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Abstract

In this thesis, we report the effect of external factors such as dilution, temperature,
and electric field on the molecular level structural arrangement and dynamics of bio-
compatible ionic liquids by employing all-atom molecular dynamics (MD) simulations.
Recent studies have shown that biocompatibility, biodegradability, and toxicity are
major issues with the conventional ionic liquids (ILs) such as imidazolium and pyri-
dinium cation, and fluoride anion based ILs. Most of these ILs are soluble in water
which possesses threat to aquatic organisms. They inhibit enzymes and therefore de-
creases their activity. It is also shown that cations impose higher toxicity than anion
and an increase in the length of alkyl chain increases the toxicity effect of the cation.
These major issues of concern led to the development of biocompatible ILs (bio-ILs).
This is possible because of the designer solvent character of ILs where its properties
can be modulated by tweaking their ionic components. The ionic constituents of these
bio-ILs are of benign origin and hence, renewable and practically non-toxic. One of the
class of these bio-ILs is cholinium amino acid (|[Ch][AA]) based bio-ILs which we have
explored in this thesis. These bio-ILs have been proven to have low toxicity and high
biodegradability because of which they are used in different biological and industrial
applications. However, as they have started gaining more importance only recently,
experimental or computational studies on their microscopic structure and dynamics,
and effect of external factors on them are scarce in the literature. This leads to their
under-utilization in corresponding applications because of poor understanding of their
fundamental properties. This has motivated us to explore the microscopic level under-
standing of the structure and dynamics, along with investigating the effect of dilution,
temperature, and potential difference on them.

Cholinium glycinate ([Ch||Gly]) is one of the least viscous and high conductivity bio-
ILs. Herein, we first investigate the effect of aqueous dilution on the molecular level
structural arrangement and dynamics of the cholinium glycinate bio-IL. This has been
achieved through the computation and analysis of structural correlation functions such
as total X-ray scattering structure functions (S(q)), their partial components, radial
distribution function (g(r)), distance-angle distribution function (g(r,0)), and spatial

distribution function (SDF). To explore the dynamics, we have explored hydrogen bond



dynamics, mean square displacement, self-diffusion coefficient, velocity autocorrelation
function, and electrical conductivity of the aqueous mixtures. We extended our study
in the next step to explore that how the interfacial microscopic structure and electro-
statics properties of cholinium glycinate vary near graphite electrodes with the applied
potential difference. In this study, we have analyzed the simulated number and charge
density profiles, tangential radial distribution function, orientational order parame-
ter, and differential capacitance of [Ch||Gly| bio-IL. Furthermore, the investigation of
cholinium amino acid based bio-ILs is extended to different amino acid anions namely
phenylalaninate and cysteinate. In the second half of the thesis, we have investigated
the temperature dependence of the microscopic structure of cholinium phenylalaninate
(|Ch][Phe]) and cholinium cysteinate (|Ch|[Cys|) bio-ILs with the help of real and in-
verse space correlations, and isodensity surfaces along with the supporting dynamic

properties such as hydrogen bond dynamics.
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