Microscopic Behavior of Battery
Electrolytes through Molecular
Dynamics Simulations

~

0 DOE

Shehan Parmar

DOE Computational Science Graduate Fellow
McDaniel Research Group

SIAM 2025, MS88

Fort Worth, Texas
March 4th, 2025

CSGF
N

/ ( vie= Georgia
/ ==L Tech




Battery
Electrolytes

SMP et al. J. Phys. Chem. B 2025, In Prep.

Material Discovery

Molecular
Dynamics

High-
throughput
e S g

[CeMIm]* [TFSIT [EoAT*

n - DCAJ -
[BMIm]* it [NO,I [PAI

ho @ = Y [PFol { ?

[EMIm]*

HCOOJ

[MMIm]* [MA]*

1) Static properties

SMP et al. J. Phys. Chem. B 2023, 127, 40, 8616—-8633
SMP et al. J. Phys. Chem. B 2024, 128, 45, 11313-11327

SMP et al. J Electr Propuls 2025, In Review.




Battery
Electrolytes

SMP et al. J. Phys. Chem. B 2025, In Prep.

Material Discovery

High- Molecular

Athroughput Dynamics

1” 4%

[TFSI]

Yy

{MMim]"

2) Trans port properties

\ 3) Energetic proper_ties/

5

‘ SMP et al. J. Phys. Chem. B2023, 127, 40, 8616-8633
SMP et al. J Electr Propuls 2025, In Review. & SMP et al. J. Phys. Chem. B2024, 128, 45, 11313-11327



Motivation: Li-ion Batteries (LiB)
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Motivation: Li-ion Batteries (LiB)
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Motivation: Li-ion Batteries (LiB)
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lonic liquids are candidate alternatives.
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What are lonic Liquids? « Room temperature molten salts

 Strong Coulombic attraction -2
large cohesive energies
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lonic Liquid Tunability
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lonic Liquid Tunability
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lonic Liquid Tunability

Viscosity [cP]
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lonic Liquid Tunability
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lonic Liquid Tunability
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Project

The Materials Project by the numbers
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“Harnessing the power of supercomputing and state-of-the-art methods, the Materials Project
provides open web-based access to computed information on known and predicted materials as
well as powerful analysis tools to inspire and design novel materials.”




The Materials Project has led to the discovery of...
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Computational High- throughput Screenlng for lonic Liquids
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[N;2ssl[TFSI]: A Liquid Crystal?
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[N;2ssl[TFSI]: A Liquid Crystal?
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[N;2ssl[TFSI]: A Liquid Crystal?
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[N,geel[TFSI] Simulation Setup

IN1888] [TSFI]

» Software: OpenMM

> Force Field: SAPT-based ab initio
FF

> Conditions:

»1600 ion pairs @ 300 — 500 K
»NPT ensemble equilibration (~1 ys

SMP et al. J. Phys. Chem. B 2024, 128, 45, 11313-11327
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Experiments & Simulation

Experiments by Dr. Changwoo Do, ORNL Experiments from Pott and Méléard, 2009

35000

)

=~ 30000

ba

< 25000

10~

20000

15000

10000

SNN * VZ/kBT

i=1

N
pn(k) = z bi"ete: pn(k) = z fi(kyet T
i=1



Summary: Bulk Phase Behavior of [N,gg0][TFSI]
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Conclusions

Summary:

* High-throughput screening
workflow spots unique ionic
iquid candidates for battery
applications

» Bulk-phase structure consists of
three domains (polarity, charge,
& adjacency)

Future Work:
» Understand solid/liquid interface

* Develop design principles for
ionic liquid electrolytes
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