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Abstract

Quantitative Structure-Property Relationship (QSPR) analysis to viscosity (1) of 9 aniline derivatives have been
conducted. The study was done by using molecular modelling of aniline compounds. The calculation was performed
by the DFT method at B3PW91/6-31G (d,p) level of theory. The relationship analysis between viscosity (1) and
physicochemical properties of aniline compounds was done by MLR analysis, with viscosity (1) as dependent
variable and 9 independent variables to generate the equation that relates the structural features to the viscosity (1 )
properties. The results show good models with four parameters linear equations. The best model predicted in this
study is the four parametric regression equation (Eg. 6) In which the descriptors [Volume, T.E, surface(A) and
Charge of N7] are included, with values of R2 = 0.924, F =12.169 and S = 0.517, Ra2= 0.848 which indicate that
these parameters, play an important role in effect on viscosity (n )values.
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Introduction

The physical properties of solution such as
density, viscosity, refractive index etc. mostly depend
on the solvent and solute present in the system. These
parameters are related with molecular interactions
among the solute and solvent [1]. Fluid flow plays a
very important part in the processing of materials. Most
processes are based on the use of fluids either as raw
materials, reagents, or heat transfer media. The
behavior of a fluid in flow is very much related to two
intrinsic properties of the fluid: density and viscosity
(m). Viscosity is a measure of the resistance of a fluid
which is being deformed by either shear stress or
tensile stress[2]. Viscosity describes a fluid's internal
resistance to flow and may be thought of as a measure
of fluid friction [3-6]. These physical properties play
important role in various applications in the field
biological  systems, industrial application(e.qg,
petroleum chemistry[7]), which diverse as fluid flow
in pipes, the flow of blood, lubrication of engine
parts, the dynamics of raindrops and volcanic
eruptions, all involve fluid flow and are controlled to
some degree by fluid viscosity etc[8].
Aniline compounds are an organic compound
consisting of a phenyl group attached to an amino
group also having various applications in the field of
medicine, dye industry etc[9-11]. In the other hand
QSPR/QSAR study is an important section in
computational chemistry and uses frequently for
predicting physico - chemical and biological activity
of organic compounds, the basic strategy of QSPR is
to find the optimum quantitative relationship, which
can then be used for the predication of the properties
of molecular structures including those unmeasured or
even unknown[11-15]. Considerable work along these
lines has been reported to predicting viscosity[16-19].
In this paper we use differents descriptors by using
sequential multiple regression analysis (MLR) method
was applied in quantitative structure—property
relationships (QSPR) for modeling the relationship
between viscosity () of 9 aniline compounds as
described in Ref [20] and their structural descriptors
and predicated it theoretically.

Modeling & Geometry Optimization

The quantum chemical calculations were
performed for 9 compounds understudy with the
Gaussain [21]. Geometrical optimizations were
carried out using Density Functional Theory (DFT)
method at B3PW91/6-31G(d,p)level of theory[22]
and computed QSAR properties Surface grid (G) ,
Surface approx(A), Hydration Energy, Volume,
Polarizability, Refractivity and log P(P:Partition
coefficient value is measure of lipophilicity of
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compound in an octanol-water system) by
hyperchem 7.5 software. The experimental
viscosity (n) data of aniline and substited
compounds under study has been taken from
reference [20]. Structures of 9 aniline substited
compounds shown in Figure.l

N,N- Diethylaniline
N,N- Dimethylaniline
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2 O-Chloroaniline 1
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o

Figure 1. Molecular structure of aniline derivatives
used in the present study

Results and Discussion

The relationship between viscosity (1) and various
descriptors ~ (Physiochemical and  alignment-
independent) were established by sequential multiple
regression analysis (MLR) in order to obtain QSPR
models. The best multilinear regression (BMLR)
procedure was used to find the best correlation
models from the selected noncollinear descriptors.
The descriptors Table 1., which were significant for
experimental data, were selected by QSPR-
contingency module. To establish the statistical
correlation, the physicochemical parameters were
taken as independent variables and viscosity (n)as
dependent variable. The best model was selected on
the basis of statistical parameters viz observed with
high coefficient of multiple (R2), sequential Fischer
test (F), low standard error of estimate (S), and
adjusted coefficient of multiple determination (Ra2).
were employed to judge the validity of regression
equation and evaluate the obtained QSPR models[23-
24].

Table 1. Calculated physico-chemical parameters of the
compounds

No TE DM Qs HE Rel Pol TLog Volume Surf Surf
P

) ©

1 52 55114 28756
-T47.050
-326.801
-366.105
-316.812
-315.007
55356 -326.812
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-366.096
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Definition of Descriptors Used in This Study

HOMO: The energy of Highest Occupied Molecular
Orbital in ev, LUMO: The energy of Lowest
Unoccupied Molecular Orbital in ev AE= & ywmo-
enomo ( energy gaps in ev), T.E: Total Energy in a.u,
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D.M: Dipole moment in debyes, Qn: Mullikan atomic
charge on N atom number 7, H.E: Hydration
Energy in Kcal/mol, Ref: Refractivity
Pol:Polarizability, LogP:logarithim of partition
coefficient, Volume in Angs, Surf(A): Surface
area approx(A) in cm? and Surf(G): Surface area
grid(G) in cm®

The next most important descriptors involved in the
QSPR models are the HOMO energy, LUMO energy,
HOMO-LUMO energy gap(AE), Dipole moment,
charge, Total Energy, Hydration Energy, refractivety,
LogP, volume, surface(A), surface (G), can be
directly related with experimental data of viscosity
(m). The 1 and 13- descriptor correlations of the
viscosity (1) 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.  The first model which depends on only
one- descriptor [E.Gap] gave weak model with
correlation coefficient R2 values for this model of
0.335, aseq 1.

1=10.361(+/-19.279) E.Gap-53.132(+/-104.66) -------- 1

Statistical characteristics of the obtained equation:
R2=0.335 F=3.536 S=1.157 Ra2=0.240 Fig.
2, shows the relationship between the experimental
viscosity (1) data and predicted viscosity () by this
model.
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Fig 2. The relationships between experimental
(n) and predicted (n) by model (1).

While in the eq.2, two descriptors, the good
correlation coefficient R2 obtained when add the
descriptors Pol to E.Gap, on the other hand in the eq
2. It can be seen decrease the standard error
comparable with eq 1.
n=-149.955(+/-97.388)+0.7428(+/-0.6347)
Pol+26.150(+/-16.480)E.Gap ----- 2

Statistical characteristics of the obtained equation:
R*=0.719 F=7.687S=0.812 Ra’=0.625

Fig. 3, shows the relationship between the
experimental (n ) data and predicted (n) by this
model.

5.5 T T T T T T T INE. 2

Fig 3. The relationships between experimental
(n) and predicted (n) by model ( 2).

with three descriptors eq 3 the viscosity (n) of
compounds increases with the descriptors [Pol, E.Gap
and surface(G)]. in this eq 3. depends on three
descriptors gave very good model with change in the
correlation coefficient R? values to 0.870, high
sequential Fischer test (F) and the low standard error
of estimate (S).
N=1.982(+/-2.191)Pol+25.657(+/-20.123)E.Gap-
8.883x107%(+/-0.146)surface(G)-139.651(+/-120.036)

Statistical characteristics of the obtained equation:
R2=0.871 F=11.33 S=0.601 Ra2=0.794
Fig. 4, shows the relationship between the
experimental () data and predicted () by this
model.
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Fig. 4. The relationships between experimental
(m) and predicted () by model ( 3).

In eq 4. Also when using three descriptors [Pol,
E.Gap and surface (A)] by replacement surface (G) in
eq 3. by surface(A) in eq 4. As seen from this
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resulting in a very minor improvement of the
correlation coefficient, standard error and of the
sequential Fischer test (F), in contrast with eq 3. This
indicted that these descriptors have positive effect on
viscosity (n) properties of aniline compounds
understudy.

N=1.314(+/-1.197)Pol+19.950(+/-22.220)E.Gap-
3.716x107%(+/-5.998x10%)surface(A)-115.137
(+/-130.014) --------- 4

Statistical characteristics of the obtained equation:
R2=0.875F =11.683 S = 0.593 Ra2=0.800

Fig. 5, shows the relationship between the
experimental () data and predicted () by this model.
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Fig 5. The relationships between experimental
(m) and predicted () by model (4).

In eq 5. Also when using four descriptors [Volume,
E.Gap , surface(A) and Charge of N;] by add the
Charge of N in eq 4. This leads to generat eq 5. As
seen from this resulting in a very minor improvement
of the correlation coefficient, standard error and of
the sequential Fischer test (F), in contrast with eq 3.
This indicated that these descriptors have positive
effect on viscosity () properties of aniline derivatives
understudy.
n=7.745(+/-7.453X10-2)Volume+7.761(+/-
26.196)E.Gap-0.1058(+/-
0.1282)surface(A)+6.275(+/-14.715)
Qn-40.851(+/-155.716)

Statistical characteristics of the obtained equation:

R? = 0.909 F =10.007 S = 0.566
Ra’=0.818

Fig. 6, shows the relationship between the
experimental () data and predicted (n) by this
model.
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Fig 6. The relationships between experimental
() and predicted (n) by model ( 5).

In eq 6. Also when using four descriptors [Volume,
T.E, surface(A) and Charge of N7] by replacement
the E.Gap in eq 5. by T.E in eq 6. As seen from this
resulting in a very excellent improvement of the
correlation coefficient, standard error and of the
sequential Fischer test (F), in contrast with eq 5. This
indicated that these descriptors which has a positive
value in front of [ T.E, Volume and Charge of N7]
refers to a positive correlation with viscosity (n ) in
contrast the negative value in front of [ surface (A)]
refers to the inverse relationship with viscosity.
1=9.288x107%(6.684x10%)Volume+2.370x(+/-
6.287x10'3T.E-0.1399(+/-9.572x10’2)3urface(A)
+8.416(+/-12.841)Qn+5.839(+/-14.795) ----- 6

Statistical characteristics of the obtained equation:

R* = 0.924 F =12.169 S=0517 Ra’=
0.848
Fig. 7, shows the relationship between the

experimental (n ) data and predicted (n) by this
model.
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Fig 7. The relationships between experimental
() and predicted (n) by model ( 6).
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Fig. 8. Influence of number of parameters on
R2 of MLR model

It is obvious that as the number of parameters
increases the R2 will increase. Fig. 8, shows the effect
of increasing the number of descriptors on R2 values.
It can be seen from this figure that increasing the
number of parameters only up to four has a large
influence on improving correlation[14,25]. Therefore,
we have chosen 13 descriptors as optimum number of
parameters. one- and four-parameter models for

each of anilne substituted, which it has less standard
error (SE) high F values. In theTable 2. The predicted
viscosity (1) values obtain from Eq. 5 and 6, It is
obvious from Table 2. that the Relations between
descriptors which calculated in this study and
experimental viscosity (n ) values are in a very good
accordance.

Table 2. Experimental data according to Eg. 5 and 6.

No. Name
1 Aniline

2 O-Chloroaniline
3 N-Methyl aniline
4 N-Ethyl aniline

5 M-Toluidine
6

7

8

9

*Exp(n)
3.877
3.316
2.042
2.047

Calc(n) byeq 5 Cale(n) by eq 6
4.015 4.360
3.645 3.315
2278 1.905
2.325 2.285
3.440 3.565
2.071 2.117
5.241 5.185
3.876 3.012
1.083

4.418
1.945
5.195
3.838

N,N- Dimethylaniline 1.3
*Exp(y) in mN. S. m?= Ref 20

P- Toluidine
O-Toluidine
N,N- Diethylaniline
1.329

Conclusion

The linear model and multiple regressions were
performed between viscosity (n) of anilne substituted
and some chemical parameters/descriptors. The study
indicated that viscosity for anilne substituted can be
modeled. The values of R? S and F suggest that the
QSPR models in Egs froml to 6 are predicted and
validated. From all the results the Eq 6. have small
value of S and large values of F and R? that regard as
better in QSPR model. The experimental and the
predicted values using MLR model was excellent, and
this model including [Volume, T.E, surface(A) and

VYA

Charge of N;] showed significant role in the viscosity
(m) of aniline compounds. It is evident from the
results that the viscosity (n) of the anilne substituted
is influenced mainly by the four descriptors.Through
the present results exemplified here, we can apply a
similar approach to build other QSPR models for
viscosity of such compounds of those models will
likely provide more effective means in designing
novel compounds which have different applications
with improved profiles. This study may be helpful for
the chemists and researcher to understanding
parameters of viscosity of aniline compounds
understudy.
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