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 We have undertaken a quantum-mechanical study of molecules in finite magnetic 
fields, using a recently developed computer code London for the calculation of many-
electron molecules with wave-function theory [1] and more recently with Kohn–Sham 
density-functional theory (DFT). These two approaches to electronic-structure theory are 
connected by an implementation of the Lieb variation principle [2,3], allowing us to 
study the exchange–correlation functional of DFT at different levels of ab initio theory. 
 Our calculations on molecules in strong magnetic fields have revealed and 
highlighted many interesting phenomena such as the transition to diamagnetism of 
paramagnetic molecules at a critical field strength [4]. Perhaps most interestingly, 
antibonding molecular orbitals are stabilized in the field, leading to strongly bound triplet 
H2 and singlet He2 molecules [5] and helium clusters [6] at about 105 Tesla. 
 The application of DFT to magnetic fields requires modifications of the standard 
theory, by introducing a field- or current-dependence in the exchange–correlation 
functional. However, essentially all applications of Kohn–Sham theory to study magnetic 
phenomena ignore these modifications—yielding, for example, NMR shielding constants 
that are unreliable [7]. We discuss here some aspects of DFT in magnetic fields, 
including the Hohenberg–Kohn theorem and the choice of variables in DFT [8]. Kohn–
Sham calculations with different parameterizations of the Vignale–Rasolt–Geldart (VRG) 
functional in finite magnetic fields are presented. The results demonstrate that this 
functional form does not provide improvements in practical calculations and highlight the 
need for the development of new current-dependent approximations. 
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