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Abstract

   Photofunctional nanomaterials such as high-performance light-energy conversion

devices and optical computers are important to construct comfortable and sustainable

society.  In this study, I construct novel photofunctional nanodevices mimicking

photosynthetic systems that are excellent natural photoactive devices.  In the present

nanodevices, photofunctional parts consist of self-assembly of chlorophylls and

hybridization with inorganic compounds provides unique functions and stability, which

are appropriate for practical use.  The present photofunctional nanodevices will be

developed to high-performance dye-sensitized solar cells and energy saving nanoscale

devices for optical computers.  In addition to high-performance, the chlorophyll self-

assembly will provide a value-added such as green sustainable devices due to their

biodegradable and recycling properties.



– 2 –

1.���i«

$aG;��$%&'(�/!"¬­

�
%&'(�Y)*HI\]^®�

¯°KRISU#<$234�`±5

6²��'³�´�Kµ¶Y·¸�]

y�I$aG¹�`®�¯°#{|º

�;< »$234fgh�/{|H

I1JK<¬�¼½j¾/¿J1Ic

ÀJÁ]ISTUKV��K;<qn

$aGÂÃ#�$��¯5uvKRI

£�kkÄ�°¦#n_�Å�#¹�

`{Æ/ÇÈcd^<ÉÊ?ª2-}2

Ëh��ÌÍC$23456fgh�

/9:HIUc/i«cd^S

£�kkÄ�°¦YZ�y;<�$n

_KRIg�¯�³�kklm'

oBChlr#stEa�±Î�Ï�`Ð

KÑ�]^<56²��'³�´�#

$234Ò`KRIoÓ 1rSÔ#$a

GÕÖc;×?Ø<�kkÄ�°YZ

[I BChl #stuv�Y;��Ù��

±Ú¿�Û<n_#Ü#ÝÞß�K5

6{Æ�/FGdy�ISd^±xy<

T#{|º�;àá«âãKRØ<ä

�«Yåæd+H�çKRIc�JIS

TUKV��K;<�kkÄ�°/å

æd^ BChl èf'n_#st�Å�/

$23âzcd<T#éØ/Ä'-ê'

ëYwxy}278o®kì��&Ì

�í��î-Si-O-Si-rKïðd^ÉÊ?

56ñòó'/ô:HIoÓ 2rSU]

�K�kkÄ�°/åæd^èf'c

dy BChl +T#èf'n_/Î�+õ

ö÷4øKùúûüó'±ô:�]y

O^±<U]Á#üó'Ò`;ý��

KRØþ�¢Á�Ø�HUc±��?

^�<23478cdy#��;ýB

3ûx^SV��#ª2-}2Ëh��

ÌÍC56ñòó';<U]Á#	Q

¡/
�HIcc�Y<$aG¹�`

®�¯°Y
�d^ª2-}2�a56

78c?ØJIS�^< !"$%&

'(�)*fgh�+$,-.�56

NN

N N

O
O

O long chain

R7

R20

R8

HO

Mg

R12

��BChl�����
(��	
��
�)

��
����

n

Ó 1�qn$aGÂÃ#�$��¯

5��kkÄ�°#å�Ó.

NN

N N

O

Mg

R7

R12

HO

COO-farnesyl

R8

CH3

R20 NN

N N

O

M

R7

R12

HO

COOR17

R8

R3

R20

n

O
Si

O
Si

O
O-O-

R R

n

���������
���������� !"
�#$%&'()*

+,-.
/0)1234
25"6�278��9
:; 

Ó 2�V��K{|HIn_�ÅC

ª2-}2Ëh��ÌÍ$23456

ñòó'#å�Ó



– 3 –

fgh��#��/ijd^<n_�

ÅC56ñòó'#Ç���#�Å�

+���YÚHI��/0x^S

2.�����

��Û$234
z#{GG�c?I

���kklm'���/��HI^

�<��#$aG�~¢Á��d��

Y��yª2�
«Y�)HIUcK

 !+"#$%±×?IstEa4�

kklm'���/ô:d^oÓ 3rS

U]Á#ô:d^�kklm'�`/

³��f®'��%�ì®®��<¯

��%�ì®®��c&'��<ô:

()/*>�HIUcK<ª2-}2�

aC#�kklm'n_stEa�/

{|HIUcYG+d^SB,-.<

/0n4<1«$23?4#5�67

¢Á<WX#�kkÄ�°Y89d^

n_�ÅC¹�`±FGdy�IUc

±:¢x^S�^<{|d^n_�Å

C¹�`;;Ea/<=HIõö÷4

ø+�kklm'�`#"#$%#;

$%�/<=HI>Y?dy@d­�

��dy�IUc±AÁ¢c?ØB®

kì��&Ì�í��#FG±$23

4
zc?I�kkÄ�°Cn_�Å

�#���Y	O­C¿HIUc±D

�]^S

�R:�y<�kklm'�`EY®

kì��&Ì�í��/FGd1I�

�%�ì®®�'Ç/ªHIstEa

4FG�kklm'���/ÉÊYa

Gd<T#stEaH1/ôI^S

�A�y<�kkÄ�°Cn_�Å�

KJ�d^$%&'(�/KLHI®

�¯°/{|HI^�Y<�kkÄ�

°Cn_�Å�¢Á#MN%&'(�

#OP�c?ØJIg�¯�³�kk

lm'���/ô:d^SU]/FG

�kklm'n_�Å�cc�Y��

^cUQ<56ñòó'K#MN%&

'(�R1/S5HIUcYG+d^S

T#%&'(�R1!"; 33%cTÅ

�Á]<WX�kkÄ�°YàIyU

�©c?x^S

��^<ô:d^n_�ÅC$234

56ñòó'#Ç��#���/0�B

��VWXKSYd^Sñ�³�4Z

�[�KRIZ���'�ü�/��

y<�ö±�\³�4#n_�ÅC5

6ñòó'/ ¶»K���HIUc

Y�G+d<T#]^+�ö¶»/º

`_`VWX+&a¡b�c�d$V

WXKS5HIUcYG+d^Sñ�

³�4Z�[�cdyZ��e�/�

�^cO;56ñòó'#���f±

g?­?Ø<ñ�³�4Z�[�#h

iYwI56ñòó'#Ç��K#�

ö¶»#jk±B3KRIUc±Dl

�]^S�^<mÞÅnëYwIn_

NN

N N

O

M

R7

R20

R8

R12

R3 OH

COO–R17

Ó 3�stEa4�kklm'��

�#�`{Æ.�M=Mg or Zn, R3=H or

CH3, R7=CH3 or CHO, R17=CH3 or

farnesyl, R20=H or CH3.



– 4 –

�ÅC56ñòó'#Ç��#on�

Å�Y�G+d^S�ÁY<���(

)/pqHIUcK56ñòó'/�

2��y���d<&a¡b�c�d

$VWX/��^âÏ56ñòó'#

B,�cd$�r��'5�YG+d

^S

3.���G7

�qn$aGÂÃ#�$��¯5¹�

`��kkÄ�°/åæd^n_�Å

Cª2-}2Ëh��ÌÍ56ñòó'

/{|HIsët/u
d<�`{Æ

#×?I�kklm'n_�`/��

IUcK�$v4#×?I56ñòó

'/{|d^S�^<56ñòó'Y

Z[I�kkÄ�°Cn_�Å¹�`

KJ�d^$%&'(�#KL®�¯

°/{|d^S�ÁY<n_�ÅC5

6ñòó'#Ç���#�����Å

�cB,�/01Uc±KO^S

4.�Lw#PQc��

�Çx«?öcdy;<V��Kß:

d^n_Ea�Eù56ñòó'/�

�^qn$aGÂÃ��¯5#¹�`

{Æc23�A/01Sy�«Y;<

z{#èf'¹�`Y;>�±��û

x^5�ëYwI{Æ�23�|±H

}Á]IS��«?öcdy;< !

"$%&'(�)*fgh�{|+5

6¯�6ke��#��/;¢ISy

�«Y;BV��Kß:d^n_Ea

�Eù56ñòó'#�Á?I ¶»

�Å�+f`ÍÌ�«���/�ÁY

=�T#~4/�|HIUcK<$2

34fgh��#��/ijHS

5.���t����

Y. Saga, S. Akai, T. Miyatake, H. Tamiaki

Excitation Energy Transfer from Self-

Aggregates of Zinc Chlorins to a

Bacteriochlorin in a Silicate Nanocapsule

Chemistry Letters 33, 544–545(2004).

Y. Saga, S. Akai, T. Miyatake, H. Tamiaki

Self-Assembly of Natural Light-

Harvesting Bacteriochlorophylls of Green

Sulfur Photosynthetic Bacteria in Silicate

Capsules as Stable Models of

Chlorosomes

Bioconjugate Chemistry 17, 988–994

(2006).

Y. Saga, H. Kida, Y. Nishikawa, H. Tamiaki

Chlorosomal Self-Aggregation of Zinc

Chlorophyll Derivatives in the Presence

of Cationic Surfactant Cetyltrimethyl-

ammonium Bromide and Organosilanes

in Aqueous Phase

The Proceedings of the 14th International

Congress on Photosynthesis, in press.

Y. Saga, H. Tamiaki

Photofunctional Nanodevices Mimicking

Light-Harvesting Complexes of Green

Photosynthetic Bacteria

Encyclopedia of Nanoscience and

Nanotechnology, in press.

����

$aG��¯5#âÏ¹�`b~'K

#�| –qn$aGÂÃ#Ð���¯

5cèf'¹�`

�
c�� 58, 129–132 (2005).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


