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Abstract 

In this study we have studied seven molecules including [ benzene (BZ) , aniline (AN) , 1,4-diaminobenzene (DABZ) , 1,3,5-triaminobenzene (TABZ) , 1,2,4,5-tetraaminobenzene (TTABZ) , pentaaminobenzene (PABZ) , and hexaaminobenzene       (HABZ) ] . The optimized structures , energies , dipole moment , and vibrational frequencies for these molecules have been investigated using density functional theory at B3LYP/6-31G** level . These calculations have been performed using Gaussian 03 program . Benzene molecule calculations have been performed for comparison and to know the addition effect of several number from NH2 radical on the molecular properties of  benzene .

الخلاصة
في هذه الدراسة تم دراسة سبعة جزيئات تضمنت ] البنزين , الأنيلين ,4,1- ثنائي أمينو بنزين , 5,3,1- ثلاثي أمينو بنزين, 5,4,2,1- رباعي أمينو بنزين,  خماسي أمينو بنزين  وسداسي أمينو بنزين [. التراكيب المثلى , الطاقات , عزم ثنائي القطب و أطياف الاهتزاز لهذه الجزيئات تم دراستها باستخدام نظرية دالة الكثافة عند المستوي B3LYP/6-31G**  . الحسابات تم تنفيذها باستخدام برنامج  Gaussian 03  . حسابات جزيئة البنزين تم تنفيذها لغرض المقارنة و معرفة تأثير الإضافة لأعداد مختلفة من جذر NH2 على الخواص الجزيئية للبنزين .    

1. Introduction

Amino benzene group molecules are aromatic compounds possessing the ring structure of benzene or other molecular structures that resemble benzene in electronic configuration and chemical behavior . These compounds are manufactured on a large scale for use in high-octane gasolines and in the production of polymers, insecticides, detergents , dyes, and many miscellaneous chemicals. [Morrison and Boyd ,2007]. There are many compounds that , at first appearance , bear little resemblance to benzene , but have a basic similarity in electronic configuration , and they are aromatic , too[Murray , 2005][ Boxer , 1997].

Aromaticity is a chemical property in which a conjugated ring of unsaturated bonds, lone pairs, or empty orbitals exhibit a stabilization stronger than would be expected by the stabilization of conjugation alone. It can also be considered a manifestation of cyclic delocalization and of resonance. This is usually considered to be because electrons are free to cycle around circular arrangements of atoms , which are alternately single- and double-bonded to one another. These bonds may be seen as a hybrid of a single bond and a double bond , each bond in the ring identical to every other. This commonly-seen model of aromatic rings , namely the idea that benzene was formed from a six-membered carbon ring with alternating single and double bonds (cyclohexatriene), was developed by Kekule

HYPERLINK "file:///D:\\مشروع%20البحث\\Aromatic%20Moulecules\\Aromaticity.htm" \l "cite_note-0"
[ Schleyer , 2001]

HYPERLINK "file:///D:\\مشروع%20البحث\\Aromatic%20Moulecules\\Aromaticity.htm" \l "cite_note-1"
[ Balaban ,et al, 2005].The model for benzene consists of two resonance forms, which corresponds to the double and single bonds' switching positions [ Schleyer, 2005].

2. Theoretical Methods and Computational Details :  

Density functional theory has been used to calculate the molecular properties for these molecules at [Becke three parameters with the Lee - Yang – Parr functional (B3LYP ) ] level with 6-31G** basis sets . All calculations were carried out using  the Gaussian 03 package .
The total energy according to this theory can be written as [Ali  , 2009 ] [Dorsett and  White , 2000] :
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which for a normalized Ψ is given by :
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Where the summation  is over occupied molecular orbitals  and ni is the number of electrons in orbital (i) , [Dorsett and  White , 2000] :
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The exchange correlation energy according to B3LYP  functional is given by :
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 , are the three  parameters[Kim  and Jordan ,1994] .
The ionization potential (IP) is the energy difference between the positive charged energy E(+) and the neutral energy E(n) according to the following relation[Ali  , 2009 ] :
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The electron affinity (EA) is the energy difference between the neutral energy E(n) and the negative charged energy E(-) , as in the following  relation :
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The electronic chemical potential  (κ)  and the hardness (ɳ) , are given by the following relations :
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    The electrophilicity (ω) is given by:
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3. Results and Discussion 
In table(1) , the optimized structures of  the molecules under study are displayed.The optimized structures for the benzene and aniline  molecules have  been found in a good agreement with the experimental data , and they have not been found  similar studies for other molecules . It is obvious from table (1) that benzene molecule is  plane  molecule opposite to other molecules . 
Table (1) : Average Bond Lengths in (A˚) , and Angles  Between Atoms in Degree (R: Bond Length , A:Normal Angle , D: Dihedral Angle , a : [Morrison and Boyd,2007] , b:[Lide,2005])

	Molecule
	(Bond or Angle) Label
	Current Study B3LYP/6-31G**
	Exp.a,b

	BZ
	RC ̶ C
	1.396
	1.390

	
	 RC ̶ H
	1.086
	1.10

	
	AC ̶ C ̶ C 
	120
	120

	
	AC ̶ C ̶ H
	120
	120

	
	DC ̶ C ̶ C ̶ C
	0
	0

	
	DH ̶ C ̶ C ̶ C
	180
	180

	AN
	RC ̶ C
	1.398
	1.392

	
	 RC ̶ H
	1.087
	

	
	RC ̶ N
	1.398
	1.431

	
	RN ̶ H
	1.011
	0.998

	
	AH ̶ N ̶ H
	111.5
	113.9

	
	DH ̶ N ̶ C ̶ C
	131.25
	140.6

	DABZ
	RC ̶ C
	1.399
	

	
	 RC ̶ H
	1.0876
	

	
	RC ̶ N
	1.4085
	

	
	RN ̶ H
	1.0123
	

	
	AH ̶ N ̶ H
	110.085
	

	
	DH ̶ N ̶ C ̶ C
	126.8
	

	TABZ
	RC ̶ C
	1.4014
	

	
	 RC ̶ H
	1.0873
	

	
	RC ̶ N
	1.4005
	

	
	RN ̶ H
	1.0113
	

	
	AH ̶ N ̶ H
	111.12
	

	
	DH ̶ N ̶ C ̶ C
	129.25


	

	Table (1) : Continued .

	TTABZ
	RC ̶ C
	1.4009
	

	
	 RC ̶ H
	1.0889
	

	
	RC ̶ N
	1.4164
	

	
	RN ̶ H
	1.0152
	

	
	AH ̶ N ̶ H
	109.3
	

	
	DH ̶ N ̶ C ̶ C
	122.87
	

	PABZ


	RC ̶ C
	1.4057
	

	
	 RC ̶ H
	1.0875
	

	
	RC ̶ N
	1.414
	

	
	RN ̶ H
	1.0141
	

	
	AH ̶ N ̶ H
	110.93
	

	
	DH ̶ N ̶ C ̶ C
	125.8
	

	HABZ
	RC ̶ C
	1.4077
	

	
	RC ̶ N
	1.4174
	

	
	RN ̶ H
	1.0152
	

	
	AH ̶ N ̶ H
	110.68
	

	
	DH ̶ N ̶ C ̶ C
	132.92
	


Table (2) lists the calculated total energies (Etot), ionization potentials (IP) , electron affinities (EA) , chemical potentials (K) , hardness(ɳ) , electrophilicities (ω) , and energy gaps (Egap)for the molecules under study .

The decrease of total energy with addition of  NH2 radical gives molecule more stability with the increase of added NH2 radicals number .This relation is a linear function , it was found an equation associates the total energy [image: image19.png]


 for any of amino group molecules and the number of  NH2 radicals :
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It is clear from table(2) that the ionization potential for the amino benzene group molecules is less than the ionization potential for benzene molecule , but the 1,2,4,5-tetraaminobenzene molecule has the least , this mean that this molecule needs small energy to become cation comparing with other molecules . the electron affinity for the amino benzene molecule group is more than the electron affinity for benzene molecule , but the electron affinity for 1,4-diaminobenzene and 1,2,4,5-tetraaminobenzene molecules is the largest , these values mean that these molecules need large energy to become anion comparing with other molecules . It is obvious from this table that all six molecules have a chemical potential less than that for benzene molecule , that mean the electrons in these molecules have a large escaping tendency .  Also the hardness of all molecules is smaller than for benzene molecule, but  for 1,2,4,5-tetraaminobenzene the hardness is the smallest with respect to others . The electrophilicity for 1,4-diaminobenzene approachs to that for benzene , but other molecules have  small electrophilicity . It has been found that the forbidden energy gap for the benzene molecule decreases with the  addition of  NH2  radicals but the least is at 1,4-diaminobenzene . 

Table (2) : Computed Energies for Molecules under Study.
	Molecule
	Etot in a.u
	IP in eV
	EA in eV
	K in eV
	ɳ in eV
	ω in eV
	Egap in eV

	BZ
	-232.258
	9.24
	-2.48
	3.38
	5.86
	0.97
	6.79

	 AN
	-287.617
	6.55
	-2.25
	2.15
	4.4
	0.53
	5.62

	DABZ
	-342.971
	6.46
	-1.07
	2.7
	3.77
	0.97
	4.93

	TABZ
	-398.333
	6.29
	-2.39
	1.95
	4.34
	0.44
	6

	TTABZ
	-453.686
	5.33
	-1.39
	1.97
	3.36
	0.58
	5.04

	PABZ
	-509.039
	6.17
	-2.03
	2.07
	4.1
	0.52
	5.73

	HABZ
	-564.393
	6.07
	-2.18
	1.95
	4.13
	0.46
	5.94


The dipole moment of  (aniline , 1,3,5-triaminobenzene , and pentaaminobenzene ) molecules has been found approximately similar , and   for ( 1,4-diaminobenzene , and hexaaminobenzene ) molecules   also similar , while for 1,2,4,5-tetraaminobenzene molecule has been found approximately zero . These results explain the symmetry for each molecule , where  possessing 1,2,4,5-tetraaminobenzene molecule to very small dipole moment , then this molecule has a high degree of  symmetry , while for other molecules , they varying  in each other but (1,4-diaminobenzene  ,and hexaaminobenzene)have  a low symmetry with respect to other molecules . Table (3) shows the total dipole moment  for each  molecules .

Table (3) : The Total Dipole Moment (µ) for Molecules under Study in Debye .

	Molecule
	BZ
	AN
	DABZ
	TABZ
	TTABZ
	PABZ
	HABZ

	µ
	0
	1.7098
	2.3964
	1.1034
	0.0005
	1.5707
	2.9384


	[image: image25.png]80
60
Intensity im0

Km/mol
20

(a): Bz

0 500 1000

1500

2000

2500

3000 3500 4000
Wave Number in cm?






	Figure (1) Shows  the calculated IR spectral frequencies for the molecules under study
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	Figure (1) : Continued .
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	Figure (1) : Continued .


Figure (1) shows the vibrational  frequencies calculated of  benzene molecule using B3LYP/6-31G**  method  appear peaks at ( 691 , 1066.3 , 1528.28 and 3202.34) cm-1. These results have been found in good agreement with  experimental data [Hai ,et al,2009] , where the peaks had been observed at  (673 , 1038 , 1469 , and 3210) cm-1  .The strong peak computed by B3LYP/6-31G**  observed at 691 cm-1  and weak peak at 1066 cm-1  are due to the bending of (C---H ) bond , the peak observed at 1528 cm-1  is due to the stretching of (C---C) bond , the peak at 3202 cm-1  is due to the stretching of (C---H) bond .  It is clear from figure (1) that the IR spectrum for amino benzene  group molecules characters from that of benzene molecule by multiply the vibration mode due to existing of (N---H) bonds and (C---N) bonds , the stretching and bending of these bonds caused to new peaks or band of peaks to be appeared , the stretching (C---N) bond has been observed at (1200-1350) cm-1 , and the stretching (N---H) bond has been observed at (3200–3600) cm-1 , while the bending of (N---H) bond appeared at (1550–1650) cm-1 .There are two types for stretching vibration symmetric and asymmetric , the symmetric stretching is happened when the bonds of the same atoms vibrate in the same phase , and the asymmetric stretching is happened when the bonds vibrate in different phases .
4. Conclusions
Density functional method used in this study , is found to be a powerful method for studying the physical properties and electronic structure of aromatic molecules , and B3LYP functional level is an efficient of theory for studying these molecules , it has been found that :

1. The geometry optimization for benzene and aniline has been found to be in a good agreement with experimental data , while for other studied molecules, reference  data has not been found a, so the current work supplies new data for these molecules . 

2. The energies calculated by the (B3LYP/6-31G**) method has been found  to be in good agreement with the previous study (B3LYP/3-21G**) , the comparison has been applied only on benzene molecule , but for other molecules they have not been found a similar studies , thus this study also supplies new data in this aspect . The hardness and electronic chemical potential for aminobenzenes and  methylbenzenes  are lowerest values comparing with benzene . A hard molecule has a large energy gap and a soft molecule has a small energy gap . Therefore , these molecules are soft with small energy gaps , thus their electron density changes  more easily than benzene , and according to that , these molecules may be more reactive .

3. The energy gap , HOMO , and LUMO for benzene molecule using B3LYP/6-31G** have been found to be in good agreement with previous study B3LYP/3-21G** , with respect to the addition of  NH2 radicals on benzene molecule has showed a significant effect on the energy gap. The molecular electronic states HOMO and LUMO have indirect relation to the effects of correlation radicals – ring through the calculations of hardness and chemical potential . These two molecular states are increasing for all aminobenzenes .One of the important results obtained in this study is the decreasing of the forbidden energy gap for all molecules . 1,4-diaminobenzene may be a candidate as a new electronic material , in which it has smaller energy gap than the others , a small energy gap means small excitation energies of manifold of  the excited states . This global property is a field of more researchers . 
4. The total dipole moment calculation has been found to be in good agreement with previous study for benzene molecule using B3LYP/3-21G** . Dipole moment describe the properties of whole molecules , therefore , it has no effects which may be related to the adding the radicals . 

5. In IR spectra calculations , B3LYP/6-31G** method has been used, and it gives a large approach for observed  peaks computed experimentally benzene and aniline. And for other molecules this study supplies new data for IR spectrum . Adding the radicals leads to increasing the vibrational modes and highest stretching vibrational wave numbers and this gave suitable positions for NH2  with carbon atoms in benzene ring .
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