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Abstract

Lattice constant, cohesive energy, direct band gap and valence band width had been calculated for grey tin by using ( CNDO-LUC ) method, then we had been making a comparison with experimental and other workers results for ( C, Si, Ge and Sn ) with zinc-blende structure in order to study the efficiency of this method. The results had showed that this method is good for lattice constant and bad for other properties all at the same time.

الخلاصة 
ثابت  الشبيكة، طاقة الربط، فجوة الطاقة المباشرة وعرض حزمة التكافؤ تم حسابها لمادة القصدير الرمادي بواسطة طريقة (CNDO-LUC )، كما تم مقارنة القيم مع النتائج العملية و النظرية لباحثين آخرين قاموا باستعمال نفس الطريقة و للمواد ( C، Si، Ge و Sn ) ذات التركيب الماسي و ذلك لمعرفة كفاءة هذه الطريقة. و أظهرت النتائج أنها جيدة في حساب ثابت الشبيكة إلا أنها فاشلة في حساب بقية الخواص كلها بنفس الوقت. 
I. Introduction

The semiempirical methods gave us a privilege of no long time for getting results, because it had been adopted many approximations as compared with other ab-initio and numerical methods, according to that it is used in many fields ( Harker and Larkins 1979, Freund and Hohlneicher 1979, Schmid and Brodbek 1985, Vogl et al. 1983) and for along time even in the last years (Marshed 2006, Mijbil 2006, Hassan 2001), as well as papers about had been published (Thiel 2002). Nevertheless these approximations led to inaccurate data in some aspects which became a disadvantage ( Dorestt and White 2000), for this reason we made this research in order to measure the efficiency of CNDO (Complete Neglect of Differential Overlap) as one among  the primary semiempirical methods, that presented by ( Pople et al. 1965) in which he neglected  many electron-electron interactions and focused on both valence electrons and nuclei as a core of the atom ( with the other electrons) ( Pople and Beveridge 1970). Here LUC approximation ( Large Unit Cell) or ( Supercell ) ( Bredow 2000)  is used in order to minimize the size of BZ (Brillion Zone) and so to diminish the number of the special points in which the aspects of  the crystal such as band structure could be calculated ( Rogan and Lagos 2001,  Chadi and Cohen 1973).

We have firstly studied how CNDO method practically and mathematically work, and see how its parameter the orbital exponent ( ξ ), bonding parameter ( β ), s-shell electronegativity ( EES  ) and p-shell elecronegativity ( EEP ) could be changed and how this change may effect on the results, and secondly we have calculated the lattice constant, cohesive energy  valence band width and the direct band gap for the semimetal grey tin ( α-Sn) ( Myles et al. 2001, Cuenya et al. 2002) which has 50 electrons, exist at atmospheric pressure (Akdim et al. 2002, Mujica et al. 2003) and under 13oC with diamond structure ( Khan et al.1996, Cuenya et al. 2001), and compared our results with the experimental and other workers used the same method for the substance and other materials which are ( Sn, C, Si and Ge) of the same diamond structure.
II. Method
II.1. Mathematically

According to LCAO approximation ( Linear Combination of Atomic Orbitals) and LUC with eight atoms, and STO ( Slater Type Orbital ) for atomic orbitals of the form:
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Where:
Ψ(r,θ,φ) is Slater type orbital. r,θ,φ are the polar spherical coordinates of the atom. N is the normalization constant. n* is the effective principal quantum number. Y(θ,φ) is the spherical harmonics ( Daudal et al. 2000).
According to that Fock-matrix element (Fss) and the total energy (E) can be calculated as ( Pople and Beveridge 1970 ):
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and the final result with LUC approach ( Harker and   Larkins 1979) is:
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Where:
f(x) it is Szymanski enhancement function. o is a LUC. v is the other LUCs.

II.2. Practically
1. We had used a computer program which is composed by the researcher [M. A. Abdulsattar ] to calculate the properties of  gery tin, and it was written with ( Fortran Power Station ) language and work on ( PC IV ).

2. We had changed the four parameters of the CNDO method ξ, βAB, EES and EEP in arbitrary way until we get an amount of the lattice constant very near to the experimental value with the minimum value of the total energy of the crystal.

3. Then we measure the values of the cohesive energy and all the energies of the electronic band.

4. If the values of energies were in agreement with the experiment then we would stop and fix the parameters.

5. If the values of the energies were bad we should change the parameters again until getting the closest values to the experiments.

The chart below shows the simple steps of CNDO method work practically, and parameters of our work and others for grey tin, silicon, diamond and germanium are listed in table (1)

III. Results and Discussion

Our results and the others are illustrated in the tables (2, 3, 4 and 5), and it shows:
1. Lattice constants for all were good with the experiments.

2. All data are different from each other for the same matter.
3. The values of diamond by (Abdulsattar 1997 and Al-Jelawy 2004) were generally bad, except for the lattice constant.

4. Valence band widths amounts were good or approximate.

5. When cohesive energy is close to the experiment the direct band gap will be far and vice verse, and all band gaps were approximate. 
Point one:
Lattice constants were adjusted by the workers themselves through changing parameters, and they always try to put it in good agreement with the experiment, then they were had been measuring the rest of the properties. If  these data were bad, they would try to change the parameters again but on the basis of  adjusting the lattice constant (Abdulsattar 1997, Al-Hello 20004, Al-Jelawy,…).
Point two:


The choice of the parameters determines the values of the properties and as long as the parameters were different from each other even for slightly, then the results will be effected by that.
Point three:


The key clue of this method success is the good choice of the parameters, and according to point two, we have got that the bad results attributed to bad parameters (Harker and  Larkins 1979).
Point four:


The results of the valence band width are attributed to:

1. It is calculated from symmetry points which came from LCAO, so good calculation will give good results (Ferhat et al. 1998).
2. Here all workers including us had used minimal Slater orbital basis sets which deal with the valance orbitals (sp) and the inner shells, these sets give good description for valance band ( Chadi 1977).

3. In CNDO the inner shells were neglected, from the other side this method focuses on valance orbitals by replacing empirical data like ξ in  (Pople and Beveridge 1970).
Point five:

Within CNDO-LUC method the variation of  βAB, EES and EEPdetemines the value of the cohesive energy ( Issa 2001) which entails a change in the direct band gap specially βAB which effected directly on the width between the bonding and the antibonding orbitals (Abdulsattar 1997), and the increasing of βAB, EES and EEP will increase the band gap and decrease the cohesive energy (Abdulsattar 1997 and Harker and  Larkins 1979), but there are additional reasons that effected on the direct band gap which are:

1. No higher orbital above the valance orbitals had been taken, which increase the direct gap ( Chadi 1977).
2. βAB and ξ had similar values for s-shell and p-shell.

3. Neglecting of core state (i.e. neglecting its effect on the valence electrons.) (Abdulsattar 1997).     
IV. Conclusions

1. The random way of choosing the parameters had given random results.

2. There is not a criterion in order to deal with this method’s inputs and outputs.

3. It is failure method for calculating the energy bands all at the same time.

4. It is unpractical method because if we want to calculate a particular property in slowly agreement with the experiment it will lead us for getting a deviation in a value of other property.

5. It is inconvenient way for master degree thesis.

	Table (1); The values of CNDO’s parameters for α-Sn, Ge, Si and C.


	Grey tin
	
	
	
	

	Parameter
	Ref a
	Present
	
	Ref b

	ξ  ( eV )
	2.05 
	1.9965
	
	1.425

	-β ( eV )
	5.35
	5.3345
	
	

	-EES ( eV )
	9.46
	9.452
	
	

	-EEP ( eV )
	4.69
	5.632
	
	

	
	
	
	
	

	Germanium
	
	
	
	

	Parameter
	Ref a
	Ref c
	
	Ref b

	ξ  ( eV )
	1.98
	1.98
	
	1.527

	-β ( eV )
	5.35
	5.3527
	
	

	-EES ( eV )
	9.35
	9.3571
	
	

	-EEP ( eV )
	5.4
	5.404
	
	

	
	
	
	
	

	Silicon
	
	
	
	

	Parameter
	Ref a
	Ref d
	Ref e
	Ref b

	ξ  ( eV )
	1.635
	1.54
	1.59
	2.075

	-β ( eV )
	5.45
	6.4
	6.2
	13.065

	-EES ( eV )
	7.25
	6.3
	7.25
	10.033

	-EEP ( eV )
	4.95
	4.5
	5
	4.133

	
	
	
	
	

	Diamond
	
	
	
	

	Parameter
	Ref a
	Ref d
	Ref f
	Ref b

	ξ  ( eV )
	1.83
	1.765
	1.8203
	1.652

	-β ( eV )
	10
	10.2
	10.24
	21

	-EES ( eV )
	5.57
	7
	6.2205
	14.051

	-EEP ( eV )
	4.39
	5.5
	4.3521
	5.572


a - ( Abdulsattar 1997).
b - ( Pople and Beveridge 1970).

c -  ( Baaee 2003 ).
d - ( Harker and Larkins 1979).
e - ( Al-Hello 2004).
f - ( Al-Jelawy 2004).
	Table (2); The lattice constant in (Ao) of grey tin in comparison  with the others and the experimental results.

	Material
	Theoretical
	Experimental

	C
	3.56 a
	3.5635 b
	3.56  d
	3.567  l

	Si
	5.43 a
	5.4503 b
	
	5.431  f

	Ge
	5.65 a
	5.65  c
	
	5.658  f

	α-Sn
	6.64 a
	6.487  Present
	
	6.489  k


	Table (3); The direct band gap in (eV) of grey tin in comparison with the others and the experimental results.

	Material
	Theoretical
	Experimental

	C
	7.85   a
	9.4    b
	7.89 d
	6        g

	Si
	4.82   a
	7       b
	
	3.44   j

	Ge
	1.45   a
	1.42  c
	
	0.99   a

	α-Sn
	0.979 a
	2.33  Present
	
	-0.1   e


	Table (4); The cohesive energy in (eV) of grey tin in comparison with the others and the experimental results.

	Material
	Theoretical
	Experimental

	C
	18.99 a
	7.68    b
	19.2  d
	7.37   i

	Si
	11.69 a
	4.71    b
	
	4.63   h

	Ge
	10.59 a
	10.63  c
	
	3.85   h

	α-Sn
	8.89   a
	8.96  Present
	
	3.14   e


	Table (5); The valence band width in (eV) of grey tin in comparison  with the others and the experimental results.

	Material
	Theoretical
	Experimental

	C
	16.01 a
	22.4   b
	17.96 d
	24.2   g

	Si
	10.08 a
	13.2   b
	
	12.4   j 

	Ge
	11.99 a
	11.97 c
	
	12.6   a

	α-Sn
	11.85 a
	11.21  Present
	
	


a- ( Abdulsattar 1997).

b- ( Harker and  Larkins 1979 ).

c-  ( Baaee 2003 ).

d- ( Al-Jelawy 2004).

e- ( Merdan 2005). 

f- ( Wang and Ye 2002).

g- ( Calzaferri and Rytz 1996).

h- ( Lee et al. 1997).

i- ( Sekkal et al. 1998).

j - ( Al-Hello 2004).

k- ( Van Camp et al.1988).

l- ( Sun et al. 2001).
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Figure (1); Shows the simple steps of CNDO method for bands calculations.
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