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Properties of Co I

Density 8.90 g/cm?
Atomic number: 27

Atomic mass: 58.933195 u
Electronic configuration of Co I: 4s? 3d’

Ground-state term of Co I: “F,,,

Ionization energy of Co I: 7.881 ¢V
Classification: transition metal.
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The emission spectrum of Cobalt =
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Theory

In quantum physics the basic equation to be solved is the Schrodinger equation:

lZ[' lVﬁ - g] + L Y(q,.495>----4,) =EV¥Y(q,.95,----9,)

1
= | 2 TR

l

It 1s possible to obtain exact solutions of this equation only for one-electron systems, i.e., for
hydrogen like 1ons. For many electron systems approximation methods must be used:

1- Hartree-Fock Theory 2- Thomas-Fermi-Dirac-Amaldi Theory (TFDA)

Obtaining wave functions for Obtaining effective potentials
the radial equation to get the for the radial equation to get the
energy levels. energy levels.
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1- H.F Theory it

1
e IP(QUQN'"aqn) :Elp(qlan'“s qn)

i<j= b

Where we used the Slater Determinant as wave function:

u,(q,) “ﬁ(%) oou(g,)
u,(q,) - ou(qy)

|
qj(qla qrs-e qn) :—'

u,(qy) o ou(qy)




1
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1 i

Vo~ wa) 2 fu, (4)—u,(9,)dd | w,(q,)- 2| fu, (4))~,(9))da, [u,(4,) =Eu,(q) 3 Aop =0, By g
' u j u ij =

i ij ij

The solution of this equation is:

B0 =Y "L+=3) [y — Ky,] Where

y

y

I, :<“A(%)‘ﬁi u/l(ql.)> Jiu =<ul(q,~)uu(q,-)%ux(q,-)uu(qj)> K,, :<ul(qi)uﬂ(qj)%uﬂ(ql.)ul(qj)>

Where 5h =-
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2- T.F.D.A Theory e

Serbia

the Thomas—Fermi—Dirac—Amaldi (TFDA) model, where the charge distribution - =
is assumed to be spherically symmetric, i1s a useful procedure to choose the central potential |

Ur).
the TFDA model gives a

and U is the constant

Having determined a central potential U(r ), we compute the one-electron orbitals P , (v ) by solving the
wave equation

¢ i+
dr2 r

+ 2U(r) + Enfi| Ppi(r) = 0.
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2
Dy )| B6) =620
dr r

Where

) =2 B 2
r r

Where

Z Z
o r

p(x)=e " +A|l-e " |,x =—
u

and Y is the constant

2
= 1
u =0.8853[N 1]32 ;
N
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Atomic Structure Codes

* Theoretical atomic data are important for many physics research fields
including plasma modeling under various physical conditions, X-ray
spectroscopy and astrophysical research.

* Scientists have developed several computer programs that perform atomic

calculations.
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Cowan R. Cowan (1981) Breit-Pauli, HF method

SUPERSTRUCTURE W. Eissner et al. (1974) Breit-Pauli, TFDA potential

AUTOSTRUCTURE N. R. Badnell (1986) Breit-Pauli, TFDA potential
CIV3 A. Hibbert (1975) Non relativistic CI method

FAC M. F. Gu (2008) MCDF, Breit-Pauli and QED

GRASP F. Parpia and I. Grant (1989) MCDF or parametric potential.

MCHF C. F. Fischer (2000) Non relativistic MCHF approach
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Configurations used in the atomic structure calculations for Co I

3d7 4s?
3d’4s 4d
3d74s 5s
3d34s
3d35s
3d34d
3d°
3d74s 4p
3d74s 4f
3d34p
3d34f

>
>
>
>
>
>
>
>
>
>
>

Atomic structure codes used:
1- Cowan code developed by R. Cowan (1981).
2- AUTOSTRUCTURE code developed by N. R. Badnell (1986).
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Cowan suite of atomic structure codes (CW)

outgll level 1

out36 . INE20 1 12
IN36 # tape2n out2in ING11 O utél% q # cve
# RCNZ tﬁg # tape2e RCE level 3
IN2 out2

radius.res

Oute20
energy



../../../C:/Research/Thesis/Ibtesam/MS-thesis%20IHQ/_anchor_1','_com_1

Cowan suite of atomic structure codes (CW)

200-90 0 2

27
27
27
27
27
27
27
27
27
27
27
-1

1Co
1Co
1Co
1Co
1Co
1Co
1Co
1Co
1Co
1Co
1Co

01.

HoH = = 1 - H

0.2
3d74s2
4s4d
dsbs
3d84s
3d85s
3dgdd
3d9
4sdp
4s4f
3d84p
3d84f

5.E-08
3d7
3d7
3d7
3d8
3d8
3d8
3d9
3d7
3d7
3d8
3d8
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B

l1.E-11-2 00190 0 1.0 0O.e5 0.0 1.00
452
43
ds
ds
5s
4d

4s
43

dp
Af

Input file: IN36




XIV-SCSLSA

AUTOSTRUCTURE code (AS) e

&SALGEE RUN=' ' RAD='E1' CUpP='IC'
MXVORB=6 MXCONF=11 KCORl=1 KCORZ2=5 kutss=-9 kutoo=1 kutso=0 kutssxz=-9 kutcoox=-1 &END
041424350
0 0 0

[aS]

4
2
1
1
1
1
1
0
0
0
0

O D D =D D D D
o o B o o o o B o O
oD =D O O D = O D
= o O O O k= O O O

3
7
7
7
7
7
8
8
8
8
8
9

0 0 0 0 0

&SMINIM NZION=27 INCLUD=0 NLAM=11 ISHFTIC=0 QED=0 &END
1.43314 1.13%40 1.08274 1.06269 1.04441

1.02479 0.99491 0.96411 0.99683 0.97323

0.95802

1 2 9 10 11

Input file: das




3p°3d’4s?

Results of Ab initio Energy Levels (cm-!)

a‘F

0.0

0.0

0.0

3p°3d s’

a‘F

816.0

817.0

812.9

3p°3d’4s?

a‘F

1406.8

1417.0

1406.2

3p°3d’4s?

a‘F

1809.3

1830.0

1811.4

3p°3d s’

a‘P

13795.5

18958.0

15149.4

3p°3d’4s?

a ‘P

14036.3

19238.0

15384.1

3p°3d’4s?

a ‘P

14399.3

19580.0

15790.4

3p°3d 4s?

a’G

16467.9

19103.0

15085.5

3p°3d’4s?

a’G

17233.7

19864.0

15867.0

3p°3d’4s’

b ‘P

20500.7

25147.0

19554.0

3p°3d’4s’?

b P

21215.9

25900.0

20380.0

3p°3d’4s?

a’H

21780.5

25398.0

20135.2

3p°3d s’

b D

21920.1

27399.0

21197.8

3p°3d’4s?

a’H

22475.4

26085.0

20835.5

18.0 %5.4 %
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Results of Fitting Energy Levels (cm-?) el Bt

3p°3di4s* a“‘F A 0. 0. 0.
3p°3dids* a“‘F A 820. 720.
3p°3di4s* a“‘F 5 1408. 1379.
3p°3di4ds* a“F I, 1807. 1829.
3p°3d7ds* a“P o, 13865. 13779.
3p°3di4s* a“‘P *, 14119. 14103.
3p°3dids* a“P ', 14473. 14510.
3p°3d74s* a‘G A 16492. 16578.
3p°3di4ds* a‘G A 17270. 17468.
3p°3d7ds* L 20593. 20570.
3p°3di4s* G 21273. 21254,
3p°3dids* 21825. 21479,
3p°3d74s* o5 23104, 22057.
3p°3di4s* L 22534, 25263.

0.7% 2.6%

(T I el L B I I B W P S 5 I P o s o s
Lo T T s s T s s e s s e ) s s
Gy (i [0 M | D [l |y | O (WO | D WD (= | DD
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Ab initio and fitting calculations

Ab initio calculations 18.0 5.4
% %

Fitting calculations  0.7% 2.6
%




Transition calculations

These calculations are In
progress...
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Conclusions

* Ab initio atomic structure calculations (purely theoretical
calculations) are done using the CW & AS codes.

* Fitting atomic structure calculations (semi-empirical calculations)
are done using the CW & AS codes.

* New data for plasma spectroscopy and astrophysical applications
will be provided.
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Thank you

A. Siddig
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