Current densities as a tool for analysis of
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Heavy-Atom-Light-Atom effect in the NMR spectroscopy
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Dirac-Kohn-Sham equation
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Pauli current density
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Pauli current density in the presence of magnetic fields:
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Four-component current density within DFT

Time-dependent Dirac-Kohn-Sham equation:
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Gordon decomposition

Time-independent Dirac-Kohn-Sham equation:

> o - re 1 - > - e
(cG p+a A+ cB+Via)pi=apr  9i=—Blei— (i B+ A+ Vica)o
Four-component current density: j= —goch?goi a = (O 5) p = (1 0 )
‘ g 0 0 -1
Gordon decomposition of ) fo 1, 1 .
four-component current density: ] = —Im{cpi V,BQDi} ) (‘7 X PG) — ZAPg

2 (6 O
p§ = ol By p¢ = ol3Bg; E—(O 5.)

_ 1, - 1.
Pauli (non-relativistic) current density:  j = —Im{gg;:l-Vggi} -5 (\7 X [3’) — ZAPO

po = 9] p; p=oldp;



Calculation of magnetic properties
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Heavy-Atom-Light-Atom effect
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Typical *H NMR in organic compounds
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Current density induced by an external uniform magnetic field

Dirac-Kohn-Sham calculation DKS calculation without spin-orbit difference
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Heavy-Atom-Light-Atom effect

spin-orbit induced current

NMR shielding tensor: Py =7 — }_fM
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Model of circular current centred on R,;:
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Magnetically and spin-orbit induced spin-density

spin-orbit induced current

Only spin-current has nonzero linear SO contribution: AuH
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5exp' 6calc and 550 (1H) / ppm

Trends across the periodic table

140 -

mlP,, =uLP_*
120 - HA HA

[y

o

o
1

80 -

60 -

6p"— 6p-H-
6p-H H-
A

4f*

40 -

+H-
+H-
-H- — 6p*_
+H-
.

N
v
:|—*
-—
-

20 -

] sﬁxp(lH) @] 6‘3'¢(1H) El GSO(IH)

INIPES) @ Q v\ S S D D DN LS S S D DS LSO
S (O 5 O O DY & & O <:b > <:b ;¥ NN
) Q\b ’b\ ?/\b‘ \ ‘\Q) 0) O) <° 6,6) ‘,") \ \,6) \ @ @b \bb \(OQ (oQ \bQ \bQ \bQ
C VvV ¢ o 2 Q\ Qg’ o> O N V % o\

Heavy atom

AR

J. Chem. Theory Comput. 14, 3025 (2018)



The dominant relativistic contribution is the coupling
between SO/FC/0OZ
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Two border cases
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5exp' 6calc and 550 (1H) / ppm

Trends across the periodic table
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Competing case of both occupied and unoccupied valence orbitals
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Summary

Partially occupied heavy atom valence shells
induce relativistic shielding at the light atom nuclei,
while empty heavy atom valence shells

induce relativistic deshielding.
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