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Abstract

In this thesis, we report the responsiveness of the bulk and interfacial structure of
ionic liquids towards external stimuli using molecular dynamics simulations. Owing
to their peculiar and notable properties at ambient as well as extreme conditions,
ionic liquids are now utilized as promising alternative material in progressive energy
storage devices such as super-capacitors, Li- and Na-ion batteries, and dye-sensitized
solar cells along with tribological applications. Here, we have mainly focused on the
effect of high pressure and various confinements on the structure of ionic liquids. The
ionic liquids chosen for this purposes belong to the broader class of phosphonium,
pyrrolidinium, and quaternary ammonium cation-based ionic liquids. In most of the
work presented here, these cations are paired with bis(trifluoromethylsulfonyl)imide
anion. As ionic liquids can be tailored according to the requirements, these are known
as designer solvents, and understanding the effect of changing structural architecture
and molecular compositions is the driving motivation of this thesis. At ambient
conditions, ionic liquids consisting ions with longer alkyl tails are known to possess
nanoscale heterogeneity along with charge ordering. Herein, we have systematically
studied how these orderings respond to external stimuli. These stimuli can be broadly
classified as high pressure, confinement, temperature.

In the first domain, we report the pressure responsiveness of the microscopic structure
of the Pggq 1, and Pyrr; ¥ based ionic liquids under high pressure. For this purpose,
real space correlation functions along with total X-ray structure functions are
examined. To further understand the heterogeneity in the structure and contribution
of ionic moieties and their structural design, we used several methodologies to split the
total X-ray structure function into partial structure functions based on the polarity
and charge distribution on the ions. Conformational flexibility of the cationic tails
and anion is expressed in the microscopic structure of these ionic liquids with change
in pressure and is quantified in this thesis by exploring the dihedral distribution in
the ionic components.

In the next domain, we have extended our studies for exploring the effect of confine-
ment on the ionic arrangement in the interfacial region and electrostatic properties

of the ionic liquids. Interfacial layering of the ions is investigated by looking at the



average number and charge (ionic and subionic) densities along the reference (z)
axis. For orientational details at the molecular level, we examined the average atomic
number density profiles along with the orientational order parameter profiles. Insights
gained for interfacial structural orientation were properly employed to examine the
electrostatic properties such as electric field, electrostatic potential, and differential
capacitance. Bin-wise charge density is utilized to interpret the screening and

over—screening tendencies of the ions.
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