
 

Plotting the exponential prefactors (F0) of  the IL family as a function of  N(T) T-1 produces a master curve. The master curve demonstrates that each member of  the family has the same underlying functional 

dependence in F0, verifying the postulates of  the CAF, and thus we are justified in canceling it out in the scaling procedure shown above. 
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Abstract  
 

 Application of  room-temperature ionic liquids (RTILs) is limited because the accepted 

empirical descriptions of  mass and charge transport do not provide a molecular level picture 

of  the mechanism governing transport.  

 The compensated Arrhenius formulism (CAF) is an alternative model that successfully 

describes mass and charge transport without empirical parameters.  

 The CAF uses an Arrhenius-like expression to model transport as a thermally activated 

process by incorporating the dipole density into the exponential prefactor.  

 The breadth of  the CAF is demonstrated with temperature dependent conductivity, fluidity 

(inverse viscosity), and self-diffusion of  alkyltrimethylammonium cation-based RTILs and 

pyrrolidinium cation-based RTILs, offering a comparison of  the different systems. 

Systems presented: 

 1-alkyl-1-methylpyrrolidinium bis(trifluoromethanesulfonyl)imide (CnMPYRR TFSI) 

where alkyl → propyl (3), butyl (4), hexyl (6), octyl (8)  

 Alkyltrimethylammonium bis(trifluoromethanesulfonyl)imide (TMxA-TFSI) data from  

Seki, et al.1 

where alkyl → propyl (P), butyl (B), pentyl (Pe), hexyl (H), octyl (O) 

Current Models of  Transport 

The Vogel-Tamman-Fulcher (VTF) equation and 

Williams-Landel-Ferry (WLF) equation offer little 

insight into the molecular behavior of  the system 

being described due to empirical fitting parameters. 

The compensated Arrhenius formalism (CAF) 

eliminates these parameters. 

VTF for viscosity  

 
 

WLF for conductivity  
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1)Mass transport is a thermally 

activated process that follows 

an Arrhenius-like expression 

2)Assume temperature 

dependence in exponential 

prefactor 

3)Temperature dependence in 

the exponential prefactor is 

due to the dielectric constant, 

εs (T) 

4)The dielectric constant, εs (T), 

is related to the dipole density 

through Onsager’s model2  

 Compensated Arrhenius Formalism 

 Postulates 

 Scaling Procedure to Determine Energies of  Activation 
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Shown below are the isothermal fluidities 

of  the pyrrolidiniums at 55°C. We choose 

the isothermal series that has a similar 

domain to the IL family member we are 

scaling—in this case, C6MPYRR TFSI. 

The functional form of  the isothermal 

series is defined as a reference curve. This 

is highlighted below. Additionally, the 

temperature of  the isothermal series is 

defined as the reference temperature, Tr. 

We then take the N(T) T-1 values of  the 

IL family member and project them onto 

the reference curve. By using the same  

N(T) T-1 values as the family member, we 

can calculate isothermal fluidity values at 

the reference temperature. We define 

these values as the reference fluidities, Fr.  

Assuming the exponential prefactors have 

the same functional form (verified below), 

we can now cancel them from our family 

member’s Arrhenius expression. This 

allows us to extract energies of  activation 

for that member, as we have controlled 

the functional dependence of  F0.  
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 Simple vs. Compensated 

By taking the natural logarithm of  just the 

experimental fluidities, we obtain an energy of  

activation associated with simple Arrhenius 

behavior. However, if  we use the scaling 

procedure (see left) the energies of  activation 

that we extract are noticeably larger. This 

difference is due to the polarization energy, 

which is taken into account by the compensated 

Arrhenius formalism.3 Thus, we are able to gain 

molecular level insight from the CAF that we 

could not gain from the VTF or WLF equations.  

 Verification of  Assumptions — The Master Curve 
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 Conclusion 

 The compensated Arrhenius formalism successfully describes temperature dependent transport in RTILs.  

 Intermolecular interactions of  pyrrolidinium cation-based ionic liquids and alkytrimethylammonium cation-based ionic liquids are similar, 

despite their differences in molecular geometry. 

 The exponential prefactors of  the two systems studied have a similar functional dependence. 
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The scaling procedure can be repeated 

for the entire family. The extracted 

activation energies are then averaged. 
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