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Abstract:

The present work deals with the electronic structure of organic molecules in form ring, containing semiconductor atoms. Cyclobutadiene is the original ring before replacing the amino radicals. The present study includes six molecules. Density functional theory with B3LYP/3-21G** level has been used to find the electronic structure and physical  properties of the studied molecules. It used to investigate the energy gap, total energy, ionization potential, electron affinity and electrophilicity. The calculations are carried out by employing the Gaussian 03 program.

The ionizations potential, electron affinity, chemical potential and electrophilicity have been found with varying differences for each molecule, so this study supplies new data in this feature.

The studied molecules are more reactive, also the energy gap decrease with increasing the amino radicals added compare with the original ring. This means that replacing of the amino radicals lead to new electronic materials such as 1,2,3,4-tetraamino-cyclobutadiene molecule.
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1-Introduction: 
        Cyclobutadiene is four atoms of carbon bonded together by strong covalent bonds, in form cycle, it is an even attendant ring [1], anti- aromatic[2,3], this system have π-electron densities of unity in its ground neutral state[4]. A series of theoretical and π interactions[5] and cation -π interactions[6] the interaction of anions and cations on different faces of the same π-system have been studied[7].

        Cation -π interactions that play important roles in many forefront sciences [8], the importance of this kinds of interaction within various areas of scientific research is widely recognized ,and this mode of interaction has been the subject of several recent review and perspectives articles[9-11].

         Free radicals are molecules or atoms that have an unpaired electron in their valence shell. The reactivity of an atom is determined by the number of electrons in its valence. Usually, electrons that are paired together in an orbital contain much less energy than an electron that sits in an orbital alone[16]. For an atom, having less energy means being more stable, and since atoms are constantly trying to achieve greater stability, the unpaired electrons will try to pair themselves up with other free electrons. Hence, atoms or molecules which have unpaired electrons will react readily with other atoms and molecules [17].   
        Amino Group Is nitrogen bonded with two hydrogen atoms by hydrogen bond, often have a significant impact on the physical-chemical properties and reactivates of relevant chemicals. A very important group is the amino group that is present in chemistry, radicals (often referred to as free radicals) are atoms, molecules, or ions with unpaired electrons on an otherwise open shell configuration. These unpaired electrons are usually highly reactive, so amino radicals are likely to take part in reactions. Amino radicals play an important role in electronic states, reorganization energy, total energy, ionization potential and chemical potential [18,19].  
2-Theory:

        Quantum Mechanic is a very successful model for understanding the electronic structures of semiconductor structures, many models are used to study semiconductor structures properties in addition to other different kinds of models to resemble of any structures, Density functional theory (DFT) is a quantum mechanical modeling method used in this work with B3LYP/3-21** level, there are many approximations such as local density approximation, generalized gradient approximations and hybrid functional, we will used the hybrid functional, it  has shown to be highly successful for determination of properties such as energy gap, ionization potential, electron affinity and chemical potential [20-22]. 
        It should be approximated with a common density functional, the weighted sum of these results is known as the functional of B3-LYP  [23,24]:
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                            (1)

       Where ao, ax and ac are three empirical parameters and the best value of these parameters had been found as follow (ao=0.20, ax=0.72 and ac=0.81) 

        The energy gap (Eg), total energy (Etot), ionization potential (IP), electron affinity (EA) and electrophilicity (W) for cyclobutadiene molecules are calculated in this work in B3LYP/3-21G** DFT in the following equations [25-27]:
              Etot ≈ Etot (cyclobutadiene) + n Etot (NH2)  [28].                                 (2)

      Where Etot (cyclobutadiene ) = -153.834 in (a.u), n is the number of amino groups and Etot (NH2) = -55.578 in (a.u).

      Eg= E LUMO – E HOMO                                                                (3)

              Where  Eg is the forbidden energy gap.

      E LUMO is the energy of the lowest unoccupied molecular orbital.

              E HOMO is the energy of the highest occupied molecular orbital

      IP  = - EHOMO                                                                                        (4)

      EA = - ELUMO                                                                              (5)

      W = K2/2η                                                                                            (6)

      Where K is the chemical potential and η is the hardness. 

 3-Results and Discussion: 

        We have studied six rings in this work and will referred to every molecule as number in the figures and tables to the shortcut, table (1) shows the molecules, number of molecules and the chemical formula, figure (1) shows the optimized structure of the molecules and table (2) shows the energy gap (Eg), total energy (Etot), ionization potential (IP), electron affinity (EA) and electrophilicity (W) for cyclobutadiene molecules.
Table (1):The molecules, number of molecules and chemical  formula for amino-cyclobutadiene mol.

	Chemical  formula
	Name of Mol.                   
	No. of Mol.

	C4H4               
	cyclobutadiene
	0

	C4H3NH2        
	1-monoamino-cyclobutadiene
	1

	C4H2(NH2)2   
	1,2-diamino-cyclobutadiene
	2

	C4H2(NH2)2   
	1,3-diamino-cyclobutadiene
	3

	C4H(NH2)3     
	1,2,3-triamino-cyclobutadiene
	4

	C4(NH2)4        
	1,2,3,4-tetraamino-cyclobutadiene
	5
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               Table (2):some parameters of cyclobutadiene molecules.

	5
	4
	3
	2
	1
	0
	No. of Mol.

	-3.254
	-3.285
	-3.286
	-3.734
	-4.453
	-5.618
	EHOMO(eV)

	-0.634
	-0.663
	-0.550
	-0.382
	-1.129
	-1.903
	ELUMO(eV)

	2.619
	2.622
	2.736
	3.351
	3.323
	3.715
	Eg(eV)

	374.11-
	319.05-
	263.98-
	263.97-
	208.91-
	153.83-
	Etot (a.u)

	3.254
	3.285
	3.286
	3.734
	4.453
	5.618
	IP(eV)

	0.634
	0.663
	0.550
	0.382
	1.129
	1.903
	EA(eV)

	3.807
	2.344
	1.486
	1.443
	1.345
	1.264
	W(eV)
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Figure(2):The relation between EHOMO, ELUMO and no. of mol. 
       Depending on the results of electronic states for the studied molecules, the electronic properties such as the energy gap (Eg), total energy (Etot), ionization potential (IP), electron affinity (EA) and electrophilicity (W) for cyclobutadiene molecules are computed. From figure (2) the addition of NH2 groups has effect on HOMO and LUMO energies, but its effect on HOMO energy is more than on LUMO energy. Approximately, the main change occurs at HOMO level in comparison with LUMO level. Generally this change depends on the number of  NH2 groups.

[image: image4.emf] 

-400

-350

-300

-250

-200

-150

-100

-50

0

0 2 4 6

No. of Mol.

Tota energy in (a.u)


Figure(3):The relation between  energy gap and no. of mol.
       Generally it has been found that the forbidden energy gap for the cyclobutadiene molecules decreases with the addition of substituent NH2 groups. Figure (3) shows these results and the variation mode. This variation means that energy gap of cyclobutadiene molecules will be soft with replacing more and more groups. The 1,2,3-triamino-cyclobutadiene has the lower value of energy gap than the 1,3-diamino-cyclobutadiene, but the 1,2,3,4-tetraamino-cyclobutadiene has the least value. This means that this molecule the more soft than the others. 
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     Figure(4):The relation between total energy and no. of mol.  

        The results in figure (4) declare that 1,2-diamino-cyclobutadiene and 1,3-diamino-cyclobutadiene approximately have the same value of total energy. Generally, this indicates that the total energy is independent of the position of the NH2 side group in the ring and depends only on the number of this side group.
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Figure(5):The relation between ionization potential and no. of mol.
        The relation between the ionization potential and the number of  NH2 groups was shown in figure (5), it is clear from this figure that the ionization potential for the amino-cyclobutadiene molecules group is less than ionization potential for cyclobutadiene molecule, but the 1,2,3,4-tetraamino-cyclobutadiene molecule has the least. Generally this means that this molecule needs small energy to become cation comparing with other molecules.
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Figure(6):The relation between electron affinity and no. of mol.
        Figure (6) shows the controlling of groups number on the electron affinity of studied compounds. It is clear from this figure that the electron affinity has positive values for all compounds. This may be an indication to a resistance for receiving an electron, this figure indicates that the electron affinity for the amino-cyclobutadiene molecules group is lees than the electron affinity for cyclobutadiene molecule, the electron affinity computed for 1,3-diamino-cyclobutadiene and 1,2,3,4-tetraamino-cyclobutadiene molecules is the lowest, and for 1,2-diamino-cyclobutadiene the electron affinity has a special lower value when compared with others. With respect to electron affinity for 1-monoamino-cyclobutadiene and  1,2,3-triamino-cyclobutadiene computed. Generally these values mean that these molecules need a small energy to become anion comparing with cyclobutadiene molecule.
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   Figure(7):The relation between electrophilicity and no. of mol.
       Figure (7) shows the relation between the electrophilicity and the number of molecules, from this figure the electrophilicity computed for 1,2-diamino-cyclobutadiene and 1,3-diamino-cyclobutadiene is approach, but 1,2,3,4-tetraamino-cyclobutadiene has large electrophilicity compared with the others. Generally for the all molecules, the presence of NH2 groups increases the electrophilicity that of cyclobutadiene relatively, high electrophilicity means high activity.
3-Conclusions:

1- B3LYP functional level is an efficient of density function theory for studying the properties of these molecules.

2- The energy gaps for all new molecules are smaller than for the original molecule, molecule has the smallest energy gap than the others, a small energy gap means small excitation energies of manifold of excited states.

3- The total energy for cyclobutadiene is suitable result for each alternant rings, and this work supplies new data in this aspect because they have not been found similar studied for NH2 radicals-cyclobutadiene molecules group.

4- According to Koopman theorem in calculations, the ionization potential and electron affinity decreases with increasing of NH2 radicals.   
5- The electrophilicity increases with increasing of replacing NH2 radicals, this varying depends on the electronic states, which may predict the reactive molecules with other atoms, molecules and groups. 
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