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The study of Hydrogen uptake and its diffusion
dynamics in metals has raised a lot of theoretical
and experimental research because of its
importance in a variety of relevant applications like
efficient and safe hydrogen storage [1], hydrogen
sensing [2] and nanocatalysis [3]. We analyse
theoretically the optical properties of Palladium
nanodisks during hydrogen uptake. The theoretical
description of the optical response of Pd-H system is
not an easy task due to (i) the presence of different
phases (o and B phases) that H can adopt when
absorbed into Pd and (ii) different length scales
involved in the hydrogen uptake process. We first
obtain the dielectric response of Pd-H using ab initio
quantum mechanical calculations [4]. The quantum
mechanical calculations consider the atomic scale
changes occurring in Pd during hydrogen uptake.
The crystal lattice used in the ab initio calculations is
shown in Fig. 1(a). The calculated dielectric functions
are then wused in the full electrodynamical
calculations of light scattering by H-modified Pd
nanodisks. The electrodynamical calculations include
the details of the size, shape and the environment
affects of the mesoscopic system. Thus our
multiscale theoretical approach address both the
atomic level as well as the mesoscopic level changes
responsible for the total optical response of the
palladium hydride disks during hydrogen uptake.

Two different phases of Pd-H (o with low H
concentration and B with higher H concentration)
can coexist as the H concentration increases. We
follow the spectral evolution of the localized surface
plasmon peak of the disks for different admixtures
of the Pd-H a and B phases (Fig. 1b) and reproduce
the experimental [5] plasmon energy shift produced
by the structural inhomogeneity upon hydrogen

absorption (Fig. 1c). Our combined theoretical
framework provides a solid background to describe
plasmonic sensing in the dynamics of structural
domains, as well as to identify hydrogen saturation
conditions in metal-hydrides.

References

[1] L. Schlapbach and A. Zuttel, Hydrogen-storage
materials for mobile applications. Nature, 414
(2001) 353-358.

[2] N. Liu, M. L. Tang, M. Hentschel, H. Giessen and
A. P. Alivisatos, Nanoantenna-enhanced gas
sensing in a single tailored nanofocus. Nat.
Mater. 10 (2011), 631-636.

[3] M. Wilde, K. Fukutani, W. Ludwig, B. Brandt, J.
H. Fischer, S. Schauermann, and H. J. Freund,
Influence of carbon deposition on the hydrogen
distribution in Pd nanoparticles and their
reactivity in Olefin hydrogenation. Angew.
Chem. Int. Ed., 47 (2008) 9289-9293.

[4] V. M. Silkin, R. Diez Muifio, I. P. Chernov, E. V.
Chulkov, and P. M. Echenique, Tuning the
plasmon energy of palladium—hydrogen
systems by varying the hydrogen concentration,
J. Phys.: Condens. Matter, 24 (2012) 104021.

[5] 1. Zoric, E. M. Larsson, B. Kasemo, and C.
Langhammer, Localized surface plasmons shed
light on nanoscale metal hydrides, Adv. Mater.,
22 (2010) 4628.

CEN2012 Carmona-Sevilla (Spain) |1



III‘H/;:’d: —~-~E>lperin1en¥[5] - I

= ——0.000 200 = PdH, Homogeneous 9

: :g-?gg: . [ wer GPA:PPAH, _oes -

F —0.250 7 E_ 150| e+ GPd:pPdH, .' E

[ —0.33(_3_‘ % o 1

04177 ]

P _-.g.gggg gE 100F o - ]

; 3 50¢ e :

1:— r ]

° PRI EEPRIIN B SIS IS B B, Ol I I 1

°Pd°H 400 600 800 1000 1200 1400 § 06 08 1.0
(a) (b) Wavelength (nm) (c) H/Pd

Figure 1: (a) Crystal lattice of PdH,-and PdH,-; used in the ab initio calculations. (b) Extinction spectra for a PdH disk of 20 nm thickness and 190 nm
diameter calculated using Bruggeman'’s effective dielectric function with o phase of PdH,-pand B of PdH, ¢ for different H/Pd ratios. (c) LSPR shifts
calculated for a Pd-H disk of 20 nm thickness and 300 nm diameter placed on SiO, substrate plotted as a function of H/Pd using Bruggeman's
effective dielectric function with the B phase taken as PdH,-s7 (red dots) and as PdH,.; (blue dots). A comparison with experimental results from
Ref. [5] (green dots) is shown. The black dots give the spectral shift for a homogeneous distribution of H in Pd.
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