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The relativistic effect on absolute magnetic shielding tensors (σ(N)) became to evaluate 
successfully under the zeroth-order regular approximation (ZORA) level [1]. Eq 1 explains the 
outline briefly [2], where V(r) is the effective Kohn-Sham potential in external magnetic field B 
within the DFT theory, σ  are the Pauli matrices, and c is the speed of light. π and K(r) are given 
by eq 2. The first two terms in eq 1 form the basis of the scalar relativistic approximation and the 
third term represents spin-orbit coupling. As shown in eq 3, σt(N) are expressed as the sum of 
σd(N), σp(N), and σso(N) (the contributions from the spin-orbit interaction terms), if evaluated at 
the spin-orbit ZORA relativistic level. σd(N) + σp(N) (= σd+p(N)) in eq 3 correspond to the first 
two terms in eq 1, whereas σso(N) originate inherently as the spin-orbit effect. 
 

HZORA = V(r) + π(K(r)/2)π + (K2(r)/4c2)σ•[▽V(r)×p] – K(r)/c)σ•p (1) 
π  = p + (1/c)A(r),  B = ▽× A(r);  K(r) = {1 – (V(r)/2c2)}–1 (2) 
σt(N) = σd(N) + σp(N) + σso(N) = σd+p(N) + σso(N) (3) 

 

 
Fig. 1  Relativistic effect on σ(Se) for various selenium compounds: black, blue, and red stand for the 
total term (Δσt(Se)Rlt-so = Δσd+p(Se)Rlt-so + σso(Se)Rlt-so), the scalar term (Δσd+p(Se)Rlt-so), and the spin-orbit 
term (σso(Se)Rlt-so), respectively. 
 

The relativistic effect on σ(Se) are explicitly evaluated for various selenium species with the 
DFT(BLYP)-GIAO method. Calculations are performed under relativistic and nonrelativistic 
conditions with the Slater-type basis sets in ADF 2010 in the framework of ZORA, employing 
the optimized structures under nonrelativistic conditions at B3LYP of Gaussian 03. Figure 1 
shows the results. Details will be discussed in the presentation. 
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