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Synopsis Modeling interactions is a challenging and computationally demanding task, essential to reliably

determine molecular properties. Despite the increasing interest in clathrate hydrates and their technological

applications, a molecular-level understanding of their formation and properties is still far from complete. In view

of the complexity of the problem, our results highlight the importance of accurate and computational demanding

approaches for building up predictive models for such inclusion compounds.

Recently, empty hydrate structures sI, sII,
sH, and others have been proposed as low-density
ice structures by both experimental observations
and computer simulations, while CO2 clathrates
have been proposed as potential molecular mate-
rials in tackling important environmental prob-
lems related to greenhouse gases capture and
storage [1]. Some of them have been synthe-
sized in the laboratory, which motivates further
investigations on the stability of such guest-free
and guest-host clathrate structures. Thus, we
focus our study on non-covalent interactions in
such compounds, in order to validate the abil-
ity or inability of conventional and modern first-
principles methods to simultaneously describe
both the hydrogen bonding within the water net-
work and the predominantly dispersion bound
gas-water interactions.

Energy reference data from accurate high
level quantum-mechanical calculations are essen-
tial for testing both force fields and DFT meth-
ods [2]. Therefore, we first propose a system-
atic protocol for benchmarking the intermolecu-
lar interactions in finite-size systems of individ-
ual aperiodic cages, such as those of guest-free
and guest-host CO2@sI, CO2@sII, and CO2@sH
clathrates, and then for their entire periodic unit
cells [3, 4] (see Fig. 1). We found that disper-
sion interactions are important in the stabiliza-
tion energies of such clathrate cages, and the en-
capsulation of the CO2 into guest-free clathrate
cages is always energetically favorable. In addi-

tion, the orientation of CO2 inside each cage was
explored, and the ability of such current bottom-
up and top-down promising approaches to ac-
curately describe noncovalent CO2@H2O guest-
host interactions in sI, sII, and sH clathrates will
be discussed.

Finally, comparisons with semiempirical force
fields (widely used in simulations) will be pre-
sented providing information for their applica-
bility to future multiscale computer simulations.
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Bottom−Up approach
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Top−Down approach 

Figure 1. CO2@sI: building blocks and crystal

structures.
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