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ABSTRACT 

 

Recent studies have explored the use of sulfonated co-block polymers for desalination 

applications. Use of these types of films would make the sensitivity issues of current films used 

commercially for desalination trivial. The objectives of this thesis were to 1) begin exploring 

polystyrene-block-polybutadiene-block-polystyrene (SBS) as an option for desalination 

applications while pursuing ways to optimize SBS via hydrogenation and sulfonation reactions 

and 2) compare the performance of similar sulfonated membranes via their ion exchange 

capacity and water uptake values. This thesis contains some of the first kinetic data for the 

hydrogenation of SBS and a discussion on decoupling ion exchange capacity and water uptake 

values by independently controlling the degree of sulfonation and degree of crosslinking in the 

styrene-blocks and butadiene block of SBS, respectively.  
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Chapter 1  
 

Introduction 

Fresh water is a vital resource for the modern world. It has abundant industrial, 

agricultural, and domestic uses. For industrial purposes, fresh water is needed for dilution, steam 

generation, washing, and cooling of equipment and product. In agriculture, fresh water is 

essential for irrigation and domestically it is used for drinking, cleaning, and cooking. Fresh 

water is essential for multiple facets of modern life, and this is further reflected by a four-fold 

increase in global fresh water consumption over the past 100 years.1 To keep up with this 

increased demand, the number of fresh water desalination plants has been increasing fairly 

rapidly to over 15,000 operational plants in 2020. Over half of these plants can be found in the 

Middle East and Northern Africa where fresh water can be scarce, but sea water is abundant. The 

majority of these desalination facilities employ membrane technologies and reverse osmosis 

(RO) to achieve the required separation.2 

Chemical separations account for approximately 10-15% of the world’s energy 

consumption.3 Proper care must be taken when performing a separation method to ensure that the 

most efficient process is being utilized for the task. A 2015 study by the US Department of 

Energy estimated that developing and employing more efficient separation methods could reduce 

CO2 emissions by 100 million tons per year and reduce energy costs by $4 billion annually.4 A 

thermodynamic minimum energy requirement for converting sea water into potable water has 

been estimated to be approximately 1 kWhr-m3. Comparing the energy requirements of two 

different common separation methods to this minimum shows a clear winner for desalination. An 
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optimized distillation process will require approximately 50 times more energy than the 

minimum, but membrane desalination uses only approximately 25% more energy than the 

thermodynamic minimum.5 This reasoning supports why the majority of desalination plants 

utilize membrane technology.  

Despite their clear energy advantage, membrane technologies still experience their own 

problems that need to be addressed. Current commercial membranes have difficulty dealing with 

pollutants commonly found in water which can lead to corrosion, scaling, or biofilm formation 

on the surface of the membrane.6 Also, a permeability/selectivity tradeoff has been observed. A 

membrane with a larger permeability, i.e. the amount of water that can be filtered in a given 

amount of time, tends to produce a less pure product and membranes that are highly selective 

and produce ultra-pure water tend to do so at extremely slow rates.7,8 It is for this reason that 

desalination plants tend to be large and costly.  

Currently, there are two main options for commercially available membranes for RO 

purposes, cellulose acetate (CA) and aromatic polyamides (PA). Of the two, PA’s are more 

robust. CA’s are much more susceptible to microbial attacks, becoming compacted at high 

pressures and temperatures, and are only viable for a fairly narrow pH range. PA’s on the other 

hand have better transport properties at high pressures and can function over a wider pH range. 

The downside to PA’s are that they are highly susceptible to oxidizing agents, including aqueous 

chlorine. If a PA membrane is being used for RO, sea water must be treated with chlorine to 

prevent the formation of biofilms on the membrane surface, then the water must be dechlorinated 

before coming into contact with the PA membrane, then after the sea water has been desalinated 

it is treated with chlorine again before being distributed.9  
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A viable choice for the next generation of RO membranes are polysulfones (PS). PS films 

offer similar resistances to PA’s, but with an added resistance to aqueous chlorine. PS 

membranes and sulfonated membranes in general have been shown to be capable of selective ion 

transport. Xie et. al. demonstrated selective ion transport using disulfonated poly (arylene ether 

sulfone) random copolymers (BPS) and Geise et. al. showed similar results using a sulfonated 

pentablock polymer.10,11   

 The objectives of this work was to: 1) begin exploring Polystyrene-block-polybutadiene-

block-polystyrene (SBS) as an option for desalination applications while pursuing ways to 

optimize SBS for this purpose via controlled hydrogenation and sulfonation reactions and 2) 

compare the performance of SBS to other sulfonated membranes via their ion exchange capacity 

and water uptake values.  
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Chapter 2  

 

Materials and Methods 

 2.1 Polymers 

Polystyrene-block-polybutadiene-block-polystyrene (SBS) was acquired from Sigma-

Aldrich with 30 wt.% styrene and an average molecular weight of 140,000 grams per mole 

(determined by GPC) and containing less than 0.5 wt.% antioxidant to prevent the oxidation of 

the double bonds found within the butadiene-block. Sulfonated Polyether Sulfone Resin (BPS) 

was acquired from Akron Polymer Systems (Akron, OH). Sulfonated pentablock copolymer 

membranes were acquired from Kraton Performance Polymers, Inc (Houston, TX). 

2.2 Hydrogenation Reaction of SBS 

SBS was partially hydrogenated to control the amount of double bonds present in the 

butadiene-block of the polymer. The remaining double bonds will result crosslinking of the 

membrane in the sulfonation step later on, so control over the number of these bonds also allows 

for control over the degree of crosslinking. 20 grams of SBS and 1 gram of butylated 

hydroxytoluene (99%, BHT) were dissolved in 700 mL of o-xylene and stirred overnight to 

ensure the polymer was fully dissolved. The BHT acts as an inhibitor to prevent oxidation in 

ambient air. The solution was then purged with nitrogen and heated to 123 ℃ in an oil bath with 

a circulated water condenser at 16 ℃ connected to the reaction vessel. A well-mixed slurry of 

99.38 g p-toluenesulfonyl hydrazide (p-TSH), 300 mL o-xylene, and 100.2 mL tri-propylamine 

(TPA) was heated to 90 ℃ and quickly added to the reaction vessel. The oil bath temperature 
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was immediately reduced to 120 ℃ and the reaction was allowed to proceed for a specified 

amount of time depending on the targeted degree of hydrogenation. The contents of the reaction 

vessel were then quenched in 4 L of chilled methanol and stirred for 5 hours. A proposed 

mechanism for the hydrogenation reaction is shown in Figure 1.  

 

Figure 1. Proposed mechanism for the hydrogenation of SBS. 

 

The resulting polymer was then vacuum filtered and dissolved in 500 mL of o-xylene at 

70 ℃ until the solution was homogenous to redistribute any unreacted reagents before being 

chilled in methanol again. This washing step was conducted twice before the hydrogenated SBS 

sample was dried under hard vacuum at 90 ℃ for 12 hours. Hydrogenated SBS samples were 

then stored in air-tight jars below 0 ℃.  

 2.3 1H NMR Characterization of Hydrogenated SBS 

1H NMR spectra were collected on a NANO-2 400MHz instrument. 1,1,2,2-

tetrachloroethane-d2 (C2D2Cl4) was used as NMR solvent and tetramethylsilane (TMS) as the 

internal standard chemical shift reference. A similar method described by Xicohtencatl-Serrano 

et. al. and Guan et. al. was used to determine the degree of hydrogenation of SBS samples after 
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the hydrogenation reaction.12,13  The chemical shifts  (ppm) from 6.3-7.4 (aromatic, benzene), 

5.1-5.9 (olefinic, 1,2 and 1,4 butadiene), 4.9-5.1 (olefinic, 1,2 butadiene), and 0.5-2.5 (aliphatic) 

were used in these calculations.  

2.4 Glass Plate Preparation for SBS Film Casting 

A surface that minimizes interactions with the polymer being cast and that allows for 

easy removal of the newly-cast membrane from the surface is essential. To achieve both of these 

criteria for SBS casting, the following procedure was adapted from the work of Szkop, et. al.14 

Large glass plates acquired from Chem-glass were soaked in an acid bath for 30 minutes 

followed by a base bath for another 30 minutes to remove any residual oils from the glass 

processing. The base bath also converts end groups on the surface of the glass to hydroxyl 

groups, which is required for the silane reaction described later. The plates were rinsed with 

ultra-pure water and methanol before being dried. The large glass plate was set on Teflon 

supports and submerged in 1 liter of acrylonitrile. 36.76 grams of imidazole powder was stirred 

into the solution to act as a catalyst.15 Trimethylchlorosilane (TMCS) was then dispersed into the 

solution and the temperature was raised to 45 ℃ and stirred for 1 hour, after which the Teflon 

supports were removed and the solution was stirred for an additional 2 hours. The glass plate was 

then removed from the solution and rinsed with ultra-pure water and methanol before being dried 

in an oven. Once dry, the edges of the plate were taped with Digi-key RF tape to form a barrier 

higher than the desired membrane thickness. The described procedure was necessary only for 

SBS casting, BPS was cast after the plate was dried from the base bath.  
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2.5 Film Casting 

Casting of SBS and BPS films follow the same procedure with the exception of solvent 

choice and plate preparation. For BPS casting, dimethylacetamide was chosen as the solvent and 

o-xylene was the solvent used for SBS casting. A 10 wt% solution was prepared since this 

concentration tends to provide a low enough viscosity for the solution to evenly spread over the 

casting plate. The solution was stirred for 24 hours or until the polymer was completely 

dissolved. While stirring, the previously prepared casting plate was placed on a stand in a 

vacuum oven and leveled to ensure a consistent film thickness. When the polymer solution was 

completely dissolved and all gas bubbles were removed, the solution was gently poured and 

spread evenly onto the casting plate. The oven was then heated to 80 ℃ for 24 hours to remove 

any temperature history in the polymer. The temperature in the oven was then increased to 110 

℃ and once the temperature was stable a soft vacuum was pulled. After all condensation in the 

oven cleared, hard vacuum was pulled for 48 hours. The oven was then returned to ambient 

temperatures. The edges of the membrane were cut free and the casting plate was submerged in 

ultra-pure water until the film detached from the plate. The ultra-pure water was replaced twice 

daily to ensure any residual solvent was removed from the membrane.  

2.6 Sulfonation Reaction of SBS Film 

The ion-exchange capacity of the hydrogenated SBS film can be controlled via the 

sulfonation reaction by adding a sulfone functional group onto the benzene rings located in the 

polystyrene block. The hydrogenated SBS film is clamped between two Teflon rings so that it 

remains uniform and unwrinkled throughout the reaction. The clamped film was then submerged 
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in 250 mL of 1,2-dichloroethane (DCE) and the solution was stirred at 40 ℃ with a nitrogen 

purge to remove any oxygen from the system. Oxygen in the reaction vessel would cause chain 

scission through a side reaction, so any other materials added to the reaction vessel at any point 

were purged with nitrogen for at least 20 minutes before addition. The sulfonation agent was 

prepared, as described by Navarro et. al., with 13.3 mL of acetic anhydride, 40 mL DCE, and 4.4 

mL sulfuric acid.16 The sulfonation agent was then added to the reaction vessel via addition 

funnel. The reaction mechanism is shown below: 

 

Figure 2.17 Proposed mechanism for the sulfonation reaction described.  

 

After the desired reaction duration, 20 mL of methanol was used to terminate the 

reaction. The reaction time can be adjusted to result in a higher or lower ion-exchange capacity. 

After the reaction was quenched, the film was submerged in ultra-pure water to remove any 

excess reagent. The water was changed several times until the pH after soaking fell in the range 

of 5.8 to 6.2, the normal pH of ultra-pure water.  
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2.7 Water Uptake Measurement  

Water uptake is a measure of the maximum amount of water that a film can hold. To 

determine the water uptake of a polymer film, 7/8-inch diameter circular coupons of a given film 

were punched out using a die. The coupons were submerged in ultra-pure water for at least 2 

hours to ensure the membrane was saturated for wet mass measurements. For films with known 

diffusivity data, the required time to soak is equal to fifty times the characteristic time, tc. The 

characteristic time can be calculated as 𝑡𝑐 = 𝑙2 𝐷𝑤⁄  where l is the film thickness and Dw is the 

water diffusivity of the membrane. Since diffusivity data is not readily available for the custom 

membranes prepared for this study, the wet mass was compared when films were soaked for 2 

hours versus 12 hours and any difference was found to be negligible if not the same value 

altogether.  

After soaking for sufficient time, films were taken from solution and had excess water on 

the surface dabbed off before a mass was taken. This was done in less than 30 seconds to prevent 

water evaporating from the film before the mass was taken. After a measurement, the film was 

re-submerged and two more wet masses were recorded to verify the actual mass. After these 

measurements, the films were placed under hard vacuum at 50 ℃ to obtain the dry mass of the 

film. The time in the vacuum oven to completely dry the film was arbitrarily chosen as 2 hours. 

This time was again compared to 12 hours of drying and negligible to no difference was found. 

Once sufficiently dry, the film was removed from the oven and weighed in less than 30 seconds 

to prevent moisture from the ambient air from influencing the measurement. Once the sample 

was weighed, it was placed back into the vacuum oven and this measurement was repeated two 

more times to verify the dry mass. Both the dry and wet mass measurements were repeated twice 
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for verification. The average masses can then be used to calculate the water uptake, wu, using the 

equation below: 

Equation 1 

 

2.8 Ion Exchange Capacity Measurement  

Ion exchange capacity (IEC) is used to quantify the number of charged functional groups 

in a polymer film in units of mmol per gram of dry polymer. For accurate IEC measurements, the 

films being characterized must be in their acid form, meaning that all counter ions for the sulfone 

functional group must be hydrogen ions as opposed to another cation. These hydrogen counter-

ions will be used to quantify the number of functional groups via the pH change once desorbed 

into a water.  

The acid form film was cut into 7/8-inch diameter circular coupons and dried in a 

vacuum oven to obtain their dry mass. The coupons were then submerged into ultra-pure water 

until they were saturated. The same considerations were taken from the water uptake 

measurements for determining when the coupons were completely dry or saturated in water. 

Once saturated, the membranes were removed from the ultra-pure water, had any excess water 

on their surface dabbed off and submerged in 80 mL of 1M sodium chloride solution. The 

coupons were submerged for at least 24 hours to ensure that all hydrogen counter-ions in the film 

were replaced with sodium counter-ions. After 24 hours, the coupons were removed from the salt 

solution and the resulting solution was titrated back to a pH of 6.5-7.0 using a 0.1 M sodium 

hydroxide solution. pH readings were taken with a Mettler Toledo SD50. The hydroxide reacts 
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with the hydrogen anions 1-1 to form water, so the amount of hydroxide ions required to 

neutralize the solution is equivalent to the amount of hydrogen cations desorbed from the film. 

Using this relation, the IEC can be calculated using the equation below: 

Equation 2 

 

where CNaOH is the concentration of the titrant, VNaOH is the volume of titrant required to 

neutralize the salt solution, and mdry is the dry mass of the film in its acid form.  
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Chapter 3  
 

Results and Discussion 

3.1 Hydrogenated SBS 

Thirteen samples with varying reaction times were prepared to characterize the 

hydrogenation reaction previously described. The reaction time was recorded as the average of 

when the quench was started and when the quench was finished. The difference between these 

two times was typically less than thirty seconds. Table 1 shows a summary of each sample with 

their corresponding reaction time.  

Table 1. Hydrogenated SBS samples named with their corresponding reaction time. 

Sample  

Reaction 

time (min) 

HSBS0 0 

HSBS5 5 

HSBS10 10 

HSBS15 15 

HSBS20 20 

HSBS25 25 

HSBS30 30 

HSBS35 35 

HSBS50 50 

HSBS80 80 
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HSBS120 120 

HSBS180 180 

HSBS240 240 

3.2 1H NMR Characterization of HSBS Samples 

Each HSBS sample prepared was characterized via 1H NMR as previously described in 

the methods section. The spectra for HSBS50 and HSBS30 are shown in Figure 3, below: 

 

 

Figure 3. H NMR spectra of HSBS50 and HSBS30 

  

At increased reaction times, the olefinic peaks, B and C, decrease and the aliphatic peaks, 

D, increase. The peak at 1.4 ppm corresponding to HSBS50 is much larger than the same peak 

corresponding to HSBS30, resulting in a larger integration value in the aliphatic region for the 

sample with the longer reaction time. This is attributed to the saturation of the double-bonds 
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found in the butadiene-block of SBS. A summary of how many protons each microstructure 

found in HSBS contributes to each region of the spectra is summarized in Table 2.  

Table 2. Number of protons each microstructure contributes to each region identified on 

the NMR spectra. 

Microstructure 

A  

(6.3-7.4 

ppm) 

C 

(4.9-5.1 

ppm) 

B 

(5.1-5.7 

ppm) 

D 

(0.5-2.5 

ppm) 

Styrene 
5 -- -- 3 

1,2-vinyl 
-- 2 1 3 

1,4-butadiene 
-- -- 2 4 

Hydrogenated 

butadiene 

-- -- -- 8 

 

The total number of protons contributing to the area under the curve of each specified 

region can be determined using the values shown in Table 2 with the total number of each 

repeating unit corresponding to a specific microstructure.  

Equation 3 

 

Equation 4 

 

Equation 5 

 

Equation 6 
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where Ms is the total number of polystyrene units, M1,4 is the total number of units of 

both cis and trans 1,4-butadiene units, M1,2 is the total number of units of 1,2-vinyl found in the 

butadiene block, and Mh is the total number of hydrogenated units from the butadiene block. The 

number of each repeating unit was determined using the molecular weight and weight percent 

styrene reported by Sigma Aldrich using the equation shown below: 

Equation 7 

 

where MWSBS is the molecular weight of SBS, 140,000 g/mol, wt%S is the weight percent 

styrene in SBS, 30%, and MWS is the molecular weight of one styrene unit, 104.15 g/mol. The 

MS value from Equation 7 can be used to determine the number of units of 1,2-polyvinyl, MV12, 

and 1,4-polybutadiene, MB14: 

Equation 8 

 

Equation 9 

 

where A is the integral from 6.3-7.4 ppm, C is the integral from 4.9-5.1 ppm, and B is the 

integral from 5.1-5.7 ppm from the corresponding 1H NMR spectra. These equations use the 

known Ms value to establish the amount that a single proton adds to the resulting integral value. 

Using the integral values determined from running NMR and the number of protons that each 

microstructure contributes to each region of the NMR shown in Table (2), the number of 
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repeating units present was calculated. Equations 8 and 9 can be used to determine the number of 

units that were hydrogenated, Mh: 

Equation 10 

 

Using the values determined from equations 8, 9, and 10 the degree of hydrogenation, 

DoH, was calculated: 

Equation 11 

 

The DoH was determined for every HSBS sample and the results are summarized in 

Figure 4: 
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Figure 4. Degree of Hydrogenation versus reaction time 

 

Figure 4 shows that that hydrogenation reaction approached 100% conversion of the 

double bond found in the butadiene block after approximately 50 minutes. Figure 4 can be 

referenced to determine the required reaction time to achieve a target DoH of SBS. This will 

allow for control over the degree of crosslinking in later steps as a higher DoH results in a lower 

degree of crosslinking. Control over the degree of crosslinking allows for control over the 

rigidity and flexibility of the of the film and can affect its ion transport properties.  
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3.3 Sulfonation Reaction of 100% Hydrogenated SBS 

 Four samples were prepared with varying reaction times to characterize the sulfonation 

reaction previously described. All four samples were 100% hydrogenated before being cast and 

sulfonated. Table 3 shows a summary of each sample with their corresponding reaction time. 

Table 3. Summary of sulfonated 100% hydrogenated SBS samples prepared with 

corresponding reaction time. 

Sample name  

Reaction 

time (min) 

S-SBS0 0 

S-SBS30 30 

S-SBS60 60 

S-SBS240 240 

 

100% hydrogenated samples experience the lowest possible degree of crosslinking for an 

SBS film sample. It is reasonable to assume that different degrees of crosslinking in the 

butadiene block will affect the rate that styrene in the styrene-block will be sulfonated, since the 

increased crosslinking will restrict the film network and decrease the amount of reagent that can 

sorb into the film initially. Similar studies at the same sulfonation reaction times but at varying 

degrees of hydrogenation should be conducted for reliable characterization over range of 

hydrogenation levels.  

3.4 IEC Characterization of Sulfonated Films 

Using the procedure previously outlined, IEC characterization of the sulfonated film 

samples was carried out and is summarized in Figure 5. 
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Figure 5. IEC versus sulfonation reaction time. 

 

As the reaction time increases, more sulfone groups are able to attach to styrene in the 

styrene block of the polymer, increasing the number of functional groups in the film and 

increases the number of protons that could be released into solution during IEC characterization. 

The highest recorded IEC is approximately 1.8  0.08 mmol per gram of dry film. A typical 

maximum IEC for films used in aqueous solutions is approximately 2 mmol per gram of dry 

film. This is typically the point where a film will become hydrophilic enough that it will dissolve 

in water. The maximum IEC recorded for this experiment is below this desired upper limit. 
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3.5 Water Uptake of S-SBS Films 

Per the previously described procedure, the water uptake was characterized for each of 

the four sulfonated membrane samples; a representative sample of each of these measurements is 

shown in Figure 6.  

 

Figure 6. Sample of wet and dry mass measurements versus time. 

 

The difference in dry mass between the four samples can be explained by a combination 

of difference in film thickness and the mass added via the sulfone functional groups during 

sulfonation. The dry film thickness of each sample shown in Figure 6 is 104.2 m, 111.6 m, 
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118.4 m, and 113.2 m for samples S-SBS0, S-SBS30, S-SBS60, and S-SBS240, respectively. 

The three samples with the smaller ion-exchange capacities have dry mass magnitudes ordered in 

correspondence to their dry thickness, however, the film with the highest IEC, S-SBS240, has a 

larger dry thickness than S-SBS60, which has a larger film thickness. The increases number of 

sulfone groups in S-SBS240 is likely the cause of this upset.  

The water uptake values of each film were plotted over their IEC as seen in Figure 7, 

below: 

 

Figure 7. Water uptake versus IEC for 100% hydrogenated SBS films. 

 

At the lowest IEC, no water is sorbed into the fully hydrogenated SBS film. This suggests 

that both the styrene-block and hydrogenated butadiene-block are very hydrophobic as all water 

is rejected from the film. As IEC increases, so does water uptake. The addition of the charged 
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functional groups into the styrene block of the film increases the hydrophilicity of the block 

which creates a driving force for water to sorb into the film. Since only the styrene-block 

participates in sulfonation, it is reasonable to assume that no water is sorbed into the 

hydrogenated butadiene-block and the any permeation through the film would occur through the 

sulfonated styrene-block. 

3.6 Other Films Characterized 

A variety of other films with sulfone functional groups were characterized to determine if 

the procedures followed would align with literature values for previously characterized films. 

BPS films and penta-block copolymer films characterized for this thesis were comparable to 

Table 4. Name, structure, water uptake, and IEC values of other sulfonated films that were 

studied. 
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literature values.10,11 The name, structure, and characterized IEC and water uptake values of 

other sulfonated films are summarized in Table 4. 

The H and K seen on BPS samples correspond to the counter-ion present on the sulfone 

functional group at the time of water uptake measurements. BPS-35 with no H or K was 

characterized as received and was determined to have a combination of H and K counter-ions. It 

was found that having larger counter-ions reduced the water uptake of the film. B-74 in Table 4 

is a 0% hydrogenated, 0% sulfonated, 100% crosslinked SBS film and shows similar properties 

to S-SBS0. Generally, as IEC increases between the different films, the water uptake also 

increases, despite the difference in polymer structure. However, the comparison of MD-9151 and 

mTPSA is of note and shown in Figure 8, below: 

 

Figure 8. MD-9151 and mTPSA water uptake comparison. 

 

As seen in Figure 8, MD-9151 and mTPSA have very similar IEC values but there is a 

substantial difference between their water uptake values. A hypothesis of why this occurs is 

related to the rigidity of their backbone structures. The backbone of mTPSA consists of three 
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phenol rings which is much more restrictive than the backbone of MD-9151. This increased 

rigidity increases the elastic resisting force for water sorption into the film.   
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Chapter 4  
 

Conclusion 

This  thesis provides the first set of kinetic data for the hydrolysis and sulfonation of SBS 

along with a seemingly reliable method for determining the DoH for a polymer with a known 

MW and known initial composition. IEC and water uptake characterization values for previously 

studied sulfonated films was reproduced and the same methods were used for the 

characterization of 100% hydrogenated SBS samples at four different degrees of sulfonation.10,13 

The four H-SBS samples showed how increasing the number of charged functional groups in a 

film has a direct effect on water uptake of said film. The H-SBS0 sample also demonstrated that 

essentially no water will sorb into either block of an SBS film without the addition of some 

charged functional group. Since the charged functional group only exists in the styrene-block of 

the film, it can be assumed that only the styrene-block contains water and that the hydrophobic 

butadiene-block remains water-free. Comparison of MD-9151 and mTPSA shows how films 

with a similar amount of charged functional groups can have varying water uptakes due to 

increased rigidity in the film structure.  

For future work, kinetics of the sulfonation reaction could be determined at different 

degrees of hydrogenation. The kinetics may be different due to increased rigidity in the film from 

a higher level of crosslinking in the butadiene-block. Using the degree of crosslinking in the 

butadiene block, the water uptake could be varied for the same IEC value. This would essentially 

decouple these variables and allow for the study of IEC or water uptake on the transport 

properties of a film independently from one another. 
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