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Traditional Approach:    
A-B Diblock Copolymer to 

Organize A and B Homopolymers
A Phase B PhaseA Phase B Phase

~10% diblock copolymer is required to 
organize two homopolymers with Nh / 
NA-B = 0.2 (predicted by Broseta and 
Fredrickson, J. Chem. Phys: 93, 2927.)
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A-Block C-Block

A Phase B Phase

A-Block C-Block

Our Design: A-C Surfactants 
Analogous to Oil / Water /          

Non-Ionic Surfactant System

Megan L. Ruegg1, Benedict J. Reynolds1,2, Min Y. Lin4, David J. Lohse4, Nitash P. Balsara1,3

1Department of Chemical Engineering, University of California, Berkeley, California 94720
2Earth Science Division, Lawrence Berkeley National Laboratory, University of California, Berkeley, California 94720

3Materials Sciences Division and Environmental Energy Technologies Division, Lawrence Berkeley National Laboratory, University of California, Berkeley, California 94720
4ExxonMobil Research and Engineering, Annandale, New Jersey 08801

-0.006

-0.004

-0.002

0

0.002

0.004

0.006

0.008

0.002 0.0024 0.0028 0.0032

χ
AB

χ
AC

χ
BC

χ

1/T (1/K)

-0.006

-0.004

-0.002

0

0.002

0.004

0.006

0.008

0.002 0.0024 0.0028 0.0032

χ
AB

χ
AC

χ
BC

χ

1/T (1/K)

A/B/A-C Polymer Blend Components

Component B: Polyisobutylene [PIB]

n

Tg ≈ -60oC

Component B: Polyisobutylene [PIB]

nn

Tg ≈ -60oC

NA = 464, NB = 437      
χABNave = 2.3              

NA-C = 1507-1266

89% 11%

Component A: Saturated polybutadiene
with 89% 1,2-addition (random copolymer) 
[sPB89]

Tg ≈ -30oC
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Random Phase Approximation Self-Consistent Field Theory
Homogeneous 
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Contrast:

Structure factor in the absence of interactions:

Include the effect of interactions:

Random walk in a field:
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 ς  is chosen to be a sufficiently large value to ensure 
that the blend is essentially incompressible. 
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Partition function of part of chain from 0 to s:

Partition function of entire chain:
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Initially guess φm(z), and calculate the fields.  New φm(z) 
and fields are calculated.  Continue until convergence.  
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Comparing RPA calculations with SANS data
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Domain Spacing from Theory and Experiment
(• SANS, – – SCFT, ― RPA)
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Only 2% diblock copolymer! 
(with a higher molecular weight)

Minimizing the Diblock 
Copolymer Concentration

Lamellar phase → Microemulsion →
Macrophase Separation

•Polymeric A-C surfactants were 
designed for the organization of 
immiscible A and B homopolymers.

•SCFT and RPA were used to 
predict the phase behavior and 
domain spacing in the A/B/A-C 
blends.

•Theoretical predictions for the 
domain spacing were often within 
5% of the experimental values.  

•Immiscible A and B homopolymers 
were organized with only 2 and 5% 
of the diblock copolymer in the 
blend. 

Component A-C: Block A is the same as component A, block C has 63% 1,2-
addition (random copolymer) [sPB89-b-sPB63]
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Scattering intensity predicted from RPA with 
no adjustable parameters (solid lines).  
Dotted lines indicate fitting one χ parameter.  


