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Physics 850: Soft Condensed Matter Physics, Fall04 
A.D. Dinsmore 

Lecture 7: Dynamics of individual particles in solvent – the Langevin Equation 
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(near melting 
point, at least) 

if it’s 
if it’s 
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Shear viscosity and surface tension (w/vacuum) of various Liquids at 20oC 
 (http://www.science.uwaterloo.ca/~cchieh/cact/c123/liquid.html)

Common 
liquid  

Viscosity 
/cP  

Surface tension 
/N m-1  

Diethyl ether  0.233  0.0728  
Chloroform  0.58  0.0271  
Benzene  0.652  0.0289  
Carbon 
tetracholoride 0.969  0.0270  

Water  1.002  0.0728  
Ethanol  1.200  0.0228  
Mercury  1.554  0.436  

Olive oil  84  -  
Castor oil  986  -  

Glycerol  1490  0.0634  
Glasses  very large -  

Gallium    1.9      (at 53oC, ~ 20o above m.p.) 
       (from CRC Handbook) 
H2 gas    0.009  (at 1 atmo pressure, from CRC) 
         

Witten’s argument does 
not apply because 20oC is 
the m.p., so energy scale 
can be >> kBT.  (glycerol 
does not actually freeze at 
this T, but that is a kinetic 
matter) 

Witten’s argument 
does work here, well 
above m.p., even 
though it’s a metal. 

gas is 
expected to 
have much 
smaller η. 

Approx. 
exponential change 
(note log scale) 

Poise, P = cgs unit  
(dyne• s/cm2) 
 
1 cP (centi-Poise) = 0.01 P 
 
1 mPa•s = 1 cP 

(>1013) 

20 40 60 80 100

1

10

100

1000 (data from http://www.engineersedge.com/fluid_flow/fluid_data.htm)

Water

Castor oil
Viscosity vs. Temperature

(data from U. Waterloo, 
http://www.science.uwaterloo.ca/~cchieh/cact/c123/liquid.html

V
is

co
si

ty
 (m

Pa
 s

)

Temperature (C)



A.D.D. Phys 850 9/04 4 

 



A.D.D. Phys 850 9/04 5 

 



A.D.D. Phys 850 9/04 6 

 



A.D.D. Phys 850 9/04 7 

 
 

Measuring Diffusion using Video Microscopy 
Crocker and Grier, J. Colloid Interface Sci. 179, 298 (1996). 

 
 
 

Small offset here from centroid measurement resolution,  
δ ~ (0.015 µm)2. 
 
Slope = 4D (in two dimensions) à D = 0.46 ± 0.01 µm2/s, 
in agreement with Stokes-Einstein value. 

image of two spheres: 

Data for an isolated sphere,  
R = 0.498 µm 

<< Rayleigh limit!  0.001 µm precision in center of 
mass of a particle of known shape is feasible 
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