Research Article

Journal of Scientific & Technical Research

BIOMEDICAL
>

ISSN: 2574 -1241

DOI: 10.26717/BJSTR.2019.23.003887

Thermal and Thermodynamic Parameters for Glycine
(GL) Solvation in Water Theoretically

Esam A Gomaa and Radwa T Rashad*

Department of Chemistry, Mansoura Egypt

*Corresponding author: Radwa T Rashad, Department of Chemistry, Faculty of Science, Mansoura University, Mansoura Egypt

ARTICLE INFO ABSTRACT

Received: 2 November 19, 2019
Published: E2 December 02, 2019

Citation: Esam A Gomaa, Radwa T Rashad.

The thermal and thermodynamic calculations by using Gaussian 09 were carried
out. The aim of this work is to evaluate the physical parameters necessary for solvation
process and use them for the calculation of individual thermodynamic parameters
which necessary for explaining solvent effect parameters in water. Beginning from the
partition functions for the compound used, individual and statistical thermodynamic

were calculated and their values were discussed.
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Introduction

Table 1: Number of energy levels and their potential energies.

In water Alpha MOs (Molecular Orbitals)

Level No. No. of Electrons Energy
26 - 0.21573
25 - 0.15019
24 - 0.12096
23 - 0.11508
22 - 0.06381
21 - 0.05805
20 2 -0.17135
19 2 -0.18426
18 2 -0.20462
17 2 -0.30819
16 2 -0.32757

For accurate study, thermodynamic analysis is important for
obtaining the individual and specific micro data to illustrate the
solute-solvent interaction picture by using Gaussian 09 program.
Density functional theory (DFT) were carried out on applying
Gaussian 09 program packages [1]. The Beck’s 3- parameters
exchange functional and Lee - Yang - Paar’s correlation functions

(B3LYP) were studied in DFT method [2], 6-321G (D,P) basis sets
were applied to give stable geometry. In Gaussian 09 the ideal gas
approximation for non-interacting particles are used for starting
calculations. The very important point for the calculations is the
estimation of partition function Q (V,T) which correspond to total
partition function [3,4]. The aim of the work is to complete the
study of the active compound glycine thermochemical properties to
get light on it and explain its solvent effect (Table 1).

The necessary equations used for evaluating entropy, energy,
heat capacity resulting from the calculation frequencies for glycine
in water by the use of Gaussian 09 package are given below:

olnQ
o ), eeeeenens (D

S = Nk, + Nk, ln(#) + Nk, T(

NA
Where ”Tand N, k, = Rwhere N, is Avogadro’s number R is
the gas constant, k; is Boltzmann’s constant and Q is the partition
function changing into log scale we get:
ol
S=RIn(Q,.0,0.0,¢)+ T(aLTQ)V --------- (2)
Where Q is the partition function (total ), the Q, Q, Q, Q,, is
the translational, electronic, rotational and vibrational partition
function.
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The thermal energy can also be obtained from the partition

function:
Oln
E-NeTED), )
The heat capacity can be evaluated by applying equation4:
oT
CV =(==)y, crereeen
( 5 E)N'” (4)

Equations above mentioned will be used for estimation of the
available thermodynamic for inorganic and organic compounds
from the given and evaluated partition functions [5-10]. The
theoretical calculations were done from the contributions for
the translation, rotational motion and electronic contributions.
The data which obtained from frequency analysis by the need of
partition function. For vibrational motion, we Choose the first
vibrational energy K, level to be zero level, the corresponding
partition function is expressed as [11].

= l_e—lftvk/kBT

Where k, is Baltzmann constant ( k,= 1.38066 x10% ]/k), h is
planck’s constant (h=6.626 x10% ].S) h, / k. =
vibrational frequency of mode k. The zero energy is defined as fully

ewk Is defined as

dissociated limit (free electrons and bore nuclei). At zero absolute
temperature, there are very small motions of molecules, which is
the zero-point vibrational energy (ZPVE or ZPE).

The zero-point vibrational energy ZPVE must be added to
obtain all 3N-6 vibrational modes, the total ZPVE [11] is

3N-6
zpvE =L Mk __

1
25 kT 25 (6)

The ZPVE was calculated for glycine in water.

HOMO and LUMO Orbitals

The HOMO and LUMO orbitals are evaluated theoretically and
drawn in Figure 1 indicating the last fill orbital shape and minimum
empty orbital. These orbitals obtained from alpha orbitals evaluated
from Gaussian 09 package. Also, different HOMO orbitals were
represented in Figure 1 which are HOMO-1, HOMO-2, HOMO-3.
HOMO as explained before in the last filled orbitals. Different loops
was appeared in last HOMO orbital which is jointed in lower filled
HOMO orbital. The LUMO orbital is bigger one in comparsion to the
orbitals above it, like LUMO+1, LUMO+2, LUMO+3 and LUMO+4
(Figure 1). The energy gap which is the difference between last
HOMO and first LUMO orbitals is 0.2294ev. This value indicate that
glycine in water can conduct electricity in good case. The energy
gap between last HOMO and other LUMO orbitals increase as
represented in Table indicating less conduction for large transfer
of electrons.

Different contribution for Glycine in Water:

The different types of motions were studied theoretically for

glycine in water and summarized as given next.

Contributions from Translation

The translational partition function was used for evaluating
the translational entropy (which donate e factor which comes from
Stirling’s approximation:

=R(In(Qe)) + T(i) =R(InQ, +1+ é) ......... (7
2T 2
The contribution to internal energy is:
Oln Q
), =RT ( ) e (8)
Finally, the heat capacity at constant volume is

( )

Contributions from Electronic Motion

E = NAkBTz(

This last contribution can be calculated from the electronic

partition function
Q _ VVOefso/kBT + VVle—gl/kBT + VVze—sz/kBT
e

Where w is the degeneracy of energy level, E E, E,

E_is the energy in n-level.

The entropy due to electronic kinetic motion is:
.(11)
S, =R(InQ, +0) -werevrerns (12)

olnQ
S =R( +T ¢
. =R(InQ,+T( T )

Since we have no temperature dependent terms in partition
functions, the electronic heat capacity and electronic motion energy
and internal energy are both zero

Contribution from Rotational Motion
The rotational partition function is:
1

o, 59

Where 6, =h*/87°Ik, 1 is the moment of inertia J, is the

rotational diameter

The entropy of rotation is given by:
Oln Q

S =R(InQ, +T( ..(14)
The contribution for rotation 1nternal energy is:
InQ.
oT e (15)
And contribution to heat capacity is:
8ln
=(—" ) ....... (16)

For nonlinear molecule as glycme, the rotation energy and heat

capacity at constant volume is given by:
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Contributions from Vibrational Motion
This last contribution follow equation (19)
~0,,/2T
Qv,k =

e
W ....... (19)
The total entropy, energy and C, from vibrational partition

function are: om0
n

S =R(l +T(—=

., =R(In(Q,)+T( o )

1 1
E, =Rzgv,k(5+eaw,(/r ] e (21)

0,/T
And C, = zkeg“ﬂ(ﬁ) .......... (22)
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k g T

Figure 1: IR spectrum of glycine in water

Output from Frequency Calculations. The first part of the
obtained frequency data for glycine in water using theoretical
evaluation by Gaussian 09 is the degree of freedom which is 15 for
glycine in water. The rotation constant in GHZ are 10.588, 4.2511
and 3.149. The calculation based on standard basis 3-21G. The
second result is the dipole moment and multiple moments for
glycine in water. The individual different moment direction are
given in Appendix table with high total dipole moment of 14.013 in
water explaining it high activity in aqueous media. Glycine also has
big quadrupole moment, traceless quadrupole moment, octupole
moment and hexadecapolar moments as given in colligative table
for Glycine properties. All different types of moments are calculated
in Debye and using field-independent basis as done theoretically by
the Gaussian package program Figure 1. The third output result is
the infrared bands for Glycine in water which given in Figure.... This
Figure contains at least 16 peak ranging from very weak to very
sharp. The theoretical program gave 24 bands with three imaginary
negative values for the different frequencies of stretching and
bending in Glycine compound Figure 2. NMR calculated spectra
gave the necessary peaks. The next part gives some characteristics

of Glycine based on the moment of inertia including its energies
values of 170.45, 424.52, and 573.02 atomic units as explained in
colligative Figure 2.

Figure 2.

The zero-point energy is calculated using non-imaginary
frequencies. Glycine molecule is an asymmetric top, rotational
symmetry number is 1, rotational temperatures are 0.5081, 0.204
and 0.151 in kelvin, rotational constants are 76.55, 20.429in GHZ.
The zero-point vibrational energy is 226.21 kJ/mol since all the
thermochemistry and thermodynamic data depend on Glycine
structure Table 2. All thermal and thermodynamic parameters
evaluated include the zero-point energy, because the first line gives
the correction to different types of energies. The next part in the
colligative table listing different individual contributions to internal
thermal energy (E, ), heat capacity at constant volume (CV) and
entropy (S). For every low different frequency mode, there will lines
label (vibration 1), (vibration 2) give contribution of the values
estimated with source of error. Finally, table gives the different
partition function. The line Bot for vibrational partition function
with zero energy, V=0 computed with zero being first vibrational
level, V=1, computed with first level being first vibrational level
and so on. All thermodynamic and thermal properties calculated
for glycine in water prove its high activity as very reactive agent.
It is clear from Table.... for the NBO (Natural bonding orbitals) net
charge zero and individual charges in each atom in the molecule
(Table 3 and Figure 3).
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Table 2: Natural Atomic Orbital and Natural Bond Orbital Analysis.

Summary of Natural Population Analysis

Atom No Charge Core Valence Rydberg Total
c1 -0.39324 1.99800 437586 0.01939 6.39324
c 2 0.56637 1.99844 3.37589 0.05930 5.43363
03 -0.70205 1.99974 6.69978 0.00253 8.70205
0 4 -0.70123 1.99974 6.69911 0.00237 8.70123
N 5 -0.74728 1.99917 5.74270 0.00542 7.74728
H 6 0.28218 0.00000 0.71435 0.00347 0.71782
H 7 0.28218 0.00000 0.71435 0.00347 0.71782
H 8 0.48020 0.00000 0.51845 0.00134 0.51980
H 9 0.46643 0.00000 0.52733 0.00624 0.53357
H 10 0.46643 0.00000 0.52733 0.00624 0.53357

Note: Total *0.00000  9.99510 29.89514 0.10976 40.00000*
RESON / : Allow strongly delocalized NBO set/
Table 3: For the NBO (Natural bonding orbitals).

Natural Population

Natural Population Charge Core Valence Rydberg Total
c1 -0.39324 1.99800 4.37586 0.01939 6.39324
c2 0.56637 1.99844 3.37589 0.05930 5.43363
03 -0.70205 1.99974 1.99974 0.00253 8.70205
0 4 -0.70123 1.99974 6.69911 6.69911 8.70123
N5 -0.74728 1.99917 5.74270 0.00542 7.74728
H 6 0.28218 0.00000 0.71435 0.00347 0.71782
H 7 0.28218 0.00000 0.71435 0.00347 0.71782
H 8 0.48020 0.00000 0.51845 0.00134 0.51980
H 9 0.46643 0.00000 0.52733 0.00624 0.53357
H 10 0.46643 0.00000 0.52733 0.00624 0.53357
Total 0.00000 9.99510 29.89514 0.10976 40.00000

Reason / : Allow strongly delocalized NBO set/

HOMO HOMO-1 HOMO-2 HOMO-3

LUMO2

Figure 3.
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Conclusion

All the thermal, classic thermodynamics, IR, NMR, statistical

thermodynamic data for glycine in water were calculated using

Gaussian 09 theoretically in water. The data proves the activity of

glycine in water as very reactive agent. This behavior is illustrated

from molecular orbitals and colligative specific properties of

glycine in water.
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