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Abstract

In the present work the dependence of bond strengths, total population, energy bands at
I-point and the effective charges on atoms have been studied as functions of the ratio of the
valence electron energy difference o:  and O atoms. The energy bands dependence
of NaNO, at I'-point on 8¢ sho s band has its own minimum value. The
values of charges denote that 1} 1y =1, g =3 and q,, = -2 does not
oceur in NaNO; crystal. The sy - tar the small values of 8e. These values
indicate strong covalent bonds bt L0 sioms, so that the NQ, group seems to be
compacted complex with high covalen! nature.

1- Introduction

In Calculating the electronic energy structure of solids or molecules using a sem-
iempirical LCAO method, many parameters are used, which are usually determined
from the experimental data, The ionization energy of the atomic orbitals are exam-
ples of these parameters. However, if self consistent calculations are performed,
then the effective values of these parameters may differ to great extent from the ini-
tial values obtained directly from the experimental data. This is because of the modi-
fication of atomic orbital configuration, as a result of the chemical bond formation.

2- The Method

It is Known that the calculation of the electronic structures of solids means the
foundation of the eigenvalues and eigenvectors by solving the systemn of linear
equations

> [HH(EJ-E,rE)syrE.)]ch(k’J=o.
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Tt is reasonable, therefore, to consider a semiemprical formula fnrtha
an matrix elements Hj; ( K) for crystals. According to Eldib [1].

- - — -5 — : -+ = 5 .
Hy(K)= 2 {2~ 15 (Ra)) Si (Re) (i (¢ )+Hj (7 )2}exp (K -Ro) (8)
: Rn
Using the overlap values as given by eqs. (2), (3), the values of the coefficients
Caj (K”) from eq. (1) and Mulliken population analysis [7], then the effective charg-
es can be obtained as
n
=Zy= % 1, {E
a=1 J
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Where Z,, is the number of valence electrons considered from atom v, n is the

number of filled eigenfunctions, 1, is the number of electrons in orbit a.

Using a self-consistent iteratio: ciagonal matrix elements H; (q)
in eq. (8) can be corrected using i\ cained from eq. (9). The depen-
dence of H;; on q is assumed (o be i : [aawer series

H;, {qv}=ﬁhmq’"=ﬁn+ﬁlq, + Ay 1 (10)

Where A, are the atomic orbital constants to be determined using the spectro-
scopic parameters for ionization energy of neutral and non-neutral atoms, as ex-

plained by[2].

In this work the diagonal matrix elements H;; (q) are taken to be equal. to the
1onization energy of the atomic orbital (€). However, according to[1,2,3] in the sem-
iemprical LCAO method the Hamiltonian (and in turn the corresponding elgenval-
ues and eigenfunctions) depends on the ionization energy of the atomic orbitals (€).
To study the dependence of the energy bands and some other physical properties of
the NaNO, crystal on the ionization energy (g) in the present work, we use the ratio
of the valence electron energy difference 8¢ in the form.

= [(en (@) 1- 1€, (q) ) /ey (g) 1T* 100 g
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3- Results and Discussions:

the valence electron energy dif-
the results that the N -O bond

The largest values of N -O

The bond strengths as a function of the ratio of
ference (8€), are shown in Fig. (1). It is shown from

changes approximately linearly when Sa is far from zero.

bond as shown from the figure occur in the range of 8¢ confined as
- 13gde<13

The N -O bond attains its maximum value when 8¢ — -8.5 approximaely. In
other words, when the difference between the first ionization potentials of N and O

atoms is given as:
le, (@) 1-1€g,(q) =124 eV

It should be mentioned that, the consideration of the electrosi cotential due to
the effective charges on atoms reduces 8¢ to zero. This can be ned using the
results of Madelung Potential given by [4], from which we can

Eq + My = Ey

The Na - O, Na - N and O - O bonds as shown from the figure are antibonds for

all positive values of 8. On the other hand for negative values of &g, the Na - O
bond changes to be bonding for 8¢ < - 23.

However, the significant here is the sudden change of the slope of these anti-
bonds at the value of 8, at which N - O bond attains its

bon 3, ¢ maximum value. This may
indicate a type of equilibrium between the interacting forces at this valye of 8e

Fig. (2) gives the dependence of the total ;
; Population (TP) o ¢ : G 3
zation energy difference 8e. It is shown tha ) on the ratio of the ioni

It 1 e :
€. On the other hand the populations of N ant:{;;{;pr: ljit:z:llc;rf;: I:: it ln.ﬂe ;z
t.hla -:.-:xygf:n population increases, while the nitrogen e dﬂc ; Incre.as‘..lng
less interaction h‘etu.-een the two atoms. This observeq diverge ecreases and in turn
N and E‘l'atn:ms 15 accompanied with some artificial jopj o heme.::,n e D.i...
less equilibrium state for the system. Ho ¢ character which leads to

b ; wever for § .
O becomes non lincar, and the system becomes € <0, the dependence of TP on |

B Covalent,
S ﬁ} shows the dependence of e energy bands of : :
o oy Cfforence ratio 8. I g g, ¢ O VN, 8t Depoint on
e nimum Value. For, thg oy, . | J8UTe that cach ene

4135, the iy

However the poin o =
s Mitimum epepgy.
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