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Abstract:

In this work semi—empirical method (PM3) calculations are carried out by
(MOPAC) computational packages have been employed to calculate the molecular
orbital's energies for some organic pollutants. The long— chain quaternary ammonium
cations called Iragi Clays (Bentonite — modified) are used to remove these organic
pollutants from water, by adding a small cationic surfactant so as to result in floes
which are agglomerates of organobentonite to remove organic pollutants. This
calculation which suggests the best surface active material, can be used to modify the
adsorption efficiency of aniline , phenol, phenol deriviatives, Tri methyl glycine, ester
and pecticides , on Iragi Clay (bentonite) by comparing the theoretical results with
experimental results achived in previous experimental studies between some organic
pollutants and modified bentonite by  (1- Hexadecyl pyridinium bromide)
(HDPYBEr). The theoretical calculation is made by using three surface active materials
[1- (Hexadecyl pyridinium bromide) (HDPYBr), (1,12- Dipyridiniododecane
dibromide) (DPYDDBEr,) and Hexadecyl trimethyl ammonium bromide (HDTMA)].
Using (HDTMA) leads to the best adsorption efficiency for most pollutants involved
in this study. The enthalpy of formations, dipole and energy of molecular orbitale
HOMO and LUMO energies levels are calculated for all pollutants and the three
surface active materials.

Key words: PM3 Semi-Empirical Method, Adsorption, Quaternary Ammonium Salts,
Iragi Clays (Organ-Bentonite).

Introduction:

Modified Iragi Clays are profitably = modifying these surfuses by adding long
effective to remove toxic environmental  chain organic compounds[2], can
contaminants[1]. Clay materials can be  achieve high sorption [3-6]. Semi-
modified by using chemical/ physical  empirical methods have a long useful
treatment like natural aluminosilicate  history in solid- state chemistry,
clays which are highly hydrophilic and  spanning several decates [7]. Indeed, an
show avery low adsorption, for  approximate molecular orbital
hydrophobic organic contaminants by  calculation lays the foundation for
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subsequent ab initio methods at the time
when computing resources do not permit
more accurate techniques to be applied
[8]. studying the molecular modeling of
adsorption of poly (L-Lysine) onto silica
glass is done by using two approaches :
an AM1 semi-empirical moleculer
orbital method and an MM3 molecular
mechanics method to investigate the
structural configuration for poly (L-
Lysine) [9]. Different investigations on
the  adsorption and  heterolytic
dissociation of H,O and H, molecules on
a (ZnO) surfaces can be followed by
using AM1 and PM3 semi-empirical
methods. The major objective of this
research is to compare between
experiment adsorption results for the
adsorption of linear alkyl benzene
salfonate (LAS) on lIragi Bentonite
modifided by aquaternary aminonium
salt (QAS) [1-Hexa decyl pyridinium
bromide (HDPYBr)] and atheoretical
study by using PM3 semi-empirical
method for three quaternary ammonium
salt; 1,12- Dipyridiniododecane
dibromide (DPYDDBr;), Hexadecyl
trimethyl ammonium bromide(HDTMA)
and 1- Hexadecyl pyridinium bromide
(HDPYBr). The theoretical study
involves calculating the adsorption
efficiency for the three QAS, to
adsorbing different aromatic pollutants
like (phenol, phenolic compoundes,
aniline and others).

Materials and Methods
Computational Calculation

Semi-Empirical Method.
Semi-Empirical Method PM3 is
amodified neglect of diatomic orbital
method-parameterized model 3 or
MNDO-PM3.The calculations in this
model are carried out efficiently. The
method  approximates inner  shell
electrons as a fixed core, and treats the
valence electrons of an atom.
E=1/12 Zij Pij( Hij +Fij) (1)
From this equation we calculate the
electronic energy by using the density
matrix(P); Hamiltonian matrix( H),
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includes the electric dipole term(Dj),

and F is the Fock matrix . [10].

Hij = Ho,ij + E - Djj, )

In each atom in the molecule,the basis
set for the matrices is composed of the
valence shell atomic orbitals, the core
Hamiltonian matrix is sufficient to
consider only the closed-shell orbitals
[11,12].

Hu= U+ 28 Vi 3)
Hpv = ZB V;,LX B B (4)
Hu =172 (%, +B%) S (®)

The symbols U, define the sum of the
kinetic energy of the electron in orbital
w, and the potential energy of the
attraction between the electron and the
atom core. The symbols p and v define
the matrix elements of the atom A. The
symbols A and ¢ define denote atomic
orbitals in an atom B. The potential
energy V,.s define the attraction
between the electron in atom A and the
core of the atom B. The atomic orbitals
represented by p and v in atom A are the
charge distribution interactions between
the spherical (s-type) charge distribution
in atom B, the type of atomic orbital is
defined as B, The element from the
overlap matrix is the element from the
overlap matrix Sy, The equations
describe the Fock matrix for open shell,
when the @ represents the atomic
orbitals is.

Fun = Hy + A PP, (@A, f,, D,
@) - P (D, DA, CDAK ot
+2eE%0 PP (@, @, DF; DB ).
(6)

S Hy, +2 P:+BW /@A% @t qn/:‘p CD:V)
P (9%, 0% 07, 0L ) (0 o,
s D v O v)]+ 2:BZ AG Pa ﬁk,o(q) n o Vi

@8, @B ). (7)

Fy = Hy - A, 28 P (@4, @4, @
D" ). (8)

In different atoms the interaction

between orbitals on atom A and atom B
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approximate from electrostatic moments
[10]. Semiempirical methods are the
simplification of the Hamiltonian matrix
by fitting them the experimental data
[13-17]. The symbols Pg, Fo, define the
ground-state Fock and density matrices.
The ground-state density matrix is then
used as an input to the time-dependent
stage [18].

Standard sparse-matrix  for large
systems can be used to efficiently do the
Hartree—Fock (HF) iterations.

Po= @(p- Fo(Po)) ©)
Results and Discussion:

The adsorption of LAS on lIraqi
bentonite was studied in previous
experimental study [19] by using
different LAS concentration different
temperature and range of PH. The
modification of bentonite clay has been
accomplished to activate its surface, and
to get abetter adsorption process for the
LAS molecules in the solution, where as
the sorption (adsorption + absorption) on
bentonite surface will also be abetter
modifier that leads to vary the molecule
orient in the pattern, and the adsorption
is expected to be taken place at the
external and internal surface. The
sorption percentage of LAS on modified
bentonite has significantly increased,
due to the strong interaction between the
LAS molecules and the modified
surface, the sorption percentage exceeds
81%, while the sorption of LAS on free
bentonite clay at 298K is about 36%, so
the modification process is profitable, It
also increases the capacity of bentonite
clay to accommodate LAS molecule on
the surface of bentonite. Organoclay
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prepared [20] (bentonite-HDTMA) can
remove phenol more efficiently than
unmodified natural clay and the removal
percentage reaches to 47% by amodified
clay and 0.19% for the unmodified clay.
The adsorption process obeying the
Freundlich isothermal model and the
Kinetics is best explained by the pseudo-
second order model[21] . In this study
we use the PM3 semi-empirical
method[22] (Zoebisch, Hedy and
Stewart,1985) to calculate electronic
density, geometrical optimizing shape,
molecular  orbital energy, dipole
moment(i) and Enthalpy of formation
(AHy) for the three (QAS) and the
organic pollutants.Fig. 1- a,b,c,d show
the structures of bentonite and the three
(QAS s) respectively. The structures of
organic pollutants are given in Fig. 2.
Table 1. gives the formula, molecular
weight, enthalpy of formation (AHy)
and HOMO (High occupied molecular
orbitale), and LUMO (lowest
unoccupied molecular orbitale) for the
all pollutants and for the three QAS s
respective.

The removal percentage R% and energy
barriers AE between HOMO and LUMO
of pollutants with QASs lead to
increasing the adsorphion efficiency(
R%) as shown in Table 2.

Fig. 3-5 show the HOMO and LUMO
energy level for all pollutants with
HDPYBr, DPYDDBr, and HDTMA
respectively. The different energy
between HOMO and LUMO levels AE
for each molecules reflects, the energy
required to translate electron to the
excited state (from HOMO to LUMO)
[23, 24].
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Fig. 1.The Structures of Bentonite and the Three (QAS s).
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Fig. 2. The Structures of Organic Pollutants.
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Table 1. The Formula, Molecular Weight, Enthalpy of Formation (AH;) and
HOMO and LUMO for the All Pollutant and for the Three QAS s.

M.Wt Lumo | Af(Lumo
Substance Formula S AHg(Kcal/mol D Homo(eV ~Homo)
(gimo) ( ) | uD) ) | ) o
LAS( linear alkyl benzene
salfonate) C19H3103NaS 362.502 -53.9338 41.2095 -13.445 -4.722 8.723
Phenol CeHsO 94.113 -21.7505 1.1422 -9.175 0.291 9.466
P -Nitro Phenol CsHsNO; 139.110 -31.8128 5.5665 -10.170 -1.081 9.089
p-Amino Phenol CsH;NO 109.127 -23.3467 1.7397 -8.346 0.305 8.651
P-Methyl phenol C;HgO 108.140 -30.9933 1.2263 -8.951 0.330 9.281
P-Chloro phenol CsHsOCI 128.558 -28.4724 1.3946 -9.009 0.048 9. 057
. 8.953
Di-Chloro phenol C¢H,OCl, 163.003 -34.0067 1.1667 -9.038 -0.185
Tri-Chloro phenol CsH30Cl3 197.448 -39.3440 1.6834 -9.114 -0.395 8.719
Titra-Chloro phenol CsH,OCl, 231.893 -43.4091 1.7676 -9.051 -0.584 8.467
pinta-Chloro phenol CsHOCls 266.338 -48.3920 1.1045 -9.136 -0.789 8.347
Anilin Cs H7 N 93.128 21.2158 1.296 -8.610 0.418 9.028
Tri methyl Glycine CsH1,NO; 118.155 -76.2347 2.2058 -9.261 1.478 10.739
Ester of Sulphosuccinic acid C4Hs06S 182.148 -242.748 3.2030 -11.057 -0.837 10.22
Lambdacy
holothrin(pesticide)(R)(2)- Ca3Hyg CIF; NO; 449.900 -9.763943 1.7382 9,515 -0.289 9.226
(1S)-Cis
Lambdacy
holothrin(pesticide)(S)(2)- Cy3Hig CIF3 NO3 449.900 -4.305926 2.3758 -9.376 -0.361 9.015
(IR)-Cis
HDTMA
(Hexadecyltrimethyl C1sHaoNBr 364.452 12.643015 4.0366 -8.368 0.769 9.137
ammonium bromide)
HDPYBr (1- Hexadecyl CotHsgNBr 389.481 -99.120064 45317 9771 1.799 11570
pyridinium bromide)
DPYDDBr,
1,12- Dipyridiniododecane CyHauN2Br; 486.332 63.70714 2.0496 -8.799 -0.629 8.170
dibromide
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Table 2. The Value of Percentage R% Remover and Energy Barriers AE
between HOMO and LUMO of Pollutants with QASs .

Substance R%-HDTMA | AE(LUMO- R%%- AE(LUMO- R%- AE(LUMO-
HOMO) | DPYDDBr, | HOMO) | HDPYBr | HOMO)
LAS( lineur alkyl 112.169 3.646 100.00™ 8.723 81,000 5.049
benzene salfonate)(1)
Phenol (2) 47.231" 8.659 47.855 8.546* 40.645 10.062
P -Nitro Phenol  (3) 56.123 7.287 52.989 7.718 47.062 8.690
p-Amino Phenol (4) 47.154 8.673 52.996 7.717* 40.588 10076
*
P-Methyl phenol (5) 47.019 8.698 49.143 8.322 40.488 10.101
*
P-Chloro phenol (6) 48594 8.416 48.803 8.38 41651 9.819
*
Di-Chloro phenol(7) 49.978 8.183 48635 8.409 42663 9.586
Tri-Chloro phenol(8) 51.294 7.973 48.664 8.404 43619 9.376
Titra-Chloro phenol(9) 52540 7.784 49.783 8.215 44516 9.187
pinta-Chloro phenol(10) 53.961 7,579 49.037 8.347 45532 8.982
Anilin(L1) 46.549 8.786 51.243 7.981* 40.138 10.189
Tri methyl Glycine(12) 9.846* 47.378 8.632* 36.977 11.249
Ester of Sulphosuccinic -
(1) 54.305 7.531 51579 7.929 41.855 9.771
Lambdacy "
holothripestionde)(14) 50.621 8.079 48.058 8.510 43.131 9.482
Lambdacy 51.076 8.007* 48.468 8.438 43.461 9.410
holothrin(pesticide) (15) ' ' ’ ’ ’ ’

(**) Experimental results. [19].
(*) The process is from pollutants to modified (P— M). The rest AE is from
modified to pollutants M—P

Esergy eV

Fig.3-. Correlation Digram of HOMO

and LUMO Energy Levels
(C21H38NBF)

HDPYBr
Pollutants.

and

for
All

aergy V)

Fig.4.. Correlation Digram of HOMO

and LUMO Energy Levels
HDTMA

(C19H42N BI")

Pollutants.
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L

Fig.5. Correlation Digram of HOMO
and LUMO Energy Levels for
DPYDDBr; (C22H34N28r2) and All
Pollutants.

Modification Bentonite surface with
QASs, leads to remove water molecules
from the silicate layer and alkyl chains
Hydrophobic interactions lead the
hydroxyl and/or oxygen adsorped on
sites standby water molecules. The
Hydrophobic interactions are generally
weaker than polar interactions as well as
the hydrogen bonds, which can be
expected to take part between the silicate
sheets and the phenol hydroxyl group
due to the perpendicular orientation of
phenol.

The lower uptake of phenol by
bentonite can be explained by lindrance
of strongly adhered water molecules to
the silicate surface. The adsorption of
the water and phenol molecules is
compelitive in this case (6). The
hydrophobised surface causes the higher
phenol adsorption on modified bentonite
than on the original bentonite. The AE
values between all pollutants and the
three QASs reflect the energy required
to translate electron between HOMO of
the molecule to LUMO of the other
molecule which leads to the interaction
occuring between the pollutant molecule
and QASs as modifier. The lowest value
of AE leads to the highest adsorption
efficiency [23, 24], so (HDTMA) gives
the highest (R%) for LAS which
transcends 100% ,this means that the
modified clay surface with HDTMA
increases the adsorption capacity. From
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the experimental adsorption results
HDTMA leads to the adsorpted 47.2%
of phenol and by comparing this value
with the different energy levels in Fig.
3,4 ,The expected efficiency for the
three QASs are calculated in (Table 3).
The efficiency of HDPYBr is as fellows:
LAS( lineur alkyl benzene salfonate)> P
-Nitro Phenol> Titra-Chloro  phenol>
Tri-Chloro  phenol> LAMBDACY>
Lambdy> Di-Chloro phenol> Ester of
Suphosuccinic acid> P-Chloro phenol >
phenol > p-Amino Phenol > P-Methyl
phenol >Anilin> Tri methyl Glycine
Whene as the order of efficiencies of
HDTMA are as follow:

LAS (lineur alkyl benzene salfonate) > P
-Nitro Phenol > Ester of Suphosuccinic
acid > pinta-Chloro phenol > Titra-
Chloro phenol > Tri-Chloro phenol >
LAMBDACY > Lambdy > Di-Chloro
phenol > P-Chloro phenol > phenol > p-
Amino Phenol > Tri methyl Glycine

At last the order of the efficiencies of
DPYDDBTr; is:

LAS (lineuralkyl benzene salfonate) > P-
Chloro phenol >Ester of Sulphosuccinic
acid > Anilin

Conclusions:

Certain conclusions can be derived
from the results and discussions as in the
following:

Modified bentonite with QASs
lead to remove water molecules from
silicate layers and replace it by hydroxyl
and /Jor oxygen molecules. This
interaction bettween alkyl chains and
silicate layers is generally considered to
be weaker than polar ones as well as the
hydrogen bonds formation. It can be
expected that some hydrogen bonds can
take place between the silicate sheet and
organic  pollutants.  Semi-empirical
method (PM3) calculation is successful
by comparing the data with the
experimental study by using modifier
molecules like anionic or cationic
surfactant and the best modifier can be
selected theoretically.
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