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A Gaussian basis set consisting of  (15s, 9p, 8d) Gaussian functions has been 
optimized for the transition metal atoms of the second series (fourth-row 
atoms). 
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1. Introduction 

Three different basis sets are available in the literature for the second transition 
series (fourth-row atoms Y-Ag): 
i) the (17, 11, 8) basis set by Huzinaga [1] corresponding to a (10, 6) basis set for 
the first-row atoms [2, 3]; 
ii) the (14, 8, 7) basis set by Hyla-Kryspin et al [4] corresponding to a (8, 4) basis 
set for the first-row atoms [5]; 
iii) the (12, 8, 7) basis set by Friedlander et al [6], corresponding also to a (8, 4) 
basis set for the first-row atoms. 

A basis set which is commonly used for the first-row atoms is the (9, 5) basis set 
[2, 3] and its counterparts for the second- and third-row atoms, respectively (11, 7) 
[3] and (13, 7, 5) [4]. We report here the counterpart for the fourth-row atoms, a 
(15, 9, 8) basis set. 

2. Computational details 

Orbital exponent optimization was performed using an improved version of a 
program designed for atomic calculations [7], with the SCF energy minimized 
for the 5s14d n-I configuration rather than for the ground state configuration [8]. 
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The exponents of  a Gaussian basis set are usually requested to minimize the SCF 
atomic energy of the reference state. However  this criterion applied without 
discrimination may result in an overrepresentation of the inner shells to the 
detriment of  the valence shells [4]. The solution consists of  constraining the 
number  of  Gaussian functions used for the description of each atomic orbital 
(AO). These numbers were fixed to seven and five functions for the 1 s and 2p 
AO's respectively, two functions for the others ns  and np AO's,  five and three 
functions for the 3d and 4d AO's respectively. 

3. Results and discussion 

Orbitals exponents are given in Table 1 for the atoms Y to Ag. For the sake of 
brevity, the corresponding expansion coefficients are not reported since they can 
be easily reproduced. The total energies for the lowest state of  the 4d"-15s 1 
configuration are compared in Table 2 with the best results from Slater orbital 
calculations [9]. 

In order to use this basis set in SCF and CI  calculations for organometallics of 
Tc and Mo we have introduced some supplemental  basis functions: 
i) Schaefer noticed that, in one of the basis sets for the first transition series, the 
basis functions describing the 3s and 4s shells are widely separated [10]. A similar 
situation is found here for the 4s and 5s shells, this being especially true at the 
end of the series. Therefore we tentatively added an additional s function with 
an exponent  a~ =0.2597 for Mo and 0.2623 for Tc chosen according to the 
even-tempered criterion of Raffenetti and Ruedenberg [11] (namely the chosen 
s function is equidistant from the functions describing the outer part of the 3s 
and inner part  of  the 4s orbitals). 
ii) Two new p functions were added corresponding to the 5p shells, with their 
exponents (0.1665 and 0.0588 for Mo, 0.1836 and 0.0651 for Tc) determined 
following the even-tempered criterion. 

Table 2. Total energy (in a.u.) for the lowest state of the 
4dn-15sl neutral configuration 

G T O  a S T O  b 

y(4F) -3331.5220 -3331.6550 
Zr(SF) -3538.8561 -3538.9957 
Nb(6D) - 3 7 5 3 . 4 3 7 8  -3753.5845 
Mo(~S) - 3 9 7 5 . 3 8 3 3  -3975.5338 
Tc(6D)  - 4 2 0 4 . 6 0 7 7  -4204.7669 
Ru(SF) - 4 4 4 1 . 3 5 8 5  -4441.5264 
Rh(4F)  - 4 6 8 5 . 6 9 3 0  -4685.8833 
pd(3D)  - 4 9 3 7 . 6 9 6 6  -4937.8815 
Ag(ZS) - 5 1 9 7 . 4 9 3 3  -5197.6852 

a Uncontracted basis set (15, 9, 8) (this work). 
b Best results with Slater orbitals from Ref. [9]. 
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iii) The  n e e d  for an  a d d i t i o n a l  diffuse d f u n c t i o n  has  b e e n  e m p h a s i z e d  by  several  
au tho r s  [8, 12, 13]. Here  too  the  bas is  set was  a u g m e n t e d  wi th  a diffuse d f u n c t i o n  

a c c o r d i n g  to the  e v e n - t e m p e r e d  c r i t e r ion  (the e x p o n e n t s  o f  0.0528 for  M o  a n d  
0.0578 for  Tc  are c lose  to the  respec t ive  va lues  o f  0.0432 a n d  0.0658 r epo r t ed  b y  
W a l c h  et al. [13]). 
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