CHAPTER 1

Introduction

1.1 General about liquid state and solutions

Elements and chemical compounds may exist, under suitable conditions of

temperature and pressure, in three different physical states called, respectively, the

solid, liquid and gaseous states. Th W E is stable at low temperature and/or

ediate range of temperature and

pressure, and the gaseous state is s rature and low pressure. The
solid state is characterizegde® ion l idity; the liquid state by high
cohesion, lack of rigidit ce to flow; and the gaseous
state by low cohesion, 1 ce to flow. On the molecular
level the solid state e o _ " ire and the gaseous state has
complete molecular di hllgthb_; 2 is intermediate between these
extremes. Solutions are ___._;"' es 0 s id, liquid or gaseous state in
which all parts of the mixture H{i‘éihc position. They all consist of two or
more components Wh,ﬁh remam'" rﬁ;d i niand have no tendency to separate

solvent which are the C@‘lpo ook
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chemical proccss"un nature. Most cl'aemlcal systhesm is carried ogt,in t in the liquid state
e B30 1 3 Y45 e e
energeticdlly cheaper and mechanistically simpler than in gaseous state. Most
methods of purification involve either a distribution of solutes between immiscible
solvents or the partition of mixtures in solid-liquid or liquid-gas equilibria. Most
biochemical and many environmental systems are in the liquid state or involve

colloids or membrane boundaries between liquids.
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Some decades ago, investigation of liquid and solution structure was mainly
based on spectroscopic methods such as x-ray scattering technique. The information
which can be derived from this technique can be summarized in the so-called "radial
distribution function”, which describes the distribution of molecules around a given
central molecule or atom selected for consideration. Clearly this function contains a
good deal of information about the structure of liquid and solution. From the intensity

I(8) of the x-ray scatter by a liquid in a direction making an angle 6 with the incident

encounters, however S som

or when the interaction i

vl'.!'*i'

The attempts that avo-fBeen ma rmulate a theory of liquids fall into

two broad classses. Tﬁleories 'tff-"i'a’né-c a description of the structure,

usually a simplified [afid-approximate-g ipion, lea ».-y the question of how the
structure is determined ar 1CS tﬁbe answered after the fact.
These theories are called g,lattlce" theories becausc the proposed structure often bears

some relation ‘ﬂ“t}%}‘% 1%{}%{%w m%sohd Theories of the

other class place“'Hmphams initially %p the process by which the mtermolecular forces
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process will lead to equations whose solutions describe the actual structure. Theories
of these class are called "distribution function” theories because the equations
involve distribution functions specifying the probability of finding sets of molecules
in particular conﬁgurations. Both of these approaches have respectable antecedents.
The first develop logically from methods found to be successful in the theory of

solids, while the second draws its ideas to some extent from the equally successful



kinetic theory of gases.

For solutions, a concept used in the treatment of the behavior of ions existing
in is the so-called "solvation" or "hydration number". The discussion of hydration
numbers over the years has given some insight into the question of short and long
range interaction of ions with solvents and the problem of coordination of ions by

solvent molecules in the bulk. The hydration number is conventionally defined as the

number, n, of water (or solvent) i are "associated" with the ion in the

solution. In order to have a

hydration number as tw

of n, Bjerrum (1) has defined the
m—__

of "!watw which have an energy of

_Boltzmann constant and T is

an alternative definition" wag p. 1, : He regarded n as being defined

as the number of water : [OU i have an energy of intéraction
.’ o 1’ o > V' . .

with the ion greater than or equu'P‘b:ﬂmat ith other water molecules in the bulk. This

definition of hydran -------- er-on-the- distunguishabie | pioperties of water molecules

near an ion in compariﬁn with dula associated with other water

,molecules in the bulk.
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A usefil operational defmo;tlon of hydratlon number and distinction of n
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number, ‘n;, as the number of water molecule which are relatively permanently
associated with the ion and move with it as an entity in the kinetic behavior of the ion.
The corresponding distance within which such water molecules are associated with
the ion is called the "primary hydration shell". Secondary hydration, corresponding
secondary hydration numbers, n,, describe the situation of the large number of water

molecules that are in some way affected by the ion but do not move with it as a
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kinetic entity. There are a number of methods to obtain a hydration number of
solutions but the most suitable one is to obtain it via the radial distribution functions.
Thus, the hydration number based on the number of nearest neighbo’ur water

molecules to an ion is defined as :

ml
n = 4np gio ( T). r?dr

\"\\ ‘V/‘/@‘ (1.1)

cules, gro(r) the ion (I)-oxygen
(O) radial pair distribution 1. Won of the first minimum in

g1o(®)

The usage of solution chemistry extends
from investigations on vario ex species formed in solution
to the development of ions describing the interaction
between species present in @ COs d) system. Typical applications of the

o s
first type are calculations of ?ﬁfd, (e.g. hydrated ion structures) or of
_".-‘_ ..-' % o -
various hypothetmaﬁ@ecms expected to be gording to potentiometric or

SpCCtIOSCOplc investig

The av ablht_\,‘ ofufast computerdin the past decade has, however, opened
byt b CL T SR

to limited ﬁphcatmns only simple chemical, model systems and specialized

theoret’éll codifd \Tiele kol chmbtbly | arit” bhehidall dalculations and

statlstlcal simulations of the Monte Carlo and Molecular Dynamics type - are widely

solution che;

applicable now to larger molecular systems and to solutions of practical chemical
interest. Especially for investigation of microstructures formed in solution, these tools
are nowadays sometimes even superior to experimental methods, and for many
systems, where experiments cannot be performed (e.g. infinite dilution), these

computer simulations can be employed.



become a more and more important application of such methods, as the availability of
such potential functions is a precondition for the performance of simulations, either
of the Monte Carlo or Molecular Dynamics type. This application therefore deserves
some more detailed attention, especially since the quality of such functions is

essential for obtaining correct structural and other data from the simulatlons

: “! 4&5 for the accurate descnptlon of

intermolecular mteractloxlw:secgsyst : -known (4-6), most of Monte
Carlo and Molecular Ds ) I '

Although the 1mpo

\Ll,_S salt solutions have been

performed assuming addi ntials ( For monovalent and some

In this work,j ofa,n2+ ion in water using a

conventional pair potentxaa. also encountered e same problem as in the case of Cu?t,

due to the lack ﬁ %%}Q %W%')W%}\ﬂ:ﬂnjremﬂted in the wrong

hydration numbefiof 8. Inclusion of 8;’11‘. least) 3-body effects was q_jevnable: therefore.
soce SELAROYSGF VAN I b v
demandmg in time as well as computational effort, thus a new approach which has
been used successfully in the case of Cu?*(13) is performed and tested for the case of
Zn?* in water. The ‘procedure is refered to as "Nearest Neighbour Ligand
Correction (NNLC)". This improved potential will be employed to simulate
Zn**-water system at infinite dilution and, in order to compare simulation results to

more experimental data, simulations will be also performed for 1 M,3 M and 5 M



solution of zinc chloride in water.

Within this thesis, the ab-initio LCAO-MO-SCF (Lmear Combmanon of
Atormc Orbitals to form Molecular Orbitals establishing a Self-Consistent Fleld)
method and analytic forms of intermolecular potential functions are presented in
chapter II. The theory of Monte Carlo and some reviews of MC simulations of

electrolyte solutions are contained in chapter III. In chapter IV, the results for

M concentration. The re ith various experimental data

(46,54-57). The thesis is ' : ﬁ\\\\}‘\\?\

) \‘*

ssion.
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