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Problem
• Lithium primary power sources are a commonly used 

power source 

• Safety concerns exist with these power sources. 

• Power source with similar/increased electrochemical 
performance (as compared to commercial) and 
increased safety important

• Control over fabrication and build parameters

• Proposed solution offers potential for double the run 
time for equivalent weight and volumes.



Introduction

• Boron-based anion receptor (“ABA”) improves electrolyte conductivity in
primary/thermal batteries,  Li-air batteries by coordinating to F- and O2

-

• (Also helps rechargeable LIB via effect on interfaces, SEI …)

• CFx batteries – no PF6
-, conductivity all due to dissolved LiF, anion receptor key

• focus on CFx, but modeling insight (specific solvent
effects) applicable to other batteries 



Method

• G09 (cluster), VASP (LiF solid)

• DFT/PBE0

• dielectric continuum solvent for G09

• different types of solvation models (see below)

• 2032 coin cell, 3:7 EC/EMC, 1.0 M ABA, 

• 1.0 M LiF added, filtered using 2 m pore



Previous modeling work 



ABA we consider here

ABAO ABAM ABAE

ABA12 ABATABA21

• Many have multiple C6F5 e- -withrdrawing
groups -- bad for electrolyte viscosity

• (ABA15, not shown, is ABA12 with H -> F)



Gas Phase & “dielectric solvation” results ABA + F- -> ABA-F-



But boron binds to solvent: specific solvent effect

1. Purely implicit (so far)

3.  Purely explicit (best, costliest)

2. Mixed implicit + explicit (henceforth)
solvent compete with F- for B-site

o recall:

Not used here, in future



Survey of other solvent molecules gives similar trend

• DMSO binds exceptionally strongly to boron site

• Confirmed by X-ray scattering of ABAO-DMSO
complexes when DMSO used in synthesis not
removed in addition purification step



From ABA-F binding constants to LiF solubility

LiF free energy: -10.1 eV

ABAO/EC : 43.3 M 
ABAM/EC : 0.94 M

solubility systematically by 10x
estimated, trends more accurante

• Measured conductivity ABAO > ABAM > ABA15,
in agreement with DFT rankings



Digression: LiF solubility in EC absence of AAB 

• when ABA is absent, LiF “dissolves”
as ionic aggregates, not Li+ and F-

>

Predicted solubility

• LiF predicted to be almost insoluble in ABA15

• any solubility likely due to intrinsic LiF (no ABA)

• What is intrinsic LiF solubility in EC (ignore cosovlent)?

• Li+ + F- (well-separated ions)
solubility predicted to miniscule

see also:

• Measured LiF solubility depends on
filtration pore size – consistent with
ionic aggregate formation



Conclusions

• Anion receptors (ABA) needed to improve LiF solubility for CFx batteries

• Specific solvent effect important

• ABAO (simple oxalate-based receptor) as good as more bulky ABAs

• In absence of ABA’s, LiF dissolves as ionic aggregates; expt. depend on pore size



Supporting slides



Specific solvent effect reduces selectivity, especially for ABAT

If we don’t use explicit solvent –
binding constant off by 1025


