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Abstract ERRTE, T4 RFY Y THERTHIRILTF R (TIO2) F/F1—TFLA (TNA) &R
{L8A(I) (Cu20 ) DF /HFDEERRELERIENFELCI >THRELL, £, NEBBEES
WA ZRAVEEEZ T TOXMERSERICKV, Cu20 BEFL 2 TNA
F#E (CNP/TNA ) REICSH T2 K[MEAMERSBREOEBHZT 2 12,
F9. TNAOKERZE L THBEBRIVEZFEALEL,. BEIZEFX U RE, EBRELTIFLY
VA=W T7 VLT EZVL (NHAF ) LkEMALABREERAL L, TOR, BRE{LZR
LIEFRURERKTTRAETZET, 7FE—EHD TNA 2B, KtLWT, CORABKRE
ICCu20DF /HFENILABEBICLYHBEEL, CONILAEBFZRAVS LT, TNARE L
ICHBENBCU20F /NFOHNERP OB ZLEBEICE>THEBIZ AN TRRER 2 I,
COCNP/TNAEB ZBEZX SO XMBERISHAERNICREL., BEZT TORHARSEICE T
DHAMBEMOTIMET 21z £F. MEBOXR /—ILARIH T2 AMBESHBREHRAUL. C
V20 TNAICKH T2 BB 7 ) —SBiMEe L THETAH L ZRIABL . iLT, BEZETIC
BLVT, MEOCO2EKEREEALLFZLATICEVWT, EAREN (KE300 nm-600 nm ) &
BHALULER, EATEXLBHICHES XX /=)L (CH30H ) £EFRILALTILFER (HCHO ) O3
4ZBRHEHL. CO2RERRIAEBETVSD CEZERL L, <hEFTNA/CU20
RECHEVT, ZAF—LXNZALNFEALTVWRCEZRTENDTH S,
COLSIC, BEZETTOSHERISHICEWVT, CO2XERERKHEBRA TS EHIC, ZAF—L
XNZAALIZLDCO2RERDEVRILICOBNFZ2EABLHAREBZICE I,
In this research project, composites of anodized TiO2 nanotube array (TNA) and copper(l) oxide
(Cu20) were fabricated by all-electrochemical techniques. In addition, gas-phase photocatalysis
over Cu20-loaded TiO2 nanotube arrays (CNP/TNA) was investigated by using a high-vacuum
photocatalytic reaction measurement system equipped with a quadrupole mass analyzer.
Here, the TiO2 nanotube arrays were prepared by anodization. A titanium sheet was used as the
anode, and a solution prepared by adding ammonium fluoride (NH4F) and water into ethylene
glycol was employed as the liquid electrolyte. The anodized titanium foil was annealed in air,
resulting in the formation of anatase crystals. Cu20 nanoparticles (CNPs) were deposited on the
TNA surface by pulse-electrodeposition method. The pulse-electrodeposition allowed us to control
the size and distribution of CNPs on the TNA surface over a wide range.
The CNP/TNA sample was placed in a photocatalytic reaction measurement system under high
vacuum for evaluating gas-phase photocatalytic activities. At first, photocatalytic decomposition of
gaseous methanol was monitored, and it was confirmed that Cu20 works as a noble-metal-free co-
catalyst for TNA. Successively, ultraviolet visible light (in the wavelength range from 300 nm to 600
nm) was irradiated with the presence of small amount of CO2 and gaseous water. As a result, the
generation of methanol (CH30H) and formaldehyde (HCHO) gas were clearly detected,
suggesting that the CO2 photoreduction reaction occurred. This indicates that the Z-scheme
mechanism works at the Cu20/TNA interface.
In summary, we succeeded in observing gas-phase CO2 photoreduction under high vacuum at a
real-time scale. Some useful knowledge for realizing highly efficient CO2 photoreduction via the Z-
scheme mechanism were obtained in this project.
Notes
Genre Research Paper
URL https://koara.lib.keio.ac.jp/xoonips/modules/xoonips/detail.php?koara_id=2020000008-20200131

BREEZAZZMERVRD N (KOARA)ICEBEE M TWA IV TUY OEFIER. ThThOEEE, FLELEHRLRTECREL. TOERBEHFEEELCEL ST
REENTVET, 5IALHL> TR, EFREEZETLTIRAEZL,

The copyrights of content available on the KeiO Associated Repository of Academic resources (KOARA) belong to the respective authors, academic societies, or
publishers/issuers, and these rights are protected by the Japanese Copyright Act. When quoting the content, please follow the Japanese copyright act.


http://www.tcpdf.org

2021 -3 H 31 A

2020 FEE FEEHES (AW wririskess

P& BIPE e HEHUR

WRRERE

FEEN%E 500 (4%B)TFH

K4 ¥ M =& K4 (FFE) |Kei Noda

HHIERE (AAFE

FBERFT/BERETOTALMBERISIZDEREZBRIERFLETA DGR

e (GER)

Investigation of gas—phase photocatalysis over semiconductor nanostructures toward photoreduction of carbon dioxide

1. HIREBRFROBE

ARETIE. TARE vy T L EBERTHAIBILF L (TiI02) F/Fa—TF7LA (TNA) EEEEERAD (Cu20) DF /R FDEESRELER
LM FRICKOTHERELIz, T BEBEENTHEFANV-EEEZ T CORMBE REEBIIZKY., Cu20 B#FLf= TNA HH
(CNP/TNA) REIZH T D5 R IS BFE DB EIT o=,
FI. TNA DEELRELTIHIBE LR FRAL-. BiBIZIEF2URE. BRKELTIFLUYJa—ILIZ7VE 7o EZ7 L (NHAF)
EKEMAZ-BREFERALz, TD%. BBEBILEHELIE-FIVIRERKT CRNETLILET, 7THE—HEE D TNA 2571, HL
T.COHEBRMIZ Cu20 DF /R FE/NIWAREFICKYHERBSE -, CONILREFEZRAWNVWSILET. TNARE LICHESINS
Cu20 F/HIFDRBEOCN TELEFRIZE->THIET A EMNTREE LT,
Z®M CNP/TNA S22 EEX G DT RIGEERNICKEL. S EET COSRMARBEICH T2 mEE O MmE T o1,
= MEDAR/— LA R T BAAE S FEBFELZERIL. Cu20 A TNA [T EELE T —HEfitiE L L TiEe T A L5
L= HELVT.BETTIZCE LT, MED CO2 LIKEKEZEALEEFHTIZELNT., E£44 71115 GRE 300 nm—600 nm) BB LT-
R ENAREBEIZHESAR/—)IL (CH30H) ERILLTILTER (HCHO) dFEEZERHL ., CO2 ABTTREMNIEBETNDI LA
L=, 2L TNA/CU20 REIZEWNT.. Z AX—LANZXLHNERAL TR EFTRTEDTH S,
COESIZ. BEET CORMEREIHZIZH T, CO2 BT EEBMEBITEHERIC. Z RF—LANZ X LIZKS CO2 &
MEALIZDOENBERBMREEB/BIZEST=,

Eo)l—]

2. MIREBRRAEEOBE R

In this research project, composites of anodized TiO2 nanotube array (TNA) and copper(l) oxide (Cu20) were fabricated by all-
electrochemical techniques. In addition, gas—phase photocatalysis over Cu20-loaded TiO2 nanotube arrays (CNP/TNA) was
investigated by using a high—-vacuum photocatalytic reaction measurement system equipped with a quadrupole mass analyzer.

Here, the TiO2 nanotube arrays were prepared by anodization. A titanium sheet was used as the anode, and a solution prepared by
adding ammonium fluoride (NH4F) and water into ethylene glycol was employed as the liquid electrolyte. The anodized titanium foil
was annealed in air, resulting in the formation of anatase crystals. Cu20 nanoparticles (CNPs) were deposited on the TNA surface by
pulse—electrodeposition method. The pulse—electrodeposition allowed us to control the size and distribution of CNPs on the TNA
surface over a wide range.

The CNP/TNA sample was placed in a photocatalytic reaction measurement system under high vacuum for evaluating gas—phase
photocatalytic activities. At first, photocatalytic decomposition of gaseous methanol was monitored, and it was confirmed that Cu20
works as a noble-metal—free co—catalyst for TNA. Successively, ultraviolet visible light (in the wavelength range from 300 nm to 600
nm) was irradiated with the presence of small amount of CO2 and gaseous water. As a result, the generation of methanol (CH30H)
and formaldehyde (HCHO) gas were clearly detected, suggesting that the CO2 photoreduction reaction occurred. This indicates that
the Z—scheme mechanism works at the Cu20/TNA interface.

In summary, we succeeded in observing gas—phase CO2 photoreduction under high vacuum at a real-time scale. Some useful
knowledge for realizing highly efficient CO2 photoreduction via the Z—scheme mechanism were obtained in this project.
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