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relativistic corrections shrink s-wave orbitals
electrons not shared, almost chemically inert
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Figure 1. Radial densities for the Is, 2s, 39, and 2p states of a hydrogen-like atom with Z = 80. The dashed curves are nonrelativistic 
(NR) and the full curves relativistic. The contractions for Is, 2s, 2p1,2, and 3s are of the same order of magnitude while that  for 
is much smaller. Reproduced with permission from Burke and Grant.23b 

namical effect on the valence electron itself. 

well-known spin-orbit splitting into 
Second, the 1 > 0 (p, d, f, ...) electrons will suffer the 

j = l + s  ( I C )  

j = l * y 2  (14 

Third, the effective potential for the d and f electrons, 
which never come close to the nucleus (due to the 
centrifugal potential 1(1+ l)/?), will be more efficiently 
screened due to the relativistic contraction of the s and 
p shells. Therefore they will go up in energy and out- 
ward radially.40, 41 

Thus the main effects on atomic orbitals are (1) the 
relativistic radial contraction and energetic stabilization 
of the s and p shells, (2) the well-known spin-orbit 
splitting, and (3) the relativistic radial expansion and 
energetic destabilization of the (outer) d and all f shells. 
All three effects are of the same order of magnitude and 
grow roughly like Z2.  

A recent bibliography2 on the relativistic theory of 
atoms and molecules, covering the years 1916-1985, lists 
3119 references. Even the reviews are numerous: for 
the basic theory and atomic calculations one can quote, 

e.g., Grant: Lindgren and RosBn,4 or Grant and Quiney5 
and the articles notably by Desclaux or Grant in the 
conference  proceeding^.^^ The extensive literature on 
atoms in Russian, including several books, is also cov- 
ered by ref 2. The reviews on molecular calculations, 
besides those in ref 6, 7, and 9, include the ones by 
Pyykko,lo Pitzer," Pyykko and Desclaux,12 and Chris- 
tiansen et al.13 

The attempts to comprehensively review "relativity 
and the periodic table" from a chemical point of view 
include Chapter XI of ref 10 and many others,11-22 in- 
cluding articles in Chinese,ls French,16,22 Ru~sian , l ' -~~  
and Swedish20,21 or material for undergraduate teach- 

Presently the elements 1-109 are experimentally 
known. If any superheavy ones beyond these will be 
produced, they will be even more strongly relativistic.26 

The main purpose of the present review is to provide 
a comprehensive review on the existing data (as of June 
1987) on relativistic effects on molecular structures 
(section 111). Other properties are also briefly sum- 
marized in section IV. Finally, we mention in section 
V several cases where relativistic effects n a y  be rele- 
vant. The relativistic aspects on chemistry are sum- 

ing.21-25 
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Relativistic Corrections

5d to 6s transition

Au

relativistic corrections shrink 5d-6s splitting
gold reflects yellow, but absorbs shorter wavelengths
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α−1 = 137.035999070(98)

α−1 = 137.03599878(91).spectroscopy:
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Quantum Corrections

+

coupling is distance dependent

α(10−10 m) ≈ 1
137

α(10−17 m) ≈ 1
128

γ


