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Abstract: Enhancing hydrogen storage through Nanostructwemeé of the thrust area of research today.
Among several materials studied, this allotropiorfaf carbon, namely Carbon Nanotubes (CNTSs) préoes
be one of the promising system owing to its unigregerties like high surface area, porous and bighility

to a list few important one. The possibility of hgden storage both in the inner and outer surfacesvell
investigated by lot of theoretical as well as expental works. The role of defects, doping and Gtral
variations of the different Nanomaterial are alsalgsed and found that some of these strongly &ffée
storage capacity. But still the DOE target could Ine achieved that makes this issue an interesipig of
study.

Here, the dependence of the hydrogen binding grmrghe bond length and angles of the Nanotubes
are analysed. Different types of Nanotubes like afliet and semiconductor with varying structures are
considered for this study (1.5¥ length of the C — C bond gives the binding energlyie of 0.061eV). Apart
from CNTs other contending materials such as Baritride are also considered. The adsorption binding
energy values (as a function of different oriewtasi of molecule and at different sites of Nanostmas) are
compared and the results will be discussed in Idetaiydrogen storage applications.
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Introduction and Computational details:

It has excellent mechanical strength and elastaharacteristics, electronic properties rangiragm
metals to semiconductor, high electronic sensititit chemical adsorbents and mechanical strairgs,vary
large aspect and surface to volume ratios respdgt[t]. A lot of theoretical and experimental werkike
inner and outer surfaces, defects, doping andtstalcvariations) were done to enhance the stocagacity
[2-6]. But still the DOE target (6.5 wt%) could nb¢ achieved that makes this issue an interestipig of
study. The mechanical strain / stress were stroinfliyenced the bond length and angle of the CNvdayous
theoretical investigation [7-9]. In this paper, ttependence of the hydrogen binding energy onahe kength
and angles of the nanotube are analysed.
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Molecular Dynamics simulation have been perforrmedhe (5,5) SWCNT comprising 100 atoms and
5 unit cells respectively. For stretching, one efthe tube is kept fixed while other end of thbeus moved.
Due to the stretch, the bond length has been clafigem 1.4\ to 1.57A respectively. Density Functional
Theory (DFT) calculation is performed for evalugtithhe adsorption binding energy of hydrogen atonthen
outer surface of opened SWCNT and deformed SWCNTour present calculation involves Generalized
Gradient Approximation (GGA) for the electron excba and correlation effects, Perdew Burke Enzerhof
(PBE) as potential and Double Numerical PolarizatfPNP) as basis set. The binding energy values are
estimated from the well-known following equation

Ep = Ecnt+ B — Eent+ 1y

Where,Ecnt, E4 andEenr + 1y are total energy of the corresponding free CNTglsimydrogen atom
and CNT with hydrogen atom respectively. The energhies are minimized by adjusting the separation
between the hydrogen atom and adsorption site fr@mvall of the CNT.

Results and Discussion:

In this section, the binding energy of the sysweas calculated for single hydrogen atom and forctvhi
the hydrogen atom axis positioned perpendicularabaye carbon ring. This is the more stable cordition
among the other two configurations such as partdi¢he carbon ring and parallel to the C-C bond $#nce
the atom is able to fit better into the electronsiy valley that exists on the centre of the hexag As a first
case, (5,5) SWCNT the binding site requires theohde wall & hydrogen atom separation of A7a8nd the
binding energy value is 0.091eV. The correspondiimgling energy changes as a function of separdtion
(5,5) shown in fig.1. As in the second case, stmattdeformation could be performed in two differen
directions. One is along the axis of the nanotW)e(id another one is perpendicular to the axte®hanotube
(Y). In this case, the bond length could be eloagdtom the CNT default bond length (142to 1.57A. We
have observed that the adsorption binding enedjiegdrogen atom on the deformed nanotubes wegL6\)
(Z) & 0.067eV (Y) with the hydrogen atom separat{®z,) as 1.7% & 2.0A from wall of the nanotube. The
corresponding binding energy changes as a funofiseparation for (5,5) deformed CNT shown in #g& 3.
The binding energy (Fand separation distance (Pfor the hydrogen atom adsorption on the SWCNT and
deformed SWCNT is presented in Table-1.

It is observed from the present study the bondtleand angle of the single walled carbon nanotibe
armchair configuration had strongly affected thalrogen storage capacity. Further it will be extehde
various nanostructures and different configuratioamder investigation.
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Fig: 1: binding energy variation of hydrogen atom as afion of separation for (5,5) SWCNT.
Table: 1: The binding energy (Fand separation distance¢gpfor the hydrogen atom adsorption
on the SWCNT and deformed SWCNT

TUBE SWCNT S DEFORMED SWCNT .

5EV) | D | BEY) | D@ | B(eV) | De()
(5,5) 0.091 2.75 0.067 2.00 0.061 1.75
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Fig: 2 & 3: Binding energy variation of hydrogen atom asrecfion of separation for (5,5) deformed

SWCNT.
References:

1. Meyyappan M and Srivastava D, Carbon nanotubesjaimdbook on Nanoscience, Engineering and
Technology, CRC press, Boca raton, FL, 2003, Clgap.1

2. Dillon A.C., Jones K.M., Bekkedahl T.A., Kiang C,HBethune D.S. and Heben M.J., Storage of
hydrogen in single walled carbon nanotubes, Natig87, 386, 377 — 379.

3. Cabria I, Lopez M.J. and Alonso J.A., Density fumeal study of molecular hydrogen coverage on
carbon nanotubes, Comput.Mat.Sci., 2006, 35, 238

4. Gayathri V. and Geetha R., Hydrogen adsorptioneifected carbon nanotubes, Adsorption, 2007, 13,
53 - 59.

5. Jung Hyun Cho, Seung Jae Yang, Kunsil Lee and CRaggPark, Si-doping effect on the enhanced
hydrogen storage of single walled carbon nanotaes graphene, Int.J.Hydrogen Energ., 2011, 36,
12286 — 12295.

6. Gayathri V, Devi N.R. and Geetha R., Hydrogen gfera coiled carbon nanotubes, Int.J.Hydrogen
Energ., 2010, 35, 1313 — 1320.

7. Zhou L.G. and Shi S.Q., Molecular dynamic simulasioon tensile mechanical properties of single-
walled carbon nanotubes with and without hydroderage, Comput.Mat.Sci., 2002, 23, 166 — 174.

8. Jindal V.K. and Ali Nasir Imtani, Bond lengths afhahair single-walled carbon nanotubes and their
pressure dependence, Comput.Mat.Sci., 2008, 44+ 152.

9. Paras M. Agarwal, Sudalayandi B.S., Raff L.M. arahi&nduri R., Molecular dynamics simulations of

the dependence of C-C bond lengths and bond awoglebe tensile strain in single walled carbon
nanotubes, Comput.Mat.Sci., 2008, 41, 450 — 456.

*kkkk



