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Abstract

This thesis employs classical Metropolis Monte Carlo simulations to understand the
connection between the topography of the potential energy surface and properties of simple

liquids bound by Lennard-Jones or Morse pair interactions.

The first chapter provides an introduction to certain aspects of the liquid-phase relevant
to this thesis. It summarises the key features of one-component phase diagrams, specially
with reference to the region of liquid phase stability. Simulation studies of specific systems
that are of importance for correlating generic features of the pair potential with properties
of the bulk system are described. A brief overview of potential energy landscape approaches
for understanding phase transitions and collective dynamics is given. The concluding section
of this chapter discusses the motivation for the present work and the organisation of the

thesis.

Chapter 2 summarises Monte Carlo simulation results for bulk liquids bound by Morse,
Lennard-Jones and shifted Lennard-Jones interactions in the constant temperature and
pressure (NPT) ensemble. The structural and thermodynamic properties are mapped out
as a function of the range of the pair potenﬁal by constructing isobars going from the
low-temperature, solid phaée region into the liquid region. This allows one to obtain the
properties of the pure phases as well as to locate the metastability limit of solid, T}, which is
higher than the true thermodynamic melting temperature. The results show that decreasing
range of the Morse potential is correlated with increasing melting temperatures and with
increasing density, enthalpy and internal energy changes on melting. For example, at a
given pressure, the maximum temperature at which the solid phase is observed increases
with decréasing range of the Morse potentials. The fractional changes in density vary from

approximately 5% for metallic systems to approximately 15% for van der Waals systems.



The properties of the softer, longer-ranged bulk Morse systems are most susceptible to

change with increasing variations in temperature and pressure.

(hapter 3 discusses the application ’6f instantaneous normal mode (INM) analysis to
Morse liquids with a view to understanding the changes in liquid-state dynamics that take
place as the range and curvature of the pair potential are varied. The fraction of imaginary
frequency modes is shown to rise with increasing temperature and decreasing range. In
contrast, the Einstein frequency, which is a measure of the curvature of the effective potential
well that traps a tagged particle in the liquid state, shows a non-monotonic behaviour
with range. A participation ratio analysis of the INM spectra is used to demonstrate
thel transition of the Morse fluid phase from a liquid-like regime, dominated by collective
rearrangements, to a gas-like regime dominated by binary collisions as the range of the
pair mteraction decrea.ses. Key INM spectral features are shown to undergo discontinuous

changes on melting.

Chapter 4 presents an extensive statistical analysis of the stationary points of several
simnple liquids with a view to understanding the physical significance of the inherent saddles.
Since stationary point analysis is a relatively new approach, a couple of important compu-
tational issues connected with the location of quasi-saddles of liquids are initially discussed.
The first concerned the applicability and accuracy of gfadient-based minimisation algo-
rithms to bulk systems with a finite spherical cut-off radius for the pair interactions. The
second involved the possibility of distinguishing between true saddles and inflexion points
when multi-dimensional minimisations are carried out with finite precision. A detailed anal-
ysis of the bulk Lennard-Jones liquid is then made comparing the properties of inherent
minima, inherent saddles and instantaneous configurations. The final section of the chapter

studies the correlation between properties of the stationary points and the range parameter



of Morse liquids. The configurational energy of éaddle configurations is shown to depend
linearly on the index density of saddles with a slope that is proportional to the range of
the potential. The relativ; values of ensemble-averaged energies of saddles, minima and in-
stantaneous configuration are shown to have qualitatively different temperature-dependent
behaviour for short, intermediate and long range Morse systems.

Chapter 5 focuses on the finite-size analogue of the melting transition seen in Morse clus-
ters. Interesting similarities and differences between bulk and cluster melting are brought
out by comparing the results of Chapter 2 with simulations of 55-atom Morse clusters. The
finite size analogue of melting in Morse clusters shows a range-dependent behaviour similar
to the increasing strength of the first-order melting transition with decreasing range seen in
the bulk. In addition, the width of the solid-liquid coexistence regime for clusters is shown
to increase with increasing values of the range parameter of the Morse interaction. Unlike
bulk systems, melting in clusters shows very interesting qualitative changes with range due
to the relative ease with which defects can be created in a finite cluster with a free surface.

Chapter 6 presents the final conclusions of this thesis regarding the relationship between

properties and potential energy landscapes of Morse systems.
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