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Anahtar Kelimeler 0z: liyopromidinin molekiiler yapisi, B3LYP/CEP-121G ve PBE/TZP
lyopromidin, seviyelerinde DFT hesaplamalar ile belirlenmistir. lyoprimidinin bilesiginin
DFT, gaz fazi ve farkh ¢oziiciilerde 6rnek olarak, kloroform, asetik asit, etanol,
B3LYP, . DMF, DMSO, su, elektronik, yapisal ve termodinamik 6zellikleri, manyetik
Kuantum kimyasal . . . . . . .

hesaplamalar. momenti, statik ve dinamik polarizasyonu (a ve Aa) ve hiperpolarizasyon

kabiliyeti (B, y), B3LYP yonteminin CEP-4G, CEP-31G, CEP-121G, DGDZVP ve
LANL2DZ baz setleri kullanilarak Gaussian 09 yazilimi yardimiyla
belirlenmistir. Zamana bagh yogunluk fonksiyonel teorisi (TD-DFT) ile gaz
fazinda ve farkli ¢oziiciilerdeki iyopromidinin optik absorpsiyon
spektrumunu hesaplamak i¢in de kullanilmistir.

Theoretical B3LYP Study on Electronic Structure of Contrast Agent lopromide

Keywords Abstract: The molecular structure of iopromide was determined by DFT
lopromide, calculations at B3LYP/CEP-121G and PBE/TZP levels. Electronic, structural, and
DFT,

thermodynamic properties, magnetic moment, static and dynamic polarizability

83”5' hemical (dand Aa) and hyperpolarizability (fB,y) of iopromide compound were
o - e determined by using B3LYP method with the CEP-4G, CEP-31G, CEP-121G,

DGDZVP and LANL2DZ basis sets in gas phase and different solvents such as
chloroform, acetic acid, ethanol, DMF, DMSO, water with the assistance of
Gaussian 09 software. The effect of solvent on parameters has been studied.
Time dependent density functional theory (TD-DFT) has also been used to
calculate the optical absorption spectrum of iopromide in gas phase and in
different solvents.

*[1gili Yazar, email: izzettin@erciyes.edu.tr
1. Introduction

lodinated X-ray contrast media are sterile iodine-containing solutions and they are the most commonly used
drugs in diagnostic and interventional procedures. Contrast media which are categorised as ionicmonomers,
ionic dimers, nonionic monomers and nonionic dimers differ due to in their osmolality, number of hydroxyl and
carboxyl groups [1]. lodinated contrast media non-ionic monomers, such as iohexol, iopamidol, iomeprol,
iopromide, and ioversol have been commercially marketed for long periods, and their safety has been confirmed
clinically [2-4] determined the characteristic AEs of iodinated contrast media and to compare the safety profiles
of different iodinated contrast media using data from spontaneous post-marketing and reported that lopromide
(45.5%) was the most commonly implicated iodinated contrast medium, followed by iohexol (16.9%), iopamidol
(14.3%) and iomeprol (10.3%). lopromide is a dicarboxylic acid diamide that consists of N-
methylisophthalamide bearing three iodo substituents at positions 2, 4 and 6 a methoxyacetyl substituent
at position 5 and two 2,3-dihydroxypropyl groups attached to the amide nitrogens.

Starry [5] synthesized iopromide from 3-amino-5-(2,3-diacetoxypropylcarbamoyl)-2,4,6-triiodobenzoic acid by
reaction with methoxyacetyl chloride, hydrolysis with NaHCOs; and chlorination to give 3-(2-
methoxyacetylamino)-5-(2,3-dihydroxypropylcarbamoyl)-2,4,6-triiodobenzoyl chloride, followed by reaction
with N-methyl-2,3-dihydroxypropylamine with an overall yield of about 80%.
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In internal organ examinations where the difference in X-ray absorption between the organ and adjacent tissues
is small, therefore contrast agents with different absorption rates are used to increase the difference in X-ray
absorption. There are two types of contrast media, i.e. positive contrast agents that absorb the X-ray well and
negative contrast agents that transmit the X-ray well and a suitable type is used for the purpose of examination.

In this research work, HOMO and LUMO energies, parameters related with HOMO and LUMO energies
molecular polarizability (o) and first hyperpolarizabilities, thermodynamic properties are calculated
using B3LYP level using by the DFT level and B3LYP functionals with the CEP-4G, CEP-121G, CEP-31G,
DGDZVP and LANL2DZ basis sets iopromide molecule for gas and solvent media such chloroform, acetic
acid, ethanol, DMF, DMSO and water using Gaussian 09, Revision A.02 program [6].

2. Computation Methods

The input files of the complex were prepared with GaussView 5.0.8 [7]. Calculations were made using
Gaussian 09, Revision A.02 program [6]. Quantum chemical properties of iopromide were determined
through the application of density functional theory (DFT) methods (B3LYP) [8], with LANL2DZ [9], CEP-
4G [10], CEP-31G [11] and CEP-121G [11] basis sets.

2.1. Computational details

In this study, all calculations were carried out by using DFT/B3LYP method. Optimization of synthesized
molecules was performed with 6-311G(d,p) basis set of Gaussian 09, Revision A.02 program [6]. Quantum
chemical parameters for synthesized molecules such as; the energy of the highest occupied molecular
orbital (Enomo), the energy of the lowest unoccupied molecular orbital (Erumo), HOMO-LUMO energy gap
(AE), ionization energy (I), chemical hardness (1)), softness (o), electronegativity (), chemical potential
(n), dipole moment (DM), global electrophilicity (w) and sum of negative Mulliken atomic charges (MAC),
summary of natural population analysis (SNPA) for gas and different phases of neutral molecules were
calculated and discussed. Recently, the optimization of the molecules with different basic groups and the
discussion of the results have been widely used [12-33].

Molecular properties, related to the reactivity and selectivity of the compounds, were estimated following
the Koopmans’s theorem [34] relating the energy of the HOMO and the LUMO. According to the DFT-

Koopmans’ theorem [34, 35], the ionization potential (I) can be approximated as the negative value of the
highest occupied molecular orbital energy (Euxomo), such as shown in equation 1:

I= _EHOMO (1)

The negative value of the lowest unoccupied molecular orbital energy (ELumo) is similarly related to the
electron affinity (A) [36] shown in equation 2:

A =-Erumo (2)
Energy gap (AE) is estimated by using the Enomo and Erymo:
AE = Erumo—Enomo (3)

Electronegativity () is estimated with the following the equation from Enomo and Erumo [37] or ionization
potential (I) and electron affinity (A) [38]:

_( EHOMO +ELUMO j_(l + Aj 4
5 =3 (4)

Chemical hardness (1) measures the resistance of an atom to a charge transfer [37], it’s estimated by
using the equation 5 from Enomo and Erymo or I and A [38]:

_(EHOMO _ELUMO j_(l B AJ 5
5 = (5)
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Electron polarizability, called chemical softness (o), describes the capacity of an atom or group of atoms to
receive electrons [37], and it is estimated by using the equation 6:

c—1~—[—2 J 6)
n EHOMO - ELUMO

Chemical potential (i) and electronegativity () can be calculated with the help of the following equation
[12] from Enomo and Erymo:

E +E
u:_xg( HOMO2 LUMO) (7)

The global electrophilicity index (w) is a useful reactivity descriptor that can be used to compare the
electron-donating abilities of molecules [39]. Global electrophilicity index is estimated by using the
electronegativity (y) and chemical hardness (1) parameters through the equation:

o== (8)
A high value of electrophilicity describes a good electrophile while a small value of electrophilicity
describes a good nucleophile [40].

3. Result and Discussion

The most important orbital in the molecule is the so-called frontier orbitals known as HOMO and LUMO.
LUMO the lowest unoccupied molecular orbital HOMO is the highest energy MO. The optimized structure

and, the pictorial representation of their HOMO-LUMO distribution and their respective positive and
negative regions of mentioned molecule at B3LYP/LANL2DZ level for gas phase are shown in Figure 1.

HOMO LUMO

Figure 1. The frontier MOs (HOMOs, LUMOs) of molecules by using DFT/B3LYP/LANL2DZ basic set.

As seen from Figure 1, both HOMO and LUMO plots simulated with B3LYP/LANL2DZ level were localized
on the groups attached to C16 atom of benzyl group for iopromide molecule. Green and red colour
represents the positive and negative phase, respectively of the iopromide molecule.

The highest occupied molecular orbital (HOMO) that represents the ability to donate an electron and the
lowest unoccupied molecular orbital (LUMO) as an electron acceptor that obtains electron are the main
orbitals that take part in chemical stability. Energy gap that is difference between HOMO and LUMO
energy is an important stability for molecules [41]. Enomo, ELumo and AE of iopromide molecule calculated
by the DFT level and B3LYP functionals with the CEP-4G, CEP-121G, CEP-31G, DGDZVP and LANL2DZ
basis sets in gas, chloroform, acetic acid, ethanol, DMF, DMSO and water phases are presented in Figures
2-4.
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Figure 2. The calculated HOMO parameters by using CEP-4G, CEP-121G, CEP-31G, DGDZVP and LANL2DZ basis sets in
gas, chloroform, acetic acid, ethanol, DMF, DMSO and water phases.

As seen from the Figure 2, we can say that HOMO energy on going from the gas phase to water phase for
all the bases set decreased by solvent dielectric constant for all the studied basis sets. The HOMO energy of
iopromide molecule have deceased in the following order: -6.849 eV in gas phase > -7.030 eV in
chloroform > -7.041 eV in acetic acid > -7.067 eV in ethanol > -7.069 eV in DMF > -7.070 eV in DMSO > -
7.072 in water at LANL2DZ basis set. According to these results, the electron donating trends for study
molecule for different phase can be written for LANL2DZ basis set as: gas phase < chloroform < acetic acid
< ethanol < DMF < DMSO < water. However, LUMO energy on going from the gas phase to solvent phase at
LANL2DZ basis set slightly increased from -2.2893 eV to -2.2850 eV in chloroform and then decreased as
the dielectric constant of the solvent increased. The similar trend is seen for DGDZVP basis set (Figure 3).

The largest HOMO-LUMO energy gap (AE) was found in water solvent for the all studied basis set
which implies higher kinetic stability and less chemical reactivity [42] and the smallest AE was found
in gas phase for the all studied basis set. The AE of iopromide molecule have deceased in the following
order: 4.560 eV in gas phase < 4.745 eV in chloroform < 4.755 eV in acetic acid < 4.777 eV in ethanol <
4.779 eV in DMF < 4.781 eV in DMSO < 4.782 eV in water at LANL2DZ basis set; 4.614 eV in gas phase <
4.757 eV in chloroform < 4.763 eV in acetic acid < 4.776 eV in ethanol < 4.776 eV in DMF < 4.778 eV in
DMSO < 4.778 eV in water at DGDVZ basis set (Figure 4).
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Figure 3. The calculated LUMO parameters by using CEP-4G, CEP-121G, CEP-31G, DGDZVP and LANL2DZ basis sets in
gas, chloroform, acetic acid, ethanol, DMF, DMSO and water phases.
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Figure 2. The calculated energy gap (AE) parameters by using CEP-4G, CEP-121G, CEP-31G, DGDZVP and LANL2DZ
basis sets in gas, chloroform, acetic acid, ethanol, DMF, DMSO and water phases.

Additionally, the, chemical potential, electron affinity, electronegativity chemical hardness, softness and
electrophilicity index parameters of iopromide molecule calculated by the DFT level and B3LYP
functionals with the CEP-4G, CEP-31G, CEP-121G, DGDZVP and LANL2DZ basis sets in gas phase and
chloroform, acetic acid, ethanol, DMF, DMSO and water phases found using the computed Exomo and Erumo
were summarized in Table 1.
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Table 1. The calculated quantum chemical parameter values.

Phase Method Enomo, eV ELumo, eV AE, eV n, eV o, eV-1 % eV u, ev w, eV g, eV w, eV MAC, e SNPA, e
Gas B3LYP-CEP-121 -6.971 -2.503 4.468 2.234 0.224 9.475 -9.475 20.093 11.735 30.685 -3.656 -9.400
B3LYP-CEP-4G -6.077 -2.857 3.220 1.610 0.311 8.933 -8.933 24.784 16.656 34.522 -3.354 -7.254
B3LYP-CEP-31 -6.882 -2.459 4424 2.212 0.226 9.341 -9.341 19.724 11.489 30.170 -3.379 -9.400
DGDVZ -6.915 -2.301 4.614 2.307 0.217 9.216 -9.216 18.410 10.347 28.780 -3.128 -9.467
LANL2DZ -6.849 -2.289 4.560 2.280 0.219 9.139 -9.139 18.315 10.316 28.593 -3.899 -9.634
Chloroform B3LYP-CEP-121 -7.098 -2.479 4.619 2.309 0.217 9.577 -9.577 19.859 11.437 30.591 -3.939 -8.842
B3LYP-CEP-4G -6.448 -2.964 3.484 1.742 0.287 9.412 -9.412 25.424 16.883 35.708 -3.435 -7.395
B3LYP-CEP-31 -7.030 -2.446 4.585 2.292 0.218 9.476 -9.476 19.584 11.255 30.207 -3.704 -9.583
DGDVZ -7.039 -2.282 4.757 2.379 0.210 9.321 -9.321 18.261 10.130 28.772 -3.143 -9.627
LANL2DZ -7.030 -2.285 4.745 2.373 0.211 9.315 -9.315 18.286 10.157 28.788 -4,102 -9.816
Acetic Acid B3LYP-CEP-121 -7.106 -2.479 4.627 2.314 0.216 9.586 -9.586 19.858 11.429 30.600 -3.961 -8.856
B3LYP-CEP-4G -6.481 -2.972 3.509 1.755 0.285 9.452 -9.452 25.460 16.885 35.790 -3.442 -7.406
B3LYP-CEP-31 -7.039 -2.446 4.593 2.297 0.218 9.484 -9.484 19.583 11.247 30.216 -3.735 -9.598
DGDVZ -7.045 -2.282 4,763 2.382 0.210 9.328 -9.328 18.266 10.129 28.785 -3.138 -9.640
LANL2DZ -7.041 -2.286 4.755 2.378 0.210 9.327 -9.327 18.295 10.157 28.812 -4.106 -9.830
Ethanol B3LYP-CEP-121 -7.125 -2.479 4.646 2.323 0.215 9.604 -9.604 19.855 11.412 30.621 -4.020 -8.892
B3LYP-CEP-4G -6.547 -2.994 3.554 1.777 0.281 9.541 -9.541 25.618 16.965 36.047 -3.457 -7.431
B3LYP-CEP-31 -7.062 -2.448 4.614 2.307 0.217 9.510 -9.510 19.601 11.245 30.264 -3.802 -9.634
DGDVZ -7.061 -2.285 4.776 2.388 0.209 9.346 -9.346 18.289 10.137 28.828 -3.174 -9.670
LANL2DZ -7.067 -2.289 4.777 2.389 0.209 9.356 -9.356 18.323 10.161 28.873 -4.165 -9.865
DMF B3LYP-CEP-121 -7.127 -2.479 4.648 2.324 0.215 9.606 -9.606 19.855 11.410 30.623 -4,027 -8.896
B3LYP-CEP-4G -6.556 -2.996 3.560 1.780 0.281 9.552 -9.552 25.626 16.964 36.068 -3.459 -7.434
B3LYP-CEP-31 -7.064 -2.448 4.616 2.308 0.217 9.513 -9.513 19.605 11.246 30.272 -3.810 -9.638
DGDVZ -7.061 -2.285 4.776 2.388 0.209 9.346 -9.346 18.289 10.136 28.829 -3.166 -9.673
LANL2DZ -7.069 -2.290 4.779 2.390 0.209 9.359 -9.359 18.327 10.163 28.881 -4.170 -9.869
DMSO B3LYP-CEP-121 -7.128 -2.479 4.649 2.324 0.215 9.607 -9.607 19.855 11.410 30.624 -4.030 -8.898
B3LYP-CEP-4G -6.560 -2.996 3.564 1.782 0.281 9.556 -9.556 25.626 16.960 36.073 -3.460 -7.435
B3LYP-CEP-31 -7.065 -2.448 4.617 2.308 0.217 9.514 -9.514 19.605 11.245 30.273 -3.814 -9.639
DGDVZ -7.063 -2.286 4,778 2.389 0.209 9.349 -9.349 18.293 10.139 28.836 -3.163 -9.675
LANL2DZ -7.070 -2.290 4781 2.390 0.209 9.360 -9.360 18.327 10.162 28.883 -4.172 -9.870
Water B3LYP-CEP-121 -7.129 -2.480 4.650 2.325 0.215 9.609 -9.609 19.857 11.410 30.628 -4.034 -8.900
B3LYP-CEP-4G -6.566 -2.998 3.568 1.784 0.280 9.563 -9.563 25.632 16.961 36.088 -3.461 -7.437
B3LYP-CEP-31 -7.067 -2.449 4.618 2.309 0.217 9.516 -9.516 19.607 11.246 30.278 -3.819 -9.642
DGDVZ -7.064 -2.286 4,778 2.389 0.209 9.350 -9.350 18.295 10.140 28.840 -3.179 -9.677
LANL2DZ -7.072 -2.290 4,782 2.391 0.209 9.362 -9.362 18.330 10.163 28.888 -4.176 -9.873
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The hardness (n) of iopromide in the ground state increases in the order; 2.280eV in gas phase < 2.373 eV in
chloroform < 2.378 eV in acetic acid < 2.389 eV in ethanol < 2.390 eV in DMF = 2.390 eV in DMSO < 2.391 eV in
water at LANL2DZ basis set. The similar trend was found for the other studied basis sets.

The chemical potentials (u) of iopromide in the ground state increases in the order; gas > chloroform > acetic
acid > ethanol> DMF > DMSO> water for LANL2DZ basis set. Therefore, if it is desired to have highest chemical
potential, iopromide in the ground state, then out of five solvents studied chloroform is the best, however it is the
best in gas phase. The same order is found for the CEP-4G, CEP-31G, CEP-121G and DGDZVP basis sets.

The electrophilicity (w) of iopromide molecule has been found to possess high electrophilicity in the ground in
water, then follow DMF and DMSO solution. The electrophilicity index of iopromide molecule has been found to
possess small in the ground in gas phase. Nucleofugality (¢€) is the highest in gas phase for studied basis sets.

The electron density of phenyl group was calculated and presented in Table 2. As seen of the Table 2, negative
electron density on the phenyl group means that substituents in the ring increased the available electron density
in the ring. It was found that, as electron density in the ring changed in the order; gas > water > DMSO > DMF >
ethanol > acetic acid > chloroform for LANL2DZ basis set. The electron density of the ring is found biggest in the
gas phase for studied basis sets.

Table 2. Electron density of phenyl group.

Method Gas Chloroform Acetic acid Ethanol DMF DMSO Water

B3LYP-CEP-121 -0.16482 -0.16345 -0.16316 -0.16357 -0.16362 -0.16367 -0.16369
B3LYP-CEP-31 -0.16028 -0.15914 -0.15934 -0.15969 -0.15975 -0.15977 -0.15981
DGDVZ -0.16512 -0.15368 -0.15332 -0.15124 -0.15269 -0.15121 -0.15118
LANL2DZ -0.17452 -0.17172 -0.17185 -0.17228 -0.17233 -0.17235 -0.17238

In the present study the electronic dipole moment, molecular mean polarizability (<a> determined by considering
only the diagonal elements, anisotropy of polarizability (Aa), and Kappa of the title compounds has been
calculated using the following expressions (Eq. 9), and shown in Figure 5.

a= §(axx +ay, + a;;)

1
_ (axx - ayy)z + (ayy - azz)z + (azz - axx)z + 6(“9%2 + a%y + a32/z) z

A
@ 2

K = (adxt+aby+az;) 9)
6<a>2

Since the values of the polarizabilities (o) and first-order hyperpolarizability () of Gaussian 09 output [43] are

reported in atomic units (a.u.), the calculated values have been converted into electrostatic units (esu) (o: 1 a.u. =

0.1482 x10-%* esu; B: 1 a.u.= 8.6393 x10-33 esu) [44].
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Figure 5. The calculated polarizability values.

In Figure 6 the comparison between CEP-4G, CEP-31G, CEP-121G, DGDZVP and LANL2DZ basis sets on the
calculation of mean polarizability (<o), anisotropy of polarizability (Aa) and Kappa was given. Polarizations are
the dynamic response of a connected system and gives an idea of the internal structure of a molecule.
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Figure 6. The calculated anisotropy polarizability values.

Polarizability of iopromide calculated by B3LYP/LANL2DZ, changed from 43.56x10-2¢ esu (gas phase), to
(chloroform, acetic acid, ethanol, DMF, DMSO and water are 53.57x10-24 esu, 54.44x10-2* esu, 56.56x10-24 esu,
56.80x10-24 esu, 56.91x10-24 esu, 57.07x10-24 esu, respectively). In the same way, polarizabilities calculated
with the other basis sets also significantly changed with changing medium polarity.

Increase in the polarizability of iopromide was 21%, 25%, 24%, 27% and 24% for CEP-4G, CEP-31G, CEP-121G,
DGDZVP and LANL2DZ basis sets, respectively. Janjua reported that values of polarizability increase were 78%,
121% and 156% for B3LYP, CAM-B3LYP and LC-B3LYP, respectively [45]. Mikkelsen et al. [46] reported that
values of polarizability increase about 18% in water solution compared with the gas phase. Bartkowiak and
Lipinski reported a 9% increase for the polarizability value in water compared with the gas phase [47].
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Anisotropy polarizability of iopromide calculated by B3LYP/LANL2DZ, changed from 20.81x10-2¢ esu (gas
phase), to (chloroform, acetic acid, ethanol, DMF, DMSO and water are 23.91x10-2% esu, 24.18x10-%* esu,
24.85x10-%4 esu, 24.93x1072% esu, 24.96x10-2* esu, 25.01x10-2% esu, respectively. In the same way,
polarizabilities calculated with the other basis sets also slightly changed with changing medium polarity.

The complete equation for calculating the magnitude of the total first static hyperpolarizability from Gaussian 09
output is given as the equation 10.

1/2

B = (BZ+ B +B2)

/
B = [(Beax + Beyy + Besa)’ + (Byy + Byoe + Bue)’ + Brve + B + Busy)’| (10)

Since the values of the polarizability a and the first hyperpolarizability 3 of Gaussian 09 output are reported in
atomic units (a.u.), the calculated values have been converted into electrostatic units (esu) (f: 1 a.u. = 8.6393
x10-33 esu). Table 3 listed B3LYP method with the CEP-4G, CEP-31G, CEP-121G, LANL2DZ basis sets in gas phase
and different solvents such as chloroform, acetic acid, ethanol, results of the first hyperpolarizability  for iopromide.
The highest value of first hyperpolarisibility is calculated by Cep-4G basis set is equal to 4.64x10-30 esu. The
calculated first hyperpolarizability 3 by LANL2DZ, CEP-4G, CEP-31G, CEP-121G and DGDZVP basis sets are equal to
2.94x10-30 esu, 4.43x10730 esu, 3.10x10730 esu, 3.99x10-30 esu and 3.18x10-3° esu, respectively.

Table 3. First hyperpolarizability 8 for iopromide as values x10-30.

Phase LANL2DZ Cep-4G Cep-31G CEP-121 DGDZVP
Gas 294 443 3.10 3.99 3.18
Chloroform 3.07 4.55 3.21 3.95 3.95
Acetic acid 3.05 4.56 3.06 3.99 4.00
Ethanol 2.96 4.62 2.84 3.85 4.22
DMF 295 4,63 2.96 3.83 411
DMSO 2.94 4.64 2.95 3.82 4.21
Water 293 4.64 2.77 3.80 421

The standard statistical thermodynamic functions such as heat capacity, entropy and enthalpy changes for
iopromide in gas and solvent phase (chloroform, acetic acid, ethanol, DMF, DMSO and water) were obtained from
the theoretical harmonic frequencies on the basis of vibrational analysis at B3LYP/LANL2DZ level and presented
in Figure 7.

Thermodynamic parameters in gas and solvent media were found to be varied with varying temperature. The
computed values of heat capacity were observed to increase with the increasing temperature. The value of heat
capacity was found at 200 K as 94 cal/mol; at 500 K as 174 cal/mol; and at 1000 K as 239 cal/mol. The similar
trend was found for the solvent media. The value of heat capacity is the smallest in gas phase for the all
temperatures studied except 200 K. And at the temperature between 230 K and 1000 K heat capacity value
increase from ongoing gas phase to the water phase. The computed values of entropy and corrected enthalpy
were observed to increase with the increasing temperature in gas phase and solvent media studied due to the
fact that main contributions to the thermodynamic functions are from the translations and rotations of
molecules at a lower temperature, however, the vibrations in the high temperature contribute more to their
thermodynamic functions the molecular vibrational intensities increase with temperature [48].
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Figure 7. Thermodynamic properties at different temperatures at the B3LYP/LANL2DZ level of iopromide.

The correlation equations between temperatures and heat capacities, entropies, enthalpy were fitted by
quadratic formulas, and the corresponding fitting factors (R?) for heat capacity entropy and enthalpy are 0.9998,
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0.99999 and 0.9998, respectively, and the corresponding fitting equations for these thermodynamic functions for
gas phase are C = -0.0002T2 + 0.3808T + 24.649, S = -0.0001T? + 0.4893T + 103.66 and H= 9E-05T2 + 0.0821T +
90876.

Fitting equations for heat capacity entropy and enthalpy and correlation coefficient in solvent media are given in

Table 4.

Table 4. Equation and Correlation coefficient between temperatures and heat capacities, entropies, enthalpy.

Media Heat Capacity Entropy Enthalpy

Gas C=-0.0002T2 + 0.3808T + 24.649 S=-0.0001T2 + 0.4893T + 103.660 H =9E-05T2+ 0.0821T +9.0876
R%=0.9998 R%=0.9999 R%=0.9998

Chloroform C=-0.0002T2 + 0.3739T + 26.421 S=-0.0001T2 + 0.4904T + 103.730 H=9E-05T2 + 0.0824T - 9.1085
R%=0.9996 R%=0.9999 R%=0.9998

Acetic acid C=-0.0002T2 + 0.3629T + 30.880 S=-0.0001T2 + 0.4992T + 99.977 H =9E-05T2 + 0.0828T - 9.2518
R%?=0.9971 R%=0.9995 R%=0.9998

Ethanol C=-0.0002T2 + 0.3807T + 24.301 S=-0.0001T2 + 0.5008T + 99.927 H=1E-04T2 + 0.0729T - 15.976
R%=0.9995 R?=0.9998 R?=0.9994

DMF C=-0.0002T2 + 0.3801T + 25.143 S=-0.0001T2 + 0.4906T + 103.140 H =9E-05T2+ 0.0828T - 9.2518
R%=0.9998 R%=0.9999 R%=0.9998

DMSO C=-0.0002T2 + 0.3749T + 26.055 S=-0.0001T2 + 0.4919T + 102.610 H =9E-05T2 + 0.0836T - 9.5952
R%=0.9992 R%=0.9996 R*=0.9986

Water C=-0.0002T2+0.3721T +27.819  S=-0.0001T2+ 0.4889T + 103.720 H =9E-05T2+ 0,0828T -9.2518

R*=0.9996

R*=0.9999

R*=0.9988

All thermodynamic calculations were done in gas phase and chloroform, acetic acid, ethanol, DMF, DMSO and
water media. These data supply helpful information for the further study on the iopromide.

4. Conclusion

In the present work, we have performed density functional theory calculations B3LYP method with the CEP-4G,
CEP-31G, CEP-121G, DGDZVP, LANL2DZ basis sets in gas and other solvent phases, and solution electronic properties
iopromide. Molecular properties such Exomo, ELumo, global hardness, chemical potential, global electrophilicity,
nucleofugality and electrofugality were calculated. Solvent ability in engaging to structure of the compound can
influence energy levels as well as HOMO or LUMO levels, and the parameters related with HOMO and LUMO
energies.

In addition to thermodynamic properties of this molecule was calculated B3LYP/LANL2DZ method for gas and
solvent media. The correlations between the statistical thermodynamics and temperature were obtained. It is
seen that the heat capacities, entropies and enthalpies increase with the increasing temperature due to
intensities of the molecular vibrations increase with increasing temperature.
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