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A 6-MHz piezoeleciric quartz-crystal microbalance coated with palladium electrodes has been
used under STP gas flow-through conditions to detect hydrogen adsorption at low
concenirations { < 5% in nitrogen) where anomalous behavior has been observed due to
interferences from other ambient or impurity gases (mainly O,). A systematic study showed
that a concentration of §.4% hydrogen produced no frequency shift in the sensor due to
counterbalancing effects from other gases. Thus sensor sensitivity limits were established at
0.5% hydrogen, which is ~ 200 times lower than the photopyroelectric (P’E) sensor (part I}.
The hydrogen selectivity of the piezoelectric sensor was found to be inferior to that of the P’E

device.

i INTRODUCTION

One gas-detection device, which has proved to be very
useful, is the piezoelectric quartz-crystal microbalance
(PQCMB). King'™ showed experimentally that a coated
quartz piezoelectric crystal could be used as a sorption de-
tector. The detector principle is well known and was de-
scribed by Sauerbrey as early as 1959.5° The oscillation fre-
quency of a quartz crystal depends on the total mass of the
crystal, and that of any coating layers (or electrodes) on the
crystal surfaces. When adsorbed gas molecules are absorbed
in the thin coating layer, the resonance frequency decreases
in proportion to the mole number of dissolved moiecules.
Thus the concentration of a poliutant gas is measured by
detecting a change in the crystal vibration freguency.

In recent years, coated piezoelectric crystals have dem-
onstrated good efficiency as detectors of various pollutants.
Several workers’™!! have used coated crystals as sensors for
sulfur dioxide (SO, ) pollution. The piezoelectric sensor has
also been used by Karmarkar and Guitbault for the detection
of ammonia (NH,) and nitrogen dicxide (NG,),'? by Hia-
vay and Guilbault!® for the detection of hydrogen chloride
(HC1), and for hydrocarbon compound detection.'*'® The
ability of coated piezoelectric crystals to detect organophos-
phorous compounds has 2lso been demonstrated.'®!” Piezo-
electric crystal detectors for explosives and mercury {(Hg)
have been described by several authors.'®” Recently, Dea-
kin and Byrd have used a coated guartz crystal for the detec-
tion of electreinactive cations in agueous solution.””

The high heat capacity of H, makes this gas an impor-
tant fuel for several industries. Furthermore, critical mix-
tures of H, and O, are readily combustible at ambient condi-
tions. These are two main reasons, among others, for which
during recent years there has been an increased demand for
continucus monitoring of hydrogen at low concentrations.
As a result, a considerable research effort has been directed
toward the development of hydrogen gas sensors.?'? It is
well known that palladium (Pd) has high hydrogen solubil-
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ity.** The absorption of hydrogen by Pd during electrolysis
was observed in 1868 by Thomas Grahab. Since then, the
palladium-hydrogen system has been studied extensively.
Because of its selectivity to hydrogen absorption, Pd has
been employed as a filter for hydrogen purification, and it
has also been used to provide hydrogen selectivity for var-
ious hydrogen detectors.” Palladium is very popular as a
catalyst especially because of its hydrogenation property.
The absorption of hydrogen in Pd depends on temperature
and hydrogen concentration. For example, at room tem-
perature hydrogen is more than 1000 times more soluble in
Pd than in Ni.>® From 1937 until recently, several statistical
models of hydrogen absorption in Pd have been devel-
oped.>*" All these models are based on proton cccupation
of interstitial sites and electronic filling of the partially emp-
ty d-band states of the Pd metal, through a postulated attrac-
tive interaction between absorbed protons. Even so, the
science and technology of the detection of H, by the piezoe-
lectric quartz crystal coated with Pd electrodes has not pro-
gressed quite as rapidly as the other above-mentioned appli-
cations. It is likely that the complex mechanisms of the hy-
drogen-pailadium systeni®® and the strong interference of
oxygen-Pd reactions®®*! have made quantitative aspects of
this investigation very problematic. Frazier and Glosser*?
have used a quartz crystal in order to determine the quantity
of hydrogen absorbed by an evaporated palladium film. Bu-
cur and Mecea have used a PQCMB at 80 °C to study the
kinetics of hydrogen sorption by thin Pd layers.*’ The mech-
anism of hydrogen sorption by thin palladium layers has also
been studied at a temperature of 61.1°C.** Frazier and
Glosser have used the piezoelectric device in order to study
the pressure-concentration (P-C) isotherms for varicus pal-
ladium thicknesses (in the range of 60-1200 A at27°C) and
showed that the phase transition of the Pd depends strongly
on its thickness.*> Under ultrahigh-vacuum (UHV) condi-
tions, Bucur has also used 2 PQCMB in order to study the
effect of CS, molecules on the desorption kinetics of hydro-
gen from a thin Pd layer at 59.6 °C.% Measurements for
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H,0, reactions using the piezoelectric quartz crystal under
UHYV conditions have also been performed.*” Mecea and Bu-
cur have used the piezoelectric device for sorption studies
under dynamic conditions,*® while Abe and Hoscya* have
used a piezoelectric quartz crystal for the detection of flow-
ing hydrogen both in ambient air and in nitrogen (0.5% H,
in N, and in air). Their limited study, however, did not lead
to definite quantitative conclusions about the hydrogen-de-
tection capabilities and operating mechanisms of the Pd-
POQCMB sensor.

In this work, we report a systematic investigation of the
detection of hydrogen in a flow-through system by a Pd-
coated piezoelectric quartz crystal with a view to extend and
elucidate previous work mainly by Abe and Hosoya.*® The
infiuence of system parameters that affect the physico-chem-
ical mechanism of the sensor response is described, and a
qualitative interpretation of the resonance frequency of the
quartz crystal in terms of absorbed hydrogen concentration
is made using a phenomenological model of the Pd-H sys-
tem. A discussion of the drawbacks of the piezoelectric de-
tector is also reported. This paper is further intended to form
a basis for comparison between the photopyroelectric (P?E)
hydrogen sensor described at part I°? and the piezoelectric
sensor and to answer several questions concerning the anom:-
alous behavior of this type of sensor at low hydrogen concen-
trations, which were left unanswered by previous workers.*’

. THEORETICAL BACKGROUND

The resonant frequency of a quartz crystal is dependent
on the geometric dimensions of the quartz plate and the
thickness of its electrodes. The principle of the quartz-crys-
tal sorption detectors is simple: When gas molecules are ab-
sorbed in a thin coating layer, which is chosen according to
the desired gas selectivity on a quartz-crystal surface, the
decrease in resonance frequency is in proportion to the quan-
tity of dissolved molecules. The theory, which is outlined
below, was originally developed by Sauerbrey.>® The appli-
cation of an electrical field on the guartz crystal gives rise to
a resonance frequency F, whick can be expressed as®®”’

F=N/z, (D

where N is a freguency constant equal to half of the trane-
verse wave-propagation velocity in the plane of the crystal,
and z is the thickness of the crystal. The relation between the
freguency change AF and the crystal thickness variation Az
is given by>®

AF A
ar ez (2)
F z
Equation (2) can also be written as
AF AM
_ = s ( 3 )
F Apz

where AM is the change of the mass of the quartz crystal due
to the absorption of the gas, 4 is its surface area and p is the
density of the quartz { = 2.6 g cm ™).’ Using the frequen-
cy constant N = 0.1679 MHz cm ™ ' for AT-cut quartz,” one
finds

AF(Hz) = — 23X 1()6F2—é§{—, {4}
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where now ¥Fis the resonant frequency (MHz) of the crystal
in the absence of a gas absorption, &AM is the mass of the
absorbed gas molecules (g), and 4 is the total surface area
{cm?®). The minus sign conveniently indicates a decrease of F
with increasing mass of the quartz crystal. Equation (4) can
also be expressed as a function of concentration’*:

AF= —K.AC, (5)

where K, is a constant related to the resonant frequency of
the coated quartz plate, and it includes a conversion factor
between the mass of the absorbed gas (g) and the concentra-
tion AC {(ppm or %), of the gas in the gas phase. Thus Eq.
(3) becomes

where the total mass before any absorption of gas is™®
M = My + My, My is the mass of the piezoelectric crys-
tal and M}, is the mass of the chemically sensitive layer (Pd
in this case). For the experiments reported below, the mini-
mum measurable frequency shift was on the order of 1 Hz.
The mass of our Pd-coated quartz crystal was approximately
29 mg and its resonant frequency Fwas 6 MHz. Under these
conditions, Eg. (6) shows that the minimum detectable
mass of absorbed gas by the Pd layer is AM~1.5x 107 % g,
To the best of the authors’ knowledge, the theoretical detec-
tion limit for the piezoelectric quartz-crystal detector has
not been calculated rigorously. Sauerbrey estimated this lim-
it to be approximately 107'? g.° King’s estimation was ap-
proximately 1077 g.! It is obvious from Eq. (6) that mass
sensitivity is better for detectors with high resonance fre-
quency F.

Hi. EXPERIMENTAL APPARATUS

A system has been constructed which allowed us to test
the response of the piezoelectric sensor to flows of Hy-N,
mixtures, with H, concentrations ranging from pure nitro-
gen to pure hydrogen, i.e., in the 0-100-kPa hydrogen partial
pressure range. The system consisted of four subsystems: gas
control, temperature control, test cell, and shift frequency
analvsis instrumentation. The fourth subsystem was in addi-
tion to the set-up for photopyroelectric detection described
in Fig. 1 of part L.*?

The temperature conirol systerm ensured that the tem-
perature of the incoming gas flow would be the same as that
of the sensor itself. A heat-exchange coil was instailed on the
gas mixture line, upstream from the test cell. The test cell
and heat-exchange coil were suspended in a water bath to
equalize their temperatures. A similar configuration was re-
ported earlier.*® The effect of temperature on Pd-PQCMB
sensor is very important: (i} the quartz crystal shows a fre-
quency shift with temperature change,™ and (ii) it is well
known that the solubility of H, in Pd decreases very fast with
decreasing temperature in the range of 0—100 °C.>*%

The test cell was the heart of the experimental system,
containing the Pd-coated piezoelectric quartz microbalance
(P3-PQCMB) detector. It consisted of a pressure vessel,
which contained the piezoelectric guartz-crystal detector
along with the Pd-PE sensor of part 1.>? The thickness of the
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Pd coating/electrode was approximately 800 A, deposited
by a sputtering technigue on both sides. The experimental
setup of the reference piezoelectric quartz-crystal detector is
shown schematically in the lower right-hand corner of Fig,
2, part 1.*? The piezoelectric instrumentation consisted of an
oscillator powered by a regulated power supply. The applied
voltage was kept constant at -+ 15 V dc. The freguency oui-
put from the oscillator was measured by a frequency counter
with a resolution of 1 Hz. The response of the Pd-PQCMB
sensor could be observed as a change in the resonance fre-
quency of the crystal,> in agreement with the simple theo-
retical considerations presented above.

{V.RESULTS AND DISCUSSION

Initially, the Pd-PQCMB sensor was left for several
days under ambient conditions in order to observe the influ-
ence of atmospheric air on the catalyst. Afterwards, hydro-
gen ([H,] = 30% in N,) was introduced into the test cell.
Figure 1 shows the variation of the resonance freguency (an
increase in AF) as a function of time. A signal decay toward
the base line was observed upon closing the inlet valve and
evacuating the test cell, as expected. The phenomenon of 2
positive AF shift upon B, exposure is surprising in the light
of the simple accepted theory presented in Sec. ¥ above;
however, it has already been observed by Abe and Hosoya*®
who used as flowing gas mixtures of hydrogen 0.5% in air
and nitrogen. It has been hypothesized®® that the ambient
oxygen plays an important role in the Pd-PQCMB response:
Preadsorbed O, on the Pd surface reacts with the introduced
H, gas and forms H,O which leaves the Pd surface via evapo-
ration. Therefore, the weight of quartz crystal decreases as a
result of the H, and O, reaction, which is consistent with a
positive AF. Vannice, Benson, and Boudart*® have studied
the absorption of of H, and O, on platinum black. The great
similarity between Pt and Pd allows a reasonable compari-
son to be made between the results by Vannice and co-
workers, the hypothesis put forth by Abe and Hosoya,* as
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FIG. 1. Piezoelectric quartz-crystal responses as a function of time, for two
different concentrations of hydrogen in nitrogen: 30% and 100%. The test
cell was exposed for several days to the laboratory ambient air before the
first experiment (flow rate: 500 m¢/min; T'= 20°C).
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well as the present results. According to these authors,* the
water formed during the reaction leaves the surface, and in
doing so, it is not replaced by additional kydrogen. The fol-
lowing empirical chemical reactions describe the possible
mechanism on the Pd surface®”: Dissociation and recombi-
nation of oxygen:

0,=220,; (7a)
dissociation and recombination of hydrogen:

H,=2H,; (75)
and finally water formation:

O, + 2H, -20H; (7¢)

OH, + H,-H,0,,,. (7d)

According to Ponec, Knor, and Cerny,*® the reaction be-
tween hydrogen and oxygen at the Pd surface at 0 °C goes to
completion producing desorbable water, in agreement with
the last step, reaction (7d), of the four-step mechanism (7).
However, according to Lundstrém, Armgarth, and Peters-
son,”? the details of the water production reactions on the
palladium layer are still not known. This phenomenon
turned out o be a significant disadvantage of the piezoelec-
tric guartz-crystal detector compared to its photopyroeiec-
tric counterpart. The results obtained with the 30% H, in N,
{Fig. 1) indicate that gas impurities in the flowing gas mix-
ture, notably oxygen, may play the dominant role in the re-
sponse of the sensor.

At the end of the first experiment ([H,] = 30%), the
cell was evacuated, then purged, and pure hydrogen was
introduced immediately afterwards (Canadian Liquid Air;
ultrahigh purity 99.9999%). Figure 1, [H,] = 100% curve,
shows a resonance frequency decrease as a function of time.
AF reached saturation after 2.5 min following exposure of
the sensor to pure hydrogen at a flow rate of 560 in¢/min. In
the presence of pure hydrogen gas, the negative AFis indica-
tive of hydrogen absorption as the dominant mechanism re-
sponsible for the resonance frequency shift. A comparison of

Hydrogen Concentration %:

-40 "\, % P Nirogen 100%

T T T
a 2 4 <] & 10 12

TIME (tnin)

FIG. 2. Piezoelectric quértz&crystal response as a function of time, for var-
ious concentrations of hydrogen in nitrogen: 10%-100% hydrogen (flow
rate: 500 mé/min; T'= 20°C). Data taken after the exposures indicated in
Fig. 1.
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FIG. 3. Piezozlectric quartz-crystai response as a function of time, for var-
tous concentrations of hydrogen in nitrogen: pure nitrogen to pure hydro-
gen (flow rate: 500 mé/min; 7'= 20°C). Data taken after the exposures
indicated in Fig. 2.

the 30% and 1009% [H,] response curves of Fig. 1 demon-
strates, for the first time, the importance and extent of the
interference of ambient species other than H, in determining
the Pd-PQCMB behavicr with respect to nonpure hydrogen
flows.

Details of intermediate experimental PA-PQCMB re-
sponses are shown in Figs. 2-4 for various hydrogen concen-
trations after the first exposure experiment of the Fig. 1.
Figure 2 shows piezoelectric responses as functions of time
under the same temperature and flow rate conditions. At
times between O and 8.3 min the prescribed concentration of
hydrogen was introduced into the test cell. We note that
because of the introduction of a certain partial pressure of H,
in N, the resonance frequency decreases to a steady-state

Hydrogen Concentration (%):

<10 —

~-20-% 7
£ |
9 36 70 ﬁ\ ~
J AF, Hz\ /
40 ¥ l On \/Hz—o,ff
T $(N2=-0n

¢ ] T { T T T
] 20 40 60 80 100 120 140 160 180 200

TIME (rmin)

FIG. 4. Piezoelectric quartz-crystal response as a function of time, for var-
ious concentrations of hydrogen in nitrogen: 0.5%~100% hydrogen {flow
rate: 500 m¢/min; T = 20 °C}. Data taken after the exposures indicated in
Fig. 3. After those exposures the sensor exhibited reproducible response
independent of exposure number. Inset: definition of AF,.

3988 J. Appl. Phys., Vol. 66, No. 8, 1 November 1889

Downloaded-18 Jul 2008 t0-128.100.49.17..Redistribution.subject to. AIR license or copyright; see http://jap.aip.org/j

value, which seems to represent the equilibration of the Pd
layer with the ambient H, gas. After a few minutes of satura-
tion, pure N, was allowed to fiow through the cell, until the
complete removal of the absorbed hydrogen. At first, the
experiment was performed at 109% hydrogen. A positive AF
was observed due to severe interference from other ambient
gases (mainly GO, ), which dominated detector response. On
the other hand, concentrations 209% and higher exhibited
negative AF as a function of time. Interestingly, for pure
hydrogen, the saturation AF (AF.) is ca. -— 53 Hz, ie.,
greater than the saturation frequency AF, = — 40 Hz of the
first exposure experiment (Fig. 1, [H,]} = 130% curve).
This discrepancy indicates enhanced Pd sensitization, upon
removal of the ambient oxygen and other gases following the
first Pd-PQCMB exposure experiment. Figures 2 and 3 con-
firm the increase of the Pd surface activity, resulting in AF,
increases with increasing exposures to H,. In fact, compar-
ing the shift frequency variations of Figs. 2 and 3, we note
that AF, at a given [H,] is greater for the latter. This is so
because, in the case of the experiments presented in Fig. 3,
the test cell was purged with N, until a constant base-line
value was achieved before the introduction of H,. Sermon®!
has previcusly mentioned this phenomenon concerning the
reactivity of Pd surface afier several exposures to hydrogen.
The first experiment of Fig. 3 was performed with the intro-
duction to the test cell of pure nitrogen (see Fig. 3, curve 0).
The introduction of pure nitrogen to the test cell was found
to increase F, due to its Pd surface cleaning role. The main
result presented in Fig. 3 is that the introduction of 5% hy-
drogen gas in the test cell was capable of producing a nega-
tive AF shift of — 7 Hz in counterbalancing the increase in
AF due to the surface cleaning role of nitrogen, presumably,
according to reactions (7a)—(7d). A concentration of 0.4%
hydrogen was found to produce no AF shift from the zero
base line. Figure 4 shows the magnitude of the variation of F
for hydrogen concentrations ranging from 100% to 0.5%.
The negative values of AF may be noted for all [H,] concen-
trations, except for {H,1 = 0.5%. At that concentration,
trace oxygen (and perhaps other gas impurity) interference
becomes important in determining the value and sign of AF.
Therefore, 1%-0.5% hydrogen was taken to define the sen-
sitivity limit of the Pd-PQCMB sensor under flow-through
conditions in nitrogen. This value represents & working fig-
ure of merit for comparison with the photopyroelectric de-
tector of part 1%

The relationship between gas concentration and Pd-
PQCMB detector response, AF, is an important parameter
for sensor characterization. Figure 5 shows the variation of
saturation resonance frequency, AF,, as a function of gas-
phase hydrogen concentration, using data from Figs. 2-4.
Unlike the prediction of Eq. (5), there are three apparent
response regimes: a nonlinear one at concentrations between
20% and 70%, and twgo linear regimes at low { < 20%) and
high (>70%) concentrations, a region where all experi-
mental curves converge. This convergence of all the experi-
mental data can be explained by assuming that at high pres-
sures the adsorbed and absorbed hydrogen dominates all
other interfering phenomena. The presence of trace oxygen
is thought tc be partly responsible for the deviation of the
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FIG. 5. Variation of the saturation resonance frequency shift AF, with hy-
drogen concentration (or partial pressurc); curve {1}: data collected from
Fig. 2; curve (2): data collected from Fig. 3; curve (3): data collected from
Fig. 4. Inset: AF, vs hydrogen concentration in the range of 0%—-10%. Data
collected from curve (3.

Pd-PQCMB sensor response at low concentrations. The
purging history of the test cell plays an important role in
determining the AF, ([H,]) curve at lower (<70%) con-
centrations. In Fig. §, curve (1) was obtained from the origi-
nal exposure where the presence of ambient air before the
onset of the experiment was significant: AF, is consequently
smalier than that of curves (2) and (3) where the cell was
purged with N, before the experiment. In any event, all
curves show significant deviations from linearity at low H,
concentrations, which are a strong function of the cell’s
purging history. An important factor is the initial irrevers-
ible sensitization of the Pd-PQCMB surface with increasing
degree of exposure {o hydrogen flow. The low concentration
ancmalous behavior {between 20% and 70% [see Fig. 3,
carves {2) and (3) ]} could be due to a phase transition. The
a — 3 phase transition takes place around 20kPa. According
to Lundstrém and co-workers,* it is probable that a phase
transition from ¢ to £ may take place at low temperatures
and high concentrations { 1 %—100% ).% This is in disagree-
ment with several publications®>** which show the possibil-
ity that at room temperature the phase transition takes place
around 2% (2 kPa). It is also well known that the phase
transition depends on the palladium thickness,*® a compli-
cating factor: Frazier and Glosser® used a PQCMB and
showed that the phase change in Pd depends strongly on its
thickness. Another problem for & quantitative analysis may
be the presence of water on the Pd layer at room tempera-
ture. This could cause the Pd layer to be saturated at low
pressures, as was observed in studies under UHV condi-
tions.™”

Figures 6 and 7 show the variation of AF as a function of
tire, for various H, flow rates. It was found that the flow
rate does not influence AF, very much. Saturation occurs
essentially at the same level, with the AF, value being at-
tained earlier at higher fiow rates, as expected. The steeper
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Hydrogen Concentration: 100%

AF (Hz)

TIME (min}

FIG. 6. Resonance frequency shift variation as a function of time at 100%
H, for various flow rates: 70-500 m¢/min. The hydrogen was turned on at
t = 0 min (T= 20°C).

AF decreases in the absence of contaminant ambient gases
(Fig. 6) are consistent with the tendency of such gases,
mainly oxygen, to prevent hydrogen retention thus raising
the base-line resonant frequency (Fig. 7) in comparison to
pure H, ambient after equal exposure intervals. We note
that, while in Fig. 7 ([H] = 5% the saturation is between §
and 12 min along the base line, in Fig. 6 ([H] = 100%) the
same degree of saturation has not been achieved even after
17-20 min. This phenomenon is quite surprising under the
light of theory concerning the piezoelectric detection. How-
ever, this observation could be explained by the fact that it is
possible that at low concentrations the presence of the im-
purities, which have a strong influence at low concentra-
tions, produces adsorbed layers which saturate the Pd sur-
face, leading to no possibility of further hydrogen
adsorption.

¢
Hydrogen Concentration: 5%
60
-2
100
—~ -4
= 200
A6 300
400
-8 - 500
-10 T T 1 7 T T
0 2 4 6 8 10 12
TIME (min)

FIG. 7. Resonance frequency shift variation as a function of time at 5% H,
for various flow rates: 60--500 m¢/min. The hydrogen flow was turned on at
t=0min {T = 20°C).
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FIG. 8. Variation of response time R as & function of H, concentration
(T =20°C). Inset: definition of &,.

Figure 8 shows the response time & as a function: of H,
concentraticn. The response time is defined as the time
which is required for the rising signal to reach steady state.
The H, concentration does not drastically influence the re-
sponse time. On the other hand, the flow rate of carrier gas
has a direct effect on response time (Fig. 9): The response
time R, of the sensor increases monotonically with decreas-
ing flow rate between 500 and 60 m//min. These cbserva-
tions indicate that dynamic processes related to the hydro-
gen residence time on, and removal from, the Pd-surface
may be rate limiting of mass transport to the Pd-bulk where
gaseous mass accumulation is expected to generate the sig-
nal. On the other hand, the front exposured surface is con-
tinuously in equilibrium with the ambient hydrogen and the
Pd-quartz interface and thus with the entire buik, as well.
The equilibrium reactions have been described by Lund-
strdm in great detail.>?
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FIG. 9. Variation of response time R, as a function of fiow rate. T == 20°C.
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¥, CONCLUSIONS

In this work we have studied the hydrogen detection
characteristics of a palladium-coated piezoelectric crystal at
room temperature, In addition, we have discussed the ab-
sorption properties of hydrogen by palladium deposited on
the sensor and identified for the first time the limitation of
the sensor sensitivity to H, under flow through conditions,
due toits nonselective response to the absorbed mass of other
ambient gases.

The main results of this study can be summarized as
follows: (1) From the point of view of the mechanism of the
Pd-PQCMB detector operation, a qualitative understanding
has been achieved by showing agreement of simple gas-sur-
face interactions with our experimental observations of the
effects of ambient gaseous impurities, such as Q,, on the
resonant frequency shift of the detector. This frequency shift
is quite difficult to model especially at low concentrations at
room temperature as is the case with some of our experi-
ments, since the presence of water on the Pd layer is prob-
able. {2} The influence of ambient gases, especially O, on the
piezoelectric quartz sensor response indicates an important
disadvantage of this sensor. In fact, the piezoelectric sensor
could give a false alarm if used under ambient conditions
where oxygen abounds. This problem could only be solved
by venting the area of interest (room, building, etc.) with a
neutral gas {such as N,) for 1 or 2 b before the setting up of
this sensor as an alarm. This is, of course, simple for labora-
tory conditions, but cumbersome if not entirely unrealistic
for field applications. Anocther solution would be to use a
molecular diffusion oxygen filter. However, that could also
slow down the access of hydrogen to the sensor, which surely
would delay the response time of the sensor. Furthermore, it
is not certain that other ambient gases besides O, do not
contribute to sensor response, rendering its selectivity to
trace H, gas altogether questionable. The present ambient
gas interference effects confirm observations made by Ser-
mon*’ such as the effects on the surface condition of a Pd
sample, which is covered initially by a monolayer of chemis-
orbed oxygen. (3} In terms of its sensitivity, the sensor pre-
sents a iower limit under flow-through conditions around
[H,] = 0.5%, which is tco high compared to the P?E hydro-
gen detector (part I)*? and other solid-state detectors.

The two parts of this work make possibie the direct com-
parison of the piezoelectric and photopyroelectric sensors:
The two sensors were in the same test ceff and thus all experi-
ments were performed under the same conditions. A quanti-
tative comparison of the important parameter sensitivity of
the senscr shows directly the superiority of the P°E device
over the piezoeleciric one: The experimental sensitivity of
the photopyroelectric sensor appears to be Z00 times higher
than that of the piezoelectric device at room temperature. In
addition, the interference of oxygen (20.94% in air), and
perhaps other trace ambient gases {such as CO,, 0.033% in
air) with the signal generation mechanism of the Pd-
PQCMB sensor, renders the P?E device much more desir-
able for trace hydrogen environmental applications due to its
superior H, gas selectivity.

The main discussion in these two papers (parts I and II)
concerned the functional dependence of the photopyroelec-
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tric and piezoelectric responses on hydrogen concentration:
In part I we hypothesized that the P°E response was caused
by concentration of the hydrogen atoms in the bulk, a func-
tion of the heat of dissociation of the H, molecule at the Pd
surface, and selective interaction with the dipolar field at the
Pd-PVDF interface. It appears that the very high selectivity
of the P°E sensor to trace H, gas is due to the Pd-PVDF
interfacial character of the interaction with atomic Hor H™,
with ali other inierfering ambient gases having been
screened out by the bulk Pd film lattice in a manner similar
to the Pa-MOSFET interface.’” On the other hand the piezo-
electric response depends on the weight of any absorbed
atom. Therefore, it is obvious that in the presence of interfer-
ing gases interacting with the Pd surface, the piezoelectric
sensor conld be definitely influenced by their molecular
weights as a gas-Pd surface active device.
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