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(57) Abstract: A method of'testing a gas includes providing a sensor including a sensing electrode that includes a catalyst comprising
palladium, and a counter electrode that includes a metal catalyst. An electrolyte is disposed between the sensing electrode and the
counter electrode, and an external electrical circuit connects the sensing electrode and the counter electrode. The gas is contacted with
the sensing electrode in the absence of a voltage bias applied to the sensing and counter electrodes. A capacitive response is detected
that is produced by the exposure of the sensing electrode to the gas in the absence ot a voltage bias applied to the sensing and counter

electrodes.
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SENSOR AND METHOD FOR GAS TESTING
BACKGROUND

{0001 Gas sensors for detecting hydrocarbosns or sabstituted hyydrocarbons have been
used in various indastrial or faboratory settings for process control. As the compounds can also
be flammable or explosive, gas detection sensors have also been used for feak detection where
such compounds are used or manufactared.  Various types of sensors have been used or
proposed.  Examples nclude metal oxide senuconductor (MOS) sensors, non-dispersive
mifrared detector (NDIR) sensors, pellistor {pelletized resistor) sensors, and mixed potential
whilizing high-temperatine solid electrolvies made of ceramic such as perovskite,

{0002} New applications for hvdrocarbons or substitited hvdrocarbons have created
and eontinue to ereate new challenges for gas detection sensors sabject to cost constraints and
selectivity reqaivements.  One such application is i the field of cooling and heating, where
otder chlorinated hydrocarbons (CFCs) were chiminated due to thetr adverse tmpact on the
garth’'s  ozone  laver. Chlorinated  fluorocarbons  wore  mutially  replaced  with
chioroftuorocarbons R12 {dichlorodifluorocthane), however, continued concerns with their

global warming

by

oxone depleting potential (ODPy and now concerms with the conmpoands’
potential (WP led to their replacement with fluorinated hydrovarbons hike R32 (GWP=673),
Continucd concorns with ODP and GWP, coupled with performance requirements in vapor
compression heat transfer svstems, have led to the development of now refrigerants such as
fluorinated  unsaturated  hvdrocarbons  {ie., hydroefluorcolefins) ke tans-1.3.3.3-
tetrativoropropene (HFO R1234ze) with GWP of 6. These non-oxic refrigerants are expected
to be used globally as higher GWP refrigerants are phasing down, 1t has been recognized that
the nuld flammability would require the deploymient of feak detection sensors w eliminate
potential five hazards and asphvxiation nsks i interior bualding spaces, cither socupied by
people or confined. In many arcas, building codes are being developed that will mandate such
gas detection capability.

{5331 The above types of sensors have been wsed with varving degrees of success in
the industrial or laboratory seitings where they have been enploved. However, many such
seisors have limitations that can impact thewr effectiveness in demanding new and existing
applications such as commercial applications. For example, MOS and pellistor sensors are
prone to false alarms due to cross-sensitivity o other volatile organic compounds such as
alcohol or fuel vapor. Additionally, the durability of MOS seasors for detection of fluorinated
bydrocarbons is guestionable, as MOS sensors can he deactivated due to exposure to certain

i
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chomicals likely present in commercial and residential environement. NDIR sensors have been
designed with good selectivity and sensitivity, but axe an cxpensive solution and Likely require
periodic calibration when designed and used for refrigerant detection.

{00041 In view of the demanding requivements for selective and cost-effective gas
sensor for refrigerants such as hydrofluoroolefing, there remains a need for new alternatives

that may be more appropriate for various applications.

{00037 Accarding to some ombodiaments, 3 sensor comprises a sensing slectrode that
mchudes a catalyst comprising palladium, and a counter electrode comprising a8 metal catalyst.
An electrolyte is disposed between the sensing electrode and the counter electrode. An external
civenit including a resistive load and a measurement device 1§ connected with the capacitor at
the sensing and counter cleetrodes to indicate the adsorption and release of molecales when
transient current is mecasured on the resistive load in the absence of a voltage hias applied to
the sensing and counter clectrodes. The measurement device s configured to detect a
capacitive cleotrical response produced by the exposrs of the sensing electrode 1o 3 gax inthw
absence of a voliage bias applied to the sensing and counter electrodes.

{0006] According to some smbodiments, & method of testing a gas comprizes providing
3 sensor comprising a sensing clectrode that inchudes a catalyst comprising palladnom, and a
counter electrode comprising a metal catalyst. An electrolyie is disposed between the sensing
glectrode snd the counter electrode, and an external clectrical circuit comnects the sensing
electrode and the counter clectrode. A gas i3 contacted with the sensing electrode in the
absence of a voltage bias applied to the seasing and counter clectrodes. A capacitive response
i detected that iy produced by the exposwre of the scasing electrode to the gay m the absence
of a voltage bias apphied to the sensing and counter electrodes.

{0071 In any of the above embodiments, the detected response in the electrical cirouit
mrodaced by the exposure of the sensing electrode to the gas comprises a change  cleotrical
current.

{0008} In any one or combination of the above embodiments, a concentration of a gas
component 18 determined based ou the response.

{00091 1n any one or combination of the above embodiments, a determiination of & gas

component concatration comprises measuring a cumulative charge associated with chemical
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adsorption or desorption induced charging or discharging of the capacitive deviee to determing
the concentration of olefin or substituted olefin i the gas.

{0010 In any one or combination of the above embeodiments, the sensing electrode
comprises at least 50 wi%e palladium, based on the total dry weight of metal catalyst, andfor
catalyst support, and ionomer.

{00111 In any one or combination of the above embodiments, the scasing clectrode
comprises at least 10 wt % palladium, based on the total dry weight of metal catalvst, andfor
catalyst support, and 1onomer.

{00127 In any one or combination of the above cambodiments, the sensing electrode
comprises at least T wi% palladaun, based on the total dry weight of metal catalyst, andfor
catalyst support, and ionomer.

{00131 In any one or combination of the above embodiments, the sensing electrode
comprises an innomer and nanoparticles comprising the palladiom.

{0014} In any one or combination of the above embodiments, the clectrolyte comprises
a proton-conductive polvmer membrane.

{00157 Inany one or combinatiot of the sbove embodimenty, the gas comprises an
olefin or a substituted olefin

{06016} In any one or combination of the above embodiments, the gas comprises a
fnvdrofluorcolefin,

{3171 In any one or combination of the sbove cmbodiments, the sensor further
conywises a chamnel from an muter surface of the sensor to an terior chamber at the sensing
electrode.

{00181 In any one or combination of the above embodiments, the sensor further

conmprises 3 blower that divects gas to the sensing cheetrode.

BRIEF DESCRIPTION OF THE DRAWINGS

{0191 Sabject matter of this disclosure v particularly pointed out and distinetly
clmmed o the clatms at the conclusion of the specification. The foregoing and other features,
and advantages of the present disclosure are apparent from the following detaled deseription
taken in conjunction with the aceompanying drawings in which:

{0020} FIG. 1 depicts a schomatic representation of 3 gas sensor 3s described herein;
gas sensor as described

ht
&

{0021} FIG. 2 depicts a schematic representation of another

beretn;

42
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{00221 FIG. 3 depicts an exemplary iHustration of 3 suorescopic clectrode structure
comprising & supported catalvst impregnated with proton conducting onomer, including
reversible chentical charging/discharging of the seasor;

{231 FIG. 4 depicts current response of a sensor as described herein; and

{241 FIG. S depicts charge and discharge response of a sensor as described herein,

DETAILED DESCRIPTION

100251 With reference now to the Figeres, a gas sensor assembly 1 is schematically
showsn in FIG. 1. As shown in FIG. 1, the gas sensor 10 includes an clectrolyte 12 disposed
between a sensing clectrode 14 and a counter electrode 16, The clectrolyte 12, sensing
clectrode 14, and counter electrode 16 can collectively be veferred to as a membrane electrode
assenbly (MEA). Corrent collectors 15 and 17 are attached to the electrodes and are connected
o cireuit 18, which includes measurement andéor control device 19, The corrent collectors 15,
17 can be formed from g conductive mesh or felt, and are depicted with thickoess so that they
can also function as gas diffusion media to facilitate gas diffusion at the surface of the
clectrodos 14, 16, In other embodiments, the cucvent gollectors 15, 17 can be ralatively thin,
almost 2-dimensional conductive soreens on the surface of the electrades 14, 16, in which cass
gas diffusion media that docs not have to be conductive van bt positioned adjacent to the
clectrodes 14, 16, The cwrent collector/gas diffesion media 15, 17 can be formed from
conductive materials such as carbon, graphitized carbon, or stainless steel  An external
resistive load 18 is connected with the capacitive sensor. Transient voltage drop across the load
18 is a manifestation of the charging or discharging of the electrochomical capacity. A
measurement device 19 is disposed in an electrical civeait 20 that connects the sensing electrode
{4 and counter electrode 16, The measurenrent device 19 can be a voltnter of anwpers meter,
buf i many Cases compriscs a circuit, microprocessor, ot similar clectronic device with
wtegrated Joad and voltage andfor amperage measurement functions. In sorme embodiments,
the resistive load 18 and measurement device 1Y can be integrated together to a single wait,

{00261 A housing 22 is disposed armund the MEA baving s opening 24 to allow a tost
gas to enter the sensor with the fux of gas regudated by the size of the opening. The opening

24 15 shown as completelv open, although it 1s understood that thev may be covered with a

f2]

creen of gas permesble membrane or an adsorber to keep out particulates or other
coiaminants.  Alse, although opening 24 13 shown for purposes of illustration as leading
direcily to the current collector/gas diffuston medium 15 in FIG. 1, a test gas can also he
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fntroduced into one or more mterior chambers or channgls 21 that provide aceess for tost gas
from an outer surface of the sensor to the sensing electrode 14, as shown m FIG, 2 (which uses
the same munbering from FHG. 1 to describe the sane components). As further shown in FIG,
2, an optional fan or blower 23 can also be ntegrated with the sensor to direct test gas
{represented by arrows 26} to the sensing electrode 14, With reference to FIGS. 1 and 2, seals
25,27, and 29 provide isolation of the gas contact arcas on the electrodes from other areas of
the sensor assembly 10, The seals can be formed from rubber or other known sealing materials.
The structure shown i FIGS. 1 and 2 depict specific example embodiments, and other
techntgues known in the art (o, disposing the MEA in a frame {not shown) that 1s sealed to
the edges of the housing) can be used. The clectrodes 14, 16 can be bonded o the solid polymer
clectrolyte 12, but can also be held together by other means such as mechanical elamping force
without compromising the functionalities of the sensor. Exemplary gas sensor configarations
and varighons thereon are disclosed, for example, wn US 36350034, US 35573648,
US 6,200,443, US 6948352, US 2009/0184005 AY, and US 2010/0012494 AL, the
disclosures of which are incorporated herein by reference in thewr entirety.

{0027} The precise composition: of the glectrodes, and miaterials osed In fabricating
theny, will depend on the particular hydrocarbons being tested for and on design parameters for
thi sensor and other svstem components with which it ivused. As mentioned above, the sensing
cleetrode conywises patladham, such as palladivan on a conductive sapport such as carbon,
Palladivam in the electrode can be in pure form {with the term “pure” allowing for impurities at
fevels less than 1 wi %), ov can be 1o a mixtare or alloved with other metals such as gold, silver,
nickel, copper, ruthemiom, virem, platour, idiom, In some embodiments, the metal
composition of the sensing electrode can vary spatially (1.e., different compositions at different
lovations on the sensing clecirade). In some embodiments, the sensing clectrode can ccm;)ris&
pure palladiom, at least 30 wi % palladmm, or at least 10 wt % palladium, or at least 1 wi ¥
paliadiom, based on the total dry weight of metal catalyst, catalyst support {e.g., carbon support,
if present) and jopomwer in the sensing electrode,  In some embodiments, the palladium and
patiadinm particles along with their conductive support ov conductive fillers accounts for more
than ca. 30% of the volume of the clectrode to promete formation of an electronic conducting
phase that formis a contineous wetwork for attaining capacitive respomse.  In some
cmbodiments, the sensing electrode can comprise palladimm alloy, such as palladim-platinum

ﬂf

atloy, at least 50 wi.% palladivm-platiim alloy, or at least 1) wt.% palladium-platium alloy, or
at jeast | wt. %e palladium-platiom alloy, based on the total dry weight of metal catalyst, catalyst
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support {¢.g.. carbon support, if presenty and lomomer, wherein the atomic mtio between
paladium and platmum can range from 99:1 to 199, or m more specific embodimenis from
w31

{EX2RT The counter clectrode can comprise any of a variety of catalytic noble metals or
non-precious metals and their allovs (e, indiam, rhenum, palladium, platinumy, copper,
indium, rubidium, sitver, gold) can be used o form the clectrodes. In some embodiments, the
counter clectrode can fnther comprise carbon supported catalytic metals and alloys with
benefits of reduced catalyst use. In some exemplary embodiments, the counter clectrode can
comprise platinum or a bipary or temary platnun allovs sach as PtNa, PiFe, PiCo, PRy,
PiRudi, PiCr, PtCollr, PtirCo, or Pt{luFe, whorein the Pt content in the alloys ia atomic ratio
ranges from 5% to 100%.  In some embodiments, the counter electrode can comprise
paliadiom, or 8 mixtre or alloy of platinam and palladium. 1n some exemplary embodiments,
the counter electrode can comprise paladrom or a palladium alloy such as PdAg, PdNi, PACu,
PdRu, ot BAY. The counter clectrode catalyst conposition can be the same as or different from
the sensing electrode catalyst metal(s).

{6028 In some cmbodiments, the sensing and coter electrodes cany inclade an
clecirically conductive material in addition o the noble metal catalvst, which can be provided
by disposing nanoparticles of noble nictal catalyst on larger particles of conductors such as
carbon black, Such electrode structures are commondy referved to as a carbon-supported
catalyst. In some embodiments, the sensors described heremn can comprise uvasupported
catalysis or catalysts supported o an oxidation-resistant support that 15 different from carbon
black. For both vnsupported catalyst and supported catalyst, the seasing electrode can be
applied onto the solid polymer electrolyte by forming an wnk comprising nanoparticles (hy
nanoparticles, 1 meant that the particles have 3 numinal diameter of less than 24 nmy, more
specifically from 2 — 10 nmim) and an jonomer dispersed in a solvent mixture, and depositing a
tayer of the ink onto the surface of the sohid polymer electrolyte membrane by soreen printing,
tnk jet printing, or similar methods.  After evaporation of the solvent, the resaltant clectrode is
in the form of a layer having a composite structure comprising catalyst nanoparticles i an
tonomer matriy, where the jonomer functions as a conductive matrix material having catalyst
nanoparticles dispersed throughout. A second method to fabricate the MEA is to deposit the
clectrode ink onto a substrate, .o, Teflon™ or Kapton™ sheet, to make a decal after solvent
evaporation, followed by hot pressing to transfer the catalyst layer from the decal onto a solid
polvimer electrolvte membrane, In the case of a supported catalyst for the sensing electrode,
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the catalyst can be sapporied on an oxsdation-resistant conductive support, which can comprise
oxidation-rosisiant support particles that are typically larger than the catalyst napoparticles. In
some cxenmplary embodiments, the support particles can have a nonunal diameter of from 20
o 2 nm. A supported catalyst s depicted in FIG. 3, which depicts & portion of an
agelomerate having conductive sapport particles 33 with catabyst particles 34 disposed thereon,
fullv or partially covered by a thin laver of tonomer 36, Examples of materials for the catalyst
support i the sensing electrode nclude, but are not hinuted to carbon, graphbinzed carbon,
carbon nanotubes (CNT), and conductive or senu~conductive metal oxides such as TiGs, W0s,
Sn(z, ete. In another embodiment, the noble metal containing catalyst and conductive oxides
can be co-loaded onto a support to aclueve hugher activity, for example PWOONT. These
conductive metal oxides can be wndoped or they can be doped with metals such as §b, V, TL,
M, Co, Fe, et

{1330} The clectrolyte can be any type, including but not fimited to a solid polymer
elecirolyte (SPE) formed from any ionomer capable of conducting protons across the
electrolyte membrane between the sensing clectrode and counter electrode.  Exemplary tonic
polviers include fonie groups altached toa polyoer so that the pobvmer has the ionde-exchangs
ability, such groups including but not Hmited to sulfonic acid, phosphonic acid, and
sulfonimide acid,  Exemplaty tonomers include per-fluorinated sulfonic ackd ("PFSA™)

M jonomer, soHonated

polymer, sach as Nafion™ ionomer and Solvey Solexis Augivion
polystyreng, sulfonated polyselfone, disulfonated polWlarviene other sulione)  block-
copolymers ("BPSH™). Conventional additives, e.g., surfactanis, solvents {e.g., polyvetiylenc
giveol), and fine particles (such as functionalized or non-functiomalized sibica, carbon-based
powders, nietal-oxides particles} can also be added to the polymer matix. The above-described
tonomers for the solid polymer electrolyie can also be waed a5 the onomer for the electrodes.

{0031} In some embodiments, the solid polymer clectrolyte andfor ionomer m the

-

clectrodes can be impregoated with 8 polar hguid such as an jonic hquid {eg., a salt with its
meliing point near or below room temperature or the operating temperatuwe of the sensor) or
an agueous salt oy acid salution. Other types of clectrolyies such as ionie hauads or agqueous
salts or acids can be used, either topregnated into an orgawie or inorganic non-conductive
porous support, or retained in an enclosed electrolyte chamber.

{00321 As mentioned above, the sensor can be operated by contacting the sensing
clectrode 14 with a gas. The sensor can test the gas for components that adsorb into the

palladium-containing elecrode. In some embodiments, the test gas component can comprise

-
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a flammable organic compound. In some cmbodiments, the test gas can comprise an olefin of
a substituted olefin. In some embodiments, the gas can compnse a hvdroflueroolefin (HFO)
as a substituted olefin. Examples of HFO's include unsatirated hvdrocarbons of 2-10 carbon
atoms wherein at least one hydrogen atom is substituted with 8 fluorine atony, and in some
embodiments where all hyvdrogen stoms are substitated with fluonine atoms. Specific examples
include wirafluoropropene (R1234 isomers), 1-Chiore-3,3 3-trifhswopropene (HFQ-12332d),
and 1,1,1.4,4 d-bexafluoro~2-butene (HFO-1336mzz-Z). The sensing electrode is contacted
with the gas m the absence of a voltage bias applied to the sensing and counter electrodes 14,
16, and detcoting a response s detected in the electnical cirawit that 1s produced by the exposure
of the sensing electrode to the gas in the absence of a voltage bias applied to the sensing and
counter electrodes. It i believed that olefin and substituted olefin such as HFO molecoles or
other organie flammable molecules can adsorb onto the palladiom-containing sensing electrode
14, which can result in siwrface accumulation of excess electrons in the meiallic conductor of
the sensing clectrode 14, which are supplied from the metalhe conductor of the counter
electrode 16, Corresponding charge separation in the solid polymer electrolvte 15 established
to awintain clectro-noutrality at botlr catalyst (metal) clectrolvte interfaces. This phenomenon
is iHustrated In FIG 3 where common numbering with FIGL 1 s used o describe the same
components. As shown in FIG. 3, gas phase olefin or substituted olefin molecules 37 adsorb
onto the surface as adsorbed molecules 38, Dunng adsorption, protons 48 move across
clectrolyte mombrane 12 from the counter clectrode 16 1o the sonsing clectrede 14 to the
counier alectrode 16, and electrons 42 flow through the civcuit 20 from the counter clectrade
16 10 the scusing clectrode 14, During desorption, protons 44 move across electrolyie
menthrane 12 from the sensing electrode 14 to the counter electrode 16, and electrons 46 flow
through the arcuit 20 front the sensing clectrade 14 to the counter clectrode 16, Ths provess
is analogous to charging a conventional capacitor sxcept that the sensing device 1s charged
chemically due to the selective adsorption of olefins and the like. This capacitive action
produces a detectable response in the electrical circalt 280 As equilibrivm is reached hobween
adsorbed molecules and molecules in the gas phase, the clectrical sosponse dissipates.

{0033} The total charge transforred between the working clectrode and the counter
electrode 18 proportional to the concentration of gas components {e.g., olefins or substituted
olefins) in the gas as long as excess swrface of Pd catalyst remains available for adsorption,
allowing for concentration of targeted speeies to be determined by comparing the response o
predeternuned cabibration data. In some embodiments, the test gas can comprise a flanumable
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component or components at a level, oxpressed as a poreentage of the componeat’s lower
flanumability bt (LFL), in a range having a lower Tt of 1%, 5%, 10%, or 25%, and an
upper hinut of 100%, 73%, or 0%, or 25%. The LFL will vary depending on the compound,
but are known in the art or readily determned by simple experimentation.. For example, the
LFL of the hydrofluoroolefine R123dze is 7 vol%. The above range endpoints can be
independently combined to serve as a disclosare of a number of different ranges {except for
ampossible ranges where the disclosed lower limit 1s greater than or equal 1o the disclosed upper
b}, which are hereby expressly disclosed. Because the species to be detected do not involve
charge transfor at the metad/clectrolvie nterface, the targeted species romain anchanged and
will be released back to the gas phase when #s gasenus phase concemtration decreascs or i
becomes absent in the surroending environment. This desorption process allows non-polarized
clectron distribution to be restored and negates the charge separation in the solid clectrolvie
phase, leading # a reverse current being produced in the external circuit. This s a reversible
process, which can produce a technical effect of extraordinary durabihity of the sensor to
overcome deactivation induced by reactions on mierface including electrocherical reactions
that often plagee conventional gletrochendeat or MOS seasors: Thus, o some embodiments,
a voncentration of fargeted species can be determined by cumudative charge dissipation
associated with the desorption: of those specics as well. If the event that the nitial electrical
rosponse dissipates withowt addinonal clectrical responses, 1 can be deduced that the
concentration has not changed from the initial measured concentration.

{0341 Io some cmbodiments, the methods and sensors deseribed herein can detect
olefin or substituted olofin without the need for an applicd voltage bias between sensing and
counter electrodes as is typically required for electrochemical sensors that oxidize
hydrocarbons at the sensing electrode. This ean provide fechnical effects sueh a3 reduced
power consumption and longer sensor lifespan, as discussed above.  Additionally, the
adsorption and desorption characteristics of the sensor operation can provide fast response
times with hitle hysteresis between the adsorption and desorption modes. However, although
an applied voltage bias is not reguired, and i some cmbodiments is precluded, in some
embodiments an applied voltage biag is pot precluded and can be applied for some portion of
operation of the sensor.

{0033} Further description is provided in the tollowing exaroples,
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{0036] A prototvpe sensor configured 8s shown in FIG. 1 with a counter clectrode
exposed o air was subjected to cxposure to varying concentrations of the substituted
hydrocarbon RI234ze, interspersed with exposure o clean atr. The sensor response is shown
n FIG. 4. Ag shown in FIG. 4, the sensor effectively identified the substitated hydrocarbon
with a response that increased with increasing concentration, The dissipation of the responaes
as equilibrivim was reached is also seen, along with a magnitude of itial response (1o, peak
height andfor peak arca under the curve, which can be matching the curve to a nathematieal
function with integral processing} that 1s proportional to R1234ze concentration. FIG. S shows
the charge/discharge peak area for the exposures to different levels of R1234ze, which is seen
to exhibit a good linear relationship between the peak area and R1234ze concentration, and
titthe to no hysteresis between the charge and discharge modes.

{00371 While the present diseloswre has been described in detait in connection with
only a houted number of embodiments, # should be readily understood that the present
disclosure 15 not Himited to such disclosed embodiments. Ratber, the present discloswre can be
modified to incurporate any nember of variations; alterations, substifutions or equivalont
arrangements not herotofore described, but which are cominensurate with the spiriv and scope
of the present disclosare. Additionally, while various esbodiments of the present disclosure
have been described, i is to be understood that aspects of the present disclosure may include
only soe of the doseribed embodiments. Accordingly, the present disclosure is not fo be scen

as Hintted by the foregong description, t is only limited by the scape of the appended claims.
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CLAIMS:

i. A method of testing 8 gas, comprizmy!

providing a sensor comprising a sensing clectrode that wcludes a catalyvst conypwising
paliadiom, a counter electrode comprising a metal catalyst, an electrolyte disposed between the

ensing electrode and the counter electrode, and an electrical circuit connecting the sensing

“@5

cleerrode and the counter electrode;

contacting the with the sensing clectrode i the absence of a voltage bias applied o the
sensing and counter clectrodes; and

detecting a capacitive response produced by the exposure of the sensing clectvode to
the gas,

2 The method of claim 1, wherein the detected response in the electrical cireuit

produced by the exposure of the sensing electrode to the gas comprises a change m electrical

o

current.
3 The method of claims 1 or 2, further compnising determining g conceniration of

a gas component based on the response.

4, The-methed of clahn 3, comprising measwing 3 cunndative charge associated
with chemical adsorption or desorption mduced charging or discharging of the capacitive
device to deternume the concentration of the component in the gas.

5. The method of any of claims 1-4, wherein the sensing clectrode corprises at least
50 wi.% palladium, based on the total dry weight of metal catalvst, andfor catalyst support, and
10BOnIeE.

&, The method of any of claims 1-4, whercin the sensing electrode comprises at
feast 13 wi.% palladiom, based on the total dry weight of metad catalyst, andfor catalvst support,
arsd ionomer,

7. The method of ay of claims 1+4, wherein the sensing electrode comprises at
feast 1 w2 patladiom, based on the total dry weight of metal catalyst, andfor catalyst support,
and ionomer.

& The method of any of claims 17, wheremn the sensing clectrode conprises an
tonomer and nanopartickes comprising the palladiam.

Q, The method of any of claims 1-8, wherein the electrolyte comprises & proton-
conductive polymer membrane.

10, The method of any of claims 1-9, wherein the gas comprises an olefin or a
substituted olefin,

11
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11, The method of clabm 106, whercin the gas comprises a hydrofluoroolefin,

12, A scnsor, compiising

a sensing electrode that inchudes g catalyst comprising patladium;

a counter electrode comprising a noble metal catalyst;

an clectrolyte disposed between the sensing electrode and the counter electrode;

an external clectrical circuit inclading a resistive load and a measaring device controlier
operatively connecting the sensing clectrode and the counter clectrode, said measuring device
configured fo detect a capacttive electrical response in the electrical cirouit produced by the
exposure of the sensing electrode to o gas 1 the absence of a voltage bias applied to the sensing
and countar electrodes.

13, The sensor of claim 12, wheremn the sonsing clectrode comprises at keast 30
wi.% palladium, based on the total dry weight of metal catalyst, andior catalyst support, and
10BROMEr.

14, The sensor of claim 12, wherein the scosing clecirode comprises at least 10
wi% palladiun, based on the total dey weight of metal catalyst, andfor catalyst support, and
fonomer.

15, The sensor of claim 12, wherein the sensing electrode comprises atleast T wit %
pattadinm, based on the total dry weight of metal catalyst, andior cataly st support, and tonomer.

16, The sensor of any of claims 12-15, whercin the sensing clectrode comyprises an
ionomer and nanoparticles comprising the palladium.

17, The sensor of any of clatos 12~16, wheremn the measuring device s further
configured (o determine a concentration of a gas component based on the electrival respomse,

18 The sensor of claim 17, wherein the measuring device is configured 0 measure
a canndative charge associated with chemical adsorption or desorption induced charging or
discharging of the capacitive device to deternung the concentration of the component in the
gas.

19, The sensor of any of claims 12-1¥, wherein the gas comprises an olefin or a
substituted olefin.

200 The sensor of claim 19, wherein the gas comprises a hydroflucroolefing

21, The sensor of any of claims 12-20, further comprising o channel from an oater
surface of the sensor to an interior chamber at the sensing electrode.

22, The sensar of any of claims 12-21, further comprising 3 hlower that dircets gas

to the sensing electrode.
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