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Hydrogen has been attracting much interest recently as a source of clean and sustainable energy.
However, the volatility of hydrogen, its tendency to explode at concentrations as low as 4 % in
air, requires a reliable sensing technology for safe hydrogen utilization. An optical hydrogen safety
sensor based on gasochromic thin films can detect a change in color of the film upon exposure
to hydrogen gas in an area where a hydrogen leak is suspected. In this study, we compared the
sensitivity and the durability of hydrogen sensor films of Pd/WO3 , Pt/WO3 , and Pt/Pd/WO3 .
The change in the optical transmittance of the films was measured as these films were repeatedly
exposed to hydrogen and air.
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I. INTRODUCTION
The recent worldwide economic crisis initiated by the
steep rise in the price of oil renewed interest in renewable
energy sources. Hydrogen energy has attracted much attention due to its potential as a clean, renewable energy
source to replace crude oil, especially for transportation
applications. However, hydrogen’s tendency to explode
in air at concentrations as low as 4 % has been a major
problem in wide adoption of hydrogen energy technology.
Therefore, a reliable and inexpensive hydrogen sensor
technology is a key element in bringing about a ‘hydrogen economy’. Electrochromic tungsten oxide, combined
with a catalyst layer, typically of palladium, has been
studied for many years as a candidate for a hydrogen
sensor material [1,2]. When a thin film of tungsten oxide coated with a thin layer of palladium is exposed to
hydrogen, the color of the thin film changes in a mechanism similar to electrochromic coloration [3–5]. Optical
hydrogen sensors [6–8] based on this phenomenon have
attracted much interest, thanks to the possibility of remote sensing through optical fibers. However, the durability of such sensor films has not been sufficient to adopt
this technology in the real world. In an effort to improve
the durability of tungsten-oxide-based hydrogen sensors,
combinations of Pd and Pt have been studied. It has
proven that the combination gives improved durability
and sensitivity [9].
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Optical hydrogen sensor films are composed of an electrochromic layer, such as tungsten oxide (WO3 ), deposited by reactive sputtering and a catalyst layer of
Pd. When exposed to hydrogen gas, the catalyst layer of
Pd not only decomposes hydrogen gas into electrons and
protons, but also diffuses these particles into the WO3
electrochromic layer. The electrons then reduce W6+
ions in WO3 to W5+ ions, and electron hopping between
W6+ and W5+ in small-polaron transitions causes a color
change [10,11]. By measuring the optical transmittance
or the reflectance of the sensor thin film, the existence
of hydrogen can be detected. In this type of sensor, it
is important to improve the ability of the catalyst to decompose hydrogen molecules into electrons and protons
and to diffuse them into the electrochromic layer [11,12].
Pd/WO3 deposited by sputtering has shown improved
durability over that of Pd/WO3 deposited by thermal
evaporation [13]. In this study, we compare Pd, Pt, and
Pt/Pd as catalysts in hydrogen sensor films in order to
find the optimal material with improved sensitivity and
durability [14,15].

II. EXPERIMENTS
Pd/WO3 , Pt/WO3 , and Pt/Pd/ WO3 thin films were
produced by RF & DC sputtering. The substrates used
were glass for monitoring color changes of the hydrogen sensor thin films when exposed to hydrogen gas
and stainless steel for Raman spectroscopy. Amorphous

-2693-

-2694-

Journal of the Korean Physical Society, Vol. 55, No. 6, December 2009

tungsten-oxide (a-WO3 ) thin films were deposited by
sputtering a tungsten target with 99.99 % purity by RF
sputtering in an Ar and O2 gas flow. Then, the Pd or
Pt catalyst layer was deposited on top of WO3 by DC
or RF sputtering. The thicknesses of the Pd and the Pt
layers were 18 nm each, and that of the WO3 layers was
252 nm. In the case of Pt/Pd/WO3 , a 6-nm Pd film was
deposited on top of the WO3 layer; then, another 6-nm
layer of Pt was deposited.
In order to measure the optical transmittances of
Pd/WO3 , Pt/WO3 and Pt/Pd/ WO3 when exposed to
hydrogen gas, a 633-nm He-Ne laser beam was divided
into two by using a beam splitter. One of the two light
beams was used as a reference, and the other was used as
a sensing beam. The sensing beam was injected into the
hydrogen sensor films inside a chamber through an optical cable. The intensities of the reference beam and the
sensing beam after going through the sensor film were
measured with a photodiode. Then, the changes in the
ratio between the sensing signal and the reference signal
were measured while alternately injecting hydrogen gas
and air into the test chamber. The air used in this study
was a mixture of 80 % nitrogen and 20 % oxygen. For
hydrogen, 1 % concentration of hydrogen gas mixed in
artificial air was used.

III. RESULTS AND DISCUSSION
Figure 1 shows the cycling durability of Pd/WO3 ,
Pt/WO3 , and Pt/Pd/WO3 . For each cycle, the sample
was exposed alternately to 1 % hydrogen for 90 seconds
and to air for 90 seconds. The optical transmittance
decreases when the film is exposed to 1 % hydrogen,
and it recovers when air is supplied to the test chamber.
The Pd/WO3 film shows a good cycling durability, as reported earlier [13], but the change in the normalized intensity, which is an indicator of the sensitivity, is smaller
than it is in the other cases. The Pt/WO3 film shows
good response to hydrogen initially, but loses sensitivity
quickly as the film is cycled. The Pt/Pd/WO3 film shows
a good initial response, but the film does not seem to recover the ‘bleached’ state as the film goes through many
cycles. This is probably due to the inability of platinum
to transport protons easily. From these comparisons, the
Pd single catalyst seems to be the most durable of the
materials studied.
Figure 2 compares the optical transmittance changes
of the films for a single cycle for the first cycle and after
many cycles. For the Pd/WO3 film (Fig. 2(a)), the initial change in the transmittance is about 30 %. At 500
cycles, the overall change in the transmittance barely
decreases, but the shape of the time response is dramatically different. It appears that multiple reactions
are occurring, so the film is not suitable for hydrogen
detection. For the Pt/WO3 film (Fig. 2(b)), the overall
change in the transmittance is better, at about 50 %, but

Fig. 1. Comparison of cycling durability for (a) Pd/WO3 ,
(b) Pt/WO3 , and (c) Pt/Pd/WO3 (1 cycle = 180 sec).

the response time is somewhat slower, especially for the
bleaching (when the film is exposed to air). However, after 400 cycles, the optical transmittance barely decreases
when the film is exposed to 1 % hydrogen, and the response is very slow. For the Pt/Pd/WO3 film, the optical
transmittance changed by about 50 % for the initial cycle. After 800 cycles, the film still reacts to hydrogen
very rapidly, although the recovery is somewhat slower
than it is for the first cycle. Thus, although the overall
fractional change in the optical transmittance decreases
as the film is cycled, it is clear that after 800 cycles, the
film still shows good characteristics as a hydrogen sensor
film.
Since Pt/Pd/WO3 seems to possess the best characteristic for a hydrogen sensor film, we studied the performance of this combination for different Pt layer thicknesses. For this study, the thicknesses of the Pt layers
were 6 nm, 18 nm, 36 nm, and 54 nm, while those of Pd
and WO3 were kept at 6 nm and 252 nm, respectively.
Figure 3 shows the cycling performances of the
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reach Pd or WO3 , it is very difficult for them to diffuse
out of the film when hydrogen is removed from the ambient, because Pt is not a good conductor of protons.
Although using Pt as the catalyst improves the initial
sensitivity of the film to hydrogen, the irreversibility of
the color change makes it a less attractive material for
applications that require good cycling durability.

IV. CONCLUSIONS
The optical transmittance changes of Pd/WO3 ,
Pt/WO3 , and Pt/Pd/WO3 thin films for hydrogen sensor applications were compared. Use of platinum improved the sensitivity of the sensor film, but the cycling
durability suffered from an irreversible decrease of the
optical transmittance in the ‘bleached’ state. This is
explained in terms of the blockage of proton diffusion
by platinum. For hydrogen sensor applications, a judicious choice of a platinum-palladium combination is,
thus, needed for an optimal sensitivity/durability combination.
Fig. 2. Optical transmittance changes for a single cycle for
the first and the last cycles for (a) Pd/WO3 , (b) Pt/WO3 ,
and (c) Pd/Pt/WO3 .
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