズマは、国際熱核融合炉（ITER）に代表され
るトカマク方式である。しかし、トカマク炉が巨大で、
電力会社では賄えないような莫大な建設費を要す
るとの懸念から、代替方式の研究も積極的に進めら
れている。外部コイルで生成される強磁場により高
温プラズマを閉じ込めるトカマクに対し、本研究で
対 象とする磁 場 反 転 配 位（Field-Reversed 
Configuration：FRC）では閉じ込め磁場の大部
分をトロイダル方向に流れるプラズマ電流が担うた
め、多くの磁場閉じ込め方式の中でも極端に高い
ベータ値¹、すなわち閉じ込め効率の高さを有する。
FRCはこの極めて高いベータ値に加え、コンパクト
な幾何的構造などの工学的なメリットを併せ持ち、
中性子の発生の極めて少ないD-³He反応炉が成
立し得る数少ない方式の一つでもある。
しかし、配位に崩壊をもたらす巨視的不安定性を
抑制する決定的な手法がなく、また、閉じ込め性能
の目立った向上もなかったことから、FRCは核融合
研究において長くマイナーな方式であった。FRCに
おいて最も重要な課題の一つは、配位を崩壊に導く
トロイダルモード数n = 2の交換型不安定性の抑制
である。これまでこの不安定性を積極的に制御する
唯一の方法は、FRCを取り囲む多極磁場の磁気圧に
よるものであった。しかしその後の研究により、多極
磁場が磁気面の対称性を崩し閉じ込め性能が劣化す
ることが判明し、その後多くの工夫が試みられて来
たが決定的な解決には至らなかった。
不安定性制御とは別に、大電流（～数百kA）の高

速（～数μ秒）な立ち上がりを必要とするFRC生成
領域と定常磁場の必要な閉じ込め領域を分離する手
法として、磁気圧差を利用したFRCの超音速移送の
開発も進められた。この手法はすでに確立しており、
現在では、逆磁場テータピンチ法により生成される
FRCは、準安定領域へと移送され維持されるのが一
般的になっている。この移送によって前述の不安定
性が抑制されるケースがあることが報告され、移送
時に発現するトロイダル磁束との関連が指摘された。

本研究は、移送で見られた微小なトロイダル磁束
によるFRCの安定化を、外部からの磁気ヘリシティ
注入により積極的に行おうというものである。FRC
と同じく単連結構造の磁場配位を有するスフェロマッ
クを磁化同軸プラズマガンにより同軸入射すること
で磁気ヘリシティを供給し、緩和過程を通じて、本来
FRCが持たない磁力線の回転変換を与えることで
安定性の向上を図った。この結果、不安定性の抑制
に加え、閉じ込めの指標である磁束減衰時間が伸長
する結果が確認されており、FRCにおいて最大の問
題であった閉じ込め性能と不安定性を同時に制御す
る画期的な手法として注目されている。
現在、これらの成果を受け、FRCの電流駆動によ

る長パルス実験を目指した実験の準備を進めている。
これは、FRCの強い自己組織化性を利用し、トポロ
ジーの変化を伴う超アルフベン速度移送を経て中心
ソレノイドによりFRCの電流駆動を行うもので、日本
大学の核融合実験装置としても、また、国内FRCの
実験としても最大規模のものとなり、新奇性の高さと
併せて国内外からもその成果が注目されている。

¹プラズマ圧と外部磁気圧の比

受
賞
研
究
紹
介
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日
本
大
学
 新
技
術
説
明
会
　
申
 込
 書
　
2
0
13
年
6
月
11
日（
火
）

A
cc

es
s

会
場
の
ご
案
内

Co
nt

ac
t U

s
お
問
い
合
わ
せ

相
談
予
約
 連
携
・
ラ
イ
セ
ン
ス
に
つ
い
て

新
技
術
説
明
会
に
つ
い
て

磁
気
記
録
、ナ
ノ
バ
ブ
ル
ブ
ル
、製
膜
法
、水
素
生
素
生
産
、分
化化
細
胞
細
誘
導
、バ
イ
オ
医
薬

日
本
大
学

01
20
-6
79
-0
05

te
l. 
03
-5
21
4-
75
19

sc
et
t@
js
t.g
o.
jp

te
l. 
03
-5
27
5-
81
39

fa
x.
03
-5
27
5-
83
28

nu
bi
c@
ni
ho
n-
u.
ac
.jp

ht
tp
:/
/w
w
w
.n
ub
ic
.jp
/

日
本
大
学
　
研
究
推
進
部
　
知
財
課

（
日
本
大
学
産
官
学
連
携
知
財
セ
ン
タ
ー
）

科
学
技
術
振
興
機
構
　
産
学
連
携
支
援
担
当

〒
10
2-
00
76

東
京
都
千
代
田
区
五
番
町
7K
s五
番
町

JS
T東
京
本
部
別
館
ホ
ー
ル（
東
京・
市
ヶ
谷
）

●
JR
「
市
ヶ
谷
駅
」よ
り
徒
歩
3分

●
都
営
新
宿
線
、東
京
メト
ロ
南
北
線・
有
楽
町
線

「
市
ヶ
谷
駅
」（
2番
口
）よ
り
徒
歩
3分

東
京
本
部
別
館

FA
X

03
-5

21
4-

83
99

h
tt

p
:/

/j
st

sh
in

g
i.

jp
/n

ih
o

n
-u

/2
0

1
3

/

ア
ン
ケ
ー
ト
に
ご
協
力
く
だ
さ
い

Ｅ
-m
ai
l

ア
ド
レ
ス

Ｘ
Ａ
Ｆ

　
話
　
電氏
　
名

所
属

役
職

会
社
名

（
正
式
名
称
）

　

所
在
地

（
勤
務
先
）
〒

ふ
り
が
な

ふ
り
が
な

□
 Ｅ
-m
ai
lに
よ
る
案
内
を
希
望
し
な
い

参
加
希
望

（
印
）

希
望
さ
れ
な
い
場
合
は
、

チ
ェ
ッ
ク
を
お
願
い
し
ま
す
。

ご
登
録
い
た
だ
い
た
メ
ー
ル
ア
ド
レ
ス
へ
主
催
者
・
関
係
者
か
ら
、
各
種
ご
案
内
（
新
技
術
説
明
会
・

展
示
会
・
公
募
情
報
等
）
を
お
送
り
す
る
場
合
が
あ
り
ま
す
。

科
学
技
術
振
興
機
構
 産
学
連
携
支
援
担
当
　
行

FA
X：
0
3
-5
2
1
4
-8
3
9
9
※
当
日
は
本
紙
を
ご
持
参
く
だ
さ
い

ホ
ー
ム
ペ
ー
ジ
ま
た
は
Fa
xに
て
お
申
し
込
み
く
だ
さ
い
。

あ
な
た
の
業
種
を
教
え
て
く
だ
さ
い
。
（
い
ず
れ
か
１
つ
）

あ
な
た
の
職
種
を
教
え
て
く
だ
さ
い
。
（
い
ず
れ
か
１
つ
）

あ
な
た
の
来
場
目
的
を
教
え
て
く
だ
さ
い
。
（
い
く
つ
で
も
）

関
心
の
あ
る
技
術
分
野
を
教
え
て
く
だ
さ
い
。
（
い
く
つ
で
も
）

□
1

□
2

□
3

□
4

□
5

□
6

発
表
者
と
の
個
別
面
談
受
付
中

磁
気
記
録
、ナ
ノ
バ
ブ
ル
、製
膜
法
、水
素
生
産
、分
化
細
胞
誘
導
、バ
イ
オ
医
薬

日
本
大
学

～
 　
 研
究
プ
ロ
ジ
ェ
ク
ト
発
 ～

1
磁
気
記
録

2
ナ
ノ
バ
ブ
ル

3
製
膜
法

4
水
素
生
産

5
分
化
細
胞
誘
導

6
バ
イ
オ
医
薬

局
所
円
偏
光
を
利
用
し
た
超
高
速
磁
気
記
録

ナ
ノ・
マ
イ
ク
ロ
バ
ブ
ル
の
粒
径
を
均
一
に
可
変
制
御
す
る
吐
出
ノ
ズ
ル
と
発
生
装
置
の
開
発

磁
化
プ
ラ
ズ
モ
イ
ド
の
繰
り
返
し
パ
ル
ス
生
成
に
よ
る
新
奇
製
膜
法
の
提
案

水
素
吸
蔵
合
金
カ
プ
セ
ル
の
共
存
に
よ
る
生
物
的
水
素
生
産
の
効
率
化

タ
ン
パ
ク
質
の
寿
命
を
延
ば
す
方
法
の
開
発
～
遺
伝
的
に
安
全
か
つ
簡
易
な
iP
S、
分
化
細
胞
誘
導
法
の
開
発
に
向
け
て
～

新
規
バ
イ
オ
医
薬
ピ
ロ
ー
ル
・
イ
ミ
ダ
ゾ
ー
ル
ポ
リ
ア
ミ
ド
の
創
薬
開
発

休
　
憩

14
：
550
～
15
：
0000

133
：
2
：
20
～0～
13113
：
5
：
500

JS
T事
業
紹
介

1515
：
00
～
15
：：
055

科
学
技
術
振
興
機
構

全
国
イ
ノ
ベ
ー
シ
ョ
シ
ョ
ン
ネ
ット
の
ご
紹
介

155
：
05
～5～
1515
：
1100

全全
国
イノ
ベ
ー
ベ
ー
シ
ョン
推
進
機
関
ネ
ト
ワ
ー
ク
ー
ク

ッ

日
本
大
学
 理
工工
学
部
 電
子子
工工
学
科
 教
授授
中
川
 活
二

1313
：
5
：
50
～0～
14
：
20

日
本
大
学
 理
工
学
部部
 電
気
工
学
工
学
科
 教
授
鈴
木木
 　
薫薫

14
：
20
～
14
：
50

日
本
大
学
 理
工工
学
部部
 物
理
物
理
学
科科
 准准
教
授
浅
井
浅
井
朋 朋
彦

155
：：
10
～
155
：
4
：
400

日
本
大
学
 理
工
学
部
 一
般
教
育
教
育
 化
学
系系
列列
 教
授
淺
田
淺

 泰
男

15
：
40
～
16
：
10

日
本
大
学
 生
物
資
源
科
学
部
 応
用
生
物
科科
学
科
 専
任
講講
師師
舛
廣
舛

 善
和

16
：
10
～
16
：
40

日
本
大
学
 大
学
院
総
合
科
学
研
究
科
 生
命
科科
学
専
攻
 教
授
福
田田
 　
昇

日
本
日
本
大
学
大
学
大
　
　
研
究
研
究
プ
ロ
プ
ロ
ジ
ェ
ジ
ェ
ク
ト
の
紹
介

1313
：
10
～0
133
：
2
：
220000

日
本
大
学
 理
工
学

工
学学

工
部
 

部
物物
質質

物
応
用
化
学
科
 教
授授

教
大
月
大
月月
 　
穣穣

JJ
SSS
TTT
東東東
京京京
本本
部部
別別別
館館館館
ホホホ
ーー
ルルル（（
東東
京京
・・
市市市
ヶヶ
谷谷
））

ララ
イ
セセセ
イイ
セセセ
ンン
スス
ンン
スス・
共共共
同同同
研研研研
究究究
可可
能能能
なな
技技

共共共
同同同
研研研研研
究究
可可
能能能
ななな
技技技
術術術術（（
未未
公公
開開
特特

（（
未未
公公
開開
特特特
許許
をを
含
む
）を
発

許許許
をを
含
む
）を
発
明
者

明
者
自
ら
発発
表

自
ら
発発
表！！

主主主
  催催

日日
本本
大大大
学学学
、 独
立
独
立立立
行
政
行
政
行
政
法法
人
法
人
科
学学
技技
術術
振
興
機
構構

後後
 援援

独
立
独
立立
行
政
行行
政政
法
人
法
人人
中中中
小小小
企企
業
基基
盤盤
整整
備備備
機機
構構

全全
国国国
イイ
ノノ
ベベ
ーー
シシ
ョ
ン
推
進進
機機
関
ネネネ
ッッ
トト
ワワ
ーー
クク

2220000
111333
年年年
6666月月月
1111
日日日
●●●
11133
：：：
0000
～～
16
：
44400

火

閉
会
挨
拶
挨
拶

16
：
40
～

日
本
大
学
 研研
究
推推
進
部部
 部 
長長
小
林林
 　
清

主
催
主
催催催催
者者
挨
者
挨
拶拶

1133
：
00
～～
133
：
1
：
100

日
本
大
学
 産産
官
学
官
学
連
携
知
財
セ
ン
タ
ー
 副
セ
ンン
タタタ
ー
長
/大大
学学
院
知
的的
財
産産
財
研
究
研
科科
 教
授
金
澤澤
良良
弘

独
立
行
政
行
政政
法
人人
科科
学学
技
術
振
興
振
興
機
構
機
構
機
 理理
事事
小
原
小
原
満 満
穂穂

ププププ
ロロ
ググ
ム

グ
ラ
ム

ググ
ププププ
ロロロロ
プ
ロ
プ
ロロロ
ププ
ロ
プ
ロ
ププ
ググググ
ロロロ
ララ
ム

グ
ラ
グ
ラ
グ
ラ
グ
ム
ラ
ム
ラ

プ
ロ
グ
ラ
ム

M
ee

ti
ng

 S
ch

ed
ul

e



355

20
13
年
6月
11
日
●火

磁
気
記
録
、ナ
ノ
バ
ブ
ル
、製
膜
法
、水
素
生
産
、分
化
細
胞
誘
導
、バ
イ
オ
医
薬

日
本
大
学

関
連
情
報
サ
ン
プ
ル
の
提
供
可
能
・
外
国
出
願
特
許
あ
り

従
来
技
術
・
競
合
技
術
と
の
比
較

想
定
さ
れ
る
用
途

新
技
術
の
特
徴

局
所
円
偏
光
を
利
用
し
た
超
高
速
磁
気
記
録

1
磁
気
記
録

従
来
技
術
・
競
合
技
術
と
の
比
較

新
技
術
の
特
徴

想
定
さ
れ
る
用
途

ナノ
・マ
イク
ロ
バ
ブ
ル
の
粒
径
を
均
一
に
可
変
制
御
す
る
吐
出
ノ
ズ
ル
と
発
生
装
置
の
開
発

2
ナ
ノ
バ
ブ
ル
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従
来
技
術
・
競
合
技
術
と
の
比
較

新
技
術
の
特
徴

想
定
さ
れ
る
用
途

磁
化
プ
ラ
ズ
モ
イ
ド
の
繰
り
返
し
パ
ル
ス
生
成
に
よ
る
新
奇
製
膜
法
の
提
案

3
製
膜
法

ht
tp

://
w

w
w

.p
hy

s.
cs

t.
ni

ho
n-

u.
ac

.jp
/~

as
ai

/

従
来
技
術
・
競
合
技
術
と
の
比
較

想
定
さ
れ
る
用
途

新
技
術
の
特
徴

水
素
吸
蔵
合
金
カ
プ
セ
ル
の
共
存
に
よ
る
生
物
的
水
素
生
産
の
効
率
化

4
水
素
生
産

従
来
技
術
・
競
合
技
術
と
の
比
較

新
技
術
の
特
徴

想
定
さ
れ
る
用
途

タン
パク
質の
寿命
を延
ばす
方法
の開
発～
遺伝
的に
安全
かつ
簡易
なi
PS
、分
化細
胞誘
導法
の開
発に
向け
て～

5
分
化
細
胞
誘
導

ht
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://
ke

nk
yu

-w
eb

.c
in

.n
ih

on
-u

.a
c.

jp
/P

ro
fil

es
/7

0/
00

06
90

9/
pr

of
ile

.h
tm

l

従
来
技
術
・
競
合
技
術
と
の
比
較

新
技
術
の
特
徴

想
定
さ
れ
る
用
途

新
規
バ
イ
オ
医
薬
ピ
ロ
ー
ル
・
イ
ミ
ダ
ゾ
ー
ル
ポ
リ
ア
ミ
ド
の
創
薬
開
発

6
バ
イ
オ
医
薬
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関
連
情
報
サ
ン
プ
ル
の
提
供
可
能
・
外
国
出
願
特
許
あ
り

中
川
 活
二
（
日
本
大
学
 理
工
学
部
 電
子
工
子
工
学
科
学
科
 教 教
授
）
授
）
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13
：：
20
～
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：
5500

鈴
木

鈴
木木
 　
薫薫
（
日
本
大
学
 
学
理
工
理

学
部
 電
気
工
学
科
 教教
授
）
授
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13
：
50
～
14
：
22000

情
報
記
憶
を
支
え
る
磁
気
デ
ィ
ス
ク
の
速
度
限
界
を
超
え
る「
局
所
円

偏
光
に
よ
る
磁
気
記
録
」に
よ
り
、将
来
の
高
速
度
・
高
密
度
磁
気
記

録
を
実
現
す
る
。

高
速
磁
気
デ
ィ
ス
ク

偏
光
顕
微
鏡
の
高
分
解
能
化

化
学
分
析
手
法
へ
の
発
展

● ● ●

圧
電
素
子
に
数
百
ナ
ノ
か
ら
数
十
ミ
ク
ロ
ン
の
穴
を
貫
通
さ
せ
た
ノ
ズ
ル
を
直
接
／接
続
し
て
作

製
し
、微
細
な
バ
ブ
ル
を
均
一
に
可
変
制
御
し
て
発
生
さ
せ
る
た
め
に
印
加
電
圧
や
周
波
数
を
適

正
化
し
た
。ノ
ズ
ル
部
位
を
圧
電
材
料
に
し
て
ノ
ズ
ル
全
体
を
振
動
さ
せ
る
こ
と
で
、
ノ
ズ
ル
先

端
部
に
滞
在
し
て
い
る
気
泡
の
離
脱
効
率
向
上
を
狙
っ
て
い
る
。
穴
の
微
細
加
工
は
集
光
し
た

YA
Gレ
ー
ザ
ー
の
照
射
と
集
束
イ
オ
ン
ビ
ー
ム
に
よ
る
穴
の
直
径
や
形
状
の
最
適
加
工
を
行
っ
た
。

従
来
の
方
法
で
は
微
小
バ
ブ
ル
の
粒
径
を
均
一
か
つ
可
変
に
制
御
す
る
こ
と
は
不
可
能
で
あ
る
。

な
ぜ
な
ら
、マ
イ
ク
ロ
バ
ブ
ル
の
径
よ
り
も
小
さ
い
ノ
ズ
ル
を
精
密
に
加
工
す
る
こ
と
は
困
難
で

あ
り
、そ
れ
を
振
動
さ
せ
る
場
合
に
振
動
の
モ
ー
ド
を
制
御
す
る
こ
と
も
不
可
能
で
あ
る
。更
に
、

粒
径
が
元
々
バ
ラ
ツ
キ
の
あ
る
分
布
を
有
す
る
微
小
気
泡
に
外
部
か
ら
物
理
的
刺
激
と
し
て
超

音
波
照
射
や
放
電
な
ど
を
与
え
て
も
、粒
径
に
バ
ラ
ツ
キ
の
あ
る
分
布
は
解
消
さ
れ
な
い
。

ノ
ズ
ル
部
位
を
圧
電
材
料
に
し
て
ノ
ズ
ル
全
体
を
振
動
さ
せ
る
こ
と
で
、ノ
ズ
ル

先
端
部
に
滞
在
し
て
い
る
気
泡
の
離
脱
効
率
向
上

数
百
ナ
ノ
か
ら
数
十
ミ
ク
ロ
ン
の
穴
を
貫
通
さ
せ
た
ノ
ズ
ル
を
Y
A
G
レ
ー
ザ
と

集
束
イ
オ
ン
ビ
ー
ム
で
直
接
／
接
続
し
て
作
製

バ
ブ
ル
を
均
一
に
可
変
制
御
し
て
発
生
さ
せ
る
た
め
に
印
加
電
圧
や
周
波
数
を
適
正
化

● ● ●

バ
ブ
ル
の
圧
壊
時
に
お
け
る
ゼ
ー
タ
電
位
や
ソ
ノ
ケ
ミ
カ
ル
効
果
に
よ
る

水
質
改
善
・
殺
菌
・
脱
臭

バ
ブ
ル
の
表
面
電
位
や
超
音
波
発
生
に
よ
る
洗
浄
効
果

毛
細
血
管
の
造
影
剤
、
細
胞
活
性
化

● ● ●

浅
井

浅
井
朋 朋
彦彦
（
日
（
日
本
大
本
大
学
 理
工
学
部
学
部
 物
理
学
科
 
科
 准准
教教
授授
）
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磁
場
構
造
を
持
っ
た
比
較
的
高
温
の
プ
ラ
ズ
モ
イ
ド
を
生
成
・
加
速
す

る
こ
と
が
で
き
る
磁
化
同
軸
プ
ラ
ズ
マ
ガ
ン
を
繰
り
返
し
パ
ル
ス
制
御

す
る
こ
と
で
、高
融
点
金
属
に
よ
る
合
金
薄
膜
な
ど
を
容
易
に
形
成
す

る
こ
と
が
で
き
る
手
法
を
提
案
す
る
。

同
軸
電
極
部
で
生
成
後
、
軸
方
向
に
加
速
・
射
出
さ
れ
る
プ
ラ
ズ
モ
イ

ド
を
用
い
る
こ
と
で
、
製
膜
領
域
と
プ
ラ
ズ
マ
生
成
部
を
分
離
で
き
、

ま
た
、イ
オ
ン
化
さ
れ
た
原
子
の
み
が
加
速
さ
れ
る
こ
と
か
ら
、ド
ロ
ッ

プ
レ
ッ
ト
な
ど
の
な
い
緻
密
で
良
質
な
膜
を
生
成
で
き
る
。

電
磁
加
速
に
よ
る
金
属
イ
オ
ン
の
基
板
へ
の
垂
直
入
射

基
板
へ
の
低
熱
負
荷
化
な
ら
び
に
高
い
膜
厚
制
御
性

高
い
膜
付
着
強
度
の
実
現

● ● ●

高
融
点
金
属
膜
お
よ
び
合
金
膜
の
生
成

酸
化
金
属
・
窒
化
物
薄
膜
の
高
速
生
成

難
付
着
性
基
板
へ
の
合
金
膜
の
生
成

● ● ●

従
来
の
磁
気
記
録
の
記
録
ス
ピ
ー
ド
は
、磁
気
共
鳴
に
よ
る
物
理
限
界

で
制
限
さ
れ
、高
速
度
化
が
難
し
い
。
円
偏
光
を
使
っ
た
光
直
接
記
録

で
1
0
,0
0
0
倍
程
度
高
速
化
で
き
る
研
究
が
進
め
ら
れ
て
い
る
が
、高

密
度
化
が
難
し
か
っ
た
。本
特
許
は
、円
偏
光
を
1
0
nm
程
度
に
局
所

的
に
発
生
で
き
、高
速
化
と
高
密
度
化
の
両
方
に
技
術
が
発
展
し
た
。

光
を
用
い
た
磁
気
記
録
ヘ
ッ
ド

局
所
的
に
円
偏
光
を
生
成
す
る
光
源

光
学
異
性
体
の
セ
ン
サ
ー

● ● ●
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日
（
日
本
大
学
 理
工工
学
部部
 一
般
教教
育
 化
学
系
列
系
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 教
授
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日
（
日
本
大
本
大
学
 
学
生生生
物物
資
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資
源
科
学学
部
 応応
用
生
物
科
学
科
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任
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生
物
的
水
素
生
産
は
、効
率
の
改
善
法
と
と
も
に
、生
成
し
た
水
素
の
回
収

方
法
が
課
題
と
さ
れ
る
。本
発
明
は
、カ
プ
セ
ル
化
さ
れ
た
水
素
吸
蔵
合
金

を
生
物
的
水
素
生
産
シ
ス
テ
ム
と
共
存
さ
せ
る
こ
と
に
よ
っ
て
、
水
素
回

収
の
容
易
化
と
生
産
効
率
の
向
上
を
め
ざ
す
も
の
で
あ
る
。

酸
素
を
含
む
好
気
的
ガ
ス
雰
囲
気
に
お
い
て
も
、水
素
ガ
ス
を
回
収

で
き
る

●

本
新
技
術
の
ス
タ
ビ
ロ
ン
モ
チ
ー
フ
は
細
胞
内
の
プ
ロ
テ
ア
ソ
ー
ム
や

セ
リ
ン
プ
ロ
テ
ア
ー
ゼ
に
よ
る
タ
ン
パ
ク
質
分
解
を
阻
害
す
る
。

従
来
の
細
胞
膜
透
過
性
タ
ン
パ
ク
質
は
細
胞
内
導
入
後
、
早
期
の
タ
ン
パ
ク

質
分
解
に
よ
り
低
機
能
で
あ
っ
た
が
、
本
モ
チ
ー
フ
を
融
合
す
れ
ば
細
胞
内

に
長
く
存
在
し
、
長
期
間
機
能
を
発
揮
す
る
こ
と
が
期
待
で
き
る
。

タ
ン
パ
ク
質
の
プ
ロ
テ
ア
ソ
ー
ム
分
解
を
阻
害
す
る

タ
ン
パ
ク
質
の
セ
リ
ン
プ
ロ
テ
ア
ー
ゼ
分
解
を
阻
害
す
る

尿
素
／
グ
ア
ニ
ジ
ン
塩
酸
変
性
タ
ン
パ
ク
質
の
透
析
に
よ
る
リ
フ
ォ
ー
ル

デ
ィ
ン
グ
時
の
再
凝
集
を
防
ぐ

● ● ●

細
胞
膜
透
過
性
タ
ン
パ
ク
質
に
よ
る
iP
S
細
胞
や
種
々
の
組
織
細
胞
分
化
誘
導

白
血
病
や
癌
、炎
症
の
予
防
　
●
 リ
ウ
マ
チ
や
全
身
性
エ
リ
テ
マ
ト
ー
デ
ス
等
の
膠
原
病
の
改
善

ア
ト
ピ
ー
や
喘
息
等
の
ア
レ
ル
ギ
ー
性
疾
患
の
改
善
　
●
 個
体
の
長
寿
命
化

● ● ●

福
田

福
田田
 　
昇昇昇
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日
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日
本
大
学
 大
学学
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総
院
総
院
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科
合
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合
科
学
研
学
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究
科
究
科
究
 生
命命
科科
学
専
学
専
攻攻
 教
授
教
授
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PI
ポ
リ
ア
ミ
ド
は
新
規
遺
伝
子
制
御
薬
で
あ
り
、
核
酸
医
薬
に
比
し
生
体
で

安
定
で
副
作
用
が
少
な
く
、
自
由
に
設
計
で
き
る
。
我
々
は
ヒ
ト
TG
F-
β
1

遺
伝
子
抑
制
PI
ポ
リ
ア
ミ
ド
を
開
発
し
、
マ
ー
モ
セ
ッ
ト
で
腎
不
全
、
皮
膚

瘢
痕
、
iP
S誘
導
す
る
バ
イ
オ
医
薬
と
し
て
創
薬
開
発
し
て
い
る
。

PI
ポ
リ
ア
ミ
ド
の
発
明
者
CA
LT
EC
の
D
er
va
nら
は
PI
ポ
リ
ア
ミ
ド
の
D
N
A

結
合
、合
成
法
の
基
本
特
許
を
保
持
し
て
い
る
が
、５
年
後
に
特
許
権
が
消
失
す

る
。遺
伝
子
抑
制
核
酸
医
薬
si
RN
Aや
D
ec
oy
は
RN
A、
D
N
A構
造
に
て
生

体
内
で
分
解
さ
れ
る
欠
点
が
あ
る
が
、P
Iポ
リ
ア
ミ
ド
は
安
定
で
あ
る
。

線
維
性
疾
患
の
新
規
バ
イ
オ
医
薬

D
D
S
を
必
要
と
し
な
い

独
自
の
合
成
方
法

● ● ●

進
行
性
腎
障
害

皮
膚
肥
厚
性
瘢
痕

iP
S
細
胞
の
高
効
率
誘
導

● ● ●

生
物
的
水
素
生
産
は
、生
産
速
度
お
よ
び
水
素
収
率
さ
ら
に
回
収
方
法

が
課
題
と
さ
れ
る
。
本
発
明
に
よ
っ
て
、
少
な
く
と
も
、
水
素
回
収
効

率
お
よ
び
水
素
収
率
を
大
き
く
改
善
す
る
の
み
な
ら
ず
、水
素
生
産
速

度
に
も
貢
献
で
き
る
。

様
々
な
水
素
ガ
ス
含
有
物
か
ら
の
水
素
の
回
収

光
化
学
的
水
分
解
、
な
い
し
様
々
な
水
素
生
産
シ
ス
テ
ム
か
ら
の

水
素
分
離

● ●
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第５回（最終）シンポジウム

日本大学N.研究プロジェクト

「ナノ物質を基盤とする光・量子技術の極限追求」
～健やか未来への一里塚～

平成25年12月21日

午前の部
10：00‒12：00 高校生・一般向け企画
 研究者と高校生のクロストーク  科学の素晴らしさと研究という仕事
昼の部
12：00‒13：00 ランチ／ポスターによるプロジェクトの成果発表
午後の部
13：00‒18：00 挨　　拶 
 成果報告  大月穣( 　 　 )，行方直人( 　 　 )，福田昇( 　 　 )
 招待講演 「DNAオリガミと人工遺伝子スイッチ」
     杉山弘(京都大学大学院，iCeMS)
  「電子線1分子追跡法(DET)による水中の金コロイドの運動計測」
     石川晃( 　 　 )
 若手講演 齋藤孝輔( 　 　 )，杉本隆之( 　 　 )，丹羽栄貴( 　 　 )
  岸本誠也( 　 　 )，竹内嵩( 　 　 )
 成果と展望 西宮伸幸( 　 　 )，塚本新( 　 　 )
 講評
夕方の部
18：00‒19：00 研究交流会／ポスターによるプロジェクトの成果発表

土

連絡先　日本大学本部研究推進部 kenkyu47@nihon-u.ac.jp，研究代表者・大月穣 otsuki.joe@nihon-u.ac.jp

午前10時より開催日時

場　　所

プログラム

日本大学
理工学部

日本大学
理工学部

日本大学
理工学部

日本大学
理工学部

日本大学
文理学部

日本大学
文理学部

日本大学
文理学部

日本大学
理工学部

日本大学
理工学部

日本大学
医学部

日本大学
医学部

日本大学会館 2階大講堂
（JR「市ヶ谷」駅下車  徒歩2分）
〒102-8275
東京都千代田区九段南4-8-24

日本大学N. 研究プロジェクト 検索詳しくは
http://www.nihon-u.ac.jp/research/n_research_project/project01/Nproject21.html

ファミリーマート

りそな銀行

日本大学会館

A1出口

A1出口三
菱
東
京
U
F
J

ス
タ
ー
バ
ッ
ク
ス

都営新宿線

東
京
メ
ト
ロ
有
楽
町
線

JR 市
ヶ谷駅
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