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Quiz 1 Polymer Properties August 30, 2013 
 
1)  It is observed that a bubble in shampoo takes the shape of a teardrop.  Shampoo contains 
worm-like micelles that are long cylindrical structures about 10 µm in contour length (path 
length along the chain) and about 4 nm in diameter that are convoluted and subject to thermally 
driven motion similar to a polymer in solution.   

a) Explain why the bubble takes a tear drop shape rather than a spherical shape by 
sketching a drawing of the bubble and showing the forces acting on the bubble with 
arrows.  Explain the origin of these forces. 
b) A typical shampoo contains 30 volume percent worm-like micelles that display a Kuhn 
length of about 100 nm.  Calculate the size <R2>1/2 for a worm-like micelle. 
c)  Calculate the volume fraction within an isolated coil of a worm-like micelle (occupied 
cylinder volume/(coil volume)).  Comparing this with the shampoo volume fraction what 
can you say about the micelles? 
d)  If the concentration were reduced to below the isolated micelle concentration what 
shape would the bubbles take? 
e)  If the micelles were spherical micelles at 30 volume percent what shape would the 
bubbles take? 

 
2)  Polymers differ from metals and ceramics in that they are primarily defined by their dynamic 
behavior.  For polymers in the melt the viscosity shows shear thinning behavior when polymers 
are above the entanglement molecular weight.   

a)  Using a sketch and laminar flow (deck of cards flow) define the shear stress, rate of 
strain (velocity gradient) and viscosity.  Please make sure to indicate the relative 
directions of force, area, velocity and change in velocity. 
b)  Show a plot of log of viscosity versus log of shear rate (velocity gradient) for a 
polymer melt indicating the zero shear rate viscosity and the relaxation time (inverse 
shear rate characteristic of chain disentanglement). 
c)  How does the relaxation time change with molecular weight? 
d)  Show a plot of log of the zero shear rate viscosity versus molecular weight.  Indicate 
the entanglement molecular weight. 
e)  Show a plot of log of the zero shear rate viscosity versus concentration.  Indicate the 
overlap concentration.   
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ANSWERS:  Quiz 1 Polymer Properties August 30, 2013 
 
 
1) a) 

 
b)  The chains contain 104/102 = 100 Kuhn units = Nk.  <R2>1/2 = Nk

1/2 lk ~ 1µm. 
c)  Vcoil = 4/3 π R3 = 4.2 e 9 nm3.  Voccupied = πR2 L = 5.0 e 5 nm3.  So φv = 0.01%.  The micelles 
are highly overlapped and entangled at 30 %.   
d)  At extremely low concentration the bubbles would be spherical since the fluid would be 
Newtonian. 
e)  If the micelles were spherical the fluid would also be Newtonian and the bubbles would be 
spherical. 
 
2) a) 
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b) Zero shear rate viscosity is the plateau at low shear rate.  The time constant is the inverse of 
the shear rate where the viscosity begins to decay. 

 
 
c)  The relaxation time increases with increasing molecular weight so the decay in viscosity 
begins at lower shear rate for higher molecular weights. 
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d)  Entanglement molecular weight is the molecular weight where there is a transition in the 
power laws from 1 to 3.4 slope. 

 
 



	
   5	
  

e)  Overlape concentration is at the transition point between the two power law regimes. Power 
law 1 at low concentration and about 3 above the overlap concentration. 

 


