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a b s t r a c t

The stopping power of palladium for protons has been measured using the transmission method with an
overall uncertainty of around 5% over the energy range Ep ¼ ð0:300—3:100ÞMeV. These stopping power
data are then compared to stopping power values calculated by the SRIM-2010 code and to those derived
from a model based on the dielectric formalism. Subsequently, and within the framework of the modified
Bethe–Bloch theory, this stopping power data were used for extracting Pd target mean excitation and ion-
ization potential, (I = 468 ± 5 eV), and Barkas effect parameter, (b = 1.51 ± 0.06). A good agreement is
found between the obtained results and values reported in literature.

It is worth mentioning that these are the first reported results for protons on palladium over this
energy range, which is often used in IBA applications, such as Rutherford Backscattering Spectrometry
(RBS) and Proton Induced X-ray Emission (PIXE).

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

It is well known that the stopping power of charged particles in
matter S (E) not only is an important quantity in atomic and nucle-
ar physics, but also has important applications in other fields of
Science and Technology [1,2]. Moreover, in recent times there
has been a renewed interest in increasing the accuracy of these val-
ues, particularly for light ions, in order to better determine some
key parameters included in the theory of stopping power [3–5].
However, surveying the available literature it turns out that exper-
imental data of stopping power for certain materials are absent.
For instance, in the case of palladium the available data for protons
is rather scarce [6–11], though this material is no less crucial in a
number of important applications. Nowadays, palladium is used
as the active ingredient in catalytic converters and it is also found
in many electronic devices including multi-layer ceramic capaci-
tors and low voltage electrical contacts. It is in this respect, that
within a long-term research project, we propose to measure the
stopping power curves for different materials of technological
interest over the energy range between 0.3 and 3.1 MeV, which
is often used in Ion Beam Analysis.

2. Experiment

The stopping power measurements were performed at the
3.75 MV Van de Graaff accelerator of the Faculty of Sciences of

University of Chile [12]. Its absolute energy calibration was carried
out over a wide energy range using the 872, 974 and 1370 keV res-
onances of the 19Fðp; ðacÞ16O reaction, the 1735 keV resonance of
the 12C (p,p)12C reaction and the 2085 and 3103 keV resonances
of 28Si (p,p)28Si reaction.

In order to achieve a high accuracy in the stopping power data a
stainless steel 600 series ORTEC scattering chamber was used dur-
ing the acquisition, which allows a precise positioning of the detec-
tor (150.0� � 0.1�) in relation to the beam direction. This facility
also features two collimators (antiscattering) which define a beam
spot that can varied from about 3 to 0.5 mm in diameter. A goni-
ometer is used to position and orient the samples with respect to
the beam (±0.5 mm) and to select the tilt angle (±0.5�). The data
acquisition system includes an ORTEC surface-barrier detector
Model BA-014-50-100 with 14 keV nominal resolution FWHM for
a 241Am alpha source (5.486 MeV). Pulses were analyzed with
proper electronic circuitry (preamplifier ORTEC Model 142E, an
ORTEC amplifier Model 572) and collected by an ORTEC PC MCA
Model Trump-8K. The acquisition system was periodically cali-
brated in energy by using 4He backscattering spectra of a thin Al/
Ti/Ta multilayer deposited on a carbon substrate with a well-
known concentration. High-vacuum conditions 10�6 torr were
achieved during the measurements by using two turbo-molecular
pumps. The beam current on target was kept relatively constant
at around 5.0 nA in order not only to attain sufficient statistics in
each RBS spectrum, but also to prevent any further damage of
the target.

The stopping medium was a single palladium foil with nominal
thickness of 0.5 lm supplied by Goodfellow [13]. However, the
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