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Abstract:
The division partitioning technique has been used to analyze the four electron
systems into six-pairs electronic wave functions for

(KaKB.Kala,KfiLa, KaMa,KfMaLaMa) shell for the Beryllium atom in its
excited state (1s® 2s 3s ) and like ions ( B**,C*?) using Hartree-Fock wave functions .
The aim of this work is to study atomic scattering form factor f(s) for and nuclear
magnetic shielding constant. The results are obtained numerically by using the
computer software (Mathcad).
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Introduction:

This study deals with the first excited any N-electron atomic system, the two-
sta?e (1s2 2s 35)_ of beryllium atom. particle density 7. (X_,X_ )can be
This system consists of four —electrons written as [1, 2,3]

. two in K-shell with same quantum N(N —1) )
number except spin component ,where Tie (%5 %0) =TJ‘HV/(X1,XZ,--Xq)\ dx,....dx,
the first electron with spin up (a)and .

the other —down(p), the third electron

puts in L-shell with spin-up (@) and the ~ Vnere X, represents the combined

fourth electron puts in M-shell with space and spin coordinates of electron
spin up(o) .This is a general n,and dx ..dX_ indicates integration
distribution of electrons in orbitals for summation over all N-electrons except
exm_te:d s_tate of the_present system. F_or m and n. N(N-D represents the
Partitioning technique we deal with 2

pair of electron only therefore, intra number of electron pairs which can be
and inter shells will arise. The intra obtained by integrating the second-
shells is represented by K-shell and the order  reduced density  matrix,
inter shells are represented by so/ (X ,X ) is normalized to the

(Kala,KBla,KaMa,KfMaLlaMa) number of independent electron pairs
shells, each shell has two electrons within the system as : [4,5]

with parallel or anti —parallel spin. _

J. .[FHF (Xm,Xn)dean = N(N 1) (2)
Theory: Where:
1-Two-particle density distribution N(N—-1) 4 for the Be-
function Fyr(Xm.X n) :- like i 2
The funet ike ions.

The function 771,2) represents the
probability of finding two electrons
simultaneously at position 1 and 2. For

And
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(X, X ):i]*(xm X, )...3)

i<j
For Be-like ions
FHFTOtaI = F12 + r13 + 1H14 + Fzs + r24 + 1H34

(@

2- _Two-particle radial _distribution
functionD(r,.7,):
Two-particle  density  distribution

function D (ry, 7 ) is defined as [6,7]

D(ry,1) = [ [ F(r,m)riv d0,d0,doyda,

.(5)

Where df2; denotes that the integration
is over all angular coordinates of the
position vector and it is simply defined
as:

fdo, = [7 [ sin6, d6,de,
...(6)

Where k =1 or 2 and the normalization
condition for two-particle radial density

distribution ~ function  D(r, 7 )can
define as
[[D(un)dndn =1 ... (7)

This means the two-particle density
distribution D(ry,r2)dr,dr, is a measure
of probability of finding the two-
electron  simultaneously and their
radial coordinates are in the range r;
and ri+ dry,and ra to rp + dr; [7]

3- One-particle Radial _distribution
function D(ry):
The radial density distribution
function D(ry) is of extreme

importance in the study of atom and
ions because it measure the probability
of finding an electron in each shell, and
it is define as [6,8,9]

D(r) = f,:c D(ry, 1) dry . (8)

4- The atomic form factor f(S) :

The quantity f(s) is used to describe
the "efficiency" of scattering of a given
atom in a given direction, and it is
defined as a ratio of amplitude: [10,11]

Amplitudeof thewave scatteredby an atom

f(s)=
...(9)

- Amplitudeof thewave scatteredby onefreeelctron
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Mathematically, the relation of X-ray
form factor f(s)to the electron
distribution function D(r)in the atom
is expressed by the formula [12,13].

f(s)= [N tar 1)

Where 475 is called the momentum
sinsr

sr
function of zero order [14,15] and

stin%

transfer, is the spherical Bessel

5-  Nuclear Magnetic Shielding
Constant o,

The Nuclear Magnetic Shielding
Constant is determined from the
formula [2,15,16]:

oy :1a2<‘P

3 le(ri)‘l\y> (11)
where « is the fine structure
constant and it is equal
t0(7.297353*10°  au(atomic  unit)

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

Results and Discussion:
1.The atomic form factor f(s):

It results from Table (1) and fig
(1),(2),(3),(4),(5) show the behavior of
atomic form factor starts from the
maximum value, (at zero angle) which
equal to the number of electrons for
each shell, and gradually decline with
increasing the scattering angle until
reach to the minimum value. These
maximum and minimum values are
different from an element to another.
Physically the maximum value of
atomic form factor means that the full
scattering of x-rays is occurred since
all scattering rays in forward direction
(6=0) from the electrons of different
locations are in the same phase because
of their equal light pathways, so that,
amplitude of scattering beam equals to
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the amplitude of scattering waves
resulting from one electron multiplied
by the atomic number Z.

According to this, increasing of the
scattering the angle lead to increase of
the light differences pathways between
the scattered waves from the different
electrons. This leads to partial
distractive interference and decreasing
in the total amplitude of the scattered
wave associated with increasing the
scattering angle and the minimum
value means that the lowest scattering
of x-rays is occurred also, where the

path differences between the scattered
waves by different location electrons
are very large which results in more
probability ~ for  occurrence  of
distractive interference which produces
final resultant amplitude of small
value.

2. Nuclear Magnetic Shielding o4
Table (2) shows that the nuclear
magnetic shielding constant increases
as Z increases, this is due to the
attraction force between the electrons
and protons .

Table(1) : The variation of atomic form factors for individual electronic shells
and the total values of Be and like ions (B*! ,C*®) with scattering angel.

At f(S) @s?2s3s) s = sin 0
shell om A
or lon
0.0 0.2 0.4 0.6 08 10
Be 2 158957 0.91606 047486 0.04857 0.13648
2 | 1500Ref[17] | 0916Ref[17] | 0475Ref[17] | 0.249Ref[17] | 0.136Ref[17]
KaKp [ g 2 17311 1.1906 0.7280 04312 0.2584
2 | 1731Ref[17] | 1.191Ref[17] | 0728Ref[17] | 043LRef[17] | 0.258 Ref.[17]
o 2 18120 1.3868 0.9537 0.6245 0.4048
2 | 1812Ref[17] | 1.387Ref[17] | 0953Ref[17] | 0.624Ref[17] | 0.404 Ref.[17]
Kola Be 2 0.7711 0.4764 0.2499 0.1309 0.0719
KBELa B* 2 0.8755 0.6073 0.3862 0.2305 0.1384
c7 2 1.0237 0.6851 05017 0.3359 0.2189
Be 2 0.7929 0.4595 0.2385 0.1248 0.0686
KaMo
= B 2 0.8778 0.5961 0.3668 0.2176 0.1309
KBMa
c? 2 0.9464 0.6905 0.4804 0.3162 0.2055
Be 2 20.0255 0.0196 0.0133 6.9796°10° 578887107
. B 2 0.0222 0.0128 0.0251 0.0169 0.0107
BT 2 0.1581 -0.0112 0.0284 0.0275 0.0193
Be 4 1.564 0.9359 0.4885 0.2558 0.1424
Total B 4 1.7533 1.2034 0.7531 0.4481 0.2691
c? 4 1.9701 1.3756 0.9820 0.6520 0.4240
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f(s)

S (A7)
Fig. (1) Atomic scattering factorf(s)
relationship with the unit vector s
for the K-shell of Be and like ions
(B, C™

f(s)

s(A?Y)
Fig. (2) Atomic scattering factorf(s)
relationship with the unit vector s
for the KL-shell of Be and like ions
(B*!, C™).
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Fig. (3) Atomic scattering factorf (=)
relationship with the unit vector s
for the KM-shell of Be and like ions
(B*, C*).
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f(s)
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S(A™)
Fig. (4) Atomic scattering factorf(s)
relationship with the unit vector s
for the LM-shell of Be and like ions
(B*, C*).

f(s)

s(A?)
Fig. (5) Atomic scattering factorf (=)
relationship with the unit vector s
for the total of Be and like ions (B,
C*).

Table(2) : Values of the Nuclear
Magnetic Shielding Constant for
individual electronic shells and the
total values of Be and like ions (B*!
C™).

* -5
O4*10

KoLa KaMa
Ka KB = = LaMa Total
KBLa KBMa

4 | 6.536 3.809 3.414 0.6872 3.611

8.306 4.923 4.402 1.018 4.662

20.16 12.07 10.78 2.689 5711

Conclusions:

1.The largest relative effects on x-ray
scattering factor for the shell of
smallest effective nuclear charge and
greatest radius in an atom.

2.The maximum value of the form
factor is obtained when the scattering
angles is maximum (i.e. 6=0) which
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mean that the full scattering of x-rays
IS occurred.

3. The nuclear magnetic shielding
constant increases by increasing the
atomic number (Z) .

4. The values of Nuclear Magnetic
Shielding Constant o, for K- shell

larger than for KL, KM, and LM
because K-shell is nearest for nucleus .

References:

1. Griffiths, D.J. 2005, Introduction to
Quantum  Mechanics, 2" ed.
Prentice-Hall. Inc, New Jersey,
:468.

2.King, F.W. 1997.Prorress on high
precision calculations for the
ground state of atomic lithium,J.
of  Molecular  Structure-Thec
,400(2) :7-56

3.Koga, T.; and Matsuyama, H.2004.
Inter electronic angle densities of
equivalent electrons in Hartree—
Fock theory of atoms, J. Chem.
Phy, 120 (17): 7831- 7836.

4. Goedecker, S; and Umrigar, C.J
.1998. Natural Orbital Functional
for the Many-Electron Problem, J.
Phy. Rev Lett, 81(4): 866-868 .

5. Fukuda, M.; and Fujisawa, K. 2011.
Variational approach for the
electronic structure calculation on
the second- order reduced density
matrices and the N-represent ability
problem, arXiv:1010.4095,2.

6. Banyard K. E.; and Baker, C. C.
1969. Analysis of  Electron
Correlation in Two-Electron
Systems. I.  H™, He, and Li* , J.
Chem. Phys. 51 (6) : 2680 -2689 .

7. Koga, T.; and Matsuyama, H.
2007. Direct and exchange
contributions to inner and outer
radii in many-electron atoms, J.
Theor. Chem. Acc, 118 :931-935

8. Koga, T.;and Matsuyama, H.2006.
Inner and outer radial density
functions in many-electron atoms.
, J. Theor. Chem. Acc, 115: 59-64 .

208

9.

Matsuyama, H.; and Koga, T.2010.
Inner and outer radial density
functions in singly-excited
1snl states of the He atom. J.
Comp. And App. Math,.233
1584-1589

10. Yousif, M.G(1987), Solid State

11.

12.

13.

Physics ,Baghdad University, Irag:
364, (Arabic).

Murshed, M. N.2004 " Evaluation
of x-ray scattering factor for closed
shell atom by using hartree fock and
correlates wave functions " Ph.D.
Thesis ,College of Education ( lbn
Al-Haitham), Baghdad University
Guinier,A.1963"X-ray diffraction in
crystals,Imperfect crystals,and
Amorphons  Bodies,W.H.Freeman
and company ,The United states of
America: 379.
AL-Meshhedany,W.A. 2006" A
study for nuclear  magnetic
shielding constant for z=2 to 10 "
M.Sc. Thesis ,College of Science,
Nahrain University

14. King, F.W.;and Dressel, P.R.1989.

Compact expressions for the
radial electronic density functions
for the 2S states of three-electron
systems. J. Chem. Phys., 90 (11):
6449-6462.

15. Rustgi, M.L.; and Tiwari, P.1963,

16.

17.

Nuclear ~ Magnetic  Shielding
Constants and XRay Atomic
Scattering Factors forTwo, Three,
and FourElectron Systems by
Means of Analytic Hartree—
FockWave functions .J.Chem.Phys,
39(10): 2590-2592.

Chttopadyay, C.;and Rakshit, P. 2003
" Quantum Mechanics ,Statistical
Mechanics and Solid state physics "
Ch.1 p.1 6Ed S.Chand and Company
Ltd India .

Hadi,B.S.2013 "  Study The
Scattering Effect For The Closed
Atomic  Shells" M.Sc.Thesis
College of Science, Baghdad
University.



J. Baghdad for Sci. Vol.12(1)2015

whl.&d\ ¢ 994 caall b g daiuad) dadd QQJM\ o Uaiua) Jale Al o
Lgd dgalinall il g¥) 5 (15% 25 35) Anagsiall Aad) B a guly yal) 5,4

#6 | acilas 0Lsa * bd) oo Sl
sl ail) sl / Ll o lal) 4S / dlany dasala®

: AuadAl)

Lasall Jlsdl ezl de ) @l K Ay )l e g gind dadail Jalal &5 el 408 Cuandii
GUg¥) ary 5 byl 3,0 KfMa, LaMa)(KaKf, Kala, KfLa, KaMa, 43, <)
e Aasall Al aladiily (BY,C*%) (a5 (157 25 35) 4augiall Adlall 8 & gl jll 5,3 dgliiall
Gosll caall cliy oA 3kl Jele Al o B Gl s (- Hartree-Fock) <15
(MATHCAD) 4 suall zeal all ahasid ase Ll o3 Alaniueal) bl e posslabiseal

209



