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Abstract

Calculated theory for dipole moment (u), of aniline substituted have been conducted. The
study was done by using molecular modeling. The calculation was performed by different
methods PM3, PM6, and MP2 at 6-31G(d,p)basis set and predicted dipole moment (u) by
QSPR. The relationship analysis between dipole moment (1), and physicochemical properties
understudy was done by multiple linear regression (MLR) analysis to produce the equation
that relates the structural features to the dipole moment (), properties. The results show good
models with one and two parameters linear equations. The best model predicted in this study
was the eq.6, with excellent statistical fit as evident from its R?= 0.972, F = 41.455, S =
0.329, and Ra’= 0.949, the model including the descriptors [LogP, surface(A), surface(G),
T.E REF and E.GAP], which showed insignificant role in the dipole moment (u), of
compounds. And this could potentially offer a new opportunity in the design of novel
properties or extended to other compounds.
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Introduction

The physical properties of organic compounds such as dipole moment (u), dielectric constant
(¢), solubility, melting point, and boiling point, density, viscosity, refractive index etc. are
very much related to molecular interactions and plays a very important part in the processing
of materials. These physical properties play important role in various applications in the field
biological systems, industrial application. One of these physical property is dipole moment
(1), which is the measure of net molecular polarity, which is the magnitude of the charge at
either end of the molecular dipole times the distance r between the charges. Dipole moments
tell us about the charge separation in a molecule. The larger the difference in
electronegativities of bonded atoms, the larger the dipole moment. Dipole moment depends
on three factors: polarity of molecule. magnitude of charge, geometry of molecule. And most
important it has a significant effect on the properties and processing characteristics of the
compounds[1-4].

Therefore to an understanding and obtain more information regarding the dipole moment (p),
behavior of aniline compounds, this work is undertaken, to study these properties by
quantitative structure—property relationships (QSPRs) Which it represented a
mathemat- ical models that attempt to relate the structure-derived features of a
compound to its biological or physicochemical activity, it is tools to estimate physico-
chemical and biochemical parameters and reduce the coast, time and efforts. (QSPR/QSAR)
study is an important section in computational chemistry and uses frequently for predicting
physico - chemical and biological activity of organic compounds[5-6]. Application of
quantitative structure-property relationship (QSPR) models in prediction and estimation of
physical properties of materials is widely developing. In QSPR, advanced mathematical
methods (Genetic algorithm, neural networks, and etc.) are used to find a relation between
property of interest and the basic molecular properties which are obtained solely from the
chemical structure of compounds and called "molecular descriptors”[7-12]. In this work we
demonstrate the usefulness some of the parameters in deriving predictive QSPR models. The
relation between the dipole moment (u),and quantum chemical calculation parameters to
know the physicochemical behavior of aniline substituted compounds, and to find out the
effect of various the structural, chemical, physical and other properties of these compounds
understudy on experimental dipole moment ().

Modeling and Geometry Optimization

The quantum chemical calculations were performed for 14 compounds understudy with the
Gaussain [13]. Geometrical optimizations were carried out using at mp2 method at 6-
31g(d,p)level of theory[14]. The experimental dipole moment(u) data of 14 aniline
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substituted compounds under study has been taken from reference[15]. Structures of 14
aniline substituted compounds shown in Figure.1 .

No R
1 aniline NH
2 3-bromoaniline 2
3 4-bromoaniline
4 o-chloroaniline
5 m-chloroaniline /
6 o-nitroaniline . R
7 p-nitroaniline |
8 o-toluidine \
9 m-toluidine
10 p-toluidine
11 n,n diethylaniline
12 n,n diethyl-o-toluidine
13 n,n diethyl-p-toluidine
14 N,methyl aniline

Figure 1. Molecular structure of compounds used in the present study
Results and Discussion

A full quantum mechanical geometry optimization was performed using Gaussian 03
computational program for calculation ., The dipole moment have been investigated for all
compounds by different methods PM3, PM6, MP2 and build QSPR models depend on some
descriptor calculated by MP2 method accordingly correlation it with the experimental value
of dipole moment(j). In the first the prediction model of QSPR study has been make up with
assist of the next descriptors HOMO energy, LUMO energy, HOMO-LUMO energy gap(AE),
Dipole moment( p), charge, Total Energy, Hydration Energy, refractivety, LogP, volume,
surface(A), surface (G), can be directly related with experimental data of dipole moment. The
1 and 12- descriptor correlations of the dipole moment were given in eqs (1-6) respectively
and the resulting parametric models are depicted in figures. 2-6, along with statistical
parameters of the regression.
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No LUMO HOMO E.Gap T.E *pol  *Ref *Log-p *H.E *Volum *Surf(G) *Surf(A)
1 41372 -7.518 11.6552 -286.706 11.79 3451 -0.12 -7.47  366.44 257.94 209.8
2 34839 -8.2516 11.7355 -2856.12 14.41 4204 -0.07 7.06 427.85 290.57 250.97
3 35048 -8.0396 11.5445 -2856.12 14.41 4204 -0.07 -7.18  427.75 290.57 252.2
4 36781 -7.8581 115363 -745.733 13.71 39.22 -0.34 -6.44  404.75 278.64 233.75
5 36773 -79196 11597 -745.732 13.71 39.22 -0.34 -6.91  409.31 281 242.17
6 1.4517 -8.4755 9.9273 -490.712 13.63 39.72 -48 -10.58  418.38 285.42 237.18
7 17785 -8.6619 10.4405 -490.712 13.63 39.72 -48 -12.29  428.13 292.14 260.47
8 4125 -7.7792 119042 -325.897 13.62 38.79 0.03 -5.73  413.09 279.99 235.29
9 4.0463 -7.8113 11.8577 -325.896 13.62 38.79  0.03 -5.99  418.07 286.31 248.28

10 39728 -7.6374 11.6103 -325.896 13.62 38.79 0.03 -6.3 418.43 284.53 250.72
11 4.0262 -7.644 11.6702 -443.212 19.12 54.07 133 -0.03  552.65 354.25 343.4
12 39769 -8.4941 12471 -482.603 20.96 58.35 1.49 0.87 603.99 378.67 358.5
13 41465 -7.1038 11.2503 -482.589 20.96 5835 149 1.17 604.51 380.99 386.51
14 40354 -7.7123 11.7477 -325.882 13.62 39.28 0.29 -4.38  420.11 287.62 263.78

Table 1. Descriptors as the independent variables used for QSPR analysis of compounds

Definition of Descriptors Used in This Study.

AE= Energy. GAP =Different between HOMO and LUMO is energy gaps in eV, LUMO=
The energy of Lowest Unoccupied Molecular Orbital in eV, HOMO= The energy of Highest
Occupied Molecular Orbital in eV, pu = Dipole moment in debyes., H.E= Hydration Energy in
Kcal/mol, Volume in Ang® , T.E= Total Energy in a.u., Surface (G), Surface(A)= Cm?,
*Calculated by Hyperchem Software.

Physiochemical and alignment-independent were established by sequential multiple
regression analysis (MLR) in order to obtain QSPR models. The best model was selected on
the basis of statistical parameters viz observed with high correlation coefficient (R),
sequential Fischer test (F), adjusted coefficient of multiple determination (Ra%), and low
standard error of estimate (S), were employed to judge the validity of regression equation and
evaluate the obtained QSPR models
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The first model when depend on only one parameter [LUMO] gave model with correlation

coefficient R2 values for this model of 0.831, as equation 1. The suggest that the dipole
moment increases with increase values of this descriptor. And from this eql, there is inverse
relationship between LUMO and dipole moment.

D.M = -1.546(+/-0.6143)LUMO+7.7968(+/-2.2545)....Eq]1
R?=0.831 F=59.05 S=0.625 Ra%=59.05

The relationship between the experimental data and predicted dipole moment(p)for aniline
substituted as shown in Fig.2.

CALC

1 | | | | | | | | | | |

05 1 15 2 25 3 35 4 45 5 55 6 6.5
EXP

Figure 2. Plot of () prediction versus () experimental using Eq 1.

Second model eg2. of the dipole moment (u), of aniline compounds increases with increase
LUMO and T.E values.

D.M=7.591(+/-2.396)-1.530(+/- 0.629)LUMO-1.886X10™(+/- 6.142X10)T.E....Eq2
R?=0.844 F=29.759 S=0.627 Ra’= 0.815
Fig 3. Show the relationship between the experimental data and dipole moment(p).
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Figure 3. Plot of (u) prediction versus (u) experimental using Eq 2.

Three- parameter correlations of the anilne compounds were given in eq 3.

D.M =-0.398(+/- 0.941)LOG P- 0.660(+/-2.147)T.E-3.016X10°4(6.614X10

HLUMO +4.224(+/-8.3003)......... Eq3

R?=0.867 F=21.880 S=0.606 Ra’=0.828

The relationship between the experimental data and predicted dipole moment( ), are given in
Fig.4.

CALC
T

1 .I.I | | | | | | | |

05 1 15 2 25 @ 35 4 45 5 55 6 6.5
EXP
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Figure 4. Plot of () prediction versus () experimental using Eq 3.

On other hand, when the depending on[ LogP, surface(A), surface(G) andT.E] . obtained on
equation 4. With the correlation coefficient 0.927. As seen from this resulting in a very good
improvement of the correlation coefficient, in contrast standard error highest and a decrease
of the F-test statistic.

D.M = -0.781% (+/- 0.249 )*log p+ 3.999X10-2(+/- 5.980X10-2)surface(A)-4.978x10-4(+/-
4.975x10-4)surface(G)-4.502x10-2(+/- 8.016x10-2)T.E+4.362(+/-8.627).......... Eq4

R2=0.927 F=28992 S=0471 Ra2=0.895

Fig 5. Represents the relationship between the experimental data and predicted dipole
moment(l).
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Figure 5. Plot of () prediction versus () experimental using Eq 4.

On other hand, when the adding of a parameters HOMO to the equation 4, obtained on
equation 5. The resulting improvement of the correlation coefficient, minimum standard error
and a decrease of the F-test statistic,, This model equation depends on the five
parameters[LogP, surface(A), surface(G), T.E and HOMO].
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D.M = -0.642(+/-0.349)Log P+ 0.064(+/-7.207x10?)surface(A)-3.884x10™*(+/-5.046x10™)
T.E- 0.0803(+/-9.959x10 *surface(G)-0.950(+/-1.787)HOMO+1.033(+/-10.156)...... Eqg5
R?=0.948 F=29.459 S=0.423 Ra’= 0.916

The excellent relationship between the experimental data and predicted dipole moment(p). as
shown in Fig.6.

65 ! ! ! ! ! ! ! ! ! ! !

55

4.5

35

CALC

25

15

05 ! ! ! ! ! ! ! ! ! ! !
05 1 15 2 25 3 35 4 45 5 55 6 6.5
EXP

Figure 6. Plot of (u) prediction versus (u) experimental using Eq 5.

Excellent model equation when depends on six parameters parameters[LogP, surface(A),
surface(G), T.E REF and E.GAP]. have the significant rule suggesting the importance of the
substituent's on the studied compounds on the predicted dipole moment(u).There is inverse
relationship between logP, T.E, Surface(G) while the correlation between dipole moment and
Surface(A), E.gap, Refractivity is direct relationship.

D.m = -1.406(+/-0.679)LOG P+0.097(+/-7.938X102)surface(A)-2.678x10(+/-5.749x10"
“T.E- 0.219(+/-252)SURFACE(G)+1.651(+/-1.711)E.GAP+0.528(+/-0.850)REF-
0.247(+/-17.249) ..Eq 6

R?=0.972 F=41.455 S=0.329 Ra’= 0.949
The excellent relationship between the experimental data and predicted dipole moment(u)as
shown in Fig.7.
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Figure 7. Plot of () prediction versus (1) experimental using Eq 6.

Consequently, among different models, The percentage of correlation coefficient R2
increased dramatically from one parameter to six parameters Eq. 1-6, which show very good

correlation coefficient R2 .On the other hand, after build QSPR models to predicted dipole
moment(l). and the best modes was eq6 by using MP2 methods to generated geometry
optimization. Also the dipole moment(pt) have been investigated for all compounds by three
types of methods PM3, PM6, MP2. These method were optimized and employed to derive
and predicated the dipole moment(pt) of the compounds, table 3. It could be seen from Table
3. The predicted of the dipole moment(p)values obtain from ( QSPR-Eq. 6 ), PM6, PM3, and
MP2 in this study and comparable with the experimental values in the Reference [1]. It is
obvious from this table 4. The best value of high correlation coefficient (R), sequential
Fischer test (F), adjusted coefficient of multiple determination (Ra%), and low standard error
of estimate (S), was eq 6, and the value calculated by MP2 method between descriptors which
calculations in this study and experimental the dipole moment(p)values are excellent.

Table 4. Predicated Experimental data depends on PM6, PM3, MP2 & Eq 6.

predicted by pm6  predicted by pm3  predicted by mp2 predicted by

QSPR Eq 6
S= 0.288 $=0.511 $=0.221 $=0.329 EXP d.m
(R"2) =0.963 (R"2) = 0.886 (R"2) = 0.978 (R"2) = 0.972 Ref= 15
(Ra’*2)=0.960 (Ra"2)=0.877  (Ra"2)=0.976  (Ra"2)=0.949
F=321.106 F=94.088 F =552.219 F=41.455
1.7597 1.5682 1.6057 1.32 1.13
3.2 1.9863 3.0027 2.9 2.67
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3.5246 1.2601 3.3965 2.7 2.88
2.1151 1.5341 2.0102 1.83 1.78
3.6295 2.34 3.3309 2.24 2.68
5.5544 5.0491 5.2805 4.49 4.28
8.2912 7.8388 7.7272 6.13 6.3
1.9066 1.3256 1.5355 1.44 1.6
1.5126 1.4518 1.4657 1.24 1.45
1.4839 1.2261 14111 1.45 1.52
3.0072 1.8466 1.2115 1.56 1.68
1.7154 1.1204 0.4719 1.04 0.88
1.696 1.1023 1.6185 1.24 1.29
2.0023 1.2418 1.4729 2.17 1.67
Conclusion

The quantum chemical calculations can be successfully used for the prediction of dipole
moment(u) by different methods PM6, PM3, MP2 level of theory at 6-31G(d,p)basis set., is
proved to be good to give the prediction of dipole moment(u). The best predicted of the
dipole moment(p)values obtain from ( QSPR-EqQ.6 ), and calculation by MP2 method. From
all the results of the QSPR, the better the QSPR model was the Eq 6. have high correlation
coefficient (R), sequential Fischer test (F), adjusted coefficient of multiple determination
(Ra?), and low standard error of estimate (S),. As well as the dipole moment(p)values
increases with increasing the descriptors understudy including [LogP, surface(A), surface(G),
T.E REF and E.GAP], Eq 6., showed insignificant role in the a predict the data of the dipole
moment(i)and these descriptors play an important role in effect on dipole moment(j)
properties of compounds, which allow chemists to elucidate and to understand how molecular
structure influences properties. Through the present results exemplified here, we can apply a
similar approach to build other QSPR models for dipole moment()of another compounds to
provide more effective means in designing novel compounds with improved profiles. This
calculation procedure can be used as a model system for understanding the relationships
between electronic properties and molecular structure and also can be employed to explore
their suitability in different applications.
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