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Modern first-principles schemes, if correctly used with a careful choice of corresponding
technical cutoffs, are supposed to yield practically identical results [1]. However, different
routine calculations of as “conventional” properties as e.g. adsorption energies, for a system
on which no established benchmarks are known, yield results which may be quite at variance.
We overview a series of our recent calculations of adsorption energies for (alkali metal) atoms
and small molecules on hexagonal BC3 monolayer, of molecules on NC6B-2 monolayer, and
molecules on Pmmn8-borophene. Some of these results are novel (predictive) whereas the
others follow a tradition of earlier studies. The results concerning alkali metal atoms on BC3
are recently published in [2]. The calculation methods used, – Quantum Espresso [3], Siesta
[4] and VASP [5], – were in some cases applied for the same task, for test purposes, but more
typically exploited in the field of relative strength of one or the other code, aimed at different
trial situations.
Offering here only a brief discussion of “chemical” (materials-science) component of the
results, we turn to analysing the reasons why the findings reported by different groups can be
so different. Possible sources of error are basis set superposition, neglected magnetic moment
(e.g., of an alcali metal atom), insufficient supercell size, algorithms for calculating adsorption
energy which do not sufficiently compensate systematic errors. A careful analysis of results of
different methods in comparison, checking the convergence of sensitive cutoffs, an inspection
of “smooth” trends (e.g., interaction energy as function of distance), rather than of singular
energy difference etc. assigns certain credibility to our findings.
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