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

-./ QM/MM01 

234/ QM/MM0156789 

RISM-SCF: 

;<=>?% (PCM, COSMO) 

3P030 
QM/MM:@ABCD!"#$%&'()*+,%E01FCDGHIJ 

K6LM5NOPQ9 

 

[QM/MM@ABR0ST(UTVEWX] 

Y,ZU[\ QM/MM :]^_`a=bc@deBfg

CDhijBklEmn/o'%FpqrstuqvBw

QM/MM :Exyz]svB<c{|Q}E~�@��

���B��!"#$%&'h��4@�lB@]R0�

�h�b���F���@/Bw�EA�/R0ST(U

TVh QM/MM :�����E]��@������@

O�vkl��u��� /¡()'¢�£¤uq�k

5¥¦ §G¨4�k] DFTB HamiltonianE©ª«¬f�dual-level sampling�mean-field approach, 

interpolated correction /®)w678�]�CD¯°E<c{|h±²�³B��´<µE¶�·lB2

3 (��µ¸l¹ºE239hsv�»�¼½/¾¿ÀÁ^Â¯ÃÄÅCDE!"#$%&'()*+,

%5potential of mean force, PMF)hijkw�k��E23�Æ¤uB PMFh-./ QM/MM Ewald 0

1EÇÈFÉÊp�Ëu�Ì�BÍ'�FÎEÏÐ@ÑvqÒÓpkw 

 

[!"#$%&'()*+,%E234/01] 

678�svBÔ:]�-./ ÕÖ×ÖÖØÙÚÛÜÝÞßà :F�áâEãä=>?%` åæçÖèçéê :E¯ë4/�E

@/ìqvB5íîï9w01pqvB�]�¶E!"#$%&'ðñòh^ó<c{|Eô�õöñò

(R)!! @Ñvq»÷fpk�E�øB5å]^óEùúûüý] þéÿ 129, 244104 (2008)h !9wØ

 

�Eðñò]"#E (R)!! @$pq�-./ ÕÖ×ÖÖ !"#$%&'Eî%@/ìqvBwAìq� (R)!!

@Ñvq»÷f�B�F��& å @$p'(��/)234!"#$%&'�Æ¤uBwØ

 

�EF��»÷*h+,B (R)!! ]�^Â�³B��4/´<µE�F�01tuBõöñòF/BwØ

�EÔ:]-¶EA�/¬U[�h.ìqvB¦/Þ0Ø�cfg01]12CDF34�E01�����

5�Fw��4/ ÕÖ×ÖÖØÙÚÛÜÝÞßà F]6/7�8�9:�E ÕÖ 01h��Fp/vw/ÞÞ0ØÕÖèÖÖ ` ÖÖèÖÖ

2;³shbc}4@<ìqd7�¾=Ç>h?5@642;³shABCâBw�k�±²E#T�)

D'Ef�ÒFCâBw/ÞÞÞ0ØÕÖ×ÖÖ !"#$%&'GEHI4/JbØ ( ) /A R R" " �Æ¤uBwØ

!"#$%&'Gî�EKL»Mf` NOÚÞßèPQèÙRÚRSÙØ:@ABCDGHIJ��,Bw/ÞT0ØÖÖ ST(

UTVh ÕÖ 01FUV@��E��WX01@ABYZ��v`�vwØ



�EÔ:h¾¯Ev[Ñ\ECD@MspkÇÈh¶@]�wØ

 
^ï]¾¯ ÖSßÙO_R`Þß CDØ/RaÜSèææØçbc CD9@$�B ÿÖê ��^d�CDe�íd�afe�ø7�

^ó<c#$%&'F^Âg!"#$%&'EO�/hijp>v@AìqklEmno5pqÑ�9�

arqvBw¯sEï]¾¿ÀÁ^Â¯�E êÞß`SÝÙRSÞß CD/RaÜSèæØçbcØCD9��¾`¬t'%/

®E()�Tz^Â�]uvCDvU¡/cwØ̀ NÚÝ0h+,B���()�TzÀÁxz^Â5¡y�z�U

%�{nÃ|}{no�¡y�T/®9�]vU¡]ËìF~[/Bw¬t'%F¡y�z�U%]�

�3r;<�h.Ñkl�îEA�/vU¡E�v]áâEãä=>?%�]ABCâ/vwíï]�¾

¯¬¢%f�UT�/Ö�ÿ0��¡z�T@dvq���UT�h½�@���pk�Emno�øB5�l

E019w^ó<c#$%&'�^Âg!"#$%&'E�ÔEEf�mno@�+pqvBw5k�p�

��EY¾bH�]¾�CD@ñ+�Bkl�mno]�ìk�E@/Bw9Ø

Ø

[-./ QM/MM Ewald 01FEÉÊ] 

¾¯ FinkelsteinCD (Cl- + MeCl)@Ñvq��4/ QM/MM PMF01h�v���µ23@AB01

ÇÈFEÉÊh�ìkw^ó�klE<�h.Ñµ>@]�����'��TE²����mno@O�

/��h.Ñµ>� vwÎ����ËÅÑE,(E QM/MM Ewald:h�¡p�¢[��*('�E

ÇÈFÉÊpkw�Ñ£EÔ:�]�̂ ó\¤��§¤@øBMM<�h�� QM<cY�%�z¡T@

¸l¹º�¥ìk´<2;³sh¦Ãm<�F Ewald:�<ìkw2ÑlEÔ:�]�QM§¨@$pq

¦Ãm<�©1chsv�ªE«´<2;³s#$%&'h¬4/®<�EÎuFpq<ìkwÎEÇ

È�¢[��*:�]¾�¯°°bc���� PMF�CDed� plateau@±p/v�F�b\ìk5¶

ï9wESP<�©1chsvB Ewald01�] plateauh.Ñmno�Æ¤uk��CDed�²³´�

ftu�µqvkw�u]�ESP<�©1c@Aìq2¶��E QM/MM´<2;³s�·O¸�tuq

d7�¹=FE2;³s�CDe5øBv]afe9d�mituBklFÒ,¤uBw»º@��EA

�@pqÆ¤uk direct QM/MM sampling@ABmnoF��µ23@AB PMF]Å kcal�®E»�

A[�¼pqvkwËuE½/ÏÐ]º¾�^óh¿�pqvB�F5^ó#T�)D'ÀEÁÂ9FÒ

,¤uBw5^ï¦

Ã : E QM/MM 

Ewald01wíï¦

York ¤E QM/MM 

Ewald01w9 


