
ɳɽɽɶɿɹɼɶ ɲɶɾʁɼʄɮʆɹɮ 
ʃɮɿɳʃɹʅʆɶɾɹʁ ɼʄɶʆɶʅ 

ǨȇȍȍȎȃŭȋȇȈǾȏ ǰŭȋȍŮȍȊǾȏ 
ǩȋȖűȅűŭ <3>: ǷɵůȎȊȍȎȇŭȈǿ ǸȅȊůȀŭ 

 

ǭǾȉȉȐ ǨůȉȘȋȇŭ 

ǶȊǿȊŭ ǩɵȇŰűǿȊȅȏ Ȉŭȇ ǶůȑȋȍȉȍȃȀŭȏ ǷȉȇȈȘȋ 



ǟŮůȇůȏ ǸȎǿŰȅȏ 

Å ʆˇ ˉʰˊˈ˄ ʶˁˉʰʽʵʶˎˍʽˁˈ ˎ˂ʽˁˈ ˎˉˈˁʶʽˍʰʽ ˋˍʹ˄ ʱʵʶʽʰ ˔ˊʺˋʹˌ Creative 
Commons ˁ ʰʽ ʶʽʵʽˁˈˍʶˊʰ 

ɮ˄ʰ˒ˇˊʱ ς ɾʹ ʶ˃ˉˇˊʽˁʺ ʋˊʺˋʹ ς ʂ˔ʽ ʃʰˊʱʴ˖ʴˇ ɴˊʴˇ ǾΦ оΦл 

(Attribution ς Non Commercial ς Non-derivatives ) 

 

 

 

Å ɳ˅ʰʽˊʶʾˍʰʽ ʰˉˈ ˍʹ˄ ˖ˌ ʱ˄˖ ʱʵʶʽʰ ˎ˂ʽˁˈ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋˍʽˌ 
ʵʽʰ˒ʱ˄ʶʽʶˌ ˍˇˎ ˃ʰʻʺ˃ʰˍˇˌΣ ˁʰʽ ˎˉˈˁʶʽˍʰʽ ˋʶ ʱ˂˂ˇˎ ˍˏˉˇˎ ʱʵʶʽʰ ˔ˊʺˋʹˌΦ 
ɶ ʱʵʶʽʰ ˔ˊʺˋʹˌ ˋˍʹ˄ ˇˉˇʾʰ ˎˉˈˁʶʽˍʰʽ ˍˇ ˎ˂ʽˁˈ ʰˎˍˈ ʰ˄ʰ˒ʷˊʶˍʰʽ ˊʹˍ˗ˌΦ  



ǸȎȅȊŭűȍŮȖűȅŰȅ 
Å ʆˇ ˉʰˊˈ˄ ʶˁˉʰʽʵʶˎˍʽˁˈ ˎ˂ʽˁˈ ʷ˔ʶʽ ʰ˄ʰˉˍˎ˔ʻʶʾ ˋˍʰ ˉ˂ʰʾˋʽʰ 
ˍˇˎ ʶˁˉʰʽʵʶˎˍʽˁˇˏ ʷˊʴˇˎ ˍˇˎ ʵʽʵʱˋˁˇ˄ˍʰΦ 

Å ʆˇ ʷˊʴˇ ζɮ˄ˇʽˁˍʱ ɮˁʰʵʹ˃ʰʿˁʱ ɾʰʻʺ˃ʰˍʰ ˋˍˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ 
ɼˊʺˍʹˌη ʷ˔ʶʽ ˔ˊʹ˃ʰˍˇʵˇˍʺˋʶʽ ˃ˈ˄ˇ ˍʹ ʰ˄ʰʵʽʰ˃ˈˊ˒˖ˋʹ ˍˇˎ 
ʶˁˉʰʽʵʶˎˍʽˁˇˏ ˎ˂ʽˁˇˏΦ  

Å ʆˇ ʷˊʴˇ ˎ˂ˇˉˇʽʶʾˍʰʽ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ ɳˉʽ˔ʶʽˊʹˋʽʰˁˇˏ 
ʃˊˇʴˊʱ˃˃ʰˍˇˌ ζɳˁˉʰʾʵʶˎˋʹ ˁʰʽ ɲʽʰ ɰʾˇˎ ɾʱʻʹˋʹη ˁʰʽ 
ˋˎʴ˔ˊʹ˃ʰˍˇʵˇˍʶʾˍʰʽ ʰˉˈ ˍʹ˄ ɳˎˊ˖ˉʰʿˁʺ ɴ˄˖ˋʹ όɳˎˊ˖ˉʰʿˁˈ 
ɼˇʽ˄˖˄ʽˁˈ ʆʰ˃ʶʾˇύ ˁʰʽ ʰˉˈ ʶʻ˄ʽˁˇˏˌ ˉˈˊˇˎˌΦ 



Ƕȇ ůȀȋŭȇ ȅ ȐɵůȎȊȍȎȇŭȈǿ ȑȅȊůȀŭ; 

ƧĺƶɢĸƿɢƺƲƻƯ ǅƸĸƶưƲ: ǫ ȊůȉǾűȅ ŰȐŰŰȓȊŭűȓȊǽűȓȋ 

ȊȍȎȀȓȋ ǿ ȇȖȋűȓȋ ɵȍȐ ŰȐȃȈȎŭűȍȗȋűŭȇ ȊŭȄȀ ůȌŭȇűȀŭȏ Ȋȅ-

ŮůŰȊȇȈȘȋ ŭȉȉȅȉůɵȇŮȎǽŰůȓȋ, Ȗɵȓȏ ɵȍ ȅȉůȈűȎȍŰűŭűȇȈǾȏ 

ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ, ȍȇ ŮůŰȊȍȀ ȐŮȎȍȃȖȋȍȐ, ȍȇ ŮȐȋǽȊůȇȏ 

ŮȇŭŰɵȍȎǽȏ Ȉŭȇ űȍ ŲŭȇȋȖȊůȋȍ ŲȍȂȇȈȖűȅűŭȏ Űűȍ Ůȇŭȉȗűȅ 

(solvophobic effect, ŰȐȋǿȆȓȏ ȐŮȎȍŲȍȂȇȈȖűȅűŭ). 

Å ȼ ŬɡŰɞɞɟɔɎɜɤůɖ ůŬɜ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ ɜɏɤɜ ɡɚɘəɩɜ ɏɢŮɘ Űɘɠ ɟɑɕŮɠ Űɖɠ ůŰɖɜ 

ɞɟɔŬɜɘəɐ ɢɖɛŮɑŬ Ŭűɞɨ ɖ Űɏɢɜɖ Űɞɡ ɜŬ űŰɘɎɢɜŮɘ 

əŬɜŮɑɠ ɛɧɟɘŬ ɛŮ ŭɘŬűɞɟŮŰɘəɏɠ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŮɠ 

əŬɘ ŭɘŬűɞɟŮŰɘəɏɠ ŰɟɘůŭɘɎůŰŬŰŮɠ ŭɞɛɏɠ ɛˊɞɟŮɑ ɜŬ 

ŰŬɘɟɘɎɝŮɘ ɎɛŮůŬ ůŰɘɠ ŬɜɎɔəŮɠ ůɢŮŭɘŬůɛɞɨ ɡɚɘəɩɜ 

ɛŮ ůɡɛˊɚɖɟɤɛŬŰɘəɏɠ ɎɚɚɖɚŮˊɘŭɟɎůŮɘɠ.   

Jean-Marie Lehn 

http://lehn.hitunic.com/1.htm
http://lehn.hitunic.com/1.htm
http://lehn.hitunic.com/1.htm
http://lehn.hitunic.com/1.htm


(    ) 
Ƕȇ ůȀȋŭȇ ȅ ȐɵůȎȊȍȎȇŭȈǿ ȑȅȊůȀŭ; 

ǯȍȎȇŭȈǽ ɵȎȖŮȎȍȊŭ 

ȊȖȎȇŭ 

+ 

+ 

GUEST 

ŲȇȉȍȌůȋȍȗȊůȋȍ ȊȖȎȇȍ 

HOST 

ȊȖȎȇȍ ȐɵȍŮȍȑǾŭȏ/ȌůȋȇŰűǿȏ 

ǭŭȉǽ ȈŭȆȍȎȇŰȊǾȋȍ ȊȖȎȇȍ 

ȊȍȎȇŭȈǿ ȑȅȊůȀŭ 

ǷɵůȎȊȍȎȇŭȈȖ ŰȗȊɵȉȍȈȍ  

ȐɵůȎȊȍȎȇŭȈǿ 

ȑȅȊůȀŭ 



Stoddart, F. J. òThither supramolecular chemistry?ó, Nature Chemistry, 2009, 1, 14-15. 

http://www.nature.com/nchem/journal/v1/n1/pdf/nchem.142.pdf
http://www.nature.com/nchem/journal/v1/n1/pdf/nchem.142.pdf
http://www.nature.com/nchem/journal/v1/n1/pdf/nchem.142.pdf
http://www.nature.com/nchem/journal/v1/n1/pdf/nchem.142.pdf
http://www.nature.com/nchem/journal/v1/n1/pdf/nchem.142.pdf
http://www.nature.com/nchem/journal/v1/n1/pdf/nchem.142.pdf
http://www.nature.com/nchem/journal/v1/n1/pdf/nchem.142.pdf
http://www.nature.com/nchem/journal/v1/n1/pdf/nchem.142.pdf


ǷɵůȎȊȍȎȇŭȈǿ ȑȅȊůȀŭ 
ǫ ȐɵůȎȊȍȎȇŭȈǿ ȑȅȊůȀŭ ȊɵȍȎůȀ ȋŭ ȑȓȎȇŰűůȀ Űů Ůȗȍ ůȐȎȗůȏ ȈŭűȅȃȍȎȀůȏ:   

 

űȅȋ hostïguest ǅƸĸƶưƲ Ȉŭȇ űȅȋ 

ƲǃǂƿƿʘƴƭƽǇǁƸ/ƲǃǂƿƵǊĸƸǁƸ (self- assembly ).  
 
 

 
ǫ ŮȇŭŲȍȎǽ ŭȋǽȊůŰŭ Űűȇȏ Ůȗȍ ŭȐűǾȏ ȈŭűȅȃȍȎȀůȏ, 

ȂŭŰȀȄůűŭȇ ȈȗȎȇŭ Űűȍ ȊǾȃůȆȍȏ Ȉŭȇ űȍ ŰȑǿȊŭ. ǧȋ Ǿȋŭ 

ȊȖȎȇȍ ůȀȋŭȇ ŰȅȊŭȋűȇȈǽ ȊůȃŭȉȗűůȎȍ ŭɵȖ Ǿȋŭ ǽȉȉȍ 

Ȉŭȇ ȊɵȍȎůȀ ȋŭ òűȐȉȇȑȆůȀó ȃȗȎȓ ŭɵȖ ŭȐűȖ, űȖűů 

ȍȋȍȊǽȄůűŭȇ ôhost, ȌůȋȇŰűǿȏõ ůȋȘ űȍ ȊȇȈȎȖűůȎȍ 
ȊȖȎȇȍ ůȀȋŭȇ űȍ ôguest, ŲȇȉȍȌůȋȍȗȊůȋȍõ, űȍ ȍɵȍȀȍ 

ɵůȎȇȂǽȉȉůűŭȇŭɵȖ űȍȋ ȌůȋȇŰűǿ. Ǡȋŭȏ ȍȎȇŰȊȖȏ 

ŮȖȆȅȈů ŭɵȖ űȍȋ Donald Cram, ŰȗȊŲȓȋŭ Ȋů űȍȋ 

ȍɵȍȀȍ: òThe host component is defined as an organic 

molecule or ion whose binding sites converge in the 
complex. The guest component is any molecule or 

ion whose binding sites diverge in the complex. ò  ǫ 

ȆǾŰȅ ŮǾŰȊůȐŰȅȏ (binding  site) ůȀȋŭȇ űȍ űȊǿȊŭ 

ůȈůȀȋȍ űȍȐ host ǿ guest ɵȍȐ Ǿȑůȇ ŰȓŰűȖ ȊǾȃůȆȍȏ, 

ȃůȓȊůűȎȀŭ Ȉŭȇ ȑȅȊȇȈǿ ŲȗŰȅ ȃȇŭ ȋŭ ŭȉȉȅȉůɵȇŮȎǽ Ȋů 
űȍ ǽȉȉȍ.   

Biocompatible or biodegradable 

hyperbranched polymers: from self-assembly 

to cytomimetic  application, Chem. Soc. Rev., 

2012, 41, 5986-5997. 

http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35130g/unauth
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35130g/unauth
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35130g/unauth
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35130g/unauth
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35130g/unauth
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35130g/unauth
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35130g/unauth
http://pubs.rsc.org/en/content/articlelanding/2012/cs/c2cs35130g/unauth


ǲȊȍȇȍɵȍȉȇȈǿ 

 

ŰȗȋȆůŰȅ 

ǷɵůȎȊȍȎȇŭȈǿ ǸȅȊůȀŭ 

ǫ ŭȋǽɵűȐȌȅ ȊȀŭȏ 

ȐɵůȎȊȍȎȇŭȈǿȏ ŮȍȊǿȏ ŭɵȖ 
ȊȍȎȇŭȈǽ ŮȍȊȇȈǽ ŰȐŰűŭűȇȈǽ: 
(ŭ) hostðguest 

ŰȐȊɵȉȍȈȍɵȍȀȅŰȅ,  
(Ȃ) ǾȋűŭȌȅ Űů ɵȉǾȃȊŭ (lattice 

inclusion), 
(ȃ) ŭȐűȍȍȎȃǽȋȓŰȅ  
ŰȐȊɵȉȅȎȓȊŭűȇȈȘȋ ȊȍȎȀȓȋ. 

 
 

ǵȑǿȊŭ ɵȎȍŰŭȎȊȍŰȊǾȋȍ ŭɵȖ űȍ 
ȂȇȂȉȀȍ:  

òCore Concepts in Supramolecular 

Chemistry and Nanochemistry. From 
Supramolecules to Nanotechnologyó, 

J. W. Steed, D. R. Turner, Karl 
Wallace, John Wiley and Sons Ltd. 

+ 
ǯȍȎȇŭȈǽ ɵȎȖŮȎȍȊŭ ȊȖȎȇŭ 

ȊȖȎȇȍ Host  ǵȗȊɵȉȍȈȍ Host-Guest  

(Űů ŮȇǽȉȐȊŭ Ȉŭȇ ŰűůȎůǽ ȈŭűǽŰűŭŰȅ) 

ȊȖȎȇȍ 

Host  

ȊȖȎȇȍ 

Guest 

ǲȊȍȇȍɵȍȉȇȈǿ 

 

ŰȗȋȆůŰȅ 

(ȃ)  

(Ȃ)  

(ŭ)  

ǵȗȊɵȉȍȈȍ Host-Guest Ȋů ǾȋűŭȌȅ Űů ɵȉǾȃȊŭ (ŰűůȎůǽ ȈŭűǽŰűŭŰȅ) 

ǧȐűȍȍȎȃŭȋȓȊǾȋȅ ŮȍȊǿ (ŮȇǽȉȐȊŭ Ȉŭȇ ŰűůȎůǽ ȈŭűǽŰűŭŰȅ) 

ǯȍȎȇŭȈǽ 

ɵȎȖŮȎȍȊŭ ȊȖȎȇŭ 

ǧȐȆȖȎȊȅűŭ 

ǭȎȐŰűǽȉȉȓŰȅ 

ȊȖȎȇȍ 

Guest 

+ 



Ǡȋȋȍȇůȏ 
ƩƸĸƶưƲ HostïGuest  :  ǫ ȊůȉǾűȅ ȊȍȎȀȓȋ űȗɵȍȐ 

ȌůȋȇŰűǿ/ôhostõ űŭ ȍɵȍȀŭ ůȀȋŭȇ ȇȈŭȋǽ ȋŭ ŲȇȉȍȌůȋǿŰȍȐȋ 

ȊȇȈȎȖűůȎŭ ôguestõ ȊȖȎȇŭ ȊǾŰȓ Ȋȅ-ȍȊȍȇȍɵȍȉȇȈȘȋ 

ŭȉȉȅȉůɵȇŮȎǽŰůȓȋ.   

 
ƕǃǂƿƵǊĸƸǁƸ/ƕǃǂƿƿʘƴƭƽǇǁƸ (Self - Assembly ): 
ǫ ŭȐȆȖȎȊȅűȅ Ȉŭȇ ŭȋűȇŰűȎůɵűǿ ŰȗȋŮůŰȅ Ůȗȍ ǿ 

ɵůȎȇŰŰȍűǾȎȓȋ ŰȐŰűŭűȇȈȘȋ ȃȇŭ ȋŭ ŰȑȅȊŭűȇŰůȀ Ǿȋŭ 

ȊůȃŭȉȗűůȎȍ, Ȋȅ ȍȊȍȇȍɵȍȉȇȈǽ ŰȑȅȊŭűȇŰȊǾȋȍ 

ŰȐŰŰȓȊǽűȓȊŭ ȊȍȎȀȓȋ.   
 
ƛƮǁƸ ƵƮǁĸƶǃǁƸǀ (Binding  Site ): ǶȊǿȊŭ ȊȍȎȀȍȐ 

ɵȍȐ Ǿȑůȇ ŭȋŭȃȈŭȀȍ ȊǾȃůȆȍȏ, ȃůȓȊůűȎȀŭ Ȉŭȇ 

ȉůȇűȍȐȎȃȇȈǾȏ ȍȊǽŮůȏ ȘŰűů ȋŭ ŭȉȉȅȉůɵȇŮȎǽŰůȇ Ȉŭȇ ȋŭ 

ŮůŰȊůȗŰůȇ Ǿȋŭ ŮůȗűůȎȍ ȊȖȎȇȍ ȊǾŰȓ Ȋȅ-ȍȊȍȇȍɵȍȉȇȈȘȋ 
ŭȉȉȅȉůɵȇŮȎǽŰůȓȋ.  

 
Clathrates *  (ĸǊʘƺƲ ƻƼǇƳƿư): Ǡȋŭ ȐɵůȎȊȍȎȇŭȈȖ 

ŰȗȊɵȉȍȈȍ hostðguest ɵȍȐ ŰȑȅȊŭűȀȄůűŭȇ ŭɵȖ űȍȋ 

ůȃȈȉůȇŰȊȖ ȊȍȎȀȓȋ ȊǾŰŭ Űů ȈȍȇȉȖűȅűůȏ ǿ 
ȈȎȐŰűŭȉȉȇȈǽ ɵȉǾȃȊŭűŭ ǽȉȉȓȋ ȊȍȎȀȓȋ. 
* (ůűȍȇȊȍȉȍȃȀŭ: ȉŭűȇȋȇȈȖȏ ȖȎȍȏ òclathrateó ɵȍȐ ŰȅȊŭȀȋůȇ ǾȃȈȉůȇŰűȍȏ Űů 

ȈȎȐŰűŭȉȉȇȈȖ ɵȉǾȃȊŭ, ɵȎȍǾȎȑůűŭȇ ŭɵȖ űȍ ŭȎȑŭȇȍůȉȉȅȋȇȈȖ òȈȉůȇȆȎȍó). 

ǵȗȊɵȉȍȈȍ Host-Guest  

(Űů ŮȇǽȉȐȊŭ Ȉŭȇ ŰűůȎůǽ ȈŭűǽŰűŭŰȅ) 

ǵȗȊɵȉȍȈȍ Host-Guest Ȋů ǾȋűŭȌȅ Űů ɵȉǾȃȊŭ 

(ŰűůȎůǽ ȈŭűǽŰűŭŰȅ) 

ǧȐűȍȍȎȃŭȋȓȊǾȋȅ ŮȍȊǿ  

(ŮȇǽȉȐȊŭ Ȉŭȇ ŰűůȎůǽ ȈŭűǽŰűŭŰȅ) 



ǵȗȊɵȉȍȈȍ Host-Guest  

(Űů ŮȇǽȉȐȊŭ Ȉŭȇ ŰűůȎůǽ 

ȈŭűǽŰűŭŰȅ) 

Ƕŭ ŰȗȊɵȉȍȈŭ űȗɵȍȐ HostïGuest  ɵůȎȇȉŭȊȂǽȋȍȐȋ: 

o ǨȇȍȉȍȃȇȈǽ ŰȐŰűǿȊŭűŭ Ȗɵȓȏ ǾȋȄȐȊŭ Ȉŭȇ űŭ ȐɵȍŰűȎȘȊŭűǽ űȍȐȏ 

Ȋů űŭ ǾȋȄȐȊŭ ȋŭ ŭɵȍűůȉȍȗȋ űȍȋ ȌůȋȇŰűǿ (host) Ȉŭȇ űŭ 

ȐɵȍŰűȎȘȊŭűŭ űȍ ŲȇȉȍȌůȋȍȗȊůȋȍ ȊȖȎȇȍ (guest).  

o ǵȗȊɵȉȍȈŭ Ȋůűǽȉȉȓȋ-ligand ɵȍȐ Ȋůȉůűȍȗȋűŭȇ Űűȅȋ ȑȅȊůȀŭ 
ůȋȘŰůȓȋ ŰȐȋŭȎȊȍȃǿȏ ȖɵȍȐ ligand, ŰȐȑȋǽ ȊŭȈȎȍȈȐȈȉȇȈǽ, ŮȎȍȐȋ 

Űŭȋ ȌůȋȇŰűǾȏ ȈŭűȀȍȋűȓȋ Ȋůűǽȉȉȓȋ.  

ǧȋ ȍ ȌůȋȇŰűǿȏ Ǿȑůȇ  ȊȖȋȇȊȅ ȊȍȎȇŭȈǿ ȈȍȇȉȖűȅűŭ ɵȍȐ ɵůȎȇǾȑůȇ 

ŰȐȃȈůȈȎȇȊǾȋůȏ ȆǾŰůȇȏ ŮǾŰȊůȐŰȅȏ ȊȍȎȀȓȋ űȗɵȍȐ guest, űȖűů 

ȃůȋȇȈǽ Ȇŭ ůȋůȎȃůȀ ȓȏ ȌůȋȇŰűǿȏ űȖŰȍ Űů ŮȇǽȉȐȊŭ ȖŰȍ Ȉŭȇ Űů 
ŰűůȎůǽ ȈŭűǽŰűŭŰȅ Ȋů ůȗȉȍȃȅ űȅȋ ɵȇȆŭȋȖűȅűŭ ȍȇ ŮȍȊǾȏ Űů 

ŮȇǽȉȐȊŭ Ȉŭȇ ŰűůȎůǽ ȈŭűǽŰűŭŰȅ ȋŭ ůȀȋŭȇ ɵŭȎȖȊȍȇůȏ. 

ǵȗȊɵȉȍȈŭ HostðGuest 

Crystal structure of the P450cam:Ru-

C9-Ad complex.  Dmochowski I. J. et 

al. PNAS, 1999, 96, 12987-12990. 

Duriska, M/ B. et al., Systematic Metal 

Variation and Solvent and Hydrogen-Gas 

Storage in Supramolecular Nanoballs. 

Angew. Chem. Int. Ed., 2009, 48, 8919ð8922.  

http://www.pnas.org/content/96/23/12987/F2.expansion.html
http://www.pnas.org/content/96/23/12987/F2.expansion.html
http://www.pnas.org/content/96/23/12987/F2.expansion.html
http://www.pnas.org/content/96/23/12987/F2.expansion.html
http://www.pnas.org/content/96/23/12987/F2.expansion.html
http://www.pnas.org/content/96/23/12987/F2.expansion.html
http://www.pnas.org/content/96/23/12987/F2.expansion.html
http://www.pnas.org/content/96/23/12987/F2.expansion.html
http://www.pnas.org/content/96/23/12987/F2.expansion.html
http://www.pnas.org/content/96/23/12987/F2.expansion.html
http://www.pnas.org/content/96/23/12987/F2.expansion.html
http://www.pnas.org/content/96/23/12987/F2.expansion.html
http://onlinelibrary.wiley.com/doi/10.1002/ange.200903863/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ange.200903863/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ange.200903863/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ange.200903863/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ange.200903863/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ange.200903863/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ange.200903863/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ange.200903863/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ange.200903863/abstract


ǵȗȊɵȉȍȈŭ HostðGuest 
Chemistry inside molecular 

containers in the gas phase, 
T.-C. Lee et al., Nature 
Chemistry 2013, 5, 376-382. 

Crystallographic observation of 

'induced fit' in a cryptophane 
hostðguest model system,  
O. Taratula et al., Nature 

Communications, 2010, 1, 148. 
 

http://www.nature.com/nchem/journal/v5/n5/full/nchem.1618.html
http://www.nature.com/nchem/journal/v5/n5/full/nchem.1618.html
http://www.nature.com/nchem/journal/v5/n5/full/nchem.1618.html
http://www.nature.com/ncomms/journal/v1/n9/pdf/ncomms1151.pdf
http://www.nature.com/ncomms/journal/v1/n9/pdf/ncomms1151.pdf
http://www.nature.com/ncomms/journal/v1/n9/pdf/ncomms1151.pdf
http://www.nature.com/ncomms/journal/v1/n9/pdf/ncomms1151.pdf
http://www.nature.com/ncomms/journal/v1/n9/pdf/ncomms1151.pdf


ǵȗȊɵȉȍȈŭ HostðGuest 

Helix-Rod Host-Guest 

Complexes with Shuttling Rates 
Much Faster than Disassembly, 
Huc, I. et al., Science, 2011, 331, 

1172-1175.  

http://www.sciencemag.org/content/331/6021/1172.full
http://www.sciencemag.org/content/331/6021/1172.full


ǧȐűǿ ȅ ȍȇȈȍȃǾȋůȇŭ ŰȐȊɵȉȖȈȓȋ ůȊŲŭȋȀȄůȇ ŰȐȊɵůȎȇŲȍȎǽ hostðguest ȊȖȋȍ 

Ȗűŭȋ ŭŲȍȎǽ űȅȋ ŰűůȎůǿ ȈȎȐŰűŭȉȉȇȈǿűȅȏ ȈŭűǽŰűŭŰȅ, ŭŲȍȗ űȍ 

ŲȇȉȍȌůȋȍȗȊůȋȍ ȊȖȎȇȍ (guest) ŮůŰȊůȗůűŭȇ ȊǾŰŭ Űů ȊȀŭ ȈȍȇȉȖűȅűŭ ɵȍȐ 

ŭɵȍűůȉůȀ űȍȋ èȈůȋȖ ȑȘȎȍé űȓȋ ȈȎȐŰűŭȉȉȇȈȘȋ ɵȉůȃȊǽűȓȋ űȍȐ ȌůȋȇŰűǿ.   

ǵȗȊɵȉȍȈȍ Host-Guest Ȋů ǾȋűŭȌȅ Űů ɵȉǾȃȊŭ 

(ŰűůȎůǽ ȈŭűǽŰűŭŰȅ) 

ǵȗȊɵȉȍȈa Host-Guest Ȋů ǾȋűŭȌȅ Űů ɵȉǾȃȊŭ 

ǩȇȈȖȋŭ ŭɵȖ Laboratoire de Physique des 

solides, Universit® Paris-Sud 11 

http://chercheurs.lps.u-psud.fr/tresset/research1.html


ǵȗȊɵȉȍȈa Host-Guest Ȋů ǾȋűŭȌȅ Űů ɵȉǾȃȊŭ 

Networked molecular cages as 

crystalline sponges for 
fullerenes and other guests, 
Fujita, M. et al., Nature 

Chemistry, 2010, 2, 780ð783. 

Single-Crystalline Molecular 

Flasks: Chemical Transformation 
with Bulky Reagents in the Pores 
of Porous Coordination Networks, 

Fujita, M. et al., Angew. Chem. Int. 
Ed., 2008, 47, 8030-8032. 

http://www.nature.com/nchem/journal/v2/n9/full/nchem.742.html?hilite_compound=true
http://onlinelibrary.wiley.com/doi/10.1002/anie.200802545/pdf


ǵȗȊɵȉȍȈa Host-Guest Ȋů ǾȋűŭȌȅ Űů ɵȉǾȃȊŭ 

Crystalline molecular flasks, 

Fujita, M. et al., Nature Chemistry, 
2011, 3, 349ð358. 

http://www.nature.com/nchem/journal/v3/n5/full/nchem.1031.html?WT.ec_id=NCHEM-201105
http://www.nature.com/nchem/journal/v3/n5/full/nchem.1031.html?WT.ec_id=NCHEM-201105
http://www.nature.com/nchem/journal/v3/n5/full/nchem.1031.html?WT.ec_id=NCHEM-201105
http://www.nature.com/nchem/journal/v3/n5/full/nchem.1031.html?WT.ec_id=NCHEM-201105
http://www.nature.com/nchem/journal/v3/n5/full/nchem.1031.html?WT.ec_id=NCHEM-201105
http://www.nature.com/nchem/journal/v3/n5/full/nchem.1031.html?WT.ec_id=NCHEM-201105
http://www.nature.com/nchem/journal/v3/n5/full/nchem.1031.html?WT.ec_id=NCHEM-201105
http://www.nature.com/nchem/journal/v3/n5/full/nchem.1031.html?WT.ec_id=NCHEM-201105
http://www.nature.com/nchem/journal/v3/n5/full/nchem.1031.html?WT.ec_id=NCHEM-201105
http://www.nature.com/nchem/journal/v3/n5/full/nchem.1031.html?WT.ec_id=NCHEM-201105
http://www.nature.com/nchem/journal/v3/n5/full/nchem.1031.html?WT.ec_id=NCHEM-201105


ǵȗȊɵȉȍȈa Host-Guest Ȋů ǾȋűŭȌȅ Űů ɵȉǾȃȊŭ 

One plus Two: Supramolecular 

Coordination in a Nano-Reactor 
on Surface, Zeng, Q. et al., 
Scientific Reports, 2012, 2, 742. 

http://www.nature.com/srep/2012/121017/srep00742/pdf/srep00742.pdf
http://www.nature.com/srep/2012/121017/srep00742/pdf/srep00742.pdf


Self-assembled aggregate 

(solution and solid state) 

ǵů ŭȐűǾȏ űȇȏ ŮȍȊǾȏ Ůůȋ ȐɵǽȎȑůȇ ŰȅȊŭȋűȇȈǿ ŮȇŭŲȍȎǽ Űűȍ 

ȊǾȃůȆȍȏ/ȖȃȈȍ űȓȋ ůȇŮȘȋ ɵȍȐ ŰȐȊȊůűǾȑȍȐȋ Ȉŭȇ Ůůȋ ŮȎŭ Ȉǽɵȍȇȍ ŭɵȖ 

űŭ ȊȖȎȇŭ ŭȐűǽ Űŭȋ ȌůȋȇŰűǿȏ ȃȇŭ űȍ ǽȉȉȍ. ǫ Ȋȅ-ȍȊȍȇȍɵȍȉȇȈǿ 

ŮǾŰȊůȐŰȅ ŭȐűǿȏ űȅȏ ȊȍȎŲǿȏ ȍȋȍȊǽȄůűŭȇ ŭȐűȍȍȎȃǽȋȓŰȅ/ 

ŭȐűȍŮȖȊȅŰȅ.   
ǧȈȍȉȍȐȆȘȋűŭȏ ŭȐŰűȅȎǽ űȍȋ ȍȎȇŰȊȖ, ȅ ŭȐűȍŮȖȊȅŰȅ (self-assembly) 

ůȀȋŭȇ ȅ ȇŰȍȎȎȍɵȀŭ ŭȋǽȊůŰŭ Űů Ůȗȍ ǿ ɵůȎȇŰŰȖűůȎŭ ȊȍȎȇŭȈǽ 

ŰȐŰűŭűȇȈǽ ɵȍȐ ŰȑȅȊŭűȀȄȍȐȋ Ǿȋŭ ŰȐŰŰȓȊǽűȓȊŭ Ȋů ŮȍȊǿ ɵȍȐ 

ůȌŭȎűǽűŭȇ ȊȖȋȍ ŭɵȖ űȅȋ ɵȉȅȎȍŲȍȎȀŭ ɵȍȐ ɵŭȎǾȑůűŭȇ ŭɵȖ űȅȋ 

ȑȅȊȇȈǿ űŭȐűȖűȅűŭ űȓȋ ŰȐŰűŭűȇȈȘȋ ȊȍȎȀȓȋ. ǫ ŮȇŭŮȇȈŭŰȀŭ ŭȐűǿ 
ůȀȋŭȇ ŰȐȋǿȆȓȏ ŭȐȆȖȎȊȅűȅ ŭȉȉǽ ȊɵȍȎůȀ ȋŭ ůɵȅȎůŭŰűůȀ Ȉŭȇ ŭɵȖ  

ɵŭȎǽȃȍȋűůȏ Ȗɵȓȏ ȅ ůɵȇŮȇŭȉȗűȓŰȅ, ȅ ȗɵŭȎȌȅ templates 

(ȈŭȉȍȐɵȇȘȋ) ǿ ðŰűȅȋ ɵůȎȀɵűȓŰȅ ŰűůȎůȘȋ- ŮȇůȎȃŭŰȀůȏ 

ɵȐȎȅȋȍɵȍȀȅŰȅȏ (nucleation) Ȉŭȇ ȈȎȐŰűŭȉȉȍɵȍȀȅŰȅȏ (crystallisation). 

ǧȐűȍȍȎȃŭȋȓȊǾȋůȏ ŮȍȊǾȏ 

Supramolecular Hydrophobic - 

Hydrophilic Nanopatterns at 
Electrified Interfaces, Steven De 
Feyter et al., Nano Letters, 2007, 7, 

3, 791-795. 



ǧȐűȍȍȎȃŭȋȓȊǾȋůȏ ȐɵůȎȊȍȎȇŭȈǾȏ ŮȍȊǾȏ 

Self-assembly" of rosette-shaped rings made of specially modified molecules called guanine 

and cytosine, which come together to form DNA, Fenniri et al. 

https://news.uns.purdue.edu/html4ever/2004/040409.Webster.rosette.html
https://news.uns.purdue.edu/html4ever/2004/040409.Webster.rosette.html
https://news.uns.purdue.edu/html4ever/2004/040409.Webster.rosette.html


ǧȐűȍȍȎȃŭȋȓȊǾȋůȏ ȐɵůȎȊȍȎȇŭȈǾȏ ŮȍȊǾȏ 

Three-Dimensional Structures Self-Assembled from DNA Bricks, Yin, P. et al., Science, 2012, 338, 1177-

1183 . 

http://www.sciencemag.org/content/338/6111/1177.full


ǧȐűȍȍȎȃŭȋȓȊǾȋůȏ ȐɵůȎȊȍȎȇŭȈǾȏ ŮȍȊǾȏ 

Three-Dimensional 

Structures Self-Assembled 
from DNA Bricks, Yin, P. et 

al., Science, 2012, 338, 

1177-1183 . 

http://www.sciencemag.org/content/338/6111/1177.full
http://www.sciencemag.org/content/338/6111/1177.full


ǧȐűȍȍȎȃŭȋȓȊǾȋůȏ ȐɵůȎȊȍȎȇŭȈǾȏ ŮȍȊǾȏ 
Fluidic supramolecular nano- 

and microfibres as molecular 
rails for regulated movement 
of nanosubstances, Hamachi, I. 

et al., Nature Communications, 
2008, 1, 20. 

http://www.nature.com/ncomms/journal/v1/n2/full/ncomms1018.html
http://www.nature.com/ncomms/journal/v1/n2/full/ncomms1018.html
http://www.nature.com/ncomms/journal/v1/n2/full/ncomms1018.html


ǧȐűȍȍȎȃŭȋȓȊǾȋůȏ ȐɵůȎȊȍȎȇŭȈǾȏ ŮȍȊǾȏ 

Supramolecular structures: 

Robust materials from weak 
forces, Schmuck, C., Nature 

Nanotechnology, 2001, 6, 

136ð137. 

http://www.nature.com/nnano/journal/v6/n3/full/nnano.2011.28.html


ǧȐűȍȍȎȃǽȋȓŰȅ & ǬůȎŭȎȑȀŭ 
ǬŮȇŭȀűůȎȍ ȑŭȎŭȈűȅȎȇŰűȇȈȖ űȅȏ 

ŭȐűȍȍȎȃǽȋȓŰȅȏ ůȀȋŭȇ ȅ 

ȇůȎŭȎȑȀŭ, ȅ ȍȎȃǽȋȓŰȅ űȓȋ 

ŰȐŰűŭűȇȈȘȋ ŮȅȉŭŮǿ Űů 

ɵȎȓűŭȎȑȇȈǾȏ ŮȍȊǾȏ ȍȇ ȍɵȍȀůȏ 

Űűȅ ŰȐȋǾȑůȇŭ ȍȎȃŭȋȘȋȍȋűŭȇ Űů 

ŮůȐűůȎȍűŭȃůȀȏ ŮȍȊǾȏ Ȉŭȇ Űűȅ 

ŰȐȋǾȑůȇŭ Űűȍ ůɵȖȊůȋȍ ůɵȀɵůŮȍ 

ȇůȎŭȎȑȀŭȏ. ǫ ȇůȎŭȎȑȇȈǿ 

ŭȐűȍȍȎȃǽȋȓŰȅ ŰȐȋůȑȀȄůűŭȇ 

ȊǾȑȎȇ űȅȋ ůɵȀűůȐȌȅ űȍȐ 

ȐȒȅȉȖűůȎȍȐ ȂŭȆȊȍȗ ȇůȎŭȎȑȀŭȏ.  

 

ǫ ȇůȎŭȎȑȀŭ Űűȅȋ ŭȐűȍȍȎȃǽȋȓŰȅ 

ůȀȋŭȇ ůȋŮȍȃůȋǾȏ ȑŭȎŭȈűȅȎȇŰűȇȈȖ 

ɵȍȉȉȘȋ ȂȇȍȉȍȃȇȈȘȋ ŮȍȊȘȋ Ȉŭȇ 

ŭɵȍűůȉůȀ ŰűȖȑȍ ȃȇŭ űŭ ŰȐȋȆůűȇȈǽ 

ŰȐŰűǿȊŭűŭ.     Hierarchies in eukaryotic genome organization: Insights 

from polymer theory and simulations ,   Arya, G. et al., 
BMC Biophysics, 2011, 4, 8. 

http://www.biomedcentral.com/2046-1682/4/8
http://www.biomedcentral.com/2046-1682/4/8


ǬůȎŭȎȑȇȈǿ ŭȐűȍȍȎȃǽȋȓŰȅ 

Precise hierarchical self-assembly of multicompartment  

micelles, Axel H.E. M¿ller et al., Nature Communications, 
2012, 3, 710. 

http://www.nature.com/ncomms/journal/v3/n2/full/ncomms1707.html?WT.ec_id=NCOMMS-20120228
http://www.nature.com/ncomms/journal/v3/n2/full/ncomms1707.html?WT.ec_id=NCOMMS-20120228
http://www.nature.com/ncomms/journal/v3/n2/full/ncomms1707.html?WT.ec_id=NCOMMS-20120228
http://www.nature.com/ncomms/journal/v3/n2/full/ncomms1707.html?WT.ec_id=NCOMMS-20120228
http://www.nature.com/ncomms/journal/v3/n2/full/ncomms1707.html?WT.ec_id=NCOMMS-20120228
http://www.nature.com/ncomms/journal/v3/n2/full/ncomms1707.html?WT.ec_id=NCOMMS-20120228


John Chase 

http://www.chasetoons.com/


ǨŭŰȇȈǾȏ ŭȎȑǾȏ  

ð 

 ǷɵůȎȊȍȎȇŭȈǾȏ ǧȉȉȅȉůɵȇŮȎǽŰůȇȏ  

 



ǟűȍȊŭ / ǯȖȎȇŭ 

ǫȉůȈűȎȖȋȇŭ ŰȆǾȋȍȐȏ (Ȉŭȇ ȍȊǽŮŭ Űűȍȋ ǳǳ), ȐɵůȗȆȐȋŭ ȃȇŭ űȅȋ ŮȅȊȇȍȐȎȃȀŭ ŮůŰȊȘȋ 

çȍȊǾȏ Lewis 



ǟȋȆȎŭȈŭȏ 

C: 1s2 2s2 2p2  

Ȋ=0  Ȋ=0  ȊÎ0 



ǟȋȆȎŭȈŭȏ 

ǯȖȎȇŭ 

DNA sequence motifs for structure-specific 

recognition and separation of carbon nanotubes, 

Zheng et al., Nature, 2009, 460, 250-253. 

ǷɵůȎȊȍȎȇŭȈǾȏ ŮȍȊǾȏ - ǵȐŰŰȓȊŭűȘȊŭűŭ 

http://www.nature.com/nature/journal/v460/n7252/abs/nature08116.html
http://www.nature.com/nature/journal/v460/n7252/abs/nature08116.html
http://www.nature.com/nature/journal/v460/n7252/abs/nature08116.html
http://www.nature.com/nature/journal/v460/n7252/abs/nature08116.html
http://www.nature.com/nature/journal/v460/n7252/abs/nature08116.html
http://www.nature.com/nature/journal/v460/n7252/abs/nature08116.html
http://www.nature.com/nature/journal/v460/n7252/abs/nature08116.html
http://www.nature.com/nature/journal/v460/n7252/abs/nature08116.html
http://www.nature.com/nature/journal/v460/n7252/abs/nature08116.html
http://www.nature.com/nature/journal/v460/n7252/abs/nature08116.html
http://www.nature.com/nature/journal/v460/n7252/abs/nature08116.html


ǳȍȇǾȏ ůȀȋŭȇ ȍȇ ŮȇŭȊȍȎȇŭȈǾȏ 

ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ ɵȍȐ ȍŮȅȃȍȗȋ 

Űů ȐɵůȎȊȍȎȇŭȈǾȏ ŮȍȊǾȏ;   



çȇŭȊȍȎȇŭȈǾȏ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ 

ǲȇ ȐɵůȎȊȍȎȇŭȈǾȏ ŮȍȊǾȏ ŮȅȊȇȍȐȎȃȍȗȋűŭȇ ůȌŭȇűȀŭȏ Ȋȅ-ŮůŰȊȇȈȘȋ 

ŭȉȉȅȉůɵȇŮȎǽŰůȓȋ.   
 

ǲȇ Ȋȅ ŮůŰȊȇȈǾȏ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ ůȀȋŭȇ ŰȅȊŭȋűȇȈǽ ŭŰȆůȋǾŰűůȎůȏ ŭɵȖ űȇȏ 

ŮůŰȊȇȈǾȏ (ȍȊȍȇȍɵȍȉȇȈȖȏ ŮůŰȊȖȏ), ȍȇ ȍɵȍȀůȏ ȈȐȊŭȀȋȍȋűŭȇ ŭɵȖ ~ 150 kJ molĬ1 

Ǿȓȏ ~450 kJ molĬ1 ȃȇŭ űȍȐȏ ŭɵȉȍȗȏ ŮůŰȊȍȗȏ.  
 

ǲȇ Ȋȅ-ȍȊȍȇȍɵȍȉȇȈǾȏ ǾȉȌůȇȏ ǾȑȍȐȋ ůȋǾȎȃůȇůȏ ɵȍȐ ȈȐȊŭȀȋȍȋűŭȇ ŭɵȖ ~2 kJ molĬ1 

ȃȇŭ űȇȏ ŮȐȋǽȊůȇȏ ŮȇŭŰɵȍȎǽȏ ȊǾȑȎȇ ~300 kJ molĬ1  ȃȇŭ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ òȇȖȋűȍȏ-

ȇȖȋűȍȏó. 
 

ǣȊȓȏ, Ȗűŭȋ ȍȇ Ȋȅ-ŮůŰȊȇȈǾȏ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ ȑȎȅŰȇȊȍɵȍȇȅȆȍȗȋ ŰȐȋůȎȃŭűȇȈǽ, 

ȊɵȍȎůȀ ȋŭ ŰȑȅȊŭűȇŰűȍȗȋ ŮȇŭȀűůȎŭ ŰűŭȆůȎǾȏ ȐɵůȎȊȍȎȇŭȈǾȏ ŮȍȊǾȏ. ǲ ȖȎȍȏ òȊȅ-

ŮůŰȊȇȈǾȏó ɵůȎȇȉŭȊȂǽȋůȇ Ǿȋŭ ůȐȎȗ ŲǽŰȊŭ ǾȉȌůȓȋ Ȉŭȇ ŭɵȘŰůȓȋ.   

ǲȊȍȇȍɵȍȉȇȈȖȏ ŮůŰȊȖȏ 

ǬŰȑȐȎǿ ůȋŮȍȊȍȎȇŭȈǿ 
ŭȉȉȅȉůɵȀŮȎŭŰȅ 

ǧŰȆůȋǿȏ ŮȇŭȊȍȎȇŭȈǿ 

ŭȉȉȅȉůɵȀŮȎŭŰȅ 

Ů+  Ů- 
Ů+  Ů- 



ǩȋŮȍȊȍȎȇŭȈǾȏ/çȇŭȊȍȎȇŭȈǾȏ ǧȉȉȅȉůɵȇŮȎǽŰůȇȏ 

ǩȇȈȖȋŭ ŭɵȖ UFL 

http://www.chem.ufl.edu/~itl/2045/lectures/lec_g.html
http://www.chem.ufl.edu/~itl/2045/lectures/lec_g.html


ǫȉůȈűȎȍŰűŭűȇȈǾȏ (ȇȍȋűȇȈǾȏ & ŮȇɵȍȉȇȈǾȏ) ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ 

ǲȇ ȇȍȋűȇȈǾȏ Ȉŭȇ ŮȇɵȍȉȇȈǾȏ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ 

ɵȎȍǾȎȑȍȋűŭȇ ŭɵȖ ǾȉȌůȇȏ Coulomb ȊůűŭȌȗ ŭȋűȀȆůűȘȋ 

ŲȍȎűȀȓȋ Ȉŭȇ ȊɵȍȎȍȗȋ ȋŭ ȈŭűȅȃȍȎȇȍɵȍȇȅȆȍȗȋ Űů 

ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ: 

 ȇȖȋűȍȏ-ȇȖȋűȍȏ, ȇȖȋűȍȏ-ŮȇɵȖȉȍȐ & ŮȇɵȖȉȍȐ-ŮȇɵȖȉȍȐ.  
ǲȇ ȇŰȑȐȎȖűůȎůȏ ŭȉ/Űůȇȏ ŭȋŭɵűȗŰŰȍȋűŭȇ ȊůűŭȌȗ 

ȇȖȋűȓȋ Ȉŭȇ ůȀȋŭȇ ŰȐȃȈȎȀŰȇȊůȏ Űů ȇŰȑȗ Ȋů űȇȏ 

ȍȊȍȇȍɵȍȉȇȈǾȏ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ. ǲȇ ŭȉ/Űůȇȏ ȇȖȋűȍȏ-

ȇȖȋűȍȏ ůȀȋŭȇ Ȋȅ-ȈŭűůȐȆȐȋűȇȈǾȏ Űů ŭȋűȀȆůŰȅ Ȋů űȇȏ 

ŭȉ/Űůȇȏ ȇȖȋűȍȏ-ŮȇɵȖȉȍȐ Ȉŭȇ ŮȇɵȖȉȍȐ-ŮȇɵȖȉȍȐ Űűȇȏ 
ȍɵȍȀůȏ ŭɵŭȇűůȀűŭȇ ŰȐȃȈůȈȎȇȊǾȋȍȏ ɵȎȍŰŭȋŭűȍȉȇŰȊȖȏ  

űȓȋ ȊȍȎȀȓȋ ȃȇŭ űȅȋ ȂůȉűȇŰűȍɵȍȀȅŰȅ űȓȋ ŭȉ/Űůȓȋ. 

ǩȌŭȇűȀŭȏ űȅȏ ŰȑůűȇȈǿȏ ŭȈŭȊȒȀŭȏ űȓȋ ȈŭűůȐȆȐȋűȇȈȘȋ 

ŭȉ/Űůȓȋ, ȊȖȋȍ ŭȊȍȇȂŭȀȓȏ ŰȐȊɵȉȅȎȓȊŭűȇȈǽ ȊȖȎȇŭ 

ȊɵȍȎȍȗȋ ȋŭ ŰȑȅȊŭűȀȄȍȐȋ ŰȐŰŰȓȊŭűȘȊŭűŭ, Űů 
ŭȋűȀȆůŰȅ Ȋů űȇȏ Ȋȅ-ȈŭűůȐȆȐȋűȇȈǾȏ ŭȉ/Űůȇȏ. ǫ ȇŰȑȗȏ 

ŭȉ/Űůȓȋ ȇȖȋűȍȏ ŮȇɵȖȉȍȐ Ȉŭȇ ŮȇɵȖȉȍȐ-ŮȇɵȖȉȍȐ ůȀȋŭȇ 

~50ð200 Ȉŭȇ ~5ð50 kJ molĬ1 ŭȋűȀŰűȍȇȑŭ. ǳŭȎȖȉȍ ɵȍȐ 

ȍȇ ŭȉ/Űůȇȏ ŮȇɵȖȉȍȐ-ŮȇɵȖȉȍȐ ůȀȋŭȇ ȍȇ ŭŰȆůȋǾŰűůȎůȏ 

űȅȏ ȈŭűȅȃȍȎȀŭȏ, ůȀȋŭȇ ȇŮŭȇŭȀűůȎŭ ȑȎǿŰȇȊůȏ Űűȅȋ 
ůɵȀűůȐȌȅ ŮȍȊȘȋ Űűȇȏ ȍɵȍȀůȏ ŭɵŭȇűůȀűŭȇ ŰȐȃȈůȈȎȇȊǾȋȍ 

ɵȎȍŰŭȋŭűȍȉȇŰȊȖ űȓȋ ŰȐŰűŭűȇȈȘȋ ȊȍȎȀȓȋ.  

ǳŭȎŭŮůȀȃȊŭűŭ ȅȉůȈűȎȍŰűŭűȇȈȘȋ 

ŭȉȉȅȉůɵȇŮȎǽŰůȓȋ: (ŭ) ŭȉȉȅȉůɵȀŮȎŭŰȅ  
ȇȖȋűȍȏ-ȇȖȋűȍȏ, (Ȃ) ŭȉȉȅȉůɵȀŮȎŭŰȅ 

ȇȖȋűȍȏ-ŮȇɵȖȉȍȐ Ȉŭȇ (ȃ) ŭȉȉȅȉůɵȀŮȎŭŰȅ 

ŮȇɵȖȉȍȐ-ŮȇɵȖȉȍȐ.  

ŭ Ȃ 

ȃ 

Ů+  

Ů+  

Ů+  

Ů- 

Ů- 

Ů- 



ǫȉůȈűȎȍŰűŭűȇȈǾȏ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ, 

ǰȖȊȍȏ Coulomb 
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çůŰȊȍȀ ǷŮȎȍȃȖȋȍȐ 

ǲȇ ŮůŰȊȍȀ ȐŮȎȍȃȖȋȍȐ ŭɵȍűůȉȍȗȋ ŭȋŭȊŲȇŰȂǿűȅűŭ 

űȍ ɵȇȍ ŰȅȊŭȋűȇȈȖ ůȀŮȍȏ Ȋȅ-ŮůŰȊȇȈȘȋ 

ŭȉȉȅȉůɵȇŮȎǽŰůȓȋ ȖŰȍȋ ŭŲȍȎǽ űȍȋ ŰȑůŮȇŭŰȊȖ 

ȐɵůȎȊȍȎȇŭȈȘȋ ŮȍȊȘȋ ůȌŭȇűȀŭȏ űȅȏ ȇŰȑȗȍȏ Ȉŭȇ űȅȏ 

ȐȒȅȉǿȏ ȈŭűůȐȆȐȋűȇȈȖűȅűǽȏ űȍȐȏ.  
ǲȐŰȇŭŰűȇȈǽ ɵȎȖűůȇűŭȇ ȃȇŭ Ǿȋŭ ŰȐȃȈůȈȎȇȊǾȋȍ ůȀŮȍȏ 

ŭȉȉȅȉůɵȇŮȎǽŰůȓȋ ŮȇɵȖȉȍȐ-ŮȇɵȖȉȍȐ ȊůűŭȌȗ ůȋȖȏ 

ŮȖűȅ ɵȎȓűȍȋȀȍȐ (D) Ȉŭȇ ůȋȖȏ ŮǾȈűȅ ɵȎȓűȍȋȀȍȐ (A).  

ǳȍȉȉǽ ŭɵȖ űŭ òŮȍȊȇȈǽó ȊȖȎȇŭ Űűȅ ŬȗŰȅ 

ŭɵȍűůȉȍȗȋ ɵȉȍȗŰȇȍȐȏ ŮȖűůȏ Ȉŭȇ ŮǾȈűůȏ ɵȎȓűȍȋȀȓȋ 
(ɵ.ȑ.  ŭȊȇȋȍȌǾŭ, ȐŮŭűǽȋȆȎŭȈůȏ, ȋȍȐȈȉůȔȋȇȈǾȏ 

ȂǽŰůȇȏ). ǲȇ ŮȖűůȏ ŮůŰȊȘȋ ȐŮȎȍȃȖȋȍȐ ůȀȋŭȇ ȍȊǽŮůȏ 

ɵȍȐ ɵůȎȇǾȑȍȐȋ Ǿȋŭ ǽűȍȊȍ ȐŮȎȍȃȖȋȍȐ ŰȐȋŮůŮůȊǾȋȍ 

Ȋů Ǿȋŭ ȅȉůȈűȎŭȎȋȅűȇȈȖ ǽűȍȊȍ (Ȗɵȓȏ űȍ ǽȄȓűȍ, űȍ 

ȍȌȐȃȖȋȍ ðǿ űȍ ŲȆȖȎȇȍ) ŰȑȅȊŭűȀȄȍȋűŭȏ ǾűŰȇ Ǿȋŭ 
ŮȀɵȍȉȍ Űűȍ ȍɵȍȀȍ űȍ ǽűȍȊȍ űȍȐ ȐŮȎȍȃȖȋȍȐ Ǿȑůȇ 

ȊůȎȇȈȖ ȆůűȇȈȖ ŲȍȎűȀȍ Ů+. ǲȇ ŮȖűůȏ ŮůŰȊȘȋ 

ȐŮȎȍȃȖȋȍȐ ůȀȋŭȇ ŮȀɵȍȉŭ ȅȉůȈűȎŭȎȋȅűȇȈȘȋ ŭűȖȊȓȋ 

ɵȍȐ ȊɵȍȎȍȗȋ ȋŭ ŭȉȉȅȉůɵȇŮȎǽŰȍȐȋ Ȋů űȍ ȊůȎȇȈǽ   

ȆůűȇȈǽ ŲȍȎűȇŰȊǾȋȍ ȐŮȎȍȃȖȋȍ (ɵ.ȑ. ȈŭȎȂȍȋȗȉȇŭ). 

Ů+ Ů-  

(ŭ) ǭŭȎȂȍȋȗȉȇȍ ŮǾȈűȅȏ ŮůŰȊȍȗ 

ȐŮȎȍȃȖȋȍȐ ŭɵȖ ŮůȐűůȎȍűŭȃǿ 

ŭȊȀȋȅ, 

(Ȃ) ȃůȋȇȈǽ ŭɵȍŮůȈűȖȏ  

ŰȐȊȂȍȉȇŰȊȖȏ ŮȖűȅ Ȉŭȇ ŮǾȈűȅ 

ȅůȉȈűȎȍȋȀȓȋ.  

Ů+  Ů-  

Ů+  

Ů+  Ů-  

Ů-  

(ŭ)  

(Ȃ)  



çůŰȊȍȀ ȐŮȎȍȃȖȋȍȐ ð ȋůȎȖ 

çůŰȊȍȀ ȐŮȎȍȃȖȋȍȐ Űűȍ ȋůȎȖ (ŭ) Ȉŭȇ űȍȋ ɵǽȃȍ (Ȃ). ǳȅȃǿ ůȇȈȖȋŭȏ NYU. 

(ŭ)  (Ȃ)  

http://www.nyu.edu/pages/mathmol/textbook/info_water.html


çůŰȊȍȀ ǷŮȎȍȃȖȋȍȐ 
ǫ ȇŰȑȗȏ űȓȋ ŮůŰȊȘȋ ȐŮȎȍȃȖȋȍȐ ȊɵȍȎůȀ ȋŭ 

ŮȇŭŲǾȎůȇ ɵȍȉȗ ŭȋǽȉȍȃŭ Ȋů űȍ ŰȗŰűȅȊŭ ůȋȘ 

Ůůȋ ŰȐŰȑůűȀȄůűŭȇ ŭɵŭȎŭȀűȅűŭ Ȋů űȅȋ Ȉŭűǽ 

Brßnsted ȍȌȗűȅűŭ űȍȐ ŮȖűȅ ɵȎȓűȍȋȀȍȐ. 

ǧȋűȀȆůűŭ, ůȌŭȎűǽűŭȇ ǽȊůŰŭ ŭɵȖ űȍ ůȀŮȍȏ űȍȐ 
ȅȉůȈűȎŭȎȋȅűȇȈȍȗ ŭűȖȊȍȐ Ȋů űȍ ȍɵȍȀȍ 

ŰȐȋŮǾůűŭȇ ȍȊȍȇȍɵȍȉȇȈǽ űȍ ǽűȍȊȍ űȍȐ 

ȐŮȎȍȃȖȋȍȐ Ȉŭȇ űȅȋ ȃůȓȊůűȎȀŭ ɵȍȐ ȐȇȍȆůűůȀ ȍ 

ŮůŰȊȖȏ ȐŮȎȍȃȖȋȍȐ Űűȅ ŰȑȅȊŭűȇȄȖȊůȋȅ ŮȍȊǿ. 

ǶȐɵȇȈǽ, ȅ ȇŰȑȗȏ ůȋȖȏ çǷ ȈȐȊŭȀȋůűŭȇ ŭɵȖ 4 ȊǾȑȎȇ 
120 kJ/molĬ1, Ȋů űȍȐȏ ɵůȎȇŰŰȖűůȎȍȐȏ çǷ ȋŭ 

ǾȑȍȐȋ ȇŰȑȗ ȊȇȈȎȖűůȎȅ ŭɵȖ 60 kJ/molĬ1. 

ǲȇ ȈȗȎȇůȏ ȃůȓȊůűȎȀůȏ ŭȉȉȅȉůɵȇŮȎǽŰůȓȋ Ȋů çǷ 

(ŰȑǿȊŭ) ůȀȋŭȇ ůȈůȀȋůȏ Űűȇȏ ȍɵȍȀůȏ ȐɵǽȎȑůȇ 

ǽȊůŰȅ ŭȉȉȅȉůɵȀŮȎŭŰȅ ȊůűŭȌȗ űȍȐ ŮȖűȅ Ȉŭȇ 
űȍȐ ŮǾȈűȅ. ǷɵǽȎȑȍȐȋ Ȉŭȇ ŮůȐűůȎȍȃůȋůȀȏ 

ŭȉȉȅɵůɵȇŮȎǽŰůȇȏ ŭȋǽȊůŰŭ Űů ȃůȇűȍȋȇȈǾȏ 

ȍȊǽŮůȏ ɵȍȐ ůɵȀŰȅȏ ɵȎǾɵůȇ ȋŭ 

ŰȐȋȐɵȍȉȍȃȀȄȍȋűŭȇ. Ƕŭ ȊůȎȇȈǽ ŲȍȎűȀŭ ɵ.ȑ. 

ȃůȇűȍȋȇȈȘȋ ȍȊǽŮȓȋ ȊɵȍȎůȀ ȋŭ ŭȐȌǽȋȍȐȋ ǿ ȋŭ 
ȊůȇȘȋȍȐȋ  űȅȋ ȇŰȑȗ űȓȋ ŭȉȉȅȉůɵȇŮȎǽŰůȓȋ.  

çȇǽŲȍȎȍȇ űȗɵȍȇ ȃůȓȊůűȎȀŭȏ ŮůŰȊȘȋ 

ȐŮȎȍȃȖȋȍȐ:  

(ŭ) ȃȎŭȊȊȇȈǿ,  

(Ȃ) ȈůȈŭȊȊǾȋȅ,  

(ȃ) ŮȇŭȈȉŭŮȇŰȊǾȋȅ Űűȍȋ ŮȖűȅ,  

(Ů) ŮȇŭȈȉŭŮȇŰȊǾȋȅ Űűȍȋ ŮǾȈűȅ,  

(ů) Ȋů űȎůȇȏ ŮȇŭȈȉŭŮȘŰůȇȏ  

Ȉŭȇ  

(Űű) Ȋů ŮȇŭȈȉŭŮȘŰůȇȏ Űů 3 ȈǾȋűȎŭ. 

(ŭ)  (Ȃ)  (ȃ)  

(Ů)  (ů)  (Űű)  



çůŰȊȍȀ ǷŮȎȍȃȖȋȍȐ 
ǳŭȎŭŮůȀȃȊŭűŭ çǷ Ȋů ŮȖűůȏ Ȉŭȇ ŮǾȈűůȏ ȋŭ 

ȂȎȀŰȈȍȋűŭȇ Űů ůȃȃȗűȅűŭ.  

  
ǣűŭȋ Ǿȋŭ ȊȖȎȇȍ Ȋů űȎůȀȏ ŮȖűůȏ (DDD) 

ŮȅȊȇȍȐȎȃůȀ çǷ Ȋů Ǿȋŭ ȊȖȎȇȍ Ȋů űȎůȇȏ ŮǾȈűůȏ 

(ǧǧǧ), ŭȋŭɵűȗŰŰȍȋűŭȇ ȊȖȋȍ ůȉȈűȇȈǾȏ 

ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ ȊůűŭȌȗ űȓȋ ȃůȇűȍȋȇȈȘȋ 

ȍȊǽŮȓȋ,  ůȋȇŰȑȗȍȋűŭȏ űȅȋ ŮȅȊȇȍȐȎȃȀŭ űȅȏ 
ȐɵůȎȊȍȎȇŭȈǿȏ ŮȍȊǿȏ.  

 

 

 

 
ǵů òȊůȇȈűǽó ŰȐȊɵȉȅȎȓȊŭűȇȈǽ, ȖŰȍ ŭŲȍȎǽ űȅȋ 

ŭȋűȇŰűȍȇȑȀŭ ŮȖűȅ/ŮǾȈűȅ, ȊȖȎȇŭ (ADA, DAD), 

ŮȅȊȇȍȐȎȃȍȗȋűŭȇ ŭɵȘŰůȇȏ ȊůűŭȌȗ ȖȊȍȇȓȋ 

ȊůȎȇȈȘȋ ŲȍȎűȀȓȋ ɵȍȐ  ȂȎȀŰȈȍȋűŭȇ Űů 

ůȃȃȗűȅűŭ Ȋů ŭɵȍűǾȉůŰȊŭ ȋŭ ȊůȇȘȋůűŭȇ ȅ ȇŰȑȗȏ 
űȓȋ ɵȎȓűȍȃůȋȘȋ ŭȉȉȅȉůɵȇŮȎǽŰůȓȋ. 

Ů-  

Ů+ Ů+ Ů+ 

Ů-  Ů-  

Ů+ 

Ů+ 
Ů+ 

Ů-  Ů-  

Ů-  



çůŰȊȍȀ ǷŮȎȍȃȖȋȍȐ DNA 

ǳȎȓűȍȃůȋůȀȏ Ȉŭȇ ŮůȐűůȎȍȃůȋůȀȏ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ ŭȋǽȊůŰŭ Űűȅȋ ȃȍȐŭȋȀȋȅ 

Ȉŭȇ űȅȋ ȈȐűȍŰȀȋȅ. 

ȃȍȐŭȋȀȋȅ  

ȈȐűȍŰȀȋȅ 



çůŰȊȍȀ ǷŮȎȍȃȖȋȍȐ 

ǫ ȇŰȑȗȏ, űȍ ȊǿȈȍȏ Ȉŭȇ ȅ ŲȗŰȅ ůȋȖȏ çǷ ůȌŭȎűȖȋűŭȇ ǽȊůŰŭ ŭɵȖ űȍȋ űȅ ȑȅȊȇȈǿ ŮȍȊǿ 

ŮȖűȅ Ȉŭȇ ŮǾȈűȅ, ǾűŰȇ ȍȇ çǷ ȊɵȍȎůȀ ȋŭ ůȀȋŭȇ: 

ǬŰȑȐȎǾȏ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ, ɵȍȐ ɵȎȍŰȍȊȍȇǽȄȍȐȋ Ǿȋŭȋ ȍȊȍȇȍɵȍȉȇȈȖ ŮůŰȊȖ Ȉŭȇ 

ŮȅȊȇȍȐȎȃȍȗȋűŭȇ Ȗűŭȋ űȍ ǽűȍȊȍ űȍȐ ȐŮȎȍȃȖȋȍȐ ɵȍȐ ŰȐȊȊůűǾȑůȇ Űűȍȋ çǷ ȂȎȀŰȈůűŭȇ 

ŭȋǽȊůŰŭ Űűȍ ŮȖűȅ Ȉŭȇ űȍ ŮǾȈűȅ (ȃȎŭȊȊȇȈǿ ȃůȓȊůűȎȀŭ). 
ǯǾűȎȇŭȏ ȇŰȑȗȍȏ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ, ɵȍȐ ŰȑȅȊŭűȀȄȍȋűŭȇ ŭȋǽȊůŰŭ Űů Ȋȅ-ŲȍȎűȇŰȊǾȋȍȐȏ 

ŮȖűȅ Ȉŭȇ ŮǾȈűȅ ȊǾŰȓ Ȋȅ-ŮůŰȊȇȈȘȋ ȅȉůȈűȎȍȋȀȓȋ Ȗɵȓȏ ȃȇŭ ɵŭȎǽŮůȇȃȊŭ Ȉŭűǽ űȍȋ 

òŮȇȊůȎȇȊȖó ȈŭȎȂȍȌȐȉȇȈȘȋ ȍȌǾȓȋ. ǶǾűȍȇȍȐ űȗɵȍȐ çǷ Ůůȋ ǾȑȍȐȋ ȃȎŭȊȊȇȈǿ ȃůȓȊůűȎȀŭ 

ŭȉȉǽ ůȀȋŭȇ ůȉŭŲȎǽ ȈůȈŭȊȊǾȋȍȇ.  

ǧŰȆůȋůȀȏ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ, ȍȇ ȍɵȍȀůȏ ŭɵǾȑȍȐȋ ŭȈȖȊŭ ɵůȎȇŰŰȖűůȎȍ ŭɵȖ űȅȋ 
ȃȎŭȊȊȇȈȖűȅűŭ. ǵů ȊůȎȇȈǾȏ ɵůȎȇɵűȘŰůȇȏ, Ȗɵȓȏ ȃȇŭ ɵŭȎǽŮůȇȃȊŭ Űűȅȋ ŭȉȉȅȉůɵȀŮȎŭŰȅ  
 CĬHā ā āɵ   ȊɵȍȎȍȗȋ ȋŭ ŰȑȅȊŭűȀȄȍȐȋ ȃȓȋȀŭ 90ɕ. 
ǳȀȋŭȈŭȏ ŭɵȖ űȍ ȂȇȂȉȀȍ: òCore Concepts in Supramolecular Chemistry and Nanochemistry. From Supramolecules to Nanotechnologyó, J. W. Steed, D. 

R. Turner, Karl Wallace, John Wiley and Sons Ltd. 



ɵ-ŮůŰȊȍȀ / ȂůȋȄȖȉȇȍ 
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Ů+ Ů+  

Ů-  

Ů-  Ů-  

Ů-  

Ů-  -  
+  
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ɵ-ŮůŰȊȍȀ 

-  
+  

+  +  +  
-  

-  -  

C6H6 C6F6 



ɵ-ŭȉȉȅɵůɵȇŮȎǽŰůȇȏ 
ǵűŭ ȐɵůȎȊȍȎȇŭȈǽ ŰȐŰűǿȊŭűŭ ŰȐȋŭȋűȖȋűŭȇ Ůȗȍ ȈȗȎȇŭ ůȀŮȅ ɵ-ŭȉȉȅȉůɵȇŮȎǽŰůȓȋ : 

 

(i) ǧȉȉȅȉůɵȇŮȎǽŰůȇȏ ȈŭűȇȖȋűȍȏ-ɵ   (ii) ɵ-ɵ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ.  

 

face-to-face  edge-to-face  



ȃȎŭŲǾȋȇȍ 

ȾɎŰɞɣɖ əŬɘ  ˊɚɎɔɘŬ ŬˊŮɘəɧɜɖůɖ ɔɟŬűŮɜɑɞɡ 

(face-to-face ́ -ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ) 



ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ van der Waals 
ǲȇ van der Waals ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ ŭɵȍűůȉȍȗȋ ŲŭȇȋȖȊůȋŭ ŮȇŭŰɵȍȎǽȏ (London). 

  

ǳȅȃǽȄȍȐȋ ŭɵȖ űȇȏ ŮȇŭȈȐȊǽȋŰůȇȏ űȅȏ ȈŭűŭȋȍȊǿȏ űȍȐ ȅȉůȈűȎȍȋȇȈȍȗ ȋǾŲȍȐȏ 

ȊȍȎȀȓȋ ɵȍȐ ȂȎȀŰȈȍȋűŭȇ Űů ȃůȇűȋȀŭŰȅ. ǭŭűǽ űȅȋ ȊůűŭűȖɵȇŰȅ űȍȐ ȅȉůȈűȎȍȋȇȈȍȗ 

ȋǾŲȍȐȏ ůȋȖȏ ȊȍȎȀȍȐ ȃȗȎȓ ŭɵȖ űȅȋ ŰűȇȃȊȇŭȀŭ ȆǾŰȅ űȍȐ ȊȍȎȀȍȐ, ȊɵȍȎůȀ ȋŭ 
ŰȑȅȊŭűȇŰűůȀ Ǿȋŭ ɵŭȎȍŮȇȈȖ ŮȀɵȍȉȍ. Ƕŭ ɵŭȎȍŮȇȈǽ ŮȀɵȍȉŭ ȃůȇűȍȋȇȈȘȋ ȊȍȎȀȓȋ 

ȊɵȍȎȍȗȋ ȋŭ ɵȎȍȈŭȉǾŰȍȐȋ ůɵŭȋŭŮȇůȐȆǾűȅŰȅ űȓȋ ȊȍȎȀȓȋ ǾűŰȇ ȘŰűů űȍ ȊůȎȇȈȖ 

ȆůűȇȈȖ ŲȍȎűȀȍ űȍȐ ůȋȖȏ ȋŭ ŭȉȉȅȉůɵȇŮȎǽŰůȇ Ȋů űȍ ȊůȎȇȈȖ ŭȎȋȅűȇȈȖ ŲȍȎűȀȍȐ űȍȐ 

ǽȉȉȍȐ. ǫ ǾȉȌȅ Ůȗȍ ɵŭȎȍŮȇȈȘȋ ŮȇɵȖȉȓȋ ůȀȋŭȇ ȐɵůȗȆȐȋȅ ȃȇŭ űȅȋ ŮȅȊȇȍȐȎȃȀŭ 

ŮȐȋǽȊůȓȋ űȗɵȍȐ London. ǫ ȇŰȑȗȏ ŭȐűȘȋ űȓȋ ŭȉȉȅȉůɵȇŮȎǽŰůȓȋ ůȌŭȎűǽűŭȇ ŭɵȖ 
űȅȋ ɵȍȉȓŰȇȊȖűȅűŭ űȍȐ ȊȍȎȀȍȐ ðȖŰȍ ɵȇȍ ůȗȈȍȉŭ ȊɵȍȎůȀ ȋŭ ɵȍȉȓȆůȀ Ǿȋŭ ȊȖȎȇȍ, 

űȖŰȍ ɵȇȍ ȇŰȑȐȎǿ ȅ ŭȉȉȅȉůɵȀŮȎŭŰȅ.  

ǫ ŮȐȋŭȊȇȈǿ ůȋǾȎȃůȇŭ űȓȋ ŭȉȉȅȉůɵȇŮȎǽŰůȓȋ London ȊůȇȘȋůűŭȇ Ȋů űȅȋ ŭȗȌȅŰȅ 

űȅȏ ŭɵȖŰűŭŰȅȏ ȊůűŭȌȗ űȓȋ ȊȍȎȀȓȋ (ůȀȋŭȇ ŭȋǽȉȍȃȅ Ȋů rĬ6).  ǲȇ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ 

ŭȐűȍȗ űȍȐ űȗɵȍȐ ůȀȋŭȇ Ȋȅ-ȈŭűůȐȆȐȋűȇȈǾȏ Ȉŭȇ Ůůȋ ǾȑȍȐȋ ȂȎůȇ ŰȅȊŭȋűȇȈǿ 
ůŲŭȎȊȍȃǿ Űűȍȋ ŰȑůŮȇŭŰȊȖ ȐɵůȎȊȍȎȇŭȈȘȋ ŮȍȊȘȋ. 

ǧɵȍűůȉȍȗȋ ȖȊȓȏ ŰȅȊŭȋűȇȈȖ ɵŭȎǽȃȍȋűŭ  

ȃȇŭ űȍȋ ŰȑȅȊŭűȇŰȊȖ ŰȐȊɵȉȖȈȓȋ ůȃȈȉůȇŰȊȍȗ  

Űűŭ ȍɵȍȀŭ ȊȇȈȎǽ ȍȎȃŭȋȇȈǽ ȊȖȎȇŭ ůȋŰȓȊŭűȘȋȍȋűŭȇ 

ŰůȈȎȐŰűŭȉȉȇȈȖ ɵȉǾȃȊŭ  ǿ Űů ȊȍȎȇŭȈǿ ȈȍȇȉȖűȅűŭ.  
Ů+ Ů-  Ů+  Ů-  

ɵȐȎǿȋŭȏ 

ȅȉůȈűȎȍȋȇȈȖ 

ȋǾŲȍȏ 



Ů+ Ů-  Ů+  Ů-  

ɵȐȎǿȋŭȏ 

ȅȉůȈűȎȍȋȇȈȖ 

ȋǾŲȍȏ 

ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ van der Waals 

ǽɵůȇȎȅ ŭɵȖŰűŭŰȅ ð ȈŭȊȊȀŭ ŭȉȉȅȉůɵȀŮȎŭŰȅ 

ǠȉȌȅ ȉȖȃȓ űȓȋ 

ůɵŭȃȖȊůȋȓȋ ŮȇɵȖȉȓȋ.  

ǯůȃǽȉȅ ǽɵȓŰȅ ůȌŭȇűȀŭȏ űȅȏ 

ǽɵȓŰȅȏ ȊůűŭȌȗ ȅȉůȈűȎȍȋȇȈȘȋ 
ȋůŲȘȋ.  

Ů+  Ů-  Ů+  Ů-  

Ů+  Ů-  Ů+ Ů-  

ŭűȍȊȇȈǿ 

ŭȈűȀȋŭ 

ŭȈűȀȋŭ van der Waals 

Em 

K
c
a
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m

o
l  



ŬŭȇȋȖȊůȋȍ ȐŮȎȍŲȍȂȇȈȖűȅűŭȏ* (Hydrophobic effect ) 

Ƕȍ ŲŭȇȋȖȊůȋȍ űȅȏ ȐŮȎȍŲȍȂȇȈȖűȅűŭȏ* ɵůȎȇȃȎǽŲůȇ űȅȋ ŭɵȍȈȉůȇŰȊȖ Ȋȅ-ɵȍȉȇȈȘȋ 

ȍȊǽŮȓȋ ǿ ȊȍȎȀȓȋ ŭɵȖ Ǿȋŭ ȐŮŭűȇȈȖ ŮȇǽȉȐȊŭ ȘŰűů ȋŭ ůɵȇűȐȃȑǽȋůűŭȇ ȊȀŭ 

ůȋůȎȃůȇŭȈǽ ůȐȋȋȍȍȗȊůȋȅ ȈŭűǽŰűŭŰȅ Űűȅȋ ȍɵȍȀŭ űŭ ȊȖȎȇŭ űȍȐ ȋůȎȍȗ 

ŭȉȉȅȉůɵȇŮȎȍȗȋ Ȉŭűǽ ɵȎȍűȀȊȅŰȅ Ȋů ǽȉȉŭ ȊȖȎȇŭ ȋůȎȍȗ ǿ ɵȍȉȇȈǾȏ ȍȊǽŮůȏ/ȊȖȎȇŭ.  

 
 

 

 

 

 
 

 

 

Ƕȍ ŲŭȇȋȖȊůȋȍ űȅȏ ȐŮȎȍŲȍȂȇȈȖűȅűŭȏ Ǿȑůȇ ȂȎůȇ ŰȅȊŭȋűȇȈǿ ůŲŭȎȊȍȃǿ Űűȅȋ 

ȐɵůȎȊȍȎȇŭȈǿ ȑȅȊůȀŭ.  
 

* ǿ ȐŮȎȖŲȍȂȍ ŲŭȇȋȖȊůȋȍ. 

Israelachvilli J., Intermolecular and Surface Forces, 2nd ed. Academic Press:California, 2000, Ch. 8, pp. 128-132. 

host 

guest 

Host-guest 

complex 



ŬŭȇȋȖȊůȋȍ ȐŮȎȍŲȍȂȇȈȖűȅűŭȏ (Hydrophobic effect ) 

Ƕȍ ȋůȎȖ Ǿȑůȇ ɵȍȉȗ Ȉŭȉǽ ȍȎȃŭȋȓȊǾȋȅ ŮȍȊǿ, ŰȑȅȊŭűȀȄȍȋűŭȏ űǾŰŰůȎȇȏ ŮůŰȊȍȗȏ 

ȐŮȎȍȃȖȋȍȐ ŭȋǽ ȊȖȎȇȍ.  

 

 

 
 

 

 

 

 
ǫ ɵȎȍŰȆǿȈȅ ůȋȖȏ ǽɵȍȉȍȐ ȊȍȎȀȍȐ (ȐŮȎȍȃȍȋǽȋȆȎŭȈŭ) Űűȍ ȋůȎȖ ŮȇŭűŭȎǽŰŰůȇ ŭȐűǿ 

űȅ ŮȍȊǿ. ǫ ůɵŭȋŭŮȇůȐȆǾűȅŰȅ ǿ ůɵŭȋŭŮȖȊȅŰȅ űȓȋ ȊȍȎȀȓȋ űȍȐ ȋůȎȍȗ ȃȗȎȓ ŭɵȖ 

űȍ ǽɵȍȉȍ ȊȖȎȇȍ Ůůȋ ůȐȋȍůȀűŭȇ ůȋűȎȍɵȇȈǽ, ŭŲȍȗ ŮȇŭȈȖɵűůȇ űȅȋ ȐɵǽȎȑȍȐŰŭ ŰȐȋůȑǿ 

ŮȍȊǿ űȍȐ ȋůȎȍȗ (ŮȀȈűȐȍ çǷ) Ȉŭȇ ůɵȇȂǽȉůȇ Ȋȇŭ ȋǾŭ ɵȇȍ ȍȎȃŭȋȓȊǾȋȅ ŮȍȊǿ Űűŭ ȊȖȎȇŭ 

ȋůȎȍȗ, ɵȍȐ ɵůȎȇȈȉůȀȍȐȋ űȍȋ ȐŮȎȍȃȍȋǽȋȆȎŭȈŭ. ǫ ŭȐűȍȍȎȃǽȋȓŰȅ űȓȋ ȊȍȎȀȓȋ 
ȐŮȎȍȃȍȋǽȋȆȎŭȈŭ, ůɵȇűȎǾɵůȇ Űűŭ ȊȖȎȇŭ űȍȐ ȋůȎȍȗ ȋŭ ɵȎȍŰŭȋŭűȍȉȇŰűȍȗȋ Ȍŭȋǽ Ȋů 

űǾűȍȇȍ űȎȖɵȍ ȘŰűů ȋŭ ŰȐȊȊůűǾȑȍȐȋ ůɵȇȉůȈűȇȈǽ Űů ŰȑȅȊŭűȇŰȊȖ ŮůŰȊȘȋ 

ȐŮȎȍȃȖȋȍȐ Űŭȋ ȋŭ Ȋȅȋ ȐɵǽȎȑůȇ ȍ ȐŮȎȍȃȍȋǽȋȆȎŭȈŭȏ.  

Ƕȍ ŲŭȇȋȖȊůȋȍ ŭȐűȖ ůȈŲȎǽȄůűŭȇ ȑŭȎŭȈűȅȎȇŰűȇȈǽ Ȉŭȇ Űů ȊȀȃȊŭűŭ ȋůȎȍȗ-ǽɵȍȉȓȋ 

ȍȎȃŭȋȇȈȘȋ ŮȇŭȉȐűȘȋ. ǲ ȍȎȃŭȋȇȈȖȏ Ůȇŭȉȗűȅȏ ŮȇŭűŭȎȎǽŰůȇ űȇȏ ůȐȋȋȍȇȈǾȏ 
ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ ȊůűŭȌȗ ȊȍȎȀȓȋ ȋůȎȍȗ Ȋů ŭɵȍűǾȉůŰȊŭ ȋŭ ŭɵȓȆůȀűŭȇ Ȉŭȇ 

ůɵȍȊǾȋȓȏ ȋŭ ɵŭȎŭűȅȎůȀűŭȇ ȍ ŮȇŭȑȓȎȇŰȊȖȏ ŲǽŰůȓȋ (Ȋȅ-ŭȋŭȊȀȌȇȊŭ ȐȃȎǽ).  



ŬŭȇȋȖȊůȋȍ ȐŮȎȍŲȍȂȇȈȖűȅűŭȏ (Hydrophobic effect ) 

Ƕȍ ŲŭȇȋȖȊůȋȍ űȅȏ ȐŮȎȍŲȍȂȍȈȖűȅűŭȏ ŭŲȍȎǽ Ůȗȍ ůȋůȎȃůȇŭȈǾȏ ŰȐȋȇŰűȘŰůȏ, 

ȊȀŭ ůȋȆŭȉɵȇȈǿ Ȉŭȇ ȊȀŭ ůȋűȎȍɵȇȈǿ.  

ǲȇ ůȋȆŭȉɵȇȈǾȏ ȐŮȎȍŲȍȂȇȈǾȏ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ ŭŲȍȎȍȗȋ űȅȋ ŭȋűȇȈŭűǽŰűŭŰȅ 

űȍȐ ȋůȎȍȗ ɵȍȐ ȂȎȀŰȈůűŭȇ Űů ȊȀŭ ȐŮȎȖŲȍȂȅ ȊȍȎȇŭȈǿ ȈȍȇȉȖűȅűŭ ŭɵȖ Ǿȋŭ 

ŲȇȉȍȌůȋȍȗȊůȋȍ ȊȖȎȇȍ (guest). ǫ ŮȇŭŮȇȈŭŰȀŭ ŭȐűǿ ůȐȋȍůȀűŭȇ ȇŮȇŭȀűůȎŭ ŭŲȍȗ 

űȍ ȋůȎȍȖ Űů űǾűȍȇŭ ŰȐŰűǿȊŭűŭ Ůůȋ ŭȉȉȅȉůɵȇŮȎǽ ůȐȋȍȇȈǽ Ȋů űȅȋ ȊȍȎȇŭȈǿ 

ȈȍȇȉȖűȅűŭ Ȋů ŭɵȍűǾȉůŰȊŭ ȅ ůȋǾȎȃůȇŭ űȍȐ ŰȐŰűǿȊŭűȍȏ ȋŭ ůȀȋŭȇ ȐȒȅȉǿ. ǯů 

űȅȋ ŭȋŭűȇȈŭűǽŰűŭŰȅ űȍȐ ȋůȎȍȗ ŭɵȖ űȍ ȐŮȎȖŲȍȂȍ ȊȖȎȇȍ guest, ȅ ůȋǾȎȃůȇŭ 

űȍȐ ŰȐŰűǿȊŭűȍȏ ȊůȇȘȋůűŭȇ Ȋů űȅȋ ŮȅȊȇȍȐȎȃȀŭ ȋǾȓȋ çǷ űȍȐ ȋůȎȍȗ ɵȍȐ 

ůȈŮȇȘȆȅȈů Ȋů űȍ ȋůȎȖ ɵȍȐ ȂȎȀŰȈůűŭȇ ůȈűȖȏ ȈȍȇȉȖűȅűŭȏ.  

host 

guest 

Host-guest 

complex 



ŬŭȇȋȖȊůȋȍ ȐŮȎȍŲȍȂȇȈȖűȅűŭȏ (Hydrophobic effect ) 

ǷɵǽȎȑůȇ ůɵȀŰȅȏ Ǿȋŭȏ ůȋűȎȍɵȇȈȖȏ ɵŭȎǽȃȍȋűŭȏ Űů ŭȐűǿ űȅ ŮȇŭŮȇȈŭŰȀŭ Űűȍ Ȗűȇ űȍ ȋůȎȖ 

ɵȍȐ ȂȎȇŰȈȖűŭȋ òɵůȎȇȍȎȇŰȊǾȋȍ/ŮȇŭűůűŭȃȊǾȋȍó ůȋűȖȏ űȅȏ ȈȍȇȉȖűȅűŭȏ, ŭȐȌǽȋůȇ űȅȋ 

ŭűŭȌȀŭ űȍȐ Ȋů űȅȋ ǾȌȍŮȖ űȍȐ ŭɵȖ ŭȐűǿȋ. ǫ ŭȗȌȅŰȅ űȅȏ ůȋűȎȍɵȀŭȏ Ǿȑůȇ Űŭȋ 

ŭɵȍűǾȉůŰȊŭ ȋŭ ůȐȋȍůȀűŭȇ ȅ ŮȇŭŮȇȈŭŰȀŭ. 

 
ǲȇ ůȋűȎȍɵȇȈǾȏ ȐŮȎȖŲȍȂůȏ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ ɵȎȍȈȗɵűȍȐȋ Ȗűŭȋ ȐɵǽȎȑȍȐȋ Ůȗȍ ǿ 

ɵůȎȇŰŰȖűůȎŭ ȍȎȃŭȋȇȈǽ ȊȖȎȇŭ Űů ȐŮŭűȇȈȖ ŮȇǽȉȐȊŭ, ȍ ŰȐȋŮȐŭŰȊȖȏ űȓȋ ȍɵȍȀȓȋ 

ŮȅȊȇȍȐȎȃůȀ Ȋȇŭ űȎȗɵŭ Űűȍ ȋůȎȖ ȃȇŭ ȋŭ ŰȑȅȊŭűȀŰůȇ Ǿȋŭ ȐɵůȎȊȍȎȇŭȈȖ ŰȗȊɵȉȍȈȍ. 

ǷɵǽȎȑůȇ ȊȇȈȎȖűůȎȅ ŮȇŭűǽȎŭȌȅ (ȊȀŭ ȍɵǿ ȊǾŰŭ Űűȅȋ ȐŮŭűȇȈǿ ŲǽŰȅ ŭȋűȀ ɵȍȉȉŭɵȉȘȋ 

ȍɵȘȋ) Ȉŭȇ ůɵȍȊǾȋȓȏ ůȋűȎȍɵȇȈȖ ȈǾȎŮȍȏ, Ȗűŭȋ ȅ ŰȐȋȍȉȇȈǿ ůȉůȗȆůȎȅ ůȋǾȎȃůȇŭ űȍȐ 
ŰȐŰűǿȊŭűȍȏ ȊůȇȘȋůűŭȇ. 



ŬŭȇȋȖȊůȋȍ ȐŮȎȍŲȍȂȇȈȖűȅűŭȏ (Hydrophobic effect ) 

çH = -8 kcal/mol, 

TçS = - 6 kcal/mol , 
çG = -2 kcal/mol  

çH = 0 kcal/mol,  

TçS = - 6 kcal/mol , 
çG = +6 kcal/mol  

ǧǾȎȇŭ ŲǽŰȅ 

ǷȃȎǿ ŲǽŰȅ 

ǭŭűǽ űȅ ŮȇǽȉȐŰȅ ȊȀŭ ȐŮȎȖŲȍȂȅȏ 

ȍȐŰȀŭȏ Űűȍ ȋůȎȖ, ŰȑȅȊŭűȀȄůűŭȇ 

ȊȀŭ ŮȇůɵȇŲǽȋůȇŭ ŭȋǽȊůŰŭ Űűȍ 

ȋůȎȖ Ȉŭȇ űȅ ŮȇŭȉȐȊǾȋȅ ȍȐŰȀŭ. 

ǷŮŭűȇȈȖ ŮȇǽȉȐȊŭ 



ŬŭȇȋȖȊůȋȍ ȐŮȎȍŲȍȂȇȈȖűȅűŭȏ (Hydrophobic effect ) 

ǵȗȊŲȓȋŭ Ȋů űȅȋ ŰȑǾŰȅ:      çG= çH-TçS 

ŭŲȍȗ ȅ çH Ǿȑůȇ ȊȇȈȎǿ ȆůűȇȈǿ űȇȊǿ Ȉŭȇ ȅ çS Ǿȑůȇ Ȋůȃǽȉȅ ȆůűȇȈǿ űȇȊǿ, ȅ çG ůȀȋŭȇ 

ŭȎȋȅűȇȈǿ Ȉŭȇ ůɵȍȊǾȋȓȏ ȅ ŮȇŭŮȇȈŭŰȀŭ ŭȐȆȖȎȊȅűȅ.     

   

çH < 0,  

çS < 0, 

çG > 0 

çH > 0,  

çS > 0, 

çG < 0 
ǩȌȇŮŭȋȇȈůȐȊǾȋȍ ŮȐȋŭȊȇȈȖ űȅȏ 

ȊǾŰȅȏ ŭȉȉȅȉůɵȇŮȎŭŰȅȏ  Ůȗȍ 
ȊȍȎȀȓȋ (ȊůȆŭȋȀȍȐ-ȊůȆŭȋȀȍȐ) 
Űŭȋ ŰȐȋǽȎűȅŰȅ űȅȏ ŭɵȖŰűŭŰȅȏ 

Űů ¡.  
 

ǩȇȈȖȋŭ ɵȎȍŰŭȎȊȍŰȊǾȋȅ ŭɵȖ: 
Smith, D. E., Haymet, A. D. J.  J. 

Chem. Phys. 1993, 98, 6445. 



ɵȎȓűůǦȋůȏ 

ǳȅȃǿ ůȇȈȖȋŭȏ 

http://www.umass.edu/molvis/workshop/osaka12m.htm
http://www.umass.edu/molvis/workshop/osaka12m.htm


ǳȎȓűůǦȋůȏ ð ŲŭȇȋȖȊůȋȍ ȐŮȎȍŲȍȂȇȈȖűȅűŭȏ 

ǵȐȊɵȉȅȎȓȊŭűȇȈȖűȅűŭ ȖŰȍȋ ŭŲȍȎǽ űȍ ŰȑǿȊŭ ȊȇȈȎȘȋ 

ȊȍȎȀȓȋ Ȉŭȇ űȓȋ ɵȎȓűůȔȋȇȈȘȋ űȍȐȏ ŰűȖȑȓȋ. ǫ ŮȍȊǿ űȅȏ 
ɵȎȓűůǦȋȅȏ Brd4 (ȃȈȎȇ) Ȋů Ǿȋŭȋ ŭȋŭŰűȍȉǾŭ (ǾȑȎȓȊȍ 
ȊȍȋűǾȉȍ) ŮůȀȑȋůȇ űȅȋ ŭɵȖȉȐűȅ ŰȐȊɵȉȅȎȓȊŭűȇȈȖűȅűŭ 

(ȈǽűȍȒȅ (a) Ȉŭȇ (b) ȈǽȆůűŭ ȓȏ ɵȎȍȏ űȅȋ ȆǾŰȅ 
ŮǾŰȊůȐŰȅȏ).  

Lahti, J. L. et al. J. R. Soc. Interface, 2012, 9, 1409-1437. 

Membrane coverage 

of hydrophobic 
residues.  

Thßgersen L. et al. 

Nature 
Communications, 

2010, 2, 304.  

Formation of Raft-Like 

Assemblies within 
Clusters of Influenza 

Hemagglutinin 

Observed by MD 
Simulations.  

Parton, D.L., Tek, A., 
Baaden, M., Sansom, 
M.S.P.  PLoS Comput. 

Biol., 2013, 9, 
e1003034. 


