Decoration of Graphene with metals atoms for hydrogen storage

D. C. Tranca, G. Seifert

Technische Universitat Dresden, Institut fur Physikalische Chemie und Elektrochemie, Bergstr. 66B,
Dresden, Germany
Diana.Tranca@chemie.tu-dresden.de

Hydrogen storage is important in many applications such as the development of hydrogen fuel-cell
powered vehicles.[1,2,3] One of the main challenges in developing this technology is a compact, safe,
and affordable storage system. A desirable system is capable of storing hydrogen with high gravimetric
and volumetric densities at near room temperature and ambient pressure.[4,5,6] Recently, carbon
nanomaterials with high specific area have been widely studied for hydrogen storage.

However, for carbon in any form, the interaction with hydrogen is through weak van der Waals forces
with low binding energies for storage at ambient conditions.[7,8,9] Many studies have been devoted to
functionalizing the surface of carbon nanostructures with transition metals to improve the binding
energy. Due to the high cohesive energy, transition metals tend to cluster on the surface of the carbon
nanostructures and it is difficult to achieve uniformly-coated monolayers of transition metal atoms
experimentally.

The binding energies of hydrogen molecules on a AGNR (armchair graphene nanoribbons) Oxygen
passivated and decorated with Ca or Mg or Ti atoms were explored using density functional theory
simulations based on generalized gradient approximation method. Calcium is considered as a
decorating metal superior to transition metals due to its small cohesive energy and the capability of

holding multiple hydrogen atoms. Up to four hydrogen molecules have been attached to Ca/Mg/Ti
atoms. The binding energy of the hydrogen have been observed to be approx. -0.17eV/Ho. An increase

of the adsorption energy by a factor of more than three from approx. 0.17eV/H2 s 0.05eV/H2 for
“naked” nanoribbons have been observed. This could be a possible route for a 10wt.% hydrogen
storage capacity.

References

H. Lee, J. lInm, M. L. Cohen, S. G. Louie, Nano Lett. 10, (2010) 793 .

L. Schlapbach, A. Zuettel, Nature 414, (2001) 353 .

G. W. Crabtree, M. S. Dresselhaus, M. V. Buchanan, Phys. Today 57, (2004) 39 .
E. Behesti, A. Nojeh, P. Servati, Carbon 49, (2011) 1561.

P. Reunchan, S. H. Jhi, Appl. Phys. Lett. 98, (2011) 093103 .

C.Ataca, E. Aktuerk, S. Ciraci, Phys. Rev. B 79, (2009) 041406 .

A. C. Dillon, K. M. Jones, T. A. Bekkedahl, C. H. Kiang, D. S. Bethume, M. J. Heben, Nature 386,
(1997) 377 .

A. Chambers, C. Park, R. T. K. Baker, N. M. Rodriguez, J. Phys. Chem. B 102, (1998) 4253 .

C. Liu, Y. Y. Fan, M. Liu, H. T. Cong, H. M. Cheng, M. S. Dresselhaus, Science 286, (1999) 1127.


mailto:Diana.Tranca@chemie.tu-dresden.de

