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Improved Chem/Bio Protection Clothing for Military Personnel by Probing 
Nanoscale Structure in Block Copolymers 
U.S. Army Research Office  (8/15/07 to 7/14/08) 
K. I. Winey (PI) 
 
 
1. Statement of the Problem 
 
 Kraton Polymers has recently introduced a new block copolymer that contains a 
sulfonated polystyrene block.  These materials have been designed and have 
demonstrated remarkable transport properties that are of considerable interest to the U.S. 
Army for chem/bio protective clothing.  Our goal was to provide morphological 
characterization of these new materials to facilitate their production into membranes and 
to provide structure-property correlations.  
 Our works involves two aspects.  We characterize pentablock suspensions, which 
have micellar morphologies, as a function of wt% solids, various solvents, and level of 
sulfonation.  Here our work is providing both quality control of the suspensions and 
correlations with suspension viscosity to optimize membrane production.  The 
characterization of the pentablock membranes is aimed at identifying the block 
copolymer morphology to provide a fundamental understanding of the structure-property 
relationships in these materials.  Dr. Nathan Schneider has neutralized these membranes 
with metal cations to further enhance their potential for applications in chem/bio 
protection and our morphological studies have readily extended to these materials. 
 
2. Summary of the Most Important Results 
 
 Pentablock Copolymers:  The following pentablock copolymer has been 
synthesized by Kraton Polymers of Houston, TX.  The midblock of this pentablock 
copolymer was subsequently sulfonated such that the ion exchange contents (IEC) are 0.4 
to 2.0 mmol/g.  These novel materials are now being commercialized by Kraton 
Polymers. 
 

 
 
 
 Pentablock Copolymer Suspensions:  To facilitate the preparation of films, 
suspensions of pentablock copolymers are prepared in mixed solvent, wherein one of the 
solvents is typically cyclohexane.  Film casting requires careful control of viscosity and is 

TBS HEP PS TBS HEP

TBS –     Poly(tert. butyl styrene)                 
HEP –     Hydrogenated Poly(ethylene-co-propylene)  
PS –     Polystyrene  

17vol% 13vol%         40vol%           13vol%        17 vol% 



further enhanced by increasing the percent solids.  X-ray scattering of these solutions 
reveals the expected micellar morphology (left figure; data – black dots).  The Kinning-
Thomas model was used to fit the data (left figure; model – red lines) and provides a 
measure the micelle size (right figure; R – core, Rca – core and corona) and the number 
density of aggregates.  The values for R and Rca are found to increase significantly with 
IEC.  This is accompanied by a decrease in the number of micelles per unit volume.  We 
understand this finding by noting that as the level of sulfonation increases (IEC 
increasing) the interactions between the sulfonated polystyrene core and the endblocks 
and solvents become more unfavorable.  These unfavorable interactions stretch the 
pentablock chains to minimize contact with area per junction point in the micelles.  
Stretching the pentablock copolymer also increases R and Rca as the level of sulfonation 
increases. 
 

 
 
 
 Pentablock Copolymer Membranes:  X-ray scattering data show that the 
unsulfonated pentablock copolymers (IEC = 0 mmol/g) have a well-ordered microphase 
separated morphology.  There are three well-defined scattering peaks, but the peak ratios 
do not readily correspond to any of the typical diblock copolymer morphologies.  Upon 
sulfonation (IEC = 0.4 to 1.0 mmol/g), the first scattering peak becomes broader and the 
higher order reflections are lost.  Thus, we conclude that sulfonation disturbs, but does 
not destroy the microphase separated morphology in the pentablock copolymer.  
Furthermore, the position of the first scattering peak remains constant indicating that the 
periodicity of the morphology is independent of sulfonation level. 
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 When block copolymers are solvent cast into films, the microphase separated 
morphology is often anisotropic.  For example, lamellae-forming diblock copolymers 
typically have anisotropic diffraction patterns when the X-rays are directed toward the 
sample in an edge-on orientation and signify that the lamellae preferentially lie in the 
plane of the film.  In these pentablock copolymers, the anisotropic scattering patterns 
collected in the edge-on orientation are quite intriguing showing both peak intensity 
variations as a function of azimuthal angle and the maximum in the scattering vector 
changes.  In other words, the edge on scattering pattern is a spotty oval rather than the 
more typical spotty circle.  The oval scattering pattern means that the periodicity of the 
microphase separate morphology differs in the plan and through the plan.  Specifically, in 
the plane the first scattering peak corresponds to ~ 29 nm (along the x and y directions) 
and through the plan the periodicity is only ~ 21 nm (along the z axis).  This intriguing 
morphology is under further investigation. 
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