1.1 Computer Sizmstation : otiva ionvaiid A pplications

Solutions andfthe iy’ jte, especial ueous solutions play an important
role in many chemic ]
liquid phase, and our hgdies :

w must have evolved in the
reactions occurring in liquids.
According to advantageg' | 3 ge and reaction mechanism, most of the
ithesi 2, purification and separation are
performed in the liquid stato i dborafors! nd-ind stry. There are many fascinating
details of liquid-like W e8; Structure, and motion.
'Ihcstudyo%e , , form both
the theoretical and mts. From early observations of Brownian

sofaii wﬁ%’}%ﬂ %@%@eﬂém have worked o

improve thc emandmg of the structure andeparticle dynantics that characterize
h‘lﬂlﬂﬂatﬁ’;}‘a WM%&@M which explain
hnwhquldshehave Contrary to the other states of the matter, the liquid state has
resisted rigorous theoretical treatment for a long time. In the solid state, the
micmscopic interparticle interactions are usually rather strong (say compared to kgT)
while in the gaseous state these interactions are usually weak or altogether negligible.
Thisf&cﬂitatﬁsﬂmﬂmomﬁcalmoddsnfthmtwomcam.lnﬁquids. the
microscopic interparticle inte:actionsmufimemwdiatest;mgﬂ:msulﬁug a short to
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medium range spacial and time correlation, and a nonlinear governing equations. The
difficulties are further increased if particles with long range electric interactions are
present in the liquid in finite concentrations.

Early models of liquids involved physical manipulation and analysis of

of metal ball bearings, kept in

motion by mechanical of large numbers of physical

objects to represent i unsunﬁng, there are obvious

limitations on the type/of iniérac weel \ and the effects of gravity can

never be eliminated. h 15 to use a mathematical rather

than a physical model, ad sis by computer. This method of
mathematical analysis has ta long time as "computer simulation,”
whose technique d;‘%&hm develope aways, Monte Carlo(MC) and

Molecular Dynamies (M| ). i \‘

Some decades agu, imrcm of salutiuﬁQxd liquid structure was mainly
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NMR etc. However, they encumttcr some d:ﬂimluas of pruducmg and interpreting
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when the molecular interactions are so weak that the input energy from the
spectroscopic apparatus exceeds that of the interactions. In addition, solvation
numbers of ions or liquids produced by these analysis depend on the method being
used [3,4]. Data from the diffraction methods seem to supply the most well-defined
results, while interpretations of the diffraction data seem to be very difficult and of
high error [5-7]. Further, capacity of these methods is also limited by the complexity



of the investigated system.

Computer simulations using Monte Carlo, originally introduced by
Metropolis [8], and Molecular Dynamics method, introduced by Alder [9], have
overcome some limitations of the experimental approach. The availability of high

Dynamics simulations ished [10-35]. Most of the

investigations were, hg properties conceming
the first hydration shell btain data how far influence
of an ion acts beyond t}
about the further struct

and Molecular Dynamics sir

this gives interesting information
toperties of solutions. Monte Carlo
y to evaluate solvation numbers

and solute-solvent distances ied radial distribution functions, but give also

access to data not ay ilable from any rimental technifue so far, as for example an
analysis of the percern o

W
l : .Ffj. numbers to the average
|
solvation number of ig ur solvem molocules The access to angular distribution of
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of structural facfoirs in solution. In agmtmn Mulecular Dynamics s:mulatmns can give
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rotationalimotion, infrared spectrum etc.

Computer simulations have been expanded at a tremendous speed [36] and
applications of these and other simulation methods have emerged in almost every
field of physics, chemistry, biosciences and engineering sciences. Because of the
underlying approach, which is in philosophy often close to the experimental approach,
simulations are also sometimes called ‘computer experiments’. On the one hand, the



4
results of computer simulations can also be compared with those of real experiments.
mtheﬁmplxe.thisisatwtuftlmundeﬂyhlgmodglusedinacumputeraimulaﬁnn,
which provides a test of theories. Eventually, if the model is a good one, the simulator
hnpesmufferhsighﬂtuﬂmemrhnﬂaﬁmanﬂassisthﬂmh!mpmmﬁmnfm
results. This dual role of simulatibel 4s/absidge between models and theoretical

predictions, and between
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Fig 1.1 The connection between experiment, theory, and computer simulation. [37]

1.2 Ammonia : One of the Most Common Solvents

Th:archetypalsuluﬁmfurmmissaltinwmandthemajnrmmstufm
solution research has been the elucidation of the properties of similar solutions. When



dealing with non-aqueous solutions, however, one must consider the differences
between water and the solvent of interest. Several differences immediately appear
when water and ammonia are compared. Water has the higher relative permittivity
(80 versus 22 at 0°C) and the lower pola.nzabimy (1.45 A3 versus 2.26 A3). Hydrogen

In water the equilibriur® 'q%!{‘immnearﬂ.lppm.as
compared to H* and Conteintations. of 1070
hand, the H,O mol

The study o
[38-40]. Most study has

liquid ammonia becaused off th rties such as high electrical
conductivity. Alkaline and alk; : ‘ l,can be dissolved to large amounts in
liquid ammonia, showing the ¢l ¢ 168 OF liquid metals whereas other metals
are hardly dissolved-$e not. As & dlkdline earth metal in liquid
ammonia have been the su : nwmsnfbmhexpmmental
I|1 conl:mst the sl:u«'.i;slr ofmust other metals in liquid ammonia
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is not capable ofigiving results for very dilute suluunn The solution of one metal ion
i« ARG BT Bl 4 an&;n In addition,
infinitelydilute solution is a useful tool to understand the effect of a cation or an
anion to the solvent species around it ,without perturbation by any other ion field.

In this work, a Molecular Dynamics simulation of Zn(ll) ion in liquid
mmnniawﬂlbepmfunnndmahighperfomwnrksmﬁon{ﬂﬂﬂ 3100 at the
Austrian-Thai Center for Chemical Education and Research, Chulalongkom
University). As mentioned above, the simulation of Zn(II)-ammonia is an attempt to
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extend the study of metal-ammonia solutions and of idealized solution models. This
work should also provide, therefore, a better understanding of ammonia solution
behaviour, and aim at developing a suitable intermolecular potential for cation/solvent
interaction.
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