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Abstract

In this thesis, we report the investigation of different electrolytes for next generation
energy storage devices using molecular dynamics (MD) simulations. Owing to the
safety concerns associated with conventional volatile and flammable electrolytes, sev-
eral new electrolytes are now being explored as their replacement. The electrolytes
studied here belong to different classes including ionic liquids, solvent-in-salt elec-
trolytes, and fluorinated solvent based electrolytes. These electrolytes exhibit proper-
ties such as a wide electrochemical window, non-volatility, high chemical and thermal
stability, and high ionic conductivity, which make them suitable candidate for energy
storage. These unique properties of these electrolytes have motivated us to explore the
molecular-level understanding of different processes occurring in batteries using them.
The liquid structures of some of these electrolytes have been reported in the past.
However, the studies on important battery processes such as electrolyte intercalation
and interfacial reactions, which are the focus of this thesis, are scarce in the literature.
Herein, we have thoroughly studied two important phenomena with regard to battery
performance. These are (i) intercalation of electrolyte species in to nanoscopic pores
on electrodes, and (ii) reductive stability of electrolyte constituents at the electrode

surface.

In the first part of the thesis, we have reported the intercalation/deintercalation
(capillary evaporation) behaviour of 1-ethyl-3-methylimidazolium tetrafluoroborate
(EmimBF}) ionic liquid and Li bis(trifluoromethanesulfonyl)imide (LiTFSI) water-in-
salt electrolytes (WiSE) in nanoscale carbon confinements. The effect of confinement
flexibility on the process of capillary evaporation of EmimBF, is explored through
enhanced MD simulations. The number density profiles and orientational order pa-

rameters are analysed to provide insight on the structural changes in the ionic liquid



confined between solvophobic carbon nanosheets. Next, the effect of electrolyte con-
centration and confinement separation on the intercalation/deintercalation behaviour
of LiTFSI WISE is explored. A detailed mechanism of the electrolyte deintercala-
tion from nanoscale graphite confinement is also provided through the analysis of free
energy profiles.

In the second part of the thesis, we have reported the density functional theory
(DFT) based MD simulation studies on the stability of electrolytes near Li metal
surface. DFT-MD studies have provided mechanistic insights on the initial solid elec-
trolyte interphase (SEI) formation in LiTFSI based superconcentrated electrolyte in
acetonitrile solvent. Time-dependent bond length and bond order variations along
with vibrational density of states were computed to validate the dissociation of dif-
ferent electrolyte species. The structure of the initial deposition of reduced species
at the Li metal surface have been examined through radial distribution function and
number density profiles. Finally, the investigation of reductive stability of fluorinated
and non-fluorinated ether solvent based dilute electrolytes near Li metal surface is
carried out using DFT-MD simulations. Overall, this thesis is a cohesive collection of
systematic investigations on the stability and structure of several electrolytes under

confinement and near Li metal surface.
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