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The variation-perturbation uncoupled Hartree-Fock scheme is applied to the calculation of the 
electric dipole polarizabilities of Mg and Ar-like atomic systems. The results are compared with 
more elaborate coupled Hartree-Fock calculations and with experimental data and indicate the 
validity of the method. 

Introduction 

Recently a new approximate uncoupled Hartree-
Fock (UCHF) variation-perturbation scheme 2 for 
the calculation of atomic and molecular second-order 
properties has been proposed. In the case of real 
perturbing operators this alternative simplified 
UCHF procedure has been shown to be superior to 
the D A L G A R N O scheme3 (Method c of L A N G H O F F , 

K A R P L U S a n d H U R S T 4 ) a n d t o t h e K A R P L U S - K O L K E R 

scheme5 (Method d of Ref. 4 ) , and comparable in 
accuracy with the best UCHF scheme known as the 
Method b' 4- 6. For the electric dipole polarizabilitv 
of 4- and 10-electron atomic systems a good agree-
ment with coupled Hartree-Fock (CHF) results was 
found 

More recently, this improved UCHF scheme has 
been analysed 7 using an appropriate perturbation-
like technique8, and it was shown that some additio-
nal approximations in the corresponding functional 
are still possible without a loss of accuracy of the 
calculated properties. A neglect of some small two-
electron integrals arising from the assumed ortho-
gonality conditions2' 4-7 resulted in what has been 
called the "reduced UCHF functional" 7. The UCHF 
scheme based on this functional has been applied to 
the calculation of the electric dipole polarizabilitv 
of Ne-like systems 7 and has been found very success-
ful. 

The aim of the present paper is to provide some 
further examples of the usefulness of the proposed 
UCHF method for the calculation of the electric di-
pole polarizabilities. It should be pointed out that 
from the computational point of view the present 
method is much simpler than the CHF scheme, but 
that its validity is only approximately justified. Thus, 
a comparison with the corresponding more accurate 

CHF results and with the experimental data for a 
sufficiently wide class of many-electron systems ap-
pears to be desirable. 

The Method 

A complete description of the method applied in 
the present study has been given previously 2' 7. Thus, 
for the sake of clarity of the presentation we only 
repeat some basic assumptions and formulae. The 
notation is the same as in previous papers of this 
series 2' 7. 

The first-order perturbed orbitals u,1 are approxi-
mated in the product form 4; 2 

uil = ftu,*-z /,«,•)«*• (1) 

and automatically satisfy the necessary orthogonalit\ 
conditions 4. The variation functions ft are determin-
ed by the extremization of the following functional 

/ [ / ; ] = i ( t t i ° ! V / i • V / i ! » i ° > + 2 ( i i u? I A 1 ! ) 

- l[{ek»-e?) |(u*°|/,»,°)|« 
k= 1 

+ 2(uk»\h1\ui»)(fiuio\uk°)] (2) 

+ 2(u(-°(1) /;(1) Ui°(2) | rjo1] iij°(l) /j(2) Uj°(2)) 

where both the perturbation operator hl and the 
variation correction f; are assumed to be real. The 
derivation of the functional (2) and the correspond-
ing approximations were discussed previously2"7. It 
should be pointed out that the "reduced UCHF func-
tional" (2) differs from that of the Karplus-Kolker 
scheme 4; 5' 9 by the presence of the two-electron in-
tegrals 

2 ( « i ° ( l ) / f ( l ) Ui°(2) !r2-11|ui°(l)/i(2) Ui°(2)>. 
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This additional term is always positive and leads to 
the desired reduction of the Karplus-Kolker results 
for the electric dipole polarizabilities which, in turn, 
are considerably higher than the corresponding CHF 
values and also usually higher than the experimental 
data 9 ' 1 0 . 

Apparently, the choice of the product-form ap-
proximation (1) for the first-order perturbed Orbi-

tals has some disadvantages 10~12. However, this 
should not greatly affect the calculated dipole pola-
rizabilities. 

A suitable form of the variation problem is ob-
tained in expanding the variation functions /,• into 
a set of known functions with linear variation coeffi-
cients 5. Usually, the so-called polynomial expansion 
of fi is accepted. In the case of the atomic dipole 
polarizabilities the functions fi can be expressed in 
the form 4 ' 1 1 (for ^-direction of the electric field) 

L2 

fi= lAipzr'-K (3) 
/> = L l 

This form of fi has also been used in our previous 
calculations2 '7 and it was found that the conver-
gence of the expansion (3) is sufficiently rapid. It 
was also found that the inclusion of the term z/r is 
of some importance 7 ' 8 ' 1 2 . 

Results and Discussion 

In the present calculations of the electric dipole 
polarizability of atomic Mg and some Ar-like atomic 
systems the variation functions fi were approximated 
in the form (3) . The convergence of the method has 
befi studied and, similarly as previously 2' 7 ' 1 2 , was 
found to be very god. The final results, which are 
presented in Table 1, refer to the 6 term expansion 
of fi with L l = 0 and L2 = 5. Our results are com-

pared with available CHF calculations and with ex-
perimental data and also with the results of several 
approximate polarizability calculations by H A R T -

M A N N and K O H L M A I E R 1 3 , T H O R H A L L S S O N et al.14, 
a n d P A S C H A L I S a n d W E I S S 1 5 . 

In order to indicate the superiority of the varia-
tion-perturbation scheme based on the functional (2) 
we also presented the corresponding results of the 
Karplus-Kolker method 16. As shown by the data of 
Table 1 the present results are always lower than 
those obtained within the Karplus-Kolker scheme. 
This confirms our general conclusions 2' 7 concerning 
the UCHF method based on the functional (2) . 

Although the reference CHF data are rather scarce, 
when available, they indicate that the present proce-
dure can be considered as a good approximation of 
the CHF method. This latter is in turn considered as 
the best one-electron theory of the second-order pro-
perties 17. 

Comparing our results with the experimental data 
it must be mentioned that these latter are rather 
estimated than measured. A stricking discrepancy 
between the present results and the corresponding 
experimental values is found for the CF-ion. A simi-
lar disagreement has been also noticed previously 
for the F~ ion7 although, on the other hand, the 
UCHF calculations were in very good agreement 
with the CHF data. The CHF perturbation theory 
giving rather too small than too large electric dipole 
polarizabilities, we think that these discrepancies are 
due to inaccuracies of the experimental data. It 
should be pointed out that the correlation effects 
should rather increase the CHF values. A good ex-
ample of the influence of the correlation effects is 
given by a comparison of various results for the 
H - ion 25. 

Table 1. Comparison of calculated and experimental electric dipole polarizabilities (in A3). 

Atom Calculated Experimental 
or This Reference results ** 
ion work * CHF HK TFF PW YH 

Mg 
cr 
Ar 
K+ 

Ca+H 

11.766 
5.139 
1.763 
0.885 
0.515 

12.04 

1.570 
3.0 
1.8 
0.94 
0.56 

14.1 
5.89 
1.99 
0.944 

6.717 

1.323 
0.7684 

19.4 
6.23 
2.32 
1.08 
0.620 

7.0 ± 1.8 7.4 ±1.8 19 

3.05 20, 2 .97" 
1.642 22 

0.80 23, 1.20 11 

0.54 23, 1.1 " 

* These results were obtained with analytical SCF wavefunctions of CLEMENTI 18. 
* * C H F = c o u p l e d Hartree -Fock results of KANEKO and ARAI 2 4 , H K = variation ca l cu la t i ons of HARTMANN and KOHLMAIER 1S, 

T F F = variat ion ca l cu la t i ons of THORHALLSSON et al. 14 , P W = variation ca l cu la t i ons o f PASCHALIS and WEISS 15 , 
Y H = results of the KARPLUS-KOLKER approach 1 6 . 



A difference between the experimental and the 
theoretical results for the Mg atom appears also to 
be due to the inaccuracy of the experimental esti-
mate 19. This point of view is supported by a com-
parison with the corresponding CHF value which is 
higher than the experimental one but almost the 
same as that calculated using the functional (2). 
Although there is no rigorous proof that the CHF 
scheme gives a lower bound to the exact electric 
dipole polarizability, the correlation corrections26 

appear to be positive. Thus, an agrement of the pre-
sent results with the CHF data seems to be more 
significant. 

It is also shown by the data of Table 1 that the 
present variation-perturbation UCHF results are as 
a rule lower than those obtained using the approxi-
mate variation treatment of K I R K W O O D 2 1 . The only 
exception is noticed for the H A R T M A N N and K O H L -

M A I E R 1 3 polarizability of the Cl~ ion which is lower 
than that found in this paper. In spite of the very 
crude character of the K I R K W O O D variation ap-
proach 27 the calculated electric dipole polarizabili-
ties are unexpectedly good. 

It follows from the comparisons presented in 
Table 1 that the UCHF variation-perturbation scheme 
based on the "reduced" functional (2) provides a 
good approximation of the CHF method. The present 
numerical results support our previous conclusions 
about the validity and usefulness of this simplified 
uncoupled Hartree-Fock perturbation approach. Fi-
nally, it should be mentioned that in the case of pure 
imaginary operators the aproximations leading to 
the functional (2) give the functional of the Karplus-
Kolker scheme 2. However, for real perturbing ope-
rators an inclusion of some two-elecrton integrals 
seems to be unavoidable. 

1 A . J. SADLEJ, C h e m . Phys . Letters 8. 100 [ 1 9 7 1 ] . 
2 A . J. SADLEJ, M o l . Phys . 2 1 , 1 4 5 , 9 5 9 [ 1 9 7 1 ] . 
3 A. DALGARNO, Proc. Roy. Soc. London A 251, 282 [1959]. 
4 P . W . LANGHOFF, M . KARPLUS, and R . P . HURST, J. C h e m . 

Phys. 44, 505 [1966]. 
5 M . KARPLUS and H . J. KÖLKER, J. C h e m . P h y s . 3 8 , 1263 

[1963]. 
6 T . C. CAVES and M . KARPLUS, J. C h e m . Phys . 5 0 , 3 6 4 9 

[1969]. 
7 A. J. SADLEJ, Mol. Phys. 22, 705 [1971]. 
8 A . J. SADLEJ and M . JASZUKTSKI, M o l . Phys . 2 2 , 7 6 1 [ 1 9 7 1 ] . 
9 H . J. KÖLKER and M . KARPLUS, J. C h e m . P h y s . 3 9 , 2001 

[1963]. 
10 J. M . O'HARE and R . P . HURST, J. C h e m . P h y s . 4 6 , 2 3 5 6 

[ 1 9 6 7 ] . 
11 P . W . LANGHOFF and R . P . HURST, Phys . R e v . 1 3 9 A , 1415 

[1965]. 
1 2 A . J. SADLEJ, A c t a Phys . P o l o n . A 4 1 , 1 7 3 [ 1 9 7 2 ] . 
13 H. HARTMANN and G . KOHLMAIER, T h e o r . C h i m . A c t a 7 , 

189 [1967]. 

1 4 J. THORHALLSSON, C. FISK, and S. FRAGA, T h e o r . C h i m . 
Acta 10,388 [1968]. 

1 5 E. PASCHALIS and A . WEISS, T h e o r . Ch im. A c t a 13 , 381 
[1969]. 

16 M . YOSHIMINE and R . P . HURST, Phys . R e v . 1 3 5 A , 6 1 2 
[1964]. 

17 R . M . PITZER, R . M . STEVENS, and W . N. LIPSCOMB, J. 
Chem. Phys. 38,550 [1963]. 

18 E. CLEMENTI, Tables of Atomic Functions, IBM J. Res. 
Dev., Suppl. 9, 2 [1965], 

19 P. L. ALTICK, J. Chem. Phys. 40. 238 [1964]. 
2 0 M . BORN and W . HEISENBERG, Z . Phys . 2 3 , 388 [ 1 9 2 4 ] . 
2 1 J. R . TESSMAN, A . H. KAHN, and W . SHOCKLEY, Phys . R e v . 

92, 890 [1953]. 
2 2 H . H. LANDOLT and R . BÖRNSTEIN, Zah lenwerte und F u n k -

tionen, Vol. 1, Part 1, Springer-Verlag, Berlin 1950. 
2 3 J. E. MAYER and M . G. MAYER, Phys . R e v . 4 3 , 605 [ 1 9 3 3 ] . 
2 4 S.KANEKO and S. ARAI, J. Phys . S o c . Japan 2 6 , 1 7 0 [ 1 9 6 9 ] . 
25 A. DALGARNO, Adv. Phys. 11, 281 [1962]. 
26 H. P. KELLY, Phys. Rev. 144, 39 [1966]. 
2 7 J. G . KIRKWOOD, Phys ik . Z . 33 , 57 [ 1 9 3 2 ] . 


