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  1   .  Introduction 

 The use of hydrogen (H 2 ) is expected to grow dramatically in 
the coming years due to the crucial role it is anticipated to play 
as the backbone of future energy systems based on renewable 
and sustainable resources. [  1,2  ]  H 2  is highly explosive in the pres-
ence of oxygen, with a lower fl ammability limit of 4 vol% in air; 
therefore its timely detection is an important safety issue. Mon-
itoring of hydrogen concentration is also essential to nuclear 
reactor safety, space applications, coal mine operations and 
many other industrial process. [  3  ]  Hydrogen sensing also plays 
important role in medical diagnostics such as in a breathe H 2  
test for the detection of lactose and sucrose intolerance, and 
for the detection of environmental pollution. [  4–10  ]  Therefore the 
development of reliable, sensitive and inexpensive H 2  sensors 

that can be used for variety of applications 
is of a great importance. 

 Conventional H 2  sensors based on 
metal-oxide chemiresistors, thermal con-
ductors, catalytic and electrochemical 
processes are often bulky, operate mostly 
at high temperatures (100–300 °C), are in 
general expensive and suffer from poor 
selectivity towards H 2 . [  3,11  ]  State of the 
art H 2  sensors are based on reversible 
changes in the electrical, optical and struc-
tural properties of nanostructured and /or 
thin fi lms of certain metals (especially Pd 
and Pd-alloys) upon exposure to H 2 . [  3,12–21  ]  
These sensors operate at room tempera-
ture, are less bulky and more sensitive 
to H 2 . Among this variety of contempo-
rary H 2  sensors, the optical monitoring 
of H 2  is considered very attractive due to 
its inherent safe nature when compared 
to other techniques that require electrical 

contacts. It offers the additional advantage of remote, distrib-
uted and multiple H 2  sensing via optic fi bers. Several optic fi ber 
H 2  sensors based on interferometric, micro mirrors, evanes-
cent fi eld interaction, fi ber Bragg Gratings, long period gratings 
and surface Plasmon resonance have been reported. [  11,16–18,22–33  ]  
These optical H 2  sensors generally exhibit a good sensitivity. 
However despite being based on optical changes, they still 
require a light source, an optical fi ber and electronic devices 
to convert the optical change into a readable output. This con-
tributes substantially to the cost of the sensor. In addition, they 
suffer from cross sensitivity and poor selectivity especially in an 
oxygen and moisture environments such as in biochemical and 
biomedical H 2  sensing applications where low concentrations 
of H 2  need to be detected in the presence of both O 2  and H 2 O. 

 Hydrogen detection based on the gasochromic properties 
of nano-structured WO 3  [  34–37  ]  and NiO fi lms coated with Pd 
or Pt catalysts have been demonstrated. [  34–37  ]  However, to the 
best our knowledge, all these sensors require a light source 
and electronic readout devices (spectrometers). Moreover they 
have a comparatively slow recovery time at room tempera-
tures and therefore operate at elevated temperatures (typically, 
80–200 °C). Furthermore, unlike optical sensors based on H 2  
interaction with metal thin fi lms, the coloration process of gas-
ochromic sensors does not only depend on the H 2  pressure (or 
concentration) and temperature, but also on the initial water 
content of the gasochromic metal oxides. [  36,38  ]  This hampers 
the reproducibility and accurate quantifi cation of the hydrogen 
pressure. [  34–38  ]  
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hydrogenation catalyst. The Pd layer also prevents oxida-
tion of the Y [  41  ]  and enhances the observable colors through 
interference effects as will be explained in detail later. The Pd 
layer is coated with a 30 nm sputtered PTFE (polytetrafl uoro-
ethylene) which protects it from deterioration. [  42,43  ]  In the as-
prepared state, Y is highly refl ective. Therefore, when looking 
through a transparent substrate, nearly all the light falling on 
the Y is refl ected as shown in Figure  1 A. On exposure to H 2 , 
Y turns into a semitransparent YH 2  phase at about 10 −31  mbar. 
The semiconducting transparent YH 3  state is obtained at 0.1 
mbar. [  44,45  ]  Pd is very refl ective and therefore in the YH  x   states, 
the refl ection has a component from the substrate/YH  x   and 
the YH  x  /Pd interface as shown in Figure  1 B (for a very smooth 
interfaces). The degree of constructive or destructive interfer-
ence between the two light waves depends on the difference in 
their phase or optical path difference, which depends of course 
on the dielectric function of YH  x  .  

 Stage 1 in Figure  1 C shows the CCD camera image (without 
applying any image processing) of the as-prepared H 2  indi-
cator layer geometry consisting of 60 nm Y, 50 nm Pd, and 
30 nm PTFE (60Y/50Pd/30PTFE). On exposure 0.1 mbar H 2  
partial pressure at room temperature, three different colors 
were observed. Upon dehydrogenation (by exposure to air or 
20% O 2 /Ar) the color changed from stage 4 directly to stage 2, 
thus skipping stage 3. 

 The observation of four different YH x  colors is surprising 
since from the presence of the three phases (Y, YH 2 , and YH 3 ) 
we would expect three colors only. For more insight into the 
formation of the different colors, we followed the change in 

 Here, we report on the realization of a novel optical H 2  
detector that indicates the presence of H 2  merely by a reversible 
change in color. We exploit the reversible change in the refl ec-
tance of Y thin fi lms on hydrogenation to the YH 2  and YH 3  
phase respectively [  39,40  ]  to create a H 2  indicator with reversible 
and tunable color changes at certain thermodynamically deter-
mined pressure thresholds. The eye-readable change in color is 
the result of an interference effect and circumvents the need 
for an optic fi ber and transducer or electrical readout. Using 
surface modifi cations, the selectivity is greatly enhanced such 
that, unlike many other H 2  sensors, it can detect very low H 2  
concentrations (0.1% H 2 /Ar) even in the presence of moisture, 
or/and oxygen. Therefore the device is very interesting for var-
ious applications such as H 2  leak detection, environmental pol-
lution monitoring and biochemical/biomedical H 2  sensing pur-
poses. The ability to fabricate the detector on cheap substrates 
such as plastics and paper makes it also appealing for dispos-
able applications.  

  2   .  Results and Discussion 

  2.1   .  Confi guration and Sensing Mechanism 

 The confi guration and operation mechanism of our proposed 
H 2  detector is shown in  Figure    1  . The sensing layer is a thin 
fi lm of Y sputtered on a 1 cm × 1 cm quartz substrate. On 
top of the Y is a 50 nm Pd thin fi lm which serves as a (de)

      Figure 1.  Confi guration and operation mechanism of the H 2  detector: A) light refl ection from Y layer in the as-prepared state, B) Interference effects 
due to optical changes when exposed to H 2 . C) Change in color of the 60Y/50Pd/30PTFE H 2  indicator upon exposure to H 2  at room temperature, 
showing the four optical states Y  →  YH 1.9  →  YH 2.1  →  YH 3 . Images were recorded with a CCD camera without involving image processing and therefore 
closely represent the visible impression. 
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In this case, the fl at nature of the plateau indicates that this 
transition refl ects the two-phase thermodynamic equilibrium 
between the dihydride and the trihydride phase. Note that for 
the transmission measurements, the thickness of the Pd was 
reduced to 25 nm to enhance transmission of light through the 
fi lm.  

 The direct transition of YH 3  to YH 1.9  on dehydrogenation as 
seen in Figure  1 C is in accordance with literature, which relates 
this hysteretic effect to the tensile strain developing in the 
Yttrium fi lm on desorption. [  48  ]  Due to the low equilibrium pres-
sure, a full desorption to the Y phase is possible only around 
750 °C. [  49  ]  Thus, the subsequent hydrogenation of the detector 
is only possible from YH 1.9  →  YH 2.1  → YH 3  and back. As shown 
in  Figure    3  A and  3 B, the transition is highly reversible and can 
be repeated severally. Thus after the fi rst hydrogenation cycle, 
we realized a three state H 2  detector that indicates the pres-
ence of H 2  by changing from deep blue (YH 1.9 ) to gray (YH 2.1 ) 
at concentrations below 0.1 mbar H 2  and to light blue (YH 3 ) 
at  ≥ 0.1 mbar H 2 . In practice the fi rst color change (YH 1.9   →  
YH 2.1 ) is observed at hydrogen concentrations as low as 5 ppm 
(Figure S4 in Supporting Information).   

  2.2   .  Kinetics and Selectivity 

 The response time and selectivity are very important proper-
ties of H 2  sensors.  Figure    4   summarizes the response time 
(kinetics) and selectivity of the H 2  indicator in the presence 
of O 2  and H 2 O, which are two major contaminant gases to be 
encountered in the various H 2  sensing applications. It is found 
that the time it takes our H 2  detector to change from one color 
to another generally depends on the H 2  concentration and the 
environmental conditions. Figure  4 A shows that in H 2 O and O 2  
free environment, the transition YH 1.9  (peak)  →  YH 2.1 (valley)  →  
YH 3  (plateau) takes place in about 10 s for a 3% H 2 /Ar gas mix-
ture, and increases to 25 and 100 s for 1% and 0.12% H 2 /Ar 

refl ectance of the indicator as a function of time and pressure of 
H 2 .  Figure    2  A shows that upon exposure to 0.05 mbar H 2 , the 
refl ectance of Y decreases quickly from its initial value (point 1) 
until it reaches a minimum at point 2, and increases slightly to 
point 3 where it stabilizes. Since the transition from Y to YH 2  
is expected to occur far below 0.05 mbar, [  44,45  ]  we conclude that 
the two colors observed at point 2 and 3 are associated with the 
changes occurring within the YH 2  phase. It has been reported 
that the YH 2  phase allows for a hydrogen concentration range 
between YH 1.9  and YH 2.1.  Within this fcc phase the optical prop-
erties are strongly dependent on the H 2  concentration. [  40,45–47  ]  
YH 1.9  has a small transparency window at the red wavelengths 
 [  40,46,47  ]  but on increasing the H 2  concentration from 1.9 to 2.1 
the transmission decreases again. [  46,47  ]  While the dielectric 
function does not change much, the interference effect results 
in an improved optical contrast between the YH 1.9  and YH 2.1  
states. When the pressure is increased to 0.1 mbar (which is 
the room temperature equilibrium pressure for the transition 
YH 2.1  →  YH 2.7  [  44,45  ] , the refl ectance increases rapidly to point 
"4" which is almost equal to the refl ectance of the pure Y metal. 
The increase in refl ectance at point 4 is not expected as the hcp 
YH 3  phase is a large bandgap semiconductor. However, due to 
the high transmittance of the YH 3  phase, most of the light is 
refl ected back from the interface with the metallic Pd layer. The 
relationship between the transmittance of Y and the H 2  concen-
tration is shown in the pressure-transmission isotherm (PTI) 
in Figure  2 B. A sloping plateau pressure corresponding to 
Y  →  YH 1.9  is seen around 2 × 10 −3  mbar. Since the equilibrium 
pressure for the transition of Y to YH 1.9  is at about 10 −27  mbar, 
the fact that we observe this transition around 2 × 10 −3  mbar is 
most likely due to the slow kinetics of the hydrogenation pro-
cess. At the end of the plateau we observe a decrease in trans-
mission (from "2" to "3") due to the formation of YH 2.1 . From 
this point the transmission remains constant until the H 2  pres-
sure reaches 0.1 mbar, at which the transmittance increases 
signifi cantly due to the formation of the very transparent YH 3 . 

      Figure 2.  Change in optical properties of Y thin fi lm at room temperature: A) change in refl ectance of a 60 nm Y capped with a 50 nm Pd as a function 
of time and H 2  pressure. Inserted is the color associated with the different YH  x   states when viewed through the substrate side. B) Pressure-transmission 
isotherm (PTI) of a 60 nm Y capped with 25 nm Pd. The plot shows the relationship between applied H 2  pressure and change in transmittance 
(ln( T/T  0 )) of the Y during H 2  absorption.  T  is the optical transmittance of the fi lm during measurement while  T  0  is the initial transmittance of the 
sample. The pressure was increased logarithmically from 0 to 1 mbar in 40 h. The four YH  x   states are clearly seen in the two fi gures. 
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H 2  in the presence of O 2  and/or H 2 O. [  50  ]  To this end we investi-
gated the effect of O 2  and/or H 2 O on the performance of the 
detector. Figure  4 B indicates that in an environment that 
is almost saturated with water (97% relative humidity) the 
device can detect down to 2% H 2 /Ar. However the kinetics is 
signifi cantly reduced, for example the time to detect 4% H 2 /
Ar increases from about 10 s in moisture free environment to 
1200 s in the presence of water. Similarly the presence of just 
5% O 2  in the gas mixture adversely affects the performance of 
the indicator (Figure  4 C) and is worse when both O 2  and H 2 O 
are present, as seen for the 1% H 2 +5% O 2  mixture at 97% rela-
tive humidity. 

 Dehydrogenation or unloading of the indicator (YH 3  → YH 1.9 ) 
takes about 250 s in dry air or 20% O 2 /Ar but the dehydrogena-
tion time decreases in humid environments. This can be seen 
as an advantage in biochemical and biomedical applications. 
Hydrogen sensors/detectors based on H 2  sorption in metals 
generally suffer from a low sensitivity in the presence of O 2  
and/or moisture especially at very low H 2  concentrations. This 
is due to competing reactions between adsorbed O 2  or hydroxyl 
groups (OH − ) and H 2  on the surface of the catalyst to form H 2 O 

respectively. Below 0.05% H 2 , only one color change is observed 
(YH 1.9   →  YH 2.1 ) and this color change is observed at a minimum 
pressure of 5 ppm H 2  with a long response time ( ≈ 30 min) as 
shown in Figure S4 (Supporting Information). However, it is 
important to note that the response time is the time taken to 
complete the color changing process associated with going 
from one YH  x   state to another, that is, the phase transition. A 
gradual change in color can already be visualized within 15 s 
as soon as hydrogen is introduced to the sample. Moreover, 
the time taken to complete the coloration decreases signifi -
cantly as the concentration of hydrogen increases, as shown in 
Figure  4 A. Thus the response time for the detector under O 2  
and moisture free environments is adequate for many applica-
tions and comparable to state of the art H 2  sensors. [  3,12–21  ]  A 
fi ber-optic hydrogen sensor based on the Mach–Zehnder inter-
ferometer had been realized with sensitivity of 2ppb H 2  in Ar, 
and a response time of 30 s. [  22  ]  However, the degree of com-
plexity of the device made it relatively unattractive for practical 
hydrogen sensing applications. [  31  ]   

 For the H 2  detector to be used for biochemical and biomed-
ical applications, it should be able to detect down to 0.1–0.3% 

      Figure 3.  Performance of the H 2  detector in a fl ow of 150 mL min −1  H 2 /gas mixtures. A) First and second hydrogenation/dehydrogenation cycles in 
0.1% H 2 /Ar for loading and 20% O 2 /Ar for unloading. B) 40 cycles in 1% H 2 /Ar, showing that the sensor is stable upon cycling. 

      Figure 4.  Kinetics and selectivity experiments showing the effects of O 2  and/or H 2 O on the performance of the H 2  detector at room temperature and 
150 mL min −1  total gas fl ow. A) Response to 4 – 0.12% H 2 /Ar in O 2  and H 2 O free environment. B) Response to 4 – 0.3% H 2 /Ar bubbled through a 
moisturizer (95–97% Relative humidity, R.H). C) Addition of 5 and 10% O 2  to 1%H 2 /Ar mixture signifi cantly reduced sensor's response kinetics, and 
in the presence of both 5% O 2  and moisture (97% R.H) the sensor does not respond. Note that as Y  →  YH 1.9  is not reversible, hence only the optical 
change on going from YH 1.9   →  YH 2.1   →  YH 3  is shown here. 
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 5 B, the addition of Au also improves the kinetics and selectivity 
of the detector towards H 2  in the presence of O 2 . Unfortunately 
alloying with Au did not show any positive effects in the pres-
ence of both O 2  and H 2 O as can be seen for the 1% H 2 + 5% O 2  
@ 97% RH (Figure  5 B). Surprisingly, omitting the PTFE layer of 
Au containing samples enhances the performance of the detector 
remarkably in the presence of both O 2  and H 2 O (Figure  5 C). 
Impressively, a detector with the confi guration Y/Pd 90 Au 10  (thus 
without a PTFE layer) detects 1% H 2  in the presence of 5% O 2  
and 97% RH. Also very interesting is the fact that in the absence 
of moisture, this confi guration detects down to 0.1% H 2  in the 
presence of 18% O 2  (atmospheric O 2  concentration) as shown in 
Figure  5 D. This behaviour is maintained for environments con-
taining up to 40% RH. Our results confi rm the idea that alloying 
the Pd catalyst with Au signifi cantly suppresses the adsorption 
of O 2  on the Pd–Au surface [  52  ]  thereby reducing the formation 
of H 2 O. The decrease in hydrogenation or loading kinetics is 
expected since the presence of Au on the surface of the Pd will 
also result to fewer sites for the adsorption and dissociation of 
molecular H 2 . The fact that the samples without a PTFE thin 
layer on the Pd 90 Au 10  catalyst (Y/Pd 90 Au 10 ) displayed better selec-
tivity in presence of O 2  and/or H 2 O than the ones containing 
PTFE (Y/Pd 90 Au 10 /PTFE), might imply that PTFE decreases the 
ability of Au to suppress the adsorption of O 2  on the Pd-Au sur-
face. It has been reported that PTFE serves to protect the catalytic 

instead of hydrogenating the sensing layer. [  42,51  ]  This is more 
severe in a humid environment because the presence of water 
increases the formation of hydroxyl groups (OH − ) which easily 
combine with a hydrogen atom to form water. In the next sec-
tion we show how to modify this effect. 

  2.2.1   .  Enhancing Kinetics and Selectivity by Surface Modifi cation 

 Our approach to enhance selectivity is to modify the surface 
chemistry by alloying the Pd catalyst with gold which has 
less affi nity to adsorb O 2 . [  42,52  ]   Figure    5  A shows the response 
of a sample in which the Pd has been alloyed with 10% Au 
via co-sputtering of Pd and Au. Comparing Figure  4 B and 
Figure  5 A shows that the presence of Au signifi cantly enhances 
the loading kinetics in a humid environment. Thus a 0.12% 
H 2 /Ar mixture can be detected in an environment with 97% 
relative humidity. The sensor remains stable after 40 loading 
and unloading cycles under such conditions (Figures S5,S6 in 
the Supporting Information).  

 Figure  5 A indicates that moisture has an effect only on the for-
mation of the dihydride (YH 2.1 ) phase. The lower the H 2  concen-
tration, the longer it takes for this onset of the hydrogenation to 
occur. However once the initial hydrogenation has occurred, the 
formation of YH 3  proceeds much faster, and hardly depends on 
the H 2  concentration in the range measured. As shown in Figure 

      Figure 5.  Effect of Au and PTFE on the kinetics and selectivity of the detector in presence of O 2  and H 2 O. A) Response of a detector consisting of 
Y/Pd 90 /Au 10 /PTFE to a 150 mL min −1  fl ow of 4 – 0.12% H 2 /Ar bubbled through a moisturizer (95–97% Relative humidity). B) The sample Y/Pd 90 /Au 10 /
PTFE is able to detect 1% H 2  in the presence of up to 15% O 2  however in the presence of both O 2  and H 2 O (97%RH) the response is highly retarded. 
C) Effect of PTFE on selectivity: unlike the PTFE containing samples, a detector without PTFE layer (Y/Pd 90 /Au 10 ) is able to detect 1% H 2  in the pres-
ence of 5% O 2  and 97% RH. D) In the absence of H 2 O, the detector without PTFE (Y/Pd 90 /Au 10 ) is able to detect down to 0.1% H 2  in the presence of 
18% O 2 . Note, that only the optical changes on going from YH 1.9   →  YH 2.1   → YH 3  can be detected reversibly. 
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  2.3   .  Tuning the Colors of the Detector 

 To enhance the contrast of the detection colors, we investigated 
the effects of varying the Y thickness. An optical simulation of 
the detector's confi guration with different Y thickness ( Figure    6  ) 
shows that the refl ectance of the different wavelengths of the 
white light is highly dependent on the Y thickness. While the 
refl ection from the as-deposited Yttrium is hardly changed, 
the interference oscillations in the various phases are evident, 

layer of H 2  indicators from degradation. [  42,43  ]  
However our results reveal that it also changes 
the surface chemistry especially at lower H 2  
concentrations. Accordingly, we can tailor the 
performance of the H 2  indicator to different 
applications and environments by varying the 
concentration of Au in the catalytic layer and 
the type and thickness of the polymer protec-
tive coating (details to be published in a fourth 
coming article). 

 Although the response of the detector is 
slow in presence of both oxygen and water, 
to the best of our knowledge no hydrogen 
sensor has been shown to respond to such 
low concentration of hydrogen in the condi-
tions shown above. The ability of the detector 
to detect H 2  in gas mixtures containing 
0.1% H 2  and 18% O 2  makes it attractive as a 
simple and low-cost device for breathe anal-
ysis where the presence of up to 100 ppm H 2  
in exhaled breathe is an indication of intes-
tinal disorders such as malabsorption and 
intolerance to sucrose and lactose. [  50  ]  Simi-
larly, the device is also suitable for use as a 
simple H 2  indicator in applications where 
the presence of hydrogen in ppm levels is an 
indication of environmental pollution, food 
decay and material deterioration. [  3,8,53  ]  Given 
that similar color change is observed when 
Y is deposited on cheap substrates such as 
papers, tapes and PET (Polyethylene tere-
phthalate) foils (see Figure S1, Supporting 
Information), our H 2  detector can also be 
used as an inexpensive disposable device. 

 For application such as hydrogen breathe 
test for lactose intolerance, the exhaled 
breathe could be passed through an inexpen-
sive device like silica gel that would reduce 
the moisture in the exhaled breathe prior to 
reaching the surface of the detector. The fi rst 
color change would indicate the presence of 
H 2  in concentrations lower than 0.1% (not 
critical) while the second color change would 
indicate the presence of 0.1% H 2  and above 
(critical). Note that this is a threshold indi-
cator, which might be used for a medical 
self-test. If the precise breathe H 2  concentra-
tion is required, a more elaborate electronic 
sensor will be needed. Note that CO 2  and 
volatile organic compounds (VOCs) such as, 
methane, acetone and toluene could be present at ppb or ppm 
levels in exhaled breathe, but Pd/Au has earlier been shown to 
be insensitive to CO 2 , methane and ethane. [  21  ]  Since we use these 
layers as both catalyst and as protection layer for our Yttrium 
based device, we do not expect any cross-sensitivity due to these 
gasses. However CO and H 2 S can cause a temporary poisoning 
of Pd based sensors and catalysts even at ppm levels. Therefore 
this could be an issue for application such as environmental H 2  
monitoring (from food decay and material deterioration)   

      Figure 6.  Optical simulation of the refl ection at normal incidence of various Y fi lms of different 
thickness deposited on a transparent substrate, and covered with a 50 nm Pd layer. Plotted is 
the “as deposited” refl ection (top, gray), the loaded YH 3  phase (blue) and “unloaded” (YH 1.9 ) 
phase (red). The refl ected color is the result of interference with the refl ected light of the 
metallic Pd layer and can be selected by tuning the thickness of the Y layer. 
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does not require an electronic readout device. Three different 
color states corresponding to three reversible hydrogenation 
states YH 1.9  →  YH 2.1  →  YH 3  are realized within the concentra-
tion range 5 ppm to 0.1% H 2 . By changing the thickness of the 
Y thin fi lm, the interference is infl uenced and thus the color of 
the detector can be tuned. The detector is very sensitive and can 
be used in a very simple way to warn people for the presence of 
H 2  in concentrations down to 5 ppm, which is far less than the 
lower explosion limit (4%) of H 2  in air. 

 While a PTFE protective coating increases the kinetics in the 
absence of O 2  and moisture, it decreases the selectivity of the 
detector in wet O 2 , especially at low H 2  concentrations. Alloying 
10% Au to the Pd (and without applying a PTFE coating) sig-
nifi cantly improved the selectivity of the detector in the pres-
ence of O 2  and moisture. Thus the sample can detect 1% H 2  in 
the presence of 5% O 2  and saturated (97% relative humidity) 
environment. Furthermore, in moisture free environment (or 
less than 40% RH) the samples containing Au and without 
PTFE can detect down to 0.1% H 2  even in the presence of 18% 
O 2 . This gives the H 2  indicator the potential to also be used 
in breathe H 2  analysis and other applications where low con-
centrations of H 2  need to be detected in the presence of O 2  
and H 2 O. This demonstrates that we have the opportunity to 
develop inexpensive, disposable eye-readable H 2  detectors/sen-
sors for applications ranging from safety detection to biomed-
ical applications.  

  4   .  Experimental Section 
 30–150 nm Y thin fi lms were deposited at room temperature on 
1 cm × 1 cm quartz substrates in an ultrahigh-vacuum (UHV) DC/

especially in the YH 3  phase. Due to a high absorption, the oscil-
lations are less prominent in the YH 2.1  state. [  46,47,54  ]  Figure    7   
compares the colors of the H 2  detector with different Y thick-
ness. Clearly, the as-deposited samples have a similar metallic 
appearance irrespective of the thickness of the Y fi lm. Upon 
contact with H 2  we observe that the color of the indicator at 
each of the YH x  states depend strongly on the thickness of the Y 
fi lm in line with the simulation results. The measured change 
in the refl ectance of the samples as a function of the Y thick-
ness is shown in Figure S2 (Supporting Information). A closer 
look at Figure  7 C reveals that for YH 2.1 , the indicators have sim-
ilar color irrespective of the thickness. This can be understood 
on the basis of the metallic character of YH 2.1 . [  46,47,54  ]  Clearly, 
the transparency of the YH 1.9  and YH 3  phases is on the other 
hand large enough to affect the mean free optical path of the 
light refl ected at the YH  x  /Pd interface. While in these experi-
ments glass substrates were used, a similar optical behavior is 
observed when Y is deposited on plastics as shown in Figure S1 
(Supporting Information). Even non-transparent substrates 
such as paper can be used for this purpose; however the layer 
geometry needs to be optimized in this case.     

  3   .  Conclusions 

 A novel and inexpensive hydrogen detector has been realized 
based on Y and Pd thin fi lms deposited on transparent sub-
strates. The change in the optical properties of Y thin fi lms 
upon exposure to H 2  combined with interference effects 
between Y and Pd, allows us to create eye-visible effects. The 
detector is very simple to use as it indicates the presence of H 2  
merely by a reversible and bright color change. Therefore it 

      Figure 7.  Apparent colors (recorded with a CCD camera) of the H 2  detector when viewed through the quartz substrate showing the effect of Y thickness 
on the observed color at the different hydrogenation states. a) As prepared, b) YH 1.9 , c) YH 2.1 , d) YH 3 . All samples are capped by a 50 nm Pd thin fi lm 
catalyst layer. Measurements were done at room temperature using 50 W halogen lamp light source and a Sony 3CCD Camera. 
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