
ɳɽɽɶɿɹɼɶ ɲɶɾʁɼʄɮʆɹɮ 
ʃɮɿɳʃɹʅʆɶɾɹʁ ɼʄɶʆɶʅ 

ǨȇȍȍȎȃŭȋȇȈǾȏ ǰŭȋȍŮȍȊǾȏ 
ÅǩȋȖűȅűŭ <4>: ǬůȎŭȎȑȇȈǿ / ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ 

ǧȐűȍȍȎȃǽȋȓŰȅ 

 

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 



ǬůȎŭȎȑȇȈǿ / ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ 

ǧȐűȍȍȎȃǽȋȓŰȅ 

 

{Hierarchical / Programmed Self-assembly} 



ǩȇȈȖȋůȏ Pearson Education Inc. 

ŬȗŰȅ 



ŬȗŰȅ 

ǩȇȈȖȋůȏ Pearson Education Inc. 



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


çȇǽűȍȊŭ Diatoms 

Ƕŭ ŮȇǽűȍȊŭ (diatoms) ůȀȋŭȇ ȊȀŭ ŭɵȖ űȇȏ ȈȗȎȇůȏ 

ȍȊǽŮůȏ ǽȉȃȅȏ Ȉŭȇ ŭɵȖ űŭ ɵȇȍ ŰȐȋȅȆȇŰȊǾȋŭ ůȀŮȅ 

ŲȐűȍɵȉŭȃȈűȇȈȘȋ ȍȎȃŭȋȇŰȊȘȋ (ůȊŲŭȋȀŰűȅȈŭȋ 

ɵȎȇȋ ŭɵȖ ~185 ůȈŭűȍȊȊȗȎȇŭ ȑȎȖȋȇŭ). Ƕŭ 

ɵůȎȇŰŰȖűůȎŭ ůȀȋŭȇ ȊȍȋȍȈȐűűŭȎȇȈǽ ɵŭȎȖȉȍ ɵȍȐ 

ŰȐȑȋǽ ŰȑȅȊŭűȀȄȍȐȋ ŭɵȍȇȈȀůȏ Ȉŭȇ ǾȑȍȐȋ ȊůȃǾȆȅ 

ɵȍȐ ȈȐȊŭȀȋȍȋűŭȇ ŭɵȖ 1 Ǿȓȏ 2000 Ȋm. ǩȀȋŭȇ 

ɵŭȎŭȃȓȃȇȈǽ ȈȗűűŭȎŭ ɵȍȐ ɵůȎȇȂǽȉȉȍȋűŭȇ ŭɵȖ 

Ǿȋŭ ȈȐűűŭȎȇȈȖ űȍȀȑȓȊŭ (frustule) ŭɵȖ silica 

(ůȋȐŮŭűȓȊǾȋȍ ŮȇȍȌůȀŮȇȍ űȍȐ ɵȐȎȇűȀȍȐ). 

çȇŭŮȎŭȊŭűȀȄȍȐȋ ȈŭȀȎȇȍ ȎȖȉȍ ŰűȍȐȏ ȓȈůŭȋȍȗȏ 

ŰȐȊȊůűǾȑȍȋűŭȏ ȊůűŭȌȗ ŭȉȉȓȋ Űűȍȋ ȈȗȈȉȍ űȍȐ 

ǽȋȆȎŭȈŭ Ȉŭȇ űȅȋ ŭɵȍȊǽȈȎȐȋŰȅ Ȃȇȍȃůȋȍȗȏ 

ɵȐȎȇűȀȍȐ. 

Barron, J.A.,  Appearance and extinction of planktonic diatoms during the past 18 m.y. in the Pacific and Southern oceans, 

Diatom Research, 2003, 18, 203-224 



ǩȇȈȖȋůȏ Australian 

Antarctic Science. 

Ƕȍ ɵůȎȀȂȉȅȊŭ űȓȋ ŮȇŭűȖȊȓȋ ůȀȋŭȇ ŮȇŭŲŭȋǾȏ Ȉŭȇ ŮȇŭɵůȎŭűȖ ŭɵȖ űȍ Ųȓȏ, ȘŰűů ȋŭ 

ȊɵȍȎȍȗȋ ȋŭ ŮůŰȊůȗȍȐȋ űȅȋ ŭɵŭȎŭȀűȅűȅ ȅȉȇŭȈǿ ůȋǾȎȃůȇŭ ȃȇŭ űȅ ŲȓűȍŰȗȋȆůŰȅ, 

ůɵȇɵȉǾȍȋ ȍȇ ɵȖȎȍȇ űȍȐȏ ůɵȇűȎǾɵȍȐȋ űȅ ŮȇǾȉůȐŰȅ űȓȋ ŮȇŭȉȐȊǾȋȓȋ Űűȍ ȋůȎȖ 

ŭůȎȀȓȋ Ȉŭȇ ȆȎůɵűȇȈȘȋ.  

http://www.antarctica.gov.au/science/science-support/electron-microscope/images/plants
http://www.antarctica.gov.au/science/science-support/electron-microscope/images/plants
http://www.antarctica.gov.au/science/science-support/electron-microscope/images/plants
http://www.antarctica.gov.au/science/science-support/electron-microscope/images/plants


ǩȇȈȖȋůȏ Australian 

Antarctic Science. 

ǧȐűȍȍȎȃǽȋȓŰȅ Űűȅ ŬȗŰȅ  - ǳůȎȇȍȎȇŰȊȖȏ ŭɵȖ ȊǿűȎůȏ (templating ). 

  

http://www.antarctica.gov.au/science/science-support/electron-microscope/images/plants
http://www.antarctica.gov.au/science/science-support/electron-microscope/images/plants
http://www.antarctica.gov.au/science/science-support/electron-microscope/images/plants
http://www.antarctica.gov.au/science/science-support/electron-microscope/images/plants


ǧȐűȍȍȎȃǽȋȓŰȅ ȉȇɵȇŮȀȓȋ Űů ȋůȎȖ 

Ƕǩǯ ȊȇȈȎȍȃȎŭŲȀŭ űȍȊǿȏ ȊůȊȂȎǽȋȅȏ ŭɵȖ ŭȋȆȎȘɵȇȋȍ 

ȈȗűűŭȎȍ  Ȉŭȇ ŰȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ űȓȋ ŰȐŰűŭűȇȈȘȋ 
űȅȏ.   
Chapter 10, Membrane Structure, Molecular Biology of the Cell, 

4th edition. Alberts B., Johnson A., Lewis J., et al. New York: 
Garland Science; 2002. 

http://www.ncbi.nlm.nih.gov/books/NBK21055/
http://www.ncbi.nlm.nih.gov/books/NBK21055/
http://www.garlandscience.com/textbooks/0815341059.asp


ǧȊŲȀŲȇȉŭ ȊȖȎȇŭ 

Isrealachvilli, J. N., Mitchell, D. J., Ninham, B. W. J. Chem. Soc., Faraday Trans. 2,  1976, 72, 1525.  

Hªger, M., Currie, F., Holmberg, K. Top. Curr. Chem. 2003, 227, 53. 

ǧȊŲȀŲȇȉŭ 

ȊȖȎȇŭ - ȉȇɵȀŮȇŭ 

 

 

Packing parameter: 

 

 

ǷŮȎȖŲȍȂȅ 

ȍȐȎǽ 

(volume =V 

length = l ) 

 

ǷŮȎȖŲȇȉȅ 

ǭůŲŭȉǿ 
(area=a) 

 

l

V
P

Ö
=
a



ǧȊŲȀŲȇȉŭ ȊȖȎȇŭ -ŭȐűȍȍȎȃǽȋȓŰȅ 

3

1
<P

2

1

3

1
<<P

1
2

1
<<P

1>P ȊȍȋȍŰűȇȂǽŮůȏ; 

ǯȇȈȗȉȉȇŭ 

ǯȇȈȐȉȉȇŭȈǾȏ 

Ȁȋůȏ 

ǧȋůŰűȎŭȊȊǾȋŭ 

ȊȇȈȗȉȉȇŭ 

ǭȐŰűȀŮȇŭ               ǯůȊȂȎǽȋůȏ 



ǭŭűŭŰȈůȐǿ ȊȍȋȍŰűȇȂǽŮȓȋ 

ǰůȎȖ 



Langmuir Films ŭȊŲȀŲȇȉȓȋ ȊȍȎȀȓȋ  

ǷŮȎȖŲȍȂȅ ȍȐȎǽ 

ǰůȎȖ 

ȊȍȋȍŰűȇȂǽŮŭ / film  

ȉȇɵȀŮȇŭ/ 

ŭȊŲȀŲȇȉŭ 

ǷŮȎȖŲȇȉȅ 

ȈůŲŭȉǿ 

ɵȀůŰȅ 



Ps 

Molecule Platform  

Solid crystal  

Liquid crystal  

Liquid  

Gas 

Surface 
pressure 
increase  

ǧȐűȍȍȎȃǽȋȓŰȅ -ȊȍȋȍŰűȇȂǽŮůȏ 



MȍȋȍŰűȇȂǽŮůȏ / ŰȐȉȉȍȃǿ ŮůȇȃȊǽűȓȋ 

Langmuir Blodgett animation, Ȉŭȇ  tutorial . 

ǳȍȉȉŭɵȉǾȏ ŮůȇȃȊŭűȍȉȅȒȀůȏ  

ǳȍȉȉŭɵȉǾȏ ŰűȇȂǽŮůȏ 

http://youtu.be/j8yqyRr2VQg
http://youtu.be/j8yqyRr2VQg
http://youtu.be/bbUBiBiOT9k


ǰůȎȖ 

ɵȀůŰȅ 



ǧȐűȍȍȎȃŭȋȓȊǾȋůȏ ǯȍȋȍŰűȇȂǽŮůȏ (SAMs, Self 

Assembled Monolayers) 

Review article: J.C. Love, et al., Chem. Rev. 2005, 105, 1103. 

ǧȋűȀŮȎŭŰȅ ŭȉȈŭȋȍȆůȇȖȉȅȏ HS(CH2)nX  Ȋů ȑȎȐŰȖ, ȅ ȉůȇűȍȐȎȃȇȈǿ ȍȊǽŮŭ Ǹ ȊɵȍȎůȀ ȋŭ 

ůȀȋŭȇ: ðCH3, ðOH, or -COOH  

Au  

ǰŭȋȍŰȓȊŭűȀŮȇȍ Au  

ǟȉŭȏ 
Au  

ȉůȇűȍȐȎȃȇȈǿ 
ȍȊǽŮŭ 



ǧȐűȍȍȎȃŭȋȓȊǾȋůȏ ǯȍȋȍŰűȇȂǽŮůȏ (SAMs, Self 

Assembled Monolayers) 

ǯȖȎȇŭ Űů ŮȇǽȉȐȊŭ çȇŭȊȍȎȇŭȈǾȏ 

ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ 

ǭǾȋűȎȍ ȑȅȊȇȈǿȏ 

ŭȋűȀŮȎŭŰȅȏ 

çȇŭűůűŭȃȊǾȋȍȏ ȊȍȎȇŭȈȖȏ 
ɵȎȍŰŭȋŭűȍȉȇŰȊȖȏ (close packing) 

ǷɵȖŰűȎȓȊŭ (ȊǾűŭȉȉȍ, ɵȍȉȐȊůȎǾȏ, ȈůȎŭȊȇȈȖ, ȅȊȇŭȃȓȃȖȏ) 

Å ǸȅȊůȇȍɵȎȍŰȎȍŲȅȊǾȋŭ ȊȖȎȇŭ 

Å ǵűŭȆůȎȍɵȍȀȅŰȅ ŭɵȖ ŮȇŭȊȍȎȇŭȈǾȏ van der Waals ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ 

 

ǳŭȎǽŮůȇȃȊŭ: Octadecanethiol Monolayer on Silver 

http://youtu.be/SvgEd71nHUg
http://youtu.be/SvgEd71nHUg
http://youtu.be/SvgEd71nHUg


ǧȐűȍȍȎȃŭȋȓȊǾȋůȏ ǯȍȋȍŰűȇȂǽŮůȏ (SAMs, Self 

Assembled Monolayers) 

ǮůȇűȍȐȎȃȇȈǿ 

ȍȊǽŮŭ  

ǩȋŮȇǽȊůŰȍ 

ȐŮȎȍȃȍȋŭȋȆȎŭȈȇȈȖ 
űȊǿȊŭ 

Ligand 

(ȐŮȎȖŲȇȉȅ 
ȈůŲŭȉǿ) 

ǯůűŭȉȉȇȈȖ 

ȐɵȖŰűȎȓȊŭ 

ǲȎȃŭȋȇȈǿ ŮȇůɵȇŲǽȋůȇŭ 

(1-3 nm): 
ȊɵȍȎůȀ ȋŭ ŲǾȎůȇ ȊȀŭ ǿ 
ɵůȎȇŰŰȖűůȎůȏ 

ȉůȇűȍȐȎȃȇȈǾȏ ȍȊǽŮůȏ & 
ȋŭ ȈŭȆȍȎȀŰůȇ űȇȏ 

ȇŮȇȖűȅűůȏ űȅȏ 
ůɵȇŲǽȋůȇŭȏ 

(ŰȍȉȂȍŲȍȂȇȈȖűȅűŭ/ 

ŲȇȉȇȈȖűȅűŭ, 
ŭȃȓȃȇȊȖűȅűŭ, ȍɵűȇȈǾȏ 

ȇŮȇȖűȅűůȏ). 

çȇůɵȇŲǽȋůȇŭ 

ȊůűǽȉȉȍȐ-ȆůȀȍȐ: 
ǵűŭȆůȎȍɵȍȇůȀ űŭ 

ǽűȍȊŭ űȇȏ ůɵȇŲǽȋůȇŭȏ, 

ȊůűŭȂǽȉůȇ űȅȋ 
ȅȉůȈűȎȍȋȇȈǿ űȍȐȏ 

ȈŭűǽŰűŭŰȅ. 



Kinetically driven self assembly of highly ordered nanoparticle monolayers 

Bigioni, T. P., Lin, X.-M., Nguyen, T. T., Corwin, E. I. , Witten, T. A. , Jaeger, H.M.  Nature Materials, 2006,5, 265 -270. 

Ǡȋŭ ŮȇǽȉȐȊŭ ȋŭȋȍŰȓȊŭűȇŮȀȓȋ ȊɵȍȎůȀ ȋŭ ȑȎȅŰȇȊȍɵȍȇȅȆůȀ 

ȃȇŭ űȅȋ ȈŭűŭŰȈůȐǿ ȊȍȋȍŰűȇȂǽŮȓȋ Ȗűŭȋ: 
Å ȐɵǽȎȑůȇ ɵůȎȀŰŰůȇŭ Ůȇŭȉȗűȅ, 
Å ȃȀȋůűŭȇ űŭȑůȀŭ ůȌǽűȊȇŰȅ űȍȐ Ůȇŭȉȗűȅ 

Ȉŭȇ  
Å ȐɵǽȎȑȍȐȋ  ůȉȈűȇȈǾȏ ŮȇŭȊȍȎȇŭȈǾȏ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ 

ŭȋǽȊůŰŭ Űűȅ ŮȇůɵȇŲǽȋůȇŭ Ȉŭȇ űŭ ȋŭȋȍŰȓȊŭűȀŮȇŭ.  
 
ǧȐűȖȏ ȍ ȊȅȑŭȋȇŰȊȖȏ ŭȐűȍŮȖȊȅŰȅȏ ȍŮȅȃůȀ Űů ůȌŭȇȎůűȇȈǽ  

ŰȐȊɵŭȃůȀȏ Ȉŭȇ ŮȍȊȅȊǾȋůȏ ȊȍȋȍŰűȇȂǽŮůȏ. ǩɵȇɵȉǾȍȋ, ůȀȋŭȇ 
ȇŮȇŭȀűůȎŭ ŭɵȉȖȏ, ŭȋůȌǽȎűȅűȍȏ ŭɵȖ űȍ ȐɵȖŰűȎȓȊŭ Ȉŭȇ 

ůȗȈȍȉŭ ůɵůȈűǽŰȇȊȍȏ Űűȇȏ ŮȇŭŰűǽŰůȇȏ Ȉŭȇ ůɵȍȊǾȋȓȏ ȊɵȍȎůȀ 
ȋŭ ȑȎȅŰȇȊȍɵȍȇȅȆůȀ ȃȇŭ űȅȋ ȈŭűŭŰȈůȐǿ ȉůɵűȘȋ ȊůȊȂȎŭȋȘȋ 
(film) ȐȉȇȈȘȋ ɵȍȐ ȊɵȍȎȍȗȋ ȋŭ ȂȎȍȗȋ ůŲŭȎȊȍȃǿ Űűȅȋ 

ȈŭűŭŰȈůȐǿ ŭȇŰȆȅűǿȎȓȋ, ȍɵűȇȈȘȋ ŰȐŰȈůȐȘȋ Ȉŭȇ ȊǾŰȓȋ 
ȊŭȃȋȅűȇȈǿȏ ŭɵȍȆǿȈůȐŰȅȏ.   

ǵȑȅȊŭűȇŰȊȖȏ ȊȍȋȍŰűȇȂǽŮȓȋ ȋŭȋȍŰȓȊŭűȇŮȀȓȋ 

http://www.nature.com/nmat/journal/v5/n4/abs/nmat1611.html
http://www.nature.com/nmat/journal/v5/n4/abs/nmat1611.html
http://www.nature.com/nmat/journal/v5/n4/abs/nmat1611.html
http://www.nature.com/nmat/journal/v5/n4/abs/nmat1611.html


Sastry, M., Rao, M., Ganesh, K. N. òElectrostatic Assembly of Nanoparticles and Biomacromoleculesó  

Acc. Chem. Res., 2002, 35, 847-855. 

ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ / ǬůȎŭȎȑȇȈǿ ŭȐűȍȍȎȃǽȋȓŰȅ  

ǧȐűȍȍȎȃǽȋȓŰȅ ůɵȇŲŭȋůȇŭȈǽ űȎȍɵȍɵȍȇȅȊǾȋȓȋ 

ȋŭȋȍŰȓȊŭűȇŮȀȓȋ Űů ȊȍȎŲǿ ȉůɵűǿȏ ȊůȊȂȎǽȋȅȏ 
ȑȎȅŰȇȊȍɵȍȇȘȋűŭȏ űȇȏ ȅȉůȈűȎȍŰűŭűȇȈǾȏ 
ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ:  

ǧ)  Űűȅȋ ŮȇůɵȇŲǽȋůȇŭ ŭǾȎŭ-ȋůȎȍȗ  
Ȉŭȇ  

Ǩ) Űů ȊůȊȂȎǽȋůȏ ȉȇɵȇŮȀȓȋ ɵȍȐ ǾȑȍȐȋ 
ɵŭȎŭŰȈůȐŭŰűůȀ ȆůȎȊȇȈǽ (Ȋů ůȌǽűȊȇŰȅ űȍȐ 
Ůȇŭȉȗűȅ).  

http://pubs.acs.org/doi/pdf/10.1021/ar010094x
http://pubs.acs.org/doi/pdf/10.1021/ar010094x
http://pubs.acs.org/doi/pdf/10.1021/ar010094x
http://pubs.acs.org/doi/pdf/10.1021/ar010094x
http://pubs.acs.org/doi/pdf/10.1021/ar010094x
http://pubs.acs.org/doi/pdf/10.1021/ar010094x
http://pubs.acs.org/doi/pdf/10.1021/ar010094x


Sastry, M., Rao, M., Ganesh, K. N. òElectrostatic Assembly of Nanoparticles and Biomacromoleculesó  

Acc. Chem. Res., 2002, 35, 847-855. 

ǧȈȇȋȅűȍɵȍȀȅŰȅ DNA Ȉŭȇ ɵȎȓűůȔȋȘȋ 

Űűȇȏ ȊůȊȂȎǽȋůȏ ůɵȇŲŭȋůȇŭȈǽ 
űȎȍɵȍɵȍȇȅȊǾȋȓȋ ȋŭȋȍŰȓȊŭűȀŮȇȓȋ.   

ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ / ǬůȎŭȎȑȇȈǿ ŭȐűȍȍȎȃǽȋȓŰȅ  

ǯůȊȂȎǽȋůȏ ɵȍȐ ȈŭűŭŰȈůȐǽŰűȅȈŭȋ ȑȎȅŰȇȊȍɵȍȇȘȋűŭȏ 

űȇȏ ȅȉůȈűȎȍŰűŭűȇȈǾȏ ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ Űűȅ  
ŮȇůɵȇŲǽȋůȇŭ ŭǾȎŭ-ȋůȎȍȗ  

ǯůȊȂȎǽȋůȏ ɵȍȐ ȈŭűŭŰȈůȐǽŰűȅȈŭȋ ȑȎȅŰȇȊȍɵȍȇȘȋűŭȏ 

ȊůȊȂȎǽȋůȏ ȉȇɵȇŮȀȓȋ ɵȍȐ ǾȑȍȐȋ ɵŭȎŭŰȈůȐŭŰűůȀ 
ȆůȎȊȇȈǽ (Ȋů ůȌǽűȊȇŰȅ űȍȐ Ůȇŭȉȗűȅ).  

http://pubs.acs.org/doi/pdf/10.1021/ar010094x
http://pubs.acs.org/doi/pdf/10.1021/ar010094x
http://pubs.acs.org/doi/pdf/10.1021/ar010094x
http://pubs.acs.org/doi/pdf/10.1021/ar010094x
http://pubs.acs.org/doi/pdf/10.1021/ar010094x
http://pubs.acs.org/doi/pdf/10.1021/ar010094x
http://pubs.acs.org/doi/pdf/10.1021/ar010094x


ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ  

Mirkin  C.A. òProgramming the Assembly of Two- and Three-Dimensional Architectures with DNA and Nanoscale Inorganic Building 

Blocksó Inorg. Chem.,2000, 39 , 2258 -2272. 

ǵȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ ŭȐűȍȍȎȃǽȋȓŰȅȏ 

űȎȍɵȍɵȍȇȅȊǾȋȓȋ Ȋů  DNA ȋŭȋȍŰȓȊŭűȇŮȀȓȋ 
ȑȎȐŰȍȗ.  

ǵȗȋȆůŰȅ Ůȗȍ 

ŮȇŭŲȍȎůűȇȈȘȋ űȗɵȓȋ  
DNA-űȎȍɵȍɵȍȇȅȊǾȋȓȋ 
ŰȓȊŭűȇŮȀȓȋ Ȋů ȊůȃǾȆȅ 

30nm Ȉŭȇ 8nm. 

UVĬvis ŲǽŰȊŭ űȓȋ 

ȋŭȋȍŰȓȊŭűȇŮȀȓȋ ɵȎȇȋ  
(ȈȖȈȈȇȋȍ) Ȉŭȇ Ȋůűǽ  (Ȋɵȉů) űȅȋ 
ůɵŭȃȘȊůȋȅ ŭɵȖ űȍ DNA 

ŭȐűȍŮȖȊȅŰȅ. 

ŬȓűȍȃȎŭŲȀŭ űȓȋ ŮȇŭȉȐȊǽűȓȋ 

űȓȋ ȋŭȋȍŰȓȊŭűȇŮȀȓȋ ɵȎȇȋ  (ǧ) 
Ȉŭȇ  Ȋůűǽ  (Ǩ) űȅȋ ůɵŭȃȘȊůȋȅ 
ŭɵȖ űȍ DNA ŭȐűȍŮȖȊȅŰȅ. 

ǯůűǽ ŭɵȖ Ȋůȃǽȉȅ ɵǽȎȍŮȍ űȍȐ 
ȑȎȖȋȍȐ, ɵŭȎŭűȅȎůȀűŭȇ 

ȈŭȆȀȄȅŰȅ ɵȍȉȐȊůȎȘȋ (C).  

http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r


ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ  

Mirkin  C.A. òProgramming the Assembly of Two- and Three-Dimensional Architectures with DNA and Nanoscale Inorganic Building 

Blocksó Inorg. Chem.,2000, 39 , 2258 -2272. 

ǯȇȈȎȍȃȎŭŲǿȊŭűŭ TEM Űűŭ ɵȎȘȇȊŭ 

ŰűǽŮȇŭ űȅȏ ŭȐűȍȍȎȃǽȋȓŰȅȏ űȓȋ 
ȋŭȋȍŰȓȊŭűȇŮȀȓȋ.   

ǯȇȈȎȍȃȎŭŲǿȊŭűŭ TEM űȓȋ ŮȇȈűȗȓȋ  űȓȋ 

ŭȐűȍȍȎȃŭȋȓȊǾȋȓȋ ȋŭȋȍŰȓȊŭűȇŮȀȓȋ 

http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
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ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ  

Mirkin  C.A. òProgramming the Assembly of Two- and Three-Dimensional Architectures with DNA and Nanoscale Inorganic Building 

Blocksó Inorg. Chem.,2000, 39 , 2258 -2272. 

ǶȎȍɵȍɵȍȇȅȊǾȋŭ Ȋů DNǧ 

ȋŭȋȍŰȓȊŭűȀŮȇŭ: ǧȋȇȑȋůȐűǾȏ Ȉŭȇ 
ŰűȖȑȍȇ ȃȇŭ ȊůȉǾűůȏ ůȈȉůȈűȇȈȖűȅűŭȏ.   

ǧɵȉǿ ŭȋȀȑȋůȐŰȅ űȅȏ ȐȂȎȇŮȍɵȍȀȅŰȅȏ:  Ǿȋŭ 

ȊȇȈȎȍŰűŭȃȍȋȀŮȇȍ űȍȐ ŮȇŭȉȗȊŭűȍȏ űȓȋ 
ȋŭȋȍŰȓȊŭűȇŮȀȓȋ űȍɵȍȆůűůȀűŭȇ Űů ȊȀŭ 
ɵȉǽȈŭ  silica gel ŭȋűȀŰűȎȍŲȅȏ ŲǽŰȅȏ Ȉŭȇ 

ŮȀȋůȇ ȈȍȈȈȇȋȅ ȈȅȉȇŮŭ Ȗűŭȋ űŭ 
ȋŭȋȍŰȓȊŭűȀŮȇŭ Ůůȋ ůȀȋŭȇ ȐȂȎȇŮȇŰȊǾȋŭ Ȉŭȇ 

Ȋɵȉů Ȗűŭȋ ǾȑȍȐȋ ȐȂȎȇŮȇŰűůȀ.  

http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
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http://pubs.acs.org/doi/full/10.1021/ic991123r


ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ  

PCR-ɵȎȍȔȖȋ Ȉŭȇ ŭȉȉȅȉȍȐȑȀŭ ŭȋŭȃȋȘȎȇŰȅȏ űȅȏ ȋȖŰȍȐ 

űȍȐ ǽȋȆȎŭȈŭ.  

 

ǰȖŰȍȏ űȍȐ ǽȋȆȎŭȈŭ (Anthrax): ȍȌůȀŭ ůȊɵȗȎůűȅ ȋȖŰȍȏ 

űȓȋ ȆȅȉŭŰűȇȈȘȋ ɵȍȐ ɵȎȍȈŭȉůȀűŭȇ ŭɵȖ űȍ ȂŭȈűǿȎȇȍ 

Bacillus anthracis Ȉŭȇ ůȈŮȅȉȘȋůűŭȇ ŰȐȋǿȆȓȏ Ȋů 

ȆŭȋŭűȅŲȖȎȍ ŰȅȒŭȇȊȀŭ Űűȍȋ  ŭȋȆȎȘɵȍȐȏ Ȉŭȇ űŭ ȄȘŭ. 

ǷɵǽȎȑȍȐȋ ɵȉǾȍȋ ŭɵȍűůȉůŰȊŭűȇȈǽ ůȊȂȖȉȇŭ Ȉŭűǽ űȍȐ 

ǽȋȆȎŭȈŭ Ȉŭȇ ȍȎȇŰȊǾȋůȏ ȊȍȎŲǾȏ űȅȏ ȋȖŰȍȐ 

ŭȋűŭɵȍȈȎȀȋȍȋűŭȇ Ȉŭȉǽ Űűȅ ȆůȎŭɵůȀŭ Ȋů ŭȋűȇȂȇȍűȇȈǽ. 

Mirkin  C.A. òProgramming the Assembly of Two- and Three-Dimensional Architectures with DNA and Nanoscale Inorganic Building 

Blocksó Inorg. Chem.,2000, 39 , 2258 -2272. 

http://en.wikipedia.org/wiki/Anthrax
http://pubs.acs.org/doi/full/10.1021/ic991123r
http://pubs.acs.org/doi/full/10.1021/ic991123r
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ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ 

DPN ȋŭȋȍȉȇȆȍȃȎŭŲȀŭ ȈȗȂȍȐ Űů Au(111).  

 
ǭǽȆů ȃȎŭȊȊǿ ůȀȋŭȇ Ȋȇŭ ȊȍȋȍŰűȇȂǽŲŭ 
ŮůȈŭȍȈűŭȋȍȆůȇȖȉȅȏ.   

Mirkin  C.A. òProgramming the Assembly of Two- and Three-Dimensional Architectures with DNA and Nanoscale Inorganic Building 

Blocksó Inorg. Chem.,2000, 39 , 2258 -2272. 
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ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ 

ǭȍȐȈȀŮůȏ ŮȇŭȊǾűȎȍȐ 15 nm, űȍɵȍȆůűȅȊǾȋůȏ Űů 

ŭɵȖŰűŭŰȅ 5 nm ȊůűŭȌȗ űȍȐȏ ȃȇŭ űȍ ŰȑȅȊŭűȇŰȊȖ 
űȍȐ ȃȎǽȊȊŭűȍȏ  òNó Űů ȐɵȖŰűȎȓȊŭ Au(111). 

Mirkin  C.A. òProgramming the Assembly of Two- and Three-Dimensional Architectures with DNA and Nanoscale Inorganic Building 

Blocksó Inorg. Chem.,2000, 39 , 2258 -2272. 

http://pubs.acs.org/doi/full/10.1021/ic991123r
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ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ 

ǯȇȈȎȍȃȎŭŲǿȊŭűŭ SEM ȊȇȈȎȍŰŲŭȇȎȇŮȀȓȋ ŭɵȖ 

ȋŭȋȍŰȓȊŭűȀŮȇŭ (a) gold Ȉŭȇ (b) silica. ǲȇ 
ŰȐȃȑȓȋůȐȊǾȋůȏ ȊȇȈȎȍŰŲŭȀȎůȏ silica ŲŭȀȋȍȋűŭȇ Ȋů 
ȂǾȉȅ. ǭȉȇȊŭȈŭ= 1 Ȋm 

ǵȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ 

ŰȑȅȊŭűȇŰȊȍȗ ȋŭȋȍŰŲŭȇȎȇŮȀȓȋ ŭɵȖ 
ŰűŭȃȍȋȀŮȇŭ ȋůȎȍȗ ɵȍȐ ǾȑȍȐȋ 

ŮȇŭŰɵŭȎȆůȀ Űů űȍȉȍȐȖȉȇȍ. Ƕŭ ȂǾȉȅ 

ŭȋűȇȈŭűȍɵűȎȀȄȍȐȋ űȅ Ȏȍǿ ȋůȎȍȗ.  

Kulak, A., Davis, S. A., Dujardin, E., Mann S. Controlled Assembly of Nanoparticle-Containing Gold and Silica Microspheres and 

Silica/Gold Nanocomposite Spheroids with Complex Formó Chem. Mater., 15 (2), 528 -535, 2003. 

http://pubs.acs.org/doi/full/10.1021/cm021259e
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ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ 

SEM ȊȇȈȎȍȃȎŭŲȀŭ ȊȇȈȎȍŰŲŭȇȎȇŮȀȓȋ 

silica/ȑȎȐŰȍȗ ɵŭȎŭŰȈůȐŭŰȊǾȋȓȋ ŰűȍȐȏ  0 ÁC. 
ǭȉȀȊŭȈŭ= 1 Ȋm. 

TEM ȊȇȈȎȍȃȎŭŲǿȊŭűŭ  ȊȇȈȎȍŰŲŭȇȎȇŮȀȓȋ 

silica/ȑȎȐŰȍȗ ɵŭȎŭŰȈůȐŭŰȊǾȋȓȋ ŰűȍȐȏ  0 ÁC. (a) 
ǭȉȇȊŭȈŭ = 500 nm, (b) ȈȉȇȊŭȈŭ = 50 nm. 

Kulak, A., Davis, S. A., Dujardin, E., Mann S. Controlled Assembly of Nanoparticle-Containing Gold and Silica Microspheres and 

Silica/Gold Nanocomposite Spheroids with Complex Formó Chem. Mater., 15 (2), 528 -535, 2003. 
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ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ 

TEM ȊȇȈȎȍȃȎŭŲǿȊŭűŭ  ȊȇȈȎȍŰŲŭȇȎȇŮȀȓȋ silica/ȑȎȐŰȍȗ 

ɵŭȎŭŰȈůȐŭŰȊǾȋȓȋ ŰűȍȐȏ  0 ÁC ɵȍȐ ŮůȀȑȋȍȐȋ űȅ ŰȐȃȑȘȋůȐŰȅ Ȋů 
ȂǾȉȅ. ǭȉȇȊŭȈŭ = 1 Ȋm. 

ǫ ȐɵůȎǿȑȅŰȅ ȊȇȈȎȍȉȀűȎȓȋ 

ȐŮŭűȇȈȘȋ ŮȇŭȉȐȊǽűȓȋ  

ȈȍȉȉȍůȇŮȘȋ ŭɵȖ silica, ȑȎȐŰȖ, 

ǿ ȊůȀȃȊŭ silica/ȑȎȐŰȍȗ Űů 

űȍȉȍȐȖȉȇȍ ŭɵȍűůűůȀ Ǿȋŭȋ 
ůȗȈȍȉȍ űȎȖɵȍ ȃȇŭ űȅȋ 

ɵŭȎŭŰȈůȐǿ ȊȇȈȎȍŰŲŭȇȎȇŮȀȓȋ.   

Kulak, A., Davis, S. A., Dujardin, E., Mann S. Controlled Assembly of Nanoparticle-Containing Gold and Silica Microspheres and 

Silica/Gold Nanocomposite Spheroids with Complex Formó Chem. Mater., 15 (2), 528 -535, 2003. 
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ǵȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ űȅȏ ŰȑǾŰȅȏ ɵȍȐ ůȊŲŭȋȀȄůȇ ȅ ŮȇŭŰɵȍȎǽ űȓȋ 

ŰűŭȃȍȋȇŮȀȓȋ ȋůȎȍȗ Űűȍ űȍȉȍȐȖȉȇȍ Ȋů űȍȋ ŰȑȅȊŭűȇŰȊȖ ȊȇȈȎȍŰŲŭȇȎȇŮȀȓȋ Ȋů 

ɵůȎȀɵȉȍȈůȏ ŮȍȊǾȏ.  

Kulak, A., Davis, S. A., Dujardin, E., Mann S. Controlled Assembly of Nanoparticle-Containing Gold and Silica Microspheres and 

Silica/Gold Nanocomposite Spheroids with Complex Formó Chem. Mater., 15 (2), 528 -535, 2003. 

ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ 
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ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ 

Naka, K., Itoh, H., Chujo Y. Temperature-Dependent Reversible Self-Assembly of Gold Nanoparticles into Spherical 

Aggregates by Molecular Recognition between Pyrenyl and Dinitrophenyl  Units Langmuir, 2003, 19, 5496-5501. 

ǵȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ űȅȏ ȆůȎȊȇȈǽ 

ŭȋűȇŰűȎůɵűǿȏ ŭȐűȍȍȎȃǽȋȓŰȅȏ 

ȋŭȋȍŰȓȊŭűȇŮȀȓȋ ȊůűǽȉȉȍȐ Ȋů 

ŭȉȉȅȉůɵȇŮȎǽŰůȇȏ ȊůűŭŲȍȎǽȏ ŲȍȎűȀȍȐ.  

Ƕǩǯ Ȉŭȇ SEM ŰŲŭȇȎȇȈȘȋ ŮȍȊȘȋ űȎȍɵȍɵȍȇȅȊǾȋȓȋ Ȋů űȍ ȊȖȎȇȍ 1 

ȋŭȋȍŰȓȊŭűȇŮȀȓȋ ȑȎȐŰȍȗ.   
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ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ 

Spillmann, H.,Dmitriev, A., Lin, N., Messina, P., Barth, J. V., Kern K. Hierarchical Assembly of Two-Dimensional Homochiral 

Nanocavity Arrays J. Am. Chem. Soc., 2003, 125, 10725-10728. 

ǲȎȆȍȉȍȃȇȈȖȏ ŰȑůŮȇŭŰȊȖȏ ȋŭȋȍɵȍȎȘŮȓȋ 

ŮȇŮȇǽŰűŭűȓȋ ȐɵůȎȊȍȎȇŭȈȘȋ ŮȍȊȘȋ ȊǾŰȓ 
ȇůȎŭȎȑȇȈǿȏ ŭȐűȍȍȎȃǽȋȓŰȅȏ ȍȎȃŭȋȇȈȘȋ 
ȊȍȎȀȓȋ Ȉŭȇ Ȋůűǽȉȉȓȋ ȊůűǽɵűȓŰȅȏ Űů 

ůɵȇŲǽȋůȇůȏ.  
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ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ 

Khademhosseini, ǧ. et al., DNA-directed self-assembly of shape-controlled hydrogels, Nature Communications, 2013, 4, 

2275. 

a) ǵȑȅȊŭűȇȈǿ ɵůȎȇȃȎŭŲǿ űȅȏ 

ȈŭűŭŰůȈȐǿȏ űȓȋ ȈȗȂȓȋ ȐŮȎȍȃǾȉȅȏ ɵȍȐ 
ǾȑȍȐȋ űȎȍɵȍɵȍȇȅȆůȀ Ȋů ȊȖȎȇŭ DNA. 
ǩȇȈȖȋůȏ : Phase contrast (b,e), 

fluorescent (c,f) Ȉŭȇ SEM (d,g). 

(a) ǵȑȅȊŭűȇȈǿ ŭȋŭɵŭȎǽŰűŭŰȅ űȅȏ ůȉůȃȑȖȊůȋȅȏ 

ŭɵȖ DNA ɵȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅȏ ŭȐűȍȍȎȃǽȋȓŰȅȏ 
űȅȏ ȐŮȎȍȃǾȉȅȏ.   
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ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ 

Muller, ǧ. et al., Guided hierarchical co-assembly of soft patchy nanoparticles, Nature, 2013, 1-5. 

ǳŭȎŭŰȈůȐǿ Ȉŭȇ ŮȍȊǿ űȓȋ ȑŭȉŭȎȘȋ ȈȍȉȉȍůȇŮȘȋ 

ŰȐŰűŭűȇȈȘȋ (CBBs). 
 

ǳůȇȎŭȊŭűȇȈǿ ŮȇŭŮȇȈŭŰȀŭ 
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Muller, ǧ. et al., Guided hierarchical co-assembly of soft patchy nanoparticles, Nature, 2013, 1-5. 

ǩȌŭȎűȘȊůȋȅ ŭɵȖ űȍ ȊǾȃůȆȍȏ ɵȎȖŰŮůŰȅ űȅȏ 

ȐɵůȎȊȍȎȇŭȈǿȏ ȈȍȉȉȍůȇŮȍȗȏ ŭȉȐŰȀŮŭȏ.  

ǭŭȆȍŮȅȃȍȗȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ Űů ŮȇŭŲȍȎůűȇȈǽ 

ůɵȀɵůŮŭ ȇůȎŭȎȑȀŭȏ.   
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Muller, ǧ. et al., Guided hierarchical co-assembly of soft patchy nanoparticles, Nature, 2013, 1-5. 

ǭȍȉȉȍůȇŮǿ Ȉŭȇ ŰȑȅȊŭűȇŰȊȖȏ 2D-ŮȇȈűȗȍȐ Loading capacity 

ŰűŭȆůȎȖűȅűŭ 
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ǳȎȍȃȎŭȊȊŭűȇȄȖȊůȋȅ ŭȐűȍȍȎȃǽȋȓŰȅ 

ǭŭȆȍŮȅȃȍȗȊůȋȅ ȇůȎŭȎȑȇȈǿ ŭȐűȍȍȎȃǽȋȓŰȅ. 

Muller, ǧ. et al., Guided hierarchical co-assembly of soft patchy nanoparticles, Nature, 2013, 1-5. 


