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Abbreviation

HF - = Hartree- Fock .
SCEF = Self consistent field |
3-D = Three - Dhimension .

STO = Slater Type Orbital .

STO; = Slater Type Orbitals.

ZDO = Zero differential orbital .

CNDQO = Complete neglect of differential overlap,
INDQO = Intermediate ncglectdof differential overlap.

MINDO = Moditication neglect of differential overlap.

MO = Molecular orbital.

AJLON = Molecutar erbitals.

AO = Atomic orbital,

AO, = Atomic orbitals.

AMI = Austin model L.

PM3 = Parameterized model 3.

RHF = Restricted Hartree-Fock.
M.IL.S = Molecular dynamic simulation .
L.D.S = Langevin dynamic simulation .

MOT = Molecular Orbital Theory. -
GTO = Gaussian Type Orbital,

P = lonization potential .

HOMO = High occupicd molecular orbital .

LUMO = Low uncccupied moelecular orbital.

LACCO = Lincar combination of atomic orbital.
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ABSTRACT

Computational metheds have been extensively used in chemistry, and
have: shown very fascinating results, In this work we used Ab initio
calculations to study the stability of so;nc Amino methane phosphine
derivatives. The hyperchem package has been used with 3-21G basis sel.
We calculuted the following parameters: Geometries, charges electronic
densities, lotal energies, HOMO-LUMOQO gap, LUMO cnergies, ionization
energies (1%, 2™ and 3™ ) and dipole moments.

Based upon the parameters considered. our investigations proved that the
most stable species is PH;CHyNH.. The molecules PH,CHFNH,,
PIFCH;NH; and PHRCHLNHE  also showed a little stability in

association with their counterparts species in the classes .
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CHAPTERE INTRODUCTION

INTRODUCTION

Phosphorus lies directly below nitrogen in the periodic 1able its
valence shell is similar 1o the electron configuration of nitrogen [1],
consequently one might expect that the chemistry of these two elements
to be simitar [2]. But beyond the similarity in stoichiometeries of
compound such as NH3.PH3[1], it has been known that the chemistry of
phosphorus and nitrogen compound showed many differences . For
example, despite the fact that the similarity in stoichiometry of NH; and
PHj electronically there is a clear differences in [Py and total ¢nergies
count [3].There is a little resemblance in the chemistry between P and N
[1].In the comparison between NH,, PH;y |, the P-H bond is longer than
the N-H bond and therefore the electron density is less at phosphorus
atoms due to its lower clectronegativity than nitrogen , the clectron
density is concentrated nearer the hvdrogen in P-H than in N-H. Both
these factors mean that there is less electron density at the phosphorus
aton in the P-H bond than in the case of nitrogen in NI, , and (herefore
the HPH angle in PHj is much more drastically reduced by the lone parr
repulsion [4]. Phosphines are more pyramidal than amines, but there is
considerable variation in the bond angles about phosphorus atom .
Trimethyl phosphine has a <CPC angle of 99°, some what expanded

from <HPH angle of 93°in phosphine itself.
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Tripheny] phosphine has CPC angles of 103°.Since phosphine are analog,
of amine, we cxpect the phosphorus lone pair show characteristic basic
propertics.
Phosphine do act as Lewis buse,but the base strength is strongly depend-
ent on structure, particutarly on bond angle variution between the pyram-
1dal phosphine and tetrahedral phosphonium salt. Phenyl phosphines are
less basic than alkyl compounds. Tertiary phosphines also act as pood
donor ligand toward metals and are conumonly used in the preparation of
organometallic complex such as:

[Call; Fe (COY ( P(Ph), -CH-P(Ph))] BFy  [5].

Bidentate phosphines with only one bridging group such as
thP(Ci-Il)gPPhg and CH;3;N{PF;)s tend to metal-metal interaction or bond
formation because the two donor P-atoms are so close to pather, the use
of chelate phosphine with many bridging groups gives long flexible
chains has quite u different effect[6].

Ammonia has a pyramidad shape,”Fhe rN-1) length is 1.008 A and
the FINH bond angle is 107.3% .The hybridization of nitrogen is approxi-
malely sp’ . It forms three approximation sp’-6- bonds to hydrogen and
has a nonbonding elcctron pair  that occupies the other approximatety
sp'- orbital. The nonbonding ¢lectron pair is important in chemistry of
amines, since it is responsible for the typical basic and nucleophilic prop-
erties of these compounds .Amines that have an ary! group attached to
nitrogen arc characterized by somewhat large < INH and <lINC angles;

that is, the nitrogen is more nearly planar than in alky} amine[35].

[ g
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Thé construction of rP-C bond in organophosphours is often dit'"ﬁcull; and
their preparation usually require tedious steps establishing the need for
¢asier protocol compound([2].

The computational chemistry aims to solving chemically related problems
by means of calculation, the goal for the computational chemistry s to
understand and to predict chemical properties in term of electronic
structure [7]

Fewer theoretical studies has been reporied for Bis(diphosphino)methane.
Lapper and coworker have studied the above molecule in detail both exp-
erimentally, by clectron diffraction, and theorctically by an ab intio
calculations. The theoretical results showed a good agreement with the
experimental one. The substituted diphosphines ligand has been reacted
with organometallic compound namety [CgH,Fe (CO )] BFy.

The reaction of 0,PCIT,Pdy (dppm) with [CoHiFe {(CO );) BFyresulted in
three different compounds,

The [n’—Csby)Fe(CO) 1 dpptn] BF, The "H-NMR for the -CH, showed
four very interesting features , which appeared as nonequivalent one
proton on observed at 8= 5.16 ppm as a sextet and other at  §=4.31ppm
also as sextet, both being split by other J= 12.09Hz and by phosphorus
atom J= 10.44 [1z[8].

Chang and cowerker has been investigated hydrogen bond effects of
HoPCH,PNEL  and related species using b initio molecular  orbital
treatment [,

We are going (o use a similar maolecules, i.e halide substitute has been



CELal LR T INTROMUC TN

canstructed, XoPCX,NX,  (where X=H, F, C] ).

;\150 , Hakeem and coworker previously carried out some calculations, on
X PMXPX. (X=, I, Cl), (M=C, 5i) [3].

Borisenko and coworker studied the energetic and structure changes in
tetramethy! diphosphines and tetrasilyt diphosphine by using ab initio
MO calculation [ 10], Lohr and Ahrens uscd a_b inttio method for study the
characterizations of P-P bonds in model diphosphours compounds in
which the two direetly bonded phosphours atoms are bridged by one or

two urea group [ 1].



CHAPTER [ ATOHAIC CRIITALS

1.1, Atomic Orhitals:

We all know that an atom is made up of electrons, protons and
neutrons. In addition, we know that the ncutrens and protons arc what
make up the nucleus which the electrons orbital. In chemistry, we want to
be able to locate and characterize the electrons. To do this we must think
about the electron in three-dimensional space. Quantum numbers is a
method that scientists use 1o describe the location of an electron. There
are three quantum numbers, n, 1. and m, which represent each of the three
dimensions. All quantum numbers are always intcgers.

"n" is the principle guantum number and can range from 1 to infinity.
This value Is the best estimate of the electrons distance from the nucleus,
The value of "n" also delines the electron shell. Therefore, more than one

electron can have the same "n" value

is the angular momentum
quantum number, As "n" was used to define the electron shell, "1" is used
to define the electron sub shells.

"I" values can range from 0 to "n-1." in addition, each "1" value is
assigned a label or name of the sub shell which it represents. Below is a
table of the first four sub shells. The first three sub shells are labeled
according to the types of lines produced in the spectrum. Afler the fourth
sub shell, the labels proceed in alphabetical order.

Last is the "m" which is the magnetic quantum number. This number can
range from negative to positive "|" including zero. "my" represents the

orbital within a subshell. The orbitals within a subshell are the same

shape bul different orientation. This brings up another point...the shapes
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of orbitals. Each orbital has a characteristic shape. The s, p, and d orbitals
are shown below. Notice that the orbitals are not straight paths, but more
like clouds. This shows us that electrons do not stay on one path around
the nucleus. Instead, they move around the nucleus in a given reglon or
"orbital." The probability of locating an clectron is the greatest around the
nucleus because that is where the attraction is sirongest. The size of the
orbital increases with the value of "n", the electron's distance from the

nucleus. Also, observe the symmetry in these orbitals [12].

Vilue of 1 Corresponding Subshell Label
0 s {sharp)
| p (principal)
2 d {dilTuse)
3 f (fundamental}
4 g

&
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. .3.d:xy -Orbital N 3P~c-01 bltdl
B Fig.(1.1): The s, p, p,and d orbitals

1.1.2. Overlap of atomic orbitals:-

If 1wo atoms approach each other closely enough for one orbital
on each alom to have appreciable amplitude in a region of space commen

to both of them , the orbitals are said to overlap. The magnitude of the
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overlap may be positive, negative, or zero, according to the properties of
the orbitals concerned.

Overlap has a positive sign when the superimposed regions of the two
orbital have the same sign, both (+) or both (-). Overlap has a negative
sign when the superimposed regions of the two orbitals have opposite
Signs . ﬁrccisely zero overlap results when three are precisely equal
regions of overlap with Gpposite.signs.

The physical reason for the validity of the overlap criterion is straight-
forward. In a region where two orbital, @) and @, have positive, overlap
the electron density is higher than the mere sum of the clectron densities
of the two separate orbitals, That is, (), t,)? is greater than @, {Tllz,b},r
20Dy More clectron density is shared between the two atoms. The
altraction of both nuclei for these clectrons is greater than the mulual
repulsion of the nuclel, and a net attractive force or bonding interaction

therefore results [1].
1.1.3. MO Interactions:-

When two chemical species (aloms or molecules) come logether,
we can understand the new molecular orbitals(and their energies) in terms
of the orbitals(and their encrgics)of the separated specics. The interaction
ol an orbita! of one species with an orbilal of the ather gencrates two new
orbitals, one a favarable (bonding)combination, which is lower in energy
than either of the separale orbitals |, and the other an unfavorable
(antibonding) combination, which is higher than either of the separated

orbitals. The amount by which the energies shift depends on overlap and
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energy maich between the mixing orbitals. To get an idea of the tendency
of the two species (let's call them molecules A and B) 1o stick 1ogether,
we can check the interactions of all pairs of orbitals (their overlap and
cnergy match} and sce whether there is a way to lower the total cnergy
from that of the separated molecules. Each molecule has so many orbitals
lhat 11 looks like a daunting task to consider all possible pairs of orbitals
between A and B and to decide what the overall effeet on energy should
be of bringing A and B together, Forunately most interactions are
irrelevant, and usually it is possible to focus on Just one or two orbital
interactions to decide whether two molecules should react with One

another,
1.1.4. HOMO-LUMO Interaction:-

" Every molecule has a highest occupied molecular orbital (HOMO)
and a lowest unoccupied molecular orbital (LUMO). Sometimes the
HOMO is not only the highest in the molecule but is unusually high, like
the one indicated in red on the near right. Sometimes the LUMO is
unusually low, like the one indicated in red on the far right, Because there
is reasonuble energy match between this HOMO and this LUMO, there
can be substantial lowering in energy. If this is cnough to overcome
reaction partner and an unusually low LUMO in the other. Note that in
the case on the right molecule A is reactive because of its unusually high
HOMO (It’s LUMO is nothing special). Molecule B is reactive because
of it’s unusually low LUMO(It's HOMO is nothing special).
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By predicting which molecules should have unusually high HOMOs and
which should have vnusually low LIJMOs we can recognize functional
groups, and predict which functional groups should react with one
another, Once we learn to identify unusually high HOMOSs and unusually

low LUMOs we'll be in great shape[13].

Fig.{1.2): HOMO-LUMO MO Intcraction

10
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1.2. Symmetry and structure:

Molecular symmetry and ways of specifying it with mathematical
precision are important for several reasons .The most basic reason is that
all molecular wave function-those governing electron distribution as well
as these for vibrations, NMR spectra ,and so on-must conform, rigorously
Jlo certain requirements based on the symmetry of the equitibrium nuclear
framework of the molecule. When the symmetry is high these restriction
can be very severe. Thus from a knowledge of symmetry alone it is often
possible to reach useful qualitative conclusion about molecular clectronic
structure and to draw inferences from spectra about molecular structure .
The qualitative application of symmetry restrictions is most impressively
illustrated by the crystal-field and ligand-field theories of electronic
structure  of transition metal complexes. A more mundane use for the
coneept and notation of molecular symmetry is in the precise description
of a structure .One symbol ,such as D;h, can convey precise, unequivocal
structural information that would require long wverbal description to
duplicate, Thus if we say that the [NiCN))" ion has Dsh symmetry, we
imply that (a) It's completely planar , (b)The Ni-C-N groups are all
linear, {¢)The C-Ni-C angles are all cqual, at 90°, (d) The lour CN ZrOLUDS
are all precisely equivalent to one another, and (¢) The four Ni-C bonds
are precisely equivalent to on another. The use of symmetry symbol has
become increasingly common in the chemical literature, and it’s now
necessary to be familiar with the basic concepts and rules of notation to
read many of the conlemporary rescarch paper in inorganic and, indeed,

also arganic chemistry with full comprehension[6).

Il
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L.3. Computational chemistry :

Computational scicnce (computational, physics, chemistry, biology,
cte...), which is distinct from computer scicnce, emerged in recent years
as a third way of doing science, besides experimental and theoretical. It
uses compuier 10 perform extremely complex calculation or simulation,
the outcome of which could never be puessed u prior even when the
underlying  theory is well known and the equation simple [14].
Computational science is the application of computational and numerical
techniques to solve lurge and complex problems. Computational science
lakes o not only the improvements in compuler hardware, but also
probably more importantly, the improvements in computer algorithms
and mathematical techniques. Computational science allows us to do
things that were previously too difficult to do due to the complexity of the
mathematics, the large number of calculations involved, or a combination
of the two.Computational science alse allows us to build modcls that
allow us to make predictions of what might happen in the lab, so that we
are perhaps better prepared to make good obscrvations or 1o understand
better what we are seeing. We can also use computational techniques to
perform experiments that might be too expensive or too dangerous to do
in the lab, There are many definitions of computational science most of
them describe it as "an inter disciplinary approach to the solution of
complex problems that uses concepts and skills from the disciplines of
science, compuler science, and mathematics ", Of considerable

importance is your understanding that the study of computational science
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is not computer science computational science is a methodology that
allows the study of various phenomenons, We consider computational
science 1o be a fourth method of doing research, an addition to

observational, experimental, and theoretical methods [12];

DCHEBCE? e sady of how mature brhaves

Faperidie siod Tiulw.l'ir#f
Medevire Mirnes

Compaintionat
Srirser

Fig.(1.3): Relations between computational | theoretical and cxperimental seience

Computational chemistry is simply the application of,chemical mathemat-
ical and computing skills to the solution of interesting chemical problems.
It uses computers to generate information such as properties of molecules
or simulated experimental results. Computational chemistry has become a
useful way to investigate materials that are too difficult to find or too
expensive to purchase. It aiso helps chemists make predictions before
running the actual experiments so that they can be better prepared for

making observations.

13
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The Schrédinger equation (explained in another section) is the basis for
most of the computational chemistry scientist's use. This is because ihe
Schrﬁdingcr equation models the atoms and molecules with mathematic
[12]. Example is computing precise cnergy differcnee for relatively large
molecules. Typically, the trial wave function and the Schrédinger
equation is cast in matrix form. The matrixes involved in a typical
calculation can be 200 x 200 some SCF calculation have been
performed involving matrixes with more than a thousand rows and
columns . The resulls can not be guessed without diagonalzing such
matrixes which is clearly impossible without a powerful computer. As
Computer becomes more powerful and accessible and as chemnists
developed better algorithms and software a larger varicty of problems in
chemistry can be tackled by compuiational methods. Not so long,
computational chemistry was, almost synonvmous with gquantum
chemistry but this is not longer true. Today computational methods are
used in chemistry to study eleetronic structure by matrix equation and
others. To predict the properties of non-existent molecules that look
interesting candidates for synthesis by searching and analyzing huge
databases ol known molecular structure and properties [14].Currently,
there are two ways to approach chemistry problems: computational
quantum  chemistry and non-computational quantum chemistry,
Computational quantum chemistry is primarily concerned with the
numerical computation of molecular electronic structures by ab initio and
semi-empirical techniques and non-computational quantum chemistry

deals with the formulation of analytical expressions for the properties of

14
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molecules and their rcactions{12]. The rcal strenpth of computational
chemistry is the ability to generate data (for example by analyzing the
wave function} from which is chemist may gain insights and thereby
rationalize the behavior of a large cluss of molecules, Such insights and
rationalization are much more likely to be useful over a larger period than
the raw results themselves. A good example is the concept used by
organic chemistry with molecules composed of functional groups, and
representing reactions by"pushing electrons™. This may not be particularly
accurate from a quantum mechanical point of view, but i1 is very effective
in rationalizing large body ol experimental result, and has a good

predictive pawer [15].

L4, What is HyperChem?

HyperChem is a sophisticated molecular modeling propram that is
known for it's quality ,flexibility ,and case of use HyperChem.unites 3-D
visualization and animation with quantum chemical calculation,molecular
mechanics and molecular dynamic . HyperChem puts more molecular
modeling tools at your fingertips than any other windows program [16].
L.4.1. Calculation mcthods with HyperChem.

HyperChem, Uses two types of methods in caleulations: molecylar
mechanics and quantum mechanics, The quantum mechanics methods
implemented in HyperChem include semi-empirical gquantum mechanics
and ab initio quantum mechanics method . The molecular mechanics and

semi-cmpirical quantum mechanics methods have several advantages

15
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over ab Initio methods. Most importantly, these methods are fast , While
this may not be important for small molecules, it's certainly important for
biomolecules. Another advantage is that for specific and well-paramete-
rized molecular system, these methods can calculate values that are closer
10 experimental than lower level ab initio techniques.

1.4.2. Types of caleulation in HyperChem :-

There are three types of caleulation in HyperChem : single point,
geometry optimization , and molecular dynamic

I. Single point caleulation :-

A single point calculation gives the static properties ofa molecule.
The properties include potential cnergy, derivatives of the polential
energy, electroslatic potential, molecular orbital energics, and the
coeflicients of molecular orbitals for ground or excited siates,

The input molecular structure for a single point calculation usually
reflects the coordinates of a stationary point on the potential energy
surface, typically a minimum or transition state.

[I. Geometry optimization :-

To carry out a gcometry optimization, HyperChem start with a set
of Cartesian coordinates for a molecule and tries to find a new set of
coordinates with a minimum potential energy. You should appreciate that
the potential energy surface is very complex, even for a molecule
containing only a few dihedral angles.

Since minimization calculation can't cross or penctrate potential energy
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barriers, the molecular structure found during an optimization may be a
local and not 2 global minimum. The minimum represents the potential
cnergy closest 1o the starting structure of a molecule. Rescarchers
frequently use minimizations to generate a structure at a stationary point
for a subsequent single point calculation or to remove excessive strain in
a molecule, preparing it for a molecular dynamics simulation.

HI. Transition state scarchir;g -

As mentioned earlier, a potential energy surface may contain saddle
point; that is , stationary points where there are one or more directions in
which the energy is at a maximum . A saddle point with one negative
eigenvalue corresponds to a transition structure for chemical reaction
itwolviﬁg separated species. Calculated transition structure may be very
sensitive 1o the level of theory employed .Semi-empirical methods, since
thcy are parameterized for energy minimum structures , may be less
appropriate for transition stale scarching than ab initio methods.
Transition structures are normally characterized by weak "partial "bonds,
hat is , being broken or formed .In these cases UHF calculations are

necessary , and sometimes even the inclusion of electron correluation

elfects[17].
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1.5. The Schridinger cquation:

Historical note

[t is interesting to note that the first systematic approach to what we
now call quantum mechanics was made by leisenberg , who bepan to
develop his own algebra to describe that the frequencies and inlensities
of spectral transition | it was soon seen the new algebra is really mairix
algebra .Heisenberg's function were later called wave function by
Schrédinger in his independent but cquivalent method . Schrédinger
method is called wuve mechanics and is the method most familiar to
chemists, Heisenberg methed is called matrix  mechanics [18].
Aith;augh the two methods appear different they can be shown to
be mathematically equivalent. We will consider only the Schrodinger
formulation [19]. If the clcctmn‘ is 1o behave as a wave, one might expect
there to be a wave cquation that describe it’'s motion [20]. Schridinger
developed it from the classical wave equation and De Broglies ideas
about matter waves , but it involves the new idea of a wave function v for
a particle. The Schrédinger equation involves time, but we are concerned
primarily with the time-independent form  because many chemical
application involve stationery equation states [19]. Schridinger proposed
time-independent equation that specified no discrete orbitals, but instead
was an equation describing the wave associated with the electron. This
cquation 1s given below [21-23] ;-

[Ty =Ey (1)
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where:
Y = psi , the wave function

2 = The energy of the system

I1 = The "Hamiltonian", a nasty mathematical operator. The Hamiltonian
cquation 1s shown below.,

] s ﬂl g?! J ees ki Z eherde | aucleé s Z‘Z

B 2P 4 — EE— I $ Y @
Ei[dxf{‘&yf il ! |H -T, A r :«(k - |)+ M(‘R - I

The Hamiltonian shown in the graphic above is the Mamiltonian for the

elecirons. Notice that there are four terms (each term separated by a "+

sign):

l. A term to calculate the kinetic energy (k = 1/2 mv?®) of the

electrons

b~

A term 1o describe Lhe auraction of electrons 1o the nuclel.

The litde "r" term is the radius, or distance, of the clectron
from the nucleus. The large "R" term is the internuclear
distance.

3. A tlerm 1o deseribe the repulsive loree of an eleciron W

another ¢lectron,

4. A term to describe the repulsive force of a nuclei with
another nuelei. Schridinger's equation is an cigenvalue equation. From it
we obtain two interesting and important values: i, the energy of the
system, and ¥, {psi) the wave function. The wave function by itself has

no significance. However, the square of the wave function can be used to
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find the probability of locating an electron in an atom. To find this
probability for 3-D space {x, v, and z coordinate system), you must use
Schrodinger's cquation with a specified radius, 1he squared wave function
value, and multiply the wave function by 4(n)r’ (the volume of
sphere)[12]. This equation is a fundamental dynamiecal equation of
quanium theory [23],The mathematics of the Schrédinger method is more
familiar to the chemist, and jts usual , therefore | the Schradinger
¢quation is used as the  basic of chemical application of quantum
mechanics [25]. The imporiance of the Schradinger equation lies in its
validity and the agreement of calculation value with experimental facts
for atoms and molecules system [26). |

1.6. Quantum chemistry:

There are basically two different models of atomic structure, the
Bohr model and the quantum model. In both models, we are often

intlerested in evaluating  the energy of a particular system.

Bohr Model:

Electrons are "particles” that revolve around the nucleus in orbits,
These orbits are at fixed distances from the nucleus. Electrons ¢an move

between orbits, using or releasing energy in the process.

(=)
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The energy needed to jump to a different orbital is given in the equation:

AE = hx radius( 1/n?-1in?) (3)

where
h = Planck’s constant
n = quantum number (orbit number)
Using the Bohr model, we are able to determine exactly where cach

electron is on it's path around the nucleus.

Quanium Maodel:

The quantum model says that clectrons arc not particles, but have
wavelike characteristics. 1 uses the Schridinger's equation to calculate

various propertics of the ¢lectrons[12].
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1.7. Quantum mechanics ;-

Historical background .

Quantum theory was developed principally over a period of thirly
years., The first contribution was the explanation of blackbody radiation
in 1900 by Max Planck, who proposed that the energies of any harmonic
oscillator, such as the atoms of a blackbody radiator, are restricted 1o
certain values, each of which is an integral (whole number) multiple of a
basic minimum value, In 1905 Albert Einstein proposed that the radiation
itsell is also quantized, and he used the new theery to explain the
Photoelectric effect. Niels Bohr used the quantum theory in 1913 to
explain both atomic structure and atomic spectra, showing the connection
between the energy levels of an atom's electrons and the frequencies of
light given off and ubsorbed by the atom. Quantum mechanics, the final
mathematical formulation of the quantum theory, was developed during
the 1920s. In 1924 Louis de Broglic proposed that particles exhibit
wavelike properties. This hypothesis was confirmed experimentally in
1927 by Clinton J. Davisson and Lester M.Germer, who observed
diffraction of a beam of clectrons. Twe different formulations ol quantum
mechanics were presented following de Broglie’s suggestion. The wave
mechanics of Erwin Schrodinger (1926) involves the use of a
mathematical entity, the wave function, which is related to the probability
of [inding a particle at a given point in space. The motrix mechanics ol

Werner Helsenberg (1925 ) makes no mention of wave functions or

Baud
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similar concepts but was shown to be mathematicaily equivalent to
Schrédinger's theory, Quantum mechanics was combined with the theory
of relativity in the formulation of P.AM. Dirac (1928), which also
predicted the existence of antiparticles. A particularly  important
discovery of the quantum theory is the uncertainty principle, enunciated
by Heisenberg in 1927, which places an absolute theoretical limit on the
accuracy of certain measurements[27]. Quantum mechanics takes it's
name {rom the term quantum {Latin for "how much”) .The tcrms
quantum chemistry and quantum  theory are often used as synonyms ol
quantum mechanics. Some authors refer to"quantum mechanics”in the
resiricted  sense  of non-relativistic quantum  mechanics. Quantum
mechanics should however be taken 1o mean quantum theory in its most
peneral sense when used in this article[28]. Quantum  mechanical
methods can usually be classified cither as ab initio or semi-empirical.
The first label, ab initio, means “"from the beginning” and implies an
approach which contains no empirical parameters. The second, semi-
empirical, includes methods which make scrious approximations to the
quantum mechanical laws and then employ a few empirical parameters to
(hopefully) patch things up. These methods include the modified neglect
of differential overlap (MNDO), Austin Model 1 (AM]), and many
athers, Density [unctional theory (DI7]) methods are quantum mechanical
approaches which are hard to categorize as ab initio or semi-empirical.
Some DFT methods are free from empirical parameters, while others rely

heavily on calibration with experiment. The current trend in DFT rescarch
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is to employ increasing numbers of empirical factors, making recent DFT
techniques semi-empirical. One of the postulates of quantum mechanics
15 that the wave function contains all information which is known or can
be knewn about a molecule. Hence, guantum mechanical methods
provide alt possible information about a svstem, in principle at least. In
practice, theoretical chemists have to figure out how to extract the
property from the wave function, and then ihey have to write computer
programs 10 perform the analysis. However, it’s now fairly routine 1o

compute the following molecular properties :

Properties Obtainable From Quantum Mechanical Methods

« Geometrical structures (rotationat spectra),

« Infrared and Raman spectra.

« Electronic energy levels (UV and visible spectra).

- Quantum Mcchanics + Statistical Mechanies = Thermo chemistry
(AH, AS, AG, C,, C,}, primarily gas phase,

» Potential cnergy surfaces (barrier heights, transition states); with a
ireatment of dvnamics, this leads to reaction rates and mechanisms.

 lonization potentials (photoelectron and X-ruy spectra).

+  Electron affinities.

- Franck-Condon factors(transition probabilities,vibronic Intensities).

« IR and Raman intensities.

« Dipole moments,

« Polarizabilitics.

25
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+ Electron density maps and population analyses.

- Magnetic¢ shielding tensors —~+ NMR spectra [7 | .

1.8. Semi empirical method :-
The fellowing steps are typically carried out in any semt empirical
MO calculation :
e Read input and set up the geometry .
® Assign the semi empirical parameters 1o calculate nuclear repulsion
energy.
o Caleulate electronic energy .
Calculate total energy = nuctear repulsion energy+electronic energy.
® Calculate "force " or :gradient : ( i.e. the first derivative of the total
energy with respect to nuclear motion) and opiimize the geometry of
the molecule,
s Analyze the clectron density .
1.8.1. Assumption of semi empirical method:-

Centain overlap integrals are small and can be neglected. Other
quantities in the Schrédinger equation can be parameterized to fit the
cxperimental.

Core orbital don’t participate in bonding and in determining the physical
propertics of a molecule. The Born-Oppenheimer approximation is a

fundamental assumption.
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1.8.2. Liritation and reliability of semi empirical :-

a. Limitations : Partly based on experimental data parameters arc no
better than the information used to oblain them, neglect orparameteri-
zation of overlap integrals can lead o errors.

Restricted to smaller system than empirical method takes more CPU time

than empirical method , omitted Core orbitals are lead to errors, electron

correlation is included implicitly through Parameterization ( this could be
seen as a strenglh) and there is no systematic way to improve a semi
empirical MO calculation ( i.e. there is not straightforward progression of
level of theory 3,

b. Reliability :MNDQO is considerably more reliable than MINDO/3.
it gives much  better results for unsaturated molecules, compounds with
adjacent lone pairs, the calculation of bond lenpth and angles , the
ordering of molecular orbitals, AM1 and PM3 are generally considered to
be an improvement over MNDO. In addition, PM3 attempts to  ireat
hydrogen bonding in a more realistic manner .

Overall, MNDC ,AMland PM3 are better than empirical methods for the
geometries and eoergies o transition  structures  intermedioles  and
compounds with unusual more information about propertics.
1.9. Ab irtitio mcthod:-

The term ab initio means rom lirst principles . It does not mean that
we are solving the Schridinger equation exactly . 1L means that we are
Sclecting & method that in principle can lead 1o reasonabie approximation

to the solution of the Schrédinger equation and then selecting a basis set
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that will implement that method ina reasomable way [29],

Ab initio MOT it makes no difference to the final out come whether one
takes as a basis set , hybrid orbitais or AO; becomes hydride orbitals are
themselves LCAQ .In some approximate or empirical moelecular there can
be a difference between the two basis if some of the small overlap or
Hamiltonian integrals are neglected [30].

1.9.1.Assumption of an ab initio method :-

Assume that the Born Oppenheimer approximation holds. This
assumption can become invalid when two electronic states lie very close
together. Assume that basis sets adequately represent MQ, and assume
that electron correlation is adequately included within a certain level of
theory.
1.9.2.Limitations,strengths and reliability of ab instio method :-

4. Limitations: The method limitation appear because it reguires more
CPU time than empirical or semi empirical method, can treat smaller
molecules than empirical and semi empirical methods, calculations are

more complex .

h. Strengths : The method strength is appeared because it has no
experimental , can improve a calculation in a logical manner( basis sets,
level of theory), provides information on intermediate species , including
spectroscopic data, Can calculate novel structure { no experimental data is
required) and can caleulate any, clectronic state,
¢. Reliability : The method reliability is ¢lear because the mean

deviation between cxperimenial and theory for the heavy atom bond
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lengths in two heavy atom hydrides drops from 0.082A for the
RHF/STO-3G level of theory 1o just C.019A for MP2/6.31G(d). Heats
of hydrogenation of range of saturated and unsaturated system are
calculated sufficiently well at the Hartree Fock level of theory witha
moderate basis set{increasing the basis set from 6.31/G(d) to 6-31G( d, p)
has tittle effect on the accuracy of these numbers).Inclusion of ¢lectron
correlation 1s mandatory in order to get good agreement between
expcriment and theory for bond dissociation energics ( MP2/6-31G(d ,p)

does very well for the one heavy atom hydrides) [29].

1.9.3.Ab initio implementation of HF-MO :-

‘The fundamental assumption of HEF theory that each electron sces
all of the other as an average field . allows for tremendous progress 1o be
made In carrying out particle MO calculation. However, neglect of
electron correlation can have profound chemical consequences when it co
comes to detenmining accurate wave function and properties derived
therefore, the development of semi-empirical theories was motivated in
part by the hope that judicious parameterization efforts could composite
for 1his feature of HF theory. While such compensation has no rigorous
foundation, 1o the extent it permits one to make accurate chemical

presentation , itmay have great practical utility [31].
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110, Molecular mechanies :

Molecular mechanical force ficlds use the equations of classical
mechanics to describe the potential energy surface and physical
propertics of molecules . A molecule is described as a collection of atoms
that interact with each other by simple analytical functions .

This description is called a force field. One component of a force field is
the energy arising from compression and stretching a bond.
This component is approximated as a harmonic oscillator and can be
caleulated using Hook's low,

| V cpring =172 K(tw10)° (4)
The bonding between two atoms is analogous to a spring connecting two
masses . Using this analegy , equation(4) gives the potential energy of the
system of masses , Vi, and the force constant of the spring ,K,. The
equilibrium and displaced distances of (he atows in bond sre r, and r.
Both K, and ry are constants for as specific pair of aloms connecled by a
certain spring.K, and rq force field parameters.
The potential energy of a molecular system in force field is the sum of
individual components of the potential | such as bond angle, and van der
Walls polentials (equation 5).The encrgies of the individual bonding
components (bonds, angles, and dihedrals ) are function of the deviation
of a molecule from a hypothetical compound that has bonded interactions
at minimum values.

B paw = lermpttermyt, .. + term ,, (5)

The absolute energy of & molecule in molecular mechanies has no
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intrinsic physical meaning: 5 |, values are uscful only for comparisons
between molecules . Lnergies from single point caleulations are related to
the enthalpies of the molecules .However .they are not enthalpies because
thermal motion and temperature dependent contributions are absent from
the energy terms (equation 5).

Unlike quantum mechanics , molecular mechanics doesn't treat electran
explicitly,. Molecular mechanics  calculation cun't  describe  bond
formation, bond breaking, or system in which electronic delocalization or
molecular orbital interactions play a major role in determining geomeltry

or properties{ [ 7].
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1.1 Approximate solution -

We have said that the Schrédinger equation for molecules cann't be
solved exactly .That is because the exact equation is not separable. One
strategy is to make assumption that pernmit us to write approximate forms
of the Schrddinger equation for molecules and ultimately to separate the
new and approximate equations. There is then a choice as to how to solve
the separated equation. The Hartree Fock method is one possibility. the
Born-Oppenheimer method is the another.

Three major approximation are made to scparate the Schrédinger
equation into a set of smaller equation.

i. Hartree Fock (HF) method.

[

. Bron-Oppenheimer Approximation.
3. Hiickel method [18].

1.12. HF method

When the calculation is carried ouwt with combination which ensure
that the pauli exclusion principle is obeyed |, the orbitals are said to be
Martrec Fock orbitals . The HF gives the best possible description of the
wave function for atom with the orbital description , i.e. with the wave
function for the alom described the orbrtals , cach orbital being a function
of the coordinates of a single electron [32]. The essential idea of the
Hartree-Fock or molecular orbital method is that, for a closed shell
systent, the cleetrans are assipned two ot o time o a set of molecular
orbitals, For an eight ¢lectron system this can be represented by the

simple picture:
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Fig.( 1.5 ) : System of electrons occupying the MO.

“This gives the following determinantal wave function:-

#CTah GMAD Fehay SO0 fOA) Ay San Ai2Y
P40 P22 FED FOIAD A PDAY FIA) £2.10
P2 EOAY 2T LAY Q4D $BAD $DAD HAN
| (@ ag) gD é,:«‘:ms-':ir ALLUN IOEL R LEOF TLOW FOVE)
E AUE AR @ 1 TF ol .Iﬁijifajiu-ﬁj $E AT ¢ @th;{j} () 45)
HEIALT GLAAY Baasy BU)AT Fibrdt) GIOA) Q6 a6y 610263
G0N &) $IZN) PNl §NAT ST I Nl 617 A0

P& a0 $1). 3 FhaH F B SO O H e G004
This is usually abbreviated to:-

v =62 g0ed GDED KD HOED 4,049 BEFS HDSD 2GED5  (6)

This is often further abbreviated o:-
W dt i g (1) B(2) 9:(3) B;(4) 305) :(6) P.(T) Pu(B)} (7)

where the bar over the molecular orbital (MO) indicates fi spin associated
with that MO and the absence of a bar over the MO indicates i spin

associuted with that MO.
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To give us freedom to vary the molecular orbitals to best suit the
molecule in question, we expand each molecular orbital in terms of a set
of basis functions which are normally centred on the atoms in the

molecule. This gives:-

H -
= 8
IHH." - Z'C;ﬂ'¢'u ) ( )
fe=1
Here each molecular orbital 1 is now expanded as a lincar combination

of basis functions, ¥,: Our aim is to find the value of the coefficients Cy;
that gives the best molecular orbitals. The sum is over » basis functions. n
is the nunber of basis funclions choosen for the system. We call this "the

basis set size"[29].
1.12.1. The HF approximation

The starting peint for any molecular cleetronic problem is the

electronic Schrédinger equation :

Hy(1,2,3.. )N} =E w(1,2,3,....N) (9)
The HF method , or Self Consist ficld (SCF) method , approximates
w(1,2,3.,.,N} by expressing it solcly interm of function each of which
contains the coordinates of just one electron; these functions are calted
molecular orbitals (MOs) . This is an approximation because in readily the
position of one electron is always correlated with the position of the

others , so that the function which describes a given electron can't be

L
Ln
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independent of the function describing the other electron . For this reason
the error in the electrenic energy in the HF approximation is called the

correlation energy{33].

1.13. Basis set:

The basis sct 1s the set of mathematical function from which the
wave function is constructed[29].The essential idea as you have seen is
that the molecular orbital are expanded as a lincar combination of atomic
orbitals as they arc now more cﬂrrectlg;! called " basis function .

‘There are two general categories of basis sets:
dplinimal basis sets

A basis set that describes only the most basic aspects of the orbitals.
Extended basis sets

A basis set with a much more detailed description .

The general cxpression for a basis function is given as:

Basis Functign = N * gt2Ipha* 2 (10)

where: N =normalizalion constant
Alpha = orbital exponent
r =radius in Angstroms

This expression given as a Slater Type Orbital (STO) equation is:

' 3
STO = —f-ﬁei_m (11)
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Now il iy important to remember that STO i8 a very tedious calculation.
Notice that the difference between the STO and GTO is in the "r." The
GTO squares the "r" so that the product of the gaussian “primitives”
(original gaussian equations) is another paussian. By doing this, we have
equition we can work with and so the equation is much easier. However,
the price we pay is loss of accuracy. To compensate for (his loss, we find
thal thc more paussian cquations we combine, the more accurate our
cquation all basis set equatiens in the form STO-NG (where N represents
the number of GTOs combined o approximate the STQ) are considered
to be "minimal” basis scts. (Remember our definition of minimal.) The
"extended” basis sets, then, are the ones that consider the higher orbitals
of the molecule and account for size and shape of molecular charge
distributions. There are several types of extended basis sets:

*  Double-Zeta, Triple-Zeta, Quadruple-Zeta

¢+ Split-Valence

* Polarized Scis

e  Diffusc Sets

Double-Zeta, Triple-Zeta, Quadruple-Zeta
Previously with the minimal basis sets, we approximated al} orbitals to be

of the same shape. However, we know this is not true. The double-zeta
basis sct is important 16 us because it allows us to (reat cach orbital
scparately when we conduct the Hartree-Fock caleulation. This gives us a

more accurate representation of each orbital. In order to do this, each
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atomic orbital is expressed as the sum of two Slater-type orbitals

{STOs).The twe equations are the same except for the vatue of C (zeta).
The zeta value accounts for how diffuse (large) the orbital is. The two
5TOs are then added in some proportion. The constant 'd' determines how
much each STO will count towards the final orbital. Thus, the size of the
atomic orbital can range anywhere between the value of either of the two

STOs. For example, let's look at the following exampte of a 2s orbital:

D, (1) = 50 (r.8,) + dO°(r . E,) az)
BN ,

Slater Crbial 1 Slhater Crbital 2
Constant

In this case, each 8710 represents a different sized orbital because the
zetas are different. The 'd’ accounts for the percentage of the second STO
to add in. The lincar combination then gives us the atomic orbital. Since
cach ol the two equalions are the same, the symmetry remains constant.
The triple and quadruple-zeta basis sets work the same way, except use
three and four Siater equations instead of two. The tvpical trade-off

applics here as weil, beuer accuracy...more time/work.

Spit-Yalence

Often it takes too much cfort to calculate a doubie-zeta for every orbital.
Instcad, many scientists simplify matters by calculating a double-zeta
only for the valence orbital. Since the inner-shell clectrons aren't as vital
to the calculation, they ure described with a single Slater  Orbital. This

method is called o split-valence basis set. A few examples of common
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split-valence basis sets are 3-21G, 4-31G, and 6-31G .

The number of gaussian

functions summed o The nurber of ga Lssian
describe the inher shell Hauss

functlons 5urnrn-=-d in the
Ty e

The number of gaussian functions
that comprise the first STO ¢f Lhe
double zeta

Fig.(1.6 ): Split-valence 3-21G basis sets

Polarized Sets :-

In the previcus basis sets we have tooked at, we trealed atomic orbitals
as existing only as 's", 'p', 'd", 'f' ctc. Although those basis sets are good
approximations, a better approximation is to acknowledge and account
for the fact that sometimes orbitals share qualities of s’ and 'p' orbitals or
'p' and 'd’, etc. and not necessarily have characteristics of only one or the
other:As atoms are brought ¢lose together,their charge distribution causes
a pelarization effect (the positive charge is drawn to one side while the
negative charge is drawn to the other) which distorts the shape of the
atomic orbitals. In this case, 's' arbitals begin to have a little of the D
flavor and 'p' orbitals begin to have a little of the 'd' flavor. One asterisk
(*) at the end of a basis set denotes that polarization has been taken into

account in the 'p’ orbitals. Notice in the graphics below the difference

9
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between the representation of the 'p' orbital tor the 6-31G and the 6-31G*
basis sets. The polarized basis set represents the orbital as more than just

‘D', by adding a little 'd",

Original 'p’ orbital

= 6-31G

Fig.(1.7 }: P-orbital for 6-31G bases set

Modified 'p" orbital

Fig.(1.8 ): P-orbital for 6-31(* bases sct
Two asterisks (**) means that polarization has taken into account the 's'
orbitals in addition 10 the 'p' orbitals. Below is another illustration of the

difference of the two methaods.
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Original 's' arbitat

Fig.(1.9): Onginal 's' orbital for 6-31G bases set

Modified 's' orbital

4 8 = 68-31G™

Fig.(1.10): Modified 's’ orbital for 6-31G** bases set
There are two ways in which we can think about the basis functions , and
a8 you progress to using more advanced basis function you will probably
move your thinking from the first way to the second . The first and
simplest way, is to think of basis functions as the atomic orbitals the
study of the gualitative molecular orbital part of these modules . This

certainly applies to the minimum basis set thal are still very popular

]
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although they are known to have significant defects. This idea can still be
used in part for spilt valence and double zeta basis set, which can be
thought ol as orbital that have been scaled to a different size . The second
wity is Just (think of basis functions as a sel of mathentatical function,
which are designed to give the maximl}m flexibility ( subject to the costs
of doing the calculation) to the MO. This leads to what are  are often
called extended basis set \We can add almost anything we like since the
coeflicients of the basis function in the final molecular orbitals are
sclected by the variation function to minimize the energy , if we make a
bad guess for some basis function , they will simply appear with small or
zero coelticients. Mowever we must include basis function that really do
count lor something and we must exclude poor basis function since they

increasing the cost for normal gain[29]
1.3.9. The Born-Qppenheimer Approximation

We know that if a Hamiltenian is separated into two or more terms ,
then the total eigenfunction are product of the individual eigenfunction of
the separaled Flamilion terms and the total eigenvalues are sums of

indrvidual eigenvalue of the separated Hamiltonian terms [34-36)

Consider, for example, a Hamiltonian which is separable into two terms |

one¢ involving coordinate q; and the other involving coordinate qz

H=Hi( )+ Byl @) (13)
With the overall Schrédinger equation being
v (43, 22)=E wlay, qo) (14)
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Crarig | BORN DPPEMHEIMER APPROXIMATION

What do this equation mean 7 The equalion mean that the total wave
function ol a molecule can be separated into an clecironic and a nuclear
part. The electronic wave function is obtained lor various fixed position

of the nuclei by solving equation (14) [37].
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Carttr I MOLECULAR MODELING WITH IIVPERCHEM

2. Experimental methods used .

I. Machines

LG. PC. System with Intel Pentium IV | 1600 MIz , with 256 MB
of RAM Slorage disk space of 20 GB of all disk space .
2. Operating system,
WINDOWS XP.

3. HyperChem 7.5,
4. ChemOffice ultra 7.0,
5. Office XP.
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CHapTER I MOLECULAR MODIEL NG W HYPERCHEM

2.2, Molccular modeling with HyperChem :-

HyperChem is a powerlul program that cnables us to do high quality
moleetlar calculations. Using HyperChem you can: Draw simple and
complex moleeular structures, Including crystals, carbohydrates, peptides
and nucleic acid sequences, display these structures in various different

renderings including ball , stick and space filling structures.
Working with HyperChem :-

To start working with HyperChem afier install to our system click
on the start button, then programs , in program files there is a green icon
labeled as below click on to start HyperChem version 7.5. There should
be a HyperChem 7.5 icon on your Windows desktop. Double click on this
icon with the left mouse bution to start the program and open HyperChem
screen . Across the top of the HyperChem are various menus that you will
use. Clicking on any of these opens additional submenus, Try this for
severat of the menus, (Remember that menu items that are grayed-oul are
not available at that time) . (If the background in your sereen is not white,
or whatever color you wish select preferences under the file menu and
change it to that color.} Also, make sure that the choices explicit
hydrogen's and allow arbitrary valence are checked under the build

menu. Otherwise HyperChem will add hydrogen atoms to your structure
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as you build it, and you may end up with something other than what you
were selting out to build. In addition, you would be unable to work with
expanded octet systems below the menus arce some tools that you can use
to affect what is on the screen or to manipulate files. The eight tools 10 the
left side are used to manipulate the display. The left-most tool, which [
call the cross hair, is used to construct molecules. Double clicking on this
tool brings up a periodic table from which you can select atoms. Holding
down the left mouse button and dragging it between two atoms draws a
bond. Clicking the mouse any place on the screen adds another atom,
whether you want one or not. [ suggest that as soon as you have your
molecule on the sereen, you click on the second tool from the left, the
bagel, which will not allow you to add any  additional atoms, The bagel,
also called the build tool, has several uses. Double clicking (left button)
on the bagel, while a molecule is on the screen, applies simple (idealized)
VSEPR rules to the molecule. You can also click on atoms with the
bagel, [ you click on two atoms you get (he distance between them, three
filoms pives you the bond angle, and four the torsion angle(all assuming
that atoms and multiple selections are chosen from the select menu . This
information about distances and angles is displaved at the boitom left
porticn of the sereen. Note that atoms and bonds wrn green after clicking
with the bagel. Tf on click with the right mouse button, you unselect the
atoms and bonds you have selectéd, The third tool you will use frequently
15 the third one {rom the left, which 1 call the hook. liclding down Lhe left

mouse button and dragging the mousc across the screen, with the hook
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Crearrea i WORKING WITH HIYPERCHEM

selected, allows you to rotate the molecule or 3-D surface on the screen .
Building a melecule and optimizing its structure:

Open the periodic table and select carbon, nitrogen |, and phosphorus.
label

S 5¢C

lect symbol,

Go to the display menu and under

o R
fig -

KFig.(2.1): Structure of Amino methane phosphine without hydrogen.

there are no hydrogen's yet. {A second caution about the crosshair. Any
left mouse clicks while the cross hair is chosen will add additional atorns
to the screen and any right clicks will delete atoms or bonds, if the cursor
is on such, or whole structures. | suggest changing to the bagel as soon as
you have drawn your aioms and bonds.) go to the build menu and select
add hydrogen's and then model build. If you double click the bagel, you
will generate a structure based on simple valence rules. 1f you chose the
combined action above, hydregen's are added and the model is built at

the same time. Here is my structure at this point:
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CHAPTER 1] BLALLANG A MOH LOULE

Fig.(2.2) : Structure of Amiso nthanlosph ine with hydrogen

Now select the bagel and do some bond length and bond angle
measurements. Clicking on onc atom gives its coordinates at the bottom
of the screen. Clicking a second atom gives the bond length, a third atom
the bond angle. Right clicking an atom unselects it, while clicking cutside
of the molecule cither selects (left click) or unselects (right click) the
whole molecule. Use the rotate 0ol {the third tool down on the vertical
toolbar the hook) to look at your idealized structure from different
perspectives. Go to the rendering choice under the display menu and try
several options on your molecule. Repeat this for choices under labels
(note that some of these choices only apply to biological molecules). Now
g0 to the setup menu and choose ab initio, (ab initio caleulations apply
sels of rules to the wloms in molecules which affect bond lengths and
angles in order to determine the geometry which minimizes the melecular
energy.} from here, choose a set of parameters (start with 3.21 G} to be
used to minimize the energy of the structure. Go to the compute menu

and choose geometry optimization In the RMS gradient box enter ¢.0001,
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CHAPTLE ] MUTLIDANG A MOLECULE

and click on OK. Sclect a calculation method (or for this case accept the
default values) and start the process. The propress of the caleulation is
shown at the bottom of the screen. When the process is completed, check
some bond angles and lengths to see what, if anything, has changed.
Performing a molecular orbital calculation: Your molecule should still be
on the screen, Under setup, choose ab initio this menu gives you a list of
calculation oplions, roughly in increasing order of sophistication. When
the caleulation converges, choose orbitals under calculate and look at the
orbital diagram. Click on the labels box to sce the energies and the
clectrons. You can zoom in on particular regions of the orbital diagram.
Click on any of the orbitals (it will tun red) and then on OK to leave the
box. This will give you a 2D or 3D-plat of the orbital {or the orbital
squared if you have clicked on that box in the orbital dialog}.Look at
plots of various orbitals (the onc shown here is not the one in red in the

previous ligure) |

Fig.(2.3) : The 3D-plot o Amino methane phosphine orbital .
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Cnarmer LI BUILDING A MOLLTULE

There are many options available for customizing the way that the orbital
is displayed. These are found by clicking the options bution on the
orbitals screen. You may also use choices from the rendering option in

the display menu. Here are several other views of the orbital shown

above.

Fig.(2.53):Amnino methune phosphine arhital - Fig(2.4: Amino methanc phusphine arhitad .

i1 you return rendering o sticks, and tuen ofT the display of (he surlice
(found under display) and choose charge under labels (which is also

under display) you will sce the computed charges on the various atoms.

Fig.(2.6):Amino mcthane phosphine charges of atoms .
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CHAFTER 11 BUILDING A MOLECUIE

One of the choices in the file menu is start log file. A log file is a text file
That contains the results of the melecular orbital  calcutations. dependings
on choices that have been made in the setup of the program, various
information from the calculation will be reported in the log file[38].
Using onr help :

Wherever you want more information about how to use HyperChem ,
you can access on — line help in the following ways : L-click help on the
menu bar, L click on the menu or menu item 1f you want mformation on

and press Fl.
Clearing (he HyperChem work space:

To clear the workspace: Scleet new on the file menu , windows
appears asking if you want to save the curtent change |, choose no or yes .

HyperChem Clear the remaining atom and bonds from the HyperChem

screen.
Exit from HyperChem

To exit from HyperChem and return to windows |, select file menu
choose exit icon from the menu . HyperChem exit from the screen . There

are numerous other application of HyperChem that have not been menti-

oned.
2.3, CHEMOFFICE

[1s that soflware which used in our work for named the compound .



Table ( 3.1 ) ;:Abbreviation , structure and name of compounds,(Class 1)

Abbrevistion | Structure | Name
Amino methane phosphine

PHyCH;NH,

Fig{3.1 ): Mrueture of compound ( Class | )
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ble {3.1): Coni. (Ciass [I)

bbreviation |  Structure Name

IAMP PH;CH:NIICI | N-Chloroe -C- phosphanyl methy] amine

2AMP PH,CH:NHF | N-Flouro -C- phosphanyl methyl amine
JAMF PHCICH;NH; | P-Chlore -C- phosphanyl _methyl amine

JAMP PHFCH:NH: | P-Flouro -C- phasphanyl methyl amine

FAMP PH,CH.NF; N- Di Floure -C- phosphany!l methyl amine
CAMPFP PH,CH,NCI; | N- Di Chioro -C- phosphanyl methyl amine
2EIAMFP 'LCUNECE | N-Flouro-N-Chlore-C-phosphanyl methyl amine
CIANP PCLCHENH, | P-P-DiChioro- C-phosphany! methyl amine
FIAMP PF.CH;NH; P-P-DiFlouro -C-phosphanyl methyl amine
FAMP PECY H;NH, | P-Flouro-I-Chloro-C-phosphanyl methyl amine
FAMP PHFECH.NHF | N-Chioro-P-Flouro-C-phosphanyl methyl amipe
CAMP PHCICH2NHCL | N-Chlgro-P-Chlere -C-phosphanyl methyvlamine
JF2AMP PHCHCH.NHF | N- Flour -P-Chloro-C-phosphany] methy]l amine
CAMTP PHIFCH.NHCI | N-Chloro-F-Flouro-C-phosphanylmethyl amine

i"--..z-’
|
‘3,1 /5
\,
N,
'.
!‘..___Jv-—""'-..._.\":-;‘

PHCH;NHF

Fig. (3.2): Structures of compounds (Class 1)

A, e e ————




PHFCH:NHF
Fiz.{ 3.2 )Cont.
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PH:CH,NCI2

X

PH;CH;NF;

PCIFCH.NH.
Fig.{ 3.2 }Cont,
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ie (3.1)cont, : ( Class [ }

breviation Structure Name

MY PH,CHCINIL, | C-Chlore -C- Phosphanyl- methyl amine

MP PH,CHFNH, (-floure -C- Phosphanyl- methyl amine

CMP Pil.CCILNH; C-Dichloro -C- phosphanyl- methyvi amine

FNDP PH.CY N C-Difloure -C- phosphanyl- methvl amine

FA P PH.CCHFNH, | C-Chlore-C-floure-C-phosphanyl-methyl amine

MCP PHCICHCINH; | P-Chloro-C-Chloro-C-phosphanyl-methv] amine

MFP PHFCHEFNH, P-Floure-C-flouro-C-phosphanyl-methvi amine
PHFCHCINH, { P-Flouro-C-Chloro-C-phoesphanyi-methyvl amine
PHCICHFNH, | P-Chloro-C-flouro -C-phosphanyl-methyl amine

“ FPHCICHFNH,
Fie(3.3): Structures of compounds {Class 1H )
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PH,CFCINH;
Fig.(3.3} Cunt,
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able (3.1) Cont.: (Class [V}

bbreviation ' Structure Name

ATMP PIHL,CHFNHF N-Flouro-C-Flouro-C-phosphanyl methyl amine
2ACMP | PH;CHCINNC) | N-Chloro-C-Chloro -C-phosphany] methy) amine
ACMP PH-CHCINHF | N-Flouro-C-Chlora -C-phosphanyt methy] amine
‘AFMP PH,CHFNHCY | N-Chloro-C-Floure -C-phosphanyl methy] amine

Fig.(3.4): Structures of compounds (Class 1V)

-

PH,CHFNHC]
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Table (3.2): The bond length{A) and hond angles (°) of compounds.

EIHCHass T NP HE | BP-CR SN CREEY CTHRE BN HE RINCP &
NH,CH,PH, 1.4206 | 1.9121 1.08711 | 1.0036 | 106.87 |
[ 1.4283 - - 1.07978 | 1.0038 | -
e Glass 1B ieake | |
| PH,CILNHC!L | 1.4285 [ 1.9108 | 1.48186 | 1.0822 | 1.0091 | 108.69
1.4214 - - | 1.0826 - -
PH,CH,NHF 1.4288 | 1.9134 | 1.47882 | 1.0796 | 1.0109 | 107.79
1.4221 - - 1.0816 - -
PHCICH,NH, | 1.4158 | 1.8926 | 1.46854 | 1.0783 | 1.0006 | 100.19 |
- - - 1.0798 | 1.0008 -
PHFCH,NH, 1.4251 | 1.8823 | 1.43469 | 1.0894 | 1.0024 | 108.44
I - - - 1.0816 | 1.0027 -
' PHL,CUHL,NF, 14248 | 1.9160 | 1.48259 | 1.0765 - 108.27
1.4228 - - 1.0774 - -
L1, CHL,NC, 1.4275 | 19183 | 1.49276 | 1.0783 - 107.38
1.4208 - - 1.0805 - -
PH,CII,NFCI 1.4274 | 1.9195 | 1.48714 | 1.0767 - 106.66
1.4219 - - 1.0787 - -
PCLCH,NH, - 1.8939 | 1.45056 | 1.0811 | 0.9987 | 103.32
. - - 1.0806 | 0.9994 -
IPF,C1i,N11, - 1.8582 | 1.46657 | 1.0845 | 1.0002 [ 105.24
! - - - 1.0820 | 1.0012 -
PFCICH,NH, - 1.8660 | 1.46636 | 107876 | 1.003 | 100.16
- - - 1.0820 | 1.0013 --
PHECH,NUF ] 1.4250 | 1.8837 | 1.47671 | 1.0811 | 1.0104 | 108.42
- - - 1.0828 | - - {
PHCICH,;NHCL | 01,4233 | 1.8993 | 1.47323 | 1.0852 | 1.0081 | 108.48
|' - - - 1.0816 - -
PHCICILNHE | 1.4238 | 1.8966 | 1.47222 | 1.0789 | 1.0206 | 107.67 .
B - - 1.0839 - -
PHFCH,NHC 14174 | LRO10 | 1.47644 1.0819 1.00°79 106.79 .
- - - 1.0827 - -
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Table {3.2) cont. :

KE Class TGN e PrH G R PICH: | SN Gl | B CoH B aN-H= B NCP.E:
PH,CHCINH, | 1.41665 | 19040 | 1.3727 | 1.07119 | 1.0000 | 112.39
' 1.42621 - - - 0.9998 ;
i PILCIIFNII, 1.42193 | 1.9087 | 1.4079 | 1.0739 | 1.0011 | 109.54
1.42059 ; _ _ 1.0012 _
PH,CCl,NH, 1.41366 | 1.9072 | 1.3746 - 1.0004 | 111.89
- 1.41953 - _ _ 1.0001 -
PI§,CF, N1, 1.41745 | 1.9026 | 1.3865 - 0.9971 | 111.89
1.41672 ] ] - 1.0007 -
PU,CCIFNH, 1.41546 | 1.9041 | 1.3802 - 0.9995 | 112.05
1.414% - - - 0.9993 -
PHCICHCINH, | 1.41816 | 1.9008 | 1.4053 | 1.07263 | 1.0013 | 106.54
- - _ 1.0009 i
PHFCHFNHL, | 1.41034 | 1.8883 | 1.4351 | 1.0828 | 1.0022 | 105.73
! - e - - 1.0001 -
PHFCHCINH, | 1.4094 | 1.8913 | 1.3556 | 107119 | 0.9993 | 115.14
| - - - - 0.9988 -
PHCICIHIFNI, | 1.4193 | 1.9057 | 1.4182 | 1.0744 | 1.0022 | 104.91
- - _ 1.0014 -
FEHClassIVERL
PIH,CHFNHF | 1.42317 | 1.91095 | 1.43519 | 1.0726 | 1.0097 | 108.30
' 1,42098 - - - - -
PH,CHCINHCI | 1.42169 | 1.91164 | 1.41034 | 1.0719 | 1.0050 | 108.85
1.41801 - - - - -
PH,CHCINHF | 1.41744 | 1.90673 | 1.4251 | 1.0714 | 1.0079 | 109.52
1.42147 _ - i i -
PH,CHFNHCI | 1.4239 | 1.91548 | 1.42914 | 1.0736 | 1.0071 | 107.73
1.4216 - - - - -

6f)




Table(3.3):Bond length which compared with the package value, |39]

R T Ve of bond B | S EXperimentalvalile (A)fard
' C-H 1.09 i

*-H 1.42

P-C 1.85

N-C 1.46

C-ClI 1.79

C-F 1.39

I-ClI 2.04

- P-F 1.57

N-I 1.37

1.04}

.. T BRNSRRHESSSSSE©SSHHH————w—__—_—_————.————€eaams
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able {3-4) : The charges of compounds,

T e R o 0 T e o] e e o e
PILCH:NIL | -0.53% | 0201 1.355 | -0.786 { -0.058 | -0.029 | 0.355 | 0.306
F e

PILCHLNHCL | 0578 | 0,262 | 0.243 | 0414 | -0.648 | -0.025 { -0.050 | 0.355 -
PH.CH.NHF | -0.590 [ 0.253 | 0.240 | 0,408 | -0.297 | -0.020 | -0.053 | 0342 -
PHCICH,NH; | -0.573 | 0.730 | 0.747 | 0.637 | -0.816 - -0.031 | 0.325 | 0.317
PHFCH:NH; | -0.636 | 9.261 | 0.201 | 0.987 | -n.783 - 0139 | 0.308 | 0.313
PILCHRNE, -0.587 | 0.282 | 0.281 | 0405 | 0172 | -0.013 | -0.033 - -
PH:CHLNCL | -0.585 | 0.293 | 0.265 | 0415 | -0.570 | -0.012 | -0.034 - -
PHCILNFCL | -0.595 1 0,275 | 0.282 | 0421 | -.188 | -0.014 | -0.030 - -
PCLCH,NI, | <6572 | 0.273 | 0.288 | 0825 | 0822 | - - 0,350 | 0340
PF:CH,NH- AT15 | 0,229 | 0,270 | 1433 | -0.808 | -0.131 - 0.327 | 0.316
PFCICILNH, | -06357 | 1264 | 0,273 | 1.219 | -0.817 | -3.021 - 0.336 | 0.340
PHFCH;NHF | -0.683 | 0.244 | 60.274 | 1.049 | -0.290 | -0.027 | -0.131 | 0.345 .
NCICILNECT | 061t | 0254 | 0.306 | 0.670 | -0.648 | -0.102 | -0.021 | 0.366 .
PHCICH NHFE | -0,626 | 0.255 | 0.25% | 0.676 | -0.285 - -0.021 | 0.351 -
PUFCILNHCI | -0.662 | 0.277 | 0.257 | 1019 | -0.670 - -0.192 | 0.365 -
HC lassH R

PH,CIICINH, | -0.336 [ 0,309 - 0441 | 0.805 | -0.003 | -0.031 | 0.357 | 0.362
PH,CLFNIL, | 0.043 | 0239 - (381 | -0.851 | -0.037 | -0.032 | 0.331 | 0.338
PH:CCLNH; | -0,383 - - 0473 | @790 | 0.012 | -0.002 | 0372 | 0.375
PIL.CF,NI, 0.G32 - - 0.387 | 0.904 | -0.011 | -0.008 | 0.356 | 0.354
PUH.CCIFNH, | 0.22] - - 0.430 | 0.853 | -0.002 | 0.004 | 0.369 | D365
HCICHICINH: | -0.458 - 0.327 | 0.66% | -0.798 - 0.003 | 0,349 | 0.358
PHFCHFNH; | -0.006 | 0.221 - 0.960 | -0.859 - 0077 | 0.339 | 0.329
PHFCHCINH, | -0.370 | 0.322 - 1.041 | -0.804 | -0.075 - 0.369 | 0.370
PHCICHEFNH, | 0.042 - 0.261 | 0.614 | -0.852 0,008 | 0.339 | 0.348
HCCASSIVE

PH,CHFNHF | 0.006 | - | 0.282 | 0.343 | -0.343 | -0.026 | -0.099 | 0.357 | -
H:CHCINHC] | -0.441 - 0.335 |-0.460 | -0.706 | -0.017 | -0.00¢ | 0.384 .
PH,CHCINHF | -0.492 - 0.345 | 0.451 | -0.294 | -0.015 | -0.000 | 0.369 .
PH,CHFNHCI | 0.021 | - ] 0276 | 0.097 | -0.720 | -0.009 | -0.026 | 0.369 .




1
Table (3.5) : The energy HOMO-LUMO gap and LUMO cnergy(ev)
for compounds

“hamt'"jiwa?r"‘ﬁ'i“' f"iF‘ “ai] -.'3!-'“"““’” I TR I e
Bt hn e e
PH,CH,NH, -434.2401466 | 14.60768
A s Classa I .. & :

PEHLCH,NHCI -890.9188545 | 13.5404 3.5460
PH,CILNHF -532.4937392 | 14.7447 4.7363

I P 1HCICH,NH, 899834817 | 11.8278 1.7598
'PHFCI,NH, -532.5832306 | 14.3716 4.4606

. PH,CH,NF, -630.7559042 | 14.8541 4.1974
[PH,CI1,NCl, -1347.5922209 | 12.1081 1.6370
 PH;CILNFCI -989.1727216 | 12.9849 2.4097
"PCI,CH,NH, -1347.7318467 [ 11.6595 1.0314
PF,CH,NH, -630.9541565 | 14.7630 4.6411

| PFCICHINH, -989.3409060 | 12.6971 2.0501
"PHFCH,NHF -630.8374163 | 14,6447 4.1450

| PHCICH,NHC] -1347.6610159 | 12.0614 1.3891
PHCICH,NHF -989.2361736 | 12.2015 1.4275
PHFCI,NHCI -089.2647248 | 13.4379 3.0896 -
ARSI Class HT- 55 ™ '
PH,CHCINIL, 890.971795740 | 13.9494 3.5537
PH,CIIFNH, 532.569329780 | 14.6558 4.5414

P, CCI N1, -1347.6737976 | 13.1925 2.4828
PH,CF,;NH, -630.90281167 | 14.7726 4.2094
PH,CCIFNH, -989.28207613 | 13.7355 3.2260
PIHCICIICINH, -1347.7053496 | 12,1062 1.4578 |
PHFCHFNIL, -630.9005480 | 14.3375 4.0051
PHFCHCINH, -989.3158595 | 13.5804 3.0706
PHCICHENH, -989.3081660 | 12.4280 1.7163

PR AT Class Vi Lk

PI,CHFNHF -630.811846.4 | 14.8859 4.0965
PU,CHCINHCI -1347.6391717 | 13.2533 2.7630
PH,CHCINHF -989.2101881 | 13.5775 2.9149
'PH,CHFNHCI -989.2415667 | 13.6716 2.9333

- B



Table(3.6) : The 1™,

2™ and 3™

ionization encrgics for cumpnunds

ﬁ;‘ﬁéﬁcm"q"s‘rlimw 3 Rirs e R S dom vl S Thira e o
'PH,CIi,;NH, 9.6436 15.243 23.2565 —|
RN Class Y :
PH,CH,NHCI 9,99.43 15.206 22.9726

PH,CH,NHF 10.0087 16.993 23.5316

PHCICH,NH, 10,0681 14.170 22.3755 -
PHFCH,NH, 9.9109 15.820 23.7666

| Pil,CIL;NF, 10,6567 16.070 24.0048

PH,CH;NCI, 10.4712 15.461 22.5886

PH,CH,NFCI 10,5752 15.423 23.3670

PCl,CH,NH, 10.6281 14.902 21.799

. PF,CIH,NH, 10.1217 16.513 24.6086

PFCICH,NH, 10.6469 16.329 23.0196

PHFCH,NHF 10,4997 17.201 24.0993

PHCICH,NHC] 10.6723 14.222 22.2246

PUCICH,NHF 10.7740 15.886 22.6186 |
PHFCH,NHCI 10.3482 15,722 23.2837 |
T Class [TIFETSE

'PH,CHCINH, 10.3951 15.7783 22.58731

 PH,ClIFNH, 10.1143 15.6534 23.58648

PH,CCI,NH, 10.7096 16.0482 22.23183

PH,CF,NilI, 10.5631 14.1735 24.10934

P11,CCIFNH, 19.5095 16.5751 22.72508

PHCICHCINH, 10.6483 14.3985 2202342 |
I‘IIFCIIFNHI 10.3324 | 16.1351 24.01438 |
PIIFCHC]NH; 10.5097 | 13.9788 23.01664 |
PHCICHFNH, 10.7116 - 15.7428 22.44859
R Clase V.

PH,CHFNIIF 10.5752 15.4233 23.36705

| PI;CHICINHC] 10.3903 15.3927 22.15563

PH,CIICINIF 10.6627 15.6544 22.62948

PILCIIFNHC] 10.7383 157741 23.37019




‘Table (3.7} lists point group and dipole moment of compounds.

N CIass L L an B POIRt Group e | St Dipole Moment(D) 3.
’PHﬂHﬁNHz C, 2.0911
SR Class I
" PH,CH,NHCI C, 3.7537
PH,CH,NHF C, 3.5958
'PHCICH,NH, C, 5.1356
' PHFCH,NH, C, 3.5956
| PH;CH,NF, o 3.4316
PHLCH,NCLL C, 3.1489
| PHL,CHLNFCE C, 3.4683
PC1,CH,NH; C, 5.6386
PF,CH-NH, C, 3.8798 ‘-
|Iwwncuhﬁlh C, 5.2125
PHFCH,NUF C, 3.8420
PHCICH;NHC! C, 4.7591
PHCICI,NHF C, 4.9703
PHFCH,NHCI C, 2.6459
A CHasO L e 4% § |
PH,CHCINH, C, 1.0386
PH,CHFNH, C, 2.0388
PH,CCI,NH, C, 3.0639
I',CF.NI, C, 1.8935
' PH,CCIFNH, C, 2.6438
PHCICHCINII, C, 5.2032
PHFCHENH, C, 3.3605
PHFCHCINII, C, 2.8180
PHCICHFNH; C, 5.2149
Pt Class | ViR 5
'PH,CHFNHF C, 1.9855
 PH,CHCINHCI C, 2.0389
PH,CHCINIIF C, 2.4626

PH,CHFNHCI
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Compounds :-

Compounds under investigation are listed in table {3.1) and
figures (3.1 ) ,(3.2),(3.3)and (3.4). The species arc classified into four
classes based upon the site of hydrogen's substitute . Therefore class [ is
containing only one melecule namely PH:-CHz-NH;. Class IT consist of
fourteen species in all of them CHj group remained unsubstituted ,So
for simplicity wce named classll methylene class. When NH; group
remained unsubstituted in contrast 10 CH; and PH, groups , we deduced
nine species which named as amine class {class IlI). Finally there are
four species which are named as phosphine class {class IV}, because
Ptl; remain unchanged in all species  also in this class there are

PHCX;NX, (X=H, C I, F) sites substitutes .

e e Tl g g AT

COMPOUNDS

Fig(3.5) Classification
of compounds

L

SUBSTITUTED HUNSUBSTITUTED

l |

Class 1l Methylene .
Class TII Aming. Class I Amino methane
Class 1V Phosphine . Phosphine .

0h



Cl [.'\I"I'IER.I 1] RESULTS AND DISCSS10N

Geometries :-

One of the most important and widespread applications of cnergy

derivative is geomelry optimization .[40]

‘The peometries optimizations  has been adapted throughout the
caleulation geometries optimizations, using the software that change the
geometry (bond angle , bond length ) based on the calculation inputs .
After many cycles, the optimization achieved which means the molecuie

with lowest encrgy is constructed.

The geometries of the species {bond angles and bond length ) are tisted
in table (3.3) and figure (3.3} . For class [ the CNPH, molecules show
that the P-C being highest 1.92A and the rC-H being average at 1.085
the lowest bond lengths . The<NCP angle is as expected al 106.9°.for
typical tetrahedral. on comparing the symmetry between CNPH, and
CP;Hg the two molecules are different | the CH; group are perpendicular
to one of PH; and in plane with the otlier in CP3Hg, so the two hydrogen
altached to carbon atom are Hes in the same distance from lone pairs of
each phosphorus . In conirast 1o CNPH, the two hvdrogen atoms attached
to carbon are lies in different position from nitrogen and phosphorus lone

pairs one is necarer (o nitrogen and other nearer to phosphorus lone pairs |
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all the symmetry difference resulis in the unequivalent bond length for
example rC-H which noted at 1.087A and 1.079A while r C-I1 for CPall,
are identical [2],

For cle;ss 1 species the geometries showed the r P-H ranged from 1.415A.
assign for PHCICH:NH, to 1.428A assign for PH,CH.NHF also
monghalid substituted species . The ¢N-H range from 0.998A to 1.010A
assign  for  PCI,CHNH, and PHFCH,NHF respectively.

For class 111 species the peometries sHowed the rP-H ranged from 1 4094
assign for PHFCHCINH. to 1.426A assign for PH,CHCINH, also
monohalid substitited species . The rN-H range from 0.998A to 1.0014A
assign for PHIFCHCINH, and PHCICIFNH, respectively.

The tP-C is appeared at 1.88A which the lowest value while the highest
tP-C value is at 1.908A assign for PHFCFHNHM, and PH,CHFNH,
respectively. Finally for class 111, the <NCP is ranged between 104.912°
and  115.149" assigned for PHCICHFNH, and PHFCHCINH,
respectively.

For class IV species the geometries showed the rP-H ranged from 1.417A
assign for PH,CHCINHF to 1.4239A assign for PFHLCH,NHCI also
monohahid substituted species . The rN-H range from 1.005A to 1.009A
assign “for PHyCHCINHC] and PH.CHFNHF respectivelv,

The rP-C is appeared at 1.906A which the towest value while the highest
rP-C value is at 1.915A assign for PH,CHCINHF and PH,CHFNHCI
respectively. Finally for class 1V | the <NCP is ranged between 107.733°
and 109.52° assigned for PH,CHFNHC]I and PHCHCINHFrespectively
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The rP-C is appeared at 1.858A which the lowest value while the highest
tP-C value is at 1.918A assign for PF,CH,NIi, and PH,CH,NClI,4
respectively. Finally for class 11, the <NCP is ranged between 100,16°

and 108.69° assigned for PFCICH,NH; and PH,CHyNHCI respectively.
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Charges :-

The charges are summarized in table (3.4 ). Charges and geometries
are so related and followed the same pattern and arrangement for
geometry discussion in {c.f.page 50) . The charges recorded for
PH,CH;NH, is as expected q, is equal to 0.355, g, equal to -0.538 and
qn equal 10-0.786. The difference in phosphours hydrogen charges is
equal to 0.028
This huge difference is due to their orientation of hydrogen . the highest
Qup 18 equal to 0.0580 and the other is equal 1o 0.0299. The nitrogen
hydrogen charges are centered at 0.33_5, finally the carbon hydrogen are
aiso close and they centered at 0.220.

The classll species have the changes of phosphors ranged from 0.405 to
1.434 which assigned for PHLCI1;NF; and PF3CI,NH; | respectively, The
nitrogen charges are ranged from 0.172 to -0.822 which are auributed to
PH,CH,NF; and PCI;CH2NH; . The carbon charges are ranged from
-0.572 w -0.715 which are attributed for PCLL,CH,NI; and PF3CHLNIL
respectively . The hydrogen charges followed the sume pattern . The
above results showed that the most negative charges are achieved when
the fluorine substitulion take place which in pood agreement with
previous study[ 2 ].

The class IIT charges the carbon charge are markely changed between
species in this class due to the substitution which take place on it . The
lowest charge is appeared at -0,458 which assigned for PHCICHCINH.
and the highest value is appeared at 0.632 recorded for PH,CF,NI1,,
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which is the highest value recorded in all classes . The nitrogen charge
arc ranged from -0.790 to -0.904 assign for PH,CCHhNH, and
PH,CFaNH, respectively. The phosphorus charges are positive in the
class and ranged from 0381 to 1,041 which are attributed to
PH,CHFNII; and PHFCHCINH; .respectively. The hydrogen charges
did not showed any deviation from expected trend. The ¢lass four species
showed a carbon charges to be the highest at 0.0218 assign for
PICHFNHCI and the lower charpes at -0.492 is aitributed 1o
PH,CHCINHF . The nitrogen charges are ranged from -0.294 to -0.720
assign for PH,CHCINHF and PH,CHFNHCI, respectively .Finally the
phosphorus charge is equal to 0.460 assign for PHLCHCINHCI and the
lcwe.st one is appcared at 0.077 aitributed for PH.CHFNHCI . Again the

hydrogen charges remain normal and followed the expected trend,
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Enérgies (Total energy,H/L gap and LUMO cnergy):-
The energics are listed in table (3.5).

1. Monosubstitution on N- atom and P-atom is higher in energy than

flourc case.

2. Dihalogen substitution on N and P atoms is higher than the monosub-

stitution as expected.

3. Diflouro substitution is lower than dichioro substitution.

The mixed disubstitution on N and P atoms are approximately the same.

The H/L gap have been used as a good reference for measuring  the

51Ebi]it.}’ of many species [41] . [f the H/L gap is large then the stability of

molecule is greater and Vice versa, for class [ the H/L gap appeared at

14.607¢V. The class I their H/L gap ranped from 11,659 ¢V to 14.854

¢V , which have been assign for PCLCH;NH; and PH,CH,NF,

respectively LUMO energy for class II has been ranged from 1.031eV

to 4.736eV assign for PH,CHLNHF and PCLCH;NH; respectively .From

the chergy point view the most stable specie has been found to be

PH,CH;NHF .For classlli in which the Amino group remain

unsubstituted |, the total elecironic  energy is ranged from 532.569 a.u

to 1347.705 a.u.

The F/L gap values has been lower at 12,106 eV which assign for

PHCICHCINH, and  the Mghest value has been appeared at

14.772 eV assign for P1LCF,NH,.

The LUMO cnergy which appeared at 1.457¢V is the lower value which

assign for PHCICHCINHA. The highest value a1 4.541eV 18 assign for the
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most stable species for the most stable species in this class which is
PIH;CHFNH,.

I'inally , the remaining four species which have been classified us the
lowest energy , H/L gap and LUMO energy for PH;CHFNHF as expected
agreed to be the most stable species |, whereas the PH>CHCINHCI is the

most unstable species with the highest total electronic energy,
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Ionization cnergy :

The energy necessary to remove the electron from its highest
occupied state is called the 1% {onization cnergy . similarly , there can be
second , third or fourth .etc .We have scen that the ionization energy of a
multi clectron atom is much lower than what one would expect due to
nuciear charge because of the inter elecironic repulsion (42 .

The table (3.6) showed the 1" ,2™ and 3“ ionization energy for all species
cthe 1%, 2™ and 3" 1E for PH.CH,NH, is appeared at 9.645 ¢V ,15.24
and 23.26 respectively , which is in good agreement with previous related
study [2 J.As expected the 1™ two IE differ little but the 3" is far from the
iwo previous values .

The class ] species showed Ehehlﬂwest 1* IE is at 9.91 eV and the highest
is at 10.77 eV assign for PHF CH.NH> and PHCICH,NHF respectively
the 2™ [E for class II ranged from 14.170 eV to 17.20 which are assign
for PHCICH,NH, and PHFCH,NHF respectively . the 3 IE for this class
is also ranged from 21.799 to 24.608 which ure attributed for
PCL,CHNEH; and PIRCH;NH, respectively .

For class I showed that the lowest 1% IE is at 10.114 assign for
PII;CHFNH, and the highest at 10.711 assign for PHCICHFNH, . The
2™ 1E for this species are ranged from 13.978 to 16.575 which are assign
for PHFCHCINE, and PH,CCIF NH; respectively . Finally the 3 IE is
also ranged from 22.02 to 24.109 auributed to  PHCICHCINH; and
PH,CF3NH; respectively.

14



CHAPIER Y RESULTS ARD DISCRSION

Finally classlV the 1* 2% and 3™ [E for class IV show that
PH,CHCINHCI species possesses the lowest 1%, 2™ and 3™ (E in which
PH,CHFNHCI possesses Lhe highest 1¥ 2™ and 3™ IE.
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Dipole moment

The values of dipole moment is summarized in table (3.7) . Actually
the dipele moment rises from the difference in electronegativety between
atoms which forms the bond . Therefore every bond should have dipole
moment associated with it [43]

It 1s noted previously that the values of the dipole moment is always
positive [44] .The dipole moment for PH,CH,NIH; is appeared at 2.091 |
The class II species showed huge difference in dipoie moment which is
recorded at 5.63 ,the highest value assign 1o PCI;Ci1,NH, and the lowest
value is appeared for PHFCH.NT, 2,64 . The class 1[I species their
dipole moment ranged from 5.21 to 1.89 assign for PHCICHFNH, and
PICFNH; respectively . Finally class IV showed the highest dipole
moment at 2.46 assign for PH,CHCINHE and (he lowest value is
appeared al 1.75 assign for PH;CHFNHCL | It is warth noling that the
dipole moment measurements did not show the expected trend as far as
the electroncgativety concern, The main factor seems 1o influence the

dipole moment is the geometry rather than the electronegativety
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Conclusion

The investigation of twenty-eight molecules constructed from amine
methane phosphine showed the following facts based on the parameters
calculated. First, the stability of the molecules are related directly to the
geometries despite the fact that the molecules possesses a C) symmetry
which is arise from the bent angle PCN. Sccond, The most stable
molccule is PICH,NH,; which is appeared in class |. The molecules
PHFCH;NH,, PH,CHFNI, and PHyCH;NHF are also showed a litle
stability in association with their counterpart's species in the classes.
Third, the PCN angle (bite angle) which is important in coordination
chemistry, The bite angle PCN when it acts as bidentate ligand through
P and N atoms. The magnitude of bite angles showed 10 be increasing as
the distance between the substituted halogen decreases. Thus the methane
class showed the lowest bite angle whereas the amino class showed the

highest 100.1%to 115.2° respectively.
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Appendix will gives some calculations of the
compounds under investigation .

Table (a) .Bond angle in degree (°) .
Table (b) .Bond length in Angstrom (A ).
Table (c) .Encrgics .

Table (d) .Charges and Elcctron density .
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Table(1)
Table(2)
Table{3}
Table(4)
Table(5)
Table(6)
Table(7)
Table(8)
Table(9}
Table(10)
Table{11}
Table(12})
Tuble(13)
Table(14)
Table{15)
Table{16)
Table{l7)
Table{18)
Table(19}
Table(20)

Table(22)
Table(23)
Table{24)

Table(27)
‘Table(28)

: Calculations of {PH,CH,NH;),

: Calenlations of (PH,CHNHCL) ,

: Calculations of (PH;CH;NHF),

: Calculations of (PHCIHCH;NH;),

: Calculations of (PHFCH;NHj,),

: Calculations of (PH;CH,NFy),

: Caleulations of (I"H;CH,NCIy),

: Cnlcul‘:‘:ti:ms of (PH,CH;NFC),

: Calculations ol (PCI;CH,;NH;),

: Culeulations of (PFCHzNH;),

: Culculiltiﬂm.; of (I‘FCICH;N‘H;},

: Caleulations of (PHFCH;NHF),

: Calculations of ('HCICH,NHCI},
: Caleulations of (PHCICH,;NHF),

: Calculations of (PHFCH;NHCY,

: Calcu];;ltiﬂns of (PH,CHCINH;) ,

: Caleulations of (PH;CHFNH3),

: Calculations of { PH,CCI;NH,),

: Calculations of {PH,CF;NH,) ,

: Caleulations of (PH2CCIFNI2),
Table(21) : :

Calculations of (P1ICICHCINILL),

 Calculations of (PHFCHFNH;},
: Caleulations of (PHFCHCINH;),
: Caleulations of (PHCICHFNIL,),
Table(25) :
Table(26) :

Calculations of (PH,CHFNHF),
¥
Calculations of (PH;CHCINHCD) ,

: Calculations of (PH;CHCLNHEF) ,
: Caleulations of (PHLCHFNHCI) ,

Cr
Ci.
Ci.
Ci.
C.
oY
C..

C,.

C.

Ch

C,.

Ci.




Table(1): (PH,CH,NH,) ,Cy-

Tabhle (a)
= IV A lae b R YA B R ARV Al e S ‘
H5N2H4 111722 1H7P3H6 06.3596
H3N2C1 113.633 H7P3C] 97.4738
H4N2Cl 113.978 H6P3CI 98,4018 i
N2C1H9 108.641 P3ICIHY 109.793
N2C1HS 114.979 - P3ICIN2 106.874 i
HYC1HS 10843 P3ICIHE 108.055
Table (b) .
iﬁiﬁ-‘ﬂ%ﬂﬁ‘ﬁdﬁm ISV A e R e B ond o el |tV A el
1 P3-H7 1.42063 C1-H8 1.08711 !
P3-H6 1.42833 CI-H9 107978 |
P3-Cl 1.91217 N2-H5 1.00362 '
| cizve [ idesss [T TNoms | vouss |
Table(c)
S FNENE R G Y e B e e fe Ve e
lonization encrg}{l N 9643659
; (2™ 15.243
(3" 23.25657
LUMO energy 4.96397
HOMO-LUMO gap . 14.607652
E(RUF)au Lo -434.240146605 |
Tuable(d)
@wwﬁ%tmmﬂ‘m&# Bl Char e e A Bl ctrontdensity 28
Cl -0,538379 1.538379
l N2 -1, 786606 1.786606
r3 0.355260 0.64474
| H4 0.306078 0.693922
H5 0,310105 0.689895 ’,
16 -0.058204 1.058204
H7? -.029960 1.02996
HS 0.201782 0.798218
HY 0.239926 0.760074

78



Table(2): {PH,CH,NIICl) ,C;

Table (a)

S ATATBI R AV e e e A I e Valne i)
C17-N2-H6 103.595 H4-C1-118 109.394 |
H6-N2-C1 112.559 H4-C1-P3 109.626
CI7-N2-C1 111.182 H8-C1-P3 110.178
N2-Ci-H4 113,481 H5-P3-H9 95.9517
N2-C1-HS8 105.501 C1-P3-H5 96,1256

_CIP3HY | 963048 ' | N2-CI-P3 [ 108576
Tuable (b) .

S YBona BRIV e e B o n d e AV A LR
C17-N2 1.82701 C1-H 1.08267 |
H6-N2 1.00911 C1-H§ 1.08223 q
C1-N2 1.48186 C1-P3 1.9108
P3-H5 1.42853 P3-HY L2

_Tﬂhlr:{c]

e ENERG Y S e s [ G e o o viss

lonization energyv(1*) 9.994342 {

(2" 15.20624 ;
(3 22.97267 g

LUMO cnergy 3.546068 "

HOMO-LUMO gap 13.54041

E(RHF) a.u -RO0.91885

_ __Table(d) _
S RSPAT OIS 17 P Tl G i g e B B B R E [ CS ( GRYd Sty
Cl -0.578630 1.57863
N2 -0.648403 1.648403 ‘
P3 0.414656 0.585344
' Hd 0.243648 0.756352 ‘
| HS -0.025843 1.025843
Hé 0.355077 0.644923
Cl7 0.027687 0.972313
18 0262311 0.737689
HY _ | 0050503 [ 1050503
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Table(3): (I"1,CH;NHF), C,

Table(d)

Table {a)
R AN S | (SR A e R A RTA 8 | C Rl SRSV AT RE
|  HS5-N2-Fé6 101.541 | H7-C1-P3 110.946
H5-N2-Cl 111.506 | N2-C1-P3 107.796
. F6-N2-C1 104.551 | CI1-P3-HS8 06.325
| N2-Cl-H7 106,428 | C1-P3-H9 95,9158
N2-Cl-Hd4 112.351 |  HY9-P3-1I8 95.825
| H4-C1-P3 108984 | H4-CI-N7 110.305
Tahle [bl
B R R RV iR S B oA PRV i e R
C O N2-1IS 1.01099 C1-17 1.07969
| N2-F6 1.4474 C1-P3 1.91343
| N2-Cl 1.47882 . P3-H8 1.42881
Cl-ll4 1.08165 P3-H9 1.42215
Table(c} _ .
SRS ENERG Y T SRR T VR R
| lonization encrgy(1st) 10.008451 :'
(2™ 16.99387 ;
3" 23.53167
LUMO energy 4.736346 i
HOMO-LUMOQ gap 14.744797 |
E(RHF _ -532.493739265 |

Ao h L AT ChaTpo b i ARE e on emity
. Cl -0.5%0123 1.590123

N2 -0.297739 1.297739

P3 0.408871 0.591129

H4 0.240198 0.759802

H5 0.342767 0.657233

F6 -0.283587 1.283587

17 0.253582 0.746418 I

13 -0.053723 1.053723 ;‘
L 1 -0.020245 | 020245
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Table(4): (PHCICH;NIL), C,

Table (a

————————————

e s s R value s AT e R MR vV ali cEEET
Cl6-P3-115 94,1958 . C1-N2-H4 115.769
H5-P3-C1 96.8756 14-N2-H9 113.714 |
Cl6-P3-Cl 97.9864 HS8-C1-N2 109.474 |
P3-C1-H7 106.483 H7-C1-N2 115.267
P3-C1-HS 108.325 P3-C1-N2 108.694

 H9-N2-Cl 116.013

B Bond BT

H7-C1-H8
Table {b)

TGV aluc e R Bon d BT

108.374

oAV aluet s

P3-H5 1.42422 C1-H8 1.07941

P3-Cl6 2.26576 C1-N2 1.45262
1,90391 N2-H4 1.0
1.08989 N2-H9 | 100041

TPEUREAENERG Y ARASIEE

O SRR e VIR

Table(d)

' Tonization energy(1*) 10.068110
2" 14.17098
(3") 22.3755 ;
| LUMO energy 1.759882 |
| HOMO-LUMO gap 11.827832 ‘
E(RAF) a.u o -890.983481728 N

gl

PEFEE A tom AR R e O ree i S (M BICC trontdensity s
Cl _0.556462 1.556462 ‘
N2 -0.794911 1.794911
I3 0.615206 0.384794
H4 0.325770 0.67423
HS 0.031847 1.031847 |
Cl6 -0.369232 1.369232 ‘l
H7 0.214840 0.78516
HS 0.279198 0.720802

‘ HY 0.317439 0.682561




Table(5): (PHIFCH,NH,),C,

Table (a)

RS leh i LR VAl s AT e alu e
H6-P3-F9 98.5988 F9-P3-Cl1 99.8152
H7-C1-H3 108.308 116-P3-C1 05.9502
H4-N2-HS 112.195 F9-P3-C1 09,8152
P3-C1-N2 108.441 HS8-C1-N2 108.654
P3-C1-H7 108.03 . H7-C1-N2 115.126
H5-N2-C1 114.483 ' C1-N2-H4 114.509

Table (b)
e Bond SIS BB VAl R VR Bon o NN LR Rvalie g
! H6-P3 1.4251 C1-HS8 1.08163
F9-P3 1.65317 C1-N2 1.46537
P3-(C1 1.8523 N2-H4d 1.00243
1.08945 N2-H5 1.00279

CI R Sreb ﬁﬁﬁ"ﬁ?ﬁﬁ‘%ﬁevﬁ&ﬁ%“
lunlzatmn encrgv{lst) 9.910951
(274 15.8203
.; (3" 23.76663
LUMO energy 4.460651
HOMO-LUMO gap 14.371633
E(RIHF}aun 532.583230642

Table(d)
A oM e T Charpe st B lectron densityaes
C1 -0.636961 1.636961
N2 -{.783604 1.783604
P32 0.987637 .012363
H4 0.313426 1.686574
H5 0.30(38383 0.691417
H6 -, 1390G90 1.13900
H7 0.2019243 0.798057
HS {L.261965 0.738035
F9 -0.513901 1.513%01 !




Table(6): (PI,CH,;NF,),C, !

Tnhlu {_L_ .
BTNl “ﬁ%ﬁ’dluﬂa R T R A o
F4-N2- F5 101.386 H9-P3-1I8 95.5623
. F4-N2-Ci 103.61 H6-C1-H7 110.931
N2-C1-H7 115.762 F5-N2-C1 102.949
|‘ MN2-C1-P3 108.276 N2-CI-H& 105974
C1-P3-118 05,2888 " H6-C1-P3 109,806
L _C1-P3H9 963261 | M7-CI-P3 | 113507
Tdh]i@
[ —— T
NG rBOnA T %”ﬁw“’ﬁ%@ BT Bond SEEIValierin
N2-F4 1.42588 C1-117 1. ﬂ?ﬁSﬁ
n2-F5 1.42476 C1-P3 1.91601
N2-C1 1.48259 P3-HS8 1.32484 ,
CI1-H6 (107743 1 P3-H9 | 142282 |
Tablc(c} .

B PSS ENERGY, @Wx‘ml%ﬁwm@www =

Tonization energv(1™) 10.656779
16.07088
24.0048

LU'\IO energy 4.1974

Houo LUMO gap 14.85414

 -630.755904252

L

’ Tabic(d)
B : %ﬁ%’?(}h a?fm%mectroﬂdenmy:_[
| C1 -0.587023 1.587023
_ N2 0.172081 0.827919
} P3 0.405978 0.594022 q
| F4 -0.255810 1.25581 |
i F5 -0.2524237 1.252427
] H6 0.281628 {.71837
H7 0.282897 0.717103
HS8 -(.033354 1.033354
119 -0.013970 1.013970 |




Table(7): (PHCH,NCIL), C,

Table{a)

%m ?Anglc'??ﬁﬁiﬁ i’%&i}gl“‘}%’ﬁ 5@%1*“515“&?4; W

i CI4 N2-CI5 107.676 Ho6-C1-P3 11452
Cl4-N2-C1 109.477 H7-C1-P3 110,501
CI5-N2-C1 110.541 CI-P3-118 94.8793

: N2-C1-Hé 112,568 C1-P3-H9 96,1523
N2-CI-H7 105.601 1{8-P3-HY 96.0117

| N2-CI-P3 107.38 H7-CI-H6 110.141

Table (h) _

B IEE Vil et L Sy Bond R Ul RV alie A
N2-Cld4 1.82942 CIl-117 1.07836
n2-CI5 1.82348 C1-1"3 1.91832
N2-(1 1.49276 P3-118 1.42752 *‘

| CI-H6 | 108032 |  P3-H9 142089 |

Table[c} _

TR ENERG Y A e e R

Ionization energv(1™) 10.471207 !

| 2" 15.46166 |

| (3™ 22.58868 -

: LUMO energy 1.637029

12.108169 .i

-1347.592220921

Table(d)

S ome o b ChaT gt E ST BNV lectron densify A

Ci - '0.585272 1.585272 i
b N2 -0.570508 1.570508 :
~ P3 | 0.415406 0.584594

Cl4 | 0.104919 0.895081

CI5 0.123539 0.876461

H6 0.265206 0.734794

H7 0.293114 0.706886

1i8 -0.034199 1.034199

H9 -0.012205 1.012205

B4



Table(8): (PH,CH,NFCI),C,

Table {a!

i Angle i susavalue Wl TR Ao S SRV Al T
F5-N2-Cl4 102.814 H3-C1-P3 110,018
CI4-N2-C1 109.533 H7-C1-P3 111.723
F5-N2-Cl 103.943 C1-P3-H9 96.0748
N2-C1-Hé 110.893 C1-P3-HS 95.0277
N2-C1-H7 106.455 H9-P3-HS 95,7415
H6-C1-H7 111.007 N2-C1-P3 106.669

Tabl
AEAEROTASEANY MUV Lie Ve B Rt a R R [ v alie
CI4-N2 1.83331 C1-H7 1.07673
F5-N2 1.43082 C1-P3 1.9195
N2-C1 1.48714 P3-HS8 1.42744
C1-16 1.07878 ~ P3-HY 1.42193
Table(c)
T ENER G Y R e e VS T
Tonization energy(1%) 11.575221
(2" 15.42334

' (3 23.36705

LUMO cuerpy ' 2.409

HOMO-LUMOQO gap ' 12.9849G7

| K(RUF) a. u _ | -989.172721624

Table(d)
WA R C e R et o e
Cl -(.595243 1.595243
| N2 -0.188462 1.188462
3 0.421837 0.578163
Cl4 0.091728 0908272
B -0.237904 1.237904
H6 0.275612 0.724388
H7 0.282129 0.717871
__HS -0.035064 1.035064 |
“H9 -0.014641 1.014641 k




Tﬂblﬂ(g}: (PC[:C]‘I;NH;} C|

Table (b)

Table {(a)

R AN g eSOV A e W e (BT A T o | & SRR i .

| CI18-P3-Cla | 98,7694 CI8-P3-Cl 95,1112

| H9-C1-H7 149,375 H4-N2-C1 116.293

. H4-N2-H5 114.779 H5-N2-Cl 117.069
P3-C1-N2 103.329 P3-C1-H7 107.185
119-C1-P3 109.891 H9-C1-N2 115.263
CI6-P3-C1 97.3407 H7-C1-N2 111.358

BN RV A U R N A B o nd B B ER RV e i |
3-Clo 2.26302 C1-H7 1.08118 :
P3-CI8 225203 C1-N2 1.45056

1.8939] N2-HI5 0.998742
1.08066 |  N2.H4 0.999423
Table{c) _
RS RN R Y A i [ R e Ve AR,

Tonization energy(1*) 10.628169
|} (2™ 14.90252 |
| (3 21.7993 |
LUMO energy , 1.031404 _‘
 HOMO-LUMO gap 11.659594 1

'E(RHF) a.u_

-1347.731846721

36

Table{d)

DT Atom, W’}H ESEICHaTos iRl TESEIECtron density ey
Cl1 -0.572161 1.572161 ;
N2 -0.822051 1.822051 r

| P3 0.825496 0.17:4504 ;
H4 | 0.350024 0.649976
15 | 0.340286 0.659714 |
Clé -0.354399 1.354399 i

| i17 0.273076 0.726924

B CIg -0.328661 1.328661

i 0.288388 0.711612




Table(10): (PF.CH,NH;) C, -

Table ble ()

A e

i gﬁwﬁAn ol ?:

AEAV Al ek U

F6-P3-F§ 96.0291 H4-N2-C1 115.321
F6-P3-Cl 97.5629 H5-N2-Cl 115.3
F8-P3-Cl 97.427 N2-C1-P3 105.242
HY-C1-17 108.186- H9-C1-N2 109,912
HY-C1-P3 108.057 117-C1-N2 114.761

| H4-N2-H5 112.619 H7-C1-P3 110589

Table (b)
[t e e FAlTOBESY!
. P3-¥6 1.63769 Ci-H7 1.08452
‘ P3-F8 1.63271 C1-N2 1.46657
P3-Cl 1.83823 N2-H4 1.00029
. _C1-H9 108203 | N2-H5 - Lov12z |

10.121748

lonization encrgy(1™)

2" 16.51343 H
| (39 24.60863 |
LUMO energy 4.641191
"HOMO-LUMO gap 14.763001

"E(RHF) a.u

| -630.954156526

Iahlefd}
TR Xtﬁ’iﬁ"ﬁ'"‘"ma @Ch‘ﬁ?%f‘ rn-ﬂ]?llu:::tr{.u densﬂy,,?ﬁ
C1 -0.715431 1.715431
] N2 -0.808396 I 1.808396 ;
i P3 1.433900 0.4339
| H4 0327395 0.672605 ‘|
H5 0.310914 (1683086
o6 -0.532488 1.532488
H7 0.229493 0.770507
! F8 -0.5221349 1.522139
HY | 02710750 0.72925
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Table(11): (PFCICH,NH;),C,

Table (a

AT SR RV A lNe YT AT B RO BB Al TO
. Cl4-P3-F8 98.7266 H9-C1-N2 110,661

C14-P3-C1 97.8571 H6-C1-N2 115.144
EF§-P3-C1 95.0262 CI-N2-115 115.233
P3-C1-HY 1G9.286 C1-N2-H7 114.451
P3-C1-H6 111.455 . H3-N2-H7? 113.646

109.72

" P3-CI-N2 |

100164 _H9-C1-Hé

Tahle b}

T T e A | D A
P3-Cl4 2.28562 C1-Hé 1.08209
P3-F3 1.63789 C1-N2 1.46636
P3-Cl 1.86608 N2-H5 1.003

~CI-HY

1.07876 _ N2-H7 1.00132

10.646087

lnmzatmn cnergv{l“)
; (2" 16.3295
(3" 23.01961
LUMCO cnergy 2.0506119
HOMO-LUMO gap 12.697106

E(RHF) a.u ] -989.340906055

Tablo(d)

RN (o S SRR G iar e o R E lectronTdeRsity il
C1 I -0.657469 1.657469
. N2 -0.817165 1.817165 |
P3 1.219309 -0.219309 !
Cl4 -.458359 1.4583359
H3 0.336010 {.66399
H6 0.273482 0.726518
. H7 0.340168 0.659832
F8 -0.500069 1.300069 !
~ HY ‘ 0.264093 ] 0.7359 |

§8



Table(12): (PHFCH,NHF) , C,

Table i.'u}__

R T e e e T e R T i TSP
F7-P3-HG 98.4182 F5-N2-C1 103.701
F5-N2-H4 101,779 H4-N2-C1 111.846 ‘
H9-C1-H8 110.404 HS-Ci-P3 109,45 I
P3-Ci-N2 108.426 HY9-CI1-P3 109.217

. H6-P3-Cl 94,2468 H9-C1-N2 107.387

[ F&-P3-C1 | 982607 | H8.CIN2 | 111889 |

___ _ ‘T'able (b) .

B BORa AT MRV R :ﬁ;s,nﬁﬁamm'naﬁmﬁ?'

~ N2-F5 144749 CI-HI8 . 1.0828 ‘

‘ N2-H4 1.01041 C1-P3 1.88373 ‘r

| N2-CI 1.47671 P3.F7 1.65311

__CIMy | 087 _v3mie | 142504 ]

. Table(c) .

et R ENERG v ok %ﬁmﬂbmv@m@

'Ionization energy(1*) “ 10,499701

‘ - ) 17.20121 Ik

(3% 24.09934 ‘|

LUMO cnergy 4.145066

HOMO-LUMO gap 14.644796 '

E(RUF) a.u | sisamaieszs |

e _ dablety

R A G o ChaT e e R Elec oAt Sasie R

I‘ Ci -0.683692 1.683692

N2 -0.29003Y 1.290039
P3 1.044181 -0.044181 |
|L H4 0.345893 0.654107 ;
F5 -0.287811 1.287811
Ho -0.131107 1.131107
. F7 -0.515669 1.515669 ‘
\ HS8 0.244178 (.755822 ’
0274065 |  0.725935 _|

89



Table(13): (PHCICILNHCH ,C,

l"']hle (b}

Table {a)

Eﬁ?%‘FA?IEIE% BRFRValicHess E*&,%*AHLIEW ﬁ«?r’a’; SVahie® S
CI17-P3-Hé 93.85858 H3-C1-N2 113.889
CI5-N2-H4 104.707 H9-C1-N2 106.941
H9-C1-HS 109.651 114-N2-C1 113.532
P3-Ci-N2 108.489 CI5-N2-Cl1 110.878

i Cl7-P3-Cl1 97.1137 " H3-C1-P3 1(18.933
H6-P3-Cl | 95.1a07 H8-C1-P3 108.831

,nmaﬂnndﬁﬁ“ﬁ

"”;““&\"alue d’ﬁ?

wEy ﬁBunth@E’i

ARVl R B

Table(e)

N2-CI5 1.82202 ° CI-1§ 1.08522 |
N2-H4 1.0081 C1-P3 1.89%33
N2-C1 1.47323 P3-H6 1.42339
C1-H9 1.08165 P3-CI7 | 2.2671

PR S ENERG YA s

e T

eV mﬂ«i

<]

| Ionization energy(1*) 10.672307 l
| (2™ 14.22265

| (3 22.22464 :
LUMO energy 1.389158
HOMO-LUMO gap 12.061498

E(RHF) a.u

-1347.661015953

—

Table(d)
ﬁfsﬁﬁz"‘ E{fﬂﬁm ﬁ'ﬁ?&“ﬁ?@ﬁ'ﬁ?ﬁﬁ}@ﬁq uHElcctrumdcnﬂW
Cl -0.611679 1.611679
| N2 -0.648062 1.648062 |
P3 0.670406 0.329594
H4 366021 0.633979
ClI5 0.041763 0.938237
[ H6 -0.021345 1.021343 -
| Cl7 -0.337979 1.357979 i_
' HS 0.254813 0.745187 |
. H9 | 0.306060 _0.69394 _J

S0




Table(14): (PHCICH;NHF),C,

.IhIL l.';l)

ATl wnme.llucz-E&'hﬁ ¥ r«'f" AT ol R E?%Fi&,\?alumm%
F3-N2-H4 102.076 . H8-C1-P3 108.248 |
Cl17-P3-H6 93.7149 H9-C1-P3 109.987 |
P3-CI-N2 107.672 F5-N2-C1 103.44
H9-C1-HS8 110.595 H4-N2-C1 111.99%
C17-P3-Cl 97.1649 - N2-C1-H9 108.248

_ Hé-P3-Cl1 949931 | N2-CI-H8 | 112043

__ Table {h)
’_ SR Bond e SRVl neE sﬁﬁ%@—"fﬁﬁﬂﬂndﬁ% FESRValte s
l F5-N2 1.44669 | CI-HS 1.08392
N2-114 1.02065 C1-P3 1.8966
N2-Ci 1.47222 P3-Hé 1.4238
___ CI-HY 107894 P3-CI7 227016 |
Tahlc{c‘,l
R ST NERG YA ?:*"‘":;,E B R R oV, P S
|[ [onization energy(1*) : 10.774037
2" I 15.88645
(3" 22.61864

LUMO cnergy 1.427515

HOMO-LUMO gap 12.201575 ,

E(RHF) a.u _ -989.236173688 B

[ab]cfd]
— —
Eﬁﬁqz&tﬁ R ‘r"?ﬂ?cﬁﬁ?‘ﬁ&% mﬁ.ElEﬁFﬁ’ﬁ dens:tﬁ‘f‘_
! Cl -0.626467 1.626467 1
' N2 -0.285327 1.285327
j P3 0.676310 0.32369
H4 0.351476 0648524 |
E3 -.283906 1.283906
H6 -0.021390 1.02139
Cl7 -0.361620 1.36162
HS 0.255343 0.744657 |
HY 0295582 ] 0.704418

91




Table(15): (PHFCH;NHCI), C,

Table {a)

AT o | R TV A T G BT o | A ARV A L e B
H6-P3-F5 99.1806 114-C1-N2 114,103
F5-P3-Cl 96.1107 P3-C1-N2 106.792
H6-P3-CI 95.0471 H9-CI1-N2 106.845
P3-CI1-H4d 110.779 C1-N2-CIS8 111147 !
P3-Cl1-HY 19104 C1-N2-1H7 113.533
H4-CI-H® 109.049 CI§-N2-H7 | 104162 |

Table (b)

IR BN R R Valie i [ BonU L o RV alier s
P3-H6 1.41745 C1-119 1.08276
P3-F5 1.65673 C1-N2 1.47644
P3-Cl 1.89106 N2-CI8 1.82506 |
C1-H4 1.08196 | N2-HI7 1.00797

Table(c)

S FRLLEEEOTR YV, B SR

- Tonization energyv(1*) 10.348233

| (2" 15.72219

| (39 23.28373 |

'LUMO energy 3.089616 '|

'HOMO-LUMO gap 13.437916

'E(RHF) a.u _ |  -989.264724841

_ _ Tnlr[e@
A T e TR e A e C AT e G e e KICC (P OnTdensity e
Ci -0.662304 1.662404
| N2 -0.670071 1.670071 |
‘ ~P3 | 1.019939 0.019939-
H4 0.257262 0.742738
5 -0.522118 1.522118
H6 -0.102384 1.102384
H7 0.363324 (.634676
CI8 0.036592 0.963408
] 119 0.277858 072142




Table(16): (PH,CHCINH,) , C,

Table (a)
ﬁ = i Tpler R - Fam _al'_‘*;,‘:_'"
BT Anple s ERELV A luc Bl

) R A R AV e T
' HS5-N2-H4 | 115.095, C1-P3-H6 97.3317 |
_H5-N2-Cl 118.126 H9-P3-H6 96.5721 |
| _H4-N2-CI 118425 N2-Ci1-P3 112.394 |
. N2-C1-HS8 113.318 C17-C1-118 98.117 |
N2-C1-CI7 112.358 C17-C1-P3 103.202 '
_ CI-P3-HY | 956329 _ P3-Cl-H8 | 116.056
Table (b) _
EETABond B MV alu e AN B nu B [V e
AT 100007 C1-CI7 2.03811 |
' N2-H4 0.99986 C1-1"3 1.90406 ||
N2-Cl 1.37273 P3-H6 1.41665 |
ClI-H8 | 107119 | S-HY | 142621
Table(c) .
- S ENERG Y4 e e SOV S R e a8y
i [onization encrayv(1) 10L3Y5176
|‘ (2" : 15.77833
| (3" 22.58731
LUMO cnergy 3.55371 ||
"HOMO-LUMOQ gap 13.94941
' E{RHF) a.u b -890.971795740
_ _ __Table(d) _
Ao S et s | PR ChaTE e B et [ LN e AT o O Crsi Ty
Cl1 - 0.336116 1.336116
“» N2 -0.805737 1.805737
r3 0.441146 0.558854
H4 0,.357880 0.64212
1E 0.362858 0.637142
! H6 -0.003979 1.003979
C17 -0.294743 1.294743
i 118 0.309280 (169072
H9 j -0.030589 | 1030589
o9s



Table(17): (PH,CHINI,) , C,

Table {u)
AAnpleR Ty B BVl on| i A ple s i 3 | R Vilie
= HI5-N2-H4 113.769 C1-P3-H6 97.3152 E
H5-N2-Cl 116.565 C1-P3-H9 07,4368
H4-N2-C1 117.046 H6-P3-H9 96.5703
‘ N2-C2-13 109.564 F7-C1-P3 104.351
N2-C1-F7 114.203 HS-C1-P3 112.348
N2-CI-H§ 19759 tH8-C1-F7 106.557
_ [.1hlc (b)
SN Bond BESIR PE RVl caNe | ¥ B ond R AR RVl o
’3-HY 1.42193 C1-118 1.0759
‘ I’3-Hé 1.42059 C1-N2 1.4079
P3-Cl 1.90879 N2-115 1.00119
_ CI-F7 L2194 | N2-H4 100122
Table(ce)
P LhERGY*ﬂﬁ? AN B LR DRIV,
lonuatmu cncrev{l*) 10. 114349
' {2'"') 15.63345
3 23.58648
LUMC} energy 4.541482
HOMO-LUMO gap 14.655831
E(RHF) a.u . } -532.569329780

Tuble{d)

94

E‘.}Eﬁﬂ‘;‘ktam I R Charp e PR EF | SR EIeCtron densitvie 3

Ci 0.043196 0.956804

N2 -0.851549 1.851549 |
P3 0.381913 0.618083 j
Hd 0.331814 0.668186 |
H5 0.338681 0.661319 i
116 -0.031857 1.031857
F7 -0.413300 1.4133

HS 0.239062 0.760938

HY ] ~-0.037963 1.037963




Table(18): { PHL,CCLNH;),C,

Table (d}

SRTAN et %ﬁ?a!uw f:mwAngIEﬁEﬁﬂ R EValue
HY-P3-H7 97.1047 H5-N2-Cl1 117,736 :
H5-N2-14 116.291 114-N2-C1 118.291
CI8-C1-Cl6 103.972 Cl6-C1-P3 105.288 |
P3-C1-N2 111.819 CI8-C1-P3 114.086 ?
117-P3-CI 97.3514 ~N2-Cl1-CI8 108.811

. H3-13-CI 96.1944 N2-CI1-ClI6 112.637

_ Table ()
|_ BORA SR b o ValTeR o BB I Al VAl e adiid
H4-N2 1.00019 C1-Cl6 1.95724

’ H3-N2 1.0004 C1-P3 1.50732

| N2-C1 1.37463 P3-H9 1.41953

: C1-CI§ 187165 |  P3-H7 _ L41366

'I‘uh]u{r:}
T PG ENERG Y&%F%“ﬁﬁ ST fe VAT s e
lonization energy(1*9 10.709642 .
(2" 16.04821 l
(3™ 22,23183 ‘

LUMO cnergy 2.48281

|HOMO-LUMO gap 13.1925 |

PRI ay__

A

 -1347.673797638

T _Tuble(d)

A oM e R RO C T AR i BAIE [ee from d Sner (7
‘ Cl -(.383185 1.383185
| N2 -0,790299 1.790299
B P3 0.473687 (0.526313
Hd 0.375834 0.624166
H3 0.372261 0.627739
Clé -0.107063 1.107063
| H7 0.41200) 0.987990
1 Ci8 0.048754 0.951246 :
- HY -0.001992 [ 1.001992

95
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Tahle{l&l‘): (P"zCFzN”;] 1(:1

Table __Table (a)

?ﬁﬁ?ﬁ"ﬁﬁlﬁmf EErValae AR B MAR a1 T A BTVl TRR
| H5-N2-H4 116,484 H3-N2-Cl 118.526
H9-P3-H7 97.16 H4-N2-C1 117.169
¥6-C1-F8 104.517 N2-Cl1-F8 108.617
P3-C1-N2 111.893 N2-C1-F6 113.802

H9-P3-C1 96.3802 F6-C1-P3 106
117-P3-Cl 96.2489 F8-C1-P3 111.814

Table (b)
R A e e T %“‘Lﬁ?ﬂfﬁlﬁ‘éﬁi@%l
P3-H9 1.41745 CI-F8 1.37534
P3-117 1.41672 C1-N2 1.38654 |
| P3-CI 1.90261 N2-115 0.997155
| Ci-¥6 1.39323 CN2-H4 ] 100072 |

Iu(-l.‘.:}

Ionization energy(1™) 10.563194
2" - 14.17356
(3" 24,10934
LUMO encrgy 4.209452 !
HOMO-LUMO gap 14.772672
E(RHF)au ] D -630.902811672
_ IJIJIL{{I)
@%ﬁ;"ﬂmm“ R B I CHRT o S o el EleCtonTdensity £5)
- Cl 0.632682 0.367318 |
| N2 -0.904064 1.904064 “
"7 P3 0.387747 0.612253
| H4 0.354304 0.643696
i H3 0.356242 0.643758
|: Fo 20406310 140631
: H7 -0.008210 1.00821
[ K8 -0, 400841 1400841
| HY _-0.011552 ] 1.011552
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Table(20): (PH2CCIFNI2),C,

Table(a) _

T@%Angléhm BT EVAlue TR SnrA R S AV Al
HY-P3-H7 97.3255 117-P3-CI 06.8148
H3-N2-14 116.809 P3-C1-Fé6 106.16
CI8-C1-F6 102.771 P3-CL-CI8 112.84
H9-13-C1 97.6506 CI8-C1-N2 107.594
3-C1-N2 112,059 H5-N2-C1 118.428

ezl | 3589 | NCULF6 | US177

* Table (b} _
TR Bond P eVl he S B Dond g " [ ehY Al e ]
’ N2-H5 0.999582 Ci-F6 1.39783 \l
N2-Hd 0.9993.43 Cl1-P3 1.90417
N2-Ct 1.3802 | P3-H9 1.41546 '
- C1-ci8 [ 190787 |  P3-H7 | 14141
Tablc({:}
LRSI ENERG VAT ah [Sany uprists "-Tax R i o
lonization energy(1®") 10.509506
(2™ 16.57512

| (37) 22.72508

LUMO energy 3.226033

| HOMO-LUMO gap 13.735553

|E(RHF) a.u_ . -989.282076130

— ‘Table(d) _ N

BRI ome e[ %@:ﬁcﬁﬂ"@?’*‘ﬂt A ELeCtronTd ensity.oa.

|‘ C1 0.122684 0.877316
| N2 -0.853445 1.853445
’ P3 0.430882 1.569118
H4 0.369503 0.630497
115 0.365193 0.634807
Fé -0.374133 1.374133
H7 0.603708 (.996292
CI8 -0.062206 1.062206
H9 -0.002186 1.002186
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Table(21): (PIICICHCINH;),C,

Table (a

BT AT B RS VA LU RIS B AT le v BEmEVAlng Sty
C15-P3-H9 95.6323 P3-C1-N2 106.545 |
C15-P3-Cl1 101,606 CI-N2-118 117.046 |
H9-P3-C1 95,697 C1-N2-H6 116.862
P3-C1-H7 110.427 HS-N2-H6 113.529
P3-C1-Cl4 112.959 Cl4-C1-N2 112.187
H7-C1-Cl4 3018 [ N7-C1-N2 L84

Table lb}

e Bon d EEIRS FESPRV Al de w3 Bond Reidofl W IRERValie frady:
P3-Ci5 2.24675 CI1-H7 1.07263
H9-P3 1.41816 CI-N2 1.40534
’3-Cl1 1.9008 N2-Hé6 1.00094

- C1-C 1.93637 _ N2-ug 1.00133

Table(c)
FRSIHENERG YR [ e VA R TR
Ionization energy(1*) 10.648372
(2" 14.3985
(3" 22.02342
LUMO energy 1.457876
HOMO-LUMO gap £2.106248 |
| E(RILF) a.u -1347.705349640 |
Table(d)
A Om S B Cliarge R RS Icctron density oy
Cl -0.458203 1.458203
: N2 -0.798862 1.798862
| - P3 0.668466 0.331534
\ Cl4 -0.116337 1.116537
CI5 -0.334818 1.334818
] H6 0.358353 0.641647
| H7 0.327000 0.673 ,
H8 | 0.349752 0.650248 i
~ H9 | 0.004851 | 0.995149 |
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Table(22): (PHFCHFNH,) C,

Table (a
mﬁﬁ%‘i@eﬁm 2| RV e B AT o | I | AV A N L
F6-P3-119 100.029 P3-C1-N2 105.737
| HY-P3-CI 94.4719 F6-P3-C1 98.8871
I‘ H9-C1-H7 138.405 P3-C1-F8 109.575
H7-CI-F8 106.539 P3-C1-117 110.775
| H5-N2-114 114.205 F8-C1-N2 107.725
 H5-N2-C1__ 1_1:;.:;31 _ H7-CI-N2_ | 116.365
HE B ond By Walu‘“‘émﬁ ErBond i Bushvanengg
F6-P3 1.6527 C1-H7 1.0828
{ P3-HO 1.41034 Ci-F§ 1.40173
P3-Cl 1.88836 C1-N2 1.43469
N2-H4 1.00224 N2-H3 1.00012
TablL(L]

9%

Iﬂnuatmn energy(l“) 10. 332415
2™ 16.1351
(3" 24.01438
LUMO crergy 4.005174
HOMO-LUMO gap e 14.337584
. E{RHF) a.u | 630.900548026
Table(d
T A O i T Charge sk B EIctron density iy
[ 1 -0.005968 1.005968
“ N2 -(.859785 1.859785
P3 0.960945 0.039055 i
H4 0,.339527 | 0.661473 i
H5 0.329651 0.70349 '.
5 Fé -0.512475 1.512475
| H7 0.221592 0.778408
'8 -.396246 1.396246
119 -0.077241 1077241



Table(23): (FHFCHCINH,),C,

Table (1)

[P AT ey alae T e R ARl B Valic B
H5-N2-H4 115,873 C17-C1-P3 96.8743
F9-P3-H6 | 98.6458 F9-P3-C1 98.5528

' C17-C1-H8 98,0629 Hé-P3-C1 95,4491

| piciv2 115.149 C1-N2-H4 119,544
H5-N2-C1 119,669 C17-C1-N2 112,61
N2-C1-H8 114.018 P3-C1-H8 117.17

Table (b)

TYAR Bond R | D vValie B MR Bond i R valie iy,
P3-F9 165306 | CI-HR 1.07119
P3-Hé 1.40948 C1-N2 1.35568
P3-Cl 1.89138 N2-T15 0.999345
C1-CI7 2.08034 N2-H4 0,99%833

Table(c)

R DENERGY R e A e eV R B e

Tonization cnerpy(1™) 10.5309727
(2™ 13,97885
(3" 23.01664

LUMO energy A70686

HOMOQ-LUMO pap 13.580413

H(RHF) a.u | -989.315859555

Tuble(dy
YAt e R e Ch T G B PR 156 F o d E’ﬁ“éitﬁ‘?ﬁiq
Cl -0.370366 1.370366 i
N2 -0.804951 1.804951
= r3 1.041378 -0,041378
H4 0.370419 0.629581 I
115 0.369957 0.630043
H6 -0,075518 1.075518
C17 -0,341148 1.341148
118 0.322001 0.677999
_____F9 I R 0 1.51177
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Table(24): (PHCICHFNIL, )C,

Tuble (a)

R AT e PR I ERERY alie S R WATple A [V alie 21
H9-P3-CI5 95.0191 P3-C1-N2 104.912
HY-P3-C1 04,5592 CI-N2-H6 117.021
Cis-P3-C1 99.5253 CI-N2-HS 116.234
P3-C1-F4 110.301 HE-N2-H6 113.149
P3-CI-H7 109.067 F4-C1-N2 113.632
_ N7-C1-F4 108.582 H7-CI-N2 | 109.934
_Table (b)

LB OT d MR BV a lde SRS ¥R Bond B NS VAlGO RS
P3-Cl5 2,26072 C1-H7 10744
P3-HY 1.41934 C1-N2 1.41823

| P3-Cl 190578 N2-HS8 |  1.00225
Cl-F4 1.39984 | N2-Hé 1.00147
Tahlefc)

Ionization energy(1”

t)..,

e

13.711692
2" 15.74284
[ | 3™) 22,4859
LUMC() eneray 1.716327
HOMO-LUMO gap 12.428019
E(RIIF) a.u ]  -989.308166038
Table(d)
FR A ot SR Char e AR Pleetron QunaityAa]
Cl | 0,042129 0.957871 -
N2 -0.852934 1.852934 [
P3 0.614074 0.385926 :
Fi -1),387998 1.387998
CI5 -0.357220 1.35722
Hé 0.348479 0.651521
H7 0.261903 0.738097
H3 0.339892 0.660108
“H9 -0.008323 1.008323
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Table{25): (PH,CHFNHF),C,

Tahle(a)

ol A T SR eV Al e S T AT g | MV a L sl
H6-P3-H7 958187 P3-C1-F9 109.793
117-r3-CI 05.9674 115-Ci-N2 107.434
H6-1'3-C 1 95.3428 F7-C1-N2 112,099
P3-CI-N2 108.305 . C1-N2-H§ 112.618 |
H9-C1-F9 108.919 T ClL-N2-F4 106.162
P3-C1-115 120.538 | H8-N2-Fd4 102.684

0 Table (b)

TR ST MRS Valie e | AN Bon AR AR A g
N2-HS 1.00977 C1-H5 1.07263
N2-F4 1.44255 C1-P3 1.9£095
N2-C1 1.43519 P3-H7 1.42317

_ F-Ci 140266 P3-16 1.42098

Table(c) _

TR ENERG YA S R e R e v A e

Tonization energy(1%) 10.789419

(2" 17.48326
(3™ 24.02298

LUMO encrgy 4.0965

IEOMO-LUMO gup 14.885

E(RHF) a.u 630811846451

‘Fable(d)

R A O A e S Chn T pe v S s Kl eeton density ]
Cl 0.005967 0.994033 ’

N2 -0.343632 1.343632

P3 0.396642 .603358

" F4 0267213 1.267213

Hs 0.282677 0.717323
H6 _0.009919 1.009919 |

H7 -0,026425 1.026425

HS 0.357091 0.642909

~ F9 -0.395189  1.395189
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Table(26): (PH,CHCINHCE ,C,

Table (a)
R AT h | AVl ne s A T ple v T 2 TRV Loy 1Y
H7-P3-H6 96.0849 CI19-C1-N2 112.056
‘ H7-P3-Cl 96.2652 C1-N2-118 116.681
H6-P3-Cl 97.1358 C1-N2-H4 115.167
| P3-C1-N2 108.859 HS8-N2-H4 107.403
. CIO-Ci-HS 102.544 H5-C1-P3 110.962
| 1I5-C1-N2 111.071 C19-C1-P3 111.271

WREHBORdRS

PRV Al e

Table (h)

rER e BonAb

LE®S

Lty ol
R

.'

107198 |

BRI NER G Y SRS R

o A

N2-H8 1.0:0501 CI1-HS
N2-Cl4 1.79661 C1-P3 1.91164
} N2-C1 1.41034 P3-H7 1.42169
C1-CI19 _ 194519 P3-H6 _ L.4180]
Table(e)

AR tom Y EET

Table{d}

"lonization coergy(1*) 10.490356

(2") 15.39279

(3 22.15563
([ LUMO encrgy 2.763035
HOMO-LUMO gap 13.253395 .
E(RHF)au _ -1347.639171734 |

SR Elcctrontdensity g

Cli -0.441935 1441935
N2 -0.706757 1.706757
P3 0.460143 0.539857
Cl4 0.129402 0.870598
HS 0.335519 0.664481
H6 -0.000938 1.000938

f H7 -0.017114 1017114
HS 0.384297 0.615703
C19  -0.142616 ~1.142616_




Table(27): (PH,CHCINIF) ,C;~

Table (a2}

(B v R AV Alue e T AT el L B LRV A LT
H7-1"3-116 05.995 " H5-CI1-C19 103.433
H6-P3-C1 | 56.60008 H3-CI1-N2 108.732
H7-P3-C1 06.5401 CI19-C1-N2 111.269
P3-C1-H5 111383 {1-N2-H} 114.404 !
P3-C1-Cl9 112.34 - C1-N2-F4 107.075 i
P3-C1-N2 109.52 | H8-N2-F4 |  103.451

Table (b!

PR iBONd RN AV AlGC TN B Bond G

LV Al e R

N2-H8 1.00796 CI-H5 1.07143
N2-F4 1.434 C1-P3 1.90673
N2-Cl 1.4251 P3-H6 1.41744
_____ C1-C19 1.92464 P3-H7 1.42147

le(c)

e A
lonization encrgy{ls? ' 10.66264
(2™) 15.65448
(3") 22.62948
LUMO energy 2.914930
HOMO-LUMO gap 13.57757
_E(RIIF) a.u -989.210188198

SRS A o e R Cha T o M RIS ol denai
Cl -1L492527 1.492527
A N2 -1.294259 1.294259
P3 0.4531049 (L.548%51
I'4 -0.254442 1.254442
115 0.345233 0.654767
Hé -{.000H)38 1.000038
H7 -0.015080 [.01508
HS 0.369779 (1630221
~-L109716 1.109716
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Table(28):(PH,CHFNHCI) , C,

Table (a)
e ; e e Vallic BRI A o o V. S
| HS-N2-Hd 105,465 F9-C1-HS 108.362
H8-N2-C1 114.933 F9-C1-P3 109.523
H4-N2-C1 112.876 H5-C1-P3 109.6
N2-CI-P3 107.733 C1-P3-H7 95.7281
-. N2-C1-F9 112.618 C1-P3-Hé6 95.3496
N2-C1-H5 108.977 H6-P3-H7 95.8147 |

-, .‘-. i, oA 'i":
it g B
g \':"l"’\nm‘-‘

S SENERG Y

Table {'b)
FRETIB O R d B AV S I RO AR e Ra Val e nian
| N2-HS8 1.00716 C1-H5 1.07361
N2-Cl4 1.8139 C1-P3 1.91548
n2-Cl1 1.42914 P3i-H7 1.4239
C1FS 14033 | P3-H6 1.4216

Ionization energy(1*) 1[] 73865
(2" 15.77415
(3" 23.3701H9
LUMO energy 2.933321
HOMO-LUMG gap 13.671651

0.021815

 -989.241566778

e ESIRICCrOnTO TSty s

0.978185

-0.021815

1.021815

0.4006481

0.5393319

-0.576723

1.576723

0.276593

0.723407

-{,009893

1.009893

-(.026938

1.026938

0,L369905

0.630095

-0.395795

 1.395795 |
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