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Clathrate  hydrates  are  nonstoichiometric  inclusion  compounds  formed  by  water  ice  “host”
structures containing cages of various size and shape, which encapsulate some small and usually weakly
interacting  “guest”  gases  [1].  For  a  long  time  it  was  considered  that  empty  clathrates  were  not
thermodynamically  stable,  since  the  presence  of  the  guest  species  is  precisely  what  allows  their
stabilization. Nonetheless, recent studies have reported empty structures of different type of clathrates [2]. 

Since  the  research  on  such  inclusion  compounds  is  not  a  widely  developed  field  (despite  its
possible numerous applications),  its computational study entails an interesting and arduous task. This,
together with the scarcity of information on helium clathrate hydrates, make these complexes challenging
targets.  Hence,  in  this  work  energetics  and  structural  properties  of  he-water  containing  systems  are
presented  from  first-principle  quantum  chemistry  methods  [3].  The  main  focus  is  to  examine  the
performance and accuracy of different wavefunction-based methods, such as MP2, CCSD(T) and their
explicitly correlated analogs, as well as density functional theory (DFT) electronic structure approaches.
Local dispersion corrections applied to DFT energies are also discussed. In order to evaluate the balance
between the interaction energies present on these systems (mainly van der Waals and hydrogen bonds
interactions),  calculations  on  different  water  containing  structures  are  carried  out,  starting  from  the
"simplest  system" formed  by one  water  molecule,  followed by the  study of  the  "fundamental  units"
present  in  all  ice-like  frameworks  (such  as  pentamers  and  hexamers)  and  finally,  by  analyzing  the
interactions  in the "building blocks" of ice channels (e.g. horizontal  and perpendicular III  and Ih)  and
clathrate cavities (e.g. 512).  In this sense, the idea is to validate how DFT functionals perform compared
with reference data obtained from alternative ab initio methods.

Figure 1:  Clathrate-like cavity and ice-like channels containing a helium atom.
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