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Abstract 

Relat ivist ic  quantum chem istry is the relat iv ist ic  form u lat ion of q uantum mechan­
ics appl ied to many-electron systems, that is to atoms, molecu les and so l ids . l t  
combi nes the pri nc ip les of special re lat iv ity, wh ich are obeyed by any fundamental 
physical theory, with the basic ru les of q uantum mechan ics . By construct ion , 
it represents the most fundamental theory of a l l  molecular sciences , wh ich  de­
scri bes matter by the act ion , i nteract ion and motion of the e lementary part ic les . 
This sc ience is of vital i m portance to physi cists, chemists, material scientists , and 
biolog ists with a molecu lar view of the worl d .  

A fu l l  relat iv ist i c  treatment of atoms and molecu les which i nc l udes the q uan­
t izat ion of the e lectromagnet ic f ield is cu rrent ly one of the most cha l l eng i ng  
tasks i n  e lect ron ic  st ructure theory. Therefore ,  relat iv ist ic effects i n  atoms and 
molecu les were stud ied com putational ly. A com binat ion of wave funct ion and  
density fu nct ional based methods with i n  a correct re lat ivist ic  framework proved 
necessary to ach ieve accurate results of various atomic and molecu lar propert i es .  
The fi rst part of th is  thesis deals w ith  i nvest igat ions i n  atom ic  systems i n c l ud i ng 
quantum e lectrodynam ic  effects m the ion izat ion potentials of a large n u m ber 
of elements. K-shel l and L-shel l  ion izat ions potentials for 268Mt were calcu lated 
and stat ic d i pole po larizab i l it ies of the neutral g roup 14 elements were Invest i­
gated . The second part concentrates on mo lecu lar systems i nc l ud i ng superheavy 
element monohydr ides u p  to 120H+) . I n  part icu lar, the chem i cal bond i ng  of the 
superheavy elements 1 19 and 120 are i nvest igated for the f irst t ime .  E lectr ic f ie ld 
g radients of a number of go ld and copper com pounds were also calcu lated and 
the nuclear quadrupole moment of go ld and copper determi ned i n  good agree­
ment with experiment . F i nal ly, the parity v io lat ion energy d ifference i n  the ch i ral 
molecu le bromoch lorof luoromethane (C H FC I Br)  was i nvestigated by relat iv ist ic 
coupled-c l uster theory to prov ide benchmark resu lts for a l l  future i nvest igat ions 
i n  th is f ie ld . 
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