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Mn (—0.5~+7.0). Fe (=0.5~+3.0). Co (-0.5~+4.0). Cu (—-0.5~+2.5). Zn (—0.5~
4+2.5). Mo (~0.5~+6.0). N (=1~+1.5). O (=1.5~+1), F (=1~+1). P (=1.5~+2).
S (=1.5~+1). Cl (=1~+1). Se¢ (=1.5~+1), Br (-1~+1). WYREANEMEF, HlLF

A IE R AR EUE R, DMR WS # SR B TR A S0 T IR L s S B
FERRPMETHE. WHEFRERBRROMESEF. n—ESXOELIEAHB FE

10-50au, B ~-2au) DAEGE)H R ERMUEREER.

LHNEMS A ZWMERFHEIEN ¢.

H Dirac /748 B (F) Ji F 43l 12 (7] 6 86 BOR AN o, l’l‘]ﬁ(ﬁ%ﬁ( Py (r), X8 n, 155

LU 0 W FEORE G TR Slater R BRINIRMM G P, (r) R TA, BIEIHRA
W 2 AR, SR, ERUT ITRRBosH/MI.
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Table 1 Cocfficients of the Regression Formulas for Valence Orbital
‘ Exponents of Mn, Fe. Co, Cu, and Zn (au)
regression single ¢ basis function 3d double ¢ basis function™
B . - - e
coeflivient 1 (3 s ttap? c‘(w Wa | oo | oo
b0y ‘ —6.79‘273” 7;74.]7699 I\ 7—5 39]6 4 -9 5287 E_M-:7.5;76—i? B ;3:174 T’ 0. l§é9
b(2) . 0.4459 0.2811 0329 | 0.6533 | 04520 | ~0.0414 | 00217
b(3d) ! —0.2413 =0.2251 —0.2901 : —0.3589 f -0.3375 [ 0.0470 —0.0267
b(4s) —0.0384 ‘, —0.1396 -0.2108 ‘ —0.1462 | —0.1096 0.0281 -0.0223
b(4p) | —0.0282 : —0.0861 -0.1131 3 —0.0908 —0.0570 0.0188 —0.0168
correlation cosfTcient | 0999 1 0995 | o030 T T | 0991 | o092 | 099
standard deviation ‘ 0.018 i 0.030 0.073 | 0.055 0.040 0.009 0.005
number of data fited | 106 ; 106 99 80 80 80 80
mean relative error ; 0.4% 12% 3.9% 0.7% | 1.2% 1.1% 0.6%

a) The 4P orbitals of negative ions are pretty diffusive and their Stater exponents tend to
zero and deviate from Eq.(2) considerably, therefore they are not involved in the
rcgression analysis.

b) The cxpression of double ¢ basis function is P’ ;; (r) =¢34 (¢1,7)F¢,034&5,r), where

w3d(é,,r) denotes 3d Slater function with exponents ¢,. The regression formulas of

¢, and ¢, are also cxpressed by the right hand side of Eq.(2).
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Table 2 Cocfficicnts of the Regression Formulas®for Valence Orbital Exponents of Mo (au)

regression : single ¢ basis function i 3d double £ basis lunction
coeflicient e ‘T G esp Led | GG | e
- b(oi)ﬁ - ‘ “ 3~.3193 ; 2.5750 ; 55;)_ »-5.3373 31027 25081
b(4d) } —0.1721 ! —-0.1858 | —0.2286 —0.3520 f —0.2897 —0.3095
b(5s) E —0.0584 i =0.1269 : —0.1761 -0 1928 ‘ —0.1495 : —0.2184
b(5p) ‘: —0.0236 { —0.0652 "I —0.0598  -0.2016 | —0.0904 ' —0.3238
corrlation coefficient | 0999 | 0997 4'* 098 o.gng o999 | 097
standard deviation 0.015 i 0.024 ' 0.060 0.044 } 0.022 i 0.090
number of data fiticd 30 : 30 \ 29 } 14 l 6 | 14
mean rclative error  0.4% ! 1.0% ‘ 33% | 07% ' 09% ; 53%
a) b(Z)Z has been merged into b(0) term because Z is a fixed number.
b) The data related 1o negative ions are not involved in regression analysis.
c¢) a=c,/ ¢, c, andc, can be calculated from a and the normalization condition.
F3 & & K OB R W ARXROONEEYORALRARY
Table 3 Cocfficients of the Regression Formulas Valence Orbital Exponents
of N, O, F, P, S, Cl, Se and Br (au)
regrassion N,O,F T P,s,Cl Sc, Br
coclficient l (2s) T p | o mm N c(sd)" J @) l c(4p)
e 03413 | 08198 e S | 84510 | -sas0 | 78100
b(Z) " 0.4009 I 0.5440 {1 0.2890 0.3746 | V.7895 5 0.2476 : 0.3154
b(ns) J ~0.1079 1 —0.2578 ‘ —0.0813 —0.1631 —0.6486 —0.0865 | —0.1799
b(np) —0.0996 : —0.2523 } —0.0635 —0.1453 | —0.6486 —0.0636 —0.1410
b(nd) | 0.0000 00000  -00110 ' —0.0577 ' —0.5613 ' —0.0043  —0.025
:;Ecl:l;n:oel;iaé;i 0. 9;9 77 0.§99 - 0.999 - 0’.9794*7” ) 2)—977 : 0.999 | ~0.995
standard deviation ; 0.013 0.013‘ | 0.009 0.027 0.13 0.005 : 0.016
number of data fitted ; 35 ! 34 ’ 30 30 10 18 | 18
mean relative error 0.5% : 0.5% ; 0.3% | 1.2% 17.7% 0.1% g 0.6%

a) N is obtained by fitting the 34 orbital exponents of positive ions

3d orbital exponents of their negative ions tend to zero.

or atoms of Phosphorus and Sulfur. The
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F4d4 & &K H BHETKNARBAEEELIXORY (B eV)
Table 4 Cocfficients of the Regression Formulas for Valence Orbital

Electronegativities of Mn, Fe, Co, Cu and Zn (eV)

regression coefTicient x(3d) y(4s) x(4p)
B(0) —4.403 2.472 —1.196
B(3d) 0.802 0.000 0.261
B(4s) 1.727 i 0.710 ‘ 0.642
B(4p) 2.946 1.615 1.512
B(q) 6.128 4416 4.002
B(3d,34) —0.035 0.000 -0.021
B(3d,4s) 0.215 0.073 0.000
B(3d4p) 0.246 0.080 0.000
B(3d,q) 0.531 0.326 0.182
B(4s,4s) 0.592 | 0.000 (4.000
B(4s,4p) 1.284 0.000 —0.125
B(4s,q) 2172 0.917 0.726
B(4p,4p) 0.680 0.000 —0.196
B(4p,q) 2.102 0.859 0.867
B(q,q) 1.941 1.049 0.976
correlation coefficient 1.000 1.000 1.000
standard deviation 0.37 0.27 0.25
number of data fitted 108 108 101
mean relative error 10.4% 2.3% 13.0%

£S5 HARONBRAHOERALKEY (B4: V)
Table 5 Coefficients of the Regression Formulas for Valence Orbital

Electroncgativities of Mo(eV)

T
regression coeflficient y(4d) : x(5s) x(5p)
i
B(0) ‘ 76.530 57.038 49.110
B(4d) | —16.888 -11.983 -11.377
B(Ss) i -12.017 -9.149 ! ~8.840
B(5p) ; ~10.295 ~8.243 ‘ ~7.455
B(4d,4d) ‘ 0.719 0475 0.527
B(44.5s) I 0.999 0.674 0.781
B(4d,5p) : 0847 | 0.589 0.577
B(5s,5s) : 0.296 0.101 0.204
B(5s,5p) : 0.665 0.241 0.000
corrclation coefficient 1.000 1.000 1.000
standard deviation 0.20 0.18 0.31
number of data fitted 30 30 30
mcan relative error 1.7% 1.7% 13.2%
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Table 6 Coefficlents of the Regression Formulas for Valence Orbital Electroncgativities
of N, O, F,P, S, Cl, Se and Br” (eV)

regression N,O,F P, §, Ci Se, Br
cootficient | 329 | xem | 109 | 109 | x0) | 00 | 69 | xen | aed
|
B(0) 7233 | 1429 | -1.689 | 1269 | —1534 | 3063 | 0476 | 3.571 | 0.306
B(ns) 0663 | 1315 | 0000 | 0000 | 0000 | —-3.810 | 0000 | 0.000 | 0.000
B(np) 0000 | 1835 | 0488 | 3241 1687 | 0000 | 3842 | 0000 | 0.000
B(nd) 3345 | 3791 | 0000 | 0000 | 8.060 | -1457 | 7.35 | 0000 | 0.000
B(a) 3091 | 4213 | 3166 | 6951 | 4715 | 5082 | 11782 | 6.893 | 3.902
B(ns.ns) 0.000 | 0000 | 0000 | 0502 | 0263 | 1.037 | 1131 | 0006 | 0.000
B(ns.np) 0500 | 0000 | 0000 | 0000 | 0000 | 0000 | —0.545 | 0000 | —0.179
B(ns,nd) 2346 | 1464 | 0607 | 2674 | 0000 | 0000 | 0952 | 1288 | 0.148
B(ns,q) 2399 | 1794 | 0478 | 1248 | 1022 | —0420 | 0000 | 0449 | —0.503
B(np.np) 0445 | 0000 | 0000 | 0000 | 0000 | —0041 | 0000 | 0.147 | 0.000
B(np.nd) 1887 | 1159 | 0000 | 0866 | 0000 | 0552 | 0000 | 0842 | 0310
B(np,q) 2634 | 1744 | 0196 | 0731 | 0894 | —0210 | 0000 | 0454 | 0.000
B(nd.nd) 0000 | 0000 | 1294 | 0000 | —2950 | 0000 | -1391 | 0000 | —0.718
B(nd,q) 5333 | 4898 | 1.125 | 1455 | 0255 | 039 | —0.724 | 0000 | 0.563
B(a,q) aon | 3m 1266 | 1703 | 1813 | 0706 | 0407 | 0.584 | 0.601
i:;}l::;:’: 1000 | 1000 | 0999 | 0999 | 0999 | 1000 | 1000 | 099 | 1.000
;:'i'::;i 0.32 0.29 0.24 0.42 035 0.14 025 0.31 0.13
{
';:'t"ab;;: 36 3 19 £ 32 2 18 18 i 16
m”:r:j:“" 1.1% 56% | 11.0% | 12% 6.1% 7.4% 0.8% 6.1% ‘ 7.9%

a) Respectively, ns, np and nd are: 25, 2p and 3s for N, O, F; 35, 3p, 34 for P, S, Cl; 45, 4p, 4d for Sc and Br.
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E(n'l’) = b(0) + b(Z) + 3 b(nl)q(nl) (2)
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x(nl) = B(0) + B(a)a + Y. B(w1a(n'l) + B@')a’ + Y. B(q.nl)« q - q(nl)

+ 3 2 Bl - q(n'l) - g(n"l") (3)

(wl) & (nr)

AL g b FIlLe.

£ R 5 it it

LMY X 1-R305REE-—JERESRE TR, #MKRARETRONENER
e RMMEE FASREMEALNRXRE. VeZREHEER RN FHSHEL. &
FEPELARBEW D HERBEERERNESE. —RIUR HRIEREHRER S
R THBEN, WEOBEARK. s UERAL p PuED, FEX L JHED. EERT
RRFHROMBLUEZ A M BES BIRTHRA, RUBRKEEIMEE. W8 RN 38
.

LRFHEBRAY E4-6 HHXHUATRESANSARRLFHAS FHEFHENES
AHEIRARMRY. EERTHERFEMN RERAERINA 2R, AEIIBEE
BRI E TR R TEARNS A TAS T RAER S AR, RIETESHESET
RIGHEOPUE R AR, REBMBARSE. WIMTDAAX EARX, RIEE AR,
WHE IR FAL & i i T A RAVR M B % (.

Bt AXERMRFRNIIKEE BERE RN, ERME.



1 FH T AR WU T - I B SRR R D + 29 -
$ ¥ x W
(1) Basch, H., Viste,A., Gray,H.B..Theoret. Chim. Acta, 3, 458(1965); J. Chem. Phys., 44, 10(1966).
(2) Anno,T., Theoret. Chim. Acta, 18, 223(1970); Anno,T., Sakai,Y., Theoret. Chim. Acta,
18,208(1970); J. Chem. Phys., 56, 922(1972).
(3) Pelikan, P., Mol. Phys., 29, 1279(1975): ibid, 32, 587(1976); Chemicke Zvesti, 32,307, 577(1978).
@) {THH. BARR., K, MEFERMEER, 4. 745 (1983).
(5) Burns,G., J. Chem. Phys., 41, 1521(1964).
(6) Boechm, M.C., Schmidt, P.C., Ber. Bunsen—Ges. Phys. Chem., 90, 913(1986)
(7) Chen, Zhida, Lin, Zhenyang, Liu, Chunwan, J. Mol. Sci.(Wuhan,China), 5, 51(1987)
(8) Schwarz, K., Phys. Rev., BS, 2466(1972); Theoret. Chim. Acta., 34, 225(1974).
(9) HfEe. MER. XEE BER RTHEIHEBESXrERITRR T, WA W

i, BE, (1986).

ATOMIC ORBITAL EXPONENTS AND ORBITAL
ELECTRONEGATIVITIES OF THE BIOLOGICALLY
IMPORTANT TRACE ELEMENTS AND COMMON

ELECTRONEGATIVE ELEMENTS IN DIFFERENT VALENCES

AND DIFFERENT ELECTRONIC CONFIGURATIONS
Liu Guanghua Ren Jingqing LiLemin Xu Guangxian
(Department of Chemistry, Beijing University , Beijing 100871)

Liang Zhenxuan

(Computer Center, The Academy of Sciences of China )

The nonrelativistic Xa calculations are carried out to obtain the numerical atomic orbitals

and orbital electronegativities of the biologically important trace transition clements

(Mn,Fe,

Co,Cu,Zn,Mo) and the common clectronegative elements (N,O,F,P,S,C1,S¢,Br) in dif-

ferent valences and different electronic configurations.

The single { STO exponents of all their atomic orbitals and the double { STO exponents of
the valence d atomic orbitals of the transition elements are then obtained by numecrical fitting.
The effect of charge and electronic configuration of the ions on the orbital exponent and

electronegativity is studied and the corresponding regression formulas arc given. These formulas

in higher precision provide not only the basic parameters for studies on the clectronic structurc

of the compounds of these clements but also the more reliable iteration formulas for calculations

through the self—consistence of charge approach.

Key words: biologically trace element orbital exponent orbital electronegativity



