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Cuprous oxide (Cu,0) is a semiconductor metal oxide which is known as a potential material
for solar cell, pigments for the bottom of a ship, and catalysts. Cu,0 is typically synthesized
from lots of routes where high energy processes are generally indispensable. Copper acetate
(Cu(OAc),) is an appropriate precursor to synthesize Cu,0 since a reduction process through a
ligand-to-metal charge transfer (LMCT) transition can be initiated under a UV-light irradiated
condition. Such a photoreduction process which induces a charge transfer to a metal species
is an environmentally suitable method for the production of Cu,0. In the present article, a novel
photoreduction of Cu(OAc); is described; a visible-light irradiated condition, nano-confinement
by a cylindrical micropore of single-walled carbon nanotubes (SWCNTs), and adsorption of
water molecules into the micropore deposited by Cu(OAc), are Cu(OAc),

all necessary to synthesize Cu,0 in the present method. From a +

qualitative point of view, distorted structure of Cu(OAc),, which
is generally more unstable, can be formed in the nanospace of
SWCNT leading to the induction of LMCT under a milder
condition. The conclusion in the present manuscript strongly
relates to a concept of “nanoreactor” where a kind of
nanospaces can be applied as a chemical reactor. Although
carbon-pore wall is representatively an inactive surface,
nano-confinement by using carbon materials has a strong
potential to initiate novel chemical reactions which cannot be
observed in classical reactors such as beakers or flasks.
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H,0 Visible light

Takahiro Ohkubo is an associate professor of Graduate School of Natural Science
and Technology at Okayama University from 2007. He earned his B. Sci., M. Sci.,
and Dr. Sci. in 1998, 2000, and 2003 from Chiba University. He was previously an
assistant professor of Research Institute for Science and Technology at Tokyo
University of Science from 2004 to 2007. Prior to that, he was a young research
fellow of Japan Society for the Promotion of Science (JSPS) from 2002 to 2004. His
achievements were awarded as lectureship award for young scientist from
Chemical Society of Japan (2006), achievement award from Japan Society of -_
Powder and Powder Metallurgy (2006), encouragement award from The Japan Society on Adsorption
(2008), and encouragement award from Division of Colloid and Interface Science, Chemical Society of
Japan (2011). His current research topics include structure and property of nano-confined systems,
nanostructures (clusters and small particles), porous materials, surface science, and carbon-based
materials.

Acc. Mater. Surf. Res. 2017, Vol.2 (No.2), 64-71. 64



Acc. Mater. Surf. Res.

https://www.hyomen.org

HEM—ROF/Fa—TJ#RIEEH/ELTHES
— 7 /#0884 D BT 48 58 T R s —

RAR &Ik
LR FX 2l A F AR IR L Y E R P EH

1. [XC&IC
EARREIZL > TERSS T 222/,
F R0 ZE [ O LT L R AW R H 1k
PRI KO ESND R RS L L CHERE
Do FEIZ 7L AL 2 nm LLF) ., B&
OAVFL GHFLAR 2~50 nm) D95 10 nm F2
FELLF O fLE 2 BICA T A8 BHTE L
O WEAL S BER . b7 E DT THWG
N TW5, 2O—F T, BATAMOIEME
RENVSTHSMABRI S TODHETT
BEEMERFZE DO R THOHET T D, ZDH
WITE AR T 22 BICBE 32 A = AR
FPRERETHHIEEZERLTEY, 5
KGELTH A ZH T LT TWARERTH
LEEZD, m<OBLOMEHTINAZ T, #
TR AIRS T & R ALIEM L 90,
A ALK IR DR IE DG RN 72 o 72 25 FLIH
Bl AL & 57 - (PCP) /4 J& A3 B 1% 14 (MOF)
Mpl | AT 2R ER A 2 LA 2
TW5, EFH L, B2 EBRGEOE KT /%2
AT B W T R 3R R M B L CBILBR &
WEISERHLTETWS Y, RERT
ZEIMBHT B IR E TH DT | okt
FHZ LA~ Tl FLA 1 D S (] 2 1 2 A 35—
PERREVGIIE DR, LNLRND, #
B R Z W EICBR BT 52 L TR
B)— 7222 a AT 52 LN RTRETHY T
I RSCEHCIAD N ROAREE DL E
W R TIHENT MBI TH D,
ZHELIMIC/RDA, BRI ER
WEEDLOE, T /22 E Lz (S
N7z, ACIAD BT LR LA D
AVZ2 NG UFRAY | a3 TN 1t 7
T DD THD, B, BAFRE Eoix R

Acc. Mater. Surf. Res. 2017, Vol.2 (No.2), 64-71.

720 T 72 O RATICR IR T & LTk
FRENED ) HAEER AR BLOWKILH
Hl RSN D Z & THAT 7 B AL 2 B PR B 28
BT D, B OWFFEIC I g I —AR T
JF 2—7 (SWCNT) O [ &4k 22 M N T
FRES AV 5 D — RT3 i Vi U
EaRLIZD P F 2N TR B DA
P33V 7 IS 230 U 7o ##% 1% (super ionic
state'”) & B 572 £ 5 2 O BRI FE LR
INTRESIVTWD,, ATl EH OO T
DOIFFED F 35, SWCNT O AR 22 N
(S NI B B SRR A R T B a7 e o X
i oW,

2. TRIGEF/IELTORFFT /M

T, AG b e~ A
a7 72 —DORHABIRESTND, v/ 1
A—=L—F =2 — O xRS %
hERIRATED B SN LD
A HRITARZ D ENTE D20, LR
RS EE D R TEN - FIETHD, —J7,
FIA—H—F—H =DM e SR eEL
THRATH T VT 7Z =2 O\ Thikx 72
OGS RIZEBWTHE DR B 5, R Izi#llb e,
RFEMEL DT )22 E T VT A —L LT
FAWTEAFZEE LT, 1991 4 THIc Xk
HENT TERILEFE ORISR ET S
na B, ZEbEHEO R GRIE 200 &
JELL E TR KIS THHCHE DL IE
PROIZAANIRAESEDHIET 1| JER
FETTORISHEITT D, 20720 mEK
IGEFBRLIZEDOB N EERh R L
IENDIHT o7z, 2011 FELLE DS D
ZH 8 R R 2 SR BRER OO W [ E

65



Acc. Mater. Surf. Res.

IO S TODHDOD BT HHH
NN 3 Y B R S LA =) B o7 i o
BEMEZ R TH OISR 2, Ll IT4ED
WFFE R R T A 7 b ) 2B & BB 1S
(EE SRS LU TR TED Al REMES
ALTHEY, B b PRS0 BT L
WA BN TCOEKEIEZ R TELTE
ZRBEL TS,

— 5 EECITHEE R T ) Fa—T
(SWCNT) D7 /22 MINICPATIAD BT B
8 (Cu(OAc),) Z BB L L, e Al &
—BRINT 22 &7 KAKAFAE F TR
e BRS 572 0 CHi LR (Cu0) T /%L
FRELNHZEER R LI Y, Cu(OAc), 1T
WIS T (T va—VERNE Eh KR
) CTERAMSEAE R 5L Cuy0 F721% Cu
(SRS NAM P EH LR R LR
BILAIZ WD Z L7 Lovd Al G
T THEITT 5, BUSOB SR 5 B
HILTWD—J T, BUSOFEMIZ DV T
REAZRER 3 32\, RIS, ATEYE D S D
NN S AP QA -V € et
LRV, AIHLE IS T IR D KDORLE - &
TCIOENT S BE DN D BB L& 70 5 I REME
yATEIAN

AFETIZ, SWCNT D /22 W23 a7 X
IS R T &EE ., ATHEAERH T T
Cu(OAc), DR ITTISHET T 2K Z | 1
EOREEEFOMFRRRD—HH R X 72
MRS 2,

3. EMROIIVOARNICEREL - KINEFER
SRDEE

A ADHIIZ, SWCNT D) /ZERINIZ
HIEIT Cu(OAc), A3 Al ARG T T oK
JGE R T I b B LT 38 i & DA TR Al SR
Nz SN TIRA~S,

TERTE TOMZE T, &R DI = LN
FIS AT K TN HERE B $0 oD B 81 3 5 D I8 3
NIV DOFERES KR P L B D Re R
RREETE R Z L WD e E A T 20,

Acc. Mater. Surf. Res. 2017, Vol.2 (No.2), 64-71.

https://www.hyomen.org

SEYTHIFLEE DS /NS L 70 D L EON A 3 A 2B Ak
T T DT, NV IHIDE REE
G THLEEZLND, L, HifnaH
DT R E LTy Bl X R W% S B A% 5
(XAFS) AT MV AFRHTUTZ S B I AL
BDINSIRIEME IR DI 7 v LN BT,
BN REVTEME R IR E LTS A IR
TROHENZENL L= /K 5y T 28R E L2 K Fn L
TWHZ xR LTz, FEMIC OV TIT A A
FEICEARI ITh LD SN TN,
WDAT TN T, LI D Fis 4
B WA TR E IR D E ) AT
% H )T Cu(OAc), 1274 B L7=, Cu(OAc), (IE
FEIZIZHERR S — K Fn &L T RS TN D)
VR A 2 TGS R LTS AL, B SRR
DOEEEE A $h L1 H 720 B2 Cu-Cu [ R
DENEWV R BN S D, 2T, elcik <7
R HE SR 2 B DR FE IS, Cu K WIS
XAFS A7 R BIEM R A LT
Cu(OAc), D% H22 N LK D faFIZE ST
T CRRELTZ, Figure 112 Cu ZHLELTZ4
RO B RAE GBI S A R, 22T, Y
LR D BT 2 2 T DTG VE IR (AC; I
HEEETyaNIZ nm HALTRL, #LE
AC(0.6), AC(1.1)E KT D) W\, &b
FFEBER B S REWANURIERIEEOMR R
JRFHROMEE TR TED, BERRTFLL
THEERA A LAKITE DB T 3% 2
LD, INBEXBITHZ LTI A AEETH
Do WL Th, E 0Bk Bl = FE A
ICREREWTR N, — 7 D Cu JR
FIIFB CEDL N URNEIRICAE BT 58, B
Fi S — K F ) O #E h ETEPE R ISR A5 LT3
A E T E W DT, IR A
L7284, Cu-Cu MOHHEENELLEL /> T
WDHTEMD | H TR ORIEN KESEA
TWDEBZBILD, IR FDOHFEZ D &,
Cu-Cu MDEREIEAN 72252 TEAL
FTHIENMEN TS 2, Bl | 1EER O
LT Cu-Cu M EEBENEL 2> Tnd )z
EIE, Cu lZEAAZL TWODHERE A, & Cu D
FEEAERAR S LI ERI S TNDENS R
FHTED, F/ZZMNICEATIADHZET Cu

66



Acc. Mater. Surf. Res.

[FT|

f_A_\

0 0.1 0.2 0.3 0.4
7/ nm

Figure 1. Fourier transforms of Cu K-edge
XAFS spectra of (a) Cu(OAc), on AC(0.6),
(b) Cu(OAc), on AC(1.1), and (c)
Cu(OAc)2'H20O crystal. Blue and red lines
indicate the spectra of samples in
evacuated and saturated water-vapor

conditions, respectively.
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Figure 2. In situ powder XRD profiles of
Cu(OAc),-deposited SWCNT in  an
evacuated condition (red) and the saturated
water-vapor condition (blue). Blue triangles

denote peak positions of Cu,O crystal.
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Figure 3. Cu K-edge XANES spectra of
Cu(OAc),-deposited SWCNT  samples,
aqueous solution of Cu(OAc),, and Cu,0.
The red line indicates the
Cu(OAc),-deposited SWCNT in  an
evacuated condition. Blue and green lines
are the spectra of Cu(OAc),-deposited
SWCNTs adsorbed by water under dark and
after the irradiation of visible light,

respectively.
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Figure 4. In situ powder XRD profiles of
Cu(OAc),-deposited MWCNT in  an
evacuated condition (red) and the saturated

water-vapor condition (blue).
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Figure 5. In situ powder XRD profiles of
Cu(NO3),-deposited SWCNT in  an
evacuated condition (red) and the saturated

water-vapor condition (blue).
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