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for discovering that methods 
developed for studying order 
phenomena in simple systems can 
be generalized to more complex 
forms of matter, in particular to 
liquid crystals and polymers.

   



“Have	
  fun	
  on	
  sea	
  and	
  land	
  

Unhappy	
  it	
  is	
  to	
  become	
  famous	
  

Riches,	
  honors,	
  false	
  gli;ers	
  of	
  this	
  world	
  

All	
  is	
  but	
  soap	
  bubbles”	
  

Nobel Lecture, December 9, 1991 
by 
PIERRE-GILLES DE GENNES 



The	
  master	
  of	
  analogies	
  

http://nobelprize.org/nobel_prizes/physics/laureates/1991/illpres/master.html 



     
What do they look like? .......
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ϒ≅	
  U/(2a2)	
  

U≅	
  kT	
  ≅	
  25	
  meV	
  for	
  oils	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ≅	
  1	
  eV	
  for	
  Hg 



Langmuir : 1961 
“Principle of Independent Surface Action” 

Each part of a molecule possess a local surface free energy. 
(equivalent to surface tension) 

Fowkes: 1960 

Surface tension resides in the surface monolayer, although in  
some systems it has been demonstrated to have contribution  

from second or third layers. 



Unit of Surface tension : force / length  
 = force * length / length * length 
 = energy / area 

Surface energy density 

In liquid, normally we use the term surface tension 
while in solid, surface energy density  

Liquid/vapor interface: surface tension 

Liquid/solid interface: surface tension or surface energy density 





Water beading on a leaf  







Surface tension prevents a coin from sinking: the coin is indisputably  
denser than water, so it cannot be floating due to buoyancy alone. 



PTFE is often used to coat non-stick frying pans as it is not  
water-wettable and possesses fairly high heat resistance.  



Minimal surface  



A soap bubble balances surface tension forces against internal  
pneumatic pressure  





Vapor 

Liquid 

Interface? 

Courtesy of Prof. CC Huang @ U. Minnesota 



H2O: 
γ = 73 mN/m 

Courtesy of Prof. CC Huang @ U. Minnesota 



Wilhelmy plate technique 

Balance to measure F 

Telescope, measure 
height of the meniscus: I  
and angle of meniscus: θ	



ϒ 

Courtesy of Prof. CC Huang @ U. Minnesota 



Pedant drop apparatus 

Drop of polystyrene 

Pendant drop technique 

Shape of the drop       surface tension 

Courtesy of Prof. CC Huang @ U. Minnesota 



Pendant drop 

Electrospinning 

Under a high electric 
Electro-static energy 
> Surface tension 

Nano-fibers 
on collector 

Narayan 



Vapor 

Liquid 

Fowkes: 
Surface  
monolayer? 

Langmuir: 
Local  
surface  
energy of  
each 
molecule 

Courtesy of Prof. CC Huang @ U. Minnesota 



The advantage of free-standing liquid crystal films for  
 studying the molecular origin of surface tension 

Schematic of the molecular arrangement in  
a two-layer liquid-crystal free-standing film in SmA phase 

Molecular arrangement at the air/film interface is well defined 

Fowkes: 
Surface  
monolayer? 

Langmuir: 
Local surface 
energy of  
each molecule 

Courtesy of Prof. CC Huang @ U. Minnesota 



Fig. a) Schematic drawing of SmA phase;  

        b) preparation of a free standing film 

Smectic liquid crystals: layered structure 

Free standing films: 
    a) easy to get film of uniform thickness 
    b) smectic layers parallel to film plate 
    c) no substrate involved 
    d) two air-liquid crystal interfaces 
    e) controlled thickness 

Free-standing film: experimental geometry 

Courtesy of Prof. CC Huang @ U. Minnesota 
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Free-standing film: experimental geometry 

Courtesy of Prof. CC Huang @ U. Minnesota 



Flexible–string tensiometer, side view 

Courtesy of Prof. CC Huang @ U. Minnesota 



Flexible–string tensiometer, front view 

Flexible string:  
suture used in the  
eye surgery, about 
40 µm in diameter 

Smooth V-groves 

Courtesy of Prof. CC Huang @ U. Minnesota 



Photographic pictures of the flexible string 

Without a film With a film on the right hand side 

Great care requires 
to minimize the  
size of the meniscus, 
i.e., additional  
material on  
the string 
or the edges 

2 * γ * R = M * g + ff 

Courtesy of Prof. CC Huang @ U. Minnesota 



Film tension as a function of film thickness 

P. Pieranski et al. Physics A 194, 364 (1993) 









Capillary Force 

Force/length or  
Energy/area 







Small puddles of water on a smooth clean (hydrophilic) 
surface have perceptible thickness.  

	
  	
  To	
  wet	
  or	
  not	
  to	
  wet?	
  	
  	
  



	
  	
  To	
  wet	
  or	
  not	
  to	
  wet?	
  	
  	
  













Transport	
  to	
  a	
  surface	
  via	
  a	
  water	
  meniscus.	
  	
  

Dip-­‐Pen	
  Nanolithography	
  	
  

D. Piner,et al., Science, 1999, 283, 661–63.   



Dip-­‐Pen	
  Nanolithography	
  	
  

Mirkin group at NWU 

As	
  soon	
  as	
  I	
  men8on	
  this,	
  people	
  tell	
  me	
  about	
  
miniaturiza8on,	
  and	
  how	
  far	
  it	
  has	
  progressed	
  
today.	
  They	
  tell	
  me	
  about	
  electric	
  motors	
  that	
  are	
  
the	
  size	
  of	
  the	
  nail	
  on	
  your	
  small	
  finger.	
  And	
  there	
  
is	
  a	
  device	
  on	
  the	
  market,	
  they	
  tell	
  me,	
  by	
  which	
  
you	
  can	
  write	
  the	
  Lord's	
  Prayer	
  on	
  the	
  head	
  of	
  a	
  
pin.	
  But	
  that's	
  nothing;	
  that's	
  the	
  most	
  primi8ve,	
  
hal8ng	
  step	
  in	
  the	
  direc8on	
  I	
  intend	
  to	
  discuss.	
  It	
  
is	
  a	
  staggeringly	
  small	
  world	
  that	
  is	
  below.	
  In	
  the	
  
year	
  2000,	
  when	
  they	
  look	
  back	
  at	
  this	
  age,	
  they	
  
will	
  wonder	
  why	
  it	
  was	
  not	
  un8l	
  the	
  year	
  1960	
  
that	
  anybody	
  began	
  seriously	
  to	
  move	
  in	
  this	
  
direc8on.	
  

There's Plenty of Room at the Bottom 
An Invitation to Enter a New Field of Physics 
(Richard P. Feynman, 1960) 

http://www.zyvex.com/nanotech/feynman.html 




