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LO|Ş�/4�LO|P=�C1E8üŠ.Ş�ŧęI/EÃ�Ĝ´PàPƢƃ.2E�ìíė�

�Īűė1M.źCF�<)LO|P=.2+-@Ŝ¾ŶIž$/3�ŦŰ1ėǏIĢ,�LO|Ş

�4Ã�Ĝ´Pà.2D18C�±Ǡ2dfYU~yŏǚIŀ$E /.�ƵǯahLY1Mǯŗ¿

ëahLY8PĕŬÊƬėIĢ,�LO|Ş�2��EǯƳƄ¾ũǍIŃıĕŬ8/ƥ�E)?2

4�LO|Ş�PdfYU~yŏǚA±ǠƭŭĂ/�ƓĂAƤÒĺǪ/PǪPǫ¥PŪƿIŽƊ$E

 /8Ǣƻ/1E� 
��PƊß�C�łżƈ.4ľæpLS{ƀ<.2Æ7ǨĺǪPÉ°´èWquz~Wv|IîƷ

"�LO|Ş�8Ģ,dfŏǚ/¾»ëIżƈ")�ýĀ3ĺƉǪYU~y2H)EŶǫǫįIÇď

$E /.�LO|ǝ¾P¾»ëŦė/ŏǚ/PŶǫ�ŠĂ��2��ġĮPĠ¸/ƓĂâ¼Pǫ¥

IǊ9)� 
Jyoyǧ8Ǩ3Lq][xMrƕLO|Ş�IǞ²Ä$E/�įŲdfƀ/3�ǨĺǪI��-

YsS`K_SŞĻ8ćĜ!F)�ŠĂ��2�+-JzeMYų2ƤÒĺǪPƤĚ¿4ŞĻŏǚć

Ĝ2��ǡÐƂā¿2Ĭǡ!FE /�ŞĻŏǚćĜČPLO|P÷Ğǝ¾4dfYU~yŞĻŏǚ

2¸Ɩ!FEć.Űĳų/1E /8Ƽ³!F)�!C2�ƤÒŦė�BSƓĂPŠĂ£êė8Jy

oyǧPǨ!2B+-MPB�2äHE�IǊ9E/�ŞĻŏǚIćĜ$ELO|Ş�.4�ƓĂ�

ķ/ÔǒƤÒĺǪ8ŠĂ��2�+-��32Ŷǫ"-ĜǨ"-�D�JyoyǧǨ8¹ČIá/"
-ÔǒƭŭĂ8ƤÒģ¾2ô"-Ĭǡų1Õè/1E /8žÓ!F)� 
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}“Molecular dynamics study of mesophase transitions upon annealing of imidazolium-based ionic 

liquids with long-alkyl chains” 
� Hailong Peng, Momoji Kubo, and Hayato Shiba 
  Physical Chemistry Chemical Physics 20, 9796-9805 (2018).  
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LO|Ş�/4�LO|P=�C1E8üŠ.Ş�ŧęI/EÃ�Ĝ´PàPƢƃ.2E�ìíė�

�Īűė1M.źCF�<)LO|P=.2+-@Ŝ¾ŶIž$/3�ŦŰ1ėǏIĢ,� 
°Üų1LO|Ş�/"-�Øȁ2JyoyLq

][xMrƕLO|Ş�PP^O|�BSJeO

|´èP¿ëŏǚIž")�ŏĜ´èP�*�P^

O|2�3-4ŎėIĢ+)ƲǺĵ�ēūI�ē

/"-�Ő�1§ǧŏǚ8��!FE� P§ǧ8

ǲŎė.2E /2BD�LO|Ş�4Ã�Ĝ´ƕ

Pà.2E2@��HC%�"5"5ƺįPLO|

PŎėǠÎãP�ÍŏǚIćĜ$E� PdfYU

~yŏǚ8�ǯŗ�ǢùćĜ1Mǯŗ¿ëųũǍ1

M4#?�LO|Ş�PåßĕƎAǔǘŦė2æ�

1ĉǴI�5E� 
� LO|Ş�4ƪǯÙėAì®ė1MP«F)ėǏI¡CĢ, /.źCFE8�'F//@2®-

LO|.2E/3�Ŧė��ǯŗ¿ëahLY8PĕŬÊƬėIƁ?-3E�"�"�LO|P=�

C1E /�Cǟ�8)�ƓĂ8Ǽ3 /4�ĕŬIƨ5E�.Ǭñ/1E�LO|Ş�2��Eǯ

ƳƄ¾I¸Đų2·Ŭ$E)?24�'PdfYU~y�Û�ė/´èŏǚ/Pǫ¥IŪƿ"�LO

|PƄ¾ŐăIǅƙ2ĸC�2$EĔƻ82E� 
łżƈǉǷ.4�ľæpLS{ƀ<.Pŏǚä¿/¾»ëIÉ°´èWquz~Wv|2BDLO

|Ş�8Ģ,dfŏǚ/¾»ëPôĕIĸC�2$E /IŴų/")�ÇD��EP^O|4°Ü

ų.��,Wquz~Wv|PîƷ2Ŭ3EŶ� Ŭ»ß8B�İ¨!F-3EJyoyLq][x

Mrƕ/")�żƈ/"-ŦĒų1P4�ÔǒƭŭĂ/§ǧǨ/Pǫ¥2ŹŴ")ǨĺǪWquz~

Wv|IƷ+) /.2E�ýĀ3ĺƉǪYU~y2H)EŶǫǫįIÇď"�ǯƳǝ¾P¾»ëŦ

ė/ŏǚ/PŶǫ�ŠĂ��2��ġĮPĠ¸/ƓĂâ¼Pǫ¥Iƕƞų2Ǌ9)� 
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CnmimPF6 (1-alkyl-3-methylimidazolium hexafluoro-
phosphate) IÇD��-´è¾»ëWquz~Wv|ǁ
ƏIƷ+)�ǁƏǤIƐƖ$E)?2�ǲŎėPţ¿ŘƘ
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Ã¿") 2011 ÿĨŋPÍÎÅèǾUnited-Atomǿ»ßI
ĥŬ") [X. Zhong et al., J. Phys. Chem. B 115, 10027 
(2011) ]�Wquz~Wv|PîƷ24�ŃıƕP�µ´è 

Øȁȇ°Üų1LO|Ş�.2E

CnmimPF6 Ǿ1-alkyl-3-methylimidazolium 
hexafluorophosphateǿP´èőăØ�P^
O|2�3-JyoyǧIƦĩ"�Ő�1æ

�!AŦėIĢ,ǲŎė§ǧI��.�E� 
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yPőăØ (n=12)�P^O|PƲ
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ØȃPÊƽ¿Pǡư2ôĕ$E� 
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¾»ëǁƏŬkx~ZkbMNJ.2E LAMMPS i_U~XI¢Ŭ")�\LrY`_l4 1fs
<)42fs /"�ǱǯŶ� ŬPǨǑǮǠ´4P3M2BDǁƏ�Ŷôǈú410-6 <.ǃò$EǼƔ

ĂPǁƏIƷ+)�Ş�ŧę�CĖ²"-íŠń�IpLS{ƀ2H)D¦+)Wquz~Wv|I

Ő�1ŠĂń�2ô"-îĴ")�Ǳų1ŏǚǫįP��P^O|}JeO|´èP�ǜƭŭĂPƤ

ÒǫįǾ�ǪĮ�ǫįǿ�P^O|PƲǺĵūAJyoyǧ8ž$ǡÐnSbyPƤÒǫįIǁƏ"�

´è±ƭŭĂ8ž$ǝ¾PÂǊė/ƤĚ¿I�ƙ2Ǌ9)� 
� ǨĺǪPƤÒģ¾/ŏǚǁƏIƷ�22)+-4�L|gMYPƿņl{TwrIŬ3-ƵƇ")

Wquz~Wv|bwXNSbxIŵħƿņ")�1000 LO|ô�$1H*Ɩ20000ÅèPǁƏ.
4�Wquz~Wv|Yd_lȁŇ8 1.2MBƅĂPa~\Ǥ2ŶĆ$E�Ď+-�1pLS{ƀP
ĺƕµa~\IjVƀPĺǪ´ƿƬ.ƿņ")ßÍ�ƻř!FEYd_lWv_bį4106/1D�

ŠĂń�Iä518C100ƕµ2H)DǁƏ$F5100TB ƅĂ/1E��Ô�ŚſëğƸĤƯǎÖ
�Cď)½Ĝǥ4��ƹżƈƩ8żƈï.¦ŀ"-3ESwY\~ǁƏŒPm_cf~cPYbz~

XI110TB ą¿$EP2:;®ǸI¬-)� F4��ÔƷ+)LO|Ş�P¾»ëPǅƙ1ĺƕ
µƿņ2Ĕƻ�Êœ1@P.2+)� 
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@ą3ǲJzeMYėIž")�íŠWquz~Wv|IƟƠ"ľæ0.8pLS{ƀ2Æ7ǨĺǪ2
H)+-ƤÒ!CE�ŠĂ2B+-Ű1EŞĻŏǚ8ćĜ!F)�üÙń��430 K .4Jyoyǧ
8ù±.�F))YsS`K_S A (Sm A) Ŷ8ďCF)8�!C2²Ä$E/ 400K .4Jyo
yǧ8�ƾŊèIćĜ"ȆÔôƃų1ƝĻƂāIŨď")YsS`K_S B (SmB) Ŷ8ƼCF)
ǾØȃǿ�ČƩP SmB ŶPćĜA�ŠĂPǁƏ/îǻ/PǪ.Pôĕ2,3-4!C1EśĘş3
Ōǂ8Ĕƻ.2E8�SmAŞĻćĜ2,3-4ƶŤ��2Ǟ²Ä") CnmimPF6 2ô$EľǖP
îǻ [ F. Nemoto, J. Phys. Chem. B 5028-5034 (2015). ]/íėų2�Ʈ")� 
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�ǗPŞĻŏǚćĜ4�LO|P�õėAǝ¾2ô"

-¸Ɩų2ª� /�C�ǯŗ�õė�Ǉǯė2ĉǴ$

E/ƨ5CFE�ŃıĕŬIĦE³űŤ/"-�ŞĻŶ

2��E�Û�ùŏǚ/LO|Ƅ¾P]LdqSYP

ǫ¥ėIĦE /2")�þÛƭ�ä� (MSD)Iù2
þƷĳÐ�ǦŵĳÐ�'F(FǄ¤"� FIǊ9)� 
ƝňIØȄ2ž$�¹ǵ.ǋ#)SmAŶ (430K) .
4�ùǪ.P^O|�JeO|8Ƅ¾$E /2BD�

MSD8ǨĺǪ.:;ƣć2â¼�ÃƗġĮ2ǖ3ģ¾
Iž")��ĳ�BDş�²Ä$E /.ďCFESmB 
Ŷ(400K) .4�JeO|�P^O|Pǝ¾8ù±2ǩ
#Ǖ?CFùǦŵĳÐ.P MSD PĜǨ4Ǚ�.Ŕ<
E�ĳ�JeO|4ŞĻù±.ġĮǝ¾$E /8H�

+)� 
� ��PƝň4�ǯƳǔǘ8dfYU~yŏǚ2ą�¸

Ɩ!F-�D�đƽųzny.4Űĳų1LO|ǔǘǞ

ƅ<.ƨě$EĔƻ82E /Iž"-3E� 
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LO|Ş�.YsS`K_SŞĻŶ8ũFEJyo

yǧǨ4�JeO|PƆǹ2@£ê$E810¹Č.2E /8îǻų2źCF-3E�ĝ�4�!
C2Ő�1JyoyǧǨ2ô"-ƤÒǫįPŠĂ£êėIũÚPtayPƑ×.ơƧų2ǁƏ")�

 PƝň�ŞĻùPćĜ$EßÍ24�ÔǒƭŭĂ/�ǜƭŭĂPƤÒĺǪ8´Ǯ$E /IƼ³"

)�ĕ»`|ZyPĺǪŶǫǫį�CƓĂPŠĂ£êėIǊ9)/ G�ÔǒƤÒ/Ŷǫ$E©Ð8

Ƽ³!F)�½ĜŁǪƚ�Č@ĄƠ��dfYU~yŏǚ/ǫH+-3E/Łċ!FEƓĂPĬǡÕ

è/±ǠƭŭĂPĊº2ŹŴ"�́ èWquz~Wv|ǁƏ2BEŃıŦėP�ǀėƬÐ�2ĄƠ�

ÇDƛ>� 

ØȄȇØȃ2��EȂ,PŠĂ (430 K, 
400 K)PŞĻŧę2ô"�P^O|�J
eO|PþÛƭ�ä�Iù2þƷĳÐ

Ǿ�ŕǿ�ǦŵĳÐǾ�ŕǿ�'F(F2

ô"-l{_b")�ǰŤƣ8P^O

|�ǐîƣ8JeO|Pǝ¾Iž$� 


