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Abstract: The palladium/ yttrium films were prepared using magnetron sputtering technique. The changes of crystal

structure, morphology and optical properties of the films during the hydrogen absorption/ desorption process were investr

gated. The results of SEM and AFM analysis show that yttrium films have columnar structure, and the Pd cover layers on

the surface of the yttrium films are composed of nanometer-sized Pd particles, which contain a large amount of smaller

crystalline grains. During the gas hydrogen absorption/ desorption process, YHj3 and YH, hydrides form on the sites of Pd

grains contacting with Y grains. Upon hydrogenation, YHj3 hydride forms and the switchable optical properties can be ob-

served. The light transparency of the films increases with the increasing of hydrogen loading time and the light wave

length, and the absorption limitation occurs at A= 400 nm. Upon dehydrogenation, YHj3 hydride dissociates into YH hy-

dride, and the maximum transparency occurs at A= 689 nm.
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1 INTRODUCTION

The rare-earth hydride films with switchable op-
tical properties were firstly discovered by Huiberts et
all " and have attracted more and more interest re-
cently. Huiberts et all'"*? found that the films of YH,
and LaH, exhibit remarkable reversible changes in
their optical properties during hydrogenation/ dehy-
drogenation process. By changing the hydrogen gas
pressure or by electrochemical means, the films can
be continuously and reversibly switched from a shiny
mirror to a transparent window in a fraction of a sec

[3.4] 9

ond The subsequent works!’™ have disclosed

that most of the rare-earth hydrides and their alloys
hydrides, such as Gd&Mg>*" Y-Mgl*>" La
Mg %% Sm-Mgl” % and LurMg > ete., also
exhibit the dramatic changes in the optical properties
by changing the hydrogen content.

By electrochemical charging/ discharging

way' *!'% " the optical properties of the rare-earth
films can be rapidly and conveniently achieved. So
the rare-earth hydride films have shown the potential
applications in the optical devices such as smart win-
dows and optical shutters to active displays' .

In this paper, the conventional magnetron sput-
tering technique was selected to prepare Pd/Y hy-
dride films. Under low vacuum (107 °~ 10" * Pa),

the yttrium films capped with a Pd layer of 5720 nm

were sputtered into ITO or glass substrate. The crys-
tal structure, morphology and switchable optical

properties were investigated as well.
2 EXPERIMENTAL

The Pd/Y thin films were deposited on glass
substrates using magnetronsputtering techniques.
The chamber was first evacuated to 2. 0 x 10~ * Pa,
then filled with pure Ar up to 0. 25 Pa. To ensure the
adhesion of yttrium to glass, the glass was polished
chemically. In order to reduce the air content in the
chamber, the pre-deposition of yttrium was conduct-
ed. After pre-deposition, Y films were deposited sub-
sequently on the polished glass for 5 min at 0. 4 A and
500 V. After the deposition of yttrium films, palladi-
um films were subsequently deposited for 30 =60 s on
the surfaces of yttrium films in the same deposition
process. The Pd layer was generally about 5~ 20 nm,
while the Y film was 100 ~ 200 nm thick.

The purity of palladium is 99. 9% ( manufactured
by Institute of Yunnan Precious Metal), and 99% for
yttrium ( manufactured by Shanghai Yuelong Nonfer
rous Metals Co. ).

The XRD analysis were carried out with a
Rigaku D/ max- [IB diffractometer, using CuKq radi
ation in the 20 range from 20” to 90° with a scan rate
of 4(°)/min. The morphology of the rare earth films
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was observed by ZAFM- II atomic force microscopy
(made by Zhejiang University). The scan time was 2
s, brightness threshold was 0. 71, scan range was 2. 0
Pm x 2. 0 Hm, image size was 400 X 400 dots, and
three-dimensional range was 1. 0 Hm x 1.0 Pm. SEM
analysis was carried out with AMRAY 1840 scanning
electron microscope.

For the test of optical properties, the Y/ Pd films
were set on a transparent vessel. Before hydrogena
tion, the vessel was evacuated and subsequently filled
with pure hydrogen to 100 kPa.

3 RESULTS AND DISCUSSION

3.1 Crystal structure and morphology

Fig. 1 shows the XRD patterns of Y/Pd films
deposited on polished glass substrate at different tem-
peratures. The crystallinity of Pd layer is improved
with the increase of the substrate temperature. De
pending on the XRD patterns, the lattice spacing of
the Pd layers and Y films is calculated and the results
are presented in Table 1. The lattice spacing of Pd
layers and Y films are also very close to the bulk val-
ue. However, the lattice spacing of yttrium films
tends to increase with the substrate temperature.

The average crystalline grains of Pd layers are
calculated using Scherer equation''!.  When the
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Fig. 1 XRD patterns of Y/ Pd films deposited on

glass substrate at different temperatures

Table 1 Lattice spacing of Pd layers and Y
films deposited at different temperatures

Substrate Lattice spacing of Lattice spacing of
temperature/ ‘C Pd layer/ ( A Y films/ ( A
a= 3. 666
25 3.897 c= 5 832
a= 3.694
100 3. 880 c= 5. 880
150 3. 889 -

temperature of the glass substrates is 25, 100 and 150
‘C respectively, the average crystalline grains of Pd
layers are 2. 3, 2. 5 and 5. 5 nm accordingly.
It means the crystalline grains increase with the
substrate temperature.

The SEM photograph of Y/Pd films deposited
on glass substrate at 25 C is shown in Fig. 2(a). Pd
particles distribute dispersely on the surface of Y
film, and there exists large amount of micro-holes
(about 10 Pm in size) . According to the theory of the

1121 the structure of the films is af-

films deposition
fected by the value of T/ T, ( T is the temperature
of substrate, T, is the melting point of raw materr
al). When TJ/ T, < 0.3, the asdeposited films
show a columnar structure. The melting point of Y is
1795 C, sothe T/ T, is only 0.08 if the substrate
temperature reaches 150 ‘C. As shown in SEM pho-
tograph, the as-deposited Pd/ Y films have the colum-
nar structure. The AFM analysis discloses that the Pd
top layer does not form a fully closed coating, and Pd
crystalline grain with an average size of 200 ~ 300 nm
are piled up each other with the clear boundary( Fig. 2
(b)). Compared with the results calculated from
Scherer equation, it means that the Pd particles are
composed of smaller crystalline grains.

3.2 Changes of crystal structure during hydrogen
absorption/ desorption process
Fig.3 shows the XRD pattern for the Pd/Y
- 3 -

i = El,l'{fluﬁf

“‘“ .
Fig.2 SEM(a) and AFM(b) photographs of
Y/ Pd film deposited on glass substrate at 25 C
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hydride in low pressure of hydrogen at low tempera
YH, :

ture, and the hydrogen absorption only occurs slowly
in the higher temperature. However, in the presence
of hydrogen catalysts such as Pd element, the follow-
ing chemical reaction can take place in the lower tem-

5 perature: .
Pd YH, YH: H,+ Pd 2H(Pd) (2)

2 5 + H
2H+ Y YH, — YH; (3)
The formed YH3 hydride can dissociate into YH>
—— L L ! - L ) hydride in the air:
10 20 30 40 50 60 70 80 90 100 dissociation

' 26/C) 2YH; — 2YH.+ H, (4)

Fig. 3 XRD pattern for hydrogenation Pd/Y films
(1= 25 C, pu,= 100 kPa)

films after hydrogenation. Upon hydrogenation, YH,
hydride occurred in the films. Yttrium can react with
hydrogenation to form the unstable trihydride YH3,
and YH3 can dissociate to YH; in the air. Corre
sponding to the diffraction peak in XRD pattern,
there only exists the peak of hydride due to the disso-
ciation of YH3 hydride. It is calculated that the sizes
of YH> hydride and Pd is 5.248 A and 3. 897 A re
spectively.

Fig. 4 shows the surface morphology for the hy-
drogenated Pd/Y films. After hydrogenation, a large
amount of micrometer-sized particles occur in the sur-
face of Pd/Y films. AES and XRD analyses disclose
that these
taining large amount Pd element. Yttrium is easy

particles are YH, hydride conr

to be oxidized in atmosphere but difficult to form

Fig. 4 SEM photographs of the hydrogenated
Pd/ Y films

Because the Pd crystallines distribute dispersely
on the surface of yttrium films( Fig. 2), the hydrogen
molecule contacting with Pd grains can be dissociated
into hydrogen atom which can be absorbed by yttrium
to form hydride. The slow diffusion rates of hydrogen
atom in films at room temperature result in the local
hydrogenation, i. e., the yttrium hydride is difficult
to form on the site without contacting with Pd
grains. The local micro-crack occurs in the films due
to the volume expansion when yttrium absorbs hydro-
gen to form hydride (Fig. 4).

3.3 Changes of optical properties during hydro-
genation

The as prepared Pd/ Y films like a shiny metallic
mirror. Upon hydrogen absorbing, the yttrium film
changes into a transparent yellowish sample. The
changes of the optical properties for Pd/Y films dur-
ing gas hydrogen absorption/ desorption process are
measured, and the results are shown in Figs. 5 and 6.
With the increasing of the hydrogenation time, the
optical transparency of the Pd/Y films increase gradu-
ally up to 1. 5(Fig. 5(a)). According to the results of
Huiberts et all?, this indicates the formation of YH;
hydride. Fig. 5(b) shows the optical curve for YH3
hydride at different light wavelength. As shown in
Fig. 5(b), the optical transparency of the Pd/Y hy-
dride films increases with the increase of light wave-
length. The films are transparent when the wave-
length is in the range of 400 = 860 nm, if the light
wavelength < 400 nm, the transparency of the films
is approximated to zero. This phenomenon is associ
ated with the band gap. The previous results dis-
closed that yttrium trihydride has an optical gap of 2.
8 eVl corresponding to 400 nm light wavelength.

Fig. 6 (a) shows the change curve of optical
transparency at A= 689 nm of Pd/ Y films during de-
hydrogenation. As the time of exposure on the air in-
creases, the transparency of the films decreases grad-
ually. After 3 500 s, the decrease rate tends to be a
constant, indicating that YH3 hydride is unstable in
the air. The final
dride. Compared with Fig. 5(a), the transparency

product is  YH» hy-
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Fig. 5 Change of optical transparency of Pd/ Y films during hydrogenation(a) ( A= 689 nm)
and optical transparency curves for YH3 hydride at different light wavelength(b)
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Fig. 6 Change of optical transparency of Pd/Y films during dehydrogenation(a) ( A= 689 nm)
and optical transparency curves for YH, hydride at different light wavelength(b)
(Temperature is 25 C, p(H,)= 100 kPa)

change rates of the films have remarked difference.
Only small amount of YH3 hydride transferred to YH3
hydride, so the transparency of Pd/Y films show an
obvious decrease. In the reverse process, the trans-
parency increase only after a large amount of YH; hy-
dride has been transferred to YH3 hydride. Fig. 6(b)
shows the optical transparency curves for YH, hy-
dride at different light wavelength. There exists a
parabolic relationship between the optical transparen-
cy and the light wavelength. The maxim transparen-
cy occurs at around A= 689 nm, i e., the so-called
“ red{g}ransparent windows” proposed by van der Sluis
et al' ™.
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