CHAPTER 1

INTRODUCTION
Review of Liquid State
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The study of the liquid state of matter hds/a lon g and rich history, from both the

theoretical and expfpinibral dtantfiéinfs| o gadhobservafidhs b Brownian motion

to recent neutron scéftering experlments expenmental ists have worked to improve the
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aqueous solutions. They proposed three different regions, A, B and C, of the solvent

molecules surrounding ions. In region A, the solvent molecules are strongly oriented
by the powerful short-range forces acting between solute and solvent, and the influence
of Coulombic forces is significant as well. The solvent structure in region C is the same
as in bulk water. Region B, which interfaces regions A and C, is assumed in order to
allow a continuous transition between these structures. It is generally called "region",
according to macroscopic observations. The most interesting area is of course the
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region A, which is called "solvation shell”, where spectroscopic measurements can
provide structural data.

The concept of solvation is often used in general to describe the structure of a
solution where the geometrical arrangements are significantly different from the bulk
structure of the solvent itself. The dynamical stability depends on the combination of
forces acting between homogeneous and heterogeneous molecules of which the
solution consists. On one hand, a discrete solvation shell can be based on a solute-
solvent interaction which is so strong that the exchange rate is much lower in the first

the interaction between solute and

solvation shell than among solvent\mw
solvent is weaker than the solvg.r:t:iulvg In this case density and mobility
‘effects in the solution are the"domisiant fg:to han the binding forces between

particles. _--"'" ' \_""_-a..._

Some decades ago, i n of \,ﬁolutmn and liquid structure was mainly
domain of spectroscopi . X-ray and neutron diffractions and NMR
etc. However, they enc . ,' of prodtlcmg and interpreting data
when the sample is very dil is unstable, or when the molecular
interactions are so we mp ‘the spectroscopic apparatus
exceeds that of the inter - Me numbers of ions or liquids
produced by these analyse 2n d being used. Data from the
diffraction methods seem to suppl‘y'@ Mos! 1-defined results, while.interpretations
of the diffraction data S?em to 'be’véry dﬁ: error. Further, capacity of
these methods is also 1 he complexity of the invegtigated system
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~ tried to cofistruct simple models and explained how liquids behave. A successful theory
of the liquid state will be one that explains the bulk properties of the liquid from a
knowledge of the intermolecular potential. In the bulk we are dealing with a very large

number if molecules (~10%}) and we know by the principles of statistics that at
equilibrium the time fluctuations of bulk properties will be very small and can generally
be ignored. Statistical thermodynamics provides the analytical connection between the
intermolecular potential and thermodynamic observables such as pressure and free
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energy. Non-equilibrium statistical mechanics provides a similar connection for time-
dependent properties such as viscosity and thermal conductivity.

The statistical equations can be solved exactly or with high accuracy for gases
and solids but they are very difficult to solve for liquids. An alternative approach to a
theory of liquids has been thought the use of physical model which has been developed
by Bemal [2] and others [3]. These models have improved our conceptual
understanding of the nature of liquids but they have not proved very helpful for the
quantitative prediction of liquid-state p{c‘)f

In recent years a method.hh been co/@ for modelling liquids [4] which
has been conceptually valuahd has! pr
interpretation of bulk pr ; ,-\e‘s'!'modem computer with fast
operation and large core nulate d"beh:‘:ip}’bﬁ.a large number of atoms or

molecules interacting und e /ass _ p‘ tential ﬁm&xon No computer is large

ble of giving a quantitative

bers (10%-10%) which will give
This method of mathematical

techniques exist for deall

It is now about 40 years ,sch‘the puter simulation of a liquid was
carried out at the Los Aklmos I*f;t‘;onal Lﬁboraxoriﬂ United States. Due to the
rapid development of c‘('i nputer technols OgY, Ct ter simu ons have been expanded
at a tremendous speed [5 : r simulation methods have
penetrated in almost eve‘]:)r“ﬁeld of phys1cs chemlstry, Lgoscmnces and engineering
sciences. Results with those of real
experiments. In m@iﬂmﬁﬁm fmﬁﬁ i 1 used in a computer

simulation. Eventua , if the model is a.good one, the qumulamr hop,ﬁ, to offer insights

: dual role of
A S LIVELIR R,
» j m ction ne hand, and

between models and experimental results on the other, is illustrated in Figure. 1.1 .

to the ex

simulation,

Because of this connecting role, and the way in which simulations are conducted and
analysed, these techniques are often termed " computer experiments ".
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Figure 1.1 The connetti 1) 6XPErime ebgy%nd computer simulation

Since Monte Carlo and' M 2 s simulation have been overcome
some-limitations of the expenmen%i)f oach and the availability of high performing
capacity of computer Prov1des~*ﬁ1hulﬁﬁp s of ra er large number of molecules.
Therefore, theoretlcal\(& gations @ i solutions have been rapidly

developed and numerous$ studles based for solution have been
published [6-10]. Most q-jthe Investig were, how@er based on the structural
and dynamic properties congcmmg the first solv. tlon shell.
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solute-solvent dlSt ces from computed radial distribution functions, but give also

access to . e e ﬁq o r example an
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analysis of the perceptual contribution of various coordination numbers to the average

-solvation number of ions or solvent molecules. The access to the angular distribution

of neighbour molecules is also an important means of these methods for the evaluation
of structural factors in solution.

In this study, the solvation structure of the solution has been investigated for
three systems, one lithium jon (Li*), one chloride ion (CI) and 1 LiCl molecule in
liquid hydroxylamine (NH,OH), by the method of Monte Carlo simulation.
Hydroxylanmiine has been chosen for several reasons. First, being still a relatively small

R
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molecule, it allows the application of sufficiently accurate ab initio calculations.
Second, chemically situated between water and ammonia [11] and being a good
solvent for electrolytes, MC and/or MD simulations of ions in hydroxylamine as
solvent will be of particular interest for comparisons with similar simulations for water
[12], ammonia [13] and water ammonia mixtures [6] as solvents. Third, the possibility
of forming several types of hydrogen bonds and the existence of two p;ossible
coordination sites for ions make this molecule an especially versatile and challenging
example for a theoretical approach, as experimental methods for structural

investigations of hydroxylamine solutions st several restrictions that could be
overcome by the quantum chemica sfical simulation treatment.
The theoretical andwanalytical requirement~for this work are described in

chapter II. The constru cntial function and the MC

simulation for the two systéms - H are presented in chapter
IIT and IV, respectively 4T 3 afion € \ stem studied here, 1 LiCl
molecule in liquid NH,OH, is'gi hapt 3 \ d discussion are presented
in its own chapter. In ] ' n 1 of this study is reported
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