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Abstract e
M D simulation of Pyrazole aqueous solution at 298.15, 303.15 and

308.15 K was carried out by using OPLS force field from this simulation we
calculate RDF of N-H... OH, and N... HOH type of interactions the results show
that the hydration shell around N-H site at 5A" is decade with increasing
temperature and reformed at 10A°, so N site has two conserved hydration shells
at approximate 4 and 6A° respectively these are stable in this temperature range
but the order and number of water molecules are varying with temperature
specially the hydration shell at 4A°.
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Introduction

Pyrazole considered one of the raising interesting species as a molecule or
moiety as well it has draw a remarkable attention for long time in bio-chemistry
by being as a part of many drugs such as [1, 5], food dyes [6, 7], Pesticide and
Herbicide agents [8, 10] or cellular fission agent [11]. In modern Pyrazole has
great importance in designing molecular relays, switches [12] and hybrid nano-
device [13] systems these applications are based on proton transfer behavior of
Pyrazole molecule with itself and other molecules [14]. In the present theoretical
methods become very important tool by which we can get a useful information
of Pyrazole system including Ab-initio[15], DFT[16, 17], semi-empirical [18-
19] Molecular Dynamic (MD) simulations considered a powerful tool to
elucidate the molecular behavior at microscopic level and means used to connect
it with macroscopic description [20] and now these methods were connected
with practical data by many search groups[21-24] So the aim of this study is to
get a picture on the molecular interaction that exist between solvated Pyrazole
molecules with its environment of solvent water molecules and prepare a basis
by which we can connect with practical experimental data.
Method and calculations

The semi-empirical geometry optimization calculations and MM MD
(classical molecular mechanics molecular dynamics) simulations were carried
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out using programs included in Hyperchem 8.0.8 package, the simulation
calculations were accomplished in Excel (2007) program that satisfied through
dynamic data exchange protocol between Hyperchem and Office programs. All
calculations were done with personal lap top .G with processor intel® Core™?2
Duo CPU. The geometry of Pyrazole molecule was optimized using PM3
(parameterized model number 3) semi-empirical method using Polak-Rebeire
algorithm, the structural data including bond lengths, bond angles, charge
distribution and atom numbering are given in table (1) and figure(1A,1B). The
values of independent internal coordinates that displayed in the above figures
and table are (9) bond lengths and (7) bond angles the remaining (5) coordinates
(according to the low 3N-6) are the dihedral angles which take the (0) value for
this planer molecule at its ground state. In addition the charge distribution upon
the molecule 1s shown in figure (2). Pyrazole molecule and 212 water molecules
with periodic boundary conditions represented by cubic box with length of
18.7A°, dielectric of the media was kept constant and inner and outer radius
cutoff was 5.35 and 9.35 A respectively, we use standard OPLS (optimized
potentials for liquid simulations) force field method for simulation three
temperatures were taken (298.15, 303.15 and 308.15 K). The TIP3P model
(transferable intermolecular potentials 3 point charge water model) was adopted
for water—water interactions. This 1s a three-site water model which has been
widely used for pure water as well as for aqueous 1onic and non-ionic solutions.
To carry out the simulations, we employed a time step of 0.0001 ps and a
thermal bath coupling parameter of 1ps. An auxiliary simulation of pure water
under identical conditions was also carried out. In this case, the simulation
length was 5 ps.
Results and discussion

At 1t must pay the attention to the simulation in this study 1s carried out
under classical conditions where we ignored a quantum effects such as
1onization, bond breaking or formation as initial approximation. To connect
between the macroscopic 1sothermal and its equivalence on the microscopic
level, the microscopic temperature that calculated from equation [25]:

B ®
(3N K g T,

=" REg T D
Where T: temperature (K)
t: ttme 1n Pico second (ps)
N: number of atoms
n: number of constrained degrees of freedom
p: linear momentum (g. A’ ps™)
q: generalized coordinate in Angstrom (A"
m: atom mass (g) (gram) .
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This relates to average Kinetic energy of the system that settled after each time
step from previous time trajectory by the equation

qUFAD) =qt)r m At .o end(2)
P(+A)=P ()tma () Ate...covviiiiiiiniinininnn. 3)

(a) Linear acceleration in A’.ps™ the temperature histogram over the simulation
period time shows that the system has reached equilibrium at the simulation
temperatures as shown in figures (3, 4 and 5). Also the average of temperature
was reported in table (2). The difference between the values of simulation
temperatures and their average is due to dynamic nature of the kinetic energy
transfer during random motion of the molecules, this deviation will de
remarkable at the microscopic level.
Analysis of solution structure

The radial distribution function measures how atoms and molecules
organize around each other, 1t provides structural properties such as details on
the local structure, the following expressions is used to calculate RDF between
to selected atoms A and B [26]

pagp (1)
Eag= #PfBulk ....... . .4
Where gap: radial dlstrlbutlon functlon of B type atoms around A type atom
pap(r): number density of B type atoms that have a distance r from A type
a‘[om(AO)'3
The local density Pag'#} is given by [26] :

= NB{E’;&I‘} =

pap(r) =  ¥iF.ar PSPPI () |

<Ng (r }j"r} ” . Average number of B type atoms that have a distance between r
and Ar from A type atom

Vir, 4} Volume of spherical shell between r and Ar (A")’
The value of spherical thickness Ar which is chosen small enough to provide
important features of RDF but large enough to assure good statistics, finally the
gAB was normalized according to the equation [25]

48

! (r)dr =1.. PR ()

V: volume of the 31mulat10n solutlon (A )

RDF was displayed 1n figures (6, 7, 8, 9, 10 and 11). RDF for all figures
indicate few numbers of water molecules at a distance smaller than 3.9A°
because the steric effect of residual sides of Pyrazole that prevent water from
being closer to the specific interaction sites of Pyrazole, the interaction N-
H....OH, at 298.15K Figure (6) indicate high order of water molecules around

v""l [y
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acidic proton of Pyrazole specially at a distance approximate to SA” which we
can consider 1t as a main hydration shell at this temperature (include about45
water molecules) the sharpness of the peaks that exist in this figure 1s similar to
that of solid state materials[27] make we propose the water molecules in these
hydration shells 1s (bulk water) or they have semi regular lattice[28] , this
behavior 1s described as a structure making property in practical volumetric and
viscometric studies[29,30], the second highest peak near 7.3A° belong to the
second hydration shell which contains 15 water molecules, the distance between
first and second hydration shells is 2.3A° correspond to the diameter of water
molecule, in the site N... HOH at the same temperature as indicated in figure (7)
the regulation of water molecules around 5A° is less than that of the previous
site where there are a remarkable amount of non-ordered dense water molecules
contribute with ordered water molecules in this hydration shell in addition there
1s a second hydration shell around this site contains ordered water molecules at
about 6.4A°. At 303.15K figure (8) indicate decrease of the order of water
molecules around N-H site also there 1s a strong hydrogen bonding with one
water molecule has a distance 2.9A" that contribute with increasing thermal
energy by disorder raising of water molecules around N-H site, in other hand
the regulation around N site [figure(9)] at about 3.9A° is increased which seems
as water molecules have transferred their ordered structures around this site and
lifting the N-H site this perhaps due to the increasing vibrational motion of N-H
bond and the water molecule that attached with it by hydrogen bonding this
motion act to destroy ordered structures around this site and act to push these
structures away to other site N.

Figure (10) indicate returning the order of water molecules around N-H
site at 308.15K but the maximum intensity is shifted near 10A’ away from
raising vibrated species and the sequence of intensities is reversed from that of
figure (6) at 298.15K indicating the decrease of stability of bulk water as it
become close to N-H site while figure (11) indicate the site N has
approximately similar structure of hydration shells in 298.15K and 308.15K, it
can be estimate that in spite of ignoring the effect of ionization and association
in this work and left them as a subject of other works we can conclude that
increasing the value of limited apparent molal volume with increasing
temperature agrees with shifting of hydration shell at N-II from 5A° to 10A"
also the effect of Pyrazole molecule as a structure-breaking material agrees with
decay of hydration shell in N-H site at 303.15K and this decay behavior is the
major in observation in the practical study.
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Table (1) independent bond angle values

Angle Value (degree.)
2-3-5 107.313
3-5-4 108.71
5-4-1 109.098
4-1-2 108.012
7-2-1 126.566
6-1-4 125.994
8-4-5 125.451
'Eg
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Table (2) the value of temperature average of simulation

T (simulation)/’k T(average)k

298.15 29925

303.15 302.15

308.15 308.56
H 7

I

(A) (B)

Figure (1) (A) the number labeling of the molecule (B) the values of bond
lengths of Pyrazole A’
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Figure (2) charge distribution on Pyrazole atoms
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