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Abstract

AMRETE , ERNMEL > THRESERAODHASHBELERA TS ETRHEEENHA LY
NEBAZEHELLE . —BRICMESEZAVEAA L YT, MRERAZEHLLEES LD, &
WEBENADEICLEDS U Za8RICHEBF IR LHICERABE—F—HNRBEERVEEENNE
RKI% . 22T, EROMCK > THEEAZERIEERI LT BRELBEELBEWVEEE
BEHAAREVHOAIEZERAK L .

EOOMBELTR , Pt/ RFFEMENLEI ST I EPdF / NFHNEENITZ 7T
ZRAVE  BROMMEEHECBTLUESA AV REENLTT 212 . A FAVBREOER=-E
BzAVWTFHF /RFREICEXGERZONML , KRARANOBBEERIL - .

Pd} /HF- Pt /RFOESSEAAVBRBEBETICL D TERTRKEANOEVHREFNERL
TVWREz2®ABLE . AREV VTN ERBRERFHERELLBER , PdF /HFTRHRER
MRBBENBSBRIKEIZCEN VY REBFLERBICFELTVRZENBASHILE S L.
COMRE , MBEERAOERATELEL , ITT7IVEAFVREOHEERRANSKRRTEIENT
HBDLDH , HNFRLUTWEXDZALERERDS . —F ,PtF/RFTR , ERAOMICKYE
RAMRBHEOERKFEEL T TEHATERVERMRIRNTVWE . ChRPF /R FIED
WTRHEBRICLKZMBERZAN BN THD L ERELTVWS . PdF /RTFEPHF /RTTE
AOMRNFEB>TVEDOR , KEHAAEOMEEADCEVWCER TR EEXASND . PdF /K
FTR, KEHARKREATKERFICOBE IR ABICREEZND . T0LY , ERNFERE
AHBABALET , ERICKDEFAVRIERTETLVEY . —APtF /HFTREEBRAEBADK
ZORBERELZV . TOLHBERICIDMEERAOERNHIETEL .

This study aims to realize a low power consumption gas sensor by modulating gas decomposition
on catalytic metal surface via electric field application. In general, gas sensors using catalytic
metals require high temperatures to activate the catalytic reaction. External heaters are required to
maintain sensors at high temperature, leading to increase of power consumption. Therefore, we
attempted to create a low power consumption gas sensor by activating catalytic reaction via
electric field application.

Graphene functionalized by Pt nanoparticles or Pd nanoparticles were used as gas sensors. The
electric field was applied via an ionic liquid dropped on the sensor. The modulation of sensor
response to hydrogen gas was investigated by applying electric field.

For both Pd and Pt nanoparticle functionalized graphene, it was confirmed that the sensor
response to hydrogen gas at room temperature increased with adding the ionic liquid. Investigation
of the electric field dependence of sensor response revealed that the field effect mobility strongly
influences the sensor response modulation of Pd nanoparticles functionalized graphene. The
influence of field effect mobility, originating from the interaction between graphene and ion liquid, is
different from the initially expected catalytic reaction modulation.

On the other hand, in Pt nanoparticles functionalized graphene, modulation effects were observed
that cannot be explained solely by the influence of field effect mobility. This suggests that
modulation of catalytic reaction by the electric field is effective for Pt nanoparticles functionalized
graphene. The difference in the effects of the electric field between Pd nanoparticles and Pt
nanoparticles functionalized graphene is due to differences in their interaction with hydrogen gas.
For Pd nanoparticles, hydrogen gas is decomposed into hydrogen atoms on the surface and then
absorbed in bulk Pd. Electric field does not penetrate into the metallic bulk Pd, and modulation
effects by the electric field cannot be observed. On the other hand, hydrogen is not absorbed into
the bulk part of Pt nanoparticles, allowing observation of modulation of catalytic action by the
electric field.
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Low power consumption gas sensing based on modulation of sensor response by electric field
1. HREREBEOHE
AFRTIE, ERAMCEL > THRESBERADARSREERATIIETERHEEENAR LV YOEREZBEL
. —RICMESEZAV AR LYY TIE, MEFRAZEHRLEIE2RD, AVWERENIBREICLRS. VY %28E
ICHERF S 27DICIIAME—9 —DBBEERYHEBENMERT S, 22T, ERMMICE > THEFERZEMHLS
T52&T, RBEEVEE LRWVMEEEEN AR VY ORIB EZEH AT,
U HEE LT, Pt/ RFNBHENALSS T2V EPdF /RFNMEESNAES STV 2RV BRO
mEe H EICE R LA A VBREENLTIT 2. 1 FVBAEADBEBRZEBZRAWVWTCTH /AFREICERABER
HEIMNL, KEREAXAANDBEEZRIEL 7.
PAdF /HF -PtF /RFDEELEA T VHEBERATICL >TERTKZEADEVHRENMERL TWSE I &5
Lz, AREVIVIVOERBEKRGEHAZRELLHER, PdFT /HFCREANRBHEI’ RS ERICKEFT S
EDNEVHISBERICES L TWA I ENELMNIR . ORI, MBERDOERATIEAL, F77zvEAa
FVREOHEEERANORKIRT 2EDTH 270D, HFERLTWADZILERZERD. —A, Pt /RFTH,
BREAMICE Y ERMEBRHEDOEFMKEMEL T TIEFRATEAVWERMRIERN TV, THIEFPtF /RIFICDW
TRERICL I2MEEAETAIENTHDIEETBLTWS., PdT/HFEPtT /HFTCERDOMRIER ST
W=D, KRAREDOHEEADEWCERT2EEZ5NS. PdF /HF TR, KEARRIKREATKRRFIC
DEESINE, RBICREIND. TORD, ERAVEBRBARAET, ERICLIZIEAMRI/ERTET TLRL.
— /Pt /R F TIEEBABADKROBREIFREE LBV, ZOLHERICK HMBERAOTRIBR TS,
2. MAKREEOHE (F:R)
This study aims to realize a low power consumption gas sensor by modulating gas decomposition on catalytic
metal surface via electric field application. In general, gas sensors using catalytic metals require high
temperatures to activate the catalytic reaction. External heaters are required to maintain sensors at high
temperature, leading to increase of power consumption. Therefore, we attempted to create a low power
consumption gas sensor by activating catalytic reaction via electric field application.
Graphene functionalized by Pt nanoparticles or Pd nanoparticles were used as gas sensors. The electric field
was applied via an ionic liquid dropped on the sensor. The modulation of sensor response to hydrogen gas was
investigated by applying electric field.
For both Pd and Pt nanoparticle functionalized graphene, it was confirmed that the sensor response to
hydrogen gas at room temperature increased with adding the ionic liquid. Investigation of the electric field
dependence of sensor response revealed that the field effect mobility strongly influences the sensor response
modulation of Pd nanoparticles functionalized graphene. The influence of field effect mobility, originating from
the interaction between graphene and ion liquid, is different from the initially expected catalytic reaction
modulation.
On the other hand, in Pt nanoparticles functionalized graphene, modulation effects were observed that cannot
be explained solely by the influence of field effect mobility. This suggests that modulation of catalytic reaction
by the electric field is effective for Pt nanoparticles functionalized graphene. The difference in the effects of the
electric field between Pd nanoparticles and Pt nanoparticles functionalized graphene is due to differences in
their interaction with hydrogen gas. For Pd nanoparticles, hydrogen gas is decomposed into hydrogen atoms
on the surface and then absorbed in bulk Pd. Electric field does not penetrate into the metallic bulk Pd, and
modulation effects by the electric field cannot be observed. On the other hand, hydrogen is not absorbed into
the bulk part of Pt nanopatrticles, allowing observation of modulation of catalytic action by the electric field.
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