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Abstract

Surface phenomena which occur in the process of palladium hydride fedHation during H interaction “in situ” with thin palladium
films were studied by means of two methods: (i) measurements of work function chafdgesd (ii) determination of topographical images
using atomic force microscopy (AFM). A very strong decrease of the work function t42 ¥ was registered in the course of the reaction
at 78 K when thin Pd films deposited on Pyrex glass were applied. However assthallas noticed when using Pd films deposited on glass
precovered with a thick platinum film. AFM topography exhibited a net of distinct protrusions in the first case, but the topography was almost
unchanged in the second. We suggest that the above unusually high decrease of the work function in the procefsrofa®idH within a
Pd/glass system is caused by the change of thin Pd film topography, and not by very strong polarization of hydrogen adspecmsfatBdH
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction [1] the increase of surface roughness increases SP (decreases
®). This theoretical prediction was confirmed by numerous
Hydrogen interaction at low temperatures with thin films experimental finding§2]. On the other hand the negatively
of many transition metals deposited under ultra-high vacuum charged adspecies arising on the outer surface in the course of
(UHV) conditions (1-2)x 10~8 Pa, thus having a clean sur- adsorption or a chemical reaction decrease SP (increase work
face, can form hydrides MeHat H, pressure below 1Pa. function), and those positively charged increase SP (decrease
This allows studies of surface phenomena occurring “in situ” ®). It has been found from measuring SP at low temperature
in the course of this reaction. Determination of the electron (e.g. 78 K) in the process of hydride formation within thin
work function®, one of the most important surface proper- films of several transition metals deposited on Pyrex glass,
ties of metals, provides information concerning the electric that two distinct forms of hydrogen adsorbate exist on the
charge of the hydrogen adspecies at every selected step of theurface[3—6]. These are: (iB~ atomic form arising at the
process. The change of electron work functio® caused by  beginning of the reaction, negatively polarized (negative pole
adsorption or surface reaction is often called surface potentialof the dipole pointing away from the surface), stable on the
(SP). By definition SP= —A®. The SP is an additive prop-  outer surface, and (ip* atomic form induced by an increase
erty of the adsorbent—adsorbate system and depends on thef coverage, positively polarized. Tifig™ adspecies are not
change of the electric charge density distribution induced by stable on the surface as @&, but quickly incorporate into
adsorption or chemical reaction on the surface. Hence SP isthe bulk. This leads to transition metal hydride formation.
a function of chemical composition and structure of the sur- The formation of a positively charged hydrogen adspecies on
face. According to the well-known Smoluchowski's model the surface of a transition metal precovered with an amount
of hydrogen adatoms was predicted theoretically by Grimley
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the splitting between even and odd induced localized states.position, and which also allows to work aplgressure up to
There is a critical value of the population above which the 10 Pa in the course of PdHormation, was used. SP mea-
lower state merges into the metal conduction band. Then do-surements were performed by means of the static capacitor
nation of electrons from hydrogen adatoms into unoccupied method([3,10,11] The static capacitor circuit of short re-
states of the conduction band occurs. This leads t@the  sponse time (10° s), high sensitivity (1 mV) and high stabil-
adspecies creation. ity (1 mV/10 min), allowing for work within a large interval
It has been well established that in the case of hydrides of pressure (108 to 10 Pa) and temperature (78-500 K), was
of several transition metals (e.g. PdH/H,) hydrogen in applied for SP measurements. Thin films of known mass were
their bulk exhibits protonic charactf8]. Thus the nature of  obtained by complete evaporation of a fine Pd wire, of pre-
thep™ adspecies is similar to that characteristic of hydrogen cisely determined weight, wound around a tungsten heater.
in the bulk of these hydrides, and incorporation below the Spectroscopically pure hydrogen additionally purified in the
surface can be driven just by the concentration gradient. It course of the experiments was introduced into the static ca-
has been found that hydrides formation within thin films of pacitor (disconnected from pumps) in successive calibrated
several transition metals (Pd, Ti, V, Nb) deposited on glass doses. H pressure was recorded continuously by means of an
very strongly increases SB—6]. This would suggest that  ultra-sensitive Pirani-type gauge capable of working within
on surfaces of these hydrides strongly polarized hydrogenthe interval 2x 10~* to 10 Pa. The volume of the static ca-
adspecies exist. pacitor cell was previously determined, thus knowing the
Studies of AFM topographical images of thin palladium mass of the Pd film and Horessure, the atomic ratio H/Pd
film deposited on microscope glass (Menzel, Glaser) carried at every step of the process could be calculated and corre-
out“ex situ”, after moving the samples fromthe UHV appara- lated with SP. Surface potential studies in the course of,PdH
tus into the atomic force microscope cell, showed that their in- formation within Pd/Pt/glass system were performed having
teraction with hydrogen at 298 K undeg pressure-101 kPa thick (100 nm) Pt film deposited on glass before thin Pd film
(far abovePeq ~ 1 kPa, which is the blequilibrium pressure (40 nm) was obtained.
for palladium hydride formation at 298 K) leads to the forma- For the AFM studies, thin films were deposited on glass
tion of a net of protrusionf®]. The protrusions disappeared microscopic plates under UHV conditions. Application of
completely when hydrogen in the cell was changed to ar- a proper mask allows to cover part of the glass plate with
gon. This process was well reversible. It could be expected Pd film, while the other part was precovered with a thick Pt
that the net of protrusions arising on thin Pdiiim on glass film and next with Pd film. Next, the samples were trans-
is caused by the stress accompanying the hydride formationported through the air into the AFM cell (Topometrix, Dis-
(the lattice constant of palladium hydride is higher than that coverer). The topography of the film in the course of RdH
characteristic of palladium), which is too large to be com- formation or its decomposition was monitored by video cam-
pensated by the adhesive force between the metal film andera and AFM during K or Ar flow at pressure~100 kPa
glass support. Thus on some local sites the film was losingthrough the cell maintained at 298 K. XPS experiments
its contact with the glass support, forming protrusions. This showed that only small traces of platinum were present within
contact was restored when Pditas decomposed, changing  thin palladium film (PtPd < 10~3) when Pd/Pt/glass system
the H, gas phase above the sample for argon. was examined.
If our interpretation is valid, then the hydride formation
within thin Pd film deposited on glass precovered with a thick
layer of a metal which exhibits a strong cohesion against 3. Results
palladium and which does not form hydrides, should re-
sult in the absence of protrusions. The absence of protru- The course of surface potential in the process of PdH
sions should also influence the electric charge density distri- (0.01 < x < 0.95) formation at 78 K within thin Pd film on
bution over the surface, leading to a decrease of SP. Thusglass and on glass precovered with Pt film is showRim
mentioned above strong increase of SP in the course ofl, while the dependence of SP on the H/Pd atomic ratio is
PdH, formation within thin Pd film deposited on glass could presented irFig. 2 The response of the surface potential to
be a superposition of structural and chemical changes. ToH, doses introduction is clearly visible. When the critical
answer this question, experiments with SP measurementscoverage is reached, a rapid increase of SP due t@the
and AFM topography studies were performed using thin Pd adspecies creation is followed by a slow decay of the signal.
films deposited on glass and on glass precovered with thick Examination showed that the rate of the SP decay fits the first
platinum film. order kinetic equation, as should be expected for incorpora-
tion below the surface. It was observed that these transients
of positive SP signals registered as a result of successive hy-
2. Experimental drogen doses were not complete within the concentration of
hydrogen in PdH (0.2 < x < 0.8) (Fig. 2). Hence the total
The Pyrex glass UHV system capable of routinely reach- increase of the surface potential during the whole process of
ing (2-3)x 108 Pa during palladium and platinum film de- hydride formation was strongly positive. At higher concen-
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Fig. 1. Surface potential changes in the course of A@H< x < 0.95) formation at 78 K within thin Pd films deposited on Pyrex glass (Pd/glass) and on Pyrex
glass precovered with thick Pt film (Pd/Pt/glass). Sections (A), (B), (C) correspond to the successive steps of the process described by the tétid atomi
Arrows indicate successivesHioses introduction. Creation 8- andp™ adspecies is observed within both systems. A weakly bound hydrogen deposit on
PdH, (x > 0.8), desorbing during evacuation of the static capacitor is also clearly seen.

tration H/Pd successivedtioses caused monotonic increase contrast to the light-reflecting unchanged topography of the
of SP. The increase of SP for Pglgy under H pressure PdH,/Pt/glass system.

2.5Pa was reaching as much-a8V. This would mean a It should be emphasized that in the course of this work
strong polarization of hydrogen adatoms on the surface of A® and AFM studies were carried out under different ther-
PdH,, or a strong roughening of the film. Isothermal evacu- modynamic conditions. Hence AFM data collected at 78 K
ation of the system caused decrease of SR b0 mV due under UHV conditions (unavailable in our laboratory) would

to desorption of some weakly adsorbed adspecies op BdH  be very useful to confirm the presented results.
surface.

In contrast with the strong increase of SP in the case of
Pd/glass system, a plateau of the surface potential charac-
terizes PdH (0.2 < x < 0.82) formation within Pd/Pt/glass.
Other features lik@ ~ and* forms of the adsorbate, as well
as the presence of the weakly bound deposit on the surface
of PdH, (x > 0.82) are the same.

Figs. 3 and 4show the AFM topographic images for
the PdH/glass and PdHPt/glass systems, and the corre-
sponding video camera response. Protrusions are created
only within PdH,/glass system. The part of the sample, with
the surface roughened by protrusions, is seen by the video
camera as darkened because of the dispersion of light, in

PdH,/glass

70x70 mm?

PdH,/Pt/glass

21SP=-DF -0.051SP=-DF
16 V1 V]
1.2 PdH,/glass 01 PdH./Pt/glass 12
- [mm]
' . . 0.8
0.4 0.151 5% e
- e 0.4
0 L .
-0.4 0.2 0 . . . . .
0O 02 04 06 08 1 0 02 04 06 08 1 0 10 20 30 40 50 60 70
H/Pd [mm]

Fig. 2. SP dependence on the H/Pd ratio in the process of Rl x <
0.95) formation at 78 K within thin Pd film deposited on Pyrex glass and

within thin Pd film deposited on Pyrex glass precovered with thick platinum
film.

Fig. 3. AFM topographical image and profile of Pdiformed at 298 K
within thin Pd film deposited on glass and on glass precovered with thick
platinum film. Protrusions formed within the Pdliglass system are clearly
seen, as well as their absence in the P@tiglass system.
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due to arising of the3~ adspecies, plateau of SP within
PdH, composition (0L < x < 0.80), and the presence of
the weakly adsorbe@* adspecies on the surface of PdH

(x > 0.8) are features corresponding to the chemical com-
ponent of SP. On the other hand the strong increase of SP
(decrease of the work function) registered in the process of
PdH, (0.1 < x < 0.8) formation at 78 K within a Pd/glass
system is caused by roughening of the film, and not by a high
polarization of hydrogen adspecies on the palladium hydride
surface.
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