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Regression relations for the dependence of the Slater—Condon parameters
of atoms and ions of the second period on their electron configuration are
proposed here. The obtained relations are useful in semiempirical methods of
quantum chemistry.

B paboTte npefnoxeHbl ypaBHEHUST PErPECCHU 711 3aBUCUMOCTEH napameT-
poB Cueirrepa—KOH10Ha aTOMOB M MOHOB 2-0T0 nepuoja OT JEKTPOHHOH
KoHpurypauuu. [TonyueHHbIE COOTHOLWEHUST MOXKHO UCIIOJB30BaTh B MOJIYIM-
MUPHYCCKUX METONAX KBAHTOBOH XMMMH.

The success of semiempirical methods of molecular orbitals depends above ali on
proper parametrization. The common mark of the so far used parametrization of
semiempirical methods with an explicit inclusion of the mutual electron repulsion is
the choice of atomic parameters reproducing spectral characteristics of electroneu-
tral atoms [1, 2]. In the present paper we express in an explicit way the dependence
of Slater—Condon parameters on electron configuration of atoms. The considera-
tion of dependences of this kind in calculations of an electron structure allows the
configurationally dependent parametrization of semiempirical methods |3, 4].

Method and results

Anno and Teruya [5] have systematically determined the values of the Sla-
ter—Condon parameters F°(2s,2s), F°(2s,2p), F'(2p.2p), G'(2s.2p), and
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F*(2p,2p) for atoms and ions with the electron configurations K(2)2s™2p" by an
analysis of atomic spectra. In the framework of LCAO MO approximation the
electron configuration of atoms in molecules acquires the noninteger values s*p”. If
we want to use the configurationally dependent values of the Slater—Condon
parameters for LCAO MO calculation of electron structure of molecules, we must
approximate the discrete functions mentioned to the continuous ones. Then we
regard the individual parameters as functions of the atomic number and continuous
arguments which are represented by the populations x, y of individual levels of the
valence sphere of an atom or by the atomic charge Q. The dependence on the
atomic number Z is included to achieve the maximum number of experimental
data in the correlation.

The polynomial functions the concrete form and degree of which were obtained
by maximization of the correlation coefficient are the most suitable of the functions
tested. For the parameters F°(2p,2p), F°(2s,2p), and F*(2p,2p) the regression
function was used

N, N, N,

s Np
F(Z,x,y)= 2 2 B,Z'x’ +z E BinZ'y* +

i=0 j=0 i=0 k=1

N\ N,,
+> EBU,kx’y" (1)

ji=1 k=1

Because of deficiency of experimental data (only values for configurations of the
type s'p" can be experimentally determined) it was necessary to simplify this
expression for the parameters F'(2s,2s) and G'(2s,2p) into the form

Nz No

F(Z,Q)=Z EB.,Z'Q’ (2)

i=0 j=0

The values of the coefficients B, or B, as well as relevant statistical characteris-
tics of dependences for individual Slater—Condon parameters are listed in Tables
1—5. In Tables 6—10 all the experimental accessible values of the Slater—Condon
parameters, values calculated according to eqns (1) and (2), and their relative
deviations are shown. Figs. 1—10 graphically demonstrate the shape of individual
regression functions.

We can conclude from the presented results that the suggested regression
functions very well correlate with experimentally obtained values. Therefore, they
are useful for semiempirical methods of quantum chemistry with parametrization
dependent on the electron configuration of atoms in a molecule.
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Table !. Numerical values of B, .’s

for function F0(25,25) e\ﬂ

b 8

J

| Bij

0o - 0.15943258 x 10!
10 0.25996024 x 10
o 1 0.40225592 x 10
o 2 - 0.20935365 x 10
o 3 0.14523322

o 4 0.39390213 x 107
1o - 0.47504881

12 0.44437713

13 - 0.82618805 x 107!
14 0.17842531 x 1072
Correlation

coefficient 0.9993
Standard

deviation 0.264

Table 2. Numerical values of B,

for function F®(2p,2p) [eV]

1

gk ®

i j k Bi.jk

0 0 0 - 0.39424596 x 10°
1 0 o 0.98553204 x 10°
2 0 0 - 0.55332171 x 10
¢ 1 0 - 0.41218100 x 10
0 0 1 0.31918585 x 103
0 0 2 - 0.64803289 x 102
11 0 - 0.71656540

1 0 1 - 0.77073611 x 10°
1 0 2 0.15450047 x 102
2 1 0 0.51281676 x 107"
2 0 1 0.45468576 x 10
2 0 2 - 0.91007623

0 1 1 0.29902650 x 10"
0 1 2 - 0.50554702
Sorrtiotiny 0.9977
el o
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Table 3, Numerical valuees of Bijk 8

for function Fo(Zs,Zp) [eV]

i J X Bijk

0 0 0 - 0.56534262 x 10
1 00 0.49872707 x 10!
0 1 0 - 0.37759204 x 10
0 0 1 - 0.11917546 x 10'
0 0 2 - 0.19759186

0 0 3 - 0.48837400 x 107
11 0 0.13145794

10 1 - 0.91120259

10 2 0.38891533

1 0 3 - 0.41546989 x 107"
0o 1 1 0.28873448 x 10'
0 1 2 - 0.14090198 x 10'
0 1 0.18261151
Cocaiaiint 0.9994
B, o

Table 4, Numerical values of B

ij

38

for function G' (2s,2p) [ev]

i J Bij

o o 0.23489783 x 10"
10 - 0.38732334

2 0 0.19437843

o 1 0.18566999 x 10’
0 2 - 0.27241670 x 10
o 3 0.23679638

1 0.45862446

12 0.60394323

103 - 0.79182408 x 107!
2 1 - 0.92222958 x 107
2 2 - 0.23376719 x 107"
2 3 0.47904852 x 1072
e 0.9995
gt om
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Table 5, Numerical values of Bijk ‘s Table 6 (Continued)

for function F2(2p,2p) eV]

Experi- Approxi- Devia-

i 3 k Bijk %8 B mental mative tion

0 0 0 —i0: 11433797 & 162 9 2 3 25,204 25.020 0,184

10 o 0.92499223 x 10 9 2 2 26,334 26.532 -0.198

DAy 1 i 9 2 1 27.313 27.186  0.127

8 N B O EAEE e O 9 2 0 28.022 28.047 -0.025

02 0 0.18836956 x 10

0 0 1 - 0.10549898 x 10'

0 0 2 0.17871841 Table 7. Experimental and calculated
1

171 0 - 0.25111455 x 10 values of ¥0(2p,2p) [eV]

1 20 0.73573670

1 0 1 - 0.35951523 x 10'

1 o2 0.52634843 7 g Experi- Approxi- Devia-

2 1 0 0.11725033 1 mental mative tion

2 2 0 - 0.37869140 x 10”7

2 0 1 0.19267329 8.543  B8.460  0.082

2 0 2 -0.27168918 x 10™! 11.422  11.484 -0.062

0 11 0.16571577 x 10° 9.799  9.913  -C.114

0 1 2 - 0.26510243 x 10' 13.910  13.948  -0.038

0 2 1 - 0.33682063 x 10 14.064 14.043  0.021

0 2 2 0.53179978 13.259  13.225  0.034

F——— 16.715 16.660  0.055

coefficient 0.9995 15.550  15.379  G.1T1

Standard —— 19.119  19.277  -0.157

deviation 16.023  16.270  -0.247

11.665 11.665 0.000
19.245 19.112 0.133
18.60C 18.474 0.126
21.861 21.779 C.082
20.870 20.678 0.191
24.254  24.445 -0.191
17.857 17.873 -C.016
17.683 17.579 0.105

Table 6 + Experimental and calculated

values of FO(ZS,ZS) [eV]

Experi- Approxi- Devia-

O WO WO \WWWWLWWWWYWO®OmMO®POOMDO®OOO=V-TIIIIIANNONOOWV N W N
O = MNO—=-N-=>N-=-NOO—-0=N=MN=NVNOO—==N—=NO0OO—=—=NOO - O
S WYV EWN AN UWURNEREWRNAEWUVENDNWRDWNPREWRWRNWNDNDWRNDN

mental mative tion

21.227 21.508 -C.281
4 2 O 8.886 8.804 c.c82 20.492 20.573 -0.081
5 2 1 11.357 11.404 -0.047 24.369 24.226 0.142
5 2 0 12.7M 12.960 -0.189 25.811 25.660 0.151
6 2 2 13.937 14.0C3 -0.066 23.055 23.273 -0.217
6 2 1 15.420 15.447 -0.028 26.869 26.840 0,029
6 2 C 16.605 16.636 -C.03 25.957  25.811 C.146
T 2 3 16.529 16.603 -0.073 29.365 29.454 -C.09C
T R 2 18.119 17.936 0.183 19.664 18.702 0.962
7 2 1 19.423 19.431 -0.0C8 18.980 19.895 -0.915
7 2 0 20.413 20.357 0.056 23.102 3.223 -0.122
8 2 4 19.323 19.202 0.121 22.725 22.806 -0.081
8 2 3 20.896 20.424 C.472 26.406 26.785 -0.379
8 2 2 22.336 22.226 0.110 25.766 25.768 -0.0C2
8 2 1 23.333  23.445 =0.112 28.411 26.910 1.500
8 2 0 24.207 24.207 0.000 29.370 29.386 -0.016
9 2 5 21.810 21.802 0.008 28.814  28.781 0.033
9 2 4 22.346 22.912 -0.566 26,779 28.313 -1.534
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Table 7 (Continued) Table 9, Experimental and calculated
values of G' (2s,2p) [eV]

Experi- Approxi- Devia-
mental mative tion Experi- Approxi- Devia-
mental mative tion

9 1 2 31.974 31.845 0.129

9 0 3 31.090 30.777 0.312 4 1 1 3.828 3.910 -0.082
3 0 2 34.441 34.304 0.138 5 1 2 5.487 5.272 0.215
5 1 1 6.704 6.788 -0.084
6 1 3 6.898 7.023 -0.125
Table 8. Experimental and calculated 6 1 2 8.438 8.303 0.125
veiues of Fo(h’zp) [:eV] 6 1 1 9.295 9.304 -0.009
7T 1 4 9.064 9.162 -0.098
7T 1 3 10.086 9.986 0.100
Experi- Approxi- Devia- 7 1 2 11.05 11.029  0.027
Z S P ERREE]L mative tion 7T 1 11.794 11.794 0.0Cco
8 1 5 11.815 11.691 0.124
4 1 8.942 9.013 -0.071 8 1 4 11.546 11.835 -0.290
5 2 1 11.985 12,110 -0.125 8 1 3 12.665 12.662 0.003
5 1 2 11,069 11.204 -C.135 8 1 2 13.610 13.630 -0.020
5 1 1 13.652 13.568 0.084 8 1 1 14.205 14,200 C.005
6 2 2 14.157 14.336 -0.179 g 1 5 13.882 13.852 C.030
6 1 3 13.370 13.391 -0.022 9 1 4 14.266 14.205 0.061
6 2 1 16.843 16.797 0.046 9 1 3 15.211 15.140 0.C71
6 1 2 15.853 15.723 0.130 9 1 2 16.032 16.130 -0.098
6 1 1 18.194 18.123 C.072 9 1 1 16.679 16.130 0.450
T & 3 16.369 16.211 0.158
T. 2 2 18.980 18.987 -0.007
713 18.095 18.155 -0.060 Table 1C. Experimental and calculated
7 2 1 21.57T1  21.483  0.088 >
7 1 2 20.458 20.243  0.215 values of F°(2p,2p) [eV]
7T 11 22.689 22.678 0.011
8 2 4 18.695 18.477  0.218 - - -
8 2 3 21.157 21.106  0.051 Zz s Experi-: ApproXi~ Devia-
8 1 4 20.291 20.509 -0.218 meotal  mEtive tion
8 2 2 23.755 23.638  0.118 ¥ 6.3 5.6 D658  0.003
8 1 3 22.735 22.919 -0.184 5 1 2  4.132 #4158 0,026
8 2 1 26,199 256.169  0.030 5 0 2 6.157-  6.131  0.026
8 1 2 24.914 24,762  0.152 6 2 2 4.426  4.381  0.045
8 1 1 27.168 27.233 -0.065 6 1 3  5.596 5.305 0,291
9 2 5 20.894 20.880  0.014 6 0 4  65.369  6.380 =0.011
9 2 4 23.371 23.646 -0.275 5 1 2 6.359  6.309 -0.245
9 1 5 21,304 21.435 -0,13) 6 0 3  5.315  5.572 -0.257
9 2 3 25.878 26.001 =-0.123 6 0 2 9.578  9.478  0.100
9 1 & 26,287 25:.54T 0740 7 2 3 6.011  6.245 -0.234
9 2 2 28,299 28.289  0.010 7 1 4 6.885  6.834 - 0.042
9 1 3 27.163 27.682 -0.519 7° 2 2 6.676 6.580 0.096
9 2 1 30.830 30.856 -0.025 71 3 7.476  7.536  -0.060
9 1 2 29.443 29.282  0.161 7 0 4  9.452  9.476  -0.024
9 1 1 31.626 31.787 -0.162 7 1 2 9.081  9.059 0,032
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Experi- Approxi- Devia-
Z 3 R mental mative tion
7 0 3 8.741 8.547 0.195
7 ©0 2 12.640 12.677 -0.037
8 2 4 6.904 6.853 0.051
8 2 3 8.431 8.351 0.080
8 1 4 9.244 9.315 -0.071
8 2 2 8.802 8.796 0.006
8 1 3 9.758 9.891 -0.133
8 0 4 12.536 12.542 -0.006
8 1 2 11.653 11.525 0.128
8 0 3 11.640 11,486 0.154
8 0 2 15.607 15.728 -0.121
S 2 4 9.171 9.221 -0.050
9 2 3 10.739 10.587 0.152
9 1 4 11.945 11.926 0.019
9 2 2 10.881 11.030 -C.149
9 1 3 12.272 12.369 -0.097
9 0 4 15.619 15.578 0.041
9 1 2 14.057 14.001 0.046
9 0 3 14.301 14.391 -0.089
3 0 2 18.640 18.629 0.011
0 T T T T T T T
F*(2s,2s) 7 T T T T T T
& | F%2p.2p) .
Z=9 eV 4
26 - ~
- Z=8 4 34 B
22 = B J
Z=7
_ =1 26 + Z=9 H
\o\
18
Z=6 7 - 7=8
- <
18 T
1% Z=5 .
Z=4 10 - /-0\ 7
10 / » Z=5 \
- /0\ Z=7
- B =6
Z:‘
6 - 2 F m=C -
! 1 1 {1 1 1 1 i I O 1 1
-1 0 1 2 3 4 5 Q@ 0 1 2 3 4 5 6 n

Fig. 1. Dependence of F"(2s,2s) on charge for
configurations K(2)2s*2p” of atoms of the
second period.
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Fig. 2. Dependence of F'(2p,2p) on the num-
ber of p-electrons for configurations
K(2)2s"2p" of atoms of the second period.
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T T T T T

FO(2p,2p)

eV B N

26 -

L Z=9 |

B ,\ |

i /o\ e

10 /0<6 2=7 .

Z:S
L /\M et
1 1 =1 1 I 1

0 1 2 3 4 5 6 n

Fig. 5. Dependence of F°(2p,2p) on the num-
ber of p-clectrons for configurations
K(2)2s"2p" of atoms of the second period.

T T T T T T

FO2s,2p)
eV
30 F .

26

22

10

0 1 2 3 4 5 6 n
Fig. 5. Dependence of F'(2s,2p) on the num-
ber of p-electrons for configurations
K(2)2s'2p" of atoms of the second period.
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FC2p.2p)

eV
26 7
| \\ -

Fig. 4. Dependence of F°(2p,2p) on the num-
ber of p-electrons for configurations
K(2)2s5*2p" of atoms of the second period.

0 T T T 1 T T T
F(2s,2p) .
eV - .
30 - =1
20 + ]
i 2=9]
i z=7 |

i Z-6
10 - N
Z=
5 m=2

N Z:j I 1 ! L

0 1 2 3 4 5 6 n

Fig. 6. Dependence of F’(2s,2p) on the num-
ber of p-electrons for configurations
K(2)2s*2p" of atoms of the second period.
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eV
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Fig. 7. Dependence of G'(2s,2p) on charge for
configurations K(2)2s'2p" of atoms of the
second period.

F2(2p,2p)
eV

S ®
T T T T T
N(N/N(
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/

-
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-
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3

Fig. 9. Dependence of F*(2p,2p) on the num-
ber of p-electrons for configurations
"K(2)2s'2p" of atoms of the second period.
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T T T T T T T

2
eV

Fig. 8. Dependence of F*(2p.2p) on the num-
ber of p-electrons for configurations
K(2)2s"2p" of atoms of the second period.

2 T T T ] T T
F™(2p,2p)
eV
10 e
8 r .
B =
6 4
T Z=9 |
4+ /-\'\Zﬂ Z=8
/—2:5 Z=6
2+ m=2
| 1 AL 1 ]

Fig. 10. Dependence of F*(2p.2p) on the num-
ber of p-electrons for configurations
K (2)2s*2p™ of atoms of the second period.
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