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• polyelectrolyte systems covalently bound anion and 

therefore suppressed mobility of the anion 

• overall conductivity = Li+ conductivity  

• no concentration polarization effects expected  

• full exchange of proton conducting sulfonated 

poly(phenylene sulfone)s (Mw ~ 150kg/mol) with 

alkaline ions (LiOHaq)  

• subsequent solvation with aprotic polar solvents 

sulfonated poly(phenylene)sulfones[2-4]  

• sulfonic acid groups covalently bound to phenyl rings 

• very high local density of superacidic anions 

• strong -M effect of sulfone links 

• polymer backbone less sensitive towards electrophilic 

attack 

Conductivity 
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solvent ε DN AN 

DMSO 47.2 29.8 19.3 

H2O 80.3 18 54.8 

EC 89.8 16.4 - 

PC 64.9 15.1 18.3 

CHCl3 2.2 0 23.1 

chloroform 
 S220Li 
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• clue for obtaining high Li+- conductivity: very high local density of superacidic anions 

• moderate solvating properties of aprotic solvents leave significant residual ionic interaction 

between functional group and counterion as evidenced by low degrees of dissociation (still 

space for optimization) 

• solvation and dissociation not only controlled by the solvent’s dielectric constant 

• influence of specific chemical interactions between solvent, cation, anion and backbone  

• solvent mixtures provide an additional degree of freedom for identifying these interactions 

• potential to replace salt containing liquid battery electrolytes 

• solvated polyelectrolytes combine: high selectivity and high value of conductivity    
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1H-Solvent and 7Li Tracer Diffusion (PFG-NMR) 

Solvent Mixtures 
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PC EC 

addition of SiO2 nanoparticles 

 

 

• strong  increase of viscosity  

• only slight decrease in conductivity  

PBI-OO S220Li blends 

 

 

• ionic crosslinks between S220Li and PBI-OO 

• no dissolution in DMSO – stable membrane 

• low DMSO uptake (λ ~ 4-6) 

• decrease in ionic conductivity (~ 10-5 S/cm)   

conductivity of  different backbones, solvents, functional 

groups, ion exchange capacities and counterions[5] 

comparison between  

σ and σD 

 

 

 

true single-ion 

conductor  

• high dielectric constant of  EC and PC does not lead  to dissolution of polyelectrolytes  

• mixtures of EC, PC and CHCl3 with DMSO show lower conductivity than pure DMSO 
 

• polyelectrolytes solvated with DMSO/water mixtures show nonlinear conductivity and 

diffusion behaviour  

• evidence for  preferential solvation  and higher dissociation but also reduced diffusion as 

a result of solvent/solvent interactions  PVPA 
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S220Li solvated with DMSO 

λ = 10 ~ 15% 

λ = 20 ~ 20% 

 
 

concentration dependent (amount of solvent) 

conductivity of sulfonated poly(phenylen)sulfones 

additional degree of freedom - preferential solvation and solvent/solvent interactions 

Dsolv.Li+   DDMSO 

Electrolytes in lithium-ion-batteries are commonly solutions of salts in aprotic polar solvents. Ionic 

conductivity in these systems has large contribution from anion mobility, while the lithium-ion 

transference number is generally smaller than 0.5. Especially for high-drain battery applications this 

can lead to concentration polarization effects[1] in porous electrode structures and therefore decrease 

the electrical performance. Single-ion conducting polyelectrolyte systems can overcome this problem 

by covalently binding the anions and therefore suppressing their mobility. This high selectivity going .. 

along with high values of conductivity makes them a promising electrolyte for battery applications. 

Here the influence of the kind of solvent (solvation energy, coordination number and in particular 

specific (chemical) interactions) on the charge carrier formation and mobility are examined. In 

addition, not only the ionic conductivities but also the coupling of the ionic motion to the solvent 

dynamics is studied. Examples will be given for different solvated polyelectrolytes with lithium-single 

ion conductivities approaching these of salt-containing liquid electrolytes.  
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