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ABSTRACT

Hydrogen absorption in several cluster assembled films was investigated by the optical and
electrical response of the films when modified by hydrogen adsorption. The films were
grown by deposition of niobium clusters and by co-deposition of niobium clusters with
manganese or palladium clusters on sapphire and then capped by a thin Pd film. Unusual
high adsorption of hydrogen by Nb clusters and thin metal oxide reductions at room
temperature can be inferred by changes in optical transmission and resistance of the film.
On the other hand, no hydrogen absorption can be inferred in the same experiments with

Keywords: co-deposited clusters of Nb and Pd and co-deposited clusters of Nb and Mn. The technique
Niobium used in this work allows fast screening and detection of potential perm-selective materials
Clusters for hydrogen.
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1. Introduction

The extensive use of hydrogen gas for numerous applications
is a short term goal in many governmental energy programs
[1]. Some of the active areas of research in these programs are
hydrogen storage and perm-selective membranes. The use of
hydrogen as a fuel in automobiles is possible due to liquid
hydrogen tanks, compressed hydrogen at high pressure, or
the use of a fine powder called metal hydride to absorb
hydrogen gas. At present, there are very few prototype vehi-
cles running with hydrogen because hydrogen storage tanks
for liquid hydrogen are very expensive and they are capable of
holding hydrogen for merely two to four days. Other types of
storage devices are still under development [2,3]. Palladium
(Pd) is a metal that was extensively studied as the first

* Corresponding author.

commercial hydrogen solid membrane in many applications
[4]. Pd absorbs hydrogen without the need of high pressures
(from 107 to 10° Pa) and without the need of high tempera-
tures (from 150 to 300 K) requiring a very small activation
energy for the process [5]. Hydrogen is released from Pd by just
removing the hydrogen atmosphere from Pd without
spending energy, in other words by a pressure “swing”. For
this reason, Pd-based materials have been used in hydrogen
purification, tritium separation, and dehydrogenation reac-
tions [4]. This singular metal has shed light on the develop-
ment of light weight hydrogen containers using powder of
metal hydride, which is hydrogen absorbed inside the solids
[6]. The use of Pd for multiple applications has been limited
because Pd suffers severe hydrogen embrittlement [7]. Due to
this, research in hydrogen permeation has been focused on Pd
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alloys and Pd-based supported membranes [8]. Numerous
studies of other hydrogen—metal systems [9] have been
motivated by this and other technological applications. A
fundamental understanding of the easy permeation of
hydrogen into Pd and the latter’s high absorption capacity
(two H atoms for each Pd primitive cell) is essential in order to
improve hydrogen absorption properties through modifica-
tion of other metals or alloys.

The high solubility of hydrogen in Pd under standard
conditions of pressure and temperature results in dramatic
changes in its physical and structural properties. Auer and
Grabke [10] were among the first researches to study change of
electrical resistance of Pd when absorbed hydrogen. We
studied changes in the crystallographic orientation in the Pd
grains of polycrystalline foils after undergoing several cycles
of hydrogen absorption and desorption [11].

One important drawback associated with the use of Pd in
any industrial application is the high cost and scarcity of this
metal. It would be ideal to replace Pd by other transition metals
which are more abundant and therefore less expensive. The
use of other metallic films, even when coated with Pd, has not
given very promising results for hydrogen storage or perme-
ation applications. The interaction of molecular hydrogen with
other metallic surfaces such as Ni, Fe, Nb, Ta, and V has also
been extensively studied [12]. The absorption of hydrogen by
these metals is negligible under ambient conditions. Firstly,
because the dissociation of the hydrogen molecule on the
surfaceis blocked by a native oxide, which is usually difficult to
remove and secondly, in cases such as Fe and Ni the dissocia-
tion of hydrogen is endothermal and the diffusion of atomic
hydrogen into the lattice is thermodynamically unfavorable.
The study of hydrogen adsorption on sputter-cleaned metal
surfaces performed under high vacuum conditions has been
conducted over the last40 years and the results of these studies
have established that hydrogen remains chemisorbed mainly
on the surface without diffusing into the bulk of many transi-
tion metals [12]. In the case of Nb, diffusivity of hydrogen in Nb
is not so different than that in Pd [9], although the amount of
hydrogen absorbed by Nb is controlled by the low solubility at
equilibrium conditions. Pryde and Titcomb [13,14] studied the
thermodynamics of hydrogen absorption by Nb filaments at
low partial pressures of hydrogen (10-°—1 Pa) and they deter-
mined an expression for the hydrogen concentration in the
metal in equilibrium at a given pressure. We calculated this
concentration under our experimental conditions (exposures
at 10 % Pa and 343 K) and found that it is less than 0.8 atom%,
which means that the hydrogen solubility in Nb is about 63
timesless thaninPd. They also were able to obtain a desorption
energy of about 58.6 kJ/mol (14 kcal/mol). Pick et al. [15,16]
claimed that they were able to activate the Nb surface using
a thin overlayer of Pd. According to their results they were
successful in detecting large amounts of hydrogen diffusing
into the Nb film at 455 K using techniques based on the change
of film resistance. They determined that the desorption energy
of hydrogen from pure Nb foils was 104.6 kJ/mol (25 kcal/mol),
and this was decreased to 90.8 kJ/mol (21.7 kcal/mol) for Pd
capped Nb foil. Strongin and his research group [17] mapped
the Nb/H phases in thin 20 nm Nb films capped by 10 nm Pd film
using X-ray diffraction (XRD). They claim the observation of
a high density phase with 50 atom% hydrogen concentration in

Nb. Our absorption experiments using pure Nb surfaces [18]
and Pd capped Nb films [19] have shown negligible hydrogen
absorption in contradiction with Strongin’s results.

Thin films formed by metal clusters and covered with an
overlayer of palladium constitute an attractive alternative for
hydrogen storage or perm-selective membranes. Cluster films
have displayed new physical and chemical properties [20] not
present in bulk materials, hence they have opened new
interesting possibilities for applications. In particular, few
atom clusters exhibit strongly size-dependent properties,
with sizes corresponding to a specific number of atoms, called
“magic numbers”, showing strongly enhanced stability. There
are many published theoretical structure calculations of
metallic clusters which predict that a cluster with a small
number of atoms presents structures very different from the
typical crystallographic structure of the bulk metal [21-23].
Xing et al. [24] have synthesized Ag clusters containing 36—43
atoms and also Agss (magic number) and determined their
structure by trapped ion electron diffraction. They indeed
found that Agss has an icosahedral structure, while the clus-
ters containing a smaller number of atoms have slightly dis-
torted decahedral symmetry. Metallic clusters have relevance
in areas such as developing catalytic converters and solar cells
[25]. The production of metallic clusters in the gas phase has
been studied for many years, and is still being studied today.
Presently, many types of gas phase cluster sources are avail-
able [26] and deposited cluster properties, ranging from
superconductivity and optical properties to catalysis, are
being investigated.

In summary, metal clusters present different crystal
structures and more surface atoms than the bulk structure.
Both of these properties are attractive for optimizing gas
absorption capacity normalized per metal atom. For several
applications, the clusters must be deposited on the surface of
a substrate thus rendering the physics of the deposition
process a fundamental importance [27].

Despite the aforementioned research, it is still unclear
whether significant hydrogen absorption can be induced in
metallic cluster layers capped with a Pd film at relatively low
hydrogen pressures and room temperature conditions, which
is a requirement for energy-efficient (i.e., room temperature
operation) hydrogen storage materials. The absorption of
hydrogen by a sample can be inferred in most cases by two
factors: (1) an increase in the transmittance of light in the
visible range, and (2) an increase in the resistance of the films
when hydrogen absorption (in a disordered phase) has
occurred. When hydrogen absorption does not take place in
the film but instead the oxide of the film is reduced, a decrease
in the optical transmittance is observed. In this paper we
explore this issue by using optical measurements to study
hydrogen absorption in cluster films of Nb and of Nb alloys,
capped with Pd.

2. Experimental
2.1. Sample preparation

The Nb, Pd, and Mn clusters were produced in a dual laser
vaporization source [28] and deposited at low energies
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(<0.2 eV/atom) on polished sapphire with (0001) orientation in
an ultra high vacuum deposition chamber that has a base
pressure of 1078 Pa. Three types of sample were produced by:
(i) deposition of Nb clusters (sample C-1); (ii) co-deposition of
Nb and Pd clusters (sample C-2, symbol = Nb + Pd), and (iii) co-
deposition of Nb and Mn clusters (sample C-3, sym-
bol=Nb + Mn). A detailed description of this kind of deposi-
tion can be found elsewhere [29]. When depositing the various
Nb clusters the source was kept between 193K and 213K
(—80°Cand —60 °C). He gas was pulsed into the source at 10 Hz
and a pressure of 8 x 10° Pa (8 bar) for ~100 us with a pulsed
supersonic valve. When producing samples each of the abla-
tion lasers has a different target thus enabling alloying or
mixing just by changing the triggering time of the lasers so
that overlap of ablated material is possible or not according to
the properties of the sample that is sought. In the case of the
pure Nb cluster samples we simply use one single laser or both
of them but both with Nb targets.

The cluster size distribution was monitored with time-of-
flight (TOF) mass spectrometry [30]. Assuming spherical
shapes and the corresponding Wigner—Seitz radius for the
different elements, estimated cluster sizes range from 1 nm to
2.5 nm. The different elements showed somewhat different
size distributions, but in all cases clusters larger than 3 nm
diameter were not fabricated. Apart from the size estimation
we can also determine whether alloying is occurring when
two different elements are being ablated simultaneously by
careful analysis of the recorded mass spectra. In the case of
sample C-2 alloying occurred. This is illustrated in Fig. 1 where
TOF mass spectra are shown for the small sizes where the
different cluster compositions can be disentangled. The upper
trace in Fig. 1 corresponds to the Nb + Pd production. Just after
the Nby peak there are two broader peaks, corresponding to
NbsPd and NbsOPd. These peaks are broader due to the natural
isotopes of Pd. These broader peaks are absent in the case of
pure Nb cluster production, as is shown in the lower trace. For
sample C-3 (Nb + Mn) no alloying was observed. In this case
the samples can be considered as mixtures of pure Nb and
pure Mn clusters. An overview of the characteristics of the
samples is given in Table 1.
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Fig. 1 — TOF mass spectra of clusters. Upper trace is
Nb + Pd. Lower trace is Nb only.

A detailed structural investigation was carried out using
Atomic Force Microscopy (AFM). In Fig. 2 we show an AFMimage
of deposited Nb clusters without Pd capping. We estimate that
the size of the nanograins resulting from the cluster deposition
is 10-30nm in lateral dimension. The height scale in the
picture, ranging from dark tobright colorisup to 5 nm. Thus, we
estimate that the actual grain size is between 5 and 30 nm.

The Nb sputtered sample (F-1 see Table 1) was fabricated
using a magnetron sputter source [19]. The target purity was
>99.9%. The film was grown in an Ar atmosphere at 332 Pa.
The glass substrate was cleaned using acetone, methanol,
a rinse with distilled water, and dried in N, gas.

The different materials were deposited and capped with
Pd. The substrate temperature of the samples while depos-
iting was 163 K (—110 °C). The Pd capping layer of all samples
was deposited at RT or in the process of heating up to RT, with
a commercial e-beam evaporator using an ultra pure Pd rod
(99.99%). Table 1 gives the Rutherford backscattering spec-
troscopy (RBS) thickness measurements of the samples. These
thicknesses were estimated using bulk densities for Co, Mn,
Nb and Pd. Our RBS resolution is +£2 nm in estimating the layer
thickness.

In order to confirm the elemental composition, the
samples were characterized with RBS and XRD measure-
ments. The RBS spectra indicate that approximately 23 atom%
of the Nb cluster layer is composed of oxygen. In the case of
Nb +Pd clusters it is 35 atom%. Other than variations in
thickness, no other relevant differences are present in the
chemical composition of the samples. The structural infor-
mation as obtained from XRD shows that no relevant phase
changes have occurred before or after the hydrogen exposure
cycles. This means that structural changes, if any, might
correspond to any amorphous phase which did not show up in
the XRD pattern.

2.2. Optical measurements

Near-normal reflectance and transmittance measurements in
the wavelength range of 400—900 nm were performed in
a small cylindrical aluminum vacuum chamber equipped with
two transparent quartz windows, a gas/vacuum line, and
electrical feed-throughs. The incidence angle of the light is 7°.
A tungsten halogen lamp was used as a source and this white
light was focused on a TRIAX 180 (Jobin Yvon-Horiba) mono-
chromator fitted with a 1200 grooves/mm diffraction grating.
The light detection was done with silicon photodiodes in
combination with lock-in amplifiers. The system is described
in more detailed elsewhere [31]. The transmittance and
reflectance experience the same relative change in the whole
wavelength range measured before and after the films were
exposed to hydrogen. Therefore we here present only data
taken at 600 nm wavelength.

The resistance was measured with a Keithley DC resistivity
bridge model 580 which allows measurements with 4 points
connections. A similar system is described elsewhere [19,30].
All samples were provided with silver electrical contacts to
measure the resistance simultaneously with the light trans-
mission and reflectance. The chamber was evacuated down to
1.3 Pa using a 501/s Balzers turbomolecular pump. Next the
chamber was filled with hydrogen reaching a pressures
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Table 1 — Samples description, thickness by RBS and transmittance values.

TOF  RBS cluster Pd capping Transmittance Transmittance Observed  Predicted Predicted
alloying thickness thickness film in film in H, AT/T (%) transmittance AT/T
or mixing (nm) (nm) vacuum (according in film if only (%) if only
to Eq. (3)) Pdcapping Pd capping
absorbed H, absorbed H,
(using Eqg. (1)
and (2))
Sample Description
F-1 Nb sputter 14° 6.5 0.085 +0.001 0.090 +0.001 6.0+1 0.090 +0.001 6.0+1
film
C-1 Nb cluster 512 6.0 0.032 0.039 24 0.033 2
film
C-2 Nb + Pd Alloying 45° 27 0.026 0.030 16 0.039 49
cluster
C-3 Nb + Mn Mixing 192 15 0.150 0.173 16 0.18 14
cluster
a RBS thickness estimations have a +2 nm uncertainty.
ranging from 664 to 1.6 x 10*Pa. As soon as hydrogen was Tpa = Toe ™, @)

allowed to enter the chamber, optical and electrical data were
recorded during 1000 s.

3. Results and discussion
3.1.  Nb sputtered film capped with Pd

Sample F-1 (Nb sputtered film) was made as a reference in
order to compare with the cluster film. Details of these
experiments can be found in Ref. [19]. The transmittance of
light as a function of wavelength and time was obtained for
a hydrogen pressure of 4.8 x 10°Pa. A decrease in trans-
mittance for all wavelengths was observed. The transmittance
changed from 0.094 to 0.086, or a 9% decrease, for the 600 nm
wavelength in hydrogen. Our interpretation is that a Nb oxide
layer is formed at the interface between Pd and Nb, which is
reduced by hydrogen. This oxide reduction was also observed
in an earlier study of Pd-coated Co cluster films [30]. Since
water (the product of the reaction) cannot diffuse through the
Pd overlayer, the most plausible explanation is that water gas
is released from the edges of the sample given that there is no
coating acting as a barrier at the edges.

When the hydrogen pressure was increased to 9.8 x 10° Pa,
the transmittance at 600 nm changed from 0.085 to 0.090 for
a 6% increase. Since the saturation time (~200s) was the
same as in the case of a pure Pd film, we suspect that the
transmission increase was due to hydrogen absorption by the
Pd capping only. This is supported by calculating the trans-
mittance of the bilayer as:

Tpanb = Tra X T, @

which is justified because the wavelength of light used is
much greater than the thickness of the films.

The transmittance of the Pd films in vacuum decreased
exponentially with the thickness of the films, as expected. The
transmittance of the Pd films loaded with hydrogen presented
the same type of exponential decay but shifted to the right
side (in the direction of increasing film thickness). Both curves
can be fitted to an exponential decay of the form:

where T, is the transmittance for zero thickness, 8 is an
absorption coefficient, and d is the film thickness. For the
sample in vacuum we obtained Tp=0.70+0.02 and
$=0.085+0.002nm™", while for the sample in hydrogen
To=0.64+0.05 and B=0.067+:0.004nm™*. The fitting
obtained was good down to 4 nm thickness with correlation
coefficients of 0.999 and 0.997 for the samples measured in
vacuum and hydrogen, respectively.

According to Eq. (2), Tpg = 0.40 £0.02 for d =6.5 nm, and
since Tpgnp = 0.085 £ 0.004, Typ = 0.22 £ 0.02 before hydrogen
absorption. Similarly, Tpgy, = 0.42+0.02 for d=6.5nm and
since Tpqy,nb = 0.090 + 0.004, Ty, = 0.21 £ 0.02 after hydrogen
absorption. Therefore, the 6% increase in the Pd/Nb bilayer is
a result of hydrogen absorption in the Pd layer only.

Assuming that the Nb—H system is within the regime
where Sievert’s Law applies [10], the change in transmittance
should have a linear relationship with the square root of the

500

5.0 nm

Fig. 2 — Representative AFM image of bare Nb clusters
deposited at room temperature. Image is taken without the
Pd capping layer.
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hydrogen pressure. In the best case scenario, Nb would absorb
2% of atomic hydrogen. A 25% change in transmittance in the
Pd layer corresponds to roughly 50% of atomic H absorption.
Thus, a change in transmittance for Nb would correspond to
only a 2% change in transmittance, which we were unable to
detect. Our results are consistent with a hydrogen depth
profile performed at room temperature in a 50 nm thick Nb
film exposed to hydrogen at 500 K (226.8 °C) using the *H (**N,
ay)uC nuclear resonance reaction, which showed that the
absorbed hydrogen is concentrated at a depth smaller than
10 nm [32].

3.2. NbD cluster film capped with Pd

Transmittance, reflectance, and resistance measured on
sample C-1 are shown in Fig. 3. The relative change in trans-
mittance (in %) is defined as

AT 100=T(Px) ~ T(0)

T T(0) x 100,

(3)
where T(Py) is the transmittance of the Nb cluster film loaded
with hydrogen and T(0) is the transmittance of the cluster film
in vacuum. The relative resistance (AR) and the relative
reflectance (Ap) are defined in the same way as Eq. (3). These
properties, shown in Fig. 3A, are for the first exposure of the
sample to hydrogen. Fig. 3B is representative of the behavior
of the sample at the second exposure to hydrogen and this
behavior remains unchanged for subsequent exposures to
hydrogen.

Looking at Fig. 3A, we notice that there is an unusual
behavior taking place from vacuum until about 1.6 x 10° Pa.
When the Nb clusters are exposed to hydrogen the trans-
mittance of the sample decreased and the sample’s electrical
resistance increased. Usually, the trend is that the electrical
resistance follows the transmittance behavior. A decrease in

the transmittance represents reduction of some oxide. As
mentioned before, we have observed a similar behavior in the
reduction of the Co clusters [30]. After the first exposure to
hydrogen, the sample has been stabilized and presents a usual
behavior upon hydrogen absorption as displayed in Fig. 3B.
Here, the transmittance changes up to 24%. This change can
be accounted for by hydrogen absorption in the Nb cluster film
as well as in the Pd capping. The transmittance values are
displayed in Table 1. The last column in Table 1 is the pre-
dicted transmittance change if only the Pd capping absorbs
hydrogen. The prediction is about 2%, which confirms that the
Nb cluster film is absorbing a large amount of hydrogen. We
are unable to estimate the amount of absorbed hydrogen on
the Nb clusters, when comparing to the sputtered Nb thin film
(F-1, Table 1), because that sample does not absorb hydrogen
at all. Further investigation into this matter is needed to
quantify the amounts of absorbed hydrogen in the cluster
film.

3.3 Nb + Pd cluster film capped with Pd

Sample C-2 was made by co-deposition of Nb and Pd clusters.
Description of this sample can be found in Table 1. Trans-
mittance, reflectance, and resistance measured on sample C-2
after the first hydrogen exposure are shown in Fig. 4A and
after the second hydrogen exposure in Fig. 4B. The trans-
mittance initially decreased indicating some oxide reduction
in Fig. 4A and then increased about 15%. This change is
reproduced in the second hydrogen exposure where it also
reaches about 15%. The changes predicted in case only the Pd
capping absorbs hydrogen is about 49% (see Table 1), so the
16% change is well below the expected change. No absorption
is detected in the Nb + Pd cluster film in this sample and the
Pd capping was not absorbing efficiently.

A 0 3000 6000 9000 12000 B o 3000 6000 9000 12000
T ¥ T T ] T L T T T X T ¥ T X T

30+ E 30 E

25 E 25 B

ol 1l 5]/:,,———l:!’—‘:' -

S s} 1 st ]

2

.g 1ol 1 ol —=— Reflectance |
g —O— Transmittance

° 5L | 5L -Resistance |

0 B ot i

5 E 5t 4

10+ 4 10} i
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Fig. 3 — Variation of reflectance, transmittance, and resistance as a function of hydrogen pressure for Nb clusters covered
with 6 nm of Pd (sample C-1). (A) First hydrogen exposure. (B) Second hydrogen exposure. Subsequent hydrogen cycles

show results similar as in (B).


http://dx.doi.org/10.1016/j.ijhydene.2011.07.108
http://dx.doi.org/10.1016/j.ijhydene.2011.07.108

13600

INTERNATIONAL JOURNAL OF HYDROGEN ENERGY 36 (2011) 13595—13602

A second feature that is observed by this technique in the
first cycle (Fig. 4A) is the transition at about 2.1 x 10° Pa. Here,
thereisarate change for the transmittance and also a “jump” in
the electrical resistance. The increase in resistance might be
interpreted by a decrease in electrical conduction due to
a physical separation of grains in the film associated with the
volume expansion of the Pd capping when it absorbs hydrogen.

Bearing in mind the combinations of phases corresponding
to PdNb, and PdNb; in the TOF spectra as shown in Fig. 1, we
interpret that the alloying of Pd with the Nb to form clusters
inhibits the Pd from adsorbing the hydrogen. This contrasts
with the results from Sample C-1 where pure Nb clusters do
absorb hydrogen. Alloying Pd with Nb decreases the absorp-
tion properties of Pd and this would explain the behavior
observed in sample C-2.

3.4.  Nb+ Mn cluster film capped with Pd

Sample C-3 was made by co-deposition of Nb and Mn clusters.
A description of this sample can also be found in Table 1.
Transmittance, reflectance and resistance measured on
sample C-3 after first hydrogen exposure are shown in Fig. SA
and after the second hydrogen exposure in Fig. 5B.

No oxide reduction is observed in this sample; indeed
transmittance does not decrease during the first hydrogen
exposure. The behavior of sample C-3 is quite reproducible
from the first to the second hydrogen exposure. The final
change in transmittance is only about 16%. The predicted
change assuming that only the Pd capping absorbs hydrogen
is 14% (see Table 1); therefore very little hydrogen absorption
happened in the Nb + Mn cluster layer. In the gas phase Nb did
not alloy with Mn but alloying could occur once the different
clusters are deposited and merge. We used this coagulation
property to study superconductivity of Pb clusters deposited
at different substrate temperatures [34].

A 0 3000 6000 9000

12000

T T T

30~

25+

204

% Variation
=

0 3000 6000 9000

12000

3.5. Results summary

All the samples are covered with a capping layer of Palladium.
According to Table 1 we can estimate the variation in the
transmittance signal assuming that only this layer adsorbs
hydrogen. We compare the last column labeled “Predicted AT/
T(%) if only Pd capping absorbed H,” in Table 1, with the
column named “Observed AT/T (%) (according to Eq. (3))”.
Transmission change in sample F-1 coincides with the esti-
mation of 6% change due to the Pd capping, thus revealing
that the Nb layer does not adsorb any hydrogen. For sample C-
1 it is estimated that we should have a change of 2% in the
transmittance, while 24% is measured. This pronounced
difference can be attributed to the adsorption of hydrogen by
the Nb clusters. Since this behavior is due to the different
production of a cluster assembled film with respect to a sput-
tered film, we conclude that the cluster assembled nature of
the Nb is responsible for the observed huge uptake of
hydrogen. Nb hydrides can be formed in Nb films [33] but large
temperatures are required as well as high H, pressures. The
novelty of this result is that the whole procedure is reversible:
it is easy to load the Nb cluster film with H, at room temper-
ature and as easy to desorb it. This is indeed a promising
result.

Samples C-2 should have 49% of variation in the trans-
mittance, but registered only 16%. By producing bi-metallic
clusters of Nb and Pd and then depositing them and capping
this film with pure Pd we expected that the adsorption of
hydrogen would increase in the cluster assembled film
because of the presence of Pd atoms in combination with the
Nb. But the results clearly show a decrease in transmittance,
possibly due to the alloying of Pd with Nb. Sample C-3 shows
minimal deviation from the estimated transmittance varia-
tion due to the Pd capping. Thus the co-deposition of Mn and
Nb clusters is not beneficial for hydrogen absorption.
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254
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15 . &0
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Fig. 4 — Variation of reflectance, transmittance, and resistance as a function of hydrogen pressure for Nb + Pd clusters
covered with 27 nm of Pd (sample C-2). (A) First hydrogen exposure. (B) Second hydrogen exposure. Subsequent hydrogen

cycles show results similar as in (B).
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Fig. 5 — Variation of reflectance, transmittance, and resistance as a function of hydrogen pressure for Nb + Mn clusters
covered with 15 nm of Pd (sample C-3). (A) First hydrogen exposure. (B) Second hydrogen exposure. Subsequent hydrogen

cycles show results similar as in (B).

4, Conclusions

We have studied hydrogen absorption in films using reflec-
tance, transmittance, and changes in electrical resistance of
a series of samples: films of sputtered Nb, Nb clusters,
(Nb + Pd) clusters, and mixed Nb and Mn clusters, all covered
with a Pd capping film. We observed that a sputtered film of
Nb does not absorb hydrogen. Changing the Nb layer by a Nb
cluster layer we obtain remarkable hydrogen uptake, compa-
rable to pure Pd films, which is an unexpected result. In
addition, when modifying these Nb cluster films with Pd
alloying, thus forming (Nb + Pd)qusters, NO absorption of
hydrogen was observed. The same result was found for the
case of Nb clusters mixed with Mn clusters: Mn inhibits the Nb
absorbing capacity. The technique used in this work has the
advantage of allowing fast scanning and detection of potential
perm-selective materials for hydrogen. Effects such as oxide
reduction at room temperature, which otherwise pass unno-
ticed when using other techniques, are detected here.
Furthermore, fast and reliable comparison between samples
is possible.
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