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The DFT calculations clearly show that cluster A (C46H28) and cluster B (C144H62)
mimicking 3C-3D carbon K4 structures have partially metallic character. A recipe has been proposed to
overcome an intrinsic instability of these structures originating from the removal of symmetry where the
selected side-end C-H groups are replaced by fixation with more rigid silica or zeolite fragments. The
overall decorated structure thus obtained can be a good candidate for hydrogen storage applications due
to its huge surface area and large void spaces. The most promising structures for IRMOF materials are
obtained by replacement of Be-based metal-oxide connector parts with more complex cubic Mg-Ti oxide parts
with an increased unit-cell volume size and the basicity of oxide centres that make them as efficient and
potential material for hydrogen storage and related other applications. The binding energy of molecular
hydrogen were estimated at two-layer ONIOM (MP2/6-31G* : HF/3-21G) level.
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A remarkable mathematical basis has
been reported for the existence of the
carbon K4 crystal with its
three-coordinated and three-dimensional
(3C-3D) structure. This led to the
question of the possible existence or the
possibility of synthesizing this structure
from atoms of any element. A couple of
theoretical papers have been then
reported. However, they led to drastically
contrasting result, the latter one has
ruled out even the possibility or the
existence of the carbon K4 structure. As
a result, the overall question on K4
crystal is left open, representing a highly
attractive challenge.

The present research is amed to
formulate and apply cluster quantum
chemica modeling to accurately and
exhaustively investigate the structure and
chemical activity of a new metalic
carbon K4 core-shell crystal and highly
modified isoreticular  metal-organic
framework (IRMOF) structures. The goal
included also the theoretical design of
new energetic materials on the basis of
the two that would have high efficiency
for hydrogen storage, catalysis and for
other related applications.

Our systematic cluster quantum chemical
considerations have been directly
extended for the modified carbon K4
crystal structures and IRMOF ones. Our
goal was to create and characterize the
potentially new materials with the carbon
K4 crystal structure motif as well as
highly modified IRMOF materials to
enhance their applicability as gas
(hydrogen) storage or gas separation
applications and in catalysis.

The DFT calculations clearly show that
cluster A (C46H28) and cluster B
(C144H62) mimicking 3C-3D carbon K4
structures  have partialy metallic
character. A recipe has been then
proposed to overcome an intrinsic
instability of these structures originating
from the removal of symmetry where the
selected sideeend C-H groups are
replaced by fixation with more rigid
silica or zeolite fragments. The overall
decorated structure thus obtained can be
a good candidate for hydrogen storage
applications due to its huge surface area
and large void spaces. The most
promising  structures for IRMOF

Mmaterials are obtained by replacement of
Be-based metal-oxide connector parts
with more complex cubic Mg-Ti oxide
parts with an increased unit-cell volume
size and the basicity of oxide centers that
make them as efficient and potential
materials for hydrogen storage and
related other applications. The binding
energy of molecular hydrogen were
estimated at  two-layer ONIOM
(MP2/6-31G* : HF/3-21G) level.
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