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What is this paper
about?

Investigation of hydrogen storage in a novel
three-dimensional carbon nanostructure
using a multiscale theoretical approach

Two stages






f::'i ‘&., Why carbon nanostructures?
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P — Any new system?

<

Are they better
candidate than CNT? If

So, carbon based materials
are out of this race?







What is the composition

f,.';:.
& ~,."~ pf the proposed structure?

layers

e

'E. } |t consists of parallel graphene

X ___#..-" at a variable distance, ~—
- stabilized by CNTs placed a,ﬁ

yertically 10 the graphene planes -
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A 3-D building block

CNT are pillars

Graphene sheets

are floors




Methods used to design and investigate the stability of this material

*Turbomole package to perform theoretical ab initio calculations



First step:

Creation of one cyllindrical hole on the graphene sheet

s The diameter of the gap
Is chosen carefully to fit
the selected CNT.

Figure 2. (a) (6,6) CNT and graphene sheet ready to form a cluster.
This is the initial structure which was optimized using DFT. 10



Calculation of bond surplus for polygons on the
surface of a closed polyhedron using generalised
Eular’s rule




Third step:
Optimization of the final structure (Fig. 2b) using the resolution of

identity (RI) approximation

/’

the upper hexagon

heptagon

sites under consideration

the lower hexagon

Fig. 2 (b) Optimized cluster of (6,6) CNT and graphene sheet; 1

the beginning of the 3-D network nanostructure.




Fourth step:
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basis of the ab initio optimized building block (Fig. 1)

Optimized building block

The 3-D network nanostructure
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Investigation of hydrogen storage capacity of the structure

s»Different combinations onanotube curvature,intertube and graphene
sheet interlayer distances were tested, in an effort to achieve the best
hydrogen uptake. 14



atoms free

to relax
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Figure 5. Snapshots from the GCMC simulations of (a) pure pillared
structure and (b) Li doped pillared structure at 77 K and 3 bar. Hydrogen
molecules are represented in green, while lithium atoms are in purple.

**Results are for system having intertube distance of 1.5
nm and graphene sheets with 1.2 nm interlayer distance
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Figure 3: Gravimetric hydrogen uptake (a) 77 K and (b) 300 K.
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Figure 4: Volumetric hydrogen uptake (a) 77 K and (b) 300 K.



Binding energy of H, at the junction

System Binding energy of H, Inference
(keal/mole)
_ Above the Above -
hexagon the
heptagon
Site A |SiteB |Site C

Pillared 0.25 0.25 0.33 Interaction of H, with hepatgonal
graphene rings are more favourable than the
hexagonal ones

Li doped 3.4 3.5 3.6 Enhancement on the bonding of H,
pillared when a Li cation is present
graphene




Results




Conclusions
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