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121214    Final Polymer Properties 
6 questions 4 pages 

 
 
 
 
 
 
 
 
1)  We often refer to a Gaussian chain when discussing a polymer in the theta-state. 

a) What is the Gaussian function and how does it relate to a polymer in the theta-state?   
b) Show how the Gaussian function can be used to determine the most probable chain 
end-to-end distance.   
c)  How can the Gaussian function be used to calculate <R2>?  (Just outline the method to 
solve for <R2> using the Gaussian probability.) 
d)  Show how the Gaussian probability can be used to quantify the energy associated with 
extension of a theta-chain. 
e)  Obtain an expression for the spring constant for a theta-chain. 

 
 
 
 
 
 
 
2)  In a computer simulation it was found that the Kuhn length is 1 for a random walk but is 1.2 

for a chain that does not take a back step and is 1.4 for a chain with fixed bond angle. 
a)  Show that the absence of a back step leads to lk = 1.22. 
b) Show that a restricted bond angle of 109º leads to lk = 1.4. 
c)  Experimental measurement for polyethylene finds C∞ = 6.7.  What is lk? 
d)  Why is this value for lk larger than 1.4 l0? 
e)  Do you expect Cn for polyethylene (finite molecular weight) to be larger or smaller 
than 6.7?  Why? 
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3) The following plot (left) shows the behavior of Rg (and Rh) as a function of temperature for 
polystyrene in cyclohexane.  The plot to the right shows a schematic phase diagram of a 
polymer solution displaying UCST behavior near the overlap concentration, c*. 

 
Figure 1.    (a)           (b) 
a)  At what composition on the right plot would the behavior seen in the left plot be 
observed?  Why. 
b)  How would the left plot differ if a concentration to the right side of the right plot were 
used?  
c)  Define c*. 
d)  At the lowest concentrations on the right plot the phase boundary is physically not 
achievable.  Explain what happens to the right plot at very low concentrations if c* is 
accounted for. 
e)  Explain why the theta temperature is the critical point (critical temperature) for an 
infinite molecular weight polymer.  At what composition does the critical point for an 
infinite molecular weight polymer occur?  In the context of c* is it possible to achieve 
this critical point? 

 
4)  a) Write the Flory-Huggins expression and explain what it describes, i.e. “the … free energy 

of mixing for … per … and per …”. 
b) Explain how the chemical potential for the solvent in a polymer solvent mixture can be 
obtained from this expression. 
c) For a mixture of two polymers of the same molecular weight, N, what is the value of 
the critical interaction parameter?  Why does this differ from the critical interaction 
parameter for a high molecular weight polymer in a solvent (1/2)? 
d) Sketch a plot of the Flory Huggins equation as a function of concentration for chi 
below the critical chi, chi at the critical chi and chi above the critical chi. 
e) For the plot with chi above the critical chi show where the meta-stable region is and 
explain why it is meta-stable. 
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5) 
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6) 
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ANSWERS:   121214    Final Polymer Properties 
 
1)  a)  The Gaussian function is P(R) = Kexp(-3R2/(2nklk

2)).  In the theta-state the chain adopts a 
Gaussian conformation displaying a mass fractal dimension of 2.  
 
b)  The most probable end-to-end distance, R*, can be obtained by taking the derivative of 
d(R2P(R))/dR which yeilds (R*)2 = 2/3 nl2 for the Gaussian distribution function.  The most 
probable end-to-end distance also scales with n1/2 so it reflects a 2-dimensional chain. 
 

c)  R2 =
R2P R( )dR

−∞

∞

∫

P R( )dR
−∞

∞

∫
. 

 
d)  The entropy can be obtained from S = ln(P(R)) ~ -3R2/(2nklk

2) and the chain energy can be 
obtained from E = -kBT S = 3 kBT R2/(2nklk

2) for chains with no enthalpic interactions (athermal 
chains).   
 
e)  For extension the change in energy, dE,  with estension is equal to the applied force, F, times 
the change in end-to-end distance, dR, dE/dR = F = (3 kBT/(nklk

2)) R = kspr R. 
  
2)  a) 

 
 
b)  Use same approach as in (a) replacing 1/(z-1) with cos(71º).  The final equation is 
nb2(1+cos(71º)/(1-cos(71º))) = 2 nb2.  So beff = 1.4 b. 
 
c) lk = 1.54 Å* 6.7 = 10.3 Å. 
 
d)  It is larger due to bond rotation restrictions and higher order restrictions to chain flexibility.   
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e)  Cn should be smaller due to end group effects that serve to reduce persistence due to a higher 
degree of flexibility for chain ends.  In class we suggested an end-group functionality, 
1
Cn

=
1
C∞

−
2K
Mn

. 

 
3)  a) The left plot is for a single coil going through the collapse transition.  This occurs at 
concentrations below the overlap concentration and presumably below the critical composition 
(peak value on the miscibility limit curve in figure 1) b.  So the behavior would be seen to the far 
left of the right plot.    
 
b)  In more concentrated conditions the coils would overlap (above c*) so that interactions would 
be screened at large scales.  This means that a different mechanism for coil collapse would be 
observed.  At large scales the coils would be in the theta state at all temperatures, at small scales 
we would observe coil collapse.  The situation would be complex.  On reaching the miscibility 
limit the system would separate into two distinct phases with the less dense phase on the top, like 
oil and water.  
 
c)  c* is the concentration where polymer coils (or other structures) just begin to overlap.  It is 
the mass of the molecule divided by the volume of the molecule z/R3.  For a mass fractal object z 
~ Rdf so c* = z/R3 ~ z1-3/df. 
 
d)  Below c* the coil can not be diluted further since it maintains a concentration of c* within the 
coil.  Under these conditions the miscibility limit is frozen at the c* value and the phase diagram 
would have a horizontal line to lower concentrations.  That is, coil collapse would happen at the 
same temperature for all compositions more dilute than c*.   
 
e)  The critical point on the phase diagram follows . 

 
so as N => ∞ Tc => θ and Φc => 0.  It is not possible to reach this critical concentration since we 
are limited to concentrations above c*.  However, as we approach N => ∞, c* => 0 so in the limit 
of an infinite chain we can reach this critical composition. 
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4) a) The Flory Huggins equation 

 
b)  

 
c) In general, the critical interaction parameter is given by,  
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 χCritical =
NA

1
2 + NB

1
2( )2

2NANB

 

If NA = NB = N, for a symmetric blend,  

χCritical =
4N
2N 2 =

2
N

 

If NA = 1 for a solvent and NB is large then, 

χCritical =
NB

2NB

=
1
2

 

d) Critical chi is 2 in plot below. 

 
e)  In the plot below, the meta-stable region is between the circle and square.  In this region for 
small fluctuations in composition the system is stable since the curve is a smile (positive 
curvature) and the upward fluctuation always contributes more positive free energy than the 
downward fluctuation.  For large fluctuations that over come the central peak all fluctuations 
decompose.  So if a large enough nucleation site is present the system will phase separate but for 
small fluctuations the system is stable. 
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5) 
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6) 

 


