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Abstract:

The atomic properties are important to describe of the dynamics in atoms
for the two-electron atomic systems studied in this work include the neutral
atom O, F and Ne ,Hartree-Fock wave functions are used to determine the
atomic properties like one electron radial density function D(ri)and its
expectation value {77") ,inter electron distribution function f(ry;) and its
expectation value (%), two electron radial density function D( ry,1 ),

standard deviation for one and two electrons Ar; Ary, ,expectation values for
all energies (Vo,), (Vee), V), {T), {Egsir)

Key words: Hartree- Fock Method, two electron radial density function, inter electron
distribution function and its expectation values

A5 (5 i ABy b aladiady (228 t010) A (e daad K i) 48U il
ek auld Gy pd daaa da)

. Ladal)
ot Al 3 Cindl Vg U sy iSY 5,00 Aaelisd i) Aagn syl g 301 ) 53
g il A A3 Jlas e b o5 ike) A sl A ARl Lpsbim 23 1 (gl s 5l 5 (5!
oLl ARSI A1y g L) e gial Al i) ABLeedl) A3y aal s oy ASIY And gial Aally 2l oy 5KV
pilll s g S 5 andy s SY (Vo) AV ) AT, (EpVopn) colbndl ol ai¥ly (i yIY
CalEUAal @AAJM):\A\

AUAEL A gial) addl) gediiad) ABlacal) a6 AdNAe (i g ASIY 4y jlall) ABUSH A)a (B g (5 5 Wy cdalidal) cilalsl)

165



JOURNAL OF KUFA - PHYSICS Vol.6/ No.1 (2014)

1-Introduction :

The Schrodinger equation for
atoms with more than one
electron has not been solved
analytically Approximate
methods must be applied in order
to obtain the wave functions or
another physical attributes from
guantum mechanical
calculation[1].

The Hartree-Fock(HF) equations
were first proposed by Fock in
1930.Since then, the Hartree-
Fock method has taken a central
role in studies of atomic and
molecular electronic structure
The Hartree-Fock method(HF) is
known to be successful in
calculating properties of electron
systems, in particular , the
ground state properties of atoms.
Based on a variational principle
numerical and algebraic [2].
Numerical computational
methods for atomic HF equations
have been developed by Froese
Fischer.The one-particle Green's
function approach and related
many-body methods have been
extensively used to calculate
ionization and electron
attachment spectra of atoms and
molecules. Detailed accounts of
the diverse techniques developed
in this field and an overview of
applications can be found in
recent review articles[3,4].
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2.theory

The Hartree-Fock (HF)
approximation ignores the
correlation between electrons but
gives roughly 99% of the total
electronic energy. We start from
the standard N-electron
Hamiltonian (in Hartree atomic
unitse=h=m_=1

used throughout)

- -

H=T

glactron

+V, +V, @

Where(T,;..er0n) i the Kinetic

energy
N
BIect:r'Gﬂ = Z o vz (2)
Where V7 is the Laplacian
operator
- ZEE (3)
en Ti
I7,,, attractive electron-nucleus
potentlal operator
4
ee - {Z _} ( )
HES ]
Vze is the two-electron Coulomb
repulsion operator
r; are the electron-nucleus
distances for the electron(1)and
electron(2)
r;; is  the interelectronic
distances
. 1 )
SN
i=1 i=1 !



The introduction of this effective

potential means that each

electron is subjected to a field
that models the effect of the other
electrons in the system.

In The Hatree-Fock
approximation, the many body
wavefunction W(x,,x, ....xy)is
approximated by a single slater
determinant .

We can write wavefunction as

Wyr = det(py () Pal(x) o .. Py(xng))

Pur =
$1(%1) D1(x) - 1)
1 Py (X1) Pa(%3) - Py (xy)
V! : : :
P3(%1) Pa(%) - Py (%)

The factor #ensures the

normalization condition on the
wavefunction . Here the variables
X; include the coordinates of spin
and space , ¢;(x;) terms are
called spin orbitals and these spin
orthonormal

orbitals are

functions, which are spatial

orbitals times a spin functions.

The wavefunction Wyg in
equation (6) IS clearly
antisymmetric because
interchanging any  pair of

particles is equivalent to
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(6)
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interchanging two columns and
hence changes the sign of the
determinant. Moreover, if any
pair of particles are in the same
single-particle state, then two
rows of the Slater determinant are
identical and the determinant
vanishes, in agreement with the
Pauli exclusion principle.

The one-electron orbitals used to
construct the ¢; each consist of a
radial function R,;(r),a spherical
harmonic ¥;,,,(8, ®) and a spin
function a,,,_(s) as [12],

¢’ = Rnl (I’] y{m{ {:HJ d}] T, (Sj

The spatial part of one-electron
spin orbital may be expressed as
linear combination of Slater type

orbital called basis functions,

Dy (1,6, ¢) = 26X, (7)
Where ¢; the expansion
coefficient determined by

minimizing the energy using one
of several procedures and this
process is continued until Hyr
and Wyr converge, at which
point a self-consistent field (SCF)
has been achieved. This usually

yields the lowest-energy single
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determinant within the basis . X; finding the two-electrons such

Is a Slater type orbital. that, simultaneously, their radial
coordinates are ry and r,

Xnimy (&, 7) = Ry (&,7) Vi, (6,0) (8)  respectively

_ _ 2-2-One-particle radial density
The radial part is:

1 1
R, (5,7) = (28)" 2 [(2n)]72 r™ Lexp(=5r)
) The radial density distribution

distribution function D(r,):

Here, €; > 0 is the orbital

exponent. The quantity n function D (ry) is a measure of

occurring in eq. (9) is a positive the probability of finding an
principal quantum number of _ L
(STO). The determination of electron in each shell and it is
nonlinear parameters n and § is defined as [7]:

very important for describing the
atomic orbitals.

D(r1) :ID(rl’rz)drz (13)
2-1-Two-electron radial °

2-3-One-particl
density distribution D (ry, 1) 3-One-particle

The two-particle radial expectation value (')
each individual electronic shell is

defined by :[6]

expectation value (r") can be

calculated from [8]:

D(r,.r, )Zzzcjjf( Ty )r12r22d.(21.(22 (10) (r')= j D;(r, ) dr, (4

in :sin,Slld&lld(pi (11)

Such that: In the case (n=0) one can

calculatethe (r") Normalization

(J) (f)D( rr I rydrdr, =1 (12) condition as a result

This density function is a of (1)
measure of the probability of
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2-4-Standard  Deviation Ary

The standard deviation of the
distance of the test electron r;

from the nucleus, is defined as

[9]:
Ar = \/<r12> - <r1>2 )

2-5-inter-particle distribution
function f(ry,)

The radial electron-electron
distribution function, which
describes the probability of
locating two electrons separated
by distance ;> from each other

f ) =T (ruro)dr dr, /drs,
f(r1,2) representing a function of
the distribution of the distance
between electron 1 and electron 2

2-6-The inter-particle

expectation values(r,,") :The

inter-particle expectation values
(ryy can be calculated from

[10]:
(rhy= [ f;(r, )rhdr, @

(2014)

(16)
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10-Results and Discussion

Table (1) : The locations and
maximum values of the D( ry,r,) for
studied systems.

Atom Ty Max D( ry,r2)
Where r; fixed
@) 0.13 16.644
F 0.11 21.23
Ne 0.10 26.394

Table (2): values of positions and
maximum values of D(ry) by
using Hartree-Fock wave function

Atom Ty Max D(r1)
@) 0.13 4.08
F 0.11 4.608
Ne 0.10 5.137

Table (3): Expectation values () for
atoms —2 = n = 2 and standard

2-7-StandardDeviation 47, :

The standard deviation of the

inter electronic distance of the

two electrons, is defined as

[10]:

deviation .

Aom | < p sl <l z<ri > <ri>| A
S 118.23011 | 7.63785 | 0.19875 | 0.05328 | 0.117
Ref.[11 | ---—--- 7.637847 | <-mmees | e |
]

F 150.76068 | 8.62941 | 0.17579 | 0.04166 | 0.104
Ref.[2] | 150.83417 | 8.630362 | 0.175747 | 0.041612 | -
Ne 187.27378 | 9.61756 | 0.1577 | 0.03351 | 0.093
Ref.[11 | —— Y] [EESS — —
]

AaAr, = \/<I"122> —<I"12>2 (18)
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Table(4) : The location and maximum values
of the inter-particle  distribution function
f(ry, ) for studied systems

Atom T4z Max f(r12)
@) 0.22 2.989
D(ry,r2)
F 0.19 3.379
Ne 0.17 3.768
r
Table (5): Expectation values
(1], )where —2 = n = 2 and standard
deviation for studied systems
A | o2 ey rl, 3 <, 3AN,
m
o) 385003 | 4.7384 | 0.29051 | 0.10655 | 0.14 D(r,f2)
6 3 9
F 492918 | 5.3563 | 0.25692 | 0.08332 | 0.13
8 5 2
Ne | 612233 | 59700 | 0.23046 | 0.06702 | 0.11
2 8 8
r
Table(4-7):The expectation values for all
attraction, repulsion, kinetic and Hartree-Fock
eneraies for studied systems.
D(ry,r
Aom | (V) (Vo) | —(V) | (T) | (Ege) °07
o) 122.20 | 4.738 | 117.467 | 58.733 | 58.733
56 43 17 59 59
F 155.32 | 5.356 | 149.973 | 74.986 | 74.986
938 35 03 52 52
Ne 192.35 | 5.970 | 186.381 | 93.190 | 93.190 r
12 08 12 56 56

Figure (1): the two-particle radial
density function D(ry, 1) for
studied systems .
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6 . . 1.The maximum values of

L ] D(ry,r>,) from table (4-6)

Ne Increase when atomic number

o Z | increases and the values of their

o (ri B . maximum locations decease due

L | to increasing in attraction force

when Z increases which attracts

1 " | the two electrons towards the

¥ R ¥ RN T . nucleus and decreasing in their

Fig(4-1):  Relation between the one- positions according to Coulomb
particle radial density distribution law .

function D(r;) and the position ( ry ) for
K -shell. 2. It was also observed when the

distance equal to zero from the

nucleus, the probability of

finding an electron equal to Zero
4 T T T T { when r =0 D(r,) =0 }. This
means that the electron is not
found in the nucleus and when
ir F 7| the distance is far from nucleus,
0 the probability of finding an
electron equal to Zero also{ when
i 7 r =oD(r;) =0}.That means the
f(r1) electron is not found out the
atom.
r 7 3. when the positions of
LEY- maximum values decrease
when atomic number increases
0 02 04 06 03 1 .these results agree with
Coulomb law because
increasing in attraction force
leads to decreasing in the
positions towards the nucleus
4.Whenry,=0,f (1,2)=0,and when
T3 = o, f(r2) = 0, because
the coulomb interaction neglect,
when the distance between two-
electrons is very large

Ne

Fig(4-7):Relation between inter-particle
distribution and 777 for studied systems
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5. In the framework, we found
the one-particle expectation value
(r{*) increases when the atomic
number Z increases, when n take
negative values -2,-1 , where the
(r7*) related to the attraction
energy
(V) =—Z[N.(r71),N

represents  the

expectation value

number  of
electrons in the shell(the number
of electrons in the Present

work=2 for atom).

6.The attraction energy
expectation values (V.,) are
larger than the repulsion energy
expectation value (V,.) because
the distances between the
electrons and the nucleus are
smaller than the distances

between the electrons.
Conclusions

From these results ,we Conclude

1.when the atomic number Z
increases , for both
approximations the one, two-
particle radial density distribution
function D(ry) ,D(ry,15),

172

Amjed mohammed & Qassim Shamkhi

and the inter-particle distribution

function f (735 )are increased.

2.When Z increases the positions
of these maximum values for
both approximations the one,
two-particle  radial density

distribution

D (Tlr L) ) 1and

function  D(mny)

inter-particle

distribution  function  f(7y2)
decreases.
3. For both  one-particle

expectation{ry™), and  two-
particle expectation
(r]3)increase when Z increase
and when m = -2,-1 and both

decrease for m = +2 +1.

4. The standard deviation of one—
particle Ar; and two-particle Ary,
decreases for all systems when
the atomic number increases .

5. All the expectation values of
the energies (Vo) , (Voe), (V) ,
(TYand {E4r) increase when the
atomic number increases.
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