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الخلاصة
البحث الحالي يمثل دراسة نظرية للتركيب الالكتروني وإيجاد مستويات الطاقة لرباعي كلوروأوكسيد الرينيوم باستعمال طرقة دالة الكثافة عند المستوي B3LYP/6-31G** . حسابات المدار الجزيئي التي تم الحصول عليها تبين ان هذا المركب يدخل ضمن تماثل مجموعة C4v وأن الإلكترون المنفرد يقع في الدار الجزيئي غير المترابط الناشئ من مساهمات مدار 5dxy من مدارات أيون الرينيوم و 3px, 3py من مدارات الكلور.تبين حسابات المدار الجزيئي لهذا المعقد المعدني ان هناك فاصلة بين تعدادية الإلكترون المنفرد لمدارات المعدن عنها للمدارات الذرية لمجموعة الكلورات وهذه الفاصلة تجعل هذا المعقد ذات أهمية كبيرة كعامل مساعد في التفاعلات الكيميائية, كما تبين ان طريقة دالة الكثافة هي طريقة مناسبة لهذه الأنواع من المعقدات المعدنية كونها تعالج مسائل التراكيب العضوية واللاعضوية.  

Abstract

This work deals with theoretical study of electronic structure and energy levels for Rhenium Oxide Tetra chloride using density functional theory at B3LYP/6-31G** level. The molecular orbital calculations and the diagram of the energy level appears that this compound is classified according to the C4v group symmetry, and the unpaired electron is in the anti bonding molecular orbital compounded out of rhenium 5dxy orbital and chlorine 3Px and 3Py orbital.For this metal complex, the carried out calculations show a spread between the unpaired electron population of the metal orbitals and the ligand atomic orbitals. This result of separation in electronic separation makes this complex useful in chemical reactions as a catalyst. The DFT used in this study is a best method for these types of metal complexes. 

Introduction

Theoretical computations in physics and chemistry using various methods dependant on ab-initio and semiempirical methods are widely used. These methods are very important to the studies of matter and its physical properties. The advancement in computer systems enabled the improvements in the increased accuracy and speed of evaluating theoretical results. 

Many searchers used ab-initio and semiempirical methods. For example, (Laref, 2000) studied the band structure of Germanium crystal using semiempirical methods. (Benzair and Aourag, 2003) studied the electronic properties and total energy of zinc-blende compounds using density functional ab-initio methods. (Aboud, 2004) studied the electronic structure of some metal complexes include Di-cyclopenta vanadium Di-chloride using ab-initio and semiempirical methods. Moreover, (Aboud, 2006) studied the electronic distribution of Dichlorodioxomanganese (MnO2Cl2) using ab-initio and semiempirical methods where a linear combination of atomic orbitals were employed.

In this work, the distribution and energy levels of Rhenium tetrachloride Oxide ( ReOCl4 ) molecule are studied using density functional theory with B3LYP/6-31G** level. The main aim is to classify this compound theoretically according to group theory using the linear combination of atomic orbitals (LACO) since the compound belongs to the Ziegler-Natta catalysis model ( Aboud, 2004). The results obtained from this method are in agreement with experimental results in ref. (H. Al- Mowali and L. Andrew, 1973). 
Theoretical Method and Computational Details 
The molecular properties for the metal complex studied in this work are calculated using density functional theory at ( Becke three parameters with the Lee – Yang - Parr functional  [ B3LYP ]  ) level with 6-31G** basis sets. The calculations were carried out by employing the Gaussian 03 package.

According to DFT, total energy can be written as [Ali, 2009; Dorsett and White, 2000]:
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In the right hand side of equation (1), the 1st term is kinetic energy, the 2nd is the classical Coulomb energy, and the two last terms are the non-classical electron-electron interaction energy and the external potential, respectively.
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For a normalized total wave function, the particle density ρ(r) is given by:
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The summation is over the occupied molecular orbitals, and ni represents the number of electrons in orbital (i) [Dorsett and White, 2000]. According to B3LYP functional, the exchange correlation energy is given by [Hutter, 2005; Scuseria and Staroverov, 2005]:
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 is the exchange-correlation energy in the local density approximation, [image: image20.png]


 is the Hartree-Fock exchange and [image: image22.png]


 is the generalized gradient approximation to the exchange-correlation energy. And the three parameters are: a0=0.20, ax=0.72 and ac=0.81 [Kim and Jordan, 1994].

 Results and Discussion

The first step of calculations is the selection geometry to enable the optimization of the compound studied in order to minimize its energy. In geometry optimization, the gradient of the energy with respect to atomic coordinated can be evaluated to calculate the forces on the atoms. In Gaussian 03 program [Frisch and Pople, 2003], the form of geometry input specifies the positions of an atom (n) by three geometric parameters:

i. The bond length r between two atoms r (i,j).

ii. The bond angle ө at atom j between lines j-i and j-k, ө (i,j,k).

iii. The dihedral angle Φ between the two planes defined by i-j-k and j-k-l meeting at the line j-k, Φ (i,j,k,l).

The structure of the compound studied in present work was optimized at the B3LYP level of DFT using the 6-31G** large basis set. Figure (1) shows the optimized structure of studied compound.
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Fig. (1): The optimized structure of compound using B3-LYP/6-31G** DFT

   The geometrical parameters calculated include, Re-O and Re-Cl bond lengths equals 1.62A0 and 2.24A0, respectively, the bond angle (in degree) of O-Re-Cl is 105. From the results of the electron population, one can describe the molecular orbitals of the compound in terms of basis orbitals derived from: the 5d, 6s and 6p orbitals of the rhenium ion, the 3s and 3p orbitals of the chloride ion, and the 2s and 2p orbitals of the oxide ion. Table (1) shows the positions of the atoms by using the coordinates system.

Table (1): The positions of atoms of studied compound

	Atom
	x
	Y
	z

	Re1
	-4.65909073
	1.09090907
	0.00000000

	O2
	-4.65909073
	1.09090907
	1.94000000

	Cl3
	-5.79409074
	3.05678674
	0.00000000

	Cl4
	-2.38909073
	1.09090907
	0.00000000

	Cl5
	-5.79409074
	-0.87496859
	0.00000000

	Cl6
	-5.47727252
	1.13636362
	0.10325926


The basis orbitals of the compound can be grouped according to the C4v group symmetry classes, as shown in table (2).

Table (2): The basis orbitals for the molecular orbitals of the compound

	Atomic            orbitals
	Class

	
	                A1
	                A2
	                  B1
	                  B2
	                E

	Re- ion
	6s, 6pz,5dz2
	------------------
	5dx2-y2
	5dxy
	6px,6py,5dxz,5dyz

	Cl- ion
	3s=1/2 (s1+s2+s3+s4)

3p=1/2 (pz1+pz2+pz3+pz4)

3pσ= 1/2(-py1+px2+py3-px4)
	3p=1/2(px1+py2-px3-py4)
	3s=1/2(s1-s2+s3-s4)

Spz=1/2(pz1-pz2+pz3-pz4)

3pσ=1/2(p​y1+px2-py3-px4)
	3p=1/2(px1-py2-px3+py4)
	3s1=1/21/2(s1-s2)

3s2=1/21/2(s3-s4)

3pxz=1/21/2(pz2-pz4)

3pyz=1/21/2(pz1-pz3)

3pπx=1/21/2(px1+px3)

3pσx=1/21/2(px2+px4)

3pσy=1/21/2(py1+py3)

3pπy=1/21/2(py2+py4)

	O- ion
	2s,2pz
	----------------------
	-----------------------
	------------------------
	2px,2py


Table (3) represents the results of the electronic distribution in molecular orbitals of the studied compound using B3LYP density functional theory. The atomic orbital coefficients in table (3) are computed as linear combination atomic orbitals of the molecule (LCAO-MO), and the unpaired electron is in the antibonding B2 orbital. Figure (2) shows the energy level diagram of the compound obtained from the molecular orbital calculations using B3LYP/6-31G** density functional theory, the unpaired electron is located in the orbital numbered (21) in the B2 molecular orbital.

Table (3): Energy levels and orbital coefficients of the compound using B3LYP/6-31G** 

A1 Symmetry

	Orbital        number
	Energy                  (eV)
	                                            Atomic orbital coefficients

	
	
	     6s
	    6pz
	   5dz2
	3s(A1)
	3pz(A1)
	3pσ(A1)
	      2s
	   2pz

	1
	-27.25
	0.102
	0.092
	0.098
	0.065
	0.065
	-0.043
	0.802
	-0.022

	2
	-22.97
	0.204
	-0.098
	0.125
	0.805
	-0.000
	0.064
	-0.112
	0.000

	6
	-12.05
	0.298
	-0.055
	-0.502
	-0.295
	0.085
	0.697
	0.105
	-0.000

	10
	-10.85
	-0.295
	0.125
	0.605
	-0.286
	0.385
	-0.184
	-0.585
	0.204

	14
	-9.68
	-0.066
	-0.195
	-0.096
	-0.075
	0.805
	0.198
	0.101
	-0.096

	25
	-5.08
	0.030
	-0.197
	0.510
	-0.012
	-0.295
	0.203
	-0.030
	0.802

	28
	+28.82
	0.299
	0.795
	-0.498
	-0.297
	0.085
	-0.704
	0.098
	-0.301

	29
	+42.16
	0.805
	0.103
	0.096
	-0.402
	-0.187
	-0.688
	0.702
	-0.202


A2 Symmetry

	Orbital                          number
	       Energy (eV)
	
Atomic orbital coefficients

	
	
	                                3p(A2)

	18
	                -7.95
	                                 1.000


B1 Symmetry

	Orbital                     number
	Energy (eV)
	                               Atomic orbital coefficients

	
	
	       5dx2-y2
	       3s(B1)
	      3pz(B1)
	      3pσ(B1)

	5
	      -20.87
	       0.205
	        0.895
	      -0.010
	      -0.010

	7
	      -10.96
	      -0.505
	        0.198
	      -0.205
	        0.695

	17
	       -8.65
	       0.020
	       -0.010
	        0.902
	        0.335

	24
	       -5.10
	       0.802
	       -0.101
	       -0.295
	        0.385


B2 Symmetry

	Orbital number
	Energy (eV)
	                   Atomic orbital coefficients

	
	
	                3p(B2)
	                5dxy

	11
	               -9.75
	             -0.495
	           -0.795

	21*
	               -6.05
	               0.925
	           -0.285


E Symmetry

	Orbital          number
	Energy                  (eV)
	                                        Atomic orbital coefficients

	
	
	6px, 6py
	5dxz, 5dyz
	3s2,3s1
	3pxz,3pyz
	3pσx,3pσy
	3pπx,3pπy
	2px,2py

	3-4
	  -21.85
	±0.195
	   ±0.045
	+0.905
	  +0.020
	    0.075
	  ±0.008
	±0.002

	8-9
	  -10.45
	-0.005
	   ±0.802
	±0.005
	  ±0.205
	  - 0.405
	  ±0.102
	-0.305

	12-13
	   -9.52
	±0.202
	   ±0.196
	±0.105
	  -0.555
	  ±0.575
	  ±0.395
	-0.498

	15-16
	   -7.97
	0.001
	   -0.102
	-0.010
	  -0.295
	  -0.005
	  ±0.695
	-0.000

	19-20
	   -7.40
	+0.088
	   ±0.325
	±0.105
	  ±0.755
	  +0.095
	  -0.102
	-0.375

	22-23
	   -5.65
	±0.105
	   ±0.795
	±0.055
	  ±0.020
	  -0.395
	  +0.015
	±0.805

	26-27
	   +25.95
	±0.200
	   -0.121
	±0.505
	  ±0.305
	  +0.405
	   -0.198
	-0.205


According to the molecular orbital calculations, the binding and antibinding molecular orbitals are classified due to group theory. The general formula of the B2 antibinding orbital can be written as:

Ψ*(B2) = α2dxy + α2 (1) 3p (B2)

In the case of considering the spin-orbit coupling interactions, then the mixing of excited states into the ground state of the molecule must be taken into account. These excited states are produced either by promoting the unpaired electron into empty antibonding orbitals of B1 or E symmetry which lie immediately above the antibonding orbital Ψ*(B2) or by promoting an electron from the filled binding orbitals of B1 or E symmetry into Ψ*(B2). In the other hand, the ligand S orbitals contribute little to the molecular orbitals, as seen from calculations. The wave functions of B1and E orbitals can be taken the forms:

Ψ (B1)= α1dx2-  y2  +  α1(1) 3pσ(B1) + α1(11) 3pz(B1)

Ψ (Exz)=ɣxz dxz + ɣxz(1) 3pxz(E) + ɣxz(11)3pσx(E) + ɣxz(111)2px(E) 

Ψ (Eyz)= ɣyz dyz + ɣyz(1) 3pyz(E) + ɣyz(11) 3pσy (E)+ ɣyz(111) 2py (E) 

Where the coefficients α1,α2,ɣxz and ɣyz are the coefficients of the rhenium ion dx2-  y2, dxz and dyz  orbitals, respectively.

[image: image1.png])dr
£~ £, = Tlo] +J[p] + Enc)+ [ Venlo




                                                     ↑

Conclusions

1- B3LYP density functional theory used in present study is a best method to calculate the electronic distribution of this metal complex, the results are agreement with experimental (H. AlMowali and L. Andrew, 1973)

2- The optimized structure shows that this compound is classified in the C4v group symmetry, and the separation in electronic population gives it a useful compound in the chemical reactions, such as, in polymerization process.

3- The molecular orbital calculations show that the unpaired electron lies in the antibonding molecular orbital.
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Figure (2): Energy level diagram from B3LYP/6-31G** DFT
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