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Abstract:

The Hartree-Fock approximation method has been
followed to analyze the state of positive boron ion (B™)
into six-pair electronic wave functions, one for K-shell,
one for L-shell, and the rest for enter-shell by means of a
new Hartree-Fock wave function.

A theoretical investigation has been carried out on the
properties of positive boron ion for intra-shell and inter-
shell in position space. The following properties have
been investigated in the position space:- (a) the
theoretical shape of Compton profile J(q), (b) the total
energy E and the expectation value of potential energy
<V> and that of Kinetic energy<T>, (c) number of
electrons into  radius r1 [Q(r1)].

Due to the importance of the above parameters in
investigating the physical and chemical properties of
atoms and ions, computer programs in MATHCAD (V.7)
have been written to perform the computations
concerning the positive boron ion (BY).

Theory:

The Hartree-Fock approach is a method for obtaining
approximate total wave functions for many-electron
systems. It has been applied successfully to many areas
of quantum mechanics including atomic, molecular, and
solid-state systems nuclear, elementary particle fields.
The method is based on both the central field
approximation and the variation principle. In the central
field approximation electrons are assumed to move
independently of each other in an average field due to the
nucleus; the other electrons are with additional
assumption that the average potential is spherically
symmetric.

This approximation with the variation principle leads to
the restricted HF equations as the one- particle radial
density distribution D(r) [1].

The one-particle radial density distribution D(r,) is very
important for studying the electrons in an atom, which
means the probability of finding electrons in each shell. It
represents the density distribution of one electron in each
shell, and is defined as [1,2,3,4,5],

T2r o 2
D(r)) = (J) (j) r p(r)dQ =47 p(ry)......(1)

where:
(1) = NJP(Xg, X, Xge X W+ (X, X g0 Xgoooy X )X 0K g X e (2)

X denotes a combined spatial and spin coordinate, and
w(X,, X, X,,...X ) is anormalized wave function.
where

in =sin Qideid¢l where i=1or?2

1- The Compton Profile J(q)

The Compton profile denoted by J(q) is defined as a one-
dimensional projection of the electron momentum
distribution of all electrons on the choose scattering
vector as shown in figure (2). The theoretical shape of
the Compton profile for the atom under consideration
depends on the value of D(r;) which is the mean radial
distribution function. It should be noted that D(ry)dr; is

the probability that r, has magnitude between r; and
r;+dry and its integral is unity by flows equation [6 ,7],

o0

[D(r)dr, =1

0

D(r;) may be calculated from the following equation if

the momentum wave function X (r;) is known and there
is one electron only,

D(r,) = Og X (1) X *(ry)r, 2dw

where dw is an element of solid angle for r;.
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Figure(2 ): The Compton profile J(q) for B(+ve ion) in
{(A):K(13), (B): L(1s) , (C): [KL(1s)= KL(3s) and (D):total}
shells in position space plotted against g.

The momentum wave function X(r,) is not known
directly but may be obtained from the space wave

function I)V(r) For one electron, using atomic units,
X(ry) may be defined as [6 , 7],

X (r,) = (271) 32 [e~ "y (rd(r)
0

The actual shape of the Compton profile depends on the

incident wavelength ﬂi and the angle of scattering 0
as shown in figure (1). The J(q) is given by the following

equation as [7],
D(r
() dr,

@3y

(1/2) is the factor introduced because the normalization
condition should be satisfied. From equation (6) the area
under the J(q) curve is

T a@da=2]3(0)= T?—D(?dr dg
—© 0 0

0P p(r
= | j—dqdr jD(r)dr =1
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Figure (I):- The Conpion profile according to equation (&),

2- The Total Energy E and Energy Expectation
Values <V> and<T>
The Total energy of B* ion can be determined for an
N-electron atomic wave function by the following
Benesch equation [8,9 ],

E =—%O§r120(rl)drl ...... (7)

Therefore the kinetic energy T and the potential energy V
can be determined from the following equation [10,11 ],

1
B =—<T>= 7<V >......(8)

In position space, the potential energy is simply the sum

of the electron—nuclear attraction energy < rl’l > and

the interelectronic  expectation  energy< I, >

Therefore the expectation value of the potential energy
can be written in a from as follows,

<V >=—Z.<['>+<[; >......(9)

Where z is the number of electrons which is equal to 4 in

B™ ion, therefore the magnitudes of total energy, the
expectation values of potential energy and kinetic energy
can be obtained as in table [1]

E V) T

Total | potential energy |  Kinetic energy
Energy | expectation value | expectation value
-0.071 -0.143 0.071
-1.913 -3.826 1.913
-0.992 -1.984 0.992
-0.992 -1.984 0.992
-0.992 -1.984 0.992

Table (1):- The magnitudes of total energy, the expectation
values of potential energy and the expectation values of
kinetic energy for B (+ ion) in position space.

3-The Number of electrons enclosed within sphere of
radius r1 Q(rl):-

The number of electronics enclosed in sphere of radius

rl centered on the nucleus Q(rl) as shown in figure(3),

represent the electron-static potential at the nucleus due

to the electron cloud [12,13],

r
Q(r) = j47zr p( )dr ...... (10)

Some moments of radial electron density in closed- shell
atoms and their atomic scattering factors.
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Figure(3): The numberof electrons Q(rf)enclosed in aspher of radius r7 for intra, inter shells and
total for B{+veion) in each individual electronic shells plotted against r1 in position space when

(A):K(1s),(B):L(1s),(C):KL(1s=3s) and (D). Total

Results And Discussion:

1-1 The Compton profile J (q) :-

The Compton profile J(q) for B* ion in intra-shell is
shown in figure (2). The maximum value of J (q) for K-
shell and L-shell is found at q=0; they are the maximum

Compton scattering of x-ray when sin 0 =1 (i.e., at

9=90) as shown in figures (2-A) and (2-B). It can be
seen from these figures that the J (q) distribution changes
abruptly as it departs away from the nucleus. The J(q)
distribution for K-shell is steeper than that for the L-shell
because it is related to the spherically averaged
momentum density as given in equation (6). The range of
the value of q is very small for K-shell compared with
that for the L-shell as shown in figure (2) and it have two
peaks where it has one peak in K-shell. The maximum
value of J(q) for K-shell is greater than that for the L-
shell.

In the inter-shell, The maximum of J(q) for KL( ‘s)-and
KL( 3s) states is at g=0 as shown in figure(2-C) and(2-D)
. The curve in inter-shell is steeper than that of the intra-
shell. The J(g) in KL(*s), KL(s) and Total state has the
same form, because the one particle radial density
distribution D(r;) has the same value in KL( ’s), KL( %)
and Total state.

2-2 The Total energy E and expectation value <V >
and<T>:-

The Total energy E, the potential energy expectation
value <V >, and the kinetic energy expectation value <
T >, given in table [1] have been calculated with the aid
of equation (3) and (4) for intra-and inter-shells and the
Total. The Total energy E and < T > are numerically
equal but have opposite signs. Furthermore, < V > is
twice the value of E.

3-3The number of electrons Q(rl)enclosed in sphere rl:-
The number of electrons enclosed in sphere of radius rl
centered on the nucleus Q(r1) for B* ion in intra-shell is

shown in figure (3) and it has the opposite behavior to
that in J(q) . The minimum value of Q(rl) for K-shell
and L-shell is found at r1=0, as shown in figures (3-A)
and (3-B). It can be seen from these figures that the
Q(rl) distribution changes abruptly as it departs towards
the nucleus. The Q(rl) distribution for K-shell is very
high value where magnitude of rl increase but in L-
shell has graduated high as shown in figure (3-A) and (3-
B).

In the inter-shell, The maximum of Q(r1) for KL( ’s)-
and KL( 3s) states is at r1=0 as shown in figure(3-C)
and(3-D) . The Q(rl) in KL( ’s), KL( %) and Total state
has the same form, because the one particle radial density
distribution D(ry) has the same value in KL( 's), KL( %)
and Total state.

References:

1- K.E. Banyard and C.C. Baker J. Chem. Phys. 51 2680
(1999)

2- R. Benesch, J. Phys. B: At. Mole. Phys. 4 1403
(1971)

3- T. Koga, Y. Sakai and A. J. Thakkar J. Chem. Phys.
101 4945 (1994)

4- W. K. Frederick, J. Mole. Struc.
(2001)

N. H. March Self- Consistent Fields in Atom

(Pergamon, Oxford) (1981)

5- C. F. Fisher The Hartree-Fock Method For Atoms
(Wiley, New York) (1997)

6- L.V. Azarff X-Ray Diffraction (Mc Graw-Hill, New
York) (1974)

7- R. Benesch and V.H. Smith Jr., Phys. Rev. 5 114
(1992)

8- D.R.T. Keebble, K.E. Banyard and G.W.F. Drake J.
Phys. B: At. Mole Opt. Phys. 26 2811 (1993)

9- R. Benesch Int. J. Quan. Chem. 6 181 (1992)

Theochem 400 7



Tikrit Journal of Pure Science Vol. 11 No.(1) 2006

10- L. Paulling and E.B. Wilson Introduction to
Quantum Mechanics (Mc Graw-Hill International
Editions) (1935)

11- A. K. Candra Introductory Quantum Chemistry
(McGraw-Hill, New Delhi) (1981).

12- R. Benesch Radial Momentum Distribution Phys.
Rev. A. Vol 1 (University of Waterloo, Ontario.
Canada) (1995)

13- R.Pucci and N.H. March J. Chem. Phys. 76 815
(1991)

Olsall ¢ liad Q,A Gsosll cagall e Gailad duy
g.'nl,,nl\ Ldla eNe
‘5‘/)1.// 45)_}@.4; ;JJ.L// :‘fuﬂ/ .14.1.4]/

(inasS i (1) (A LSl s limd 8 gl o S alsall
e (z) A yall Ailals LualSl) A5 dad i) o]y ZIQY 8L ()

TLlaykd Caai b)) saalsiall <l S
LyslasSlly Lyglpl) algall Adps 8 oDle 5y K0l D Lalaall 43aYs
1Y {MathCAD (V.7) }J) & dusuls geayy Connag 23 <A

‘S el ) A UyR S— alall @l sl

tuaidlall

Ala Jalail i 08 o5 g5l sl A gal) AN oyl A3k
saaly gl dmge Jiso g3l 4 (BT) cansall 0sosl) ¢y
3 (KL3s, KLYS) Ao sl 8yu2ll dilly L CiDlall saalss ¢ K il
0l 5aa 3l 82800 sl (o5l el il ks Auds S
O sl b el



