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T 1S� 3f 
 

1.1 ��� � 

� j���h5ĵ 12ɴ!I�1	D-`�c~�x�h��-1,4`�cftʦĜ�'��ŋʘ.

�L
͌�ȄɆ4¥ˠ1ȉƬˠʞ.�L�	fZ`eGz�vS104ˑͤ	̲̳ˋ10z_

q�SGȢȜ2ɑƤ!L��ͤ10Eɒɑ�	ĺɎ�2Ǧŋ̷ŘĹ!LzUZ�h/�-ɪJ

M-�LͭKelmm et al. 2005 
ͮɑɆÃä2��-j���h�ǹ'!Ɠù5Ȋ�.	ȄɆ4łĜ

.5ʢʼņPƑƬ�	ȄɆÃ4ͨȀ/�-Ȏʽ!L
 

� ���*'ɑɆ�ɒë!Lōɀj���h5	�_��T

���/ħ6MLʦǢƣȉ̡Ã/�-ɑɒ�ML
ɑɒÃ2

I*-ƑɈGeUi2Żɛ5�LE44	j���h�_�

�T���5́� 1~ǐ μm	ƀ 3~10 nm4ȉ̡Ã.�K	%

4ʦǢƏƣɌ5 140~150 GPa2Eđ;ͭSakurada et al 1962; 

Nishino et al 1995 
ͮ�4j���h�_��T����Ǩ!

LʦǢ5 Cellulose I/ħ6M	Cellulose Iα/ Iβ4 2ʀͤ4ʦ

ǢƑ�ŘĹ�ͭ Atalla and VanderHart 1984 	ͮɑɆʀ2I*-ɛ1LŘĹȔ.ɒë�MLͭ Wada et 

al. 1993 
ͮ���*'ͩ�úřɟɆƣG%4æɑɒƣ�J	³ͤ5ė��Jj���hPǰǒG

Xw�^�ȯ/�-ñɓ�-�'
%4ǰǒñɓ5	1ͮōɀj���h/ 2ͮæɑj���h

2Ōð�MLͭĵ 2 
ͮ 

� ōɀj���h/5	j���h4ōɀɈƫ	!1O)j���h��_��T���Pʬ

ƺ�'ɈƫPƻ!
˜ǰGʟʙ104ǦÂ͉4êɏ4B.4ñɓͭǬǰGʮ	ͫ10ͮ�J	

Ɇɏɟͯăřɟêɏ2I*-ƶë�'j���hʵʬA.	%4ñɓ5ŋŵ2O'L
Ɇɏɟ

ͯăřɟêɏ4¸˗Ȁ.�L4�	˜ʜ̧ɿͭ{��ă	Ę˩	ƲʜͮPʥ-ƘJMLʜ.�

L
�4/�Æɓ�MLj���hʵʬ4eUi5	́� 1~5 mm	ƀ 20~50 μm.�L
�M

P�J2ʢ��˩ʵ�	%4ȉƬĊÁ.�Lj���h�_��T���A'5%4é͓ÃP

ĕKë�	ñɓ�I�/��Ā��	1980 Ƃ¸�JɍĹ2��-Ƣȸ1ű̓Pˢ#-�L
�

4uxha��.4j���h4ñɓ5	�uxha���J4ǰǒ˰ˬ.	�_�ha��.

4ȎʽƣɞɍPɣƻ!
/��	Ɨǳ5ǰǒɺřì̶.ɓ�JM-�'ɞƨ�	j���hɺ

ř=/̬ɓ�M'E4.	uxj���h�Ǩ!Lͩ�ƎƇ	ȥǢƣ	ͩȔ˗͜ʂ10Pñɓ

�'Ȏʽƣǰǒ4̓ɞ�ɣˤA��ͭ Eichhorn et al 2010; Siro and Plackett 2010 
ͮuxj���h

4¸˗ɟ1˻˜ș5	ȎȃɟêɏͭNakagaito and Yano 2004ͮG̳üȖì˩ͭMarchessault et al. 

1959 	̳ͮăͭIsogai et al 2010ͮ.�K	�T��ͭFukuzumi et al. 2008; Nogi et al .2009ͮGb�

ͭSaito et al. 2011ͮ/�*'ƑɈ2ƬƑ�M	ǰǒñɓ�ȅ˭�M-�L
 

ĵ 1. j���h4ȉ̡Ɖ 
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� ōɀj���h5	%4ʦǢ4ͩ�ɂŚŝƣ�J	��hop_/5ɛ1Kɂì˩Ƚ¹�2

˒ȽPƺ'1�
%4'D	ȱ˒ƬƑ�.�"	ƬƑüŹƣ�ȇD-Â�
�MPÝǩ!L'

D2ɓ�JM-�'4�	ȱ˩ͯæɑ��jh.�L
�M5	ȱ÷Pɓ�-ōɀj���h

Pȱ˩	%MJPæ9é͓ͭæɑͮ�#	�T��Gʵʬ/�*'¼Ʃ4ƑɈ2ƬƑ!L��

jh.	�4��jhPʥ-ƘJMLE4Pæɑj���h/ħ;
�4æɑj���h5	

ʵʬ�J�T��A.	Ȋ�1ƑɈ2ƬƑüŹ�ęʽ1'D	˖ͤ�JąɝA.	ɑȞß˅2

Ȫ*-Æɓ�M-�L
Schweizer�̺S��vSȖȱȥPɞˢ�-¹ǳͭSchweizer 1857 	ͮŋ

�4j���hȱ÷�ɞˢ�M-�L
æɑj���h5	Cellulose II/ħ6MLʦǢƑPǨ�

-�KͭLangan et al 1999 	ͮ�4ʦǢăƇ5	Æɓ!Lȱ÷GéĶǕș2ƞ -ɛ1L
%4'

D	ǔˣj���hȱ÷�I9%4ƬƑɆ2Ū!Lȅ˭�	ɒȆì̶�J4ˠ˽/á2ʂȇɟ

2˔OM-�'
A'	ǰǒ/�-4ñɓ4B1J"	j���hȱȥ5	Staudinger2ILͩ

ìŖ4ɞˢ.ɓ�JM'I�2	ͩìŖɭʄ4¥'LŪ̃/�MͭStaudinger 1953 	ͮͩìŖ4

ȱȥɏ˾4ȉʐ2Ō��ţ �-�'
 

� ¹�4͟.5	ǰǒñɓ/�-4j���hȱ÷2ȿȽPƐ-	æɑj���h//E2˴

ʢ2̛>L
 

ĵ 2. j���h4ñɓ 
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1.2 ��� �I(�Ib 

� 1857 Ƃ4 Schweizer 2IL̺S��

vSȖȱȥ4ɞˢ¹ǳ	ǐŋ�4j�

��hȱ÷�ɞˢ�M-�'
¸˗ɟ

1ȱ÷4�˥P˗ 12ɴ!
Ȗʚȱ÷	

ǨȎȱ÷	̸ŲŃȖȱȥ	UZ�ȥÃ

10	j���hȱ÷4ʀͤ5ŋŵ2

ȪL
á̟�'ƣ̈/�-Ƽ�JML

45	%4ͩ�ȇƣ.�K	�M5j

���hʦǢä2ŘĹ!LȾǐ4Ȗʞ

ʦĜPíǓ!L'D2�ęȏ.�L/

ʹ�JM-�LͭDawsey and McCormick 1990; Okajima and Yamane 2001 
ͮ 

� ¸˗ɟ1j���hȱ÷/�-5	NaOH/CS2ͭ Cross et al. 1893 	ͮNMMO/Ȗͭ Johnson 1969; Fink 

et al. 2001 	̺ͮS��vSȖȱȥ.�L
�MJ4ȱ÷fhq�.5æɑj���h˜̡���

s�ȉʐ�M	ɒȆha��.4ñɓ�̤Q.�K	˻˜�MLj���hʵʬ5%M&M�

���	q�j�ͯ��j�	]���/ħ6M	˖ǒĪ4ì̶.ƃ�ɓ�JM-�L
�M

J4j���hȱ÷4ñɓ�ƃ�̤C�Ǖ.	ɐń̅ˊ4ͩ��'9'9ĭ͢/�M-�'


%4'D	ɍĹ2��-Eǔˣj���hȱ÷	/KO�ɐń̅ˊ4Â�E44ǁȗ�ɡQ2

˔OM-�L
 

� ���*'ǔˣȱ÷4ǁȗ	A'	ǦʣɑɒɆ.�Læɑj���h4ɑɒ�I9Ɇƣğ�

4'D25	j���h4ȱ˩ȎȉP˩Ǟ!L�/5͛ſ2̵ˠ.�L
%4'D	ȱ˩Ȏȉ

2͆!Lǐŋ�4ȅ˭�˔OM-�'ͭMiyamoto et al. 1995, Hattori et al. 1998 10 
ͮ���	

ɍĹǄȂ�M-�Lȱ˩Ȏȉ5	j���h�ȱȥ
2Ū�-˔OM' XʰıƵ	NMR	FT-IR

Ȭŝ104r�m2ŀ,�	��A.Eͅǂɟ1­Ȭ2̧�1�
 

� j���h4ȱ˩Ȏȉ˩ǞPĳ͖2�-�LˠĲ5ŋ��	%4Ǧ'LE4/�-	1ͮȧĜ

ʚ4j���hȱ÷�ŋ�	2ͮj���hȱ˩4ʹŧ25ɂúř�̬ɓ.�1�	/�� 2Ƚ

�Ƽ�JML
1ͮ5	˗ 1�JEǞJ�1I�2	j���hȱ÷25ȉƬˠʞ�Ċ�4E4

�Ů1�
%4'D	ʚ�˝͔21J�LPƘ"	j���h4ȱ˩PǊ̱!L{���mP

Șŝ!L4�͖��
A'	2ͮ5	j���h4ȱ˩25Ɓ˕Ɉƫ�ŘĹ�1��/2̋Ĳ!

L
̟ſ4ȱȥ.5	ȫƇP���#L�/.ȱ˩Ƈ����	%M2ƞ -ȱ˩�Ƿë�ȱ

˩/��̧ɿPʥL'D	ȑɰ1Ɓ˕Ɉƫ2ŀ,�'ȱ˩ƇPȗDL�/�.�L
���	

j���h4łĜ	iͮj���hPȱ˩�#L'D25	A"ʦǢPˀȵ�#1�M61J1

�	iiͮōɀj���hPȱ˩�#-EǷë!L45j���h IIĽʦǢ.�L	iiiͮǷë�'
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j���hPǜȫͭÂȫȱ˩Ľ4łĜ5͈ȫͮ�-E	ȱ˩Ɉƫ2ƮJ1�	104ɏɕ�J	

Ɓ˕Ɉƫ�ŘĹ�1�
%4ʦǹ	ȱ˩ƇPɓ�'ȱ˩X�m�~�	^�i4ˁɕXw�^

�104ʎë2˂J"	ŝ̷ɟ1́˾�.�1�
¹�4ˠĲ�J	j���hȱ˩Ȏȉ2͆

!Lɭʄ5	ȱȥˁÃ4Şͧr�m�J4ŝƣɟ1́˾2ʣœ�-�L
 

� �MA.4ȅ˭.5	j���hͅ4ȖʞʦĜPíǓ!L�/�	j���hȱ˩4ƝˠĆ

ìǲ».�L/�M-�'ͭKamide et al. 1985; Isogai and Atalla 1998 10 
ͮ���̙Ƃ	j�

��hìŖͅ4ɜȖƣɥ°Äɓ�	j���h4ȱ˩ƣPźĚ!L̵ˠ1ĲŖ48/+.�L

/��˾˻�ɣʇ+ͭLindman et al. 2010; Medronho et al. 2012; Glasser et al. 2012 
ͮj���hì

Ŗ5	ìŖ̿Ǖğ2Ū�̨̉Ǖğ� OHŀ2ɕǳ!L˦Ȗƣ	ŖĈʰǕğ� CHŀ2ɕǳ!Lɜ

Ȗƣ/��	¢˦ŕƣPǨ�-�Lͭĵ 3 
ͮ%4'D	�4I�1ɜȖɟɥ°Äɓ/��˧Ƚ

�J4j���hȱ˩4ȅ˭5ȇD-ˁɀ.�L
 

� ȖʞʦĜ2#IɜȖƣɥ°Äɓ2#I	�4I�1ƌ�ɥ°ÄɓPŞͧƱȓ4B.Ǟɴ!L

45ȇD-ĳ͖.�L
̙Ƃ	ìŖĀúř4ɞ̩5ɣˤA��	j���hìŖ4ȱ˩Ɉƫ4

­Ȭ5	Z�d��ɿƇ4ìŖ̷.�M6˔��/�.�	%��JŞͧr�m4­ȬP˔�

�/Eęʽ21*-�L
I*-	´ƕ4j���hȱ˩4ɭʄ5	Ǐ©ș10.ƘJM'Ş

ͧr�mP	ˬʎȎăř�J­Ȭ�MLr�m/Ȕ̓!L�/.	ɏ˾ɟ1˚·�P˔��/

�¥ȟ21*-��/ʹ�JMLͭBergenstrahle-Wohlert et al. 2012 
ͮ 

 

1.3 %L��� ����� ��� 

� j���hȱȥ2�ȱ÷Pü�L�/.	j���hPéĶ�#L�/P�æɑ
/ħ9	

éĶ�-ƘJM'j���hPæɑj���h/ħ;
j���hȱ÷4ʀͤͭ Ȗʚͯ͛Ȗʚͮ

GéĶȡ4ʀͤ2IK	ƘJMLæɑj���h4Ɇƣ5Ȋ�.�K	¥2ʟʙG�T��ă

Pɣƻ�'ñɓ4˧Ƚ�Jȅ˭�˔OM-�'ͭ Takahashi 1968 a and b; Chanzy et al. 1990; Hongo 

et al. 1996; Yamane et al. 199610 
ͮ���	1ͮj���hȱ÷ˁÃ4ȉƬ�ŋƬìʚ.�L�

/	2ͮj���h4ʦǢăG̱ğ	ʧBĜ�10ͩìŖɟƾL˄�	3ͮj���hìŖˁÃ

4ɛǕƣͭ¢˦ŕƣ 	ͮ102͇AM	éĶ̧ɿ4śß1ɏ˩25˂*-�1�
 

� j���hȱ÷4ʀͤ2ƞ -	æɑ�MLj���h4Ɇƣ5Ō��ɛ1L
ŋ�4E4

ĵ 3. j���h4¢˦ŕƣ 
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5	éĶæɑ4͐2Ō�1ĔʴP¿�	�T��ɈͯʵʬɈ4æɑj���h�ƘJML
�

��	͉JM'��+�4j���hȱ÷.5	%4ÃʂĔʴɌ5 10~20%ɿƇ/ŭ��	Ȗȝ

ƕ2ͩƇ2ˀȵ�'b�Ɉ4æɑj���hPÈ!L
�4I�1ȱ÷/�-ɪJM-�LE

42	Ca(SCN)2ȖȱȥͭJin et al. 2004 	ͮ NMMO/H2O ͭInnerlohinger et al. 2006ͮ, S�[�Ȗ

ȱȥ ͭGavillon and Budtova 2008 	ͮS�[��ůʞȖȱȥ ͭCai et al. 2008A 	ͮUZ�ȥÃ

ͭSescousse et al. 2011 Gͮ	LiCl/DMAc ͭ Togawa and Kondo 2007 	ͮ LiCl/DMSO ͭ Wang et al. 2012ͮ

10�Ƽ�JML
 

� �4I�1j���hb�5	ìŖĝŇ4ʧBĜ�Gj���h II ĽʦǢ2I*-ƑƬ�M

L'D	Ɇɏb�/�-Ąì�MLͭ1.6 .ƕ̛ 
ͮɆɏb�PÈ!Lŋʘͤ5¶2Eǐŋ�Ř

Ĺ!L�	j���hb�4ɇƛ5	j���hìŖˁÃ4ɇƣ2ɕǳ!LɂGȱŕ2Ū�-

4Śŝƣ/	Ȕ˗͜ʂ 100 m2/g P̌�LŋŗÃȉ̡.�L
�4I�1ɇƣPȞ��	b�Ⱥ

̧ƷÃͭKuga 1980ͮG̸ŲƷƺÃͭCai et al. 2009 	ͮģɧƷÃͭIsobe et al. 2013Aͮ104ƞɓ

ɭʄ�ɡQ.�LͭChang and Zhang 2011 
ͮ 

� b�PÈ!Lj���hȱ÷41�.	ɐń˻ĩƣ	chs4Â�	ȱ˩ú4ͩ�/��Ş

ɓɟ˧Ƚ�J	ǦEÙM-�L/ʹ�JML4�ǯɭʄ.Æɓ!LS�[��ůʞȖȱȥͭCai 

and Zhang 2005ͮ.�L
¹�2	j���h/S�[�4͆Ì2+�-˴ʢ2̛>L
 

 

1.4 ��� �
�������^J�Ib 

� 1844Ƃ2 Mercer�	S�[�2ILj���hêɏǕșPɞˢ�-¹ǳ	S�[��j��

�hPˀȵ�#	ȉ̡Pǋŉ�#L�/5I�ɪJM-�LͭHeines 1944 
ͮ�4��j�ă2

I*-ōɀj���h5ͩƇ2ˀȵ�	ʦǢƑ� Cellulose I�J Cellulose II=/ŉƫ!L�/

�ɪJM-�L
�J2%4̧ɿ.ȫƇGS�[�ȹƇ/�*'ǲ»2ƞ -	S�[�5j

���h/̽ÃPƑƬ!Lͭĵ 4 
ͮ%4I�1j���hͯS�[�̽Ã/�-	ɍĹA.2

Na-cellulose I	IIA	IIB	III	Q/��ȉ̡�ɰ˶�M-�LͭSobue et al. 1939; Okano and Sarko 

1984; Nishimura et al. 1991; Nishimura and Sarko 1991 
ͮ1�.E	Na-cellulose Q͡ľ.5	j�

��h�ͩƇ2ˀȵ�	�̰4j���h�ȱ˩!L�/�Łĥ�M-�Lͭ Sobue et al. 1939 
ͮ

�4S�[�j���h Q͡ľ	!1O) 4�¹�	Ȗ̳ăus�V�ȹƇ 9%4S�[�Ȗȱ

ȥͭPorro et al. 2007ͮ5	ǔˣj���hȱ÷4Ò˛/�-ʂȇɟ2ȅ˭�M	ȱ˩2Ǧ̬1j

ĵ 4. ��j�ă/S�[�j���h 
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���h˲ǒ�ȱ˩ǲ»4ȋʠ�	ǛăƬ4ɭʄ`���G IsogaiJ2I*-˔OM-�'ͭ Saito 

1989; Isogai 1997a; Isogai 1997b; Isogai and Atalla 1995 
ͮ���	ʟʙG�T��ƬƑ2Ɲˠ1j

���hȹƇPɋƘ!L'D25	j���h˲ǒ4ìŖ̷GʦǢăƇ4Â�Pɣɟ/�'Ʉ

ɮGȭƉ�����ͭKamide et al. 1984; Yamashiki et al. 1990; Kamide et al. 1992; Isogai and Atalla 

1995, 1998ͮ104õêɏ�Ɲˠ.�L'D	ʂȇɟ1ȅ˭2E͆OJ"Şɓă25˂J1�*

'
 

� S�[�2IL��j�ă.5	S�[�ƴÞ̷P��	��j�ă4ÿɌP��L'D2	

ȨüɆ4· �ɡQ2ɭʄ�M-�'ͭWarwicker et al. 1966; Jeffries and Warwicker 1969; Kunze 

and Fink 2005 
ͮ�4I�1ȨüɆ/�-	Xmx��	ůʞ10��K	�ŝ4ÿǹ�ɰ˶�

M-�L
ĝȊ4ȨüɆ· 5	S�[�2ILj���hȱ˩2E̬ɓ�M	S�[�Ȗȱ

ȥ2ůʞE��5oZůʞPȨü!L/	j���h4ȱ˩Ƈ�Ȁȓ2ğ�!L�/�	Ȓȳ

Ōř4`���2I*-ˢë�M'ͭZhou and Zhang 2000 
ͮ�4S�[��ůʞȖȱȥ5	Ʉ

ɮʌ4õêɏ1�.E	ʟʙ2Ɲˠ1ȹƇ4j���hȱȥP˻˜!L�/�.�	!.2{

U�ps���s2��LɑɒE̓œ�-�LͭCai et al. 2007B 
ͮ 

� S�[�Ċ�4Ȗȱȥ.5	S�[��ɤǂj���h4Ȗ̳ŀ2Äɓ�	j���hPȱ

ŕĩ�#L�/�ɪJM-�Lͭ Schwarzkoph 1932; Isogai and Atalla 1998; Kamide et al. 1985 
ͮ%

4�Ǖ.	1$ůʞȨü2IKS�[�Ȗȱȥ4j���hȱ˩ʽ�ğ�!L4�	/���

/2͆�-5Éɀ/�-�Ǟ1Ƚ�ŋ�	˝ǐ4ɭʄ`����ʂȇɟ1ȅ˭P˔*-�'


ɞˢʺ.�LȒȳŌř4`���5	ȱ˩4͐2S�[�/ůʞ�j���hìŖPĂB̖B	

�Ăǂ̽Ãͭ"an inclusion complex" 
ͮPƑƬ�	ȖʞʦĜ4æƑƬP͇Š!L�/.	ȱŕĩ�

'j���hìŖ�Śŝă!L/¥ƍ�'ͭ Cai et al. 2007A; Cai et al. 2008B; Lu et al. 2011; Lue et 

al. 2011 
ͮ���	�4¥ƍ5	̧̞Ľ͗Ŗͣƚ̀Ø	+AK«ɃɆ4˧ŧʦǹ2ŀ,�'E4

.�K	ȱ˩Ɉƫ/4̢͆ƣ��íŘĹ�1�
¶Ǖ	Egal J5	ȱȥ2Ū�-˔*'ɴŻƉ

̊ǼĽɂ̷ˬͭDSCͮȬŝ�J	ůʞ5S�[�2Ū�-E	j���h2Ū�-E	0)J2

Eɥ°ÄɓPƺ'1��/Pɴ�'ͭEgal et al. 2008 
ͮA'	Wang/ Deng5	ʦǢˀȵ̠Ƈ

Pɂúřɟ2˩̴!L�/2IK	j���h4ȱ˩ǡ2ɞɑ!LʦǢˀȵX�m�~�PȬ

ŝ!L�/P˲B'ͭWang and Deng 2009 
ͮ ůʞ4Ȩü2IK	ʦǢ4ˀȵ2Ɲˠ1̅4X�

m�~��ȩŮ!L�/Pˢë�'�	ʚ4˝͔�2͇AM	!>-4ŞͧʦǹP˸Ǟ.�L

˩̴Pˢë!�/5.�1�*'
 

� ʋʺJ5	j���h4ȱ˩̧ɿ4 DSCȬŝ/ XʰıƵȬŝ2ILɤǂ˧ŧP˔�ͭIsobe et 

al. 2013B 	ͮůʞ5j���h/ɤǂɥ°ÄɓPƺ'1��	˻˜�MLj���hȱȥ4ɂŚ

ŝƣPͩDL�/Pˢë�'ͭ1.4.1�`h2˴˸ 
ͮ�MIKʋʺJ5	j���h4ȱ˩̧ɿ

2��-ůʞ5	j���hìŖ4ɜȖɟɥ°ÄɓP1QJ�4Ƒ.ƌD	�Ƈȱ˩�'j�
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��h4æé͓PŒ�-�L/���/PǄȂ�'
�4I�1ůʞ4ɜȖɟɥ°Äɓ5	ů

ʞ2IL'Q7�̈4ŉƣ2��-EǄȂ�M-�KͭTanford 1964; Zangi et al. 2009; Shimizu 

2011 	ͮỡ�'j���h4ɜȖƣ/ĜO#	´ƕEȅ˭�Ɲˠ1˺͢.�L
 

� �4S�[��ůʞȖȱȥ4�J1Lɇƛ5	æɑ2I*-̞Ǟ1j���hb�P �L

�/2�L
�4j���hb�5	�T���Ɣ 20~50 nm	ŗƔ 100~200 nm4uxŋŗÃȉ

̡�JƬK	¶4æɑj���hb�ͭ Ȕ˗͜ʂͰ~ 200 m2/gͭ Innerlohinger et al. 2006; Gavillon and 

Budtova 2008ͮͮ /Ȕ>	300~400 m2/g/��ͩȔ˗͜ʂPǨ!L�/�ɪJM-�LͭCai et al. 

2008A 
ͮA'	b�P �LéĶȡ5	Ȗ/ɥȱ1ȥÃ.�M6Æɓęʽ.�K	Ȗ	Ž̳	

S�c��	Sjs�10ŋŵ2ȪL
�4j���hb�4uxŋŗÃȉ̡Pñɓ�'ƞɓ

ɭʄ5ɡQ.	c��gps4ŀǰͭIsobe et al. 2011ͮG̸ŲʕŖPƷƺ�#'ɱƣÃͭZhou et 

al. 2009 	ͮȎʽƣ�T��ͭYang et al. 2011ͮ104̓ɞ�˔OM-�L
 

� ���%4�Ǖ.	�4j���hb�ˁÃ4ŀǯɟ1Ɇƣ2͆!Lȅ˭5ȇD-Ů1�


ɇ2	Æɓ!LéĶȡ/˻˜�MLb�/4͆ÌPȅ˭�'E45ɠȾ.�L
%�.ǯɭʄ

.5	%4ȉ̡	ɇ2˗͜ɆƣPœD/�'ŀǯɟ1Ɇƣ2͆!Lȅ˭P˔�
 

 

1.4.1�`ho��� �
�������^J�IbmU]����Adn�

� S�[�/�-Ȗ̳ăus�V�PÆɓ�'łĜ/5ɛ1K	Ȗ̳ă�oV�PÆɓ�'ł

Ĝ	èʦ�˒˩4��jh2IK	ǈƸP˔O"/ES�[�Ȗȱȥ¤2j���hPȱ˩�

#L�/�.�L
�M5	S�[��ůʞȖȱȥ2��LłĜ.EĝȊ.�L
%�.	è

ʦ�˒˩4̧ɿP XʰıƵȬŝG DSCȬŝ10.̜̎!L�/.	j���h�S�[�Ȗȱ

ȥ�I9S�[��ůʞȖȱȥ2ȱ˩�-��ȊŖPɤǂ˧ŧ.�L/ʹ�	¢ʺ4Ȕ̓	ȅ

˭P˔*'
 

� ĵ 55	j���h˲ǒ/�-ɓ�'ƚʦǢj���hͭWhatman CF11ͮ4	S�[�Ȗȱ

ȥ�I9S�[��ůʞȖȱȥ=4ȱ˩Ƈǣʰ.�L
ßȫƇ͡ľ.S�[��ůʞȖȱȥ=

4ȱ˩Ƈ�S�[�Ȗȱȥ=4%MIKEͩ�	ůʞ�j���h4ȱ˩ƇPͩD-�L�/

�O�L
 

� ĵ 62 XʰıƵȬŝ4ʦǹPɴ!
ȫƇ4Â�2¿�	Cellulose IĽʦǢ�ȤŎ�-��ȊŖ

�O�L
�4���RU�2Ū�-~�_ì͕P˔�	ěȫƇ2��LʦǢăƇPȗD'ʦ

ǹ�ĵ 7 .�L
S�[�Ȗȱȥ2Ȕ>	S�[��ůʞȖȱȥ4?��ʦǢ͡ľ4ȩŮͭˀ

ȵͮ�ͩ�ȫƇ�JœA*-�L4�O�L
�MIK	ůʞ5j���hʦǢ4S�[�2

ILˀȵPÍ̤!LƓù��L/ʹ�JML
 

� ĵ 8~102 DSCȬŝ4ʦǹPɴ!
ĵ 85şȫ�J-60�A.4͈ȫ̧ɿP̜̎�'E4.�

L
ĵ 8A4~�_ a	b5%M&MS�[�ȖĩɆ�ůʞȖĩɆ4éĶɂ	z�_Ȗ4éĶɂ 
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ĵ 6. ͈ȫ̧ɿ4ěȫƇ2��Lj�

��h4 XʰıƵ���RU�
 

ȱ÷ͰS�[��ůʞȖȱȥ 

ĵ 8.ͭ A͈ͮȫ̧ɿ4 DSC���RU

�
ȹƇ5Æɓ�'j���hȹƇ


ͭB 0ͮ~-20�PƹŌ�'E4
2nd cycle

5	2Ƈɣ4͈ȫ̧ɿPɴ!
 

ĵ 5. j���h4ȱ˩Ƈǣʰ 
ĵ 7. ͈ȫ̧ɿ4 X ʰıƵ���RU

�ͭĵ 7ͮ�Jʎë�'j���h4

ʦǢăƇ 
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.�L
ĵ 8B25	ɩČ.ɴ�'I�2-10~-15�·

̙2ɞɂ~�_�ɰ˶�M'
�4~�_5	j�

��hȹƇ4�ǜ2¿*-Ō��1K	A'	2Ƈɣ

4͈ȫ̧ɿ.5ɰ˶�M1�'D	S�[�2IL

j���hʦǢ4ˀȵͭȱŕĩͮ2ILE4/ʹ�

JML
 

� ĵ 95	ǜȫ̧ɿ4 DSC���RU�.�L
~

�_ a'	b'	c'5%M&M	S�[�ȖĩɆ4˒˩ɂ	

ůʞȖĩɆ4˒˩ɂ	z�_Ȗ4˒˩ɂ.�L
j

���hȹƇ4Ņü2¿�	a'4S�[�ȖĩɆ4˒

˩ɂ4B�ȩŮ�	%4¶ 2 +4~�_25ŉă�

1�*'
�M5	S�[�ȖĩɆ4B�j���

h2ģɧ�M	�èȖ/1*'�/Pɴ!
�MI

K	j���h4ȱ˩̧ɿ2��-	ɤǂj���

hìŖ2Äɓ�-�L45S�[�4B.�L�/

�O�*'
 

� ĵ 1025 1Ƈɣ/ 2Ƈɣ4ǜȫ̧ɿ4Ȕ̓Pɴ!


1Ƈɣ4ǜȫ̧ɿ2Ȕ>	2Ƈɣ4ǜȫ̧ɿ.5 a'4

S�[�ȖĩɆɕǳ4~�_5�J2ȩŮ�'
2Ƈ

ɣ4ǜȫ̧ɿ4���RU�5	3 Ƈɣ4ǜȫ̧ɿ

ͭĵɴ#"ͮ4E4/?@ĝ .�*''D	èʦ

�˒˩��jh2��Lj���h4ȱ˩5	͈ȫ

̧ɿ.̩Ƭ�ML4.51�	ǜȫ̧ɿ�ʣ¬�'

ƕ2̩Ƭ�ML�/�O�*'
 

� ĵ 1125	j���hȱȥ4ʖƇ4ʥǡŉăPɴ

!
S�[��ůʞȖȱȥPȱ÷/�-Æɓ�'ł

Ĝ	j���hȱȥ4ʖƇ5 8 ǡͅƕEŌ�1ŉă

Pˢ#"	ȇD-ͩ�ɂŚŝƣPɴ�'ͭǣʰ i 
ͮ

%4�Ǖ.	S�[�ȖȱȥPȱ÷/�-Æɓ�'

łĜ	j���hȱȥ4ȹƇ5 30ìƕP̧�'�'

K�J�ǜ2̑ 	8 ǡͅƕ25ȟĀƣPŎ*'b�

ɈɆ̈/1*'ͭǣʰ ii 
ͮ/�N�	ǣʰ ii4łĜ/

ĵ 9. ǜȫ̧ɿ4 DSC���RU�


ȹƇ5Æɓ�'j���hȹƇ
 

ĵ 10. ǜȫ̧ɿ 1Ƈɣ/ 2Ƈɣ4 DSC

���RU�
j���hȹƇ5

6wt%
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ĝȊ2S�[�ȖȱȥPȱ÷/�-Æɓ�j��

�hPȱ˩�#'ƕ	ůʞPȨü�'E4ͭ ǣʰ iiiͮ

5	ǣʰ i 4łĜ/ĝȊ2ʖƇ4ʥǡŉă���O

"�2�ǜ�'4B.�*'
�MIK	ȱ˩ƕ2

ůʞPü�L�/.E	œD�JS�[��ůʞȖ

ȱȥPj���hȱ÷/�-Æɓ�'łĜ/ĝȊ

1j���hȱȥP˻˜.�L�/�O�*'
 

� �MA.2	j���h4ɂb�ă5	j���

hìŖĝŇ�ɜȖɟɥ°Äɓ2I*-½Ĝ!L�

/.̓œ!L/���/Pɴ�'ͭIsobe et al. 2012 
ͮ

�MIKůʞ5	�4j���hìŖĝŇ4ɜȖɟ

ɥ°Äɓ2IL½ĜP͇Š�-�L/ʹ�JML
 

� ¹�4ʦǹ�JǃȬ�MLůʞ4Ɠù2+�-ĵ

122ĵɴ!L
ůʞ5	j���h4ȱ˩ƇPͩD

L�	�M5ɂúřɟ1Ɓ˕Ɉƫ4ȱ˩Ƈ��ǜ�

'4.51�	ůʞ2IKj���hʦǢ4ˀȵ�Í̤�M'ʦǹ	ȱ˩Ɉƫ2ɾ˔.�'j

���hìŖ�Ņ�''D(/ʹ�JML
�4j���hˀȵ4ůʞ2ILÍ̤5	ůʞ2

ILj���hìŖĝŇ4ɜȖɟɥ°Äɓ4͇Š/Ťǂ1͆Ì��L/ʹ�JML
+AK	

ůʞ4Ȩü2IK	�Ƈˀȵ�'j���hìŖ�½Ĝ#"	ˆŐ1ìǏɈƫPÎ+'D	�

J1Lj���hʦǢ4S�[�2ILˀȵ�̤˔!L'D/ʹ�JML
 

� ɂìǷ4ʦǹ�J5	ůʞ5j���hìŖ=4ɤǂɟ1ɥ°ÄɓPƺ'1�/ʹ�JML

'D	ůʞ4ǹ'!Ɠù4ˠĲ5�Ǟ.�L
���̙Ƃ4Łĥ.	ůʞ5j���hìŖ4

̙Ö2é͓�-�Lęʽƣ�ɴĬ�M-�LͭBergenstrahle-Wohlert et al. 2012 
ͮ�4/�2ɑ

 LɂXw�^�5ȇD-ŭ��'D	ǯȅ˭4ɂìǷ.5ȅɪ.�1�*'ęʽƣ�ʹ�J

ML
  

ĵ 11. 30�ȡ¤2��Lj���hȱ

ȥ4ʖƇ4ʥǡŉă
iͮj���hȹ

Ƈ 5wt%4S�[��ůʞȖȱȥ	iiͮ

j���hȹƇ 5wt%4S�[�Ȗȱ

ȥ	iiiͮS�[�Ȗȱȥ4B.j��

�hPȱ˩ƕ	ůʞPȨü�'E4


Ǧʣj���hȹƇ5 5wt%
 

ĵ 12. S�[�Ȗȱȥ=4j���hȱ˩2��Lůʞ4­ƨ�MLƓù 
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1.5 >PR
!O 

� j���h5ĵ 3 .Ư̂�'/�K	%4ìŖȉ̡2ɕǳ!L¢˦ŕƣPǨ!L
���	

ōɀj���h.5	%4ȉƬĊÁ.�Lj���h�_��T���4˗͜�Ȗ̳ŀ2ˡO

M-�K	ͩ�˦ȖƣPǨ!L
%4'D	Ɇɏɟͯăřɟêɏ2IKƘJM'uxj���

hP	ɣɟ2I*-5�J2ăřēƞ2IKɜȖă!LƝˠ��LͭEichhorn et al 2010; Siro and 

Plackett 2010 
ͮ 

� �Ǖ	æɑj���h.5	�Ƈȱ˩�'E4Pæȉʐ!L'D	˻˜ș2I*-5j��

�hìŖˁ̐�ǯǳɟ2Ǩ!LɜȖƣPƊ�ë��L/���/�ìŖĀúř2I*-ɴĬ�

M-�LͭMiyamoto et al. 2009 
ͮA'ʋʺJ5	j���hb�Pŀǰ/�-˻˜�'ĜƬͩ

ìŖͯj���h˝Ĝǰǒ�T��2͆!Lȅ˭2��-	�4I�1ɜȖƣ2̋Ĳ!L/ʹ

�JMLɇɛɟ1úřɇƣ4ɞɍP˧ŧ�-�LͭIsobe et al. 2011 
ͮ 

� %�.ǯɭʄ4¥ɦ5	S�[��ůʞȖȱȥɕǳ4j���hb��Ǩ!Lȉ̡	˗͜Ɇ

ƣ/�*'ŀǯɆƣ�	éĶȡ4ʀͤ2I*-04I�2̪��	A'%4̪��òƙęʽ�	

PǞJ�2!L�/2�L
 

� �J2Ɲˠ2ƞ -͛Ǣj���hb�P �L�/.ɪJM-�LͭTogawa and Kondo 

2007ͮ͛Ȗʚj���hȱ÷4 LiCl/DMAc /4Ȕ̓P±�1�J	Ȗʚȱ÷.�LS�[��

ůʞȖȱȥɕǳ4j���hb�4ȉ̡/%4ɞɍȎȉPǞJ�2!L
 

 

1.6 ��
,[���� ������_e�	�
 

� ǔɅͩìŖ®ãͭ1988 Ƃ	ͩìŖř½ʱͮ2IL/	b�5��JHLȱŕ2�ȱ4�ȐÚ

ʭɣȉ̡Pƺ+ͩìŖ�I9%4ˀȵÃ
/��ŝʸ�1�M-�L
�4�ȐÚʭɣȉ̡5

ǺȍȽ/ħ6MLͩìŖĝŇ4ʦĜȽ�JƑƬ�ML
�4ǺȍȽ�04I�2�-ƑƬ�M

'�2I*-b�5Ōð�M	ăřēƞ2ILáǨʦĜ2ILE4Păřb�	ʧBĜ��ʦ

Ǣă�UZ�ʦĜ104ɆɏɟʦĜ2ILE4PɆɏb�/ħ;
 

� ăřb�5	ȫƇG pH	ȱŕʀ	ȱŕ4ŃȹƇ104Ŋɟ1óȸ2I*-	ˀȵ�Ĕʴ10

4ƞʍͭɥ̑ɾɍ̃ͮPɴ!�/� 1970Ƃ¸ƕĉ2ɔ¤J2I*-ˢë�M	b�ì̶5ǔ'

1Ű͜P̘�'ͭShibayama and Tanaka 1993 
ͮɔ¤G De GennesJ5	b�P�ȟĀƣPŎ�

ƏƣPǨ!LI�21*'ͩìŖȥÃ
/�-ƿ�	Flory 4ͩìŖȱȥɏ˾Pɞű�#b�4

ɥ̑ɾɍ̃P˸Ǟ!L�/2Ƭû�'ͭDe Gennes 1979; Shibayama and Tanaka 1993 
ͮ�4I�

1ăřb�4Ŋ̰óȸƞʍƣ5	j�e�10ͩȎʽǰǒ/�-b�Pñɓ!L�/=4ưP

̓�	ɏ˾4ɞű�JƢȸ1ɭʄű̓Pˢ#	b�ɺř/��ɉʇ�'ì̶Pɰʇ!L2˂*

'
�4I�1b�4Ŋ̰óȸ=4ƞʍ5	b�PȉƬ!LͩìŖ4˦ͯɜȖƣG͗ˊ̷10

4˿Ɇƣ2Ǝ�ÉŘ�	ɣɟ2ƞ 'ǰǒ˰ˬ�Ȕ̓ɟŢǟ.�L'D	ɍĹEɡQ1ȅ˭�
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˔OM-�L
 

� �Ǖ.Ɇɏb�5	ōɀɆɕǳ4E4�ŋ�
m�{_̈Gŋʘͤ104ōɀͩìŖ5	ŋ

�4łĜōɀɈƫ.b�ɈɆ̈/�-ŘĹ�	%MJ5ɆɏɟʦĜ2ILǺȍȽ�J1LɆɏ

b�.�L
b�P �LōɀͩìŖ/�-5	m�{_̈.5c��b�ɕǳ4k�o�b

��%4¸˗.�K	A'ŋʘͤ.5Ȣˑɕǳ4[�^�u�	S\�ͭ Ŧō 	ͮS�^�̳G	

ȄɆÃ2ŘĹ!L�_o�	.Q<Q10ǐŋ�4ʀͤ�ŘĹ!L
j���h5͉JM'ȱ

÷4B2ȱ˩!L'D	Ȗęȱă�'|t�]f��~�j���h10	j���h˷ŬÃ

2͆!Lȅ˭�?/Q0.�L
�MJ4b�5	ͥĪ/�-4ñɓGąɝì̶2��Lǰǒ

ñɓ104ęʽƣ�J	ȉ̡GɆƣ10ʂȇɟ1ȅ˭�˔OM-�'
�Ǖ.	���*'Ɇ

ɏb��ǰǒ/�-ñɓęʽ1ƎƇPƘL'D25	ͩ �ǺȍȽŤƇ�Ɲˠ.�L
%4'D	

ȱŕ2ILˀȵƇ�Â�!L	!1O)	ìŖĝŇ4é͓�Ō��1*-�A�'DͭPiculell 

1998 	ͮȉƬĊÁ.�LͩìŖ̿�ìǏ�'Ɉƫ�ƘJM"	ăřb�.5ęʽ.�*'Ŋ̰ó

ȸ2Ū!L̻Ǎ1ƞʍƣP· !L�/�ĳ͖.�*'
%4ʦǹ	Ɇɏb�PͩȎʽƣǰǒ

4Ò˛/�-ƿ�'ɭʄÇ5Ů1�	b�ȉ̡4ʗǼͭƃ˨�ŭ˨ X ʰıƵȬŝGÜǏ©	å

ÔÜ¯ˇƣȬŝG͗Ŗͣƚ̀˧ŧͮG	úřɟɆƣ4˱ÊͭƊƍͯĸʴ˲ͧ	ʖƏƣȬŝͮ2

ʣœ�-�LͭClark and Ross-Murphy 1987 
ͮ 

� Ư̂�'̟K	ǺȍȽ�Ɇɏɟ1ɥ°Äɓ.ȉƬ�ML'D	j���hb�5Ɇɏb�/

��Ąì2�-5AL
���	%4é͓ȉ̡4ha��5 20 nm ¹�/Ō��'D	�4I

�2�-ƘJMLj���hb�P�Ȗ2I*-ͩƇ2ˀȵ�'ɆÃ
/�-ƿ�	�b�ɈɆ

̈
/�-ȅ˭P˔�˾˻�Ǐˢ�MLͭGavillon and Budtova 2008 
ͮ���	ˌʺ5	Ãʂɥ

̑ɾɍ̃ͭǯ˾Ǒ25ǭĔ̾ͮ10	b�ɺř.˧ŧ�MLɇƛɟ1ɍ̃�	ǯɭʄ.Æɓ!

LS�[��ůʞȖȱȥɕǳ4j���hb�.E̋�L�/Pɰ˶�	A'	ċŇ˾ǑˁÃ

4ʒɚă4'D	ǯċŇ˾Ǒ¤.5�Ȗ2I*-ͩƇ2ˀȵ�'æɑj���h
/��˗ɍ

5ɓ�"	�j���hb�
/��˗˯.ʨ�!L�/2!L
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T 2S� �����0WEIGM?
��� ���
Bj 
 

2.1 Yc 

� ʊ 1 ʈ.̛>'I�2	j���h5%4ìŖȉ̡2ɕǳ!L˦Ȗƣ/ɜȖƣPÅ#ƺ+¢

˦ŕƣìŖ.�L
�4¢˦ŕƣPòƙ!L�/5	Staudinger�j���h4İŃăȼʞĂˍ

ʽPɞ˗�-¹ǳͭStaudinger 1953 	ͮ́�æɑj���h2ǇOLɭʄʺ4˺͢.�*'
ĵ 1

2ɴ!I�2	j���h II ĽʦǢ4˦Ȗ͜5Ȗ̳ŀ�Ō̷2ŘĹ!Lͭ1-10ͮ͜.�K	ɜ

Ȗ͜5`�c~�x�hɐ�J1Lͭ110ͮ͜.�L
E�	�4 2͜4̱ğɈƫPśß2òƙ

!L�/�ęʽ.�M6	ɏ˾�	%4˗͜Xw�^�5	42.0 mN/m/��˦Ȗƣ˗͜�J	

19.8 mN/m /��ɜȖƣ˗͜A.ŉă�#L�/�.�L/˲ʎ�M-�LͭOkajima and 

Yamane 2001 
ͮ 

� �4I�1˦ɜȖƣ4ɞɍ/%4òƙ/��˧Ƚ�J˔OM'ȅ˭5ǐŋ�	¸˗ɟ1E4

/�-5	}hc�h�T��2��Lͭ1-10̱ͮ͜͜ğ4ɞɍ/%4�[vi�ͭTakahashi 

1968a and b 	ͮɛ1LéĶȡ2I*-˻˜�M'æɑj���h�T��4Ɇƣ/ȉ̡ͭ Matsui et 

al. 1995; Inamoto et al. 1996; Yamane et al. 2006; Yang et al. 2007 	ͮA'	˻˜�M'æɑj���

hPǨȎȱ÷2I*-ƕêɏ!L�/.ɜȖăPɣƻ�'ɭʄͭSato et al. 2004ͮ10�Ƽ�J

ML
�MJ4ȅ˭.5	˻˜�êɏǕș2IKŋŮ4Ɇƣ4̪�Pɴ�	A'	æɑj��

�hä̰2˦Ȗƣt�U�/ɜȖƣt�U��ŘĹ!L�/5ɰ˶�M'E44ͭManabe and 

Fujioka 1996 	ͮj���h�%4¢˦ŕƣ	ɇ2%4ɜȖƣPͣˌ2ɍ!�/51�*'
�M

5	ƘJMLæɑj���h�ʵʬɈA'5�T��Ɉ.�L'D	%4Ȕ˗͜ʂ5ŭ��	

ǂ˪˨Ȭŝ10˗͜4ˉ�2I*-EźĚ�MLI�1ìǷƱȓ.5	˗͜Ɇƣ4O"�1̪

�Pȅɪ!L�/�.�1�*''D.�L/ʹ�JML
 

� Ƅ˾.E̛>'I�2	S�[��ůʞȖȱȥɕǳ4j���hb�5	Ȕ˗͜ʂ� 300~400 

m2/g 4uxŋŗÃȉ̡PǨ!L�/�Łĥ�M-

�LͭCai et al 2008A 
ͮA'	ȖGŽ̳�JS�c

��	Sjs�A.	Ȗ/ɥȱ.�M60Q1ȥÃ

E�ȱ÷/�-ɓ�L�/�.�L
%4'D	1

+4j���hȱȥ�J	Ɇƣ4ɛ1Lj���h

b�P˻˜.�	A'	%4˗͜Ɇƣ4̪��Ȕ˗

͜ʂ4ͩ��Jͣˌ2ɍML�/�­ƨ�ML
%

�.ǯɭʄ.5	S�[��ůʞȖȱȥɕǳ4j�

��hb�Pɓ�-	éĶȡ2ƞ -	ƘJMLb ĵ 1. Cellulose IIĽʦǢ4˦ͯɜȖ͜ 
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�4ȉ̡/Ɇƣ�04I�2ɛ1L�P˧ŧ�	ęʽ1J6%MPòƙ!L�/P˲B'
 

� ǯɭʄ.5	éĶȡ/�-	ȖͭWater 	ͮŽɯ̳ͭH2SO4 	ͮɯ̳ŃͭNa2SO4ͮȖȱȥ10Ȗ

ʚȥÃ	A'	�mx��ͭMeOH 	ͮXmx��ͭEtOH 	ͮ��{x��ͭPrOH 	ͮ�mx��

ͭBuOH 	ͮSjs�ͭAcetoneͮ10Ȗ/ɥȱ1͛ȖʚȱȥPÆɓ�'
�MJ4éĶȡ�J˻

˜�M'j���hb�2Ū�-	X ʰıƵȬŝ	̊ǼĽ͗Ŗͣƚ̀ͭSEMͮ˧ŧ	ʆʞ�I

9ǻǒģɧ	ĶÃ NMR104ŞͧP˔��/.	b�4˴ʢ1ȉ̡/Ɇƣ4ȅ˭P˔*'
 

 

2.2. EV&+F�kEV&+F 

2.2.1 Yc 

A"	éĶȡ/�-ȖʚéĶȡ/͛ȖʚéĶȡPɓ�-ȅ˭P˔*'
˲ˏ5	ɇ˯�-�1

�͉K	ĩÜ˲ˏɇʝ4E4Pɓ�'
 

 

2.2.2 -l 

2.2.2.1 j���hȱȥ4˻˜ 

� j���h˲ǒ/�-ȾȻ{��ͭ ADVANTEC	̵ ĜƇͰʛ 530 ͭCai et al 2008ͮͮ Pɓ�'


j���hȱ÷/�-	4.6wt%Ȗ̳ă�oV�ͯ15wt%ůʞȖȱȥPɓ�'ͭCai and Zhang 

2005 
ͮj���h4ȱ˩5èʦ˒˩șͭj���hȱ÷2¼Ʃ̷4«Ƀj���h˲ǒPü�

ǈƸ	ȥÃʆʞ.Ƣ̠èʦ�#'4)	4~5�.˒˩�#	̞Ǟ1j���hȱȥPƘLͮPɓ

�-˔*'
�4Ǖș2IK	4wt%j���hȱȥP˻˜�'
�4j���hȱȥP̫Ɯì

͕ͭ3500 rpm	20 minͮ2IKʾȕ�	j���hb�˻˜2È�'
 

� A'	j���h˲ǒ/�-ƚʦǢj���hͭ Whatman˜ CC31	̵ĜƇͰʛ 220 ͭCai et al 

2008ͮͮ Pɓ�	ȹčj���hȱȥͭ10wt%ͮP˻˜�'
�4ȱȥ�JƘJM'b�5	X

ʰıƵȬŝ4�̰2Æɓ�'
 

� �J2	ŪɁj���hȱ÷/�- 8wt%Ńă�oV�ͭ LiClͮͯ g�o�SjsS�tͭ DMAcͮ

ȱȥPɓ�-	j���hȱȥP˻˜�'
¼Ʃ̷4«Ƀj���h˲ǒͭCC31ͮPȖ2ìǏ

�#	̫Ɯì͕ͭ2000 rpm	20 minͮ2I*-ıĔ�'
�J2 DMAcPü�æ9ìǏ	ĝȊ2

̫Ɯì͕2I*-ıĔ	%4ƕæ9 DMAc 2ìǏ�̫Ɯì͕2IKıĔ/��õêɏP 3 ıʶ

K̚�'
�MP 8wt%LiCl/DMAc 2ü�	3 ǚͅşȫ.ǈƸ�#L�/. 8wt%j���hȱ

ȥP˻˜�'
 

 

2.2.2.2 j���hb�4˻˜ 

� 2.2.2.1 .˻˜�'j���hȱȥP\�hǶ�2ű̓�	�ȱ÷¤2ȣȴ�#L�/.éĶ

æɑ�#'
�ȱ÷/�-	ȖͭʾUZ�Ȗ 	ͮ5wt%ɯ̳	5wt%ɯ̳us�V�Ȗȱȥ	�m
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x��	Xmx��	Sjs�Pɓ�'
A'	Ȗͯ�mx��ȧĜȱȥͭ20	40	50	60	

80wt%Ȗ EͮÆɓ�'
¹͈	�MJ4éĶȡP%M&M	Water	H2SO4	Na2SO4	MeOH	EtOH	

Acetone	MeOH 20%	MeOH 40%	MeOH 50%	MeOH 60%	MeOH 80%	/˗˯!L
 

� �ȱ÷¤.śß2éĶ�'j���hb�P	ʾUZ�Ȗ.¤ƣ21LA.ȝȠ�	̞Ǟ1

j���h|t�b�ͭ čBͰʛ 0.5 mm PͮƘ'
�4j���hb�P¹�4Şͧ2È�'
 

� ŪɁ˲ǒ/�-˻˜�' LiCl/DMAc ʚ4j���hb�4˻˜5	ȕɥ2��-˔*'


LiCl/DMAcj���hȱȥP\�hf����2ű̓�	ȖA'5 MeOHPƅ2Ȯ'�'rf

a�mä2 3 ǚͅǌʷ�	b�ăP˔*'
�4b�PʾUZ�Ȗ2I*-śß2ȝȠ�	

LiCl/DMAcɕǳ4j���hb�ͭčBͰʛ 0.5 mmͮP˻˜�'
 

� ˻˜�M'j���hb�4�̰P 105�4Z���. 2ǡͅǌʷ�	ʩ«�#L�/.	̵

̷4ŉă�JĢȖɌPȬŝ�'
 

 

2.2.2.3 �VʞĤˇēƞ 

� ƘJM'b�P�Vʞͭ5 mmol/L �ͮ�Vă[�V�ͭ30 g/LͮȖȱȥ2 1ǡͅȣȴ�#	ˇ

4ŉăP˧ŧ�'
 

 

2.2.2.4 j���hXS�b�4˻˜ 

� ͗Ŗͣƚ̀˧ŧ/ʆʞģɧȬŝ4'D25«Ƀ˲ǒͭXS�b�ͮP˻˜!LƝˠ��L


%�.	ȱŕʷǅ/èʦ«Ƀ2IKj���hb�4XS�b�ăP˔*'
A"	j���

h|t�b�ͭȱŕ5Ȗͮ4ȱŕP	EtOH=/ʷǅ�'
Ȑ2 t-�o�S�c��=/ʷǅ�

'ƕ	èʦ«Ƀ2IKj���hXS�b�P˻˜�'
 

 

2.2.2.5 ̊ǼĽ͗Ŗͣƚ̀˧ŧ 

� XS�b�˲ǒ2Ū�	Zh�V�c�qT�`ͭ Meiwa Fosis Neoc-ST Pͮǖ�	Hitachi S4800

ͭČü͗ĸ 700 VͮPɓ�-˧ŧP˔*'
 

 

2.2.2.6 ʆʞģɧŞͧ 

� XS�b�˲ǒ2Ū�- Quantachromeɶ˜ NOVA 4200ePɓ�-ȬŝP˔*'
ƘJM'ģ

ɧʌȫʰ4ɥŪĸ 0.05-0.34ʏĴPɓ�	BETͭ Brunauer–Emmett–Tellerͮș2IKȔ˗͜ʂͭ¹

͈ SBET/˗˯ͮͭ Brunauer et al. 1938ͮPˬʎ�'
A'	ƘJM'ģɧʌȫʰ4ģɧ̧ɿPɓ�

-	Dollimore–HealͭDHͮșͭDollimore and Heal 1964ͮ2IKŗƔìżPȗD'
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2.2.2.7 ǻǒģɧŞͧ 

� |t�b�˲ǒ2Ū�-	ģɧ̈/�-c�d��ptPɓ�-ģɧŞͧP˔*'
j��

�hb�ʛ 30 mg2Ū�-	1 mL4c�d��ptȱȥͭȹƇ: 0.4-6.0 g/LͮPȨü�	Ćì1

Ɓ˕ɈƫPƘLA. 1 ̣ͅʃG�1͘ɢPʫ�1�J 25�.ǌʷ�'
�4�ȶB4ȹƇP	

ģÜÜƇˬͭShimadzu˜ UVmini-1240ͮ.Ȭŝ�'Ț́ 500 nm.4ģÜƇ�JȗD'
ģÜƇ

/ȹƇ4ȅ̷ʰ5	­D˻˜�'ȹƇǙɪ4c�d��ptȱȥPɓ�-ÄƬ�'
 

 

2.2.2.8 XʰıƵȬŝ 

� XʰıƵȬŝP˝ǐ4Ǖș.˔*'
 

2.2.2.8.1 ēūș 

� XS�b�˲ǒPª̹.ɤƔ 1~2 mmɿƇ21LA.ʔɮ�	̼ ÷Ɉ2��hƬƑ�'E42

Ū�-	RINT2000ͭRigakuͮPɓ�-ēūș2IK XʰıƵȬŝͭλ = 1.5418 ÅͮP˔*'
 

 

2.2.2.8.2 f�_�s��ǌūÜ2IĻ̞ș 

� SPring8ͭBL40B2ͮ2��-	|t�b�˲ǒ2Ū�- XʰıƵȬŝͭλ = 0.7 ÅͮP˔*'


ıƵĵ5	U��g�`���s�2˯̾�M	R-AXIS VͭRigakuͮPɓ�-˹B̖Q(
f

�[ʔǮͭd = 0.31355 nmͮPɓ�-[��́Pǽȑ�'
 

 

2.2.2.8.3 ��h«Ƀ�#-ƘJM'j���h�T��2Ū�-4̧̞ș 

� ȹčj���hȱȥͭ10wt%ͮ�JƘJM'ěʀ|t�b�Ph�Ut\�h2ƽB	¢ʉP

_�p�.əD	şȫ.ǐǚǌʷ!L�/.	ĸʴ�1�J«ɃP˔�	j���h�T��

PƘ'
�4j���h�T��2Ū�-	̧̞ǕğͭThrough viewͮ/Ǔ͜ǕğͭEdge viewͮ

4 2Ǖğ2Ū�-	Philips PW3830ͭ 30 kV, 20 mA Pͮɓ�- XʰıƵȬŝP˔*'
ıƵĵ5	

U��g�`���s�2˯̾�M	Fujifilm BAS-1800II bioimaging analyzer2I*-˹B̖Q

(
 

 

2.2.2.9 ĶÃ NMRȬŝ 

� ěʀj���h|t�b�˲ǒ2Ū�-	Bruker Avance DSX spectrometerͭ13CĦȚǐͰ100.6 

MHzͮPɓ�-	±Żìȇͯ��s�r[p���`ͯ�gp_˨Ȭŝ (CP/MAS) ș2IK	
13C CP/MAS NMRȬŝP˔*'
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2.2.3 X@�\. 

2.2.3.1 j���h|t�b�4Ŋ˧/�VʞĤˇēƞ 

� ĵ 22b�4ŊˢPɴ!
5ʀͤ4éĶȡ�JƘJM'j���h|t�b�50MEͩ�̞

ǞƣPǨ�	˗ 12ɴ!/�K 90%¹�/��ͩ�ĢȖɌPǨ�-�'
 

� éĶȡ2IL̪�PɪL'D	A"ʒË1Ʊȓ/�-

�Vʞͯ�Vă[�V�Ȗȱȥ2ILĤˇP˔*'
%

4ʦǹPĵ 3 2ɴ!
H2SO4G Na2SO4104ȖʚéĶ

ȡ2I*-ƘJM'b�.5	�Vʞ�Vă[�V�Ȗ

ȱȥ4Ú4ˇ.�Lˈ˞ˇ4AA.�K	Ĥˇ5˧ŧ�

M1�*'
%4�Ǖ.	MeOH	EtOH	Acetone10

͛ȖʚéĶȡ2I*-éĶæɑP˔*'b�5	͚ ʡ�

ʡˇ4Ĥˇ�ɰ˶�M'
 

� �Vʞ4Ĥˇēƞ5	�VʞUZ�� polyiodide/�

�ɤʰ�4̱îPƑƬ�	͗ Ŗ̭ɾ�ɑ L�/2ɕǳ

!L/�M	�4/�2Ɲˠ1�VʞUZ�4ǐ5ǦÂ 9Ð.�L/Łĥ�M-�LͭYu et al. 

1996 
ͮ�Vʞ.Q<QēƞͭHollo and Szeitli 1968ͮ.ˢJMLĤˇ5	�VʞUZ��S��

�hìŖ4˓Ǘȉ̡ä2Ăǂ�M polyiodide �ƑƬ�ML'D2ɑ L/���/�ɰ˶�M

-�K	�M5S���h˓Ǘȉ̡ä4ɜȖƣ2̋Ĳ!LE4.�L/ʹ�JM-�Lͭ Rundle 

and French 1943; Noltemeyer and Saenger 1976 
ͮ 

� ǯɭʄ.ɰ˶�M'Ĥˇēƞ5	�VʞUZ��b�4˗͜�2ģɧ�	polyiodidePƑƬ�

ĵ 2. ěʀéĶȡ�JƘJM'j���h|t�b�4Ŋ˧
éĶȡͰͭ a MͮeOH	ͭ b EͮtOH	

ͭcͮAcetone	ͭ dͮH2SO4	ͭ eͮNa2SO4 

� ��� BEGIA>E:�

� �

"/'+3-'.2�
Water content 

Jwt%K 

MeOH 93.0  

EtOH 92.7  

Acetone 92.8  

H2SO4 90.2  

Na2SO4 89.7  

 

ĵ 3. �Vʞ4ĤˇēƞPj���hb�2˔*'ʦǹ
éĶȡͰͭ a MͮeOH	ͭ b EͮtOH	ͭ cͮ

Acetone	ͭ dͮH2SO4	ͭ eͮNa2SO4 
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''D2ɑ '/ʹ�JML
�MIK	�ˢ�-ĝȊ1Ŋ˧PǨ�-�Lj���h|t�

b�E	%4éĶæɑ2ɓ�'�ȱ÷4ʀͤ2I*-	ɛ1Lä̰˗͜ɆƣPǨ�-�L�/

�ɴĬ�M'
 

� ¹͈4͟.5	%4ä̰˗͜Ɇƣ/%4ȉ̡2+�-˔*'˴ʢ1ȅ˭2+�-ɴ!
 

 

2.2.3.2 j���hb�4˗͜Ɇƣ/ʅ͏ȉ̡ 

� ʆʞģɧȬŝ�JƘJM'Ȕ˗͜ʂͭSBETͮP˗ 2

2	A'	ŗƔìżPĵ 4 2ɴ!
ƘJM'j���

hb�5	0ME 330-350 m2/g /��ͩ�Ȕ˗͜ʂP

Ǩ�	éĶȡ4ʀͤͅ.4Ō�1Ż5ɰ˶�M1�*

'
A'	ŗƔìżǣʰEĝȊ4×ğPɴ�	éĶȡ

2I*-E 8-12 nm ·̙2~�_PǨ�-�'
�M

IK	eUi4Ƚ.5	j���hb�4ʅ͏ȉ̡2

Ō�1̪�5ˢJM1��/�O�*'
 

  

� ��� BEGIA>E:	���� �

Coagulant 
Specific surface 

area Jm2/gK 

MeOH 332.5 

EtOH 326.1 

Acetone 331.0  

H2SO4 355.2 

Na2SO4 341.2 

 

ĵ 4. DHș2I*-ƘJM'ŗƔìż
éĶȡͰͭ aͮMeOH	ͭ bͮEtOH	ͭ cͮAcetone	ͭ dͮ

H2SO4	ͭ eͮNa2SO4 
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� ģɧ̈/�-c�d��ptPɓ�-˔*'ǻ

ǒģɧŞͧ4ʦǹPĵ 52ɴ!
ĵ 55ģɧʌȫʰ

/ħ6M	Ȍ̒2Ɓ˕ȹƇ	ʳ̒2ģɧ̷Pĕ*'

E4.	ģɧȊƉGͦĩģɧ̷10ģɧɍ̃2͆!

LȊ�1ƧŁPƱ2ÞML�/�.�L
�4c�

d��pt4ģɧʌȫʰ2��-	͛ȖʚéĶȡ

ͭMeOH	EtOH	Acetoneͮɕǳ4j���h|t�

b�5	ȖʚéĶȡͭH2SO4	Na2SO4ͮ4łĜIK

Eŋ�4c�d��ptPģɧ�	%4͠Á5

MeOH > EtOH > Acetone > Na2SO4 ~ H2SO4.�*'
 

� �MJ4ģɧʌȫʰ4ÂȹƇ͡ľͭ< 2 g/Lͮ5

Langmuir4Ɖ 

!! = !!"#$! ∙ !!! ∙ !!1! + !!! ∙ !!  

2IKI�˗�ML'Dͭ R>0.95ͮͭWͰģɧ̷	WmaxͰ

ͦĩģɧ̷	CͰƁ˕ȹƇ	KͰƁ˕ŝǐ 	ͮŽˎc�

d��ptȹƇ.4j���hb�ä̰˗͜�=4ģ

ɧ5Ċųģɧ.�L/ʹ�JML
I*-	Langmuir

Ɖ2ıž�#'ʦǹ�Jͦĩģɧ̷PȗD'ͭ˗ 3 
ͮ

͛ȖʚéĶȡɕǳb�4ͦĩģɧ̷5	ȖʚéĶȡɕ

ǳ4%MIKEŋ�	ǦŌ. 2Ñ4Ż��*'ͭ MeOH

æɑ: 0.18 g/g	H2SO4E��5 Na2SO4æɑ: 0.09 ~ 

0.10 g/g 
ͮỡ�'̟K	j���hb�4Ȕ˗͜

ʂ2Ō�1Ż51�	A'	ŗƔìż2EŌ�1Ż

�1��/�J	�4c�d��ptģɧ̷4Ż5	

j���hb�ä̰˗͜Ɇƣ4̪�2ɤʦ!LE

4/ʹ�JML
 

� c�d��pt5	ĵ 62ɴ!I�1Ɓ͜Ɉ4ìŖȉ̡P�-�K	�͗ŖáƓʚPǨ!L


%4'D	c�d��pt5j���h4˗͜2Ū�-ɜȖɟ1ɥ°Äɓ.ģɧ!L/ʹ�J

M-�LͭEngle et al. 1994; Yuguchi et al. 20 05; Mazeau and Wyszomirski 2012 
ͮ�MIK	͛Ȗ

ʚéĶȡ�JƘJM'j���h|t�b�5	ȖʚéĶȡɕǳ4b�IKEɜȖƣ4ͩ�˗

͜PǨ�-�L/ʹ�JML
 

 

ĵ 5. ěʀj���h|t�b�=4

c�d��pt4ģɧʌȫʰ
CͰƁ

˕ȹƇ	WͰģɧ̷ 

ĵ 6. c�d��pt4ìŖȉ̡ 

� �����>E<:?H@IFCD

:������ �

"/'+3-'.2� Wmax Jg/gK 

MeOH 0.18  

EtOH 0.14  

Acetone 0.12  

H2SO4 0.09  

Na2SO4 0.10  
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2.2.3.3 Water/MeOHȧĜȱȥ2ILéĶ 

� Water/MeOH ȧĜȱȥPéĶȡ/

�-Æɓ�-ƘJM'j���hb

�2Ū�-	ỡ/ĝȊ4ȅ˭P˔

*'
%4ʦǹPĵ 7	8	˗ 4	52

ɴ!
Ȕ˗͜ʂ5300~375 m2/gͭ ˗4ͮ

.Ō��5ŉOJ"	A'ŗƔìż

E 8~12 nm ·̙2~�_PǨ�ͭĵ

7 	ͮWater/MeOH4ȔɌ2ƞ -Ō�

1̪�5ɰ˶�M1�*'
���	

c�d��ptģɧ̷5	MeOH ȹ

Ƈ� 0�J 100wt%=/Ņü�-��

2+M-Ņü�'ͭĵ 8	˗ 5 
ͮ�

MIK	�4j���hb�4ä̰

˗͜4ɜȖƣ5	Water/MeOH4ȔɌ

Pŉă�#L�/.òƙ�ęʽ.�

L�/�O�*'
 

 

 

 

   

ĵ 7. DHș2I*-ƘJM'ŗƔìż
éĶȡͰͭ a  ͮ

80% MeOH	ͭ bͮ 60% MeOH	ͭ cͮ 40% MeOH	

ͭdͮ 20% MeOH	ͭ eͮ 0% MeOH 

ĵ 8. ěʀj���h|t�b�=4c�d��pt4ģɧ

ʌȫʰ
CͰƁ˕ȹƇ	WͰģɧ̷ 
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2.2.3.4 j���hb�4ȉ̡˧ŧ 

� Ş͐4ŋŗÃȉ̡Pɰ˶!L'D	͗Ŗͣƚ̀˧ŧP˔*'
ĵ 9	10 2%4̊ǼĽ͗Ŗͣ

ƚ̀ͭSEMͮɗØPɴ!
 

� MeOH	EtOH	Acetone 104͛ȖʚéĶȡɕǳ4b�5	ƀ 20-50 nm 4�T���Ɉȉ̡

�J1L42Ū�ͭĵ 9a	b	c 	ͮH2SO4	Na2SO4104ȖʚéĶȡɕǳ4b�.5ͭĵ 9d	e 	ͮ

�T���Ɉȉ̡//E2ƹŌĵ2ˢJMLI�1ʿɈȉ̡4ŘĹ�ɰ˶�M'
 

� ĵ 1025Water/MeOHȧĜȱȥ.4ʦǹPɴ!
0% MeOH�J 80% MeOH=/ȹƇ�ͩ�

1L2+Mͭĵ 10e�a 	ͮ0% MeOHͭWaterͮæɑb�2��-˧ŧ�M'I�1ʿɈȉ̡�ȩ

Ů�	Ɩ�2 MeOH æɑb�2ˢJMLI�1śß1�T���Ɉȉ̡Ã=/ŉă�-˔�Ȋ

Ŗ�ɰ˶�M'
 

� ¹�4ʦǹ�J	͛ȖʚéĶȡɕǳ4b���T���Ɉȉ̡PǨ!L42Ū�	ȖʚéĶ

ȡɕǳ4b�5	̰ìɟ1�T���Ɉȉ̡�ʿɈȉ̡2I*-ˡOM'I�1ȉ̡PǨ�-

�L�/�O�*'
�J2%4 2ʀͤ4ȉ̡5	Water/MeOH4ȔɌ2ƞ -ŉă!L�/�

O�*'
 

� ǻǒģɧȬŝ4ʦǹP̏A�L/	�4ʿɈȉ̡5	j���hb�4ä̰˗͜Ɇƣ4˦Ȗ

ƣ̰ì2ɥƐ!L4.51��/���/�­ƨ�ML
 

  

� ��� ��>E:	����

MeOH 

concentration 

Specific 

surface area 

Jm2/gK 

100% 332.5 

80% 375.5 

60% 354.8 

40% 308.1 

20% 346.4 

0% 356.5 

 

� �����>E<:?H@IFCD

:������ �

MeOH 

concentration 
Wmax (g/g) 

100% 0.18 

80% 0.16 

60% 0.13 

40% 0.12 

20% 0.10  

0% 0.10  
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ĵ 9. ěʀj���hXS�b�4Ǔ͜ SEMØ
éĶȡͰͭ a MͮeOH	ͭ b EͮtOH	ͭ c Aͮcetone	

ͭdͮH2SO4ͭeͮNa2SO4 
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ĵ 10. ěʀj���hXS�b�4Ǔ͜ SEMØ
éĶȡͰͭ a 8ͮ0% MeOH	ͭ b 6ͮ0% MeOH	

ͭcͮ40% MeOH	ͭ dͮ20% MeOH	ͭ eͮ0% MeOHͭWaterͮ 
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2.2.3.5 XʰıƵȬŝͭēūșͮ 

� æɑj���hb�4b�ǺȍȽ5	ìŖĝŇ4

ʧBĜ�/j���h II ĽʦǢ4ƑƬ2IKɑ 

L
%4'D	ʦǢȉ̡˩Ƿ4¥ˠ1ìǷƱȓ.�

L X ʰıƵȬŝ5	j���hb�ȉ̡2͆!L

Ǩɓ1ƧŁP �L
 

� ĵ 112ēūș2ILXʰıƵȬŝ4ʦǹPɴ!


͛ȖʚéĶȡɕǳ4b�5	@QGK/�'j��

�h IIĽʦǢ4���RU�ͭIsogai et al. 1989ͮ

Pɴ!E44ͭĵ 11a	b	c 	ͮŌĉ�͛Ǣȉ̡ɕ

ǳ4y���JȉƬ�M-�L
%4�Ǖ.	Ȗʚ

éĶȡɕǳ4b�5	Ǟɰ1j���h II ĽʦǢ

4~�_Pɴ�'ͭĵ 11d	e 
ͮA'	2θ = 12.5�

·̙2ŘĹ!L(1-10)͜4~�_�Ǝ�ɞɍ�-

�L�/�J	ȖʚéĶȡ.æɑ�#'j���h

b�5	Ǝ�ͭ1-10̱ͮ͜͜ğPǨ�-�L�/�

O�*'
�4I�1æɑj���h2��L

ͭ1-10ͮ͜ ̱͜ğ5	}hc�h����2��-

Łĥ�M-�LͭTakahashi 1968a and b 
ͮ 

� A'	éĶȡ/�-Water/MeOHȧĜȱȥPɓ�

'łĜ.5	�4ͭ1-10ͮ͜4̱͜ğ� MeOH ȹ

Ƈ4Ņü2¿�	Ȑʊ2ȩŮ�-��4�ɰ˶�M

'ͭĵ 12 
ͮĵ 1 2ɴ�'̟K	(1-10)͜5	Ȗ̳

ŀ�̂ť2ŘĹ!L˦Ȗƣ͜.�L
%4'D	�

4(1-10)̱͜ğ4ȩŮ5	ǻǒģɧŞͧ.˧ŧ�M

'I�1b�ä̰˗͜4ɜȖă	�I9	SEM ˧

ŧ.˧ŧ�M'ʿɈȉ̡4ȩŮ�ȤȲ2Ťǂ1͆Ì

��L/ʹ�JML
 

 

2.2.3.6 XʰıƵȬŝͭ f�_�s��ǌūÜ2IL

̧̞șͮ 

� õ͟.̛>'ēūș.5	�Ƈb�˲ǒP«Ƀ�#LƝˠ��*'
%4'D	«Ƀ̧ɿ.

ȉ̡�ŉă�-�LęʽƣPġŝ.�1�
%�.	f�_�s��ǌūÜPɓ�-̧̞ș2 

ĵ 11. ěʀj���hXS�b�4 X

ʰıƵ���RU�
éĶȡͰͭ aͮ

MeOH	ͭ bͮEtOH	ͭ cͮAcetone	ͭ dͮ

H2SO4	ͭ eͮNa2SO4 
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ĵ 12. ěʀj���hXS�b�4 X

ʰıƵ���RU�
éĶȡͰͭ a 1ͮ00% 

MeOH	ͭ bͮ80% MeOH	ͭ cͮ60% 

MeOH	ͭ dͮ40% MeOH	ͭ eͮ20% 

MeOH	ͭ fͮ0% MeOH 

ĵ 13. ěʀj���h|t�b�4 X

ʰıƵ���RU�
éĶȡͰͭ aͮ

H2SO4	ͭ bͮNa2SO4	ͭ cͮMeOH	ͭ dͮ

EtOH	ͭ dͮAcetone
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IL XʰıƵȬŝP˔*'
 

� ĵ 13 2%4ʦǹPɴ!
q = 2.0 Å-1 2�L���t1~�_5ȖìŖ�J4Ǐ©.�L

ͭHead-Gordon and Hura 2002 
ͮq= 0.65	1.2	1.4 Å-125	j���hʦǢɕǳ4~�_�ɰ˶

�M'
�MJ5Łĥ�M-�L Na-cellulose IV 4~�_/I��˃�	%M&MÂ˨Õ�J

1-10	110	020/ƻǐ·��MLͭNishimura and Sarko 1991; Kobayashi et al. 2011 
ͮNa-cellulose 

IV /5	��j�ă4¤ͅÃ/�-ɑƬ�MLE4.	S�[�2I*-ˀȵ�'j���h

ìŖͭNa-cellulose IA'5 IIͮPȖȝ!L�/2I*-ƘJML
Ȗȝƕ.�L'D	ʦǢä̰

25S�[�5ŘĹ#"	A'	ŀǯɟ1ȉ̡5j���h II /Ō�1Ż51�/�M	¥1

ɥ̪5ͭ1-10ͮ͜ͅ2ȖìŖ�ŘĹ�-�L�/.�L
 

� ǯȬŝ2��-	ȖʚéĶȡ�JƘJM'j���hb�5 Na-cellulose IV4Ǟɨ1~�_P

ɴ�ͭĵ 13a	b 	ͮ͛ȖʚéĶȡ�JƘJM'j���hb�5���t1~�_Pɴ�'ͭĵ

13c	d	e 
ͮ�M5	õ͟4ēūș2I*-ƘJM'ʦǹ	+AK͛Ǣ͡ľ4ŋ�͛ȖʚéĶȡ

ɕǳ4b�/ʦǢ͡ľ4ŋ�ȖʚéĶȡɕǳ4b�/��ʦǹ2I��˃!L
I*-	ǯɭ

ʄ.ɓ�'XS�b�ă.5	«Ƀ̧ɿ2��Lƒ͝5Ǧŭ͉.�L/ʹ�JML
�MIK	

ǯʈ.ɰ˶�M'I�1éĶȡ2ƞ 'ȉ̡G˗͜Ɇƣ4̪�5	b�ȉ̡ƑƬ4͐2ɑ L

E4/ʹ�JML
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2.2.3.7 ĶÃ NMRȬŝ 

� j���hb�4ȉ̡2͆!LƧŁ4�J1L

ĕƘ4'D	13C CP/MAS NMRȬŝP˔*'
 

� NMRȬŝ/5	ĎŖǾ2Ŋ̰ɱłPČü�áͪ

�#	%4ʲĩP˧Ȭ!L�/.	Ū̃/1LĎŖ

Ǿ�ʷ�M'͗ɱȕɟɐńPɪLE4.�L
ɇ2	

13C CP/MAS NMR Ȭŝ/5	ȼʞ4ĝÁÃ.�L
13CPŪ̃ĎŖǾ/�	ȟĀƣ41�ĶÃ2Ū�-

EÆɓ!L�/�.�L'D	ĶÃ NMR/Eɽ�

ML
 

� XʰıƵȬŝ�ʅͅɟ1ƧŁͭĦǫƣGeUiͮ

P �L42Ū�	NMRȬŝ5ěĎŖ4ƧŁP 

�L'D	m�{_̈4ȉ̡˩Ƿʌ. X ʰıƵȬ

ŝ4˛śɟƱȓ/�-ɓ�JM-�L
 

� 13C CP/MAS NMR Ȭŝ4j���h=4̬ɓ5

1980 Ƃ¸2œAKͭAtalla et al. 1980; Earl and 

VanderHart 1980 	ͮj���hìŖ4̦Āƣͭ͛Ǣ

ͯʦǢͮͭ Newman and Hemmingson 1995 	ͮCellulose 

Iα / Iβͭ VanderHart and Atalla 1984 	ͮC6Á4c��

Y��f��ͭHorii et al. 1983 	ͮŜʽŀͭBerlioz et 

al. 2009ͮ10	13C CP/MAS NMR4h�_s��

�J	Ȋ�1ƧŁ�ÞƱ.�L/���/�ɴ�M

-�'ͭAtalla and VanderHart 1999 
ͮ 

� ǯɭʄ.5	�4 13C CP/MAS NMRȬŝP	w

z�t�UɈƫ.�Lj���h|t�b�2Ū

�-˔�
�M5	Ȗ�j���hìŖ4̦ĀƣP

ͩDL'D	ěȼʞ4̻�~�_P˧ŧ!L�/�

.�L/Łĥ�M-�LͭFyfe et al. 1984; Newman 

and Davidson 2004; Newman and Hemmingson 1995; 

Horii et al 1985ͮ'D.	wz�t�U4Ȭŝǲ»

.5	j���hb�%4E4ȉ̡ƧŁPƱ2ÞM

L�/�.�L/­ƨ�ML
 

ĵ 15. S�[��ůʞʚ4ěʀj��

�h|t�b�4ĶÃ NMR h�_s

�� 

ĵ 14. S�[��ůʞʚɕǳ4ěʀj

���hXS�b�4ĶÃ NMR h�

_s�� 
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� A"ĵ 14/ĵ 15IK	j���h|t�b�

/j���hXS�b�4Ȕ̓P˔�
/E2S

�[��ůʞʚ4j���hb�.�L�	­ƨ

�M'̟K	|t�b�ͭ ĵ 15 5ͮXS�b�ͭ ĵ

14ͮ2Ȕ>	̻�ì˩�M'~�_P �'
¹

͈	ěʀéĶȡ�JƘJM'j���h|t�b

�2+�-̛>L
 

� ĵ 155	ěʀéĶȡ�JƘJM'j���h|

t�b�P˲ǒ/�-˔*' NMR Ȭŝ4ʦǹ.

�L
�4h�_s��5 C1�J C6A.4!>

-4ȼʞ4~�_�ĢAM-�K	ÂɱłÕ�J

C1	C4	C2/3/5	C6.�LͭAtalla and VanderHart 

1999 
ͮ�4h�_s���JƘJML˴ʢ1ƧŁ

5ƕ̛!L/�	��.5éĶȡ2ƞ '��A

�1×ğPˢL�/2!L
 

� ȖʚéĶȡ�JƘJM'b�5	?@ĝȊ1h

�_s��Pɴ�	͛ȖʚéĶȡ�JƘJM'h

�_s��E?@ĝȊ.�*'
A'	

Water/MeOH 4 50wt%/50wt%ȧĜȱȥPéĶȡ/

�-Æɓ�'łĜ	S�[��ůʞȖȱȥɕǳ4

j���hb�5	ȖʚéĶȡ/͛ȖʚéĶȡ4

¤ͅ4I�1h�_s��Pɴ�'
�4ʦǹ5	

õ͟4 XʰıƵȬŝ104ʦǹ/I��˃!L
 

� ĵ 16 5	ŪɁ˲ǒ/�-˻˜�' LiCl/DMAc

ȱ÷ɕǳ4j���hb�2Ū�-˔*' 13C 

CP/MAS NMRȬŝ4ʦǹ.�L
S�[��ůʞ

ʚ4łĜ/5ŪɁɟ2	éĶȡ4ʀͤ2IL̪�

5ɰ˶�M1�*'
 

� Ȑ2	˴ ʢ1ȅ˭P˔�'D	%M&M4ȼʞ	

ɇ2 C4Á/ C6Á2ȿȽPƐ--ȅ˭P˔*'
 

� ĵ 172ɴ�'45 C4Áɕǳ4h�_s��4

ƹŌĵ.�L
�4͡ľ5	ʦǢͯ͛Ǣ͡ľ4ʎ

ĵ 16. LiCl/DMAcʚ4ěʀj���h

b�4ĶÃ NMRh�_s�� 

ĵ 17. C4 Á4̰ìPƹŌ�'S�[

��ůʞʚ4ěʀj���h|t�b

�4ĶÃ NMRh�_s�� 
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ë2Æɓ�ML10ͭHorii et al. 1982; Teeäär et al. 

1987; Newman and Davidson 2004 	ͮŋ�4ƧŁPǨ

�-�L
!.2ŋ�4ɭʄ`����	ʀ�4j

���hʦǢŋƑPɓ�-ě~�_4žŲP˔*

-�L
���	wz�t�U4j���hb�2

Ū�-˔*'ȅ˭5��O"�.�LͭÖstlund et 

al 2013 
ͮ%�.	ǯɭʄ.5	~�_ì͕/h~

�-ȀŖʲĩǡͭͅT1ͮ4Ȭŝ2IK	ě~�_4

̦ĀƣPȅ˭�	%M&M4~�_4žŲP˔*'
 

� A"	ĵ 182�LI�2~�_ì͕P˔*'


C4Á4~�_5	88.7	87.5	86.2	84.5	81.5 ppm

4 5+4~�_2I*-ǦE̬í2ì͕�M'
�

M5	�MA.4Łĥ/I��˃!LͭHorii et al. 

1982; Newman and Hemmingson 1994; Östlund et al 

2013 
ͮȐ2	�MJ4ě~�_2Ū�-	h~�-

ȀŖʲĩǡͭͅT1ͮ4ȬŝP˔*'
�M5	ɱ

ł2I*-þ̋�'ȼʞìŖ�ȩ˘�-��̧ɿ

Pǡͅʥ̧.˯̾�ͭĵ 19 	ͮ%4ʲĩǡͅPȗD

L�/.	ìŖ4̦ĀƣPǁLE4.�L
öɤƣ

4ͩ�Ɉƫ2ʷ�M-�LìŖ5	%4ȩ˘2ǡͅ

Pˠ!L'Dʲĩǡͅ5́�	A'	ˁ ɕƇ4ͩ�

ìŖ5%4ʲĩ2ˠ!Lǡͅ5ɬ�
�4ʦǹP	

˗ 62ɴ!
 

� Water æɑ�'j���hb�4 T15	MeOH æ

ɑ4E4IKEGGɬ�Ó�ƘJM'�	0)JE?@ĝȊ1ÓPɴ�'
�4ʦǹ/�MA

.4ȅ˭ͭNewman and Hemmingson 199410ͮP̏A�	ě~�_4žŲP˔*'
88.7 ppm

/ 87.5 ppm 5 60 ɻ¹�4́� T1PǨ!L'D	j���hʦǢɕǳͭ��.5ǭ«Ƀ4j�

��h|t�b�14.	ʦǢĽ5 Na-cellulose IV 	ͮ30ɻɿƇ4 T1PǨ!L 86.2 ppm5ʦǢȉ

̡2̙�ɼƄPǨ�-�L�	ˁɕƇ�ͩ�͡ľ	+AKʦǢ4˗̰͜ì�GGŷM'ʦǢ͡

ľ.�L/ʦ˾,�'
T1� 20ɻ¸4 84.5 ppm5͛Ǣ͡ľ.�K	IKɬ� T1PǨ!L 81.5 ppm

5�J2ˁɕƇ4ͩ�͛Ǣ͡ľ.�L/ʹ�JML
 

� Ǧͩɱł4 81.5 ppmP͋�' 4+4ăřf�s2͆�-5Łĥ��L�	81.5 ppm4ŘĹ2

+�-Ǟ˯�'ɭʄ5��͉JM-�K	%4ǐŮ1�ȅ˭41�.E	ZuckerstätterJ5�4

ĵ 19. S�[��ůʞʚ4j���h

b�ͭWater æɑͮ2Ū�-˔*' T1

Ȭŝ4Ȉˠ 

ĵ 18. ~�_ì͕ƕ4S�[��ůʞ

ʚ4ěʀj���hb�4ĶÃ NMR

h�_s��ͭC4Áͮ 
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~�_���j���hɕǳ.�L/ʦ˾,�'ͭZuckerstätter et al. 2013 
ͮ���	ǯɭʄ.

5��j���h5ŘĹ#"	�4˩̴5őƐ.51�
PorroJ5	ěʀS�[�j���h

2Ū�-ĶÃ NMR ȬŝP˔�	C4 Á4ăřf�s�	j���h̿� 2 ıJ#Q�J 3 ıJ

#Q2ɾ˔!L2+M	85.0 ppm�J 79.5 ppm=/ͩɱłÕ2f�s!L�/PǞJ�2�'

ͭPorro et al. 2007 
ͮ�4ȅ˭P̏A�L/	81.5 ppm4ăřf�s5	͛Ǣ͡ľ2ŘĹ!L C4

Á4¤.E	3ıJ#Q2̙,�'	+AK͛Ǣ͡ľ¤2��-EO"�2Îƺ�-�' 2ıJ

#Q/��ɼƄEŎ�	Ō��3 M'ȉ̡P�-�L͡ľ2ɕǳ!LE4/ʦ˾,�'
 

� ŪɁj���hb�/�-˻˜�' LiCl/DMAc

ɕǳ4b�2EĝȊ4ȅ˭P˔*'
ĵ 202ɴ!

I�2 C4Á25~�_�͛Ǣ͡ľɕǳ4 2+��

ɰ˶�M1�*'
I*-	�MA.4Łĥ2�L

I�2	LiCl/DMAc ȱȥ�JƘJMLæɑj��

�h5	śß1͛Ǣȉ̡PǨ�-�L/���/�

ɰ�DJM'ͭ˗ 6 
ͮ 

� �̛�'ăřf�s4žŲPñɓ�	ěʀj��

�hb�4ʦǢͯ͛Ǣ͡ľ4ùĜPʎë�'
%4

ʦǹP˗ 6�I9 72ɴ!
 

� ȖʚéĶȡ.5ʦǢ͡ľ5 52~59%.�*'�	

͛ȖʚéĶȡɕǳ4b�2E�ŝ̷4ʦǢ͡ľ�

ŘĹ�'
ɇ2	XʰıƵȬŝ.5͛Ǣȉ̡PǨ�

ĵ 20. C4 Á4̰ìPƹ Ō�'

LiCl/DMAc ʚ4ěʀj���hb�

4ĶÃ NMRh�_s�� 
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-�LI�2ˢ�' MeOH æɑj���hb�.��	24%4ʦǢ͡ľPǨ�-�L�/�ɰ

˶�M'
 

� �J2	C6 Á2͆�-˔*'ȅ˭Pĵ 22	23

2ɴ!
C6 Á5	ĵ 21 2ɴ!I�2 gg	gt	tg

/�� 3 ʀͤ4c��Y��f��PǨ!L�/

�ɪJM	%MJ4c��Y��f��5%M&M	

ggͰ60.0 ~ 62.6 ppm	gtͰ62.5 ~ 64.5 ppm	tgͰ65.5 ~ 

66.5 ppm /��ăřf�sPɴ!�/�Łĥ�M

-�LͭHorii et al. 1983; Newman and Davidson 

2004 
ͮ 

� S�[��ůʞʚ�JƘJM'b�4 C6 Á5	

gt/ gg4c��Y��f��PǨ�-�L�/�

O�*'ͭĵ 22 
ͮ%4ùĜP˗ 82ɴ!
Ȗʚé

Ķȡ.5 gt/gg�ʛ 65%ͯʛ 35%.�K	͛ Ȗʚé

Ķȡ.5ʛ 55%ͯʛ 45%.�*'
gt5 Cellulose II

ĽʦǢ4ä̰2�Lj���hìŖ�Ǩ!Lc�

�Y��f��.�L/�MͭLangan et al. 1999 	ͮ

gg 5͛Ǣ͡ľ�I9ʦǢ˗͜4j���hìŖ�

ĕLc��Y��f��.�L/�ML'D

ͭNewman and Davidson 2004 	ͮéĶȡͅ. gt/ggȔ

2̪���L�/5őƐ.�LI�2ˢ�L
��

�	C4 Á�JȬŝ�'ʦǢͯ͛Ǣ͡ľ4ùĜ4̪�?04Ż51�
�M5	ĵ 23 2ɴ�'

LiCl/DMAc ɕǳ4j���hb�4ʦǹ�JEǞJ�1I�2	śß1͛Ǣj���hb�2

ĵ 21. C6Á4 3+4c��Y��f�

� 
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��-E	ggc��Y��f��4B1J"	?@ʌ̷4 gtc��Y��f��EŘĹ!L'

D.�Lͭ˗ 9 
ͮ 

� ¹�4ʦǹ�J	S�[��ůʞȖȱȥ�JȖʚéĶȡ2I*-ƘJM'j���hb�5	

¥2ʦǢ͡ľ/ȰʦǢ͡ľ�J1K	A'	͛ ȖʚéĶȡ2I*-ƘJM'j���hb�5	

¥2͛Ǣ͡ľ�JƬLE44	XʰıƵȬŝ.5ɰ˶.�1�eUi4ŭ�1ʦǢ͡ľPǨ�-

�L�/�O�*'
 

� �J2 LiCl/DMAc ʚɕǳ4b�5	éĶȡ4ʀͤ2IJ"	śß1͛Ǣȉ̡PǨ�-�L�

/�O�*'
 

  

ĵ 22. C6 Á4̰ìPƹŌ�'S�[

��ůʞʚ4ěʀj���hb�4Ķ

Ã NMRh�_s�� 

ĵ 23. C6 Á4̰ìPƹ Ō�'

LiCl/DMAc ʚ4ěʀj���hb�

4ĶÃ NMRh�_s�� 
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2.2.3.8 ��h«Ƀ�-ƘJM'j���h�T

��2Ū�-4 XʰıƵȬŝ 

� X ʰıƵȬŝ.5	ʵʬıƵĵ4I�2	ɛǕ

ƣPɑ �#L�/.	IKŋ�4ȉ̡ƧŁ4ĕ

ƘPɣƻ!Ʊș��L
 

� S�[��ůʞɕǳ4j���hb�5	b�

4öɤƣ�ͩ�'D	LiCl/DMAc /5ɛ1K

ͭTogawa and Kondo 2007 	ͮƈÀ2IḺğP˔

��/�͖��
���	��h«ɃPǖ!�/

.ɛǕƣ�ɑ L�/�Łĥ�M-�Lͭ Wang et 

al. 2013 
ͮǯɭʄ.5�4ƱșPƞɓ�	ɛ1L

ȱ÷�éĶȡɕǳ4j���hb�P��h«

Ƀ��T��ă�	XʰıƵȬŝP˔��/.	IKŋ�4ȉ̡ƧŁ4ÞƱPɣƻ�'
 

� ĵ 242�LI�2	XS�b�/	b�Pĸʴ«Ƀ�#-ƘJM'«Ƀ�T��4 2ʀͤ4

˲ǒ2Ū�-	2ǕğͭThrough view�I9 Edge viewͮ�J XʰıƵȬŝP˔*'
%4ʦǹ

P	ĵ 25�282ɴ!
 

� A"	ĵ 25/ 265XS�b�2Ū�- Through view/ Edge view	2Ǖğ�JȬŝ�'ʦǹ

.�L
S�[��ůʞʚ2��-E	LiCl/DMAcʚ2��-E	2Ǖğ4ıƵĵ25Ō�1Ż

5ˢJM1�*'
I*-	0)J4j���hb�EʌǕɟ1ȉ̡PǨ�-�L/˫�L
 

� Ȑ2	��h«Ƀ�-ƘJM'j���h�T��2Ū�- Through view/ Edge view	2Ǖ

ğ�JȬŝ�'ʦǹPĵ 27 / 28 2ɴ!
�"M4ıƵĵ�JE	��h«Ƀ!L�/.ɛǕ

ƣ�ɑ -�L�/�O�*'
 

� ĵ 275 LiCl/DMAcʚ4ʦǹ.�L
MeOHæɑ4�T��4?��GGf���1{m��

�ˢJMLE44	̱ğ4ȊŖ2Ō�1̪�5ˢJM1�*'
ỡ�'ĶÃ NMRȬŝ4ʦǹ

P̏A�L/	LiCl/DMAc ʚ4łĜ5	éĶȡ2I*-ȉ̡2Ō�1̪��ˢJM1��/�

O�*'
 

� ĵ 282S�[��ůʞʚ4ʦǹPɴ!
MeOHæɑ2I*-ƘJM'�T��5	LiCl/DMAc

ʚ/ĝȊ4	Through view.��`{m��	Edge view.5S�_�ŘĹ!L/��ıƵĵ�

ƘJM'
�M5	�T��͜äǕğ2j���hìŖ̿�̱ğ�-�L�/Pɴ!
 

� %4�Ǖ.	Wateræɑ2I*-ƘJM'�T��.5	�̛4ıƵĵ/5ͣˌ1̪�Pɴ�

'
Through view.5	b�Ɉƫ.5ǦÂ˨2ŘĹ�' 1-104~�_�ȤŎ�	�J2	Edge view

.5 1-10 4~�_5ŖĈʰǕğ2	110 �I9 020 4~�_5̨̉Ǖğ2ŘĹ�'
�M5	

j���hìŖ��T��͜ä4B1J"	�T��4Ǔ͜Ǖğ2Ū�-E̱ğɈƫPǨ�-

ĵ 24. XʰıƵȬŝ4Ȉˠ 
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�L�/Pɴ!
 

� ¹�4 X ʰıƵȬŝ4ʦǹ�Jʹ�JML	��h«Ƀ�'�T��4ȉ̡/	%��J­

ƨ.�L«Ƀõ4j���hb�ȉ̡Ã4ȉƬˠʞPĵ 292ɴ!
 

� MeOH æɑ.5	110 / 1-10 �ĝ Ǖğ2ŘĹ!L
�4I�1ȉ̡.5Ǔ͜Ǖğ2Ū�-

ʌǕɟ1ȉ̡PǨ�-�LƝˠ��L'D	ǭ«Ƀ4b�Ɉƫ.4ȉ̡Ã4Ǔ͜ƑɈ5åƑ/

1Lͭĵ 29 Ě 
ͮ�M5	SEM ˧ŧ2I*-ɰ˶�M'�T���Ɉȉ̡/I��˃!L
A

'	%4�T���Ɉȉ̡5Ư̂�'I�2ɜȖƣ˗͜PǨ�-�L/ʹ�JML4.	`�

c~�x�hɐ�͙ë!LI�2̱î�-�L/ʹ�JML
 

  

ĵ 28. S�[��ůʞʚ4��h«Ƀ�T�

�Ū�- 2Ǖğ�J˧ŧ�' XʰıƵĵ 

ĵ 27. LiCl/DMAcʚ4��h«Ƀ�T��2

Ū�- 2Ǖğ�J˧ŧ�' XʰıƵĵ 

ĵ 26. LiCl/DMAcʚ4XS�b�2Ū�- 2

Ǖğ�J˧ŧ�' XʰıƵĵ 

ĵ 25. S�[��ůʞʚ4XS�b�Ū� 2

Ǖğ�J˧ŧ�' XʰıƵĵ 
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ĵ 29. XʰıƵȬŝ4ʦǹ�Jʹ�JML	S�[��ůʞʚ4��h«Ƀ�'�T��4

ȉ̡/	%��J­ƨ�ML«Ƀõ4j���hb�4ȉ̡Ã4ˠʞ 
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� %4�Ǖ.	Wateræɑ�JƘJML�T��.5	110/ 1-1 0�ļɤ2ŘĹ�	Through view

.5 1-10 2ILıƵ�ɑ 1�ĵ 29 ź 
ͮI*-	ͭ 1-10ͮ͜/ͭ110ͮ͜5ļɤ2̱î�	�

J2ͭ1-10ͮ͜��T��˗͜/Ɓ˔2̱î�'ɫƑɈ4Ǔ͜ƑɈPǨ�-�L/ʹ�JML


%4'D	ǭ«Ƀ4b�Ɉƫ.4ȉ̡ÃEǓ͜ƑɈ5ɫƑ/ʹ�JM	˗͜2͙ë!L45˦

Ȗ͜4(1-10)͜.�L/ʹ�JML
�M5 SEM ˧ŧ2I*-ɰ˶�M'ʿɈȉ̡/I��˃

!L
�4I�1ȉ̡5¶4j���h IIĽʦǢ2��-EŁĥ�M-�Kͭ Atkins et al. 1979 	ͮ

ȖʚéĶȡ¤.5	j���h4ɜȖƣɥ°Äɓ2I*-j���hʦǢ�[110]Ǖğ2ÙÛɟ

2Ƭ́!L'D.�L/ʹ�JM-�L
 

 

2.2.3.9 ­ƨ�MLS�[��ůʞȖȱȥɕǳ4j���hb�4ȉ̡ 

� ¹�4ʦǹP̏A�	ĵ 302S�[��ůʞȖȱȥɕǳ4j���hb�4ȉ̡Pɴ!
͛

ȖʚéĶȡ5	ŭ�1ʦǢ͡ľ/͛Ǣ͡ľ�JƬL�T���Ɉȉ̡P �	˗͜25j��

�h4`�c~�x�hɐ�͙ë�-�L
%4'Dͩ�ɜȖƣ˗͜PǨ�-�L
 

� %4�Ǖ.	ȖʚéĶȡ.5ʦǢ͡ľ�JƬLʿɈȉ̡Ã�ƑƬ�M	˗͜2ͭ1-10ͮ͜�͙

ë!L�/.	ͩ�˦ȖƣPǨ�-�L/ʹ�JML
 

� �J2	Water/MeOHȧĜȱȥPéĶȡ/�-Æɓ!L�/.	���*'˗͜Ɇƣ4̪�G

ȉ̡Pòƙ!L�/�ęʽ.�L�/�O�*'
 

� ǯ͟.ȅ˭�'ʏĴ.5	ȖʚéĶȡ�J˦Ȗƣ˗͜�ƘJM	͛ȖʚéĶȡ�JɜȖƣ4

ͩ�˗͜�ƘJML'D	˗͜Ɇƣ4̪�5Æɓ!LéĶȡ4ȇƣ2ÉŘ!Lęʽƣ�ɴĬ�

M'
  

ĵ 30. S�[��ůʞȖȱȥ�JƘJM'j���hb�ȉ̡4ȋƉĵ 
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2.3 ��� �V&+F 

2.3.1 Yc 

� õ͟.5	éĶȡ/�- MeOH PÆɓ�'͐2	ǦEɜȖƣ4ͩ�ä̰˗͜PǨ!Lj��

�hb��ƘJML/���/�O�*'
�4I�1˗͜Ɇƣ4̪��	Æɓ�'éĶȡ4

ȇƣ4B2ÉŘ!L/ʹ�M6	IKȇƣ4Â�S�c��	+AKȖ/ɥȱ1ęʽ1͉Kȼ

ʞǐ4ŋ�S�c��PÆɓ!M6	IKɜȖƣ4ͩ�˗͜PǨ!Lj���hb��ƘJM

L�/�­ƨ�ML
 

� %�.ǯ͟.5	éĶȡ/�-	õ͟.Æɓ�'�mx��ͭMeOH 	ͮXmx��ͭEtOHͮ

2ü�	2 ʀͤ4��{x��ͭ1-PrOH	2-PrOH 	ͮ4 ʀͤ4�mx��ͭ1-BuOH	2-BuOH	

i-BuOH	t-BuOHͮPÆɓ�-	õ͟/ĝȊ4ȅ˭P˔*'
 

 

2.3.2 -l 

2.3.2.1 j���hb�4˻˜ 

� 2.2.2.1	2.2.2.2 /ĝȊ4Ʊȓ.j���hȱȥP˻˜	�̛4S�c��ʚéĶȡPÆɓ�	

j���hb�P˻˜�'
 

� A'	j���hȱ÷/�-	S�[�ĊÃ4Ȗȱȥ	!1O) 4.6wt%LiOHȖȱȥPÆɓ�	

ĝȊ4Ǖș. 3.0wt%j���hȱȥP˻˜�'
�4ȱȥ�JƘJM'j���hb�5	

2.3.2.6.2 f�_�s��ǌūÜ2IĻ̞ș2��-Æɓ�'
 

 

2.3.2.2 j���hXS�b�4˻˜ 

� 2.2.2.4/ĝȊ4Ǖș.j���hXS�b�P˻˜�'
 

 

2.3.2.3 ̊ǼĽ͗Ŗͣƚ̀˧ŧ 

� XS�b�˲ǒ2Ū�	2.2.2.5/ĝȊ4Ǖș.˧ŧP˔*'
 

 

2.3.2.4 ʆʞģɧŞͧ 

� XS�b�˲ǒ2Ū�- 2.2.2.6/ĝȊ2ŞͧP˔*'
 

 

2.3.2.5 ǻǒģɧŞͧ 

� 2.2.2.7/ĝȊ2	ģɧ̈/�-c�d��ptPɓ�-ģɧŞͧP˔*'
 

 

2.3.2.6 XʰıƵȬŝ 

� XʰıƵȬŝP˝ǐ4Ǖș.˔*'
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2.3.2.6.1 ēūș 

� XS�b�˲ǒPª̹.ɤƔ 1~2 mmɿƇ21LA.ʔɮ�	̼ ÷Ɉ2��hƬƑ�'E42

Ū�-	RINT2000ͭRigakuͮPɓ�-ēūș2IK XʰıƵȬŝͭλ = 1.5418 ÅͮP˔*'
 

 

2.3.2.6.2 f�_�s��ǌūÜ2IĻ̞ș 

� SPring8ͭBL40B2ͮ2��-	b�ăɤƕ	ǭȖȝ4j���hb�˲ǒ2Ū�-	2.2.2.8.2

/ĝȊ2 XʰıƵȬŝP˔*'
 

 

2.3.2.7 ĶÃ NMRȬŝ 

� 2.2.2.9/ĝȊ2	ěʀj���h|t�b�˲ǒ2Ū�-	13C CP/MAS NMRȬŝP˔*'
 

 

2.3.3 X@�\. 

2.3.3.1 j���hb�4ĢȖɌ/Ȕ˗͜ʂ 

� ĢȖɌP˗ 102ɴ!
�"M4éĶȡ2ILæɑ.E	ƘJM'j���hé͓Ɇ5ͩ�Ģ

ȖɌPǨ�	|t�b�ɈƫPʬƺ�-�'
���	éĶȡ/�-Æɓ�'S�c��4ȼ

ʞǐ4Ņü2¿*-ĢȖɌ�Â��-��×ğ�ˢJM	ɇ2 1-BuOH	2-BuOH	i-BuOH.ͣ

ˌ.�*'
�M5	˗ 102ɴ!I�2	éĶȡ4Ȗ=4ɥȱƣ/�ŝ4ɥ͆�ˢJM'
A

'	t-BuOH5Ȗ/4ɥȱƣ�ͩ�2E͆OJ"	Ō�D4Ĕʴ�ˢJM'
�M5	t-BuOH4

ìŖeUi�Ō��'D	ƹǏ2ǡͅPˠ�	ɥȱƣ�Â�łĜ/ĝȊ2	j���h4b�

ă4͐2ĔʴPE'J�'/ʹ�JML
A'	Ȕ˗͜ʂ2EĝȊ1×ğ��K	Ȗ/ɥȱƣ

4Â� 1-BuOH	i-BuOH

5¶4b�IKEÂ�

Ȕ˗͜ʂP �'
�M

5	b�ă4͐4Ĕʴ2

̋Ĳ!LE4/ʹ�J

ML
�4I�2	éĶ

ȡ4ɥȱƣ/ƘJML

j���hb�4ȉ̡

5�ŝ4ɥ͆��L/

ʹ�JML�	�Ǟ1Ƚ

�ŋ�	�J1L˴ʢ1

ȅ˭PƝˠ/!L
  

� ���� ��BEGIA>E:�

9	����

6=;��78���:
9:����

�  

Water content 

Jwt%K 

SBET 

Jm2/gK 

%/-3(,-,24�,.�&'2*0�'2�

��5"�

MeOH 93.0  332.5  $,1),(-*�

EtOH 92.7  326.1  $,1),(-*�

1-PrOH 89.2  333.6  $,1),(-*�

2-PrOH 91.0  380.5  $,1),(-*�

1-BuOH 63.3  168.0    �+�#�

2-BuOH 73.0  341.3  ����+�#�

i-BuOH 73.2  299.0  ! �+�#�

t-BuOH 81.9  369.2  $,1),(-*�
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2.3.3.2 j���hb�4˗͜Ɇƣ 

� c�d��ptPǻǒ/�-	ǻǒģɧŞͧP˔

*'
%4ģɧʌȫʰPĵ 312ɴ!
ǦEc�d�

�ptģɧ̷4ŋ�*'45 MeOH æɑb�.�K	

Æɓ�'S�c��4ȼʞǐ4Ņü2¿*-	Ɩ�

2c�d��pt4ģɧ̷�Â��-��×ğ�ɰ

˶�M'
ģɧ̷4͠Á5	MeOH > 2-PrOH > EtOH 

> 1-PrOH > 2-BuOH ~ t-BuOH > i-BuOH ͭ~ 1-BuOHͮ

.�*'ͭ1-BuOHæɑb�5	Ȕ˗͜ʂ� 2Ñ̙�

ŭ��*''D	[pcä2˯̛�' 
ͮ�MIK	

Æɓ�'S�c��4ȼʞǐŅü2¿*-	IKɜȖ

ƣ4ͩ�b�4ä̰˗͜PƘL�/5.�"	̝ 2˦

Ȗƣ�Ǝ�1*-��×ğ��L�/�O�*'
 

 

2.3.3.3 j���hb�4ȉ̡˧ŧ 

� ěʀXS�b�˲ǒǓ͜2Ū�-˔*' SEM˧ŧ4ʦǹPĵ 322ɴ!
 

� !>-4b�5�T���Ɉȉ̡�J1L�/�ɰ˶�M'�	BuOHæɑ�'b�.5	�

T���ĝŇ�½Ĝ�	ʿɈȉ̡PƑƬ�-�L4�ɰ˶�M'ͭĵ 32e	f	g	h 
ͮ�4ʿɈ

ȉ̡4ƑƬ5	1-BuOHæɑ.ɇ2ͣˌ.�K	ĝȊ2ɥȱƣ4Â� 2-BuOHG i-BuOH2��

-Ḛìɟ2ɰ˶�M'
�4I�1�T���ĝŇ4½Ĝ5	Ư̂�'b�ă2��LĔʴ

PE'J!E4/ʹ�JML
 

 

2.3.3.4 XʰıƵȬŝͭēūșͮ 

� ěʀXS�b�˲ǒ2Ū�-˔*' XʰıƵȬŝ4ʦǹPĵ 332ɴ!
 

� !>-4˲ǒ5 Cellulose IIĽʦǢ4{m��Pɴ�'
���t1~�_Pɴ�' MeOHæ

ɑb�2Ū�	%4¶4b�5IKf���1~�_Pɴ�	ɇ2 BuOH æɑ.5Ǟɨ1

Cellulose II4���RU�Pɴ�	b�ȉ̡Ã4ʦǢ͡ľ4ŋ��ɴĬ�M'
 

 

2.3.3.5 ĶÃ NMRȬŝ 

� ěʀ|t�b�˲ǒ2Ū�-˔*'ĶÃ NMRȬŝ4ʦǹPĵ 342ɴ!
 

� MeOHæɑG EtOHæɑb�2Ȕ>	PrOHG BuOH.æɑ�'b�5 2.2.3.7.ɴ�'Ȗʚé

Ķȡɕǳ4b�/ĝȊ1Ȉ˧Pɴ�'
C4Á2Ū�-~�_ì͕P˔�	%4ʦǹƘJM'ʦ 

ĵ 31. ěʀj���h|t�b�=4

c�d��pt4ģɧʌȫʰ
CͰƁ

˕ȹƇ	WͰģɧ̷ 
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ĵ 32. ěʀj���hb�4Ǔ͜ SEMØ
éĶȡͰͭ a  ͮ MeOH	ͭ b  ͮ EtOH	ͭ c  ͮ 1-PrOH	

ͭdͮ 2-PrOH	ͭ eͮ 1-BuOH	ͭ fͮ 2-BuOH	ͭ gͮ i-BuOH	ͭ hͮ t-BuOH 
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Ǣͯ͛Ǣ͡ľ4ùĜP˗ 11 2ɴ!
PrOH G BuOH .æɑ�

'b�5 48~55%�ʦǢ͡ľ.�L�/�O�*'
�M5 X

ʰıƵȬŝ.ˢJM'×ğ/ŌA�2�˃!L
 

� Cellulose II4ʦǢ˗͜25Ȗ̳ŀ�ŋ�͙ë�-�L4.	

�4I�1ʦǢƣ4ͩ�5	b�ä̰˗͜4˦Ȗƣ4ͩ�2

ɤʦ!L/ʹ�JML
 

 

2.3.3.6 XʰıƵȬŝͭf�_�s��ǌūÜ2IĻ̞șͮ 

� ȼʞǐ4Ņü2¿*-ʦǢ͡ľ�Ņü�	˦Ȗƣ�ͩAL

ɏɕPǁL'D	éĶȡ.æɑ�#'ɤƕ4ǭȝȠ4b�2

Ū�-	f�_�s��ǌūÜPɓ�- X ʰıƵȬŝP˔*

'
 

� ĵ 35 5%4ʦǹ.�L
a 5j���hȱȥ4���RU

�.	Ȗ4Ǐ©2IL q = 2.0 Å-1·̙2Áʷ!L���t1~

�_4B�ɰ˶�ML
MeOH æɑ�'b�ͭĵ 35bͮ.5	

MeOH 4ƹǏ2I*-ȱȥɕǳ4Ǐ©~�_5GGÂ˨2ɾ

Ā�ͭVahvaselkä et al. 1995 	ͮq = 0.65 Å-1·̙/ q = 1.15 Å-1

·̙2	%M&M Na-cellulose IV4 1-10/ 0022ɥƐ!L�

��t1~�_�ɰ˶�M'
q = 1.5 Å-1·̙2�Lŭ��̻

�~�_5	Ƿë�'S�[�2ɕǳ!LE4/ʹ�JML
 

� EtOHæɑ�'b�4���RU�ͭĵ 35cͮ.5	q = 1.15 

Å-1	1.5 Å-1·̙2ŘĹ!L~�_5 MeOHæɑ�'b�/ĝ

Ȋ.�L�	q = 0.65 Å-14~�_5IKͣˌ/1K	q = 0.3 Å-1

25͎͜ͅ 20.9 Å2ɥƐ!Lǭɪ4~�_�ɰ˶�M'
 

� Warwicker/Wright5 ͭWarwicker and Wright 1967 	ͮS�

[�j���hͭNa-cellulose IͮPěʀS�c��.ȝȠ!L

�/.	ʦǢĽ�04I�2ŉă!L�Pȅ˭�'
MeOH

.ȝȠ�'łĜ5	S�[�4ŘĹ�1�S�c��ͯj�

��h̽Ã�ƑƬ�'
¶Ǖ	EtOH .ȝȠ�'łĜ5	S�

[�ͯj���h̽ÃͭNa-cellulose IIIͮ�ƑƬ�ML�/�

Łĥ�M-�L
�4̪�5	S�[�4ěʀS�c��=4

ȱ˩Ƈ4̪�2ɕǳ!LE4.�L/ʦ˾,�JM'
!1O

)	MeOH 25S�[�4ȱ˩Ƈ�ͩ�'D2	S�[�5j���h/̽ÃPƑƬ#"ȱë

ĵ 33. ěʀj���hXS

�b�.4 X ʰıƵ���

RU� 
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!L�	 EtOH .5S�[�4ȱ˩

Ƈ�Â�Ƿë!L'D	S�[�5

j���h/̽ÃPƑƬ!L4.5

1��/­ƨ�M'ͭWarwicker and 

Wright 1967 
ͮ���	Warwicker/

Wright 2ILɭʄ.˧ŧ�M'~�

_25	ǯɭʄ.˧ŧ�M'I�1

20.9 Å /��ƃ�͎͜ͅ2ɥƐ!L

~�_5˧ŧ�M-�1�
 

� S�[�2Ȗ̳ă�oV�ͭ LiOHͮ

PÆɓ�'łĜ	ůʞ1�.Eèʦ

˒˩ș2I*-j���h�ȱ˩!

L�/�Łĥ�M-�Lͭ Kamide and 

Saito 1986 
ͮ%�.	S�[�ĊÃ4

Ȗȱȥͭ4.6wt%LiOHȖȱȥͮPɓ�

-èʦ˒˩ș2I*-j���hȱ

ȥP˻˜�	EtOHæɑ2I*-b�

ă	X ʰıƵȬŝP˔*'
%4ʦ

ǹ	S�[��ůʞʚ4łĜ2˧ŧ

�M' q = 0.3 Å-1	͜ ͎ͅ 20.9 Å2ɥ

Ɛ!L~�_5ɰ˶�M1�*'ͭ ĵ

36 
ͮ 

� EtOH¤.5S�[�5Ƿë�j�

��h/̽ÃPƑƬ!L/��ȅ˭/ͭ Warwicker and Wright 1967 	ͮůʞ4ŘĹ�4B.͎͜ͅ

20.9 Å2ɥƐ!Lǭɪ4~�_�ɰ˶�ML/��®ŞP:A�L/	�4 q = 0.3 Å-12˧ŧ�

M'ǭɪ4~�_5	S�[�ͯůʞͯj���h̽Ã2ɕǳ!LE4/ʦ˾,�JML
 

� �4I�1̽Ã4ƑƬ5	MeOH ¹Ŋ4S�c��PÆɓ�'͐4ʦǢ͡ľ4Ņü2ţ �

-�L/ʹ�JM	ä̰˗͜4˦Ȗă2Eţ �-�L/ʹ�JML
 

  

ĵ 34. ěʀj���h|t�b�4ĶÃNMRh�

_s�� 



 45 

 

2.3.3.6 ­ƨ�MLS�c��éĶȡ2��Lj���h4é͓ȊƉ 

� ¹�4ʦǹP̏A�	ĵ 372S�c��ͤ2I*-éĶ�'j���hb�ȉ̡ƑƬ4­ƨ

�[vi�Pɴ!
MeOH æɑ4łĜ.5	j���hìŖ�é͓�	͛Ǣ͡ľ/�̰4ŭ�

1ʦǢ͡ľPǨ!L�T���ȉ̡ÃPƑƬ!L
�Ǖ	EtOHæɑ4łĜ.5	j���h5

S�[��ůʞ/̽ÃPƑƬ!L
�M5	Ȗȝƕ2 Na-cellulose IV4ʦǢ͡ľ/1K	Ȗ̳ŀ

�̂ť1˦Ȗ͜/1L/ʹ�JML
 

� ĝȊ4̽ÃƑƬ5	PrOHG BuOH.Eɑ L/ʹ�JM	MeOH¹Ŋ4S�c��PÆɓ�

'͐4˗͜˦Ȗă4�ʉPƷ*-�L/ʹ�JML
���	XʰıƵȬŝGĶÃ NMR	ǻǒ

ģɧ4ʦǹ5ŌA�1×ğ4B��˃�-�L(�.�L'D	�4I�1S�c��ͤ2I

ĵ 36. LiOH Ȗȱȥ�JƘJ

M'ǭȖȝ4j���hb

�ͭEtOHæɑͮ4 XʰıƵ

���RU� 

ĵ 35. X ʰıƵ���RU

�Ͱ(a) 4wt%j���hȱȥ

ͭéĶȡ1� 	ͮ(b) ǭȖȝ4

MeOHæɑb�	(c)ǭȖȝ4 

EtOH æɑb�
ɩČ5	ǭ

ɪ4̽ÃƑƬ2ɕǳ!L/

ʹ�JML~�_ 
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LéĶ�æɑ2��Lb�4ȉ̡ƑƬ�[vi�5	éĶȡ/j���hȱȥ4ɥȱƣG	S

�[�Gůʞ4éĶȡ=4ȱ˩Ƈ10	˝͔1ˠĲ�J1L��jh.�K	�J1L˴ʢ1

ȅ˭�Ɲˠ.�L
 

 

 

.2.4 Xc 

2.4.1 b�ȉ̡4Ąì 

� S�[��ůʞȖȱȥɕǳ4j���hb�5	éĶȡ4ʀͤ2ƞ -ɛ1Lȉ̡/˗͜Ɇ

ƣPǨ�-�'
�M5	éĶȡ4ʀͤ2͆OJ"ĝȊ4śß͛Ǣȉ̡PǨ�-�L LiCl/DMAc

ɕǳ4j���hb�/5ŪɁɟ.�L
 

� ǯɭʄ.5	S�[��ůʞʚ4j���hb�5¹�4 4 ʀͤ2Ąì.�L�/�O�*

'
 

i) éĶȡ/�-	ȖGŽ̳	ŃȖȱȥ10PÆɓ�'łĜ 

� j���hb�5	(1-10)͜4Ȗ̳ŀ2ɕǳ!L˦Ȗƣä̰˗͜PǨ�'ʿɈ4ȉ̡ÃPǨ�

-�L
�4ȉ̡Ã5	60%̙��ʦǢȉ̡�J1L
 

ii) éĶȡ/�- MeOHPÆɓ�'łĜ 

� j���hb�5	`�c~�x�hɐ2ɕǳ!Lͩ�ɜȖƣä̰˗͜PǨ�'�T���

Ɉȉ̡PǨ�-�L
�4ȉ̡Ã5	20%ɿƇ4͛Ǣ͡ľ/	80%ɿƇ4͛Ǣ͡ľ�J1L
 

iii) éĶȡ/�-WaterͯMeOHȧĜȖȱȥPÆɓ�'łĜ 

WaterͯMeOH4ȔɌ2ƞ -	%M&M4¤ͅɟ1ƣ̈PǨ!Lb��ƘJML
�MPñɓ

ĵ 37. S�[��ůʞȖȱȥ�JS�c��ʚéĶȡ2I*-ƘJM'j���hb�ȉ̡

ƑƬ4ȋƉĵ 
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�'	ȉ̡GɆƣ4òƙ�ęʽ.�L
 

iv) éĶȡ/�-/�- EtOH10ȼʞǐ4ŋ�S�c��ͤPÆɓ�'łĜ 

� ȼʞǐ4Ņü2¿*-	b�4ä̰˗͜Ɇƣ5˦Ȗă!L×ğ��*'
�4ɍ̃4¥1ˠ

Ĳ5	ȉ̡Ã4ʦǢ͡ľ�ŅŌ!L'D.�L/ʹ�JML
�4ʦǢƬì5	b�ȉ̡ƑƬ

ǡ2ɑ LS�[�ͯůʞͯj���h̽Ã2ɕǳ!L/ʹ�JML
 

 

� ɍĹ4/�N	ǦÂ.E�˯4 4 ʀͤ�ʹ�JML�	�˯4I�2Éɀ/�-�Ǟ1Ƚ�

ŋ�
 

a) iͮ4Ǥ1LĄì 

� SEM˧ŧ4ʦǹ.O�LI�2	Ž̳ͭ H2SO4 æͮɑ�'E45	%4¶4ȖʚéĶȡͭ Na2SO4

GWaterͮIKEʿɈȉ̡�Ǝ�ɞɍ�-�L
�M5	éĶȡ¤4̳/j���hȱ÷¤4S

�[�4¤ĩ2̢͆!L/­Ȭ�ML�	SEM Ø¹Ŋ4r�m	+AKǻǒģɧŞͧGĶÃ

NMR104Ȭŝʦǹ.5Ō�1̪�51�	âÃɟ1ˠĲ5�Ǟ.�L
 

 

b) iv4Ǥ1LĄì 

� ȼʞǐ4Ņü2¿*-	b�4ä̰˗͜Ɇƣ5˦Ȗă!L/��ŌA�1×ğ5ƘJM'�	

ȼʞǐ2ē�-ǻǒģɧ̷104ȬŝÓ�õƕ�-�L̰ìE�K	!>-4r�mP˸Ǟ.

�L�̆�'˩̴5ƘJM-�1�
�M5	S�c��ͤPéĶȡ/�-Æɓ�'͐4j�

��h4é͓ȊƉ5	éĶȡ/j���hȱȥ4ɥȱƣG	S�[�Gůʞ4éĶȡ=4ȱ˩

Ƈ10	˝ĜɟˠĲ2źĚ�ML'D/ʹ�JML
 

 

2.4.2 ´ƕ4ȅ˭ 

� �MA.	j���h4b�ă4͐2țɣ�ML�/�Ů1�*'ůʞ4ŘĹ�	S�[�

ͯj���h/̽ÃPƑƬ!L�/2I*-	Ǧʣɟ1ȉ̡ÃƑƬ2ƒ͝P �L�/�O�

*'�/5Ō�1Ʃʸ��L
j���hȱ˩Gj���hȱȥ¤.ůʞ�ǹ'!Ɠù//E

2	j���h�b�ȉ̡PƑƬ!L͐2ǹ'!ůʞ4ƓùP˩Ǟ!L�/5	S�[��ů

ʞȖȱȥ4�[vi�P�J2Ȧ�ɏ˩!L�/2�ęȏ.�L/ʹ�JML
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T 3S� ��� ���
Bj48 
 

3.1 Yc 

� ʊ 2 ʈA.2̛>'I�2	S�[��ůʞȖȱȥɕǳ4j���hb�5	Æɓ�'éĶ

ȡ4ʀͤ2ƞ -	˦ͯɜȖƣ4ɛ1Lȉ̡Pɞɍ!L�/�O�*'
�4˗͜Ɇƣ4Ǥ1

LɜȖăđ9˦Ȗă10	j���hb�4Ɇƣòƙ�ğ�4'D25	�4Ɇƣ4ɞɍȎȉ

Pɏ˩!L�/��ęȏ.�L
 

� �MA.	ͩìŖb�4ȉ̡ɞ̩2͆!Lɭʄ5ǐŋ�ŘĹ�	%4ŋ�5ÜǏ©ͭTakeshita 

199910 	ͮXʰǏ©ͭGommes et al. 200410ͮA'5¤ƣŖǏ©ͭShibayama 199810ͮ10

4Ǐ©ƱșGʖƏƣȬŝͭRoss-Murphy 199210ͮ2I*-˔OM-�'
 

� ʊ 2 ʈA.2̛>'I�2	ǯɭʄ.Æɓ�-�LS�[��ůʞȖȱȥɕǳ4j���h

b�5	%4ȉƬˠʞ/�- Na-cellulose IVĽͭȖj���hͮʦǢPĢC
%4'D	éĶ̧

ɿ4j���hȱȥ2Ū�-ƃ˨ XʰıƵP˔��/.	Na-cellulose IVĽʦǢ�Ƭ́�-��

ȊŖP̜̎.�L/ʹ�JML
A'	ŭ˨ X ʰıƵȬŝP˔��/.	ɞ̩!Lb�ȉ̡4

eUiGƑɈ2͆!LƧŁPƱ2ÞML�/�.�L/ʹ�JML
 

� %�.ǯʈ.5	S�[��ůʞȖȱȥ2I*-ƘJM'j���hȱȥ�	éĶȡ2I*

-b�ă�-˔�ȊŖP	õʈ/ĝȊ2ŪɁj���hȱ÷.�L LiCl/DMAc /4Ȕ̓P±�

1�J	XʰǏ©ͯıƵƱșPɓ�-ǞJ�2!L�/P˲B'
 

� j���h4éĶȡ2ILb�ă5	ǡͅʥ̧//E2̤˔�-��4.	Xʰ4ɁūǡͅP

1L>�ɬ�Ƴ�LƝˠ��L
%�.	ǯɭʄ.5	f�_�s��ǌūÜPÜȯ/�-Æ

ĵ 1. f�_�s��ǌūÜŞͧ4Ȉˠͭźͮ/Ş͐4Şͧ4ȊŖͭĚͮ 
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ɓ�	XʰǏ©ͯıƵȬŝP˔*'
A'	Şͧ˰ŝ/�-	\�h]�~���2j���h

ȱȥPțÞ�	�J2%4�̰2éĶȡPțÞ!L�/.b�ăP̓œ�#	j���hȱȥ

�éĶ�-��̧ɿP̜̎�'
�4/�	b�ă4ǡͅʥ̧P̜̎!L25	�LȦ� 1 Ƚ

2Ū�-̢ʫɟ2ȬŝP˔�>�.�L�	ɁūǡͅGU��g�`���s4˹BĕK�r

�m4˹B̖B104'D2	1Ȭŝ2ǦÂ.E 1ìͅPˠ�-�A�	%4ͅ2b�ȉ̡�Ō

��ɞ̩�-�A�'D	b�4Ƭ̧́ɿP˴ʢ2̜̎!L�/�.�1�*'
 

� %�.ǯɭʄ.5	ĵ 1 2�LI�2	]�~���4Ȧ�Ǖğ2˝ǐȽ4 X ʰıƵȬŝP

˔��/.	b�ă4̤˔Ƈ�ɛ1Lj���hȱȥ4 X ʰıƵ���RU�PÞƱ�	%4

˩ǷP˔*'
 

 

3.2 2a XZ*:H, 

3.2.1 -l 

3.2.1.1 j���hȱȥ4˻˜ 

� CF11ͭWhatman˜	̵ĜƇͰʛ 220 ͭIsogai et al 2008ͮͮ / CC31(Whatman)Pj���h˲ǒ

/�-Æɓ�	2.2.2.1/ĝȊ4Ǖș.	S�[��ůʞȖȱȥ/ LiCl/DMAcȱȥ4 2ʀͤ4 10wt%

j���hȱȥP˻˜�'
 

� CF112IK˻˜�'j���hȱȥ5	3.2.1.2 f�_�s��ǌūÜȬŝͭS�[��ůʞ

ʚͯNa2SO4 éĶȡͮ2È�	CC31 2IK˻˜�'j���hȱȥ5	3.2.1.3 f�_�s��

ǌūÜȬŝͭ S�[��ůʞʚWateræɑ	H2SO4æɑ	MeOHæɑ	EtOHæɑ�I9 LiCl/DMAc

ʚ EtOHæɑͮ2È�'
 

 

3.2.1.2 f�_�s��ǌūÜȬŝͭS�[��ůʞʚ Na2SO4éĶȡͮ 

� ˻˜�M'j���hȱȥP\�h]�~���¤2\�h~�psPÆɓ�-țÞ�	%

4�̰2\�h~�psPÆɓ�-j���hȱȥPțƩȦ�țÞ�'
éĶȡ/�- 5wt%ɯ

̳us�V�ȖȱȥPÆɓ�'
�4j���hȱȥ4Ȧ�Ǖğ4˝ǐȽ2Ū�-	SPring8

ͭBL40B2ͮ2��- XʰıƵȬŝͭλ = 1.0 Å	Ɂūǡͅ 60ɻͮP˔*'
 

 

3.2.1.3 f�_�s��ǌūÜȬŝͭ S�[��ůʞʚȖʚͯ͛ȖʚéĶȡ�I9 LiCl/DMAcʚͮ 

� ˻˜�M'j���hȱȥP\�h]�~���¤2\�h~�psPÆɓ�-țÞ�	%

4�̰2\�h~�psPÆɓ�-j���hȱȥPțƩȦ�țÞ�'
éĶȡ/�- Water	

H2SO4	MeOH	EtOHͭS�[��ůʞʚͮ�I9 EtOHͭLiCl/DMAcʚͮPÆɓ�'
�4j

���hȱȥ4Ȧ�Ǖğ4˝ǐȽͭ10~15Ƚͮ2Ū�-	Z�se���oW�g��PÆɓ�

1 mm͎ͅ. XʰıƵȬŝͭ ESRF	BM2	E = 14 keV Pͮ˔*'
A'	Silver behenateͭ d = 58.38 
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ÅͮPÆɓ�-[��́Pǽȑ�'
 

 

3.2.2 X@�\. 

3.2.2.1 S�[��ůʞʚ Na2SO4æɑ 

� \�h]�~���ä4ɛ1LȦ�. X ʰıƵ

ȬŝP˔*'ʦǹPĵ 22ɴ!
!>-4���R

U�2á̟!L	q = 2.0 Å-1·̙2Áʷ!L���

t1~�_5Ȗ4Ǐ©.�L
���RU�5��

J�2ğ�*-ͭa�f 	ͮb�ă�̤˔�-��Ȋ

ŖPɴ!
A"	q = 1.4 Å-1·̙2	Na-cellulose IV

4 1102ɥƐ!L~�_�ɍM'ͭ b�c�d 
ͮȐ2	

d �J f 2��-Ȑʊ2	q = 1.6 Å-1 ·̙4

Na-cellulose IV4 0202ɥƐ!L~�_�ɍMœD	

Ćì2b�ă�'͡ľ.5Ǟɨ1 Na-cellulose IV

4���RU�ͭ Complete Regeneration Pͮɴ�'
 

� �4���RU�4ŉă/Na-celluloseIVĽʦǢ

4ȉ̡ͭĵ 3ͮ�JȗDJML	S�[��ůʞʚ

4ȖʚéĶȡ2��Lj���hìŖ4é͓ȊƉ

Pĵ 42ɴ!
 

� A"	j���hìŖ̿5	ɜȖɟɥ°Äɓ2I

*-ìŖ�hmp]�`�	ìŖf�sPƑƬ!L


�M� Na-cellulose IV4ͭ110ͮ͜2ɥƐ!L
+

�2%4j���hìŖf�s�	ȖʞʦĜ2I*

-̱î�	IKŌ�1ʦǢ=/Ƭ́�-��
%4

ʦǹ	ͭ 1-10ͮ͜Gͭ020ͮ͜/�*'ʶK̚��ɰ

˶�MLI�21L
 

� æɑj���h4ïǫé͓Ã5	ɜȖƣɥ°Äɓ

2I*-½Ĝ�'j���hìŖ̿f�s.�L

/���/5	Hermansͭ Hermans 1949ͮG Hayashi

JͭHayashi et al 1974ͮ2I*-ǄȂ�M-�'


�J2	MiyamotoJͭMiyamoto et al 2009ͮ2IL

ìŖĀúř2ILf����f��2��-E	ĝȊ1ǄȂ�1�M'
���	Ş͐2ïǫ

ȉ̡Pɤǂ˧ŧ�'ɭʄÇ51�	��j�ă4Ȗȝ̧ɿ.4(110)͜4ɞ̩5˟ŴJ2I*-

ĵ 2. S�[��ůʞʚ.éĶȡ2

WaterPÆɓ�'łĜ4 XʰıƵȬŝ

���RU�
Control5éĶȡȾȨü

4j���hȱȥ.	a �J f 2��

-ȉ̡�ɞ̩!LȊŖPɴ!
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˧ŧ�M-�'E44ͭNishiyama et al 2000 	ͮj���h�ȱ˩�'Ɉƫ�Jé͓!Ļɿ.

4ïǫȉ̡ÃP˧ŧ�'Łĥ51�*'
 

� %�.ǯɭʄ.˧ŧ�M'I�1	ɜȖhmp]�`2ILj���hìŖ̿f�s4ƑƬ

�ȖʞʦĜ2ILìŖ̿f�s4̱î	/��é͓ȊƉ5	�MA.ǄȂ�M-�'º˸�æ

ɑj���h4ïǫȉ̡Ã5	ɜȖhmp]�`�'j���hìŖ̿f�s.�L
P˚·

�L	ïD-4Şͧ®Ş/1*'
 

� �4I�1ìŖ4é͓ȊƉ5	Æɓ�'j���h

ȱ÷/éĶȡ�/E2Ȗʚ.�L�/2̋Ĳ!L/

ʹ�JML
!1O)	j���hìŖ�é͓!L͐	

˗͜ˁɕXw�^�4�ǜP̯�L'D	Ȗʚɐń2

ɥȱƣ4Â�ɜȖƣ̰ìͭ`�c~�x�hɐͮPä

̰2͑!I�2é͓!L/ʹ�JML
 

� j���hȱ÷GéĶȡ�Ȗʚ.1�łĜ5	ǯ͟

.˧ŧ�M'I�1é͓ȊƉ/5ɛ1LƼĀPɴ!

ęʽƣ��L/ʹ�JML
 

 

 

  

ĵ 3. Na-cellulose IV4ȉ̡ 

ĵ 4. S�[��ůʞʚͯȖʚéĶȡ2��Lj���hìŖ4é͓ȊƉ4ȋƉĵ 
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3.2.2.2 S�[��ůʞʚWateræɑ 

� õ͟4Şͧ.5	ļɤǕğ.4]�~���4ɾĀPƱĀ.˔�	ěȦ�2 XʰPɁū	Ƙ

JM'���RU�Pb�ȉ̡4Ƭ́Ƈ͠2£>	ʹŧP˔*'
�4ŞͧǉÄ.5	1ı4 X

ʰɁū�/2ŞͧypoP̓͂!LƝˠ��K	�̢4Ȭŝ2Ɲˠ1ǡͅ�ȇD-́�	SPring 

84}��mU�ä.5Ȭŝ.�'éĶȡ5 1ʀͤͭNa2SO4ͮ4B.�*'
%�.	ʋʺJ5

���p{ǌūÜǖ˰ͭESRFͮ4}��mU�2ƞā�	Ȭŝ��M1�*'éĶȡGj��

�hȱ÷2͆�-ĝȊ4ŞͧP˔*'
A'	Z�se���oW�g��PÆɓ!L�/.	

̗̠�+IKȑɰ2ŞͧP˔��/�.�'
 

� A"	S�[��ůʞʚWateræɑ4ʦǹPĵ 5ɴ!
õ͟4 Na2SO4æɑ4łĜ/ĝȊ	A

"ͭ110ͮ͜�ɞ̩�ͭĵ 5a 	ͮȐ2ͭ1-10ͮ͜�ɞ̩�'ͭĵ 5b 
ͮ�MIK	Ȗ¤2ŘĹ!L

UZ�4ǨȾ2͆OJ"	ȖʚéĶȡ.5�j���hìŖ4ɜȖhmp]�`�ȖʞʦĜ2

ILé͓
/����jhPʥL�/�O�*'
 

 

 

3.2.2.3 S�[��ůʞʚ H2SO4æɑ 

� ĵ 65	H2SO4æɑ4ʦǹPɴ!
õ͟4 Na2SO4æɑ	Wateræɑ4łĜ/ĝȊ	A"ͭ 110ͮ

͜�ɞ̩�ͭĵ 6a 	ͮȐ2ͭ1-10ͮ͜�ɞ̩�'ͭĵ 6b 
ͮĵ 65	ĵ 54���RU�/?@

ĝ ȈƑPɴ�	Ž̳2ILS�[�4¤ĩ�ȉ̡ƑƬ2đ@!ƒ͝5	ƃ˨ XʰıƵ.5˧

ŧ.�1�*'
 

ĵ 5. S�[��ůʞʚ.éĶȡ2 Water PÆɓ�'łĜ4 X ʰıƵȬŝ���RU�
ɣ

ɡK5Ȭŝ�']�~���4Ȧ�
���RU�5	͚�J̉2��-ȉ̡�ɞ̩!LȊ

ŖPɴ!
ͭ a Ͱͮß͡ľ	ͭ b Ͱͮͭ aͮ4���RU�4¸˗ɟ1̰ìP̮9	q͡ľͰ1.2~1.8 Å-1

2+�-ƹŌ�'ĵ
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3.2.2.4 S�[��ůʞʚ MeOHæɑ 

� ĝȊ4ȅ˭P	éĶȡ/�- MeOHPÆɓ�-˔*'
%4ʦǹPĵ 72ɴ!
A"	ȉ̡

�ɞ̩!L2+M-	q = 2.0 Å-1·̙2ŘĹ�'Ȗ4Ǐ©2̋Ĳ!L���t1~�_�	Ɩ�

2Â˨2ɾĀ�-��4�ɰ˶�M'
�M5	éĶȡ.�L MeOH�j���hȱȥ¤2ƹ

Ǐ�-��ȊŖPɴ�-�LͭVahvaselkä et al. 1995 
ͮ 

� Ȑ2	j���hb�4ȉ̡ɞ̩2+�-.�L�	�M5	ỡ�'S�[��ůʞʚȖ

ʚéĶȡ4łĜ/ĝȊ	���t.5�L�	A" q = 1.4 Å-1·̙2(110)͜4ɞ̩�ɰ˶�M'

ͭĵ 7a 
ͮ���	Ǧʣɟ1b�ȉ̡Ã4���RU�ͭ̉ˇͮ2��-E	(110)͜4���t

1~�_4B�ɰ˶�ML'D	MeOHæɑ2��Lj���hìŖ4é͓ȊƉ5¹�4I�

2˸Ǟ�ML
 

� A"œD2	ȖʚéĶȡ4łĜ/ĝȊ	ɜȖhmp]�`�'j���hìŖ̿f�s�Ƒ

Ƭ�ML�	2ʈ.̛>'I�2ȉ̡4Ōĉ�͛Ǣ͡ľ.�L'D	ìŖ̿f�s4ƑƬIKE	

j���hìŖĝŇ4��n�1ʧBĜ��ÙÛ�	j���hìŖ̿f�s5Ō�1ʦǢ=

/Ƭ́!L�/51�	Ō̰ì4͛Ǣ͡ľ/ŭ��ʦǢ�J1LǦʣɟ1ȉ̡Ã=/ɞ̩�-

��E4/ʹ�JML
 

� A'	O"�.5�L�	ʊ 2ʈͭ2.3ͮ2��-ɰ˶�M' q = 0.3 Å-1	͎͜ͅ 20.9 Å2ɥ

Ɛ!L~�_� MeOHæɑ2��-Eɰ˶�M'ͭĵ 7b 
ͮ���	b�ȉ̡4ɞ̩2¿�	

ĵ 6. S�[��ůʞʚ.éĶȡ2 H2SO4PÆɓ�'łĜ4 X ʰıƵȬŝ���RU�
ɣ

ɡK5Ȭŝ�']�~���4Ȧ�
���RU�5	͚�J̉2��-ȉ̡�ɞ̩!LȊ

ŖPɴ!
ͭ a Ͱͮß͡ľ	ͭ b Ͱͮͭ aͮ4���RU�4¸˗ɟ1̰ìP̮9	q͡ľͰ1.2~1.8 Å-1

2+�-ƹŌ�'ĵ
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�Ƈ5~�_�Ņü!L×ğ2�*'�ͭĵ 7b͚�ʡˇ4���RU� 	ͮ�J1Lb�ȉ̡

4Ƭ́2¿*-	Ȑʊ2~�_�ȩŮ�'ͭĵ 7bʡ�̉ˇ4���RU� 
ͮ�M5	S�[

�Gůʞ4 MeOH=4ȱ˩ƣ2ɕǳ!LE4/ʹ�JML
b�ă4ïǫȓ͍.5	S�[��

ůʞͯj���h̽Ã�ƑƬ�ML�	MeOH4ƹǏ2¿*-S�[�Gůʞ�ȱë�	Ɩ�

2S�[��ůʞͯj���h̽Ã4̷�ȩŮ�-��/ʹ�JML
ʊ 2 ʈͭ 2.3 2ͮ��-	

MeOHæɑ4b�.5 q = 0.3 Å-1	͎͜ͅ 20.9 Å2ɥƐ!L~�_5ɰ˶�M1�*'�	�M

5	Ō̧ø̷4 MeOHȡ2��-æɑP˔*''D	S�[�Gůʞ5!>-ȱë�	S�[

��ůʞͯj���h̽Ã�ŘĹ�1�*''D/ʹ�JML
 

 

 

 

3.2.2.4 S�[��ůʞʚ EtOHæɑ 

� ĵ 82S�[��ůʞʚ EtOHæɑ4ʦǹPɴ!
A"	ȉ̡�ɞ̩!L2+M-	q = 2.0 Å-1

·̙2ŘĹ�'Ȗ4Ǐ©2̋Ĳ!L���t1~�_�	Ɩ�2Â˨2ɾĀ�-��4�ɰ˶

�M'
�M5	éĶȡ.�L EtOH�j���hȱȥ¤2ƹǏ�-��ȊŖPɴ�-�L

ͭVahvaselkä et al. 1995 
ͮ 

� Ȑ2	j���hɕǳ4~�_.�L�	ỡ�'S�[��ůʞʚȖʚéĶȡ4łĜ/ĝ

Ȋ	q = 1.4 Å-1·̙2(110)͜4ɞ̩�ɰ˶�M'
%M/ĝǡ2	q = 0.3 Å-1G 0.65 Å-1/�*'

S�[��ůʞͯj���h̽Ãɕǳ4~�_�ëɍ�	ɞ̩�-��ȊŖ�ɰ˶�M'
 

ĵ 7. S�[��ůʞʚ.éĶȡ2 MeOHPÆɓ�'łĜ4 XʰıƵȬŝ���RU�
ɣ

ɡK5Ȭŝ�']�~���4Ȧ�
���RU�5	͚�J̉2��-ȉ̡�ɞ̩!LȊ

ŖPɴ!
ͭ a Ͱͮß͡ľ	ͭ b Ͱͮͭ aͮ4���RU�4¸˗ɟ1̰ìP̮9	q͡ľͰ0.2~0.5 Å-1

2+�-ƹŌ�'ĵ
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3.2.2.5 LiCl/DMAcʚ 

� �J2ĝȊ4ȅ˭P	j���hȱ÷/�- LiCl/DMAc	éĶȡ/�- EtOHPÆɓ�-˔*

'
�4ʦǹPĵ 92ɴ!
 

� q = 1.4 Å-1·̙2ɰ˶�M' LiCl/DMAc

ȱȥ4���t1Ǐ©~�_�	éĶȡ.

�L EtOH 4ƹǏ2¿*-	ƃ˨Õ2f�

s�-��ȊŖ4B�ɰ˶�M'
¥(*

'j���h2ɕǳ!L~�_4ëɍ5

1�	Ǧʣɟ1b�ȉ̡2��-Eͭ̉ˇ

4���RU�ͮ~�_5ŘĹ�1�*'


�M5	ʊ 2ʈ.ɴ�'/�K	LiCl/DMAc

4b�5śß1͛Ǣ͡ľ2I*-ȉƬ�

M-�L'D.	ƃ˨ X ʰıƵȬŝ.5

LiCl/DMAc ʚ4b�4ȉ̡4ɞ̩P̜̎

!L�/5�ęʽ.�*'
 

  

ĵ 9. LiCl/DMAcʚ.éĶȡ2 EtOHPÆɓ�'

łĜ4 XʰıƵȬŝ���RU�
ɣɡK5Ȭ

ŝ�']�~���4Ȧ�
���RU�5	

͚�J̉2��-ȉ̡�ɞ̩!LȊŖPɴ!
 

ĵ 8. S�[��ůʞʚ.éĶȡ2 EtOHPÆɓ

�'łĜ4 XʰıƵȬŝ���RU�
ɣɡK

5Ȭŝ�']�~���4Ȧ�
���RU�

5	͚�J̉2��-ȉ̡�ɞ̩!LȊŖPɴ

!
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3.3 /a XZ*:H, 

3.3.1 Yc 

� ƃ˨ XʰıƵȬŝ/ĝȊ4Şͧ˰ŝ.	[��́Pŉ�	ŭ˨ XʰıƵȬŝP˔*'
 

 

3.3.2 -l 

3.3.2.1 j���hȱȥ4˻˜ 

� CC31(Whatman)Pj���h˲ǒ/�-Æɓ�	2.2.2.1/ĝȊ4Ǖș.	S�[��ůʞȖȱ

ȥ/ LiCl/DMAcȱȥ4 2ʀͤ4 10wt%j���hȱȥP˻˜�'
 

 

3.3.2.2 f�_�s��ǌūÜȬŝ 

� ˻˜�M'j���hȱȥP\�h]�~���¤2\�h~�psPÆɓ�-țÞ�	%

4�̰2\�h~�psPÆɓ�-j���hȱȥPțƩȦ�țÞ�'
éĶȡ/�-	Water	

H2SO4	MeOH	EtOHͭS�[��ůʞʚͮ�I9 EtOHͭLiCl/DMAcʚͮPÆɓ�'
�4j

���hȱȥ4Ȧ�Ǖğ4˝ǐȽͭ10~15Ƚͮ2Ū�-	Z�se���oW�g��PÆɓ�

1 mm͎ͅ. XʰıƵȬŝͭESRF	BM2	E = 14 keVͮP˔*'
Silver behenatePÆɓ�-[

��́Pǽȑ�'
 

 

3.3.3 X@�\. 

� ŭ˨ XʰıƵ4ʦǹPĵ 10�122ɴ!
 

 

3.3.2.1 ʰƑ˗ɴ 

� ĵ 10 5Ǐ©�_s� q 2Ū�-ƎƇ I(q)��ps�'`��.�L
S�[��ůʞʚͭĵ

10b	c	d	eͮ.5	Â q ͡ľ2ğ�*-̢ʫɟ2ƎƇ��ǜ�-��(�.�*'42Ū�	

LiCl/DMAcʚ.5	q = 0.015 Å-1·̙2~�_�ëɍ�	ɞ̩�-��ȊŖ�ɰ˶�M'ͭ ĵ 10a 
ͮ

�4I�1~�_5	��}v�S�c��ͭPVAͮ4b�ă10.ãĽɟ2˧ŧ�MLh~

xn�ì˩2ILE4.�LͭNunes and Inoue 1996; Takeshita et al. 1999 
ͮ 

� h~xn�ì˩/5	ͩìŖȱȥ¤2��-	ȹƇ4ǆJ��ɞɑ�Ņƀ�	ͩìŖ4ȹč

ų=/ɞű	Ǧʣɟ25é͓ÃPƑƬ!L��jhPƻ!
�4I�1ȹƇ4ǆJ�5	ͩì

Ŗȱȥ¤.Ļ�1ɥ͎ͅͅ.ɞɑ!L'D	Ļ�1ȉ̡Ã͕̍ͭͅɥ͕̍ͮͅ2ɕǳ!L Bragg

4Ǐ©~�_�˧ŧ�ML
 

� ĵ 10a2��-E�4I�1 Bragg4Ǐ©~�_�ɰ˶�ML�/�J	LiCl/DMAcʚ.5	

j���hb��h~xn�ì˩2IKȉ̡PƑƬ!L�/�ǞJ�21*'
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3.3.2.2 Ūǐ˗ɴ 

� ĵ 104��psPŪǐ˗ɴ�'E4Pĵ 112ɴ!
̟ſ	Guinier͡ľ/�*'Ǐ©Ã4Ƒ

ƫGeUi/�*'ƧŁPĢC͡ľ.5	LiCl/DMAcʚ4ˎʡ�ʡˇ4���RU�4I�2	

ǦÂ q͡ľ2��s��ŘĹ!LI�1���RU�Pɴ!
���	S�[��ůʞʚ.5	

%4I�1��s�5ɰ˶�M"	Â q ͡ľ2ğ�*-̢ʫɟ2Ņü�-�����RU��

ƘJM'
�M5	S�[��ůʞʚ2��L Guinier͡ľ5	ǯɭʄ.˧ŧ�' q͡ľIKE

�J2Â q Õ2�L�/Pɴ!
b�ȉ̡ƑƬ4ïǫȓ͍͚ͭ�ˎʡˇ4���RU�ͮ2�

�-EĝȊ4���RU�Pɴ!�/�J	S�[��ůʞʚ.5	b�ă̧ɿ2��Lïǫ

ȉ̡Ã4eUi5	ǯɭʄ.˧ŧ.�'Ǐ©�_s� q4�͉.�L 0.01 Å-1	Ǐ©Ã4eUi

2ǅʎ�-ʛ 60 nmIKEŌ��/���/���L
 

� A'	ƎƇ�S�[��ůʞʚ/ LiCl/DMAcʚ.5 1ȁ4̪���*'ͭ S�[��ůʞʚͰ

108	LiCl/DMAc ʚͰ107 
ͮ�MEĝȊ2	S�[��ůʞʚ4ïǫȉ̡Ã4eUi4Ō��2

ɕǳ!LE4.	S�[��ůʞʚ.4ïǫé͓Ã5	LiCl/DMAc ʚ4%MIKEŌ�1eU

iPǨ�-�L�/�O�L
 

 

ĵ 10. ŭ˨ XʰıƵȬŝ4���RU�
ɣɡK5Ȭŝ�']�~���4Ȧ�
���R

U�5	͚�J̉2��-ȉ̡�ɞ̩!LȊŖPɴ!
ͭ a ͰͮLiCl/DMAcʚ EtOHæɑ	ͭ b Ͱͮ

S�[��ůʞʚWateræɑ	ͭ cͮ: S�[��ůʞʚ H2SO4æɑ	ͭ d ͰͮS�[��ůʞʚ

MeOHæɑ	ͭ e ͰͮS�[��ůʞʚ EtOHæɑ 



 58 

 

3.3.2.3 Kratky��ps 

� b�104ȉ̡ƑƬ̧ɿ˧ŧ2ɓ�JML��ps�ĵ 12 2ɴ�' Kratky ��ps.�L


�M5	Ǐ©�_s� q2Ū�-	ƎƇ2Ǐ©�_s�4 2¨P��' q2�I(q)P��ps�'

E4.�L
̟ ſ	öɤƣ4ͩ�ͩìŖ�ȱ˩�-�LͩìŖȱȥ2Ū�-ŭ˨Ǐ©P˔�/	

%4ƎƇ I(q)5	I(q) ~ q-1/1L�/�ɪJM-�LͭGratter and Kratky 1982 
ͮA'	b�4I

�2	Ǟɰ1ɘ͜�ŘĹ!LɆ̈2Ū�-ŭ˨Ǐ©ŞͧP˔�/	%4ƎƇ I(q)5	I(q) ~ qdͭ-4 

< d < -3ͮ/1L�/�ɪJM-�LͭGratter and Kratky 1982 
ͮ%4'D	ƎƇ2Ǐ©�_s�

4 2¨P��' q2�I(q)5	%M&M q2�I(q) ~ qͭͩìŖȱȥ 	ͮq2�I(q) ~ qdͭ-2 < d < -1ͮͭ é

͓Ãͮ/1L
I*-	Kratky ��ps2��-	öɤƣ4ͩ�ͩìŖ4ȱȥ.5ͩ q ͡ľ2

ğ�*-ʰƑ2Ņü�-�����RU��ƘJML
�Ǖ	ȱȥ¤2é͓Ã�ŘĹ!LłĜ

.5	���RU�2~�_�ɍML
�MIK	Kratky ��ps2��L~�_4ǨȾ�J

é͓Ã4ǨȾPǁL�/�.�L
 

� LiCl/DMAcʚ.5	q < 0.06 Å-1.4~�_4ëɍ/ɞ̩�J	é͓ȉ̡4ɞ̩�ɰ˶.�L

ͭĵ 12a 
ͮ 

� ĝȊ2	S�[��ůʞʚ.Eé͓ȉ̡4ɞ̩�ɰ˶�ML�	MeOHæɑͭ ĵ 12d Gͮ EtOH

ĵ 11. ŭ˨ XʰıƵȬŝ4Ūǐ˗ɴ���RU�
ɣɡK5Ȭŝ�']�~���4Ȧ�


���RU�5	͚�J̉2��-ȉ̡�ɞ̩!LȊŖPɴ!
ͭ a ͰͮLiCl/DMAcʚ EtOHæ

ɑ	ͭ b ͰͮS�[��ůʞʚ Water æɑ	ͭ cͮ: S�[��ůʞʚ H2SO4æɑ	ͭ d ͰͮS�[

��ůʞʚ MeOHæɑ	ͭ e ͰͮS�[��ůʞʚ EtOHæɑ 
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æɑͭĵ 12eͮ4���RU�2ˢJML̻�~�_5	Wateræɑͭĵ 12bͮG H2SO4æɑͭĵ

12cͮ.5ɰ˶�M1�*'
�M5	Water æɑG H2SO4æɑ4~�_�IKÂ q Õ2Áʷ�

-�L'D.�L
S�[��ůʞʚ.5	Wateræɑ�H2SO4æɑͭȖʚéĶȡͮ/ MeOHæ

ɑ�EtOHæɑͭ͛ȖʚéĶȡͮ/.~�_4Áʷ�ƑɈ�ɛ1L'D	ȖʚéĶȡ/͛Ȗʚé

Ķȡ.5%4ïǫé͓Ã4eUiGƑɈ�ɛ1L�/�ɴĬ�M'
 

� S�[��ůʞʚ.5	ƃ˨ XıƵȬŝ.˧ŧ�M'I�2	j���hìŖ4 Na-cellulose 

IVĽʦǢ�ïǫȉ̡Ã.�L
�MIK	ʊ 2ʈ.˧ŧ�M'ȉ̡4̪�G	ǯʈ4ƃ˨ Xʰ

ıƵȬŝ4ʦǹP̏A�L/	�4I�1Ȗʚæɑ/ MeOH�EtOHæɑ4��(4̪�5	ï

ǫȉ̡Ã.�L Na-cellulose IVĽʦǢ4eUiGé͓Ƒƫ4̪�ͭ ȖʚéĶȡͰɫƑ4Ǔ͜ƑɈ

PǨ!LŌ�1ʦǢ͡ľ	͛ȖʚéĶȡͰ�T���Ɉȉ̡PȉƬ!LŌ̰ì4͛Ǣ͡ľ/ŭ

�1ʦǢ͡ľͮ2ɤʦ�-�LE4/ʹ�JML
 

 

3.4 #7�����Bj48CB 

� ¹�4ʦǹP̏A�	j���hb�4ȉ̡ƑƬ�[vi�Pĵ 132ɴ!I�2ǄȂ�'
 

� LiCl/DMAc ʚ.5	h~xn�ì˩2IKb�ȉ̡�ɞ̩�	ƘJMLb�5śß1͛Ǣȉ

̡PǨ!L
 

ĵ 12. ŭ˨ XʰıƵȬŝ4 Kratky��ps
ɣɡK5Ȭŝ�']�~���4Ȧ�
���

RU�5	͚ �J̉2��-ȉ̡�ɞ̩!LȊŖPɴ!
ͭ a ͰͮLiCl/DMAcʚ EtOHæɑ	ͭb Ͱͮ

S�[��ůʞʚWateræɑ	ͭ cͮ: S�[��ůʞʚ H2SO4æɑ	ͭ d ͰͮS�[��ůʞʚ

MeOHæɑ	ͭ e ͰͮS�[��ůʞʚ EtOHæɑ 
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� �Ǖ.S�[��ůʞʚ.5	%4b�ȉ̡ɞ̩5j���hìŖ�ɜȖhmp]�`�'

ìŖf�sPǾ/!L	ǾƑƬ/Ƭ́�J1K	éĶȡ4ʀͤ2ƞ -Ǧʣɟ1ȉ̡Ã�ɛ1

L
ȖʚéĶȡ.5	ȖʞʦĜ2IKìŖf�s�̱î�	Ǔ͜ƑɈ�ɫƑ4ȉ̡ÃPȉƬ!

L
MeOH æɑ.5	Ǿ4Ƭ́5ˢJM"	Ōĉ�͛Ǣ͡ľ2I*-ȉƬ�M'�T���Ɉ

ȉ̡PƑƬ!LE4/ʹ�JML
A'	EtOHæɑ.5	Ƚʰ.ĴAM'I�1S�[��ů

ʞͯj���h̽ÃPƑƬ�	̰ìɟ1ʦǢ͡ľP �L
%4ʦǹ	MeOH æɑ2Ȕ>-G

G˦Ȗƣ4ͩ�ä̰˗͜PǨ!Lb�ȉ̡Ã/1LE4/ʹ�JML
 

 

3.5 Xc 

� ǯɭʄ4ʦǹ	S�[��ůʞȖȱȥ�J4éĶȡ2ILj���h4é͓Ȏȉ25	Ů1

�/E 1ͮȖʚæɑ	2ͮMeOHæɑ	3ͮEtOHæɑ4 3ʀͤ�L�/�ǞJ�21*'
 

� 1ͮ.5	Water æɑ	H2SO4æɑ	Na2SO4æɑ40ME�ĝȊ1é͓ȊƉPǨ�-�L�/

�O�*'
ʊ 2ʈ.˧ŧ�M'I�1 H2SO4æɑ/ WaterA'5 Na2SO4æɑ.4ʿɈȉ̡4

ƇĜ�4Żɛ5	̳2ILS�[�4¤ĩ�͆ �-�Lęʽƣ��L/ʹ�JM'�	ƃ˨

ͯŭ˨ XʰıƵȬŝ4ʦǹ�J5	%4ȉ̡ɞ̩4̪�Pɰ˶!L�/�.�1�*'
 

� A'	2ͮMeOHæɑ/ 3ͮEtOHæɑ.5	̽ÃƑƬ4ǨȾ2IKǦʣɟ1ȉ̡�˗͜Ɇƣ�

ĵ 13. ­ƨ�MLj���hb�4ȉ̡ƑƬ�[vi� 
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ɛ1*-�'
�M5	j���hȱ÷4Ƭì.�LS�[�Gůʞ4 MeOH G EtOH =4ȱ

˩ƣ4̪�2ɕǳ!LE4/ʹ�JML
EtOH ¹�4ȼʞǐPǨ!LS�c��	!1O)

PrOHG BuOH.5	Ȗ/4ɥȱƣEĜO#	IK˝͔1é͓ȊƉ�ɑ -�L/ʹ�JML
 

� �J2	͛Ȗʚj���hȱ÷.�L LiCl/DMAc ȱȥ.5	h~xn�ì˩2ILb�ȉ̡

4Ƭ́�ɰ˶�M'
�4é͓ȊƉ5	Ȗʚȱ÷.�LS�[��ůʞʚ.4Ǿ4ƑƬ�Ƭ́

/���[vi�/ŪɁɟ.�L
�4I�1̪�5	LiCl/DMAc ȱȥ/S�[��ůʞȖȱ

ȥ2��Lj���h4ȱ˩Ɉƫ4̪�2ɕǳ!LE4/ʋʺ5­Ȭ�-�L
 

� ǙŘ4j���hȱ÷.5	ìŖ̿ 1 ǯ 1 ǯPśßȱ˩�#L45͖��	�LɿƇ4é͓

�ŘĹ!L
%41�.E	͛Ȗʚj���hȱ÷4 LiCl/DMAc ȱȥ5ˆȱŕ.�L/�M	

j���hìŖ4é͓5ȇD-Ů1�ͭMcCormick et al. 1985 
ͮ%4�Ǖ.	Ȗʚj���hȱ

÷.�LS�[��ůʞʚ.5	ȟÃúřĉƔ� 20 nmɿƇ/ 160 nmɿƇ4 2+4~�_Pɴ

�̵ͭĜƇͰ620	şȫ 	ͮȱȥ¤.Eé͓ÃPƑƬ�-�L�/�Łĥ�M-�LͭCai et al. 

2008B 
ͮS�[��ůʞʚj���hȱ÷5Ȗʚȱ÷.�L�/�J	�4S�[��ůʞʚ

j���hȱȥ¤.ɰ˶�MLé͓Ã5	j���hìŖǐǯ�ɜȖƣɥ°Äɓ2I*-hm

p]�`�'E4.51��	/ʋʺ5­Ȭ�-�L
�4é͓Ã5	éĶȡ�ŬÞ�M'͐

2Ǿ/1K	�M�Ƭ́!L�/.j���hb�4ȉ̡�ɞ̩�-��4.51��/ʹ�

JML
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T 4S� Xf 
 

� ǯɭʄ.5	ŋȊ1éĶȡPÆɓ!L�/�.�LS�[��ůʞȖȱȥPj���hȱ÷

/�-Æɓ�	ƘJMLj���hb��éĶȡ4ʀͤ2ƞ -04I�1̪�Pɴ!4�P	

˗͜Ɇƣ4˦�ɜȖƣ�I9%4ȉ̡2ȿȽPƐ-1�J	ıƵșGģɧŞͧ	ͣƚ̀˧ŧ/

�*'ƱȓPɓ�-ǞJ�2!L�/P˲B'
A'	Ńă�oV��g�o�SjsS�t

ȱȥͭLiCl/DMAcͮPŪɁj���hȱ÷/�-Ȕ̓ȅ˭P˔�	S�[��ůʞʚ2��Lj

���hb�4ȉ̡ƑƬ�[vi�PǞJ�2!L�/P˲B'
 

 

��� ���
Bj��
'6�

���EV&+F�kEV&+F�

� ͛ȖʚéĶȡ5	ŭ�1ʦǢ͡ľ/͛Ǣ͡ľ�JƬL�T���Ɉȉ̡P �	˗͜25j

���h4`�c~�x�hɐ�͙ë�-�L
%4'Dͩ�ɜȖƣ˗͜PǨ�-�L
 

� %4�Ǖ.	ȖʚéĶȡ.5ʦǢ͡ľ�JƬLʿɈȉ̡Ã�ƑƬ�M	˗͜2(1-10)͜�͙ë

!L�/.	ͩ�˦ȖƣPǨ�-�L/ʹ�JML
 

� �J2	Ȗͯ�mx��ȧĜȱȥPéĶȡ/�-Æɓ!L�/.	���*'˗͜Ɇƣ4̪

�Gȉ̡Pòƙ!L�/�ęʽ.�L�/�O�*'
 

� ȅ˭�'ʏĴä.5	ȖʚéĶȡ�J˦Ȗƣ˗͜�ƘJM	͛ȖʚéĶȡ�JɜȖƣ4ͩ�

˗͜�ƘJML'D	Æɓ!LéĶȡ4ȇƣ�ƘJMLb�4ä̰˗͜ɆƣPȘŝ!LˠĲ4

�+.�L/ʹ�JML
 

 

������� �V&+F�

� MeOH æɑ4łĜ.5	j���hìŖ�é͓�	͛Ǣ͡ľ/�̰4ŭ�1ʦǢ͡ľPǨ!

L�T���ȉ̡ÃPƑƬ!L
 

� �Ǖ	EtOHæɑ4łĜ.5	j���h5S�[�	ůʞ/̽ÃPƑƬ!L
�M5	Ȗȝ

ƕ	Na-cellulose IV4ʦǢ͡ľ/1K	Ȗ̳ŀ�̂ť1˦Ȗ͜/1L/ʹ�JML
 

� �4I�1S�[�ͯůʞͯj���h̽Ã4ƑƬ5	éĶȡ2Ū!LS�c��GS�[

�	ůʞ4ȱ˩ƇPēƒ�'ʦǹ.�L/ʹ�JML
I*-	j���hb�4ȉ̡PȘD

LˠĲ/�-	éĶȡ4ȇƣ¹Ŋ2E	éĶȡ/j���hȱȥ4ɥȱƣG	S�[�Gůʞ

4éĶȡ=4ȱ˩Ƈ10�ŘĹ�	éĶ��jh4˩Ǟ25	�J1L˴ʢ1ȅ˭�Ɲˠ.�

L
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��� ���
Bj48�

� j���hb�4ȉ̡ƑƬPǞJ�2!L'D	\�h]�~���ä2j���hȱȥP

țÞ�	%4�̰2éĶȡPü�	Ȧ�Ǖğ2 X ʰPÞū!L�/.	b�ȉ̡�ɞ̩�-�

�̧ɿP˧Ȭ�'
 

 

���2a � Z*:�

� LiCl/DMAc ʚ.5¥(*'j���hʦǢ4~�_5ɰ˶�M"	éĶȡ4ƹǏ2IL��

�t1~�_4ɾĀ4B�ɰ˶�M'
%4�Ǖ.	S�[��ůʞʚ.5	S�[�j��

�h IVɕǳ4~�_4ɞ̩�ɰ˶�M	ɇ2	Ȗæɑ4łĜ5 q = 1.4 Å-1·̙4ͭ110ͮ͜4ɞ

̩�J	Ȑ�.ͭ020ͮ͜4ƑƬ/��̧ɿ�ɰ˶�M'
�M5	�MA.ǄȂ�M-�'º

˸ͭæɑj���h4ïǫȉ̡Ã5	ɜȖhmp]�`�'j���hìŖ̿f�s.�Lͮ

P˚·�L	ïD-4Şͧ®Ş/1*'
 

�

����/a � Z;"�

� LiCl/DMAcʚ.5h~xn�ì˩2ɕǳ!L~�_4ëɍ� q = 0.015 Å-1·̙2ɰ˶�M'


A'	Ūǐ��ps.5	ƎƇ4Z�n�� 1 ȁ̪��/�ɰ˶�M'ͭS�[��ůʞʚͰ

~108	LiCl/DMACʚ:~107 
ͮ�M5	S�[��ůʞʚ4?��	é͓Ã4eUi�Ō���/

Pɴ!
�J2	Kratky��ps.5	q < 0.1 Å-1.4~�_4�ǜ�Jé͓ȉ̡4ɞ̩�ɰ˶

.�	ɇ2	S�[��ůʞʚ.5Ȗʚæɑ/ MeOH / EtOHæɑ.	~�_4Áʷ�ƑɈ�ɛ

1L'D	%4ïǫé͓Ã4eUiGƑɈ�ɛ1L�/�ɴĬ�M'
�4I�1Ȗʚæɑ/

MeOH�EtOHæɑ4��(4̪�5	ïǫȉ̡Ã.�L Na-cellulose IVĽʦǢ4eUiGé͓

Ƒƫ4̪�ͭȖʚéĶȡͰɫƑ4Ō�1ʦǢ͡ľ	͛ȖʚéĶȡͰ�T���Ɉȉ̡PȉƬ!

LŌ̰ì4͛Ǣ͡ľ/ŭ�1ʦǢ͡ľͮ2ɤʦ�-�LE4/ʹ�JML
 

�

�����#7���Bj48������

� LiCl/DMAc ʚ.5	h~xn�ì˩2IKb�ȉ̡�ɞ̩�	ƘJMLb�5śß1͛Ǣȉ

̡PǨ!L
 

� Ū�-S�[��ůʞʚ.5	ǾƑƬ/%4Ƭ́/����jh�J1L
A"	ɜȖƣɥ

°Äɓ2I*-hmp]�`�'j���h4ĊìŖf�s�ïǫé͓Ã/�-ɑƬ!L
%

4ïǫé͓Ã4ɞ̩5	éĶȡ4ʀͤ2ƞ -ɛ1L
 

� ȖʚéĶȡ.5	ȖʞʦĜ2IKìŖf�s�̱î�	Ǔ͜ƑɈ�ɫƑ4ȉ̡ÃPȉƬ!L
 

� MeOH æɑ.5	Ǿ4Ƭ́5ˢJM"	Ōĉ�͛Ǣ͡ľ2I*-ȉƬ�M'�T���Ɉȉ

̡PƑƬ!LE4/ʹ�JML
A'	EtOHæɑ.5	S�[�ͯůʞͯj���h̽ÃPƑ
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Ƭ�	̰ìɟ1ʦǢ͡ľP �L
%4ʦǹ	MeOH æɑ2Ȕ>-GG˦Ȗƣ4ͩ�ä̰˗͜

PǨ!Lb�ȉ̡Ã/1LE4/ʹ�JML
 

�

$5
1=�

� ǯɭʄ.ɰ˶�M'I�1S�[��ůʞȖȱȥ4I�1Ȗʚj���hȱ÷/	LiCl/DMAc

ȱȥ4I�1͛Ȗʚj���hȱ÷/4ͅ.˧ŧ�M'I�1j���hìŖ4é͓ȊƉ4̪

�5	éĶȡ/j���hȱȥ4ɥ°͆Ì4B1J"	j���hìŖ̿4ȱȥ¤.4ȱ˩Ɉ

ƫͭé͓Ã4ǨȾGc��Y��f��10ͮ2EÉŘ!L/ʹ�JML
I*-	´ƕ4ȅ

˭5	�MA./ĝȊ4Ǐ©�ıƵș(�.1�	l�s�q�S�4ì̶.¾ʨɟ2ɓ�J

M-�'�Z�g�Ȭŝ4̬ɓ�Ɲˠ.�L/ʹ�JML
éĶȡ2I*-	j���hìŖ

�ȱ˩Ɉƫ�Jb�Ɉƫ=/ɾ˔�-��̧ɿP	�Z�g�Ȭŝ	ɇ2Ǐ©�ıƵș/�Z

�g�4ĝǡȬŝP˔��/.	j���h4ìŖ̿4c��Y��f���04I�2ŉă

�-���P̜̎�	S�[��ůʞʚ2��Lj���h4b�ăȎȉ4śßɏ˩Pɣƻ!
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