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A Gaussian basis set consisting of 12s-type, 6p-type and 4d-type functions has been optimized 
for the third row atoms, together with a 9s, 5p, 3d set for the corresponding dipositive ion. The 
applicability of these atomic sets for molecular calculation is discussed. 

Ein Basissatz yon 12s-, 6p- und 4d-Funktionen fiir die Atome der dritten Reihe des periodischen 
Systems ist optimalisiert worden; das gleiche gilt fiir einen entsprechenden Satz fiir die zweifach 
positiven Ionen aus %-, 5p- und 3d-Funktionen. Ferner wird ihre Anwendbarkeit bei Rechnungen 
an Molekiilen diskutiert. 

On pr6sente un ensemble optimal de fonctions de base gaussiennes pour les atomes et les ions 
de la troisi6me ligne. Cet ensemble est constitu6 de 12 fonctions du type s, 6 fonctions du type p et 
4 fonctions du type d pour l'atome neutre et de 9 fonctions s, 5 fonctions p et 3 fonctions d pour 
l'ion M 2+. On discute l'emploi de ces bases pour des calculs mol6culaires. 

To day,  ab-initio ca lcu la t ions  of  the  L C A O - M O - S C F  type  are  fairly c o m m o n  
for molecules  of  a rb i t r a ry  geome t ry  inc luding  f i rs t-row and  second- row atoms.  
This  has  been m a d e  poss ib le  t h r o u g h  the use of  G a us s i a n - type  funct ions as basis  
o rb i ta l s  and  the ava i lab i l i ty  of  va r ious  gauss ian  basis  sets for the f i rs t - row and 
second- row a t o m s  [1].  The  s i tua t ion  appea r s  less favourab le  for the molecules  
or  ions  involv ing  t h i rd - row  a toms.  The  lack  or  scarci ty  of  gauss ian  basis  sets for 
the t h i rd - row a t o m s  migh t  have  a r e t a rd ing  effect on molecu la r  o rb i t a l  calcu-  
lat ions.  So far, two basis  sets have  been r epo r t ed  for this reg ion  of  the pe r iod ic  
table.  The  first one, for the f i rs t - row t rans i t ion  meta l  a toms,  consists  of 15s-type, 
8p-type and  5d-type G a u s s i a n  funct ions  [2].  The  second one, for the th i rd - row 
a toms  up to  Zn, consis ts  of  14s-type, 9p- type  and  5d-type funct ions [3].  These  
are  large basis  sets which  yield a value  of  the  to ta l  energy close to  the  H a r t r e e - F o c k  
limit. The  set r epo r t ed  by Wach te r s  [3] is an extension of the 10s,6pset 
op t imized  by  H u z i n a g a  for the f i rs t-row a toms  [4] and  of the 12s,9pset 
op t imized  by  Vei l la rd  for the  second- row a t o m s  [5].  Basis sets of  this  size are  
used in o rde r  to  get accura te  wavefunct ions .  However ,  useful qual i ta t ive  infor- 
m a t i o n  has  been  ob t a ined  f rom less accura te  wavefunct ions  for molecules  in- 
c luding  f i rs t - row atoms.  These  wavefunct ions  were bui l t  f rom medium-s ize  basis  
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sets ranging from 7s,3p to 9s,5p [6-8].  We feel that there is a need to obtain 
medium-size basis sets for the third-row atoms, especially if molecular calculations 
are to be performed for transition metal complexes with a relatively large 
number of ligand atoms. 

We report here two optimized basis sets for the third row atoms and ions. 
The Gaussian-type functions used in the present paper are defined as 

Nr l e x p ( - ~ r  2) Ylm(0, (0) 

where N is an appropriate normalizing factor [4]. Optimization of the basis set 
was achieved through minimization of the SCF atomic energy with respect to the 
gaussian orbital exponents. The first basis set is a 9s,5p,3d set optimized for the 
ground state of the dipositive ion M z + (see below the discussion). Five ls func- 
tions are used to describe the ls atomic orbital, two ls functions for the 2s and 
3s atomic orbitals, three 2p functions for the 2p atomic orbital, two 2p functions 
for the 3p atomic orbital and three 3d functions for the 3d atomic orbital. This 
set can be used in conjunction with a 7s, 3p set for the first-row atoms [6-8].  The 
second basis set is a 12s,6p,4d set optimized for the lowest state of the 3d"4s 2 
neutral atom configuration. Respectively six, two, two and two ls functions are 
used for the ls, 2s, 3s and 4s atomic orbitals, four and two 2p functions for the 
2p and 3p atomic orbitals and four 3d functions for the 3d atomic orbital. This 
set should be used in conjunction with a 8s,4p set for the first-row atoms [7] 
and a 10s, 6p set for the second-row atoms [8]. 

Orbital exponent optimization was performed using a program written for 
atomic calculations [9]. Tables 1 and 2 show the optimized energy values together 
with the best results obtained with Slater orbitals. The orbital exponents are 
reported in Tables 3 and 5, the orbital energies and expansion coefficients in 
Tables 4 and 6. Since one usually turns to a contraction of the basis functions for 
molecular calculations, we also report in Tables 1 and 2 the energy values 
obtained for some contracted basis sets. For  the 9s,5p,3d set we considered a 
minimal contracted basis set except for the 3d valence shell which uses split 
orbitals. For  the 12s,6p,4d set we considered also a minimal contracted basis 
set with split orbitals for the 3d and 4s valence shells together with the result of a 
"double-zeta" contracted basis set (id est with two contracted orbitals for each 
atomic shell). 

Some questions can be raised in connection with the use of these basis sets 
for molecular calculations. The first one is relative to the use of orbital exponents 
optimized for the neutral atom in the calculation of wavefunction for ionic species. 
For  instance, it was found that in the cluster NiF64- the total population for 
each atom is very close to that for the free ion [11]. We have found that this 
problem is relatively unimportant  since exponents optimized respectively for the 
neutral atom and the dipositive ion, using a similar basis set, are very close one 
to another. We performed an exponent optimization for the Cu ++ ion with a 
10s,6p,4d set similar to the 12s,6p,4d set used for the Cu atom. The lower s 
exponent for Cu + + was 1.04 while the corresponding value for Cu ~ was 1.12. 
The lower d exponent was 0.66 for Cu + + and 0.70 for Cu ~ The energy value for 
Cu ++ was -1637.570a.u.  with the exponents optimized for Cu ++ and 
- 1637.563 a.u. with the exponents optimized for Cu ~ 
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Table 1. Total energy (in a.u.) for the ground state of the dipositive ion M 2+ 

Ion 2 + GTO a CGTO b STO ~ 

Sc (2D) - 758.3988 - 755.7181 - 759.0921 
Ti (3F) - 846.9318 - 843.9241 - 847.7303 
V (4F) - 941.2578 - 937.9868 - 942.1784 
Cr (SD) -1041.5147 -1038.0051 -1042.5740 
Mn (6S) -1147.8887 -1144.0971 -1149.1080 
Fe ( S D )  -1260.2498 -1256.1510 -1261.6556 
Co (4F) - 1378.9888 - 1374.5666 - 1380.5991 
Ni (3F) -1504.1888 -1499.4044 -1506.0286 
Cu (2D) - 1635.9879 - 1630.8975 - 1638.0832 
Zn (1S) - 1774.5847 - 1769.1266 - 1776.9579 

Uncontracted basis set 9s, 5p, 3d. 
b Contracted basis set (1, 2, 3, 4, 5) (6, 7) (8, 9)/(1, 2, 3) (4, 5)/(1,2) (3). 

Best result with Slater orbitals from Ref. [10]. 

Table 2. Total energy (in a.u.) for the lowest state of the 3dn4s 2 neutral atom configuration 

Atom GTO a CGTO b CGTO c STO d 

K (2S) - 599.0184 - 597.9619 - 598.9541 - 599.1645 
Ca (1S) - 676.6038 - 675.3369 - 676.5295 - 676.7580 
Sc (2D) - 759.5574 - 758.1174 - 759.4754 - 759.7356 
Ti (3F) - 848.2001 - 846.6108 - 848.1138 - 848.4052 
V (4F) - 942.6456 - 940.8640 - 942.5516 - 942.8829 
Cr (SD) -1043.0370 -1041.0634 -1042.9370 -1043.3061 
Mn (6S) -1149.5527 -1147.3974 -1149.4433 -1149.8651 
Fe (SD) -1262.0818 -1259.7272 -1261.9615 -1262.4425 
Co (4F) - 1381.0004 - 1378.4145 - 1380.8693 - 1381.4136 
Ni (3F) -1506.3969 - 1503.6356 -1506.2619 -1506.8690 
Cu (2D) - 1638.4121 - 1635.3810 - 1638.2576 - 1638.9491 
Zn (tS) -1777.2409 -1773.9511 -1777.0784 -1777.8470 

a Uncontracted basis set 12s, 6p, 4d. 
b Contracted basis set (1, 2, 3, 4, 5, 6) (7, 8) (9, 10) (11) (12)/(1, 2, 3, 4) (5, 6)/(1, 2, 3) (4). 

Contracted basis set (1, 2, 3, 4) (5, 6) (7) (8) (9) (10) (11) (12)/(1, 2, 3) (4) (5) (6)/(1, 2, 3) (4)~ 
d Best result with Slater orbitals from Ref. [10]. 

A n o t h e r  q u e s t i o n  is r e l a t i v e  t o  t h e  a d e q u a c y  o f  t h e  v a l e n c e  s h e l l  e x p o n e n t s  

o p t i m i z e d  f o r  t h e  a t o m  in  m o l e c u l a r  c a l c u l a t i o n s .  E x a m i n a t i o n  o f  t h e  e x p o n e n t  

v a l u e s  r e p o r t e d  in  T a b l e  i i n d i c a t e  t h a t ,  f o r  t h e  3d  o r b i t a l s  w i t h  o p t i m i z e d  

e x p o n e n t s ,  t h e  m a x i m u m  o f  c h a r g e  d e n s i t y  w i l l  b e  t o o  c l o s e  t o  t h e  n u c l e u s  fo r  

e f f e c t i v e  p a r t i c i p a t i o n  t o  t h e  m o l e c u l a r  b o n d i n g  ( a s s u m i n g  a v e r a g e  b o n d  l e n g t h  

v a l u e s  b e t w e e n  1.5 a n d  2 ,~). O n  t h e  c o n t r a r y ,  t h e  o r b i t a l s  r e p r e s e n t a t i v e  o f  t h e  

4s  v a l e n c e  s h e l l  a p p e a r  t o o  d i f fu se ,  t h e y  e x t e n d  t o o  fa r  a w a y  f r o m  t h e  b o n d  r e g i o n .  

W e  c o n c l u d e  t h a t  a n  a d d i t i o n a l  3d o r b i t a l  w i t h  a l o w  e x p o n e n t  v a l u e  s h o u l d  b e  

u s e d  f o r  m o l e c u l a r  c a l c u l a t i o n s .  S i m u l t a n e o u s l y ,  t h e  g a u s s i a n  f u n c t i o n s  r e p r e -  

s e n t a t i v e  o f  t h e  4s  a t o m i c  o r b i t a l  s h o u l d  b e  d i s c a r d e d  a n d  r e p l a c e d  w i t h  s o m e  

f u n c t i o n s  o f  h i g h e r  e x p o n e n t .  I n  s t u d i e s  o n  n i c k e l  a n d  c o p p e r  c o m p l e x e s ,  w e  h a v e  

1" 
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Table 3. Orbitals exponents of the basis set 9s,5p,3d 

Sc Ti V Cr Mn 

s 17487.1 19809.7 21477.0 23362.7 
2696.22 3001.54 3269.53 3532.00 
623.042 694.487 755.634 813.124 
177.784 197.865 215.795 232.991 
56.8455 63.1946 69.1219 74.9245 
13.0699 14.7130 15.9141 17.6791 

5.33459 6.03959 6.62739 7.35570 
1.31421 1.52294 1.65690 1.81811 
0.534775 0.610241 0.667203 0.732528 

p 137.556 154.885 172.998 190.658 
31.5338 35.4886 39.6735 43.7183 
9.06937 10.2433 11.4782 12.6785 
2.43994 2.75855 3.09164 3.40004 
0.690628 0.787131 0.886824 0.983839 

d 6.19207 7.32670 8.60073 10.0091 
1.47409 1.78745 2.11541 2.47334 
0.364773 0.447528 0.526129 0.610535 

25500.4 
3867.12 

891.241 
254.726 

81.8517 
19.3196 
8.07486 
2.01652 
0.804589 

208.602 
47.8430 
13.9565 
3.72356 
1.08448 

11.3265 
2.80948 
0.698108 

Fe Co Ni Cu Zn 

S 27196.3 30165.2 32260.2 34677.9 38011.5 
4120.56 4573.53 4907.01 5275.88 5747.45 

952.534 1052.72 1131.78 1217.27 1319.99 
273.711 300.528 323.739 348.010 376.889 

88.5642 96.6770 104.201 111.982 121.439 
21.1774 23.3569 25.0693 26.9098 29.3363 

8.88725 9.77620 10.5734 11.3757 12.4537 
2.24366 2.46579 2.68849 2.86660 3.14422 
0.888434 0.971807 1.06449 1.12305 1.22736 

p 227.314 246.223 269.005 291.007 313.159 
52.2324 56.8510 62.1403 67.1702 72.3356 
15.3017 16.6867 18.2558 19.7789 21.3328 

4.07755 4.43121 4.85357 5.25234 5.63023 
1.19594 1.30369 1.42726 1.54758 1.66578 

d 12.7344 14.0830 15.5038 17.0869 18.6112 
3.15947 3.49960 3.86506 4.26917 4.66051 
0.774040 0.850434 0.932390 1.02366 1.11441 

used an additional 3d function of exponent 0.2 and two ls functions of exponent 
0.32 and 0.08 [121. 

For a similar reason, we found that orbital exponents representative of the 
4p atomic orbital cannot be obtained from energy optimization for some excited 
configurations. They should also be chosen in order to get a maximum of the 
charge density in the bonding region. A rather similar conclusion has already 
been obtained for the 3d orbital exponents of second-row atoms [8]. 

Acknowledgements. Part of the calculations has been done at the Centre de Calcul du C.N.R.S. at 
Strasbourg-Cronenbourg. 
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T a b l e  4. Orbital eneroies and expansion coefficients 'basis set 9s,5p,3d) 

S c  T i  V C r  M n  

l s  

2s  

- 1 6 6 . 4 1 0  - 1 8 3 . 8 0 0  - 2 0 2 . 0 4 9  

- 0 . 0 0 4 8 2  - 0 . 0 0 4 6 9  - 0 . 0 0 4 7 2  

- 0 . 0 3 5 1 0  - 0 . 0 3 4 6 1  - 0 . 0 3 4 7 8  

- 0 . 1 5 7 8 4  - 0 . 1 5 5 3 7  - 0 , 1 5 6 2 6  

- 0 . 4 2 4 7 9  - 0 . 4 2 2 4 4  - 0 . 4 2 2 3 2  

- 0 , 4 7 1 5 7  - 0 . 4 7 4 6 8  - 0 . 4 7 4 1 3  

- 0 , 0 7 5 2 6  - 0 . 0 7 7 9 4  - 0 . 0 7 8 2 4  

0 , 0 2 3 7 2  0 . 0 2 4 4 6  0 . 0 2 5 5 3  

- 0 . 0 0 8 0 0  - 0 . 0 0 8 1 8  - 0 . 0 0 8 4 1  

0 . 0 0 3 3 3  0 , 0 0 3 3 1  0 . 0 0 3 4 3  

- 19 .5991  - 2 1 , 9 5 9 1  - 2 4 . 4 3 0 4  

- 0 . 0 0 1 4 1  - 0 . 0 0 1 3 8  - 0 . 0 0 1 4 0  

- 0 . 0 1 0 5 1  - 0 . 0 1 0 4 4  - 0 . 0 1 0 5 8  

- 0 . 0 4 9 5 6  - 0 . 0 4 9 2 0  - 0 , 0 4 9 8 3  

- 0 . 1 6 1 9 6  - 0 . 1 6 1 9 6  - 0 . 1 6 3 8 1  

- 0 . 2 6 8 4 3  - 0 . 2 7 2 3 6  - 0 . 2 7 3 2 4  

0 . 3 0 7 8 2  0 . 2 9 5 9 6  0 . 3 1 0 3 5  

0 . 7 5 6 7 0  0 , 7 6 4 5 4  0 . 7 5 4 4 2  

0 . 0 9 8 4 2  0 . 1 0 2 2 8  0 . 0 9 8 6 6  

- 0 . 0 1 9 7 6  - 0 , 0 1 9 2 6  - 0 . 0 1 9 2 3  

3s  - 3 . 0 8 7 8 2  - 3 . 4 1 1 2 0  - 3 . 7 3 8 3 7  

0 . 0 0 0 4 9  0 , 0 0 0 4 9  0 . 0 0 0 5 0  

0 . 0 0 3 7 0  0 . 0 0 3 7 4  0 . 0 0 3 8 3  

0 . 0 1 7 5 7  0 . 0 1 7 7 0  0 . 0 1 8 1 5  

0 . 0 5 8 6 8  0 . 0 5 9 5 8  0 . 0 6 0 9 0  

0 . 1 0 2 4 1  0 . 1 0 5 5 7  0 . 1 0 7 6 7  

- 0 . 1 4 5 4 5  - 0 . 1 4 2 5 6  - 0 . 1 5 6 2 1  

- 0 . 5 6 4 8 2  - 0 . 5 7 8 2 7  - 0 . 5 7 6 3 3  

0 . 4 0 3 3 5  0 , 3 9 7 2 5  0 . 4 4 2 1 3  

0 . 8 0 7 1 4  0 . 8 1 7 6 4  0 . 7 8 0 2 2  

2p  - 1 6 . 1 3 2 6  - 1 8 . 2 6 9 0  - 2 0 . 5 1 4 8  

0 . 0 6 7 5 2  0 . 0 6 6 3 7  0 . 0 6 5 4 1  

0 . 3 4 9 0 9  0 . 3 4 7 2 6  0 . 3 4 5 6 5  

0 . 6 1 9 9 1  0 . 6 2 1 2 7  0 . 6 2 2 7 9  

0 . 1 7 3 9 3  0 . 1 7 4 2 7  0 . 1 7 4 1 6  

- 0 . 0 1 7 5 7  - 0 . 0 1 7 7 0  - 0 . 0 1 7 7 4  

3p  - 2 . 0 7 9 0 3  - 2 , 3 1 5 2 7  - 2 . 5 5 4 1 9  

- 0 . 0 2 3 6 7  - 0 . 0 2 3 7 2  - 0 . 0 2 3 7 4  

- 0 . 1 2 7 5 5  - 0 . 1 2 9 9 0  - 0 . 1 3 1 7 9  

- 0 . 2 5 1 2 3  - 0 . 2 5 6 0 3  - 0 . 2 6 0 0 0  

0 . 2 6 9 0 6  0 . 2 7 9 0 9  0 . 2 8 8 4 3  

0 . 8 3 8 9 2  0 . 8 3 1 4 5  0 . 8 2 4 5 4  

3d  - 0 . 8 4 8 0 8  - 0 . 9 5 7 7 4  - 1 . 0 3 7 6 8  

0 , 1 4 3 3 8  0 . 1 4 8 0 3  0 . 1 4 9 7 2  

0 . 4 7 8 9 6  0 . 4 8 5 3 2  0 . 4 9 0 1 2  

0 . 6 3 4 7 9  0 . 6 2 3 1 2  0 . 6 1 8 3 8  

- 2 2 1 . 1 3 8  - 2 4 1 . 1 2 9  

- 0 . 0 0 4 7 4  - 0 . 0 0 4 7 1  

- 0 . 0 3 5 3 1  - 0 . 0 3 4 8 8  

- 0 . 1 5 8 2 7  - 0 . 1 5 6 9 4  

- 0 . 4 2 3 8 0  - 0 . 4 2 2 9 7  

- 0 . 4 7 0 5 1  - 0 . 4 7 2 1 9  

- 0 . 0 7 6 1 7  - 0 . 0 7 7 5 0  

0 . 0 2 3 5 4  0 . 0 2 4 2 6  

- 0 . 0 0 7 5 8  - 0 . 0 0 7 7 7  

0 . 0 0 3 1 0  0 . 0 0 3 1 4  

- 2 6 . 9 9 2 8  - 2 9 . 7 0 3 9  

- 0 . 0 0 1 4 2  - 0 . 0 0 1 4 2  

- 0 . 0 1 0 8 2  - 0 . 0 1 0 7 5  

- 0 . 0 5 0 8 8  - 0 . 0 5 0 7 6  

- 0 . 1 6 6 0 3  - 0 . 1 6 6 6 7  

- 0 . 2 7 4 4 1  - 0 . 2 7 6 8 9  

0 . 3 0 6 5 7  0 . 3 0 8 6 6  

0 , 7 6 0 0 0  0 . 7 5 8 8 3  

0 . 0 9 9 8 8  0 . 0 9 8 6 2  

- 0 . 0 2 0 0 6  - 0 . 0 1 9 0 8  

- 4 . 0 5 7 9 0  - 4 , 4 0 2 5 7  

0 . 0 0 0 5 1  0 . 0 0 0 5 2  

0 . 0 0 3 9 4  0 . 0 0 3 9 5  

0 . 0 1 8 7 0  0 . 0 1 8 8 1  

0 . 0 6 2 2 6  0 . 0 6 2 9 9  

0 . 1 0 9 4 7  0 . 1 1 1 5 9  

- 0 . 1 5 7 7 9  - 0 . 1 6 2 3 5  

- 0 . 5 8 0 8 9  - 0 . 5 8 4 4 2  

0 . 4 6 1 5 5  0 . 4 7 4 2 9  

0 . 7 6 2 9 5  0 . 7 5 5 1 1  

- 2 2 . 8 4 9 4  - 2 5 . 3 3 2 6  

0 . 0 6 5 3 2  0 . 0 6 5 5 9  

0 . 3 4 7 1 1  0 . 3 4 8 5 0  

0 . 6 2 3 6 2  0 . 6 2 3 2 1  

0 . 1 7 1 0 2  0 . 1 6 9 2 0  

- 0 . 0 1 7 8 7  - 0 . 0 1 8 3 0  

- 2 . 7 8 6 9 5  - 3 . 0 4 2 0 1  

- 0 . 0 2 3 9 7  - 0 , 0 2 4 3 1  

- 0 . 1 3 4 5 5  - 0 . 1 3 7 1 2  

- 0 . 2 6 1 9 2  - 0 . 2 6 3 0 2  

0 . 3 0 2 3 5  0 . 3 1 5 0 0  

0 . 8 1 3 6 7  0 . 8 0 3 5 7  

- 1 .09841  - 1 . 1 8 5 9 8  

0 . 1 4 9 6 2  0 , 1 5 3 1 9  

0 . 4 9 1 8 3  0 . 4 9 6 7 9  

0 . 6 1 7 8 7  0 . 6 0 9 7 8  
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T a b l e  4 ( c o n t i n u e d )  

F e  C o  N i  C u  Z n  

l s  

2 s  

- 2 6 1 . 9 5 1  - 2 8 3 . 6 6 5  - 3 0 6 . 2 3 1  - 3 2 9 . 6 4 0  - 3 5 3 . 9 4 3  

- 0 . 0 0 4 8 0  - 0 . 0 0 4 6 3  - 0 . 0 0 4 6 6  - 0 . 0 0 4 6 5  0 . 0 0 4 5 3  

- 0 . 0 3 5 5 1  - 0 . 0 3 4 3 7  - 0 . 0 3 4 4 4  - 0 . 0 3 4 3 5  0 . 0 3 3 7 5  

- 0 . 1 5 8 6 0  - 0 . 1 5 5 2 9  - 0 . 1 5 5 2 1  - 0 . 1 5 4 9 1  0 . 1 5 3 2 2  

- 0 . 4 2 2 8 3  - 0 . 4 2 0 9 2  - 0 . 4 2 0 4 2  - 0 . 4 2 0 4 1  0 . 4 1 7 2 6  

- 0 . 4 6 9 3 4  - 0 . 4 7 3 9 6  - 0 . 4 7 4 4 6  - 0 . 4 7 4 9 1  0 . 4 7 7 7 6  

- 0 . 0 7 7 9 1  - 0 . 0 7 9 5 7  - 0 . 0 7 9 9 1  - 0 . 0 7 9 7 9  0 . 0 8 3 3 9  

0 . 0 2 4 2 3  0 . 0 2 4 0 6  0 . 0 2 4 7 0  0 . 0 2 4 7 0  - 0 . 0 2 5 9 5  

- 0 . 0 0 7 7 1  - 0 . 0 0 7 5 9  - 0 . 0 0 7 7 9  - 0 . 0 0 7 6 6  0 . 0 0 8 0 3  

0 . 0 0 3 0 7  0 . 0 0 3 0 1  0 . 0 0 3 0 8  0 . 0 0 3 0 2  - 0 . 0 0 3 1 5  

- 3 2 . 5 2 0 7  - 3 5 . 4 7 0 9  - 3 8 . 5 3 1 3  - 4 1 . 6 8 7 6  - 4 4 . 9 9 3 3  

- 0 . 0 0 1 4 5  - 0 . 0 0 1 4 1  - 0 . 0 0 1 4 3  - 0 . 0 0 1 4 3  - 0 . 0 0 1 4 0  

- 0 . 0 1 1 0 1  - 0 . 0 1 0 7 0  - 0 . 0 1 0 7 8  - 0 . 0 1 0 8 0  - 0 . 0 1 0 6 5  

- 0 . 0 5 1 6 5  - 0 . 0 5 0 8 0  - 0 . 0 5 1 0 0  - 0 . 0 5 1 1 1  - 0 . 0 5 0 7 6  

- 0 . 1 6 8 0 0  - 0 . 1 6 7 3 4  - 0 . 1 6 8 1 9  - 0 . 1 6 9 0 7  - 0 . 1 6 8 0 0  

- 0 . 2 7 7 4 6  - 0 . 2 8 1 5 3  - 0 . 2 8 2 6 9  - 0 . 2 8 4 0 1  - 0 . 2 8 6 2 4  

0 . 3 0 5 1 2  0 . 2 9 4 4 5  0 . 3 0 0 8 6  0 . 3 0 6 8 8  0 . 2 9 2 4 0  

0 . 7 6 1 3 2  0 . 7 7 0 5 6  0 . 7 6 5 2 8  0 . 7 6 2 5 5  0 . 7 7 2 1 3  

0 . 1 0 0 5 8  0 . 1 0 2 5 1  0 . 1 0 1 6 9  0 . 0 9 8 7 7  0 . 1 0 3 6 2  

- 0 . 0 1 8 9 5  - 0 . 0 1 9 1 6  - 0 . 0 1 8 8 4  - 0 . 0 1 8 4 1  - 0 . 0 1 9 2 8  

3s - 4 . 7 5 1 9 7  - 5 . 1 1 7 3 4  - 5 . 4 8 7 4 9  - 5 . 8 5 1 9 4  - 6 . 2 4 5 7 3  

0 . 0 0 0 5 4  0 . 0 0 0 5 2  0 . 0 0 0 5 3  0 . 0 0 0 5 3  0 . 0 0 0 5 2  

0 . 0 0 4 0 8  0 . 0 0 3 9 9  0 . 0 0 4 0 3  0 . 0 0 4 0 6  0 . 0 0 4 0 2  

0 . 0 1 9 2 9  0 . 0 1 9 0 9  0 . 0 1 9 2 8  0 . 0 1 9 4 0  0 . 0 1 9 3 4  

0 . 0 6 4 0 0  0 . 0 6 4 1 3  0 . 0 6 4 7 7  0 . 0 6 5 3 4  0 . 0 6 5 2 3  

0 . 1 1 2 8 0  0 . 1 1 5 2 6  0 . 1 1 6 6 6  0 . 1 1 7 8 9  0 . 1 1 9 2 4  

- 0 . 1 6 2 6 3  - 0 . 1 5 8 6 7  - 0 . 1 6 5 7 4  - 0 . 1 7 1 8 9  - 0 . 1 6 4 4 9  

- 0 . 5 8 9 8 6  - 0 . 5 9 7 6 3  - 0 . 5 9 5 1 5  - 0 . 5 9 4 2 0  - 0 . 6 0 1 7 4  

0 . 4 7 1 7 5  0 . 4 7 4 1 3  0 . 4 7 5 4 2  0 . 5 0 8 6 4  0 . 4 9 4 6 8  

0 . 7 5 9 9 3  0 . 7 5 8 7 9  0 . 7 5 8 9 8  0 . 7 3 0 4 3  0 . 7 4 2 9 6  

2p  - 2 7 . 9 1 7 6  - 3 0 . 6 3 5 5  - 3 3 . 4 6 2 3  - 3 6 . 3 8 1 3  - 3 9 . 4 4 9 8  

0 . 0 6 5 7 2  0 . 0 6 5 8 9  0 . 0 6 5 0 7  0 . 0 6 5 0 1  0 . 0 6 5 1 0  

0 . 3 4 9 2 9  0 . 3 4 9 9 4  0 . 3 4 8 3 3  0 . 3 4 9 2 5  0 . 3 5 0 3 4  

0 . 6 2 2 9 7  0 . 6 2 3 7 1  0 . 6 2 4 7 8  0 . 6 2 4 6 8  0 . 6 2 5 2 0  

0 . 1 6 7 7 4  0 . 1 6 5 4 0  0 . 1 6 6 0 4  0 . 1 6 4 6 6  0 . 1 6 2 6 2  

- 0 . 0 1 8 3 8  - 0 . 0 1 8 3 6  - 0 . 0 1 8 2 5  - 0 . 0 1 8 1 9  - 0 . 0 1 8 4 3  

3p - 3 . 3 0 0 3 4  - 3 . 5 7 3 2 5  - 3 . 8 4 8 1 6  - 4 . 1 1 8 2 1  - 4 . 4 1 4 5 6  

- 0 . 0 2 4 5 9  - 0 . 0 2 4 8 5  - 0 . 0 2 4 7 3  - 0 . 0 2 4 8 4  - 0 . 0 2 4 9 9  

- 0 . 1 3 9 3 2  - 0 . 1 4 1 2 1  - 0 . 1 4 1 8 8  - 0 . 1 4 3 4 7  - 0 . 1 4 5 2 0  

- 0 . 2 6 4 3 3  - 0 . 2 6 5 7 0  - 0 . 2 6 7 9 4  - 0 . 2 6 8 5 4  - 0 . 2 6 8 7 8  

0 . 3 2 3 6 5  0 . 3 3 5 4 1  0 . 3 3 8 9 4  0 . 3 4 6 0 6  0 . 3 5 6 5 0  

0 . 7 9 6 5 2  0 . 7 8 7 3 4  0 . 7 8 4 8 9  0 . 7 7 9 2 7  0 . 7 7 0 5 3  

3d - 1 . 1 8 5 5 2  - 1 . 2 1 5 9 6  - 1 . 2 4 5 1 2  - 1 . 26478  - 1 .31211  

0 . 1 5 4 7 2  0 . 1 5 8 1 1  0 . 1 6 0 7 5  0 . 1 6 1 8 5  0 . 1 6 4 6 2  

0 . 4 9 7 8 2  0 . 5 0 1 7 1  0 . 5 0 4 3 2  0 . 5 0 5 2 4  0 . 5 0 8 4 2  

0 . 6 1 0 5 6  0 . 6 0 6 3 7  0 . 6 0 3 5 5  0 . 6 0 3 0 3  0 . 5 9 8 7 3  



Molecular Wavefunctions Containing Third-Row Atoms 

Table 5. Orbital exponents of the basis set 12s,6p,4d 

K Ca Sc Ti V Cr 

lS 

2p 

3d 

35793.1 41913.6 45822.6 48680.0 50281.3 
5582.95 6177.05 6824.96 7144.04 7424.64 
1266,93 1398.88 1539,60 1638.02 1716.55 
357.820 396.028 433.931 465.527 492.456 
115.311 128.244 140.439 152.394 163.130 
40.0442 44.7503 49.2303 54.0349 58.2952 

9.39581 10.7175 12.0090 13.2356 14.8239 
3.76564 4.35046 4.92315 5.47417 6.09769 
0.811518 1.03222 1.21920 1.38870 1.57364 
0.320545 0 . 4 3 6 7 0 9  0 . 5 1 5 7 3 6  0 . 5 8 3 3 7 0  0.650938 
0.040000 0 . 0 6 3 6 2 5  0 . 0 7 6 4 0 8  0 . 0 8 0 6 6 3  0.088861 
0.018000 0 . 0 2 6 9 9 5  0 . 0 3 1 8 3 6  0 . 0 3 2 8 2 8  0.035435 

197.376 229.840 259.687 284.565 311.142 
45.6830 53.7651 60.9968 66.8999 73.2585 
13.9463 16.5150 18.8155 20.7458 22.8156 
4.69104 5.58088 6.40111 7.13330 7.91458 
L14343 1.41714 1.65914 1.87140 2.10690 
0.344210 0 . 4 4 7 9 4 4  0 . 5 2 7 4 0 7  0 . 5 9 6 2 9 8  0.674850 

13.1089 13.7482 15.9635 
3.16767 3.50857 4.14158 
0.896721 1.04080 1.23818 
0.239050 0 . 2 8 7 7 2 9  0.343496 

55643,4 
8240,33 
t876.03 
537.t77 
177.239 
63.3965 
162072 
6.73669 
1.74645 
0.717674 
0.094109 
0.036848 

357.615 
83.6031 
25,9210 

8.97595 
2.41609 
0.766685 

18,3628 
4.79639 
1.44225 
0.400287 

Mn Fe Co Ni Cu Zn 

ls 60370.5 63509.8 71283.9 73850,4 76569.1 
8910.51 9344.59 10328.7 10939.2 11944.7 
2008,93 2156,66 2363,30 2504.6t 2726.44 

579.251 627.320 677.873 720.706 785.697 
192.434 208.380 224.950 240,114 261.625 
69.0690 74,8588 8t.0468 86.8503 94.3546 
17.7053 19.2876 21.0939 22.4686 24.5815 
7.39915 8.09403 8.87011 9.50508 10.4216 
1.94442 2.14813 2.36802 2.57910 2.80706 
0,791057 0 . 8 6 8 9 9 7  0.953468 1.02958 1.12010 
0.101306 0 . 1 1 0 2 2 4  0 . 1 1 8 2 5 9  0 . 1 2 5 7 7 6  0.131029 
0.039118 0 . 0 4 1 8 5 4  0 . 0 4 4 2 7 3  0 . 0 4 6 3 7 7  0.047955 

2p 383,732 424.039 459.697 493.637 537.269 
90.5004 98.9427 109.051 116.498 127.621 
28,2205 30.8593 33.9790 36,5669 39.9997 
9.82707 10.7975 tl.8744 12.8762 14,0748 
2.64911 2.91785 3.24082 3.54585 3.88005 
0.839238 0.924889 1.02446 1.12160 1.22287 

3d 21.0880 23.2006 25.5415 27.9859 30.5295 
5,51882 6.13066 6.78969 7.47243 8.19102 
1.66192 1.84927 2.04924 2.25654 2,47533 
0,461264 0 . 5 0 5 7 5 5  0 . 5 5 5 9 9 9  0 . 6 0 8 4 7 4  0.664120 

82831.3 
12711.4 
29t9.19 
836.851 
277.916 
100,822 
26.4643 
11.2290 
3.03908 
1.20441 
0.140711 
0.050700 

595.547 
140,104 
43.8249 
15,4003 
4,24035 
t.33289 

33,6927 
9,05781 
2,73823 
0.731228 



B. R o o s ,  A. V e i l l a r d ,  a n d  G .  V i n o t :  

T a b l e  6. Orbital energies and expansion coefficients (basis set 12s,6p,4d) 

K C a  Sc  T i  V C r  

l s  - 1 3 3 . 5 1 9  - 1 4 9 . 3 4 7  - 1 6 5 . 8 7 7  - 1 8 3 . 2 5 4  - 2 0 1 . 4 8 3  

0 . 0 0 1 5 2  0 . 0 0 1 4 7  0 . 0 0 1 4 7  0 . 0 0 1 5 6  0 . 0 0 1 6 7  

0 . 0 1 1 3 6  0 . 0 1 1 5 2  0 . 0 1 1 5 0  0 . 0 1 2 1 2  0 . 0 1 2 8 4  

0 , 0 5 7 0 4  0 . 0 5 7 2 3  0 . 0 5 7 6 3  0 . 0 5 9 3 1  0 . 0 6 2 0 1  

0 . 2 0 1 0 6  0 . 2 0 0 9 8  0 . 2 0 3 0 0  0 . 2 0 6 3 8  0 . 2 1 1 1 3  

0 . 4 4 1 8 6  0 . 4 3 9 6 7  0 . 4 4 0 8 7  0 . 4 3 8 4 8  0 . 4 3 9 3 3  

0 . 4 0 0 3 3  0 . 4 0 0 6 9  0 . 3 9 6 9 6  0 . 3 9 3 2 6  0 . 3 8 5 2 8  

0 . 0 4 9 8 0  0 . 0 5 1 8 3  0 . 0 5 1 6 1  0 . 0 5 2 2 4  0 . 0 4 9 1 5  

- 0 . 0 1 4 4 8  - 0 . 0 1 5 5 9  - 0 , 0 1 5 5 5  - 0 . 0 1 6 2 3  - 0 . 0 1 4 0 0  

0 . 0 0 4 8 0  0 . 0 0 5 7 7  0 . 0 0 5 7 8  0 . 0 0 5 9 8  0 . 0 0 5 0 2  

- 0 . 0 0 2 4 5  - 0 , 0 0 3 0 3  - 0 . 0 0 2 9 8  - 0 . 0 0 2 9 8  - 0 . 0 0 2 4 3  

0 . 0 0 0 7 4  0 . 0 0 0 8 6  0 . 0 0 0 8 3  0 . 0 0 0 7 8  0 . 0 0 0 6 2  

- 0 . 0 0 0 4 1  - 0 . 0 0 0 4 4  - 0 . 0 0 0 4 2  - 0 . 0 0 0 3 9  

- 14 ,4791  - 16 .8121  - 1 9 . 0 6 4 5  - 2 1 . 4 0 9 9  

- 0 . 0 0 0 4 4  - 0 , 0 0 0 4 2  0 . 0 0 0 4 3  - 0 . 0 0 0 4 6  

- 0 . 0 0 3 2 6  - 0 . 0 0 3 3 4  0 . 0 0 3 3 7  - 0 . 0 0 3 5 8  

- 0 . 0 1 7 0 6  - 0 . 0 1 7 2 8  0 . 0 1 7 5 7  - 0 . 0 1 8 2 6  

- 0 . 0 6 3 0 7  - 0 . 0 6 3 8 5  0 . 0 6 5 2 2  - 0 . 0 6 7 0 4  

- 0 . 1 7 7 8 0  - 0 . 1 7 8 6 1  0 . 1 8 1 5 0  - 0 . 1 8 3 2 6  

- 0 . 2 2 9 1 4  - 0 . 2 3 2 8 9  0 . 2 3 3 7 9  - 0 . 2 3 3 3 6  

0 . 4 1 4 4 4  0 . 4 0 2 6 8  - 0 . 4 0 2 1 9  0 . 4 0 9 9 1  

0 . 6 8 4 0 8  0 . 6 8 9 6 4  - 0 . 6 8 9 0 2  0 . 6 8 2 5 8  

0 . 0 6 9 5 3  0 . 0 7 8 7 4  - 0 . 0 8 1 0 7  0 . 0 7 9 1 7  

2s 

3s 

4s  

- 0 . 0 0 0 3 1  

- 2 3 . 8 5 9 7  

- 0 . 0 0 0 5 0  

- 0 . 0 0 3 8 3  

- 0 . 0 1 9 2 5  

- 0 . 0 6 9 4 8  

- 0 . 1 8 6 2 5  

- 0 . 2 3 3 3 3  

0 . 4 0 8 1 7  

0 . 6 8 8 0 4  

0 . 0 7 7 8 5  

- 2 2 0 . 5 4 8  

0 . 0 0 1 6 2  

0 . 0 1 2 6 8  

0 . 0 6 2 0 9  

0 . 2 1 1 4 9  

0 . 4 4 1 3 6  

0 . 3 8 3 1 2  

0 . 0 4 8 9 7  

- 0 . 0 1 4 0 9  

0 . 0 0 4 9 4  

- 0 . 0 0 2 3 5  

0 . 0 0 0 5 8  

- 0 . 0 0 0 2 9  

- 2 6 . 4 0 7 3  

- 0 . 0 0 0 4 9  

- 0 . 0 0 3 8 0  

- 0 . 0 1 9 4 1  

- 0 . 0 7 0 0 5  

- 0 . 1 8 9 0 6  

- 0 . 2 3 3 2 2  

0 . 4 1 2 4 5  

0 . 6 8 3 7 6  

0 . 0 7 8 9 9  

- 0 . 0 1 9 9 2  

0 . 0 0 5 3 7  

- 0 . 0 0 2 9 8  

- 1 . 7 4 1 4 2  

- 0 . 0 0 0 1 4  

- 0 . 0 0 1 0 7  

- 0 . 0 0 5 6 2  

- 0 . 0 2 1 0 4  

- 0 . 0 6 0 3 0  

- 0 . 0 8 3 0 9  

0 . 1 9 1 1 4  

0 . 4 8 3 9 7  

- 0 . 5 9 4 0 6  

- 0 . 6 0 8 9 9  

- 0 . 0 2 1 5 5  0 . 0 2 0 7 6  - 0 . 0 1 8 8 8  - 0 . 0 1 7 1 6  - 0 . 0 1 7 3 8  

0 . 0 0 5 2 7  - 0 . 0 0 4 9 9  0 . 0 0 4 2 8  0 . 0 0 3 8 3  0 . 0 0 3 8 0  

- 0 . 0 0 2 6 8  0 . 0 0 2 4 9  - 0 . 0 0 2 1 4  - 0 . 0 0 1 8 9  - 0 . 0 0 1 8 8  

- 2 . 2 3 9 1 4  - 2 . 5 5 5 9 1  - 2 . 8 6 2 1 4  - 3 . 1 6 8 7 0  - 3 . 4 7 5 9 7  

- 0 . 0 0 0 1 4  0 . 0 0 0 1 5  0 . 0 0 0 1 6  0 . 0 0 0 1 8  0 . 0 0 0 1 7  

- 0 . 0 0 1 1 5  0 . 0 0 1 1 9  0 . 0 0 1 2 8  0 . 0 0 1 3 8  0 . 0 0 1 3 9  

- 0 . 0 0 5 9 7  0 . 0 0 6 2 0  0 . 0 0 6 5 3  0 . 0 0 6 9 7  0 . 0 0 7 0 9  

- 0 . 0 2 2 2 9  0 . 0 2 3 2 7  0 . 0 2 4 3 1  0 . 0 2 5 5 1  0 . 0 2 5 9 7  

- 0 . 0 6 3 5 5  0 . 0 6 6 0 2  0 . 0 6 7 6 8  0 . 0 6 9 6 5  0 . 0 7 1 3 7  

- 0 . 0 8 8 4 5  0 . 0 9 1 0 6  0 . 0 9 2 7 5  0 . 0 9 4 2 9  0 . 0 9 5 4 6  

0 . 1 9 4 7 9  - 0 . 2 0 1 2 3  - 0 . 2 1 2 3 2  - 0 . 2 1 5 5 1  - 0 . 2 2 2 8 6  

0 . 5 1 7 2 5  - 0 . 5 2 9 0 4  - 0 . 5 3 2 1 0  - 0 . 5 4 1 6 2  - 0 . 5 4 1 2 0  

- 0 . 5 2 0 3 4  0 . 5 0 5 4 4  0 . 5 1 7 7 8  0 . 5 2 7 1 6  0 . 5 3 9 6 3  

- 0 . 6 8 7 0 2  0 . 7 0 7 1 9  0 . 7 0 2 9 5  0 . 7 0 0 8 8  0 . 6 9 2 4 0  

- 0 . 0 1 5 7 4  - 0 . 0 2 7 1 6  0 . 0 3 1 7 3  

0 . 0 0 6 2 0  0 . 0 1 0 6 2  - 0 . 0 1 2 1 9  

- 0 . 1 4 5 3 8  - 0 . 1 9 3 7 1  - 0 . 2 0 6 8 4  

- 0 . 0 0 0 0 2  - 0 . 0 0 0 0 3  - 0 . 0 0 0 0 3  

- 0 . 0 0 0 2 0  - 0 . 0 0 0 2 7  - 0 . 0 0 0 2 7  

- 0 . 0 0 1 0 6  - 0 . 0 0 1 4 0  - 0 . 0 0 1 4 4  

- 0 . 0 0 4 0 2  - 0 . 0 0 5 2 7  - 0 . 0 0 5 4 5  

0 . 0 3 1 1 8  0 . 0 2 9 3 9  0 . 0 2 7 7 3  

- 0 . 0 1 2 3 5  - 0 . 0 1 1 4 2  - 0 . 0 1 0 8 5  

- 0 . 2 1 7 3 2  - 0 . 2 2 6 4 0  - 0 . 2 3 4 3 9  

- 0 . 0 0 0 0 3  - 0 . 0 0 0 0 4  - 0 . 0 0 0 0 3  

- 0 . 0 0 0 2 9  - 0 . 0 0 0 3 1  - 0 . 0 0 0 3 0  

- 0 . 0 0 1 4 9  - 0 . 0 0 1 5 5  - 0 . 0 0 1 5 3  

- 0 . 0 0 5 5 8  - 0 . 0 0 5 7 1  - 0 . 0 0 5 6 7  

- -  0 . 0 1 1 3 8  - -  0 . 0 1 4 9 6  

- 0 . 0 1 6 2 0  - -  0 . 0 2 1 2 6  

0 . 0 3 9 2 6  0 . 0 4 8 9 8  

0 . 0 9 5 2 7  0 . 1 3 1 4 0  

- -  0 . 1 2 6 7 0  - -  0 . 1 5 4 0 6  

- -  0 . 3 1 0 9 4  - -  0 . 3 8 5 3 6  

0 . 5 3 6 5 4  0 . 6 2 0 4 9  

0 . 5 7 5 3 0  0 . 5 2 4 5 5  

- 0 . 0 1 5 4 0  - 0 . 0 1 5 4 6  - 0 . 0 1 5 5 3  

- 0 . 0 2 1 7 3  - 0 . 0 2 1 6 6  - 0 . 0 2 1 5 2  

0 . 0 5 0 3 5  0 . 0 5 1 9 8  0 . 0 5 1 5 6  

0 . 1 3 3 3 1  0 . 1 3 1 7 3  0 . 1 3 0 8 6  

- 0 . 1 4 7 8 9  - 0 . 1 5 1 1 2  - 0 . 1 5 0 4 4  

- 0 . 3 8 5 4 2  - 0 . 3 6 9 4 6  - 0 . 3 5 8 6 1  

0 . 5 4 7 5 4  0 . 5 9 3 8 6  0 . 5 7 6 4 5  

0 . 5 9 4 1 0  0 . 5 4 3 2 9  0 . 5 5 7 7 6  

- 0 . 0 1 5 5 2  

- 0 . 0 2 1 2 4  

0 . 0 5 1 9 8  

0 . 1 2 7 5 5  

- 0 . 1 5 1 2 3  

- 0 . 3 4 4 3 7  

0 . 5 9 0 4 9  

0 . 5 4 0 1 2  



M o l e c u l a r  W a v e f u n c t i o n s  C o n t a i n i n g  T h i r d - R o w  A t o m s  

T a b l e  6 ( c o n t i n u e d )  

K C a  Sc  T i  V C r  

2p 

3p 

3d 

- 1 1 . 4 9 6 6  - 1 3 . 6 0 6 5  - 1 5 . 6 3 9 2  - 1 7 . 7 6 3 9  - 19 .9923  - 2 2 . 3 1 7 1  

0 . 0 2 7 2 9  0 . 0 2 5 6 5  0 . 0 2 5 1 3  0 . 0 2 5 6 8  0 . 0 2 6 0 9  0 . 0 2 4 4 0  

0 . 1 7 1 5 0  0 . 1 6 2 0 2  0 . 1 5 9 4 3  0 . 1 6 2 5 9  0 . 1 6 4 9 8  0 . 1 5 8 7 3  

0 . 4 6 2 6 3  0 . 4 5 2 0 1  0 . 4 4 9 4 3  0 . 4 5 2 8 1  0 . 4 5 5 5 7  0 . 4 5 0 9 0  

0 . 4 8 2 9 2  0 . 4 9 4 8 2  0 . 4 9 6 5 3  0 . 4 8 9 7 7  0 . 4 8 4 0 2  0 . 4 9 1 6 5  

0 . 0 6 6 4 8  0 . 0 7 5 0 5  0 . 0 7 7 0 4  0 . 0 7 4 5 2  0 . 0 7 2 8 6  0 . 0 7 6 9 0  

- 0 . 0 1 1 0 8  - 0 . 0 1 2 1 8  - 0 . 0 1 1 9 3  - 0 . 0 1 1 t 9  - 0 . 0 1 0 5 2  - 0 . 0 1 0 5 5  

- 0 . 9 4 3 6 7  - 1 . 3 3 0 5 4  - 1 . 55878  - 1 . 7 7 8 6 7  - 1 . 9 9 9 1 4  - 2 . 2 1 9 6 3  

- 0 . 0 0 8 5 3  - 0 . 0 0 8 5 6  - 0 . 0 0 8 6 5  - 0 . 0 0 9 0 4  - 0 . 0 0 9 3 5  - 0 . 0 0 8 8 6  

- 0 . 0 5 3 5 4  - 0 . 0 5 4 2 1  - 0 . 0 5 5 0 3  - 0 . 0 5 7 3 4  - 0 . 0 5 9 2 1  - 0 . 0 5 7 8 3  

- 0 . 1 6 2 2 3  - 0 . 1 6 9 0 5  - 0 . 1 7 3 7 7  - 0 . 1 8 0 1 1  - 0 . 1 8 5 3 4  - 0 . 1 8 5 5 4  

- 0 . 1 3 7 6 0  - 0 . 1 5 6 8 6  - 0 . 1 6 2 3 2  - 0 . 1 5 9 2 9  - 0 . 1 5 6 6 4  - 0 . 1 6 4 9 6  

0 . 4 9 8 2 0  0 . 4 9 4 8 7  0 . 4 9 8 7 8  0 . 5 1 4 8 8  0 . 5 2 1 8 6  0 . 5 1 4 9 1  

0 . 6 3 2 5 0  0 . 6 3 4 2 1  0 . 6 3 1 8 5  0 . 6 1 6 9 6  0 . 6 1 0 1 0  0 . 6 1 9 7 9  

- 0 . 3 3 0 0 5  - 0 . 4 2 3 9 1  - 0 . 4 8 8 4 7  - 0 . 5 4 0 0 1  

0 . 0 5 1 0 3  0 . 0 6 1 7 5  0 . 0 6 2 8 6  0 . 0 6 3 4 1  

0 . 2 5 0 9 9  0 . 2 7 2 9 1  0 . 2 7 6 8 7  0 . 2 7 9 9 5  

0 . 5 1 1 1 0  0 . 5 1 4 8 3  0 . 5 1 7 4 5  0 . 5 1 7 7 7  

0 . 4 9 9 8 6  0 . 4 6 1 5 4  0 . 4 5 2 6 8  0 . 4 4 8 4 6  

M n  F e  C o  N i  C u  Z n  

l s  

2s 

- 2 4 0 . 5 5 2  - 2 6 1 . 3 4 5  - 2 8 3 . 0 3 2  - 3 0 5 . 5 8 4  - 3 2 8 . 9 9 5  - 3 5 3 . 2 8 5  

0 . 0 0 1 6 2  0 . 0 0 1 6 9  0 . 0 0 1 6 3  0 . 0 0 1 6 8  0 . 0 0 1 7 0  0 . 0 0 1 7 0  

0 . 0 1 2 8 4  0 . 0 1 3 2 0  0 . 0 1 2 8 6  0 . 0 1 3 0 7  0 . 0 1 2 7 0  0 . 0 1 2 7 7  

0 . 0 6 3 0 9  0 . 0 6 2 8 4  0 . 0 6 2 4 2  0 . 0 6 3 4 8  0 . 0 6 2 5 7  0 . 0 6 2 5 4  

0 . 2 1 1 3 8  0 . 2 1 1 0 0  0 . 2 1 2 1 8  0 . 2 1 4 0 2  0 . 2 1 0 4 9  0 . 2 1 2 8 9  

0 , 4 3 9 7 6  0 . 4 4 0 0 9  0 . 4 3 9 1 2  0 . 4 3 9 2 6  0 . 4 3 7 6 8  0 . 4 3 8 4 2  

0 , 3 8 3 1 9  0 . 3 8 2 8 3  0 . 3 8 2 8 2  0 . 3 8 0 1 7  0 . 3 8 4 9 9  0 . 3 8 1 5 7  

0 , 0 4 9 5 1  0 . 0 4 9 6 6  0 . 0 5 0 0 8  0 . 0 4 9 5 1  0 . 0 5 1 1 5  0 . 0 5 1 3 8  

- 0 . 0 1 4 4 4  - 0 . 0 1 4 5 2  - 0 . 0 1 4 4 5  - 0 . 0 1 4 7 9  - 0 . 0 1 5 0 3  - 0 . 0 1 5 2 0  

0 . 0 0 5 0 1  0 . 0 0 5 0 0  0 . 0 0 4 9 2  0 . 0 0 5 0 3  0 . 0 0 5 0 3  0 . 0 0 5 0 9  

- 0 . 0 0 2 3 3  - 0 . 0 0 2 3 0  - 0 . 0 0 2 2 3  - 0 . 0 0 2 2 4  - 0 . 0 0 2 2 2  - 0 . 0 0 2 2 3  

0 . 0 0 0 5 7  0 . 0 0 0 5 5  0 . 0 0 0 5 2  0 . 0 0 0 5 1  0 . 0 0 0 4 9  0 . 0 0 0 4 9  

- 0 . 0 0 0 2 8  - 0 . 0 0 0 2 7  - 0 . 0 0 0 2 5  - 0 . 0 0 0 2 5  - 0 . 0 0 0 2 4  - 0 . 0 0 0 2 4  

- 2 9 . 1 0 2 8  - 3 1 . 9 1 1 7  - 3 4 . 8 3 9 3  - 3 7 . 8 8 5 2  - 4 1 . 0 4 7 8  - 4 4 . 3 2 3 9  

- 0 . 0 0 0 4 9  - 0 . 0 0 0 5 1  - 0 . 0 0 0 4 9  - 0 . 0 0 0 5 1  - 0 . 0 0 0 5 2  - 0 . 0 0 0 5 3  

- 0 . 0 0 3 8 8  - 0 . 0 0 4 0 1  - 0 . 0 0 3 9 3  - 0 . 0 0 4 0 0  - 0 . 0 0 3 9 1  - 0 . 0 0 3 9 5  

- 0 . 0 1 9 8 6  - 0 . 0 1 9 9 0  - 0 . 0 1 9 8 5  - 0 . 0 2 0 3 1  - 0 . 0 2 0 0 9  - 0 . 0 2 0 1 6  

- 0 . 0 7 0 5 2  - 0 . 0 7 0 8 0  - 0 . 0 7 1 6 4  - 0 . 0 7 2 6 2  - 0 . 0 7 1 6 9  - 0 . 0 7 2 9 2  

- 0 . 1 8 9 9 6  - 0 . 1 9 1 3 9  - 0 . 1 9 2 0 1  - 0 . 1 9 4 1 6  - 0 . 1 9 3 2 8  - 0 . 1 9 4 9 7  

- 0 . 2 3 4 4 6  - 0 . 2 3 5 5 7  - 0 . 2 3 7 2 9  - 0 . 2 3 5 7 0  - 0 . 2 4 0 0 2  - 0 . 2 3 9 3 7  

0 . 4 1 5 7 3  0 . 4 1 8 1 0  0 . 4 1 4 1 7  0 . 4 3 0 2 9  0 . 4 1 8 0 4  0 . 4 2 0 3 1  

0 . 6 8 1 1 6  0 . 6 7 9 4 6  0 . 6 8 3 2 9  0 . 6 6 9 7 5  0 . 6 8 0 1 4  0 . 6 7 9 2 5  

0 . 0 7 8 3 9  0 . 0 7 8 2 9  0 . 0 7 9 4 8  0 . 0 7 6 0 7  0 . 0 7 9 3 9  0 . 0 7 8 4 5  

- 0 . 0 1 6 5 0  - 0 . 0 1 6 0 1  - 0 . 0 1 5 8 8  - 0 . 0 1 4 4 6  - 0 . 0 1 5 3 4  - 0 . 0 1 4 7 7  

0 . 0 0 3 5 6  0 . 0 0 3 4 1  0 . 0 0 3 3 2  0 . 0 0 3 0 0  0 . 0 0 3 0 9  0 . 0 0 2 9 6  

- 0 . 0 0 1 7 5  - 0 . 0 0 1 6 7  - 0 . 0 0 1 6 2  - -  0 . 0 0 1 4 5  - 0 . 0 0 1 5 0  - 0 . 0 0 1 4 3  
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T a b l e  6 ( c o n t i n u e d )  

M n  F e  C o  N i  C u  Z n  

3 s  

4 s  

2p 

3 p  

3 d  

- 3 . 7 9 7 5 4  - 4 . 1 4 3 5 4  - 4 . 4 9 2 8 2  - 4 . 8 5 1 1 0  - 5 . 2 1 8 4 1  - 5 . 5 9 0 2 8  

0 . 0 0 0 1 8  - 0 . 0 0 0 1 9  0 . 0 0 0 1 8  - 0 . 0 0 0 1 9  - 0 . 0 0 0 1 9  0 . 0 0 0 2 0  

0 . 0 0 1 4 3  - 0 . 0 0 1 4 9  0 . 0 0 1 4 6  - 0 . 0 0 1 5 0  - 0 . 0 0 1 4 7  0 . 0 0 1 4 9  

0 . 0 0 7 3 1  - 0 . 0 0 7 3 8  0 . 0 0 7 4 0  - 0 . 0 0 7 6 1  - 0 . 0 0 7 5 6  0 . 0 0 7 6 2  

0 . 0 2 6 3 6  - 0 . 0 2 6 6 7  0 . 0 2 7 1 6  - 0 . 0 2 7 6 9  - 0 . 0 2 7 4 6  0 . 0 2 8 0 4  

0 . 0 7 2 2 8  - 0 . 0 7 3 4 0  0 . 0 7 4 1 1  - 0 . 0 7 5 3 6  - 0 . 0 7 5 3 4  0 . 0 7 6 3 1  

0 . 0 9 6 9 3  - 0 . 0 9 8 3 6  0 . 0 9 9 8 6  - 0 . 1 0 0 0 2  - 0 . 1 0 2 3 3  0 . 1 0 2 6 6  

- 0 . 2 2 8 7 8  0 . 2 3 4 0 0  - 0 . 2 3 4 5 0  0 . 2 4 8 3 1  0 . 2 4 2 9 7  - 0 . 2 4 6 8 2  

- 0 . 5 4 2 7 5  0 . 5 4 4 7 0  - 0 . 5 4 9 1 2  0 . 5 4 2 6 0  0 . 5 4 8 8 8  - 0 . 5 4 9 1 0  

0 . 5 4 5 5 1  - 0 . 5 5 1 8 5  0 . 5 5 0 9 2  - 0 . 5 6 5 5 4  - 0 . 5 6 1 9 4  0 . 5 6 8 7 8  

0 . 6 9 1 0 3  - 0 . 6 8 8 4 0  0 . 6 9 1 1 6  - 0 . 6 8 2 3 3  - 0 . 6 8 4 8 2  0 . 6 8 0 6 1  

0 . 0 2 7 2 1  - 0 . 0 2 6 8 3  0 . 0 2 6 9 9  - 0 . 0 2 5 6 4  - 0 . 0 2 5 9 1  0 . 0 2 5 1 2  

- 0 . 0 1 0 6 7  0 . 0 1 0 4 2  - 0 . 0 1 0 5 0  0 . 0 0 9 9 2  0 . 0 1 0 2 3  - 0 . 0 0 9 7 8  

- 0 . 2 4 2 0 2  - 0 . 2 5 1 3 8  - 0 . 2 5 9 4 5  - 0 . 2 6 7 1 6  - 0 . 2 7 4 5 0  - 0 . 2 8 1 1 4  

- 0 . 0 0 0 0 3  - 0 . 0 0 0 0 4  - 0 . 0 0 0 0 3  - 0 . 0 0 0 0 3  - 0 . 0 0 0 0 3  - 0 . 0 0 0 0 3  

- 0 . 0 0 0 3 0  - 0 . 0 0 0 3 1  - 0 . 0 0 0 3 0  - 0 . 0 0 0 3 0  - 0 . 0 0 0 2 9  - 0 . 0 0 0 2 9  

- 0 . 0 0 1 5 4  - 0 . 0 0 1 5 3  - 0 . 0 0 1 5 1  - 0 . 0 0 1 5 2  - 0 . 0 0 1 4 8  - 0 . 0 0 1 4 6  

- 0 . 0 0 5 6 1  - 0 . 0 0 5 5 9  - 0 . 0 0 5 5 8  - 0 . 0 0 5 5 9  - 0 . 0 0 5 4 3  - 0 . 0 0 5 4 4  

- 0 . 0 1 5 3 3  - 0 . 0 1 5 3 2  - 0 . 0 1 5 1 8  - 0 . 0 1 5 1 4  - 0 . 0 1 4 8 5  - 0 . 0 1 4 7 4  

- 0 . 0 2 1 0 5  - 0 . 0 2 1 0 2  - 0 . 0 2 0 9 4  - 0 . 0 2 0 5 8  - 0 . 0 2 0 6 4  - 0 . 0 2 0 3 1  

0 . 0 5 2 1 3  0 . 0 5 2 4 8  0 . 0 5 1 6 4  0 . 0 5 3 6 5  0 . 0 5 1 4 6  0 . 0 5 1 3 0  

0 . 1 2 4 6 7  0 . 1 2 3 1 8  0 . 1 2 1 7 9  0 . 1 1 8 1 4  0 . 1 1 7 2 5  0 . 1 1 4 8 0  

- 0 . 1 4 9 0 1  - 0 . 1 4 8 8 8  - 0 . 1 4 5 6 9  - 0 . 1 4 7 3 6  - 0 . 1 4 4 0 1  - 0 . 1 4 2 4 1  

- 0 . 3 3 4 0 2  - 0 . 3 2 6 2 3  - 0 . 3 1 9 4 9  - 0 . 3 0 9 6 4  - 0 . 3 0 1 9 6  - 0 . 2 9 5 0 7  

0 . 5 7 7 5 9  0 . 5 6 5 0 5  0 . 5 5 5 8 9  0 . 5 5 3 6 2  0 . 5 6 1 9 6  0 . 5 4 1 2 8  

0 . 5 4 9 4 5  0 . 5 6 0 3 0  0 . 5 6 6 9 4  0 . 5 6 7 6 1  0 . 5 5 6 0 5  0 . 5 7 5 4 6  

- 2 4 . 7 9 1 2  - 2 7 . 3 7 1 4  - 3 0 . 0 7 1 8  - 3 2 . 8 8 8 3  - 3 5 . 8 2 0 3  - 3 8 . 8 6 8 4  

0 . 0 2 5 0 6  0 . 0 2 4 7 2  0 . 0 2 4 4 7  0 . 0 2 4 9 6  0 . 0 2 4 4 8  0 . 0 2 3 5 1  

0 . 1 6 0 9 6  0 . 1 6 1 5 5  0 . 1 5 8 5 4  0 . 1 6 1 4 7  0 . 1 5 8 7 9  0 . 1 5 5 7 5  

0 . 4 5 3 8 7  0 . 4 5 4 5 5  0 . 4 5 4 5 8  0 . 4 5 5 5 1  0 . 4 5 4 6 2  0 . 4 5 1 8 4  

0 . 4 8 7 0 0  0 . 4 8 5 3 7  0 . 4 8 6 9 6  0 . 4 8 2 6 3  0 . 4 8 5 0 9  0 . 4 8 9 6 4  

0 . 0 7 4 2 4  0 . 0 7 4 0 1  0 . 0 7 4 6 0  0 . 0 7 3 5 2  0 . 0 7 4 5 3  0 . 0 7 6 4 3  

- 0 . 0 1 0 0 4  - 0 . 0 0 9 9 1  - 0 . 0 0 9 5 3  - 0 . 0 0 9 0 9  - 0 . 0 0 9 0 9  - 0 . 0 0 9 2 7  

- 2 . 4 5 3 2 2  - 2 . 7 0 8 6 4  - 2 . 9 6 6 3 8  - 3 . 2 3 1 8 8  - 3 . 5 0 4 7 9  - 3 . 7 8 1 3 5  

- 0 . 0 0 9 2 1  - 0 . 0 0 9 2 0  - 0 . 0 0 9 1 9  - 0 . 0 0 9 4 5  - 0 . 0 0 9 3 4  - 0 . 0 0 9 0 3  

- 0 . 0 5 9 2 6  - 0 . 0 6 0 1 5  - 0 . 0 5 9 6 3  - 0 . 0 6 1 3 0  - 0 . 0 6 0 7 0  - 0 . 0 5 9 8 7  

- 0 . 1 8 9 9 7  - 0 . 1 9 3 1 4  - 0 . 1 9 4 9 8  - 0 . 1 9 7 6 7  - 0 . 1 9 8 8 2  - 0 . 1 9 8 8 6  

- 0 . 1 6 0 7 0  - 0 . 1 5 9 5 9  - 0 . 1 6 2 3 3  - 0 . 1 5 9 9 2  - 0 . 1 6 1 9 8  - 0 . 1 6 5 3 6  

0 . 5 2 9 4 9  0 . 5 3 6 8 6  0 . 5 3 5 9 4  0 . 5 3 9 4 4  0 . 5 4 1 2 3  0 . 5 4 0 3 1  

0 . 6 0 5 8 4  0 . 5 9 8 7 7  0 . 6 0 1 0 6  0 . 5 9 7 7 7  0 . 5 9 6 9 7  0 . 5 9 8 6 5  

- 0 . 6 1 0 8 9  - 0 . 6 1 0 9 5  - 0 . 6 3 2 2 8  - 0 . 6 5 6 6 7  - 0 . 6 8 2 6 8  - 0 . 7 1 8 1 0  

0 . 0 6 3 3 3  0 . 0 6 5 4 0  0 . 0 6 7 0 0  0 . 0 6 8 4 8  0 . 0 6 9 7 9  0 . 0 6 9 5 2  

0 . 2 8 2 9 4  0 . 2 8 7 4 9  0 . 2 9 1 9 8  0 . 2 9 6 2 8  0 . 2 9 9 8 0  0 . 3 0 0 2 1  

0 . 5 2 0 1 6  0 . 5 1 7 8 5  0 . 5 1 7 3 3  0 . 5 1 6 9 9  0 . 5 1 6 7 0  0 . 5 1 6 7 7  

0 . 4 4 2 7 2  0 . 4 4 3 1 1  0 . 4 4 0 4 3  0 . 4 3 7 3 6  0 . 4 3 4 7 1  0 . 4 3 5 1 0  
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