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Abstract:
The division Technique has been used for the analysis of atomic open- shell of Lithium atom in
the(15%2S) state by using Hartree-Fock(HF) wavefunction published by W.Weiss. The HF
method is widely used and its based on the variational theory [1]. The aim of this work to study
the Standard deviation and nuclear magnetic shielding constant for each shell where there are
three shells for Li- atom (K-shell, KL(singlet),KL(triplet )
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Theory:
1- Standard deviation
The standard deviation of the distance of the test electron from the nucleus ry, is defined as [2]:

(y=[Dy(r)dy, ... )

Where Arlz\/<r12>—<r1>2 ...... (D

and the notation< > Represented the expectation value.

The radial density distribution function Dj(r1) is a measure of the
probability of finding an electron in each shell and it is defined as [3]:

D; () = T D;(r,rp)dr, ... ()]

In each individual electronic shell, the two-particle radial density distribution function D(ry rp) is
defined by [4].

D(r.r,) = _U I(r.r,) r12 r22 dQ, dQ, .. (4)

107



Jornal of Kerbala University , VVol. 6 No.2 Scientific. 2008

where 02, denotes integration over all angular coordinates of the position vector ri, and it is
defined as:

dQ), =sing dg dg ... (%)

The normalize condition for the two-particle radial density distribution function D(ry,r») is defined
as:

[[D@.r)drdr, =1 ... (6)
For an N-electrons system, the two-particle density can be written as [4]:

N\e o
F(Xm’xn):(z jij (Xl’XZ'“’XN)LP(Xl’XZ'“XN)pr”'dXN e (1)

Where dx,.....dxn indicate integrations of all N-electrons except m and n (m,n refer to
electron labels).

N
The factor (2 ] ensures that the second-order density matrix 7°(X.,,X,)is normalized to the

number of electron pairs within the system. We also have:
N
[T %, )dx 0, = , | ©)

N
and (2 j can be written as:

[EJZ[Z!(NN!_Z)J ...... ®

=) '
=3 (for Li — atom) wer..(10)

2- Standard Deviation 47,

The standard deviation of the inter electronic distance of the two electrons, is defined as [5]:

AT, = \/< r122> —(r,)" 11)

The inter-particle expectation values can be calculated from [6]:
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(r3) :J fij( r, )rpdr, -2

The inter-particle distribution function associated with the spin-orbital pair (i, J) is given by [6]:
a2
f(rlz) =8m Lo {Jl + J2 } ...... as3)

Where i, j represented the spin-orbital labels [7] .

The radial integration

J, = J.rldr1 IF(rl, rrdr,  when r,>r .. (14)
0

f2-h

J, = Irldrl jr(r11r2)r2dr2 when r>r, ... (5)

M2 f2-h

3- Nuclear Magnetic Shielding Constant o,
The Nuclear Magnetic Shielding Constant is determined from the formula [ 8]:

n

> (5)*

i=1

oy =%a2<‘{’

‘P> ....... (16)

where o is the fine structure constant and it is equal to(7.297353*10 au(atomic unit))

and r; represented the distance from the nucleus to the electron (i)

The results:

Table(1) : Values of one-particle expectation values for different values of (n) where n=(-
1,0,1,2) ,Standard deviation and the Nuclear Magnetic Shielding Constant for individual electronic
shells and the total values of Li- atom .

shell n=-1 |n=0 |n=1 |n-= Ar, o, *10”

K- shell 2.6850 | 1.000 | 0.5731 | 0.4460 | 0.3440 | 4.7660

KL(S) 1.5155 |1.000 | 2.2232 | 9.0876 | 2.0358 | 2.6906

KL(T) 1.5155 |1.000 | 2.2232 | 9.0876 | 2.0358 | 2.6906

total 1.9053 | 1.000 |1.6731 | 6.2070 | 1.4718 | 3.3824
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The total values of <r,"> are calculated from the equation :
<1 "> = 13 [<M"> kshenn + <11"> ki) + <™ km ]

Table(2) : Values of 1nter-particle expectation values for different values of (n) where n=(,0,1,2)
and Standard deviation for individual electronic shells and the total values of Li- atom .

shell n=0 n=1 n=2 Ar,
K- shell 1.000 0.8395 0.8936 | 0.4345

KL(S) 1.000 |3.9218 18.1753 | 1.6716

KL(T) 1.000 |3.9272 18.1757 | 1.6589

total 1.000 2.8961 12.4148 | 1.2550

The total values of <r;,"> are calculated from the equation :
<112 >t = 13 [<ri2™> keshenl + <ri2™> kis) + <ri2"™> km ]

Conclusions :

1- When n=0, then <r;">= <r;,"> =1 this represent the normilzation condition .

2- For KL(S) and KL(T) , the Standard deviation Ar, and the Nuclear Magnetic Shielding
Constant o, are prefect because the Hartree- Fock approximation neglected the electron correlation
effect .

3-The values of Nuclear Magnetic Shielding Constant o, for K- shell larger than for KL(S) and
KL(T) because K- shell is nearest for nucleus .

4-The values of 4r;, (K-shell) > 4r, (KL(S)) > 4r,, (KL(T)) and these values increases as (n)
increases because the nuclear charge effect increases .
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