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˂ 1ʿ  

Ơ̳  

1-1. ΨöũɿʉĲʡʇ̺  

1-1-1. 4�>1  

� ˹ɷʓ14 4 *3ŐȝʛɿʉĆ�ūŇ D
ƪ�ʟ®Êʎ	Ƭ�ʟ®Êʎ	

Γʪʛʟ®Êʎ	ͱĆʟ®Êʎ-�D
�EB3Ć4ƟˇŃ1ğ6	ȋ͢ʛ1

ūŇ�	ç,3öũͿ1ß�	öũͿʟ®Êʎ3ɨ-�DΓʪɈĆ1AC	Ņ

È	ɞÈ	ɈÈ3ǂ͂	ďŬĢƿ	ʌɿ3ȵ͜˘ǍHɍŲ�,�D
$3£-

?ʀ1	ġȳũ.ġȳũ3ʟ®Êʎ	ġȳũ.̮͆ġȳũ3ʟ®Êʎ	��o

�öǹĆ.�� 3ʹΡ3¥̗0ɿʉʛ͆ɨHȖ D van der Waals (vdW) Ć3ͨ

ʎˇŃ4Ζƚ1ƛƟ�	$3ȩɨ4	��o�öǹĆ (ƧĆΜ) .uN�3ǥ¸

Ěʉ (ǾĆΜ) 3Ķ-̯ȇ�E,�D 1
 

� ΨöũɿʉĲʡöͲ-4 1997Ɲ G. Decher. F. Caruso�Œĳ�&ΕΓƧĆH

ûʎ�&²®ʻƉĲʡ (layer-by-layer (LBL)) ɒ� -1ʩʾ�,�D 2,3
LBL

ɒ3z�caH Figure 1-11ʭ 
LBLɒ4ƚɥƚņ�1��,	SiR�1ƙ

Γ�&Őȣ1��KqR�ɪɞ1ɝɬƶ	��SiR�ɪɞ1ɝɬ D
��

KqR�ɪɞ.��SiR�ɪɞ1ɝɬ DǳÊH²®1ˬC͕ �.1A)

,	˸ęHΨöũ�ƉĔÄ-üƹ-�D
$3ƿʎÌ4ƛƟ�	ĐʘʎȞǽ 4

@ΓũmtMa 51ƿʎ�E,�D
LBLɒ1΀ D Decher3ˡ̯3̑Ƨʎŀ

Ǻ4�E;-1ː 10000 ŀ»�1ͥ�	 ʓ-Ȕ?ɖʙ0ʦʼöͲ3 1 *-�

D 2,3
 

 

 

 

Figure 1-1. Preparation of thin layer by LBL. 

2) Wash
1) Polyanion

4) Wash
3) Polycation
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� 2015ƝNakaoB4ÅöũĲʡ1΀ D vdWʉ̳3˰�HΨöũĲʡ1ǜƫ�

&Ďǝʛ0ŴΦHŒĳ�& 6,7
ƳB4ɪɞ£.Įȶ1ŅÈ£-?Ƭʙåǂ3 π

éƲΨöũ.�,ʣBED polyfluorene (PF) H̊åz��yΨöũ.�,ʡʝ

�	ɞʟ£	ΖȍǂK��xJa_�Sˋũ̐Η�1˹ʙʛ1ɿʉĲʡ Dʇ

̺ H ʎ � , 	 K � � x J a _ � S ̐ Η 1 Ĳ ʡ � &

poly(9,9-di-n-octylfluorenyl-2,7-diyl) (PF8) � βʟ.Ĵ5EDʀɂ0ȵ͜HĤC@

 ��.HöåŬʛ0̝ɵ�BĮŲ�&
˹ʙʛ0ɿʉĲʡʇ̺�	K��x

Ja_�S. PF8Ϳ1Êʎ Dͼ͈ΐ3 vdWʟ®Êʎ1͆Ł D�.Hǩȭ�

,�D
 

� $�-ȝʦʼ-4	ʂ�öũͳöƗ- 3 ʹΡ3ʗ0DǺƜŊͱĬƣ (number 

average degree of polymerization (DPn)) HȖ D PF8Hʎ�,	γ-K��p̐Η�

73ɞʟɿʉĲʡ3öũͳÎūǂHŴΦʛ1ȇB�1�	�*̢ˆďŬʛ0Ǒ

ɒHʎ�&_����_��H̍)&
ŴΦΗ1��,	̩ǽ4˾ɪŨ.̼ɪ

ŨHʎ�&öúɎɄɒ1AC	öũͳöʒ�& PF8HËʎ�&
γ-K��p73

ɞʟɿʉĲʡŴΦ1ACƸBE& PF8 3ΨȽȵ͜4̊åa}Wn� 

(photoluminescence (PL)) ğ6̊åĊ͆a}Wn� (photoluminescence excitation 

(PLE)) ɦŲ1ADĮŲƶ	PF8 3öũͳ.ΨȽȵ͜3ʟ΀΀ÑH̟Ȥ�&
�

ȁ	̢ˆΗ-4	BIOVIA Materials Studio ujY�`z�X��  (Dassault 

Systèmes S.A.) Hʎ�&öũČĆŬ  (Molecular dynamics (MD)) ̢ˆğ6

Gaussian09 ujY�`z�X��  (GAUSSIAN Inc.) Hʎ�&ͳũďŬ 

(Quantum chemistry (QC)) ̢ˆ�B	ŴΦ1ʎ�&ɪŨ-�Dn�P�ūŇ�0

B61�Ň�	ˬ͕�ĔÄ 3-203R�\x�R��� γ-K��p̐Η7Ĳʡ�

,��ČʛͣʸH͉͗ D�.H[�w��g��0�Bħ̚ď1Ǎć�	ö

ũͿ/öũí1Êʎ DΖéȖ˚Ĭʟ®Êʎ1*�,˰Ż�&
��-4	[�

w��g����. CPUĖȖȊͿ3΀Ñ�	R�\x�R��H�m�öũ.

�,Ëʎ�&
 

� »�AC	ŴΦğ6̢ˆ3¡Η�B PF8 ɿʉĲʡʇ̺1��DΨöũǂHŲ

ǂʛğ6Ųͳʛ1ʦʼ�&
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1-1-2. ɿʉĲʡʇ̺3ɀĨ  

� Ĳʡʇ̺HʲŬʛ1ù>,ʦʼ�&Ì4 1773Ɲ Sheele-�C	$3ƶ	1777

Ɲ Fontana �˶Ɉ�&Țɴ��Ųͳ3TaHĲʡ D�.HŒĳ�&
1918 Ɲ

Langmuir 4ɈÈöũ�ŅÈ̐Η7ĔöũĲʡ D�.HŲƦď�&˃ɥĲʡʉ

̳Hǩȭ�	1932Ɲ�ʓΗďŬ3ʦʼ
-s�|�ďŬ́Hĥ́�&
Langmuir

3Ĳʡ˃ɥˤ4ĔöũƉĲʡHĤCǒ)&?3-�C	Ĳʡ]Mn�ʀŲ�E	

Ĳʡ�&öũ4¢͞͡Č"!	Ĳʡöũ3ʟ®Êʎ40�?3.¼Ų�,�D
 

1
!!

= 1
!!
+ 1
!!!!!

 

!! ∶ � Ĳʡͳ 

!!: � ΣĶĲʡͳ 

!!: � ŲǺ 

!: � ɰƣ 
� $3ƶ	1938 Ɲ Brunauer	Emmett	Teller 4ŅÈ̐Η73ɈÈöũ3ŝöũ

ƉĲʡ1*�,	Langmuir3Ĳʡ˃ɥˤ3˰�Hǜƫ�& BET3ŝƉĲʡ˃ɥ

ƦHʙ̐�&
BET Ʀ4µȄ-?Ȕ?ŝʎ�EDĲʡʉ̳-�D
BET Ʀ4»

�1ʭ 4*3¼Ų1Ő+�,ȵǍ�E,�D 8
 

1. ̐Η3Ĳʡ]Mn x4Ŋ�-	īĲʡƉ4Ɉʟ.3Ϳ1 LangmuirōƜ

̏�Ô&E,�D
 

2. ĲʡöũͿ3ʟ®Êʎ40�
 

3. ɶ΄ĲʡƉ;-Ĳʡ�͆�D
 

4. 2Ɖʝ»�3öũ3Ĳʡɹ4öũ3óΎɹ1˃��
 

� �ȁ	Ĳʡā.�,dR�Mn?Ȗį-�D
1756Ɲ Cronstedt4ʄȿƍ1Ȁ

ͶɿHʙ̘�	�EHdR�Mn.ĵį�&
$3ƶ	dR�Mn3öũˉċ

ȥ�ʙ̘�ED.	dR�Mn3ǂ͂ğ6ĬǍ1΀ Dʦʼ�ɖʙ1̍GE	

˶ɉ˵	̠Ũ˵0/3Ȼ˵HȖ D�.�ȇB�10)&
µ-4	�EB3

ʀǂHûʎ�,©ɻā@MR�²Ǫā˃1ƛƟ�ûʎ�E,�D
 

� Ȓ1ĲʡHʙƇ�"&ʦʼ1*�,	³ͭŞŬ3 KitagawaB3X��z4Ȗ

Ȼ-ʹƈΧȪÈ (Metal Organic Framework (MOF)) 3;ʙ1Ǎć�&�.HŒĳ

�,�D 9
MOF4ƺŝŪ͂-ʀƼʛ0n��`S�ȵ͜HȖ Dɿ͂-�C	

ɶȻɿ-�DdR�Mn.ɇ͏�,	m^M�	]Mb	̐Ηʀǂ3¹��Ÿ

Ȉ-�D
$3&>	MOF4̠Ũ	Taöΐ	Ta̾̆ʇ̺Hƿʎ�&ʎ͚Ƈ
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;�șƵ�E,�D
»�3A�1	öũĲʡ/öũĲ̆ʇ̺Hûʎ�&Ȁ��

Ȼ˵ǂ3¹�.ƿʎƇ;4͔Ɲǁ͛1ʙƇ�,�DΞŏ-�D
�ȁ	ŠΈΓ

Ɍ0/73ƿʎHǈń�&œĬ	ŝʹΡ3ȞǽHͨ÷1óΎ�"	̇˸ď�0

�E50B0�
$3œĬ	ΨöũĔöũ˸'�-40�	ΨöũHüƹ�,

ŝƉ̇˸ď D&>3ɿʉĲʡʇ̺3Őȝʛ0ʉ̟�ƾ̗.0D
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1-1-3. Åöũ3ďŬĲʡğ6ɿʉĲʡ  

� Ĳʡʇ̺4ďŬĲʡ.ɿʉĲʡ3 2 ʹΡ1Şú-�D
ďŬĲʡ.ɿʉĲʡ

3ͦ�H Figure 1-2, Table 1-11ʭ 
¡˱3ȶƦ4Ş��ʗ0C	ďŬĲʡ4	

éȖ˚Ĭ	MR�˚Ĭ	ͮÄ˚Ĭ1A),ŅŲď�E	$3˚ĬPr�V�4

ȴ2 10-100 kcal/mol-�D
$3œĬ	Ĳʡ]Mn4ʀʗʛ-�C Langmuirō

3ĔƉĲʡȵ͜HȖ D
�ȁ	ɿʉĲʡ4ΖéȖ˚Ĭ-	ɉ˓˚Ĭ	öũͿ

Ć	CH/π	CH/F˚Ĭ��C	éȖ˚ĬPr�V�ACː 1ȫ»�?Ɓ��ː 1-5 

kcal/mol-�D
Ĳʡ]Mn4Ζʀʗʛ-�C Langmuirō	BETō	Freundlich

ō0/�ʣBE,�D
 

 

 

 

 

  

ďŬĲʡ ɿʉĲʡ 

Figure 1-2. Illustrations of chemisorption and physisorption. 

Table 1-1. Properties of chemisorption and physisorption 

ďŬĲʡ  ǂ͂  ɿʉĲʡ  

éȖ˚Ĭ	MR�˚Ĭ	 

ͮÄ˚Ĭ 
˚ĬƯƦ  

ɉ˓˚Ĭ	öũͿĆ	 

CH/π˚Ĭ	CH/F˚Ĭ 

10-100 kcal/mol ˚ĬPr�V�  1-5 kcal/mol 

ʀʗʛ Ĳʡ]Mn  Ζʀʗʛ 

Langmuirō ĲʡgMz  Langmuirō	BETō	

Freundlichō 

ĔƉ ĲʡƉǺ  ŝƉ 

_��Sjz��Xā ƿʎÌ  ʓΗɖǂā 

�����
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� Ƚ1ďŬĲʡ.ɿʉĲʡ1*�,Pr�V�3̝ɵ�B͖8D
�l�_�

�Pr�V�4ŅÈ£3ç,3ĚũͿ1ß�ʟ®Êʎ-�C	0�-?º̐ʛ

0�l�_��4 Lennard-Jones�l�_��-�D
öũ3ɿʉĲʡ.ďŬĲ

ʡ3�l�_��ȑˤH Figure 1-3 1ʭ 
�l�_��ȑˤ P(X2)4öũ X2

.ŅÈM.3ʟ®Êʎ�l�_��Hʭ�&?3-�D
ɿʉĲʡ-4	�3

�l�_��ȑˤ3ȳƁÙ-	öũ X2.ŅÈ M3̐Η� vdWĆ-ǧ DA�

1Ĳʡ D
�ȁ	ďŬĲʡ-4ŅÈ̐Η1͔+�	˹ʙʛ1Ĳʡ DœĬ?

˰�BED
Ì�5	X2�̟ΐ�,ĚũX.�,Ĳʡ D�l�_��ȑˤ P(X)

4 X.M3ʟ®Êʎ1΀ D?3-	öũ.Įȶ1	X4�B1ɟ�ȳÙ-ď

ŬĲʡ D 10
�3A�1	ɿʉĲʡ3ĲʡPr�V�4Ɓ��?33	ʀú

0ɖǂďPr�V�Hʀ1ƾ̗.�0�
�ȁ	ďŬĲʡ4ĲʡPr�V��

Ş��?33�Ų»�3ɖǂďPr�V��ƾ̗-�D�.�ŸȈ1ʉ̟-�

D
 

 

 

 

 

Figure 1-3. Chemisorption and physisorption activation energy. Reprinted from The 

Chemical Society of Japan.10 
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1-2. ʙåǂΨöũ  

1-2-1. πéƲΨöũ  

� π éƲ�ǜƫ�E&Ψöũ4ɿʉʛğ6ďŬʛʀǂ1áE,�D&>ŠΈΓ

Ɍ	Γʓċȥn��`ag˃73ƛƟ�ƿʎ�șƵ�E,�D 11
$?$?	π

éƲΨöũ3ʦʼ4	M�an��[hjWʯ�Åöũˏ3˿˓ıȖΨöũ3

ʦʼH̍)& 2Ɲƶ1ŧ;)&
$�,ʇŇ? πéƲΨöũ4ȖȻ EL3 PLȞ

ǽ˃.�,ɖʙ1ʦʼ�E,�D
Figure 1-4 1º̐ʛ0 π éƲΨöũHʭ 


º̐ʛ0 πéƲΨöũ4��x�R�� (polyfluorene (PF))	��K�U�iR

x O �  (polyalkylthiophene (PAT)) 	 � � x O q � � v q � � 

(poly(p-phenylenevinylene) PPV) 	 � � N- v q � S � t f � � 

(poly(N-vinylcarbazole) (PVK)) ˃��D
 

� ʰţƑŞŬ3ȹɮB4͵Ț-ŶɛSjz��XĢƿHûʎ�,	Pd̠ŨHʎ�

&̠ŨʷČō͝ͺ˨ĬͱĬHŒĳ�,�D
�E4x�R��.u�xOq�

�3éͱĬÈHƸDǑɒ-�D 12
Seferos B4��(3-{U_�iRxO�) 

(poly(3-hexylthiophene-2,5-diyl) (P3HT)) ĬǍ3΋1 Ni̠Ũ (o-tolyl)NiCl(dppp)H

Ëʎ D�.1AC	P3HT3öũͳ�Ʒȡ3 1×105 g/mol�B 2×105 g/mol10

D�.HŒĳ�& 13
P3HT4 pōĒƀÈ1ƿʎ�E,�CöåŬʛ1?Γũʛ

1?áE&ǂ͂Hʭ 
ʰǏŞŬ3ȰB4$EBHȒ1ʙƇ�"	

Knochel-Hauser ŔŐHËʎ�&{jo-l��ō3 PAT ĬǍHŒĳ�,�D 14


˄ɓŞŬ3ʰĚB4x�R��3K���ď1��,	Pd ̠ŨHËʎ D�.

-	One-pot-y��ďğ6ʞǧK���ď3ͱ˨ĬH̍�	x�R��3K�

��ďHͥǍ�& 15
�3A�1 π éƲΨöũȞǽ4ΨöũΧȪ3ͦ�	éͱ

ĬÈď1ADʙåɓͼüƹ˃�ħ˵-�CŬ̎ğ6ʍȲʓ-ƛƟ�ʦʼ�E,

�D
 

 

 

 

    

PF PAT PPV PVK 

Figure 1-4. Structures of PF, PAT, PPV and PVK. 

n n

nNS n

C6H13
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2-2-2. ��x�R��  

� PF 4¥ͺ1x�R��ʋHȖ D

ʙåǂ πéƲΨöũ-�D
Δ˿ʙå

Ψöũ-�D PF4 PL	P�Wn��

�rjc�a  (electroluminescence 

(EL)) Hʭ�	ɹʛ	ďŬʛ1ŮŲ-

�D
ƿʎÌ.�,RznP�Wnq

jWmtMa	ʙåhMR�o (light emitting diode (LED))	ȖȻ��^�˃�

�D
ʀ1	ÛͺŐ1RWi�ŐHȖ D PF8 HȞǽ1�&Ψöũ̇˸1��

,4	psM�z��n	�eX�xL�	öΐ˸	ȖȻŠΈΓɌ (~��ʷČ

ƣ 10-3-10-2cm2/Vs) ˃��C	�EB4ΨöũɪɞHŐȞ7ʞǧo�jzU�a

n D�.1ACÊ̔ħ˵-�D�.�Œĳ�E,�D 16
PF8 3öũȵ͜H

Figure 1-5 1ʭ 
Ȁ&0Ǒɒ-�DǯǴȁİǓ̎1ACͯďM�`N�ab 

(indium Tin Oxide (ITO)) �1ͮİ�& PF8Hʞǧőʻ�"&ΨöũʙåhMR

�o3Ê̔�Œĳ�E,�D 17
PF8 3öũȵ͜.ɿǂ4źǧ1΀Ñ�,�D


Table 1-2	Figure 1-61 PF83ΨȽȵ͜È-�D αʟ. βʟHʭ 
PF83 αʟ

3 2Η̞4 135°-150°	210°-225°	ÛͺŐȁİ4Įȁİ	¥ͺ4ΖƜΗ	51B"

I-�D
�ȁ	PF8 3 β ʟ4 1997 Ɲ1 Bradley 1ACŒĳ�E 18	2 Η̞4

160°-165°	195°-200°	ÛͺŐȁİ4²®	¥ͺ4ΖƜΗ	52 ̌Ȃ-�D
19
β

ʟ3åŬʀǂ4 αʟ.ʗ0C	ŐơʁǊ.ȔÅĊ͆�ͱΜʁǊͿ3Γũͩʷ4 α

ʟ.ɇ8�jo_xn D�.�Œĳ�E,�D 20,21
 
 

 

 
 

 

Figure 1-5. Structure of PF8. 

Table 1-2. Characteristic of the α-phase and β-phase of PF8 

 2Η̞[°] ÛͺŐȁİ ¥ͺ B"I Ĳģɓͼ/nm 

αʟ 
135-150 

210-225 
Įȁİ ΖƜΗ 51 395-400 

βʟ 
160-165 

195-200 
²® ΖƜΗ 52 430 

C8H17 C8H17

n
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� PF8 4ɪɞʁǊ.ʟʁǊ-ʗ0D PL, PLE a}Wn�Hʭ 
Ì.�, PF8

n�P�ɪɞ (Δ˿) ğ6ʟʁǊ (ˢ˿) 3 PLa}Wn�H Figure 1-71ʭ 


PF8 ʟ3Ê̔ȁɒ4 PF8 n�P�ɪɞHʥ́Őȣ�1o�jzU�anƶ	ƚ

ɥ©ɻ D�.-Ê̔�&
Ê̔�&]�z�H PLɦŲ	PLEɦŲH̍)&.

�F	420 nm¹͔1 αʟʐȡ3a}Wn��ÅɓͼÛ	430-440 nm¹͔1 βʟ

ʐȡ3a}Wn��ͼɓͼÛ1̝ɦ�E&
�E4 PF83 αʟ4éƲͼ�ʤ�	

βʟ3éƲͼ4ͼ��.Hʭ�,�D
ŴΦ˚ȥAC 430-440 nm¹͔3 βʟ1

ʐȡ D PLa}Wn�4Ζƚ1ʀƼʛ-�D
PF83ΨȽȵ͜4a}Wn��

B«ɦ D�.�ħ˵-�C	åŬȞǽÊ̔˃1Ȗʜ0ǆŒH��D
 

 

 

Figure 1-7. PL spectra of the α-phase and β-phase of PF8 (Excitation wavelength 360 

nm). 

 

Figure 1-6. Structures of the α-phase and β-phase of PF8. 

C8H17 C8H17 160°-165°

C8H17C8H17

C8H17C8H17

C8H17 C8H17 135°-150°
210°-225° 195°-200°

α-phase� β-phase�

0.0

0.2

0.4

0.6

0.8

1.0

1.2

400 450 500

PF8 solid
PF8 in toluene
15 °C
20 °C
25 °C
30 °C
35 °C
40 °C
45 °C

P
L 

In
te

ns
ity

 (a
.u

.)

Wavelength (nm)

α-phase
  0-0

β-phase
  0-0

β-phase
  0-2

β-phase
  0-1
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1-3. ɿʉĲʡ3ʦʼČİ  

1-3-1. ɿʉĲʡŴΦ3Čİ  

� ɿʉĲʡHʎ�&̕ĬÈ4Ůç	ˊÐ1Ȼ˵ǂ¹��ħ˵-�D&>	ʇŇ

Ȕ?ɖʙ0ʦʼöͲ3í3 1 *-�D
ɿʉĲʡʇ̺3Őʬʦʼğ6ƿʎʦʼ

4Ƚ ºHǚ�Ȟǽ.�,șƵ�E,�CS���psi��y  (carbon 

nanotube (CNT))	��iRxO�3ƀΓǂȖȻȞǽ 22	_�S.��Pi��X

�[��3̕ĬȞǽ 23	ͪǘʛĲʡ˵HȖ DŝŪǂͮÄΨöũ  (porous 

coordination polymer (PCP)) 3Œĳ�ŝ��E,�D 24
ʀ1	Ĳʡ͂1ʙåǂ π

éƲΨöũ PF Hʎ�&ɿʉĲʡʇ̺3Őʬğ6ƿʎʦʼ4ɖʙ-�D
PF 4

ħ̚åΞŏ-Δ˿ʙåħ˵-åŬʛ	Γũʛʀǂ1áE�*	öåŬʛ1ΨȽ

ȵ͜ɍŲ�ħ˵-�D
̐ ΗĲʡ�& PF3ͮİǂüƹğ6ΨȽȵ͜H̝Ż D

�.4Ȟǽ̢̥ğ6åɿǂċȥʙʇ3̝ɵ�BΖƚ1ͱ̗-�D
ͮİǂ3ʦ

ʼ1*�,	2005ƝMisakiB4ǯǴ͎ð1AC PF8xL��HÊ̔�	PF8x

L��3͑ƣ� 300 cd/m23ΨÚåΔ˿ʙå PLEDs HÊ̔�&�.HŒĳ�&
25
ǯǴ͎ð4����HǍ˸ğ6ͮİ Dȁɒ-�C	ƆŜmLaz�MHË

ʎ DœĬ	tjWX��o3͑ƣ4ȔÅ 300 cd/m2 (1cd4�NeW 1ȝö3ȇ

D�) ƾ̗-�D
�3œĬ	͑ƣ3Őɩ4ɧ&�	Ŵʎǂ��D
;&	PF

4Şú�, 2 *3ʟHƯǍ D�.�ʣBE,�D
ʀ1	RWi�ÛͺŐ�

²®10)& PF3 βʟ3ʦʼŒĳ4ŝ�
βʟȵ͜4 πΓũ�͝0)&ȵ͜H

Ȗ D&>	ΓũȞǽ@ȖȻ��^�26	ps�M��2773ƿʎ�șƵ�E,

�D
2011Ɲ Da ComoB4aw�[�nɒ1ACÊ̔�& PḞ˸3 βʟ4P

U_n�ƄŇď1ACůç1͔� π ΓũˏHƯǍ�&�.HŒĳ�& 29
2015

Ɲ ShirakiB4x�R��ǺH n=9-27;-śď�" UV-visa}Wn�ɦŲH̍

�	¥ͺͼ. βʟȵ͜3΀ÑHȇB�1�& 28
 
� PF83ʙåʀǂ�BʟHĮŲ Dʦʼ?̍GE,�D
2004Ɲ ChenB4XRD

ɦŲ3˚ȥ�B PF8xL��H 130 °C�B 70 °C1΃ɥ D�.-ʟśď D

�.HŒĳ�,�D 30
2006Ɲ AsadaB4 PF8ɪɞHaw�[�nƶ Tg-Kq

�� D�.-ʙåͳũģʅ 70%3 PF8̇˸ (˸ę 100 nm) Ê̔1Ǎć�& 31


2008 Ɲ Peet B4K�U�ɡĈāôʉAC β ʟƯǍ3üƹH̩<&
$3˚ȥ	

o-U_��£3 PF8 1̼ɪŨ`��oRWg� (1,8-diiodooctane (DIO)) HɡĈ

�&œĬ	50%ʸ3 βʟHƸD�.1Ǎć�& 32
2015Ɲ PerevedentsevB4ö

ũͿğ6öũíȵ͜3 βʟ3ʾÈȵ͜Hʦʼ�&
PF8ğ6 P(F8:F1/4)Z�H
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Ê̔ƶ	PL	Differential scanning calorimetry (DCS)	Wide-angle X-ray diffraction 
 (WAXD)	Scanning electron microscopy (SEM) -ɦŲ�&
$E%E3Z�3

ÛͺŐ�ƞÉŬʛ1 β ʟʙʌ1Ź� D�.-ˏ�ŮŲď D�.�Œĳ�

E& 33
 

� ȶ�0ʀǂHʙʇ DĲʡ͂.Ĳʡā�˘<ĬG�E&Ψöũ̕ĬÈ4Ȟǽ

3<0B!̈ā@[a�˃73ƿʎƛ?Ɵ�	$EǷ	ΨöũĲʡ3�Sqb

�HʣD�.4ͱ̗-�D
2009 Ɲ Hinestrosa B4_�SŐȣ�-˹ƕ˘˫ď

�& Polystyrene-Polyisoprene (PS-PI) 3UrlLjWağ6l^�ƯǍ1˺D;

-3z�caHʦʼ�&
˚ȥ	PS-PI3Čʛ˦Ķ@ï˘˫ď3z�caHȇB

�1�&
PS-PI 4ɪɞ£�c�ʁǊHƯǍ D�ŐȞ1Ĳʡ�&΋	PS ��

c�£ƽ�BŜͫ7õʇ�	_�S̐Η7Ĳʡ D�.-K�S�3ƲĄHʭ

 �.HŒĳ�,�D 34
2010 Ɲ Ajiro B4 LBL ɒHʎ�,̐ΗĲʡ�&

it-PMMA/st-PMAA al�R[�z�jWa�B st-PMAA HǙõƶ	Ƀʔ�&

it-PMMA4 70 °C-śď4�0�� 90 °C-4˚ȍď D�.HŒĳ�,�D
35
2016 Ɲ Ostolska B4̐ΗĲʡ�&žʶǂ;&4Ζžʶ3 Lysine (LYS) .

Polyethylene glycol (PEG) 3MR�ǂy�jW[����3ʾÈȵ͜H̱8D�

.- pH3 3ͯǂȠ½�3œĬ	ͼͺ poly(L-lysine)x�X��n4̐Ηɖǂ]M

nH΂ŷ D�.Hʙ̘�& 36
2016Ɲ AlaghaB4ɉͯďK��qN�.��

KW��K�o3Ψöũ̕ĬÈ Al(OH)3-Poly(acrylamide) (PAM) 1��,	

QCMHʎ�,ĲʡUrlLjWaH̱8	öũͳ�ŗĈ1Á�Ĳʡͳ?ŗĈ 

D�.Hʭ�& 37
 

� »�AC	ɿʉĲʡʇ̺Hûʎ�&ŴΦ4µƶ; ; ʙƇ�,���.�

«ɦ�ED
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1-3-2. ̢ˆďŬŴΦ3Čİ  

� ͔Ɲ	̢ˆďŬ3ʙƇ1ACʉ̳	ŴΦ	$�,̢ˆďŬ�˂ 3 3Ǒɒ.�

,ɔʝHΎ>,�D
̢ˆďŬ1A),ƸBEDǆŒ4Ζƚ1ŝ�	ĲʡPr

�V�	öũ3ΨȽȵ͜	2Η̞˃��D
ʀ1	ďŬ˚ĬHÁG0�Åöũ@

Ψöũ3ɿʉĲʡ3̛̚ď1��,̢ˆďŬ4ƬĆ0k��.0C**�D


ɿʉĲʡ3̢ˆďŬ3ž̺4Şú�,Ĳʡā3_�S._�S»Ŝ1ö�BE

D
2015Ɲ PietropaoloB4ʠʽȠ½�1��,	K��xJa_�S�- PF8

�˹ʙʛ1�*�ȁİ̌Ȃ7͎ʷ DȶũH̢ˆïʇ�& 38
2016Ɲ KlonosB

4_�S̐Η3_�s��Ő-OH4 Polydimethylsiloxane (PDMS) 3¥ͺ.ɉ˓

˚ĬHƯǍ D�.- PDMS 3˚ȍďƣ.͡Čǂ3¡ȁHǕü-�D�.HŒ

ĳ�,�D 39
 

� �ȁ	_�S»Ŝ3Ĳʡ_����_��3Œĳ?ŝ��E,�C	X�x

JMn	CNT	K��p˃��D
2011Ɲ LoB4źƣɋ΀Ǻʉ̳ (DFT) Hʎ

�, γ-K��p̐Η73 H2S 3Ĳʡ_����_��H̍�	γ-K��p̐Η

3 H2S Ĳʡ1AD̐Η3ïȵˈ.ɉ˓˚Ĭ3ƯǊ4ɉͯŐ3Â˨ǢČ3_xn

�Ź��,�D�.HŒĳ�& 40
2016ƝMashioB4MDɒHʎ�,	X�x

JMn̐Η�73MR��s��3ɿʉĲʡ_����_��H̍��.1A

C	MR��s��3ű˵Őċȥ1*�,ʦʼ�&
$3˚ȥ	ɉͯŐ3Ȗɶ

1ACMR��s��3Ĳʡͳ	ͮİǂ	ĲʡPr�V��śď D�.HŒ

ĳ�,�D 41
2016Ɲ CaiB4MDɒHʎ�, CNT1ž D pyrene-polyethylene 

(Py-PE) 3Ĳʡ�Sqb�Hʦʼ�	ȳǂɪŨ N,N-dimethylacetamideHʎ�D�

.1AC	CNT�3 pyrene4[�uWn0ƯǊHȖ D�.HVyb3˹ʐP

r�V�.΀͝¹�,Ųͳʛ1̯ȇ�,�D 42
;&	[�w��g�3Ψǂ

˵ď1AC	̢ˆͳ�ŝ�ΨöũĲʡ_����_��3Œĳ?͔ƝŗĈÝİ

1�D
2016 Ɲ Yang B4Čʛ��lS��ɒHʎ�,	ĒƅȑǂΨöũ.Ɯ

ȣ3Ĳʡ_����_��HŴ̍�	̐ΗĲʡƶ3ĒƅȑǂΨöũ3˹ƕ˘˫

ď4Ψöũ.Ĳʡ̐Η3ʟ®Êʎ�Ş�0ƲĄHĖ>,�D�.HŒĳ�& 43


»��B	̢ˆďŬʛǑɒHʎ�&Åöũğ6Ψöũ3ɿʉĲʡ_����_

��4ʦʼǑɒ3¥ɗ10C**�D
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1-4. ɞʟɿʉĲʡŴΦ1Ëʎ�EDĲʡā  

1-4-1. K��p3ʹΡğ6̔ɒ  

� c��jWaˏȞǽ-�DK��p4ʥ́.¢I-Ȕ?ʦʼ�E,�DɶȻ

Ȟǽ3ή*-�D
K��p4 αȵ͜ğ6ɩŮŲ0 β	γ	η	δ	θ	κ	χȵ͜H

Ȗ D
ȴʕ-4�D�	»�1K��p3͎ʷͣʸHʭ 
 

AlOOH→γ→δ→θ→α-K��p 

K��p4��U]Mn£3 AlOOH (|��]Mn) �Bʌʍ�E	|��]M

n4 γ-K��p3ÿΥÈ-�CɩŮŲK��pH˙ʐ�,ɹĆŬʛ1ŮŲ0 α-

K��p1͎ʷ D
$3͎ʷͣʸ1��,	�-K��p@�-K��p4n�

gWlLjW1̍͞ D�.�Œĳ�E,�D 44
 

� K��p3ʌʍz�caH Figure 1-81ʭ 
��U]Mn1ɉͯďpn�N

�HɡĈƶ	Ĉņ	ɪ̋ D�.-	��U]Mn£3K��pǍö�ɪ�õ

 
$3ƶ	�ˑɿHΆĜ D¬-ɉͯďK��qN��ʌʍ�ED
�3£

�B	�ɪ0�ˑɿHΆĜƶ	K��p10D
ʌʍ�E&K��p4˲ɹǂ	

˲¦ǂ	˝˧ǂ	˷΢ǂ	Ψ�ȻȮʛƬƣ1áE&Ȟǽ-�D&>	c��j

Wa	T�a	Ĳʡā	̠Ũ˃1Ëʎ�E,�D
K��p4_�SAC?̮

Γʅ�Ψ�&>	_�S.3ǧ̠1��,	ɹĆŬʛ1ŮŲ-�D
$3&>

_�SŐȣ�1K��pHǺƉőʻ�& MOS ōΓʓċȥn��`ag (Metal 

oxide semiconductor field effect transistors (MOSFET)) 73ƿʎ?șƵ�E,�D
45
;&	K��p3͔͋0ƿʎÌ.�,	a��nxQ�3ƬďT�a3gj

iur�73ƿʎ�șƵ�E,�D
Rosales-SosaB4ͯ˓Ϳ1Ψ�̟ΐPr�

V�Edis=131 kJ/cm3 HȖ DK��p.ħ̚å-ΨƅǗʅHȖ Dg�g�ͯ 

Ta2O5HɠĬ D�.-ΨƭĆǂ3ƬďT�a 54Al2O3-46Ta2O5H;ʙ�&
46
 

 

 

 

 

 

 

 

 

 



 14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-8. Production process of alumina. 

"(�����

	�� �&�$�

�'# �

�
 

���: 
�%#�����%���
������

���

	���'#!�$�

���



 15 

1-4-2. K��p3ȵ͜ğ6ɿǂ  

� ¥1Ĳʡā.�,Ëʎ�EDK��p4Şú�, α-K��p. γ-K��p3

2ʹΡ-�D
α-K��p4ŔŐǂ-�*	ɇ̐Ηʻ� 4 m2/g-�D
�ȁ	γ-

K��p4£ǂ-�*Ζƚ1Ş��ɇ̐Ηʻ 90-120 m2/gHȖ D&>Ĳʡā.

�,ͨ�,�D
γ-K��pHͪǘ�&ʉʐ.�,	γ-K��p3˚ȍΗ3Pw

gU_�1AC β ʟöʅ�Ş��İ� D�.HșƵ�&ÊȲ¼̯1Ő+�ͪ

ǘ�&
Ĳʡā3ǂ͂H Table 1-31ʭ 
 

 

 

� K��xJa_�S. γ-K��p4$E%EPwgU_�ċȥ�ʗ0D
K

��xJa_�S3PwgU_�Si-O-Si 4ɶʵƠ-PwgU_�ċȥ�șƵ-

�0�31ž�	γ-K��p̐Η3̙ýʛ0 Al-O-Alͮø�B4PwgU_�ċ

ȥ�șƵ-�D
PF83 n-RWi�ÛͺŐ CH�Ĳʡā1̐ΗĲʡ�&΋1̐Η

1ūŇ Dʹƈ-ͯ˓Ěũͮø�̙ýʛ-�Dȁ�AC̐Η.ʟ®Êʎ�@ �

ΨȽȵ͜?ÔǞ�ED�.- βʟ�ƯǍ�Ȉ�.«ɦ�&
Figure 1-91 γ-K�

�p3ȵ͜Hʭ 
Ëʎ�& γ-K��p4ʾȁÈȼ·awr�ōȵ͜-�C	

K��qN�Ěũ4èΗÈ.�̞ͷ]Mn	ͯ˓Ěũ4ʾȁȔźãŕ1ͮø�

,�D 47
K��p4ɿʉʛǂ͂	ďŬʛǂ͂	ɥƣʀǂ1áE	ďʥ@tM

R�àɨ�BW���0Ǒɒ-ɺǽHʌʍ D΋3ĉ̠Ũ.�,Ȕ?ƛƟ�

Ëʎ�E,�C	ɴďɉ˓3ɉ˓ď 48	ͯď	ɉ˓ďˍ̔	ɉ˓ďö̟	ʥɐ

3öú	˹Č͌3ǥTa̙ü 49	Fischer-Tropsch (FT) ɒ 50��D
 
 

 

 

Table 1-3. Properties of the main adsorbents 

 _�S ŔŐǂ α-K��p £ǂ γ-K��p 

ŅÈȵ͜ K��xJa [��h� awr� 

ɇ̐Ηʻ [m2/g] 9.5 4.0 90-120 

ƿʎÌ gM�3ãŕā S��ãŕā ̠Ũ 

ǩÍ Ȣ±ĬǍ(ȧ) Ķåˑ̈ƒȲ(ȧ) Merck(ȧ) 
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Figure 1-9. Molecular structure of γ-alumina. Reprinted from J. Phys. Chem. B 

2002,106, 9359−9366.47 
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1-5. ƪ�ʟ®Êʎ  

1-5-1. CH/πʟ®Êʎ1*�,  

� 2000Ɲ»΃	CH/πʟ®ÊʎHŧ>. Dƪ�öũͿʟ®ÊʎH͹. Döũ

̢̥.ȵ͜üƹ	Ȼ˵ʙʇ�Ş�0ɔʝHΎ>,�D 51
şɷ3g�uW1Ì

ʭ�EDA�1	Ψöũ@͇öũ3ȵ͜ŮŲď.Ȼ˵ʙʇ˃1ʹ�3ƪ�öũ

Ϳʟ®Êʎ�ŝɵ-΀Ñ�,�D�.�Ƚ˂1ȇB�10C**�D
ɉ˓˚

Ĭ14Ƭ�ɉ˓˚Ĭ	ƪ�ɉ˓˚Ĭ	ƪ�ʟ®Êʎ��D 52,53,54
Ƭ�ɉ˓˚Ĭ

14 F-H/F	O-H/O	O-H/N˃��C	ƪ�ɉ˓˚Ĭ4 OH/π	CH/π	CH/O˃	

ƪ�ʟ®Êʎ4 π/π	C=O/N˃��D
$E%E�g�uW͂3ȵ͜ŮŲď@R

�xL�ͱĬ̠Ũɖǂ˃1΀G),�D
���	$EB3ʟ®Êʎ4Ζƚ1

ƪ�ŵɥ¹͔-4ɹʛǭB� (0.6 kcal/mol) 1AC	Ψöũȵ͜�ŸȈ1ʧř�

ED&>	�˽ʛ1ɪɞ£-3ȱõ4łΑ-�D
$�-	_����_��

@ X ˤ˚ȍȵ̟͜Ȥ	ȳÅɥ�-3öå̟Ȥ˃1ACƪ�ʟ®Êʎ3ūŇ�ʩ

̭�E,�D
ΖéȖ˚Ĭʛ0ʟ®Êʎ3ʹΡ.ĆH Table 1-41ʭ 55
 

 

 

 

Table 1-4. Representative non-covalent interactions and their strengths 

 ��� � (kcal/mol)�
van der Waals��� CH2 ••• CH2� 1�
����
�� F-H ••• F� 7�

O-H ••• O� 3 - 8�
O-H ••• N� 7�
N-H ••• F� 5�
N-H ••• N� 2 - 4�
N-H ••• O� 2�

����
�� O-H ••• π� 3�
C-H ••• π� 0.8-1.5�
N-H ••• π� 2�
C-H ••• O� 1-2�

C-H ••• F-C� 0.5�
��
��	�

�
π ••• π� 1.7 �

C=O ••• N� 3.2�
S ••• S� 0.5�
Se ••• F� 0.8-1.2�

C-F ••• Si� 0.001�
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1-5-2. ��x�R��3 CH/πʟ®Êʎ  

� PF 4vxOq�ȵ͜3x�R�� (Fluorene (FL)) �ˬC͕�ĔÄ-͝˚�

&ʞͺʁ3 π éƲΨöũ-�D 56
PF 3ˬC͕��s��ĔÄ-�D FL 3ö

ũȵ͜4	FLĔ˚ȍ3 Xˤȵ̟͜Ȥ1ACȇB�1�E,�D
Figure 1-101

öũȵ͜Hʭ 
FL4 2*3|�d�ʋ1ʞǧ˚Ĭ�& 1*3ɴ˓-ɴ˓Ϳ˚Ĭ 

((sp2)-(sp2)) . 1 *3�i��ɴ˓y�j` (C(sp2)-C(sp3)-C(sp2)) 1AC	2 *

3|�d�ʋ. 1 *3 5 ĸʋȵ͜�˨Ĭ�&ȳ>,ƜΗǂ3Ψ�ȵ͜HȖ�,

�D
���0�B FLʋĮŚ3ƜΗǂ@ǣEȵ͜3͆ɨ1΀ DʦʼÌ4ŝ�

0�
µŀËʎ�& PF8�qjn14	FL3 9,9Ä1 2×3 n-RWi�Ő�ƀ

æ�E,�D
�E4 n-RWi�Ő3¥&DƲĄ4	PF8 1ɪ̟ǂH¹� D

&>-�C	˾ɪŨ-�Dn�P�@W��~��14ŸȈ1ɪ̟ D
 

   

Figure 1-11. Illustrations of gauche (left) and trans (right) primary conformation. 

� PF�m�Hˊʕď�& n-yi�|�d�H Figure 1-111ʭ 
n-RWi�Ő

4 α-Äɴ˓1 FL�˭Ǫ�,�D.̘0 �.�-�	Νʖ1 FL3 βÄɉ˓�

n-K�U�Ő3 γÄ1žƿ D
n-RWi�Ő3 Cipso-Cα-Cβ-CγͿ3Ĕ˚Ĭ4˹ʐ

ŀ͎�,�C	ŵɥɪɞ£-4 transō. gaucheōͮƤ�̝ɦ�ED
n-RWi

�Ő3 gauche ōͮƤ4 γ-Ä�i��ɉ˓�|�d�ʋ�ͫ (;&4�ͫ) 1Ä

 

Figure 1-10. Chemical structure of a PF8 with numbered carbon atoms. 

n

α
β

γ
δ

1

3 4 5 6

8ipso ipso

RING� 1�

2�

3�

4�

5�

α�

β�

γ�

RING� 1�

2� 3�

4� 5�

α�

β�

γ�
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˭�,�D
�ȁ	FL 3 Cipso-C9Ϳ3Ĕ˚Ĭ4	ʾÈďŬʛ14ŅŲď�E,

�C	C9-Cα-CβͿ3Ĕ˚Ĭ3<˹ʐŀ͎�ħ˵-�D
$3&> FL1��,4	

ʾÈʛ1 FL 3 β-Ä�i��ɉ˓� FL 3�ͫ (;&4�ͫ) 1Ä˭ D folded

ōͮƤH˹ʙʛ1ƯǍ DA�10D
TaguchiB4�ǼK�U�ÛͺŐHƀæ

�& PF ʎ�	îÚå­˿ǂ (Circular dichroism (CD))/îÚåʙå (Circularly 

polarized luminescence (CPL)) Hz��y. D�.-	öũíğ6öũͿʟ®

Êʎ3̝ɵ�B PF̮ƀÈ3ΨȽȵ͜3ʦʼH̍)&
$3˚ȥ	PF3¥ͺ-K

�U�ÛͺͿ3öũí CH/πʟ®Êʎ3ȱõ1Ǎć�&�.HŒĳ�,�D 57
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1-6. ȝʦʼ3ļΟǩ͆ğ6ȵǍ  

1-6-1. PF8ɞʟɿʉĲʡ3ŴΦğ6ʉ̳ʛ̟Ͱ  

� ȝʦʼ-4ìōʛ0Ēƅȑǂ π éƲΨöũ-	ɪɞ£	ŅÈ£	Ĳʡ̐Η-

?Ƭ�ʙå D�.�ʣBED PF8Hʎ�,ɞʟɿʉĲʡŴΦğ6 MD̢ˆ	

QC̢ˆH̍)&
NakaoB4Ĳʡā1K��xJa_�S	Ĳʡ͂1öũͳö

ǹƣ� 3-5 3Ɵ� PF8 Hʎ�,ɿʉĲʡŴΦH̍)&�	öũͳöƗ�Ɵ �

&&>Ⱦʩ0ΨöũǂH̱8D�.4-�0�)&
$�-	ȝʦʼ3ʝʛ4

öũͳöʒ�&ʂ�öũͳöƗ3 PF8 �K��p˚ȍǂ̐Η.ƪ�ʟ®Êʎ-

ɿʉĲʡ�	ʀŲ3ΨȽȵ͜H˹ʙʛ1ƯǍ�,�D�.Hȱ̧�ȇB�1 

D�..�&
 

� ˂ 1 ʿ-4	ÅöũɿʉĲʡ�BΨöũɿʉĲʡ3˴Ȍğ6 Nakao B�̍)

&_�S̐Η73ΨöũɿʉĲʡ˃1*�,͖8&
 

� ˂ 2 ʿ-4	ŴΦʛ̝ɵ�B PF8 3ΨöũǂH̱8D&>1ÅöũͳöƗH

Ĳʡ̩ǽ.�&ΨȽȵ͜3öũͳÎūǂ	ė(	ΨöũċȥHȇB�1�&


öũͳŅȖ3ΨȽȵ͜HȇB�1 D�.4ɞʟɿʉĲʡǡČ3̟ȇ1˪�D


Åöǹƣ PF8 HĲʡ̩ǽ.�,	öúɎɄɒHʎ�,öũͳöʒ D�.-	

Åöǹƣ3 PF8H 3ʹΡƸD�.1Ǎć�&
öũͳöʒ�& PF8Hʎ�&ɞ

ʟɿʉĲʡŴΦ�B	Ĳʡͳ3ȊͿÎūǂ	ɰƣÎūǂ	ɥƣÎūǂ	ͱĬƣ

. PF83ΨȽȵ͜3ʟ΀H̟Ȥ�&
ʀ1	ͱĬƣ. PF83ΨȽȵ͜1΀�,	

ͱĬƣ�ŗĈ D1Á� βʟʐȡ3 PLEa}Wn�3ʟžƬƣ�ŗĈ D�.

�ȇB�10)&
;&	Ψöũ3Āʞǂ3ǟȸ-�D PF83 Kuhnͼ lk (lk=2q, 

Ǟ˞ͼ: persistence length (q)) .3ʟ΀?ı>,̨Ï�&
�ȁ	PF8�/3A�

0ɿʉĲʡȵ͜HƯǍ�,�D3�Hʗ0Dȁɒ�BŲǂʛğ6Ųͳʛ1öȤ

 Dƾ̗��D
 

� ˂ 3 ʿ-4	̢ˆďŬʛǑɒHʎ�,R�\x�R��Hn�P��Ň��

A6ūŇ�1��DɿʉĲʡʇ̺HMD̢ˆğ6 QC3Møller-Plesset (MP2) Ǯ

Čɒ1AD̢ˆH D�.-ɿʉĲʡʇ̺3ùșͣʸH̨Ï�&
ɿʉĲʡ3

ùșͣʸH̱8D�.-	ɿʉĲʡʇ̺çÈHŴΦ.ĬG",˚6*�D�.

�ħ˵10D�.HŒĳ D
ȝȡŴΦ-Ƹ& PF8 Hĝ˰1�&öũ�m�H

˘<ʾ,D8�-�D�	CPU 3ǂ˵�R�\x�R��Hg�Zjnöũ.

�&
̐ ΗĲʡ�&R�\x�R��3ΨȽȵ͜ƯǍ (Face-on, Edge-on, End-on)	

R�\x�R��3ÛͺŐȁİǂ3 vdWʟ®ÊʎH˰ǋ�	MDɒHʎ�,_
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����_���&
�E�B	R�\x�R��3 n-RWi�ÛͺŐ�x�

R��ʋAC?áäʛ1̐ΗĲʡ�	�*	¥ͺȵ͜4ùș-��h�	Ĳʡ

ƶ4�ȁİ1ǣEDÝİ1�D�.�̝ɦ�E&
;&	MP2 ̢ˆ1AC	x

�R��	x�R��hM��	n�P�	K��p˃HȵǍ DçĚũ3�

�Y�Γ̂HɊ>&
�E�B	Ʒȡ	x�R��ĮŚ4öũí C-H/H-C ʾÈ

Ģʙ1ACΖƜΗȵ͜10D.�E,�&�	MP2 ɒ1AC	C-H/H-C ĮŚʾ

ÈĢʙ3<0B!	öũí CH/πʟ®Êʎ?˹ʙʛ0ǣE3�Ł-�D�.�ʭ

Ĺ�E&
MD ̢ˆ. MP2 ̢ˆ˚ȥHĬG"D�.-	γ-K��p̐Η

Al(δ+)-O(δ-). FL 3 n-RWi�ÛͺŐ C(δ-)-H(δ+)Ϳ-ΨöũͺʀȖ3 CH/O ʟ

®ÊʎH̨Ï�&
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˂ 2ʿ  

ɞʟɿʉĲʡŴΦ1AD  

��x�R��3öũͳÎūǂ  
2-1. ˣ̡  

� ͺʁΨöũ4ƅȑǂΨöũ	ĒƅȑǂΨöũ	ĀʞǂΨöũ3 3 ʹΡ1ö�

BED
$E%E3ʀƼH Table 2-1 1ʭ 
ƅȑǂΨöũ4��ai�� 

(polystyrene (PSt)) @��Pi�� (polyethylene (PE))	ĒƅȑǂΨöũ4 PF1	

DNA	c���a̮ƀÈ
ĀʞǂΨöũ4B"I��_�� 2	ĔƉ CNT ˃�

�D
ɿʉĲʡ�&΋	ƅȑǂΨöũ4 Loop-Train-Tain ȵ͜ 3HƯǍ D
Ā

ʞǂöũ4 End-on (Ōʞͮİ) ;&4 Face-on/Edge-on (ɉƜͮİ) 3/(B��

ŮŲ-�D 4
�ȁ	ǥΆÈʻċȥ30�ĒƅȑǂΨöũ4<<!ͺ�m�-̐

ʇ D�.�-� 5	$3ɿʉĲʡƯǊ4ț'1ȇB�1�E,�0�
 

 

Table 2-1. Properties of polymers with different toughness 
 ƅȑǂΨöũ* ĒƅȑǂΨöũ** ĀʞǂΨöũ*** 

Ψöũ3ʹΡ 
PSt 

PE 

PF 
DNA 

c���a̮ƀÈ 

B"I��_�� 

ĔƉ CNT 

öũíŀ͎ ŸȈ @@łΑ Ζƚ1łΑ 
ƯǊśď ŸȈ @@łΑ Ζƚ1łΑ 

q [nm] �1 10-30 �30 
ɿʉĲʡ�&΋ 
*Loop-Train-Tailȵ͜HƯǍ. 
**�ȇ. 
*** End-on (Ōʞͮİ) ;&4 Face-on/Edge-onάɉƜͮİέ3/(B��ŮŲ (ujU�XP�n�w�). 
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� Ψöũ3Āʞǂ4 q -̐ʇ-�	Kuhn ͼ (lk=2q) 4 q 3 2 Ø3Ù-�D
q

4ΨöũŅȖ3Ù-�C	PF83œĬ	n�P�£ 25 °C-ː 10 nm-�D 1


Figure 2-11 PF83Āʞǂ3M�anğ6 PF83öũȵ͜Hʭ 
˹ ʐƣ3Ş�

�?ͺʁΨöũ3ƯǊśďĮŲHłΑ1�,�D
ͺʁΨöũ-�DĒƅȑǂ

Ψöũ4ĤCƸD˹ʐƣ�Ş��&>	Ζƚ1ŝ�3[�xQ��_��HǞ

(	ȊͿğ6ʽͿʛ1Ş�0ǭB�HȖ D
$3&>	ȳ>,˹ʐƣ3Ψ�

̕Ώ0ˏ-�D
Ì�5x�R��3˹ʐƣ?ȳ>,Ψ�
2ͳÈ3x�R��

-4ŀ͎ʗǂÈǺ� 4-�D31ž�,	100ͳÈ-4ŀ͎ʗǂÈǺ4 499-�

D�.�B?ʉ̟-�D
 

� ȝʿ-4Ĳʡ͂1Ēƅȑǂ πéƲΨöũ3 PF8	Ĳʡā1˚ȍǂ γ-K��pH

ʎ�,ɞʟɿʉĲʡŴΦH̍�	ͱĬƣğ6ɥƣśď1��D	̐ΗĲʡ�&

PF83ΨȽȵ͜HĮŲ�&
PF84öúɎɄɒ1ADöũͳöʒH̍�	öũͳ

öǹƣ�1.3-2.53ɇ͏ʛʂ�3ʹΡ3̩ǽHËʎ�&
�3ʦʼH̍��.-	

PF83ΨöũǂHȇB�1-�	ɞʟɿʉĲʡǡČ3ƶșͣʸ1��DΨöũͺ

3ŝɵĲʡ3̟ȇ�͞=.˰�&
 

 

 

 

 

 

 

 

 
Figure 2-1. Segmental illustration of a semiflexible polymer. 

C8H17 C8H17

n

0.7-0.8 nm�
��
�q�

Kuhn
  lk=2q 
���������� (q=10 nm)�

��������	
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2-2. ŴΦ  

2-2-1. öȤ̒˭  

Ëʎ�&öȤ̒˭ 

a)� ˕Ŝħ͔̈́̚Ŝöååƣ̢ (UV-VIS)  

öȤ̒˭: JASCO V550 (Ȅȝöå (ȧ)) 

ʥ́c�: 2 mm×10 mm 

ɦŲȠ½: ɪɞɦŲ 

ɦŲ��o: Abs 

�a��a: Medium 

t�oƛ: 5.0 nm 

ͅȦ͛ƣ: 100 nm/min 

;ŧɓͼ: 650 nm 

˗ªɓͼ: 250 nm 

Ĥ͓ͿΊ: 0.5 nm 

ʻˆŀǺ: 4ŀ 

 

b-1)� PLa}Wn�ɦŲ̒˭ 

Ċ͆t�oƛ: 3 nm 

̊åt�oƛ: 3 nm 

�a��a: 1 sec 

ǉƣ: low 

Ċ͆ɓͼ 360 nm 

;ŧɓͼ: 370 nm 

˗ªɓͼ: 710 nm 

Ĥ͓ͿΊ: 1 nm 

ͅȦ͛ƣ: 100 nm/min 

 

b-2)� PLEa}Wn�ɦŲ̒˭ 

Ċ͆t�oƛ: 3 nm 

̊åt�oƛ: 3 nm 

�a��a: 1 sec 

ǉƣ: low 
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̊åɓͼ 510 nm 

;ŧɓͼ: 290 nm 

˗ªɓͼ: 500 nm 

Ĥ͓ͿΊ: 1 nm 

ͅȦ͛ƣ: 100 nm/min 

 

c)� ƁƯÅɥǃɥĿ� �̃ΓȻP�`qK��X (ȧ) ̔ 

·ȶ: }�iOȁƦ 

üƹħ˵0ǃɥȷíɥƣ: 3 °C-65 °C 

 

d)� KUBOTAl�y�njzͧƽȻ 5420-¦ÔʏĻ¬ (ȧ) ̔ 

·ȶ: �MW�z�cj]üƹ 

ŀ͎Ǻ: 3000 rpm 

ŀ͎ȊͿ: 20 min 

 

e)� ƺͳΨ͛ñĘͧƽȻ-ȄʾƒȻ (ȧ) ōƦ 

ŀ͎Ǻ: 15000 rpm 

ŀ͎ȊͿ: 20 min 

 

f)� Gel permeation chromatography (GPC) ɦŲĿ-Shimadzu GPCLC-10Avp 

ʷČʟɪŨ: THF ʀ˒ (Wako) 

S��ɥƣ: 40 °C 

S��: PLgel 10 µm MIXED-B: Polymer Laboratories ̔ HPLCʎS�� 

S��ͼ: 300 mm 

ȸɩɿ͂: ȸɩ PSt (PStǪˆ-öũͳHˆõ) 

 

g)� ÅʠʽöȤͅȦΓũΠƺͻ-Ȅʾ (ȧ) ̔ 

Ĉ͛Γņ Vacc: 3.0 kV 

Extra voltage: 1.80 kV 

Small: HR 

Lens: 21.0 

WD: 6.6 

Focus: 6.0 
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2-2-2. Ëʎ̩ǽ  

� ȝʦʼ-4Ĳʡ͂.�, PF8Hʎ�&
PF8ȵ

͜ƦH Figure 2-21ʭ 
PF84 Sigma-Aldrich�

B̓æƶ	öúɎɄ�&?3Hʎ�&
öúɎɄ

1ADöũͳöʒ3ȁɒ4ƶ͖ D
»�1öú

ɎɄ-Ƹ& PF8 3ǺƜŊöũͳ (number average 

molecular weight (Mn))	ͱͳƜŊöũͳ (weight-average molecular weight (Mw))	

öũͳöǹƣ (Mw/Mn)	DPn	öũͼ (molecular length (lm)) H Table 2-21ʭ 


Ĳʡā4˚ȍǂ3 γ-K��p (Merckʯ ǩÍ) HËʎ�&
SEM̝Żğ6 Xˤ

ŀǗ (X-ray diffraction (XRD)) �& γ-K��p3ɿǂÙH Figure 2-3, 2-41ʭ 


Merckʯ3 γ-K��p3 1* 1*3ʞȁÈȵ͜4�Ų3Ş�� (ː 63-2000 µm)

-�C	ɇ̐Ηʻ (90-120 m2/g) �ȃʣ-�D
$3&>	ˋƴ3ƱΚ4ɇ͏ʛ

Ƃ0�.˰�BED
;&ɇ͏ž̺.�,¹͸ A 1�-K��p3 SEM ʒà.

XRDa}Wn�m�gH̤͐�&
 

 

 
Figure 2-2. Structure of PF8. 

Table 2-2. Data from GPC measurement 
Run  Mn/10-3 Mw/10-3 Mw/Mn DPn lm 

1 PF8-1 20.7 27.1 1.3 53 42 
2 PF8-2 37.9 77.0 2.0 97 78 
3 PF8-3 77.9 192 2.5 200 160 

  

Figure 2-3. SEM image of the γ-alumina. Figure 2-4. XRD spectra of the γ-alumina. 

Table 2-3. Properties of the γ-alumina 
 Particle diamter (µm) Specific surface area (m2/g) Surface structure 
γ-alumina 63-2000 90-120 Cuboid 

C8H17 C8H17

n

0
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γ−Al2O3

S
ca

tte
rin

g 
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te
ns
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2-2-3. ËʎɪŨ  

n�P�� a}Wn�f�� (DOJINDO) 

W��~��� ʀ˒ (Wako) 

Mez�us��� ʀ˒ (Wako) 

Pgs��� ʀ˒ (Wako) 

�gs��� ʀ˒ (Wako) 

THFʀ˒ (Wako) 
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2-2-4. öúɎɄɒHʎ�& PF83öũͳöʒ  

� öúɎɄɒ1AD PF83öũͳöʒ3ǑΝH Figure 2-51ʭ 
öũͳöʒ1

ʎ�& PF8 4¥1Ɩ̽ķHËʎ�&
ŵɥ-	PF8 H CHCl31ůç1ɪ̟�"

&ƶ	ƪ�̼ɪŨ-�DMez�us�� (2-propanol (IPA)) Hɫ� D�.-

PF83őʻɿHƸ&
PF8ɪɞ.őʻɿHöΐ�"D&>	_��`ğ6��y

��xL�g� (LS MitexTM Membrane Filter (Merck Millipore, Ireland)) Hʎ�,	

ĈņɱͣH̍)&
xL�g��1Ƀʔ�&őʻɿHŀģƶ	©ɻ�" GPCɦ

Ų (ȸɩɿ͂4 PSt Ëʎ) H̍�	Mn	Mw	Mw/MnHˆõ�&
ɱɞ4ïŀģ

�	Įȶ3ǳÊH£ʸƣ3̼ɪŨ-�DPgs�� (ethanol (EtOH))	Ƭ�̼ɪ

Ũ-�D�gs�� (methanol (MeOH)) 3Ν1̍)&
IPA	EtOH	MeOH 3

Ν1̼ɪŨHɫ��&ʉʐ4ɇ̮Γʅ3ƔHûʎ�,	PF83óΎÈͳHǕü 

D&>-�D
CHCl33ɇ̮Γʅ4 4.90	IPA4 19.9	EtOH4 24.6	MeOH4

32.7-�D
Table 2-41öũͳöʒ�,Ƹ&ͱĬƣ3ʗ0D 3ʹΡ3 PF8Hʭ

 
ͱĬƣ4x�R�� 1öũ3öũͳ 390 g/molHŐɩ.�,ˆõ�&
 

 

 

 

  

Figure 2-5. The formation of PF8 deposition. 

Table 2-4. Data from GPC measurement 

Run  Mn/10-3 Mw/10-3 Mw/Mn DPn lm 

1 PF8-1 20.7 27.1 1.3 53 42 

2 PF8-2 37.9 77.0 2.0 97 78 

3 PF8-3 77.9 192 2.5 200 160 

1. IPA 
2. EtOH 
3. MeOH 

PF8 solution in CHCl3�

GPC analysis 

deposition�

Filtration 

PF8 solution in CHCl3�
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2-2-5. PF83ɞʟɿʉĲʡŴΦ  

� K��p̐Η73 PF83ɞʟɿʉĲʡ3ǑΝH Figure 2-61ʭ 
PF8n�P

�ɪɞ3ɪɞͳ4 3 mL	ùɰƣ4 1.0×10-3 M1̥Ų�&
Ëʎ�&K��p]

Mb4 63-2000 µm3ʞȁÈʁ3?3HËʎ�&
K��p4 PF8ɪɞ1ž�,	

0.25wt/v%	0.50wt/v%	1.0wt/v%-̱̔�&
Ëʎ�&K��p3̐Ηʻ4 90-120 

m2/g (MerckʯACm�gǩÍ) -�D
ͱͳHˍź1ʴͳ�&K��pæC PF8

ɪɞ3tMK�1�XrijWag���HæE&
$3ƶ	M�U�|�g

�£3ag���-ǱǛ�&
M�U�|�g�3ɥƣ4 5-50 °C1̥Ų�	ͨ

ų]�z��XH̍)&
]�z��X4ë�3̥Ųɥƣ 5, 25, 50 °CɆ1̍)

&
]�z��Xƶ	K��p1Ĳʡ�& PF8.țĲʡ PF8Höΐ D&>	

ͧƽöΐȻ  (3000 rpm, 20 min) -ͧƽöΐ�"	�ɭ<ɞ3<H

polytetrafluorethylene (PTFE) _��`xL�g�  (Whatman, GE healthcare, 

Tokyo, Japan, 0.45 µm pore size) -ɱͣ�&
ɱɞH 2 mmʥ́c�1æE	˕Ŝ

 
Figure 2-6. Procedure of physisorption. 

PF8  
solution�

γ-Al2O3�

Mixing� Centrifugation 

0.45-µm pore PTFE 
membrane filter�

Washing 
with fresh 

toluene�

UV-visible spectral 
measurement�

PLE and PL  
spectral measurements�

3000 rpm 
2 times 

Drying�

To isolate PF8 solution  
and PF8 onto γ-Al2O3�

5 °C 
25 °C 
50 °C 

Weight of γ-alumina 
/Volume of solution 

0.25wt/v%� Four times �

0.50wt/v%� Two times�

1.0wt/v%� One time�



 35 

ħ̚ (UV-VIS) öååƣ̢-ɦŲ�&
ɪɞ£3 PF8-K��p3Ψöũ̕ĬÈ

4ȀΩ0n�P�Hʎ�,	mS�l�_��ğ6ͧƽöΐ (15000 rpm, 20 min) 

HˬC͕ �.-ɕɘ�&
đö©ɻ�"&Ψöũ̕ĬÈHʴĤ�	_�[�

X��a.ɠ#	T�aŐȣ�1Ψöũ̕ĬÈHŅŲ�"&
PLɦŲ̒˭ğ6

PLEɦŲ̒˭ (JASCO (Hachioji, Tokyo, Japan) V-550 and V-570) Hʎ�,	Ψö

ũ̕ĬÈHɦŲ�&
0�	UV-VISöååƣ̢	PLa}Wn�ɦŲ̒˭	PLE

a}Wn�ɦŲ̒˭3̫˖0ɦŲȠ½4ú͚̤͐�&
 

 

� PF8Ĳʡͳ4 Lambert-Beer3ɒý1Ʒ�	ƔöɒHʎ�,ˆõ�& 6
˙Ȋś

ď1��D PF8Ĳʡͳ3śďH Figure 2-71ʭ 
 

! = − log!"
!!"#
!!"

= !" = !"# 

!: Ĳåƣ  
!: ĲģÑǺ 

! [!"]: å͊ͼ  
! [!/(!"# ∙ !")]: ��ĲåÑǺ 

! [!"#/!]: ɰƣ 

!!": æſåƬƣ  
!!"#: ͙ͣåƬƣ  

 

� UV-VIS ɦŲ�&΋3ĲģƬƣ3Ɣö !"# ∆ = !"# ! − !"# !H̢ˆ�&


!"# !4ùɰƣ[PF8]03 UVƬƣ	 !"# !4͠ΐ�& PF83 UVƬƣ-�D
;

&	̐ΗĲʡ�& PF8ɰƣH [PF8]t.�	»�3ƦAC̢ˆ�&
 

 [PF8]! =
!"# ∆
!"# !

×[PF8]! 

[PF8]tAC	PF83�s��1�qjnƮ&C3öũͳ.·͓<ͳ3çÈͳ�B	

ĲʡͳHɊ>&
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Figure 2-7. Changes in UV-VIS absorption spectra at two typical physisorption times 

((t = 0 h) (blue line) and t = 3 h (red line)) of PF8 (1.0×10-3 M) with the γ-alumina in 

toluene 3.0 mL. 
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2-3. ˚ȥ.˰Ż  

2-3-1. ɞʟɿʉĲʡ3Ɯ̏ȊͿ  

� ĲʡƜ̏1ͥ DȊͿHǔǫ D&>	ɥƣ.ȊͿ1ADĲʡͳ73ƱΚH

ɦŲ�&
CuboidK��p3ɰƣH 0.25wt/v%	PF83ùɰƣH 1.0×10-3 M (PF

3�s���qjnǪˆ- DPn53) 1̥Ų�&
Ĳʡā.�,Ĉ�&K��pͳ

4 0.25wt/v%, 0.50wt/v%, 1.0wt/v%.�&
�3ɰƣɍŲ3ͣʸHTable 2-5, Figure 

2-81ʭ 
 

� 0.25wt/v%-4	Ëʎ�&K��pͳ4 7.5 mg-�D
K��p3ɇ̐Ηʻ�

90 m2/g-120 m2/g -�D&>	0.25wt/v%-Ëʎ�&K��p3ˡ̐Ηʻ4 7.5 

mg×90 m2/g=0.675 m2-�D
 

Table 2-5. Total surface area of the γ-alumina 

 0.25wt/v% 0.50wt/v% 1.0wt/v% 

γ-K��p3ˡ̐Ηʻ [m2] 0.675 1.35 2.70 

� �ȁ	PF8 ɪɞ3ɰƣ4 1×10-3 M -�C	ˏ£3 PF8 çöũ4 1.0×10-3 

M×(3/1000)=3×10-6 mol=1.8×1018-�D
PF8 1�qjnƮ&C3 Face-onȵ͜3

Ηʻ4 1.55 m2-�D.¼Ų�&œĬ 6	Ĉ�& PF8ͳ4Ĳʡā1ž�,ː 4Ø

ͳ-�D
0.50wt/v%, 1.0wt/v%?Įȶ1̢ˆ�&˚ȥ	0.50wt/v%-4 2Øͳ	

1.0wt/v%-4˃ͳ1ʟ˃ D
 

 
Figure 2-8. Cross-sections of three PF8 orientations on the surface. 

������������#% &'1!�������

�%$"�	
���90 m2/g�����
���2.7 m2 

1.55 nm2� 1.53 nm2� 1.33 nm2�

2.79 m2� 2.75 m2� 2.39 m2�

FL����
����������

0.25wt/v% 0.50wt/v% 1.0wt/v% 

�
���m2 0.675 1.35 2.7 

Face-on���� Edge-on���� End-on����
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� Figure 2-91ĲʡƜ̏1ͥ�& PF8ĲʡǡČ3X�xHʭ 
K��p 7.5 mg	

PF8n�P�ɪɞH 3 mḺ̔�	ɞʟɿʉĲʡŴΦH;ŧ�&
$3ƶ	PF8-

K��pn�P�ɪɞ3ɪɞͫöH 0.5	1	3ȊͿɆ1]�z��X�&
]�

z�4ͧƽöΐƶ	ɪɞͫö.̕ĬÈͫö1öΐ�	ɪɞͫö3<H UV-visɦ

Ų D�.-ĲʡͳHˆõ�&
$E%E 5 °C, 25 °C, 50 °C3 1, 3h3Ĳʡͳ1

ʡʝ D. 0.5 h�BĲʡƜ̏1ͥ�,�D�.�ʩ̭�E&
50 °C3Ĳ 

ʡͳ4Ƃ�t�kU��DA�1̘�D
�E4n�P�� 50 °C1��,Ψ�

͡ČǂHȖ�,�D&>	̐ΗĲʡ�& PF8 4ïɪ̟�Ò͞�E&&>'.˰

�BED
 

 

 

 

� »�AC	�E»ƶ3ŴΦ-4ʀ1ǿB0�΄C	ĲʡȊͿH 3 ȊͿ.̥Ų

�&
 

 

 

 

 

Figure 2-9. Amount of PF8 adsorbed onto the γ-alumina in toluene, [PF8]0=1.0×10-3 

M, monitored wavelength=411 nm. Data measured with the open circle (N=1). 
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2-3-2. Ĳʡͳ3ɥƣ•ȊͿÎūǂ  (DPn53) 

� DPn533Ĳʡͳ3ɥƣğȊͿÎūǂH̱8D&>ŴΦH̍)&
PF8n�P�

ɪɞ  (1.0×10-3 M) 3ɰƣH�Ų1�	K��pͳH 0.25wt/v%, 0.50wt/v%, 

1.0wt/v%.�&
Ëʎ DK��p4Ĳʡÿ1 90 °C1̥Ų�&ʠʽR�y�-

ː 2 h©ɻ�"&?3HËʎ�	ĲʡɥƣH 5 °C, 25°C, 50 °C1̥Ų�	PF8-K

��p̕ĬÈHÊ̔�&
0.25wt/v%, 0.50wt/v%, 1.0wt/v% DPn533Ĳʡͳ3X�

xH Figure 2-10, Figure 2-11, Figure 2-121ʭ 
�E4 2-3-1-ʭ�&X�x.

Į�-�D
0.25wt/v%�ɭ<ɪɞHΆĜ�&ƶ1Ƀ)& PF8-K��p̕ĬÈH

n�P� 3 mL- 3ŀɕɘƶ	©ɻ�"&
ΨöũĲʡ4ŝɵʟ®Êʎ�ß�.

˰�	ɕɘ1A),͠ΐ D PF84țĲʡ3 PF8.�&
]�z��XȊͿ4

0.5 h, 1.0 h, 3.0 h.�&
 

 

 

 

Figure 2-10. Amount of PF8 of DPn53 adsorbed onto the γ-alumina 0.25wt/v% in 

toluene, [PF8]0=1.0×10-3 M, monitored wavelength=411 nm. 
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Figure 2-11. Amount of PF8 of DPn53 adsorbed onto the γ-alumina 0.50wt/v% in 

toluene, [PF8]0=1.0×10-3 M, monitored wavelength=411 nm. 

 

Figure 2-12. Amount of PF8 of DPn53 adsorbed onto the γ-alumina 1.0wt/v% in 

toluene, [PF8]0=1.0×10-3 M, monitored wavelength=411 nm. 
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� 0.25wt/v% DPn53 ˏ-4	¸3 0.50wt/v%	1.0wt/v%.ɇ͏�,	Ĳʡͳ� 1

ȫʸ�Ȇ�&
Ĳʡā3ˡ̐Ηʻ3ː 4 Ø3 PF8 �ˏ£1ūŇ D�.-Ĳʡ

ͳ�ŗĈ�&.˰�&
5 °C	25 °C	50 °C1��Dɥƣśď4 DPn533Ĳʡ

ͳ1ƱΚH��0��.�ʭĹ�E&
 

 

Ĳʡͳ3ɥƣ•ȊͿÎūǂ  (DPn97) 

� Ƚ1öúɎɄɒ1ACöũͳöʒ�& DPn97 3Ĳʡͳ3ɥƣğȊͿÎūǂH

̱8D&>ɞʟɿʉĲʡŴΦH̍)&
DPn974 Kuhnͼ3ː 4Ø1ʟƮ D


ɞʟɿʉĲʡŴΦȠ½4ÿΜ.Įȶ1 0.25wt/v%	0.50wt/v%	1.0wt/v%	ɥƣ4

5 °C	25 °C	50 °C-̍)&
DPn973Ĳʡ˚ȥH Figure 2-13, Figure 2-14, Figure 

2-151ʭ 
 

 

 

 

Figure 2-13. Amount of PF8 of DPn97 adsorbed onto the γ-alumina 0.25 wt/v% in 

toluene, [PF8]0=1.0×10-3 M, monitored wavelength=411 nm. 
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Figure 2-14. Amount of PF8 of DPn97 adsorbed onto the γ-alumina 0.50wt/v% in 

toluene, [PF8]0=1.0×10-3 M, monitored wavelength=411 nm. 

 

 

 

 

Figure 2-15. Amount of PF8 of DPn97 adsorbed onto the γ-alumina 1.0wt/v% in 

toluene, [PF8]0=1.0×10-3 M, monitored wavelength=411 nm. 
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� çÈʛ1Ĳʡͳ�ŗĈ�&�.�̝Ż�E&
1.0wt/v%-?Ζƚ1Þ�-4�

D�Ĳʡͳ3ŗĈ�̝ɦ�E&
�E4ΨöũͺʀȖ3ŝɵĲʡ1AD?3'

.˰�BED
ͱĬƣ�ŗĈ D1Á�	ΨöũͺĮŚ3 vdWĆ�ŗĈ�	̐

ΗĲʡƶ3 PF8 3x�R��ʋĮŚ� π-π agjU�X D�.-Ĳʡ]Mn

1ʽ��-�	Ĳʡͳ3ŗĈ1˪�)&.˰�BED
 

 

Ĳʡͳ3ɥƣ•ȊͿÎūǂ  (DPn200) 

� Ƚ1öúɎɄɒ1ACöũͳöʒ�& DPn200 3Ĳʡͳ3ɥƣğȊͿÎūǂ

H̱8D&>ɞʟɿʉĲʡŴΦH̍)&
ÿΜ.Įȶ	PF83öũͳ�ŗĈ D

.	Ĳʡͳ?ŗĈ D�.�«ɦ�ED
$3&>Ȓ1ͱĬƣ�Ş�� DPn200

3 PF8 Hʎ�D�.- PF8 Ĳʡͳ3śďH̝Ż�&
PF8 3öũͳ�ŗĈ D

.	Ĳʡͳ?ŗĈ D�.�«ɦ�ED
$3&>	Ĳʡ͂.�,öũͳöʒ

�& DPn2003 PF8Hʎ�,ĲʡǡČH̝Ż�&
Ĳʡ˚ȥH Figure 2-16, Figure 

2-17, Figure 2-181ʭ 
 

 

Figure 2-16. Amount of PF8 of DPn200 adsorbed onto the γ-alumina 0.25wt/v% in 

toluene, [PF8]0=1.0×10-3 M, monitored wavelength=411 nm. 
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Figure 2-17. Amount of PF8 of DPn200 adsorbed onto the γ-alumina 0.50wt/v% in 

toluene, [PF8]0=1.0×10-3 M, monitored wavelength=411 nm. 

 

Figure 2-18. Amount of PF8 of DPn200 adsorbed onto the γ-alumina 1.0wt/v% in 

toluene, [PF8]0=1.0×10-3 M, monitored wavelength=411 nm. 
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0.25wt/v% DPn2003œĬ	5 °Cğ6 25 °C�Ȕ?Ĳʡͳ�ŗĈ�&
�E4 PF8

3öũͳ�Ş��.ŝɵĲʡ�Ȉ�	̐ΗĲʡƶ? PF8 ĮŚujU�X D�

.-	ΨȽȵ͜�ÔǞ�Eïɪ̟�1��0D&>'.˰�BED
;&	Ų

ͳʛ1˰Ż D.	ɥƣÅ�1ACͱĬƣ�Ş�� DPn2003 PF84͡Čǂ�Ǖ

ü�ED�.-	P�n�w��ɣƂ�	Vyb3˹ʐPr�V��̻.0D

&>Ĳʡͳ�ŗĈ�&
$�,	ͱĬƣ�Ş��ʸ	�EB3ĲʡǡČ4Π̅

10DÝİ��D.˰�BED
�ȁ	50 °C3 PF8Ĳʡͳ4¸.ɇ͏�,Ƃ0

�)&
�E4ɪŨ3͡ČǂŗĈ1AC	̐ΗĲʡ�& PF8 3ïɪ̟�Ò͞�

E&&>'.˰�BED
 

� PF83 q4n�P�£ 25 °C3œĬ	ː 10 nm	ė(	Kuhnͼ lk= 2q=20 nm (q

Ù4x�R���qjn 12-141ʟƮ D) -�D
ĒƅȑǂΨöũ PF83ǗE

ȑ�Cȯ4 lmğ6 lk-̐ʇ-�	DPn53 4 lm/lk=2	DPn97 4 lm/lk=4	DPn200

4 lm/lk=8 -�D
vdW Ć@ΕΓɈĆ-Ĳʡ D΋4Vyb3˹ʐPr�V�

ΔG=ΔH-TΔS-̤͖�ED
�˽ʛ1Ĳʡ͂�̐Η1ɿʉĲʡ�&œĬ	P�n

�w�ΔS<04Å� D
�ȁ	˹ ʙʛ1̍͞ D&>14 ΔG=ΔH-TΔS<0ė(	

P�g�w��Ş��Å� (ΔH<04ʙɹͣʸ)  Dƾ̗��D
�3œĬ	ɿ

ʉĲʡ�˹ʙʛ1̍͞ D&>14 lm/lkÙ� 4 »�3Ȋ1P�g�w��Ş�

�Å� D�.-Ĳʡͳ�ŗĈ�&.ǨŻ�ED
;&	1.0wt/v%3A�0ʟž

ʛ1K��pͳ�ŝ�ˏ1��,	K��p4óΎ�	K��póΎÈ�ǧ̠

 D�.1AC̐ΗĲʡ�& PF8 �Ăΐ�&&>Ĳʡͳ�Ζƚ1Ƃ0�)&.

˰�BED
;&	PF8 3öũͳ�Ɓ��œĬ	n�P�öũ1AD PF8 73

ɪŨĶ�ÛͺŐAC?ǵͮʛ.0C	γ-K��p̐Η1Ĳʡ�,�& PF8�n�

P�ɪŨ£73ïɪ̟�Ò͞�E&˚ȥ	Ɂ/Ĳʡ�0�)&.˰�BED
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2-3-3. PF83ͱĬƣ. βʟöʅ3ʟ΀  

0.25wt/v%ˏ  

� ͱĬƣ. β ʟöʅ4źǧ0΀Ñ��D
ʀ1	ʂ�öũͳöƗ3 PF8 HËʎ

�&ɞʟɿʉĲʡ3Ψöũǂ	ė(	öũͳÎūǂH̟Ȥ�˰Ż D�.4Ȟ

ǽʲŬʛ1Ζƚ1ͱ̗-�D
$�-	öúɎɄɒ1ACöũͳöʒ�&ʂö

ũͳöǹƣ3 PF8 (Mw/Mn=1.3-2.5) HËʎ�,Ƙ̇ɪɞ-Ψöũ̕ĬÈHÊ̔�	

̐ΗĲʡ�& PF83ΨȽȵ͜H PLEğ6 PLɦŲğ6̟ȤH̍)&
 

  

  

  

Figure 2-19. PLE (left) and PL (right) spectra of PF8 on the γ-alumina (0.25wt/v%). 
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� öũͳöʒ�& PF8 HËʎ�	ʴͳ�&K��p3ˡ̐Ηʻ3 4 Øͳ1Ù 

D PF8H̥Ų�& (PF8� Face-on3œĬHŐ1̢ˆ)
0.25wt/v%-ĲʡŴΦƶ	

Ê̔�& PF8-K��p3Ψöũ̕ĬÈH PLE a}Wn�ɦŲ (̊åɓͼ 510 

nm)	PLa}Wn�ɦŲ (Ċ͆ɓͼ 360 nm) H̍)&
PLEa}Wn�ğ6 PL

a}Wn�3˚ȥH Figure 2-191ʭ 
 

� PLEa}Wn�3 380 nm-400 nm¹͔1 α(0-0) band	430 nm¹͔1 β(0-0) band

Hʩ̭�&
ʟžöʅ4 PLEa}Wn�3 αʟʐȡ (400 nm) 3w�WH̙Ȫ

ď�w�WƬƣH̢ˆ D�.- β ʟ3ʟžöʅHˆõ�&
β ʟöʅ3ÙH

Table 2-6	Figure 2-201ʭ 
 

βʟöʅ = 430 nm PLE int. (βʟ)
400 nm int. αʟ + 430 nm PLE int. (βʟ)

 

 

Table 2-6. Relationship between DPn and the β-phase fraction (0.25wt/v%) 

 DPn53 DPn97 DPn200 

5 °C ≒0 32.9 29.8 

25 °C ≒0 34.0 36.4 

50 °C ≒0 36.8 24.5 

 
Figure 2-20. Fraction β-phase of PF8 on the γ-alumina (0.25wt/v%). 
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� DPn53ˏ3 PLEa}Wn�AC	ƯǍ�E&ʟ4Ɂ/ αʟ-�D�.Hʩ̭

�&
DPn53 3 PF8 4Ĳʡƶ	ujU�X D�.-Ş�0ĄĬ3 β ʟHƯǍ

 D.«ɦ�&
���	PF84Ĉ�&K��p3ˡ̐Ηʻ3 4Ø1?΀GB!	

βʟHɁ/ƯǍ�0�)&
DPn534 lm/lk=2-�D&>	PF8ÛͺĮŚ�ujU

�X�1��	ujU�X�,?ʞ(1̐Η�B͠ΐ�&�B'.˰�&
ú

3̝ɵ-4	ÅͱĬƣ3 PF8 -4Ĳʡā̐Η.3öũͿĆ�ƪ�	˚ȥʛ1Ĳ

ʡͳ�Ƃͳ10)&&>	βʟ�Ɂ/ƯǍ�"!	αʟ�ƯǍ�&.?˰�BE

D
 

� ɥƣÎūǂ1΀�,	PF8ɪɞ3ɥƣHë�5 °C	25 °C	50 °C1̥Ų�	Ê

̔�&Ψöũ̕ĬÈ3 PLE ğ6 PL a}Wn�ɦŲH̍)&
DPn53 -4ɥƣ

1ADΠ̅0a}Wn�śď�̘BE0�)&�	DPn97. DPn200-4a}W

n�śď�̘BE&
DPn97-4ɥƣśď1AC 30%ʸ3 βʟHƸ&
DPn200

-4ŝƂ3t�kU4�D�	30%ʸ3 β ʟHƸ&
�E�B	0.25wt/v%1�

�,	DPn53 -4ɥƣ1΀Ñ0� β ʟ�ƯǍ�0��.�ʭ�E&
DPn97 .

DPn200-4ë�3 lm/lk� 4;&4 8-�D�B	βʟƯǍ14΁Ù�ūŇ�	

$3΁Ù4 lm/lk� 2. 43Ϳ1ūŇ D�.�ʭĹ�E&
 

� ȝˏ4K��pˡ̐Ηʻ1ž�,	PF8� 4Øͣă-ĲʡŴΦH̍)&
�ȁ	

ˏ� 2 Øͣăğ6˃ͳ-4/3A�0ĲʡǡČHʭ �H̝Ż D&>	$E

B3ɿʉĲʡŴΦ?̍)&
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0.50wt/v%ˏ  

� öũͳöʒ�& PF8HËʎ�,	0.50wt/v%-ĲʡŴΦƶ	Ê̔�&Ψöũ̕

ĬÈH PLEa}Wn�ɦŲ (̊åɓͼ 510 nm)	PLa}Wn�ɦŲ (Ċ͆ɓͼ

360 nm)H̍)&
ĲʡȠ½4ʴͳ�&K��p3ˡ̐Ηʻ32Øͳ1Ù DPF8

H̥Ų�& (PF8� Face-on3œĬHŐ1̢ˆ)
PL	PLEa}Wn�ɦŲ3˚

ȥH Figure 2-211ʭ 
 

  

  

  

Figure 2-21. PLE (left) and PL (right) spectra of PF8 on the γ-alumina (0.50wt/v%). 
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PLEa}Wn�3 380 nm-400 nm¹͔1 α(0-0) band	430 nm¹͔1 β(0-0) band

Hʩ̭�&
βʟʟžöʅH Table 2-7	Figure 2-221ʭ 
 

� DPn533 PLEa}Wn��B	ƯǍ�E&Ɂ/3ʟ4 αʟ-�D�.Hʩ̭

�&
�3ʉʐ.�,ÅͱĬƣ3 PF8 4Ĳʡā̐Η.öũͿĆ�ƪ�	ïɪ̟

�Ò͞�E&˚ȥ	βʟ�Ɂ/ƯǍ�E0�)&.˰�,�D
���	DPn53 

50 °C3PLEa}Wn1��,	Þ�-4�D� βʟʐȡ3w�W�̝Ż�E&


�E4¼1 0.1%3 βʟ� αʟ1Ŏ>͓;E,�DœĬ	PLa}Wn�14	t

�oV�jz3Ş�0 α ʟ�Bt�oV�jz3Ɓ�0 β ʟ73Pr�V�ʷ

Č1AC	αʟ. βʟ�B3ʙå3ͱ2ĬG".0D&>Þ�1ʙå�̝Ż�E
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DPn97. DPn2003 βʟöʅ4 0.25wt/v%.ɇ͏�,Å��,�D�.�ʭ

Ĺ�E&
�E1*�,¼̯-4�D�	PF8 4̐ΗĲʡƶ	vdW Ć�ß�ˇ

Ń1��,	΍CĬ� PF84ujU�X D
���	΍CĬ� PF8ĮŚ-4

�D�	®�3͈ΐ�ͧ�	vdW Ć�Êʎ�0�&>	ujU�X D�.0

Table 2-7. Relationship between DPn and the β-phase fraction (0.50wt/v%) 

 DPn53 DPn97 DPn200 

5 °C ≒0 26.1 28.6 

25 °C ≒0 25.3 33.5 

50 °C ≒0 24.7 22.5 

 
Figure 2-22. The β-phase fraction of PF8 on the γ-alumina (0.50wt/v%). 

0

10

20

30

40

50

0 50 100 150 200 250

5 °C
25 °C
50 °C

Fr
ac

tio
n 

of
 β

-p
ha

se
 (%

) 

Number average DPn

lk
=2

0 
nm

 (2
5 

°C
)

0.50wt/v%_5, 25, 50 °C



 51 

�¨Ώ0ΨȽȵ͜HƯǍ�&
�E� β ʟöʅ3ŗɣ1ċ�,�D.˰�BE

D
̡�Ǫ�D.	Ĳʡ]Mn1ž�, PF8 � 2 Øͣă-�D.	̐ΗĲʡƶ

3 PF8ĮŚ3óΎĆ�ƪ�&>1 βʟöʅ�Å� D.?˰�BED
 

 

1.0wt/v%ˏ  

� öũͳöʒ�& PF8 HËʎ�, 1.0wt/v%-ĲʡŴΦƶ	Ê̔�&Ψöũ̕Ĭ

ÈH̊åĊ͆a}Wn�ɦŲ (PLE	̊ åɓͼ 510 nm) ğ6̊åa}Wn�ɦŲ 

(PL	Ċ͆ɓͼ 360 nm) H�&˚ȥH Figure 2-26	Figure 2-27	Table 2-81ʭ 
 

  

  

  

Figure 2-23. PLE (left) and PL (right) spectra of PF8 on the γ-alumina (1.0wt/v%). 
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Figure 2-24. Fraction β-phase of PF8 on the γ-alumina (1.0wt/v%). 
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Table 2-8. Relationship between DPn and the β-phase fraction (1.0wt/v%) 

 DPn53 DPn97 DPn200 

5 °C ≒0 20.5 22.5 

25 °C ≒0 21.9 23.9 

50 °C ≒0 9.91 18.6 
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DƱΚHĥ�Ȉ��.�ʭĹ�E&
DPn97 1��,	ɥƣ�Ȇ1AC	΍C

Ĭ�x�R��ʋĮŚ3͡Čǂ�ŗĈ D�.-	P�g�w���Ȇ�	βʟ

�Å��&.˰�BED
�ȁ	DPn200-4	DPn97.ɇ͏�,¥ͺ�Āʞ-

�D&>	ɹ1ADƱΚ4�;Cĥ�!	΍CĬ�x�R��ʋĮŚ3͡Čǂ

4 DPn97.ɇ8,Ψ�0�
$3&>	Į� 50 °C-?	βʟöʅƔ�ː 2Øͦ

)&.˰�BED
;& Gennes1ACŒĳ�E&ȔŞ��zKNnǺ3̢ˆƦ
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2-4. ȝʿ3;.>  

� ȝʿ-4˚ȍǂ γ-K��pHĲʡā.�,	ΨöũĲʡ3ΨöũǂHŴΦΗ

�Bʦʼ�&
PF8HöúɎɄɒ1ACöũͳöʒ D�.-	öũͳöǹƣ3

ʂ� PF8H 3ʹΡƸ&
PF84 DPn53 (Mw/Mn=1.3)	DPn97 (Mw/Mn=2.0)	DPn200 

(Mw/Mn=2.5) -�)&
�EB3 PF8Hʎ�,Ĳʡͳ.ɥƣ3΀Ñ	ͱĬƣ. β

ʟöʅ3΀ÑHȇB�1�&
 

� PF83ùɰƣHŅŲ�	γ-K��pͳ4 0.25wt/v%	0.50wt/v%	1.0wt/v%1̥

Ų�&
PF8 1�qjnƮ&C3Ηʻ1ž�,	K��p3ˡͳ4 0.25wt/v%4

4Ø	0.50wt/v%4 2Ø	1.0wt/v%4˃ͳ1̥Ų�&
 

� DPn53 (lm/lk=2) 1��,	PF84Ɂ/Ĳʡ�0�)&
DPn533 PF84 Kuhn

ͼ�ː 2-�D�.�B	PF8.K��pͿ1Ĳʡħ˵0 vdWĆ�ß�0�)

&&>Ɂ/Ĳʡ�0�)&�.�˰�BED
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gjU�X D�.-Ĳʡ]Mn1ʽ��-�	ĲʡͳŗĈğ6 β ʟŗĈ1˪

�)&.˰�BED
;&	ɥƣ�Ȇ1ACĲʡͳğ6 β ʟöʅ�Å� DÝ

İ��D�.?ʭĹ�E&
�E4 FL�qjn3͡Čǂ�ŗĈ D�.-	u

jU�XĆ�ƪ;C	βʟȵ͜HƯǍ DAC? αʟȵ͜HƯǍ Dȁ�P�g

�w�ʛ1Ȗû-�D.̟Ͱ�&
Ȓ1	DPn53. DPn97Ϳ1 βʟ3΁Ù�ū

Ň D�.�ȇB�10)&
Ψöũͺ4 Kuhnͼ-̐ʇ D�.-ǗEȑ�C

ȯ.�,ˏHĔˑď-�	˹ʐ͝˚ͺ.̘0 ¬�-�D
$E%E3΁Ù3

M�anH Figure 2-251ʭ 
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K��p̐Η�3ʽ�]MnHʌǍ D&>	ĲʡͳŗĈğ6 β ʟŗĈ1˪�
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Figure 2-25. Relationship between Kuhn length and packing tendency of PF8. 
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˂ 3ʿ  

̢ˆďŬHʎ�&ɿʉĲʡʇ̺3̟Ȥ  
3-1. ˣ̡  

� ͔Ɲ	[�w��g_����_��3ž̺4Åöũ'�-0�	öũͳ� 1

�»�3R�\��@öũͳ� 1 �»�3����1?ɓğ�,�D
Ʈʦʼ

ŵ3 Fujiki B4��x�R��3�m�R�\��-�D 9,9-dimethylfluorene 

trimer 3 H-H Ϳ3ʟ®Êʎ3̢ˆğ6 Poly(9,9-di-n-octylfluorene-2,7-vinylene) 

(PFV) @ Poly[(9,9-di-n-octylfluorene-2,7-diyl)-alt-yleneethynylene] (PFE) 3�m�

3R�\��3ʾÈͮƤʗǂÈ3ŀ͎ΌŘ3̢ˆH̍�	óΎʁǊ1��DȔ

ŮŲȵ͜H˰Ż�&
$3R�\x�R��ȵ͜H Figure 3-11ʭ 
 

� �3A�1̢ˆďŬ�˂ 3 3Ǒɒ.�,ɔʝ�EDA�10),�,�C	

̢ˆʛǑɒHʎ�&öũͿʟ®Êʎ@ŮŲǂ3̨ÏH�&Œĳ��E,�,�

D 1
 

� ÿʿ-4ĲʡŴΦ�B̐ΗĲʡ�& PF8 3Ĳʡȵ͜H̟Ȥ�&
ĲʡŴΦ3
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H̝Ż�&
MD ɒ.4öũHȵǍ DĚũȨ.ΓũʁǊH Born-Oppenheimer

͔Ã D�.-ĚũȨ.ΓũHöΐ�	ĚũȨͿĮŚ3�l�_��Pr�V

�3Ķ3΀Ǻ-̐ʇ Dȁɒ-�D
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Figure 3-1. Structures of PFV (left) and PFE (right). 
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Figure 3-2. Steps of molecular dynamics simulation. 
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Figure 3-3. Schematic views of three typical orientations of PF8 on the γ-Alumina 

surface. 
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+ 12 !! 1− ! cos!" + 12 !! !! 

+ !!!! ! − !! !! − !!!  

+ !!!! ! − !! !! − !!! + !!" ! − !! ! − !!  

+ !!!!! cos! ! − !! !! − !!! + !!!! !!! 

+ !
!!" −

!
!! +

!!!!
!  

 

V: �l�_��Pr�V�̐Η 

Db, H0, Hϕ, Hϕ, Fij: öũíśď1žƿ DĆ3ŲǺ-�D  

A�A6 B: Ζ˚Ĭ3Ģʙ.öǹʟ®Êʎu���g 

qi�qj: ͫöʛΓ̂ 
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Distance of covalent 

bond section 

Angle of covalent bond 

section 

Torsion angle section 

 

 

  

Lennard-Jones potential Repulsive and Disperse 

� V 4�l�_��Pr�V�̐Η-�C	íͫ˹ʐƣ.Ζ˚Ĭ͈ΐ3΀Ǻ-

̐ʇ�ED
˚ĬÂ˨;&4ņ˨ b, b0, b’	ƅȑ̞	ǣE̞	ΗŜśƯ	˚Ĭś

ƯͿ3Sjz��X4 θ, θ0, θ’	ΗŜśƯ3Sjz��X4 φ0	!4-1;&4+1

-�C A�A6 B4Ζ˚ĬĚũͿ3öǹʟ®Êʎ	Ζ˚ĬĚũͿ3W���ö
ũíʟ®Êʎ-�D
u���g!! , !!, !! , !! , !!"4öũíśď1žƿ D
Ć3ŲǺ-�D
!!�!!4ͫöʛ0Γ̂-�D 7
 
 

� ĚũͿʟ®Êʎ�l�_��ɍŲƶ	q��n�3͡ČȁʸƦACĚũͿ1

ß�ĆH̢ˆ�&
 

!!
!!
!"! !! ! = !!(!)   (! = 1, 2, 3,⋯ ,!) 

!!: !ʖʝ3Ěũ3͂ͳ 

!!: !ʖʝ3Ěũ3Ä˭|Wn� 

!!(!): !ʖʝ3Ěũ1Êʎ DĆ 

!: çĚũǺ 
 

θ0

φ0

repulsive disperse

b0
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3-2-2. γ-K��p̐Η1��DR�\x�R��3ΨȽȵ͜  

� 9,9-di-n-octylfluorenyl-2,7-diyl (F8) Hʎ�,20ͳÈ3R�\x�R��H�m

��Xƶ	ȵ͜ȔͨďHŴ̍�&
ȵ͜Ȕͨď�&R�\x�R��H γ-K�

�p�1cjn�	ʠʽ�-_����_��HŴ̍�&
̢ˆȊͿ4 8 [K

- 53ȊͿH̗�&
̢ˆ˚ȥ3apjz_�jn (0 ns, 0.12 ns, 0.25 ns, 0.50 ns) 

H Figure 3-4, Figure 3-51ʭ 
 

  

  

Figure 3-4. Simulation of fluorene 20-mer on γ-alumina during adsorption. 

 

 

Figure 3-5. Simulation of fluorene 20-mer on γ-alumina adsorption 

(zoomed up image at 0.50 nsec). 

 

 

0 ns� 0.12 ns�

0.25 ns� 0.50 ns�
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� ʠʽ£3 CVFFĆœ1��,	1ȝͺ3R�\x�R��3 γ-K��p̐Η7

3ɿʉĲʡǡČH_����_���&
_����_��˚ȥAC	R�\

x�R���̐ΗĲʡ D΋1»�3 2 *3ʇ̺�͆�,�D¬�Ȁ&1̭>

BE&
 

(i) ÛͺŐ3RWi�Ő� FLʋAC?áäʛ1Ĳʡ 

(ii) ̐ΗĲʡƶ	R�\x�R��3Ĳʡȵ͜�ÔǞ 

� �3ĚŁ.�,(i) x�R��ʋ�3 πΓũ.K��pͿ3ΕΓʟ®ÊʎAC

?	FLʋ3ÛͺŐ3 n-RWi�Ő CH2ͫÄ�K��p̐Η3 Al-O1ž�,	

ŝɵ- CH/O ʟ®Êʎ D�.-RWi�Ő�áäʛ1Ĳʡ�,�D.˰�B

ED
(ii) RWi�Ő�K��p̐Η1ŝɵĲʡ D�.-	R�\x�R��

3Ɠĩ/(B�1	�*	��h�1ǣE&¥ͺȵ͜�ŮŲʛ1ŅŲď�E&

.˰�BED
R�\x�R��3Ĳʡug��14 Face-on	Edge-on	End-on

3 3ʹΡ�˰�BED
�̤3_����_��˚ȥ�B	FLʋ$3?3�Al-O

ͫÄ.ʞǧʛ1ʟ®Êʎ�,�0��.�̭>BED&>	Ĳʡug��4	

End-onȵ͜4˰�1��	Face-onȵ͜. Edge-onȵ͜3 2ʹΡ3ȵ͜1˛BE

&
 

� ʇŴʛ1ˏ£1ȳ>,ŝǺ3 PF8ͺ�ūŇ D
�3 PF8ͺ�K��p̐Η

1ɿʉĲʡ D�.-Ψöũͺ3˹ʐƣ4Å��	P�n�w�4Å� D


Ȓ1	®�1Ĳʡ�& PF8 ͺ4ʟ®1ȔźujU�X D&>	P�n�w�

4�B1Å� Dȁİ1ǢD˼�
ʇȊɵ-4���@ CPU3üː��D&>	

�3¼̯3ȱ̧4łΑ-4�D�	ħ˵0ˇŃ-	m�gHģΎ�	ΡǨ D

�.1AC˚ȥ3«ɦ4ħ˵-�D
 

� �ȁ	�3ɿʉĲʡ_����_��4ʠʽȠ½�-̍),�D&>	Ŵ΋

3ˏ.4Ş����ΐE&	�G5ʉǇˏ-�D
$�-ȝʿ-4	�B1n

�P�Hãŕ�&ˏ?_����_��̢ˆH̍�	R�\x�R��.n�

P�	n�P�.K��p	K��p.R�\x�R��3 vdWĆ@ΕΓʟ®

ÊʎHčŲ D�.-ACŲͳʛ1ɿʉĲʡǡČH[�w��g��-ïʇ�	

ħ̚ďH̩<&
 

 

 

 

 



 64 

3-2-3. γ-K��p̐Η1��DR�\x�R��3ĲʡPr�V�3«ɦ  

� Ȕù1	CVFFĆœHʎ�,	ʠʽœ1��D PF83 1ȝͺ3�m�.�,	

DPn20 3R�\x�R��3ɿʉĲʡǡČ3_����_��H̍)&
Ĳʡ

Pr�V�3«ɦÙ.�,4ˌ�m�g-4�D�	��S��q��-3Ǻ

ÙH«ɦ1Ëʎ�	R�\x�R��. γ-K��p̐Η3ʟ®ÊʎPr�V�

HɊ>&
�̤1ʟ®ÊʎPr�V�̢ˆƦHʭ 
 

 
!!"#$%&'#!(" = !!"!#$ − (!!"#$%&' + !!"#$%&') 

 

!!"#$%&'#!(" kcal mol :����.̐Η3ʟ®ÊʎPr�V� 

!!"!!" kcal mol : ����.̐Η3çPr�V� 

!!"#$%&' kcal mol : ̐Η3<3çPr�V� 

!!"#$%&' kcal mol : ����3<3çPr�V� 

 

 

� �3_����_��-4 γ-K��p.R�\x�R��3 1ɵ̢ˆH̍�	

ʽͿʛ0ƜŊÙHƸD�.Hʝʛ.�&
Ȕù1 VisualizerHËʎ�, 3, 5, 7ͳ

È3R�\x�R��H�m��X�	ȵ͜ȔͨďHŴ̍�&
ȵ͜Ȕͨď�

&R�\x�R��H γ-K��p�1cjn�	ʠʽ�-_����_��H

Ŵ̍�&
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*) ĔÄ: kcal/mol 

 

� FLʋǺ.ĲʡPr�V�3΀ÑH Table 3-11ʭ 
FLöũ�ŗĈ D1Á

�	ʟ®Êʎr�V� (Einteraction) ?ŗĈ�&
�3ĚŁ.�,	R�\x�R

��3ÛͺŐ-�DRWi�Ő� γ-K��p̐Η1ŝɵĲʡ D�.-	

Einteraction�ŗĈ�&�.�ĚŁ-�D.˰�BED
 

*) ĔÄ: kcal/mol 
 

� Ȓ1ͱĬƣHŗĈ�"&œĬ	Einteraction�ŗĈ D.«ɦ�	DP10, 203_�

���_��˚ȥH Table 3-21ʭ 
ͱĬƣ�ŗĈ D1Á�	γ-K��p̐

Η1Ĳʡ�&R�\x�R��4Ĳʡƶ?Ψöũȵ͜HÔǞ�˞�D�.�Ų

ǂʛ1̝Ż-�&
FL3RWi�Ő� γ-K��p̐Η1-56.0 kcal/mol3Pr�

V�-Ĳʡ�,�C	�3 Einteraction/DP�΍CĬ�x�R��ʋ3íͫŀ͎�l

�_��Pr�V�ΌŘH�Ȇ�"D�.1AC	Ψöũȵ͜HÔǞ�,�D

.˰�BED
 

 

 

 

 

 

 

 

Table 3-1. Calculated energies of n=3, 5, 7 

DP Etotal * Esurface* Epolymer* Einteraction* Einteraction/DP* 

3 -1413 -1799 399.2 -13.01 -4.34 

5 -806.4 -1799 1010 -17.60 -3.52 

7 -864.2 -1799 965.7 -30.82 -4.40 

Table 3-2. Calculated energies of n=10, 20 

DP Etotal* Esurface* Epolymer* Einteraction* Einteraction/DP* 

10 -462.6 -1799 1378 -41.60 -4.16 

20 -3635 -7175 3596 -56.00 -2.80 
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� Ƚ1z�jnɵHžǺȑˤ͔Ã�&X�xH Figure 3-61ʭ 
̂ õ�&͔Ã

Ʀ1ŴΦ-�A��& PF83ͱĬƣ DP53, 97, 200Hºæ�&œĬ	-Einteraction4

80 [kcal/mol]	94 [kcal/mol]	112 [kcal/mol]-�D
Figure 3-6HǜŞ�&X�x

H Figure 3-7, ͱĬƣ.ʟ®ÊʎPr�V�3ʟ΀H Table 3-31ʭ 
�E�B	

FL 3ͱĬƣ�ŗĈ D1Á�	-Einteraction?ŗĈÝİ1�D�.�ʭĹ�E&


�E4Lennard-Jones�l�_��ğ6Coulombic�l�_��3Ķ-̐ʇ�E	

ƧĆΜ�ǾĆΜAC?ǵͮʛ-�D�.Hʭ�,�D
���	̐ΗĲʡ�&

�s��ĔÄ-˰Ż�&œĬ	ç,3�s���qjn�̐ΗĲʡ�,�D̦

-0�	Ĳʡ�,�0�ͫö (��zKNnͫö) ?�D�.�«ɦ�ED
�

3�.4 PF�ĒƅȑǂΨöũ-�D�.�B˹ȇ-�D
 

 

 

 

 

Figure 3-6. Relationship of the degree of polymerization and the adsorption energies, 

(-Einteraction). 
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Figure 3-7. Relationship of the degree of polymerization and the adsorption energies, 

(-Einteraction) (zoomed up). 
 

 

 

� �̤AC	Einteraction �ˤƯʛŗĈHʭ�0��.�B	FL �qjn�ŗĈ 

D1Á�	Ψöũͺ4ˎΘʁ10D�.�«ɦ�ED
ˎΘʁ3Ψöũͺ�̐

ΗĲʡ�&œĬ	ç,3 n-RWi�ÛͺŐ�̐ΗĲʡ D.4˰�1���ͫ

3 F84��zKNnȵ͜HƯǍ D�.�˰�BED 12
F83��zKNnƯ

ǍͣʸH Figure3-81ʭ 
DP203 Einteraction4¸.ɇ͏�, 1 [kcal/mol] ʸƣƁ

��
�E4��zKNnȵ͜�ƯǍ�E**�D�.HʭĹ�,�D
»�

3˰ŻHΨöũͺ1ǜƫ�&œĬ	ͱĬƣ�ŗĈ D1Á�ɇ͏ʛ˹ʐƣ3Ψ

���zKNnȵ͜3ĄĬ�Ş��0D
�3��zKNnͺ4΍CĬ���

Table 3-3. Adsorption energies, (Einteraction) of n=53, 97, 200 

DP -Einteraction [kcal/mol] 

53 80 

97 94 

200 112 
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zKNnͺ.ujU�X D�.1AC β ʟHƯǍ D.ĮȊ1¥ͺĮŚ3u

jU�X?͆�),�D.˰�BED
ͱĬƣ�Ɓ�� PF-4 βʟ�ʩ̭�E

!	ͱĬƣ�ŗĈ D1Á���zKNnöʅğ6ÛͺŐċȥ1ADŝɵĲʡ

3 2*1AC βʟ�ƯǍ�,�D�.�ȇB�10)&
&'�	ȝˏ4 CPU

3ǂ˵�	΁Ù»�-3_����_��˚ȥ-�D
 

 

Initial phase 

 

Middle phase 

 

  

Terminal phase 

 

Figure 3-8. Illustration of the loop out formation of PF8 adsorption onto γ-alumina 

surface. 

 

 

 

γ-Al2O3�

:	���������	
�
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γ-Al2O3�

�	�������
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3-2-4. ʠʽȠ½�1��D DP203Ĳʡÿƶ3 2Η̞öƗ  

 

 

Figure 3-9. Dihedral angles of fluorene 20-mer in vacuum. 

 

� Figure 3-91ʠʽ£-̢ˆ�& DP203ɿʉĲʡÿƶ3 2Η̞3˚ȥHʭ 


΍CĬ� FLʋ3 n-RWi�ÛͺŐĮŚ�Įȁİ0B5 0°	Ģžȁİ0B5 180°	

ĩŀC+	ƓŀC�.�&
̈́˿�ŧʁǊ	˕˿�˗ʁǊ-�D
 

� DP20 -4éƜΗ1͔�ΨȽȵ͜HƯǍ�,�D�.�ʭĹ�E	2 Η̞3Ɠ

ĩǂ�Ģ͎�,�D˅ǐ?ŝ�̘BE&
n-RWi�Ő C-HͫÄ4 Al-O̐ΗĲ

ʡƶ	βʟHƯǍ�&ȁ�	ʁǊǺ�ɣD&>P�n�w�ʛ1�û10D?3

3	$EH�ŀDΨƣ1ʵƠ')& CH/Oʟ®Êʎ1ACP�g�w�ʛ1ŮŲ

10D&>ˁĪ�͎͘�&.˰Ż�&
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3-2-5. γ-K��p̐Η1��Dn�P�ɪɞ£3R�\x�R��3Ĳʡ
ǡČ  

F8 Hʎ�, 5 ͳÈ3R�\x�R�� (}�g��) H�m��X�	ȵ͜Ȕ

ͨďHŴ̍�&
ȵ͜Ȕͨďɢ<}�g��.Ȕͨďɢ<3n�P�Hc�1

æE	K��xJac�̢ˆHŴ̍�&
Table 3-4, Table 3-51K��xJac

�̢ˆȠ½Hʭ 
 

Table 3-4. Amorphous calculation task of 5-mer 

Task Confined Layer 

Quality Medium 

Density 0.1 g/cm3 

Output 1 frame 

 

 

K��xJac�̢ˆ˗ªƶ	MD_����_��HŴ̍�&
MD_���

�_��Ƞ½H Table 3-6, 3-71ʭ 
 

 

Table 3-6. Enegies condition of MD simulation of 5-mer 

Energies 

Forcefield CVFF 

Charge Forcefield assigned 

Quality Medium 

Electrostatic Ewald 

Van der Waals Atom based 

 

 

 

 

 

Table 3-5. Amorphous calculation ratio of 5-mer and toluene 

Molecule Loading Weight % 

Pentamer 1 7.8 

Toluene 200 92.2 
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Table 3-7.Step-up conditions of MD simulation of 5-mer 

Step up 

Times step 1.0 fs 

Total simulation time 1000 ps (1 ns) 

Total simulation run time 48 hr 

Core 8 

Condition NVT 
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� γ-K��p̐Η�1��,	n�P� (ɳ˿) �ãŕ�&ʁǊ-3}�g�� 

(̈́˿) 3_����_��3apjzðʠ (0 nsec, 0.05 nsec, 0.20 nsec, 0.50 nsec, 

0.75 sec, 1 nsec) H Figure 3-101ʭ 
¹͸ C1�3ˏ3ģȟPr�V�.x�

��Ǻ3X�xH̤͐�&
 

  

  

  

Figure 3-10. Adsorption behavior of fluorene 5-mer in toluene on γ-alumina. 

0 nsec� 0.05 nsec�

0.20 nsec� 0.50 nsec�

0.75 nsec� 1 nsec�
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Figure 3-11. Oligofluorene of 5-mer and aluminum surface by CPK (1 nsec). 

 

� n�P�Hãŕ�&}�g��3MD_����_��3 1 nsecapjzð

ʠH Figure 3-111ʭ 
�E�B 2*3ΨȽȵ͜1΀Ñ D�.�̭>BE&


RWi�Ő�n�P�AC?áäʛ1Ĳʡ D�.	n�P�ūŇ�1?΀G

B!	ɿʉĲʡƶ4}�g��3ΨȽȵ͜�Ɂ/śď�0��.-�D
 

� ;&	0 nsec�B 1 nsec3_����_��ȊͿ1��,	n�P��}�g

��1ɪŨĶ�,�D�.�Bƪ�ʟ®Êʎ4ȇʩ1̭>BE	»�3�.�

ʭĹ�E&
 

(i) }�g��3 FLʋ.n�P�Ϳ3 π-πʟ®Êʎ 

(ii) }�g��3 FLʋ.n�P�3�i�ŐͿ3 CH/πʟ®Êʎ 

(iii) }�g��3RWi�Ő CH.n�P�Ϳ3 CH/πʟ®Êʎ 

(iv) }�g��.K��pͿ3 CH/Oʟ®Êʎ 

(v) n�P�.K��pͿ3 CH/Oʟ®Êʎ 

� »�	5*3�.�̭̚ˇŃ-̝ɦ�E&
ʟ®Êʎ3ȩȝʛ0ĚŁ4öũí

ğ6öũŜ3Γ̂ʁǊ1͆Ł D�.?Ƕ>,ʭĹ�E&
 

 

 

 

i�

ii�

iii�

iV�
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3-2-6. n�P�Ƞ½�1��D DP53Ĳʡÿƶ3 2Η̞öƗ  

 

 

Figure 3-12. Dihedral angles of fluorene 5-mer in toluene. 

 
� DP5 4 DP20 .Įȶ1ˁĪ3Ģ͎@éƜΗ1͔�ΨȽȵ͜�̝Ż�E&


Figure 3-121n�P�£-_����_���& DP53 2Η̞3˚ȥHʭ 


΍CĬ� FLʋ3 n-RWi�ÛͺŐĮŚ�Įȁİ0B5 0°	Ģžȁİ0B5 180°	

ĩŀC+	ƓŀC�.�&
̈́˿�ŧʁǊ	˕˿�˗ʁǊ-�D
n�P�ɪɞ

£3}�g��3Ȝˀͫö�ŧʁǊ.˗ʁǊ-Ģ͎Ϳ͔ (1-2) ğ6Ş��Ģ͎ 

(4-5) �,�D�.�̝ɦ�E&
Ȝˀͫö4£Ţͫö.ɇ͏�,	˹ʐƣ�Ş

��ɪŨ͡ČHʞǧĥ�&&>	Ģ͎Ýİ10D�.�˰�BED
�ȁ	£

Ţͫö3 2Η̞4Ɂ/śď�0�)&
�E4n�P�� FLʋ1ɪŨĶ D�

.-Ģ͎�ť�BE&&>-�D.̟Ͱ�&
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»�AC	MD̢ˆ1ACɿʉĲʡʇ̺4öũíğ6öũŜ3Γ̂ʁǊ1͆Ł 

D�.�ʭĹ�E&
$�-	Ųͳʛ1Γ̂H̢ˆ�	$3˚ȥHʎ�,̸̳

 D&>ʗ0D̢ˆȁɒH̩�&
ƪ�ʟ®Êʎ˃	Γ̂H̫˖1̢ˆ D&

>14 MD ̢ˆAC? QC ̢ˆ3ȁ�áE,�D�.�ö�),�D
ȽΜ-

4	Ëʎ�&$E%E3ȖȻďĬɿH QC̢ˆ D�.1AC	öũ3��Y�

Γ̂Hˆõ�&�.HŒĳ D
TaguchiB4 QC̢ˆ. 1H NMR, 13C NMRɦŲ

H̍�	x�R��ʋ.RWi�Ő� CH/πʟ®Êʎ�,�D�.HȇB�1�

& 11
�3˰�HΨöũɿʉĲʡǡČ1ǜƫ D�.-Ȁ&0ʣ̘�ƸBED

ħ˵ǂ��D
��-��Γ̂4��Y�Γ̂-�D
��Y�Γ̂4ɿ͂1

ŅȖ3Γ̂3ÚC3ʸƣH̐ ǟȸ-�D
}�g��3ÛͺŐ CHŐ.n�P

�3 π Γũ1AD CH/π ʟ®Êʎ�B}�g��3ÛͺŐ CH Ő.K��p3

Al-O73 CH/Oʟ®Êʎ1śď D�.�«ɦ�ED
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 76 

3-3. ͳũďŬ̢ˆHʎ�&_����_��  

3-3-1. MP2ɒ1ADx��R�3_����_��  

� QC ̢ˆ4Ȕ?�˽ʛ1ËGE,�D̢ˆǑɒ3í3 1 *-�D 8
QC ̢ˆ

Ƞ½4ƪ�öũͿʟ®ÊʎH̢ˆħ˵0MP2HËʎ�&
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Η̞ÎūǂH_����_���&
 
 

3-3-2. x�R��ʋ3��Y�Γ̂  

 

 

Figure 3-13. Mulliken charge distribution of 9,9-di-n-octylfluorene ring. 
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Figure 3-14. Mulliken charge distribution of 9,9-di-n-octylfluorene ring (zoomed up). 

 

� MP2̢ˆ1ACˆõ�& F83��Y�Γ̂H Figure 3-13	Figure 3-141ʭ 
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3-3-3. x�R��3 CH/πʟ®Êʎ1ADǣE  

 

� MP2 ̢ˆ1ACˆõ�& 9,9-`�i�x�R��hM��3��Y�Γ̂H

Figure 3-151ʭ 
�E�B 2*3�.�ö�)&
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ʙ-ǣE�ʙʌ�&�. (ii) 17H	18H, 34H, 35H4x�R��ʋ3 13C. 29C

. CH/πʟ®Êʎ�,�D�.�ʭĹ�E&
 

� (i) 17H. 34Hğ6 18H. 35H4 C-H/H-C1ADʾÈĢʙ-ǣE,�D�.

�̝Ż�E&
ɉ˓Ěũ3 vdWĒƴ4ː 1.2 Å-�C	®�3ɉ˓Ěũ3 vdW

[�gWn͈ΐ4 2.4 Å10D8�-�D
Ŵ΋	vdW[�gWn͈ΐ3 2.4 Å

-ȔŮŲȵ͜�ɍŲ�,�D�.�̭>BE&&>	FLĮŚ14 C-H/H-C1A

DʾÈĢʙ-ǣE�ʙʌ�,�D�.�ʭĹ�E&
 

� (ii) 17H, 18H, 34H, 35H4ʗ0D FL�3 13Cğ6 29C.öũí CH/πʟ®Êʎ

�,�D�.�ʭĹ�E&
0#0B5	C-HͿ3 vdW[�gWn͈ΐ4 2.9 Å

-�D�	CH/πʟ®Êʎ D�.- C-HͿ͈ΐ� 2.7 Å.ʤ�0D
�E�B

öũí CH/πʟ®Êʎ4ūŇ�,�D�.�ʭĹ�E&
 

� (i)	(ii)AC	Ʒȡ4öũí C-H/H-C 3ʾÈĢʙ- FL Ϳ1ǣEȵ͜�ʙʌ 

D.˰�BE,�&�	$E'�-40�	2*3 FL1;&�)&öũí CH/π

 

Figure 3-15. Mulliken charge distribution of 9,9-dimethylfluorene dimer. 
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ʟ®Êʎ?�D�.�Ȁʣ̘.�,ʭ�E&
$�,	$3 CH/πʟ®Êʎ�ǣ

E3ĚŁ.0C β ʟȵ͜ƯǍ3�Ł1?0D�.�ʭĹ�E&
;&	¹͸ D

1 13C. 17H3��Y�Γ̂.͈ΐ3ʟ΀H̤͐�&
 

 

 

Figure 3-16. 9,9-dimethylfluorene dimer distance with change of dihedral angles 

between two fluorene rings. 
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3-3-4. x�R��hM��3íͫŀ͎�l�_��Pr�V�  

 

Figure 3-17. Internal rotation potential energy of fluorene dimer as a function of 

dihedral angle. 

 

� MP2 ̢ˆ (6-31Gdp, B3LYP) 1AC	x�R��hM��3 2 Η̞�l�_
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3-3-5. n-C17H363��Y�Γ̂  

 

 

Figure 3-18. Mulliken charge distribution of n-C17H36 (zoomed up). 

 

� F8 1¹Ή D 2 *3 n-RWi�ŐHȵǍ D C17H36ĔÈ3��Y�Γ̂H

Figure 3-18 1ʭ 
ɴ˓Ěũ (̈́˿) 3��Y�Γ̂4-0.331 �B-0.205	ɉ˓

Ěũ (ˢ˿) 3��Y�Γ̂4ç,+0.104-�)&
$E%E	ɴ˓Ěũ4�M

pa3��Y�Γ̂	ɉ˓Ěũ4z�a3��Y�Γ̂Hƙ6,�D�.�̢

ˆ˚ȥ�BȇB�10)&
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3-3-6. n�P�3��Y�Γ̂  

 

 

Figure 3-19. Mulliken charge distribution of toluene. 

 

� MP2 ̢ˆ (6-31Gdp, B3LYP) 1AC_����_���&n�P�3��Y

�Γ̂H Figure 3-191ʭ 
ɴ˓Ěũ3��Y�Γ̂4-0.473�B 0.000-Ɂ/

�Mpa-�)&
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Ěũ.n�P�3 2C-6C, 1C-5C, 4C-6C, 2C-4C�ŝɵ-öũͿ CH/πʟ®Êʎ�

,�Dħ˵ǂ�ʭĹ�E&
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3-3-7. K��phM��3��Y�Γ̂  

 

� MP2 ̢ˆ  (6-31Gdp, B3LYP) 1ACK��phM��3��Y�Γ̂H

Figure 3-201ʭ 
AlĚũ3��Y�Γ̂4+1.461�B+1.502-z�aΓ̂	

OĚũ3��Y�Γ̂4-0.907�B-0.894-�MpaΓ̂	ɉ˓Ěũ3��Y�
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� MD ̢ˆ.�̤3��Y�Γ̂3˚ȥHˡĬ�,˰�D.	Al(δ+)-O(δ-).R

�\x�R��3RWi�Ő3 C(δ-)-H(δ+).3Ϳ1ŝɵ CH/O ʟ®Êʎ�ūŇ

 D�.1AC	®��ɿʉĲʡ�,�D�.�˰�BED
 

 

 

 

 

 

 

 

 

 

Figure 3-20. Mulliken charge distribution of Al2O5H4. 
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3-3-8. MD̢ˆğ6 QC̢ˆ3˰Ż  

 

  

  

Figure 3-21. Illustration of fluorene on γ-alumina in toluene. 

 

� γ-K��p̐Η�-4 Al(δ+)-O(δ-).R�\x�R��3 n-RWi�Ő3
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R�\x�R�� γ-K��p3ŝɵĲʡM�anH Figure 3-211ʭ
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�p̐Η1Ĳʡ D΋	n�P��˶ɪŨĶ�	n�P�.3 CH/πʟ®Êʎ�

B	ACƬ� CH/Oʟ®Êʎ7śď�,�D.˰�BED
»�AC	R�\x

�R��3Ψöũȵ͜�ÔǞ�ED�Ł.�,��Y�Γ̂1AD?3'.Ǩ

Ż�ED
$�,	�3˚ȥHΨöũĲʡ1ǜƫ D�.-	ŝɵĲʡ1AC

n-RWi�ÛͺŐ3 CHŐ3ĲʡΗʻ�ŗĈ D1Á�	CH-Oʟ®Êʎ?ŗĈ

 D�.1AC	PF8 3 β ʟ4 n-RWi�Ő. γ-K��p3ʟ®Êʎ1͆Ł 

D�.HȇB�1�&
 

 

 



 85 

3-4. ȝʿ3;.>  
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� QC ̢ˆ-4 MP2 ɒHʎ�,	R�\x�R��@K��phM��˃3ç

��Y�Γ̂H̢ˆ�&
RWi�Ő4 C(δ-)-H(δ+)	R�\x�R��4

Al(δ+)-O(δ-)-�)&�.�B	R�\x�R��3RWi�Ő.K��p4ŝ

ɵ CH/Oʟ®Êʎ D�.1ACɿʉĲʡ�,�D�.�ʭĹ�E&
;&Ȁʣ

̘.�,	FLʋĮŚ4 C-H/H-C3ʾÈĢʙ1ACΖƜΗ10D.˰�BE,�

&�	öũí CH/πʟ®Êʎ?˹ʙʛ0ǣE3�Ł-�D�.�ʭĹ�E&
 

 

� »�	ȝŬÄ̳ǻ-4	PF8 (;&4R�\x�R��) . γ-K��p˃Hʎ

�,ɿʉĲʡǡČHŴΦğ6̢ˆ3¡Η�B̟Ȥ�	PF8 3öũͳÎūǂ. β

ʟöʅ3΀Ñ	$�,	$�1ß�ƪ�ʟ®ÊʎHȇB�1�&
öũͳ4ŗ

Ĉ D1Á�	PF83ÛͺŐ CH�K��p̐Η3 Al-O.ŝɵʟ®Êʎ D�

.-Ĳʡͳ�ŗĈ�	PF8ĮŚ3 vdWĆ?ŗĈ�ujU�X D�.- βʟ�

ŗĈ�&
R�\x�R��3MD̢ˆ˚ȥAC	n-RWi�Ő4 FLACáä

ʛ1 γ-K��p̐Η1Ĳʡ D�.�̝Ż�E&
ͱĬƣ3ŗĈ1Á� n-RW

i�Ő3Ĳʡɵ?ŗĈ D&>	DPn200-4Ĳʡͳğ6 βö�ŗĈ�&.˰�

&
̐ΗĲʡƶ	FLʋ4ACƜΗǂHÔǞ�A�. D&>­Η̞� βʟHƯ

Ǎ�@ ��.?ȇB�10)&
RWi�Ő C(δ-)-H(δ+).K��p

Al(δ+)-O(δ-)Ϳ1ß�ŝɵ CH/Oʟ®Êʎ1*�,	ɿʉĲʡùșͣʸ-4 CH/π

ʟ®Êʎ�ǵͮʛ-�D�	Ĳʡƶșͣʸ-4ACƬ� CH/Oʟ®Êʎ7_xn
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 D�.-	Ψöũȵ͜È��DʸƣÔǞ�ED�.� PF8 3 β ʟŗĈ3�Ł

-�D.˚̳+�&
ΨöũɿʉĲʡ4Ůç�ˊÐ1Ȼ˵ǂ�¹��E&̕ĬÈ

HÊ̔ D�.�ħ˵-�D&>	Ψöũ.ɶȻȞǽ.3uMy�joď	ɶ

ȻȞǽ3̐Η[�lL�X	Ȼ˵̐Η˃7ƿʎƇ; D�.�-�	ʋŖ̻̂

3Åɣ@[anþɣ�șƵ-�D
ʋŖļΟ@[anþɣ�͞>BE,�Dʇ

Ň1��,	ΨöũɿʉĲʡ3ƾ̗ǂ4Ȓ1Ψ;D�.�«ɦ�E	ȝʦʼǍ

ȥ4ΨöũɿʉĲʡ3ʉ̟1�ʥHǖ�D�.�-�&
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¹͸  

A. α-K��p3 SEMʒà. XRDa}Wn�  
 

 
Figure A-1. SEM image of α-alumina. 

 
Figure A-2. XRD spectra of α-alumina. 
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B. x�R��3��zKNnͫö. Kuhnͼ3ʟ΀  
� PF8̐ΗĲʡƶ	��zKNnȵ͜4ͱĬƣ3ŗĈ1Á�ŗĈÝİ1�D�.

�ö�C	��zKNnȵ͜3˹ʐƣ� βʟƯǍ1ͱ̗-�D�.�ʭĹ�E

&
$�-	1ȝ3Ψöũͺ3ȔŞ��zKNnͫö4 FLöũÉ×ö1Ʈ&D

3�H̱8D
�EH̱8D�.-��zKNnͫö3˹ʐƣ. KuhnͼH΀͝

¹�D�.�-�	βʟȵ͜ƯǍ3ŁũHŲǂʛğ6Ųͳʛʭ �.�ħ˵10

D
 

 

ˆõȁɒ  

öúɎɄɒ1ACöũͳöʒ�& PF8 (DPn53, 97, 200) 3ȔŞ��zKNnȵ

͜Hˆõ�&
1982Ɲ Gennes1ACȔŞ��zKNnǺ4 RF=N3/5-̐ʇ�E

D�.�Œĳ�E& (N4�s��Ǻ/ͺ-�D)1, 2
 

 

˚ȥğ6˰Ż  

 0.25wt% 25 °C3 βʟöʅHĝ˰1�,	Table B-11ͱĬƣ1ž D��zK

Nnȵ͜3ȔŞÙğ6 βʟöʅ	Figure B-1, B-21$E%E3z�jnHʭ 
 

 

 

Table B-1. Maximum of loop out structure. 

DPn RF=N3/5 β-phase 

53 11 ≒0 

97 16 34 

200 24 36 
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Figure B-1. Relationship of the DPn and RF. 

 

 

Figure B-2. Relationship of loop out numbers and fractions of the β-phase. 
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�s��Ǫˆ D. FLː 13×ö-�D
�E�B	qH͇�&œĬ4��z

KNnȵ͜3˹ʐƣ�̅��ŗĈ D�.-	΍CĬ���zKNnͫöĮŚ

� vdWĆ1ACujU�X D
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�
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&4�Ȋʛ1ƯǍ D�ΨöũŅȖ3Āʞǂ1AC9:ȯʁ10D
$3&>

��zKNnȵ͜ƯǍ�łΑ-�C˹ʐƣ�Ɓ��&>	βʟHɁ/ƯǍ�0�

)&.˰�BED
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C. γ-K��p̐Η1��D}�g��3ģȟ  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C1. Convergence of 5-mer of fluorene on γ-alumina. 
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D. x�R��hM��3 2Η̞Îūǂ  
� MP2 ̢ˆHʎ�,x�R��hM��3 2 Η̞.��Y�Γ̂3ʟ΀H̢ˆ

�&X�xH Figure D1, D21ʭ 
 

 

Figure D1. Relationship of dihedral angles between two FL rings and Mulliken charges 

of 17H and 13C. 

 

 

 

Figure D2. Relationship of dihedral angles and total energy (kJ/mol). 
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