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Direct relativistic effect

Indirect relativistic effect

Spin-orbit coupling

Orbitals are classified by റ𝑗 and no longer

by റ𝑙, shapes and energies of orbitals 
change.

Hg would not be 
liquid at room
temperature
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Nuclear charge is more strongly shielded by near-core 
orbitals, other orbitals expand.

High atomic number Z leads to higher electron velocity in 
near-core electrons, contracting their orbitals.
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Relativistic effects shape our elements

Scheme of the production of super-
heavy elements via heavy-ion fusion.

Production of SHE atom-by-atom using 
nuclear fusion

Chemistry at the heavy-element frontier: The study of superheavy elements
Elements rutherfordium 
(element 104) to 
oganesson (element 118) 
are called superheavy 
elements (SHEs).

Chemically studying single atoms with 
thermochromatography
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Determination of 
adsorption enthalpy -ΔHads  
from Tdep as a measure of 
an element’s volatility and 
reactivity.4
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115Owing to their high nuclear 
charge, the chemistry of SHEs 
is strongly influenced by 
relativistic effects.1
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The heaviest 
element chemically 
studied to date is 
moscovium 
(element 115).2

Superheavy Elements

Thermochromatography: Measuring the 
deposition pattern of a chemical species 
along a temperature gradient.3

Preparations for livermorium chemistry: 
Thermochromatography studies of polonium

Our elements without relativistic 
effects:

No cardio-SPECT with 
Tl would be possible

Au would 
have the 

same 
colour as 

Ag

Schematic of a thermochromatography study. Black line: 
Temperature gradient. Blue: Deposition of chemical species 
at deposition temperature Tdep.

Elemental polonium was 
found to be the most 
volatile species on quartz:5

Polonium can react with 
OH-groups on the quartz 
surface, forming a low-
volatile species.5

-ΔHads = 85−2
+3 kJ/mol
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Experiments suggest to study livermorium 
in the elemental state.
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