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Abstract

Possible equilibrium configurations of 2 water dimesatisfying the symmetry conditions, are
considered. Energy of water dimers and one of thesition state are calculate@ell complex for water
dimers, representing the route of optimal rearrarege of water dimers, is built.
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PaccMoOTpeHBI BO3MOKHBIE PABHOBECHBIE PACTIONOXKEHHUS ABYX MOJIEKYN BOMBI, YIOBJIECTBOPSIOIINE
YCIOBHAM CHMMETPHH. PaccunTaHbl HEPTHM IUMEPOB M OJHOTO M3 MEPEeXOAHBIX cocTosHuil. [loctpoeH
KJICTOYHBIA KOMITIEKC [UIS AUMEPOB BOJIBI, OTPAKAIOIINI MapIIpyT ONTUMAIIBHBIX TIEPECTPOCK TUMEPOB.

KiroueBble c1oBa: TUMEpHI, MOJIEKYIISIPHBIE OpPOUTAIH, PABHOBECHBIE M CEIIIOBBIC KOH(HUTYpAIHH,
KJIETOYHBIA KOMIUIEKC

Introduction

Water differs from other liquids by a number of tpéysical properties, in
particular, by the heat capacity, many times exiceethermal capacities of other liquids,
and by rather low viscosity [1-3]. The aim of thwerk is to determine the nature of the
anomalously high heat capacity and low viscosity doyisidering the specifics of the
interaction between water molecules. The reasoa gurch situation lies in a specificity of
interaction between molecules and molecular streatd a liquid. It is not necessarily to
consider multimolecular systems for establishing #pecificity, as it can be seen in the
simplest molecular clusters, namely, dimers.

Experimental

The structure of the isolated water molecule wagstigated experimentally and
theoretically by computer simulation and is now vkelown. The water molecule h&sy
symmetry. It is possible to consider, that out eh lectrons in a chemical bonding
dominate by six forming three three-center orbit@lse of them is a linear combination of
the valence s-orbital of oxygen and two s-orbitdlthe hydrogen atomsV¢ 2 in Table 1).
Two other molecular orbitals are linear combinatioh p-orbitals of oxygen and s-orbitals
of hydrogen Xe 3 andNe 4 in Table 1). OrbitalNe 5 is a p-orbital of oxygen, oriented
perpendicular to the plane of the molecule. Twatebds with opposite spins, forming a
lone pair, are located at this orbital. Findingitals and their energies in this study were
made using computer calculations with the RHF netithdhe 6-31G (d) basis.
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Computer calculations of equilibrium water dimersrg/carried out by a number of
researchers. In this study similar calculationsvafious isomers of the water dimer,
classified according to their point symmetry, wedene and routes of optimal
rearrangement on the basis of representationdlafaraplexes were showed [4].

Table 1. Orbitals of the water molecule

Shape oMO Contour Energy, eV
Ne5
-13.538014779
4N 0.162825022
Ned
S -15.496880138
S -0.291134373

Ne3

-19.21924582
‘ -0.152457262

Ne2

-36.461602214
-0.044110217

Nel
-559.48380684

/‘ « @ 0.037962619
2@

The selection of possible dimers was carried okingain account the binding
conditions of the hydrogen atoms with the neightgprimolecule of oxygen's atom.
According to other authors, this arrangement ofrst@s the most typically in the structure

of liquid water. [1]
Dimer with the highest bond energy is represemedeigure 1.
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Fig. 1. The configuration of the dimer having thghest bond energy
It hasCs symmetry. To establish the nature of the chenboalds between water

molecules in this dimer the orbital analysis wasied out. The set of orbitals is presented
in Table 2.

Table 2. Orbitals of the dimer which are shownig B

NelO

s j -12.802371583 eV
3

Ne9

%

-14.110832954 eV

-14.935933479 eV

-16.34896117 eV

Ne8
Ne7

3 e
Ne6

-18.612686276 eV
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-19.978262625 eV

Ned

-35.697342398 eV

-37.269972247 eV

-558.632615321 eV

-560.29703574 eV

The comparison of dimer orbitals with orbitals cditer molecules shows that a set
of orbitals of the dimer is decomposed into fiveital pairs, each pair is made of the same
orbitals of water molecules according to the follagvscheme:

1—-(1,2), 2-(3,4), 3—(5,6), 4~(7,8), 5~(9,10)

The first digit indicates the number of orbitalswsditer molecules, the number of
dimer orbitals is shown in brackets. Formation a@nding and anti-bonding dimer
molecular orbitals out of the same type of orbitafisvater molecule and preservation of
individual molecular orbitals in the dimer (dimabdagals 1 and 2) were dominant motifs of
genetic mechanism of dimer molecular orbitals fdroma The water molecular orbital
energy is shown in the right column of Table 1 ¢@ humber). The lower number
represents the difference between the total enefrdjye two orbitals of the dimer and the
doubleded energy orbitals of the water moleculeicivhs genetically related to these
orbitals. Recent numbers indicate that the energyirst and fifth pairs of orbitals
increases during the formation of the dimer of tmater molecules. This means that these
orbitals don't favour the formation of the dimerb@alsNe 2, Ne 3, Ne 4 lead to a decrease
in the energy of the system and ensure the stabilithe dimer configuration. Orbitak 7
has the lowest energy among the three bonding mlaleorbitals and it dominates the
dimer formation. Table 2 shows that this orbitahsists of molecular orbital 4. At this
point one s-electron is transferred from the rigmblecule to the left molecule that
becomes negatively charged. It is known, that sindrge transfer is characteristic for the
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ionic type of chemical bond, so it should be asgijntieat the dominant bond of dimer,
which is product of association of two water molesuis an ionic bond. It should be noted
that this implies that the two identical moleculesy be electron donors or acceptors
depending on their mutual arrangement.

The complete set of water dimers with an elemerthefpoint group symmetry is
presented in Table 3.

Table 3. Stable isomers of water dimer

Hy
168.641
$ -4136.945805565
Nel /0\(1_.1\ ________ 2023 45 Cs
H
H
175.225 115.003
Ne2 O—L) . [ -4136.914047144
- 2.046 Cs
H
H
H /5 2.318
No3 \O- 111.545 0 -4136.888335096
- \H Con
H— 2971
Nod | 146.767_$O -4136.878307697
) O.a:};_::zztt:ttitiiiiiii@/ Cs
H— " g H
\I:I_/n‘“"'---__z__'se H
110.204 T -4136.87695529
Ne5 W
O\ O\ Covy
H
¢ el 2.952
S -4136.810760848
N6 Oﬁ?sffi\‘:‘:::;:;;..__}lo-282‘\\\3\/@*0 Con
f/-H\ /

The right column of the table contains the bindiemergy (eV), obtained by
computing, and the symmetry of the dimer. The dated frequencies of atom vibrations
in each dimer are real. It means that all dimetténtable are in locally stable equilibrium.

Results and discussions

The reorganization of configurations, which aris¢thermal motion, is the result
of overcoming the potential barriers. The smallespotential barriers achieved in the
saddle configurations, which are characterizedhy one of the natural frequencies which
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is imaginary. Every such saddle configuration d#gdtwo metastable. Full set of
equilibrium and saddle configurations can be preesseim the form of the cell complex,

reflecting the most probable routes of the dimerganization. The idea of a cell complex
was formulated in [4] and was successfully used dtirer systems [5-7]. Numerical

definition of a structure and characteristics afedl complex of dimer calculations of the
energy of saddle configurations were carried outh®y pointwise calculation of energy
and a range of frequencies near saddle configmstd a dimer. The received complex is

represented in figure 2.
6

4 2
Fig. 2. Cell complex for set of water dimmers

Circles in this figure show metastable states dfnaer, and their size reflects the
binding energy of a dimer. Large radius of theleimorresponds to the lower value of the
dimer energy. Each line in fig. 2 corresponds teaddle configuration of dimer. Saddle
configurations (1-4) and (1-5), as well as theivefanctions shown below as an example.

o
\ /_ _________________ - ?.7.5 / 4136.766709951 eV

Fig. 3. Saddle configuration of the dimer (1-4)

O/H """"""""""""" O wimm., “H
/ 178.505 H -4136.874910082 eV

H
Fig. 4. Saddle configuration of the dimer (1-5)

Table 4. Orbitals of the dimer, shown in Figure 3

Nel0

=

? -13.801096870 eV

9

-13.862278647 eV

+ P
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Ne8

-15.735686479 eV

Ne7

-15.85740953 eV

-19.507867955 eV

Neb5

-19.548622273 eV
0\‘/3

Ne4

o -36.716500613 eV
Ne3
o -36.816522630 eV

Ne2
-559.737934068 eV

Nel

@
@
o

P
7_, -559.84770212 eV
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Table 5. Orbitals of the dimer, shown in Figure 4

Nel0

S -

-12.88765060 eV

Ne9

?ﬂ

-14.09374273 eV

-14.82750238 eV

Ne7

-16.12757184 eV

Ne6

-18.56686626 eV

No5

-19.75210128 eV

-35.78836016 eV
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-37.00362656 eV

No2
Gy @ -558.78616106 eV
¥
Nel
Fy ‘3 -560.05156718 eV
2

The comparison of orbitals for initial configuratioof the dimer and saddle
configuration shows that orbitals for different egies undergo various changes. The most
high-energy orbitals are the tenth and ninth, alsd arbitalsNe 1-5 change a little in
comparison with the eighth, seventh and sixth alkit Therefore, the dimer partial
destruction of a chemical bond which is variousdibferent orbitals is characteristic for a
saddle configuration. More detailed picture of aaof orbitals in the course of transition
from a stable state to the saddle has to be ratamethe basis of consideration of a
trajectory of transition that is planned for funtmesearches.

Conclusions

The large number of metastable configurations wlifferent energies can be the
cause of high heat capacity of water and relativiely viscosity. The change in
temperature causes a change in the structure ef featning more metastable states with
higher energy, which is spent on the thermal enamyrce. In order to determine the
energy density due to a change in the configuratiowater molecules in a macroscopic
sample, and further, the temperature dependentteedieat capacity should be addressed
multibody problem in quantum and classical levelkjch requires special modeling and
comparing the results with the experimental lawse Bimilar situation develops for a
viscous current. Under the influence of externadsst there is a directed reorganization of
water dimers, which is activated by thermal movetndhus number of various
reorganizations with formation of the plastic defiation, coinciding in the direction with
stress, is bigger. Flow hydrogen bonds switcheahteradly in the process of liquid, so the
activation energy of viscous flow close to the gyesf hydrogen bonds.
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