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Spinodal Decomposition Lab 
 

The phase diagram for a polymer-polymer blend is shown in figure 1.  The miscible 
region is in the center.  At higher temperatures phase separation is observed.  Within the two-
phase region, deep quenches or quenches near the critical point lead to spinodal decomposition 
with spontaneous phase separation in the absence of nucleating sites while shallow quenches 
away from the critical composition lead to nucleation and growth of phases in a metastable 
regime requiring nucleation sites.  Nucleation and growth is characterized by spherical domains 
that form on dust particles.  Spinodal decomposition is characterized by a web-like structure that 
forms on random concentration fluctuations.  Since spinodal decomposition depends on the 
depth of quench and the rate of transport, the spacing of the domains display a preferred distance, 
the longest distance being limited by diffusion and the shortest distance by the miscibility 
following Kahn-Hilliard theory.  Kahn-Hilliard theory was developed for metals but can only be 
clearly observed in systems with small diffusion coefficients, particularly polymeric systems.  
Polyvinylmethylether (PVME) blended with polystyrene (PS) is the main polymer blend which 
has been studied.  PVME/PS displays LSCT phase separation. 
 

 
Figure 1.  Schematic of a phase diagram for a polymer blend displaying LCST and UCST 
behavior with a miscibility gap.  Generally, only an LSCT or a UCST are observed.  For 
PVME/PS an LSCT is observed with phase separation on heating which is typical for a polymer 
blend with specific interactions. 
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ri is the degree of polymerization of the polymer component “i”, fi is the volume fraction of 
component “i”. 

The first derivative of equation 4.8 with respect to composition is 0 at the binodal or 
cloud point curve in Figure 1.  The second derivative of equation 4.8 is 0 at the spinodal curve.  
The third derivative is equal to 0 at the critical point where the binodal and spinodal curves meet.  
Measurement of the cloud point (binodal) and knowledge of the composition, temperature, and 
degree of polymerizations allow a calculation of the interaction parameter.  Once the interaction 
parameter is determined at one cloud point, the cloud point, spinodal curves at any composition 
and temperature can be determined using equation 4.8 and c = zDe/(kT).   

The following approach will be used in this lab: 
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This can also be found in the Richard Jones notes from Sheffield on the web notes. 
 
The lab will involve: 
 
1) Determination of one cloud point for a PVME/PS blend. 
2) Measurement of light scattering patterns as a function of time for a blend of PVME/PS in the 

spinodal regime. 
3) Duplication of plots from figures 3 to 8 above.   
4) Calculation of R0 in equation 4 and use of this value to determine the translational diffusion 

coefficient, Dc, and the quench depth (c ratio). 
5) Make an optical micrograph of the spinodally decomposed sample to show the network 

structure. 
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Questions: 
1) Why is it difficult to observe spinodal decomposition in metals, why is it easy to observe in 

polymers? 
2) Explain in words the difference between phase growth in the nucleation and growth regime 

and in the spinodal regime. 
3) Explain in words and with a cartoon what a concentration fluctuation is.  How do 

concentration fluctuations relate to the spinodal structure? 
4) Include answers to the quiz questions in the report. 


