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(57) Abstract: Provided are: a method for produ-
cing hydrogen peroxide, by which hydrogen per-
oxide can be produced at low cost; and a kit for
producing hydrogen peroxide. Also provided is a
fuel cell which is capable of utilizing hydrogen

600

500

= 400
3

—
QI

300

L, 200

L]

100

peroxide as a low-cost fuel. A method for produ-
cing hydrogen peroxide of the present invention
is characterized by comprising a hydrogen perox-
ide production step wherein hydrogen peroxide is
produced by irradiating a reaction system, which
contains water, an oxidation catalyst for water, a
transition metal complex and oxygen (O,), with
light. A kit for producing hydrogen peroxide of
the present invention is a kit that comprises the
transition metal complex and the oxidation cata-
lyst for water, which are used in the above-
described method for producing hydrogen perox-
ide of the present invention. A fuel cell of the
present invention comprises a fuel container and a
fuel cell element and is characterized by contain-
ing the transition metal complex and the oxida-

tion catalyst for water, which are used in the
above-described method for producing hydrogen
peroxide of the present invention, in the fuel con-
tainer.
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. BLUAEDSRDIEISBIRIND DR EE—DHFE LY, RIEE
BEBEARD, BIEEEER (1) TRINZEKRTHIHEIFE. WL LF=
Do, ARAITVL, B VAV, 0L, AN AYTTL, OYY
L, FEEBEETHDZIENFE LW, Tk, RILEEREERTFORBLEK

BR) & WICBREINARVWDA, A, +1~+6DEEATH S, A
B2 (Bf) & WTZJLDBER, +2, FEF+3/FHELL, 7
AIVALADZEER, +2~+ 6 QEEANFE L. BHOFEIF. +2~+5
OEEAILFELL, IVHYOHEIE, +2~+508EAN/FELL. 70O
LDHBEIF., +2~+6DHALIFELL. ANV MDOFEIF, +1~+5
DEHEMNMTFELL, 1YV P LDGFER. +1~+50&HEIIFELL, O
IO LDHEIF. +1~+50FEEANrFELL. HEDBEIE, +1~+5
DOHEANFE LW, mIEgLZE (1) b, Wi, LTZTALTHZ I ENFFIC
BFE LWL,

gIEdiEZE R (1) =,

RI~R*E, ENENMILIC, KRRF. PILFILE 7Y—ILE ZboE
OTVE VKR VERE (RIVRE) ( TIJE PILFLTIJE,
AIVKRVEBE (ALVEARFVE) . EFOFVE, ZILIFSHE RULILA
O7ILFILE, POLE, PIVAJALE, PONAFRVE, £EIETIVA
JANTXRIETHBIIEMNFELL,

EJrel =N

RRELURIE, — k&> T -CH=CH- AWML TEHER<. T4HbB5, RS
JURBENSDEETHEE) PVRE—RhER>TT7zF O VERE
R LTHERL, I -CH=CH- (ZHFBHIE, FRENMILIC, 7L FIL
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[0036]

E 7V—)LE —boFER NOFVE RULEVEBE (RLVFE) | 73
JE TIERLTIVE HIVKRVEBE (DULRFUE) . eFOFVE,
PILAFDE, RU7)LAOF7ILFIVE PUIE PILA/AVE 7Y
WAXRIE, FRETLA/ANAFOETERINTLWTERL,

R2E L URBIE, —fhER>T -CH=CH- ZFRLTERL. T4bb, R2
BLUORUIZNLDHERT I EEY Y VRE—hER>T 7+ bOY Y
BaFALTHER., Bist -CH=CH- ICHFDHIZ. ZhFRMILIC. 7L
FIE, 7U—LE, ZbOFE NOFVE, ALK VEE (RILFE)
PIJE PLERLTI/E, ALKRVEBE (ALRFVE) | EROFY
B ZL3FSE RUu7L4A07L0FIVE, FULE FILAh/A4LE,
TIoNTAXRIVE FEETIVA/ANAFOETERINTLWTERLS, R
"BLURNE, —hER->T —CH=CH- AZBRLTHERL. T4bb5, R &
URIIZENSLDEETHEE Y Y VRE—hER>TT7xF b0 VR%E
R LTHERL, I -CH=CH- (ZHFBHIE, FRENMILIC, 7L FIL
E 7V—)LE —boFER NOFVE RULEVEBE (RLVFE) | 73
JE TIERLTIVE HIVKRVEBE (DULRFUE) . eFOFVE,
PILAFDE, RU7)LAOF7ILFIVE PUIE PILA/AVE 7Y
WAXRVE, FEETLVA/ANAFOETERINTOLTERL,

gIEdiEZE R (1) =,

RI~R2#AY, TNENMILIC, KRFEF. REHIHNS6DEHE L IEoK
TILFIVE, JxZIE ZbOE NOFVE RIVKRVEBE (RILKRE
) PIVE RRBINS6DEHE LIFDIRTILEFILT I/ E AL
RUVEBE (ALARFPH) , e ROFPE, ZAOF2E R)7L407
WHRIVE, RRBIHDS6DEHE LIEORTIVA/ AIVE, KRR
BIHDS6DEHEE LEIRTLA/ANTFRIETHDIIENLYITE
L Ly,

EJrel =N

RIE L URSE, —hE>T -CH=CH- AWML TEHER<. T4HbB5, RS
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SJURBENSDE/EETHELE) DVRBRE—RhER>TT7zF 2 bOY) VERE
BHRLTHRL<, BIEE -CH=CH- (CHITBHIE, FhENMILIC, REH1

N5 E6DEHEE LLEORTILFILE, Jx-IE —boE NOsvTVE
AR VEBE (RVER) . TIV/E RFHIHLLE6DEHED LIES
R7ZIVELTI/E AILRVEBE (DLRFDE)  eRkOF2HE 7L
OFE RU7)0FAO7IVFIIVE REHRINSE6DEHEE LLIFORT

WhHANE, FRERFHIHLS6DEHES LEDRTILA/ AL F

VETEBRINTULWTERL,

R2E L URBIE, —fh&R>T -CH=CH- ZFEHRLTEHERL. §hbE, R?
BLURBMEIZNLDHEAT I EEY Y VRE—hER>T 7+ bOY Y
BAMKLTERL. §iid -CH=CH- (CHIFBHIZ. TRENMEIIIC, kA
BIHL6DEHED LLIEPRTILFILE, 7z LE, ZboE Oy
VE, AWK VEBE (RVEE) . TI/HE RFHRIHAS60DEHES LL
FORTIVEILT I /B, AILRVEE (DILRFIOHER) | EROFVE,
FILOAFVE, RUL72LAOT7LFILE RFH1IHS6DEHED L IED
R7ZIVAAIIVE, FLEERFHTHAS6DEHEE LIEIRTILA/ 1L
ZTFVETEBRINTVWTERL,

ROEB L URME, —fh&#R>T -CH=CH- ZFERLTEHERL. §hbE, R®
BLURIZZNLDHEART I EEY Y VRE—hER>T 7+ bOY Y
BAMKLTERL. §iid -CH=CH- (CHIFBHIZ. TRENMEIIIC, kA
BIHL6DEHED LLIEPRTILFILE, 7z LE, ZboE Oy
VE, AWK VEBE (RVEE) . TI/HE RFHRIHAS60DEHES LL
FORTIVEILT I /B, AILRVEE (DILRFIOHER) | EROFVE,
FILOAFVE, RUL72LAOT7LFILE RFH1IHS6DEHED L IED
R7ZIVAAIIVE, FLEERFHTHAS6DEHEE LIEIRTILA/ 1L
THFIETEBRINTULTERL,

[0037] mIsE(EZER (1) B, R~R¥E, BIZIE. RTKREFTH>THRWL, £
7=, BIEEAEZER (1) &, mid, + 1 ~+5QHETHDIENFELL, +
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2., +3, FLE+A4THBZIENEYIFELL,

[0038] wiEE{LF (1) THRINZEHKIF, TilbFERX (2) FhF (3) TX
INBHEETHDIENIBITTFELL,
[1t2]

| S CH;
N_ =

NZ~ |

X CH;
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[163]
_ - m+
| X
N~
N |
N
(3)
BIEREER (2) LU (3) th, ML UmiE, FIdlEER (1) EEAL
ThH b,

[0039] wiEdflb®xX (1) TRINZeEKkIE, TEREFERX (4) FhiE (5) TX
SNBEUTHDZZENILITHFF L, TRIEER (4) TRINSHEE
THDEMFEITEHFT L,
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[1b4]

(4)
[{£5]
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[0040]

[0041]

[0042]

/e, gig (1) TRINLBHEEHEAS LTI, /it (4) 8LU
(5) IKBREINT. EDLIDFEARTHRL,

S BMEBHEENICETEM AR T ST EMSL (6« SaEME, BEE
EMAS LS UONZENN) SOEREIPELET 25E1E. WThOoERKDS
AFERBICAWD I ENTES, T, AISEVEEHEAKOIEIZ. BAMET
LEEMMEBETHERL, IHIC. RIGEBMINEZENY 2BITEREBTLE
KiETHRL<. AIRKBENINEZN T 2 BEITEBREETHARIEBEETY
R\, BIEREMEEE LT, BICREINAWA, B2, Mg, Y vk
7 vibkFREs. EEE. RILKFEEE. I UbkERE. RET v R RERR
B, RERAREE REIAVREE. @Y vRE BIERE BRKHE EI30
REE. T v kbk 1EREE. RFREE. I UK BY v RE. BIEFRE. AR
R, BLCBAVRBELSHITOND, BIRRERBEFICREINLZVAD
CBIAE p— NMIVIVRIVKRVEE, XS VRIVKVEE, YAV p—T
OERNVEYRIKRVEE, KB JINIB. 7TV, R2ERS L OB
ErHIToND, FBIRSEKIER S L TE, BICREI AW, FAXIE K
BIET7VEZDUL, TILAYYEBKERILY. 7ILA) TEESBKEREY. &
BRI & CIREEKRIEEZELHIFo N, L UEFITIE, FIAE, KEBES b
)L KEBED ) DL, KBEADY VA KRBT N) DL, KEEBKFEF N
I, JRERIKFRAN) DL, KEBIEANS DLBLCREBAINLS T LELHIT
bNd, BIREAREREHICREINAVWY, fIZIE T4/ -7V,
P)IFILTIVELICMIR (ERAFTAFIV) PIIXYVERHIT
bhd, INSDIEOEEFEEFICREINT, AlAE. AIREFHRSHE
- RBEREEDFIC, IO L D BRECEEZLAMOAEICL Y EHEMMS
B2EDHETHREST DI ENTE D,

7. FIRLEBSBEFDORINGIFRFICIREI NARWA, AENEHICR
PHEeRTHIENMFELWL, AFRLEHICKRINEZETEIET, AIAE
. AR T 5 I A HRRERY, KBS EIRLF—RE LTHATE
%, ThiICEhiE BRI, KBEBE~OBEBELARETH S,
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[0043]

[0044]

BE, AFEBICBEWT, ZIFILEE LTE, BIREIhAGWD, FIX
& XFILE, TFILE n-FOELE, 1V 7OBLE, n-TFILE 1
VITFIE, sec-TFILEB L Vtert-TFILE, RUFILE, ~AFVILE,
ANTFIVE, Z0FNE JZVE TUNE DUTVILE RTUILE
 MIFUWE, FRSTUILE RVSTFTUIE, AFHTUIE AT
STUIE, FOITUIE, JFTIILE, A AVIILEENET LN D,
TILFILVEABEDICEOE (PLFLT7I/E, 7ILAFVESE) ITHL
THRAMTH D, . RUL7LFAOTILFILEE L TE, BIREI LR
WA, BIZIE. XFILE, TFILE n-TOELE 1V T7OELE n-T
FILE, 41V TFILE, sec-TFILEB L Ctert-TFILE, RVFILE, A
FUWE ATFNE FIOFILVE, JZIVE FTUILE VUTFVILE,
NFIWE, MITFULE, FRSITIULE RVGTFTIUILE, AFxHTY
WE, ATHYFUNE, 709 FVNE JFTVILE, A IVILEEMS
BEINDIRLZLAOTILFRIVENZETLN, RULT7ILAOT7ILFIVE%E
BERICECE (RUL7LA0F7NLFIVRIILEZLE, RUL7LAQT72IL
HE) KBWTHRAKTH D, AERICEVWT, PUVIIEE LT, HFICR
EINGZWD, FIZE FILIVE, PEFILE TOoEF-ILE&E 4V7T
FUIE, NLYIILE, AVYNLYIILE, EXOq4LE ~AFH4LE,
soanFdtJAVE RUVAIVE, TMFRIHIRDIVE, ENEITFS
n, PUNEEBERICEOE (POLFFVE, FLA/ALTFOESE
) IKBWTHERMKRTH D, oo AREBICBEWVWT, 7YVIILEDRREICIER
WRZWVRFRZEH BIAE., RERI1OTILH/AILE (TPUILE) &iF
FILINEZETEDETZ, IHIC. ARERICBEWT, nOFv] &iF
ERoNOFVTRERTS AxE 7vR. BR RRBLUIVER
DNEFOND, T, BRESIIEMURIEFEET 2B EOERKTER
<CBIZE T70ELE] EWSBEE. -7OEIETEM Y 70EL
ETHRL,

[<1-2>BREBHEADORERE]
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AEBICBWT, AILEREESEKE. ThRAEFAVTHRWL., BEER
B (G LTHERW, RET 255G, REFEIFICHRINT, AIAEE
 AROBGEFREHICEL Y, FREFBRAMOBESEESEICL T, BEEET
BIENTED, BIZIF, BREBOREEBRUTFEZ, TNEN, K. TIL
O—ILEORBICEMIETREIETEELTERL, aiglb®xX (2)
A5 (5) owghnh (IS, miglbFX (4) X (5) ) TRIND
BREREARDZEIE. HIAIE TREZEXE ICKEHDEEZSEICLT
S5 L THRW,

[0045] [&E>HA1 ]

Kotkar, D.; Ghosh, P. K. 1Inorg. Chem. 1987, 26, 208.ZF7=l&Yo
ung, R. C.; Meyer, T. J.; Whitten, D. G. J. Am. Chem. Soc
.1976, 98, 286.

[0046] &7, RELALBREBH#HKIE. VEICNC, BA A URBULEBLTER
W, RIECREA 74 Y RBAEBDFERFTICREINT, BEICECTERDA
EERWD I ENTE D, FIKES 4 U RXBNIBICERTRELYES LT
BIZIE FIRREEARES L CERBRENEITON, BHTRWTH ZE
BMUEHALTHERL, . IhLoADORISHME., BAEEFEZ. BEICH
CEERVTHERVWL. AW THRL,

[0047] [<2>KDBE{LARE]

AFERICBEWT, KOBIMEIFICHRINGWS, EREERILYE
FlE A F VEEMNFE LW, BIEEA F Vi LTI FIRE LTZU L
DA FVERE, SV HDFFVIEER, 1) I T LDOFFVEEENEITS
h3, AIECKOBIEMER. IZIE. LTZ0LDFFVEEK <V HYD
FHxRVER AV LD FYER BROFFVIEER, A VI T LT FY
AR IWTZVLAFRFAR, AVIOLAFRTFARN BILYVITRAT .
BLUONRSFIVBERARIADLRDENOZBRINDI DR EEL—DTHD
TENLYFE LW, T, AIEKOBREAEL, AIAE Ir0, Ir0s. Ir0,
. Ir0;, Ir0, WO; BiVO, RbgK,[ {Ru0,(0H),(H,0),} (¥ -SiWs05),]. CsiolRu,(
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=0)4 (1 =0H),(H,0), (v =SiW;0056) 1. Lip[Rus(=0),(=0H),(H,0),( ¥ -SiW;,05),
1o Lig[Ruy(pe=0)4( i =0H),(H,0),( ¥ -SiW,005) 1. Nayo[ {Ru,0,(0H),(H,0),} (¥ -S
iWi0056) 1. Kiol {Ru0,(0H),(H,0) .} (7 =SiW,405) 1. RbyoL {Ru,0,(0H),(H,0),} (=S
iW1905) 1. & & TVCsy[Ru, (1 =0), (e =0H),(H,0) (¥ =SiW00) 1N S 7R B BED S
BIRINDZDREE—DTH>TERL,

[0048] RIGE/KODBERILARIEIE, 1)U LAFH A RTHD I EDFFITEHFE LV,
BIEEA DI ALZ XA RiE, BREIRIKIZERBLY T, IBBREELICL
WZ eD, ABHEEBIKOBERBGAEIYPTWED, FELW, JYUE
HRICIE, BIEEM )P0 LAFH A RIE, 25CT100mLDKIZHARL
EH T mgBBARETHDIIEMNMFELL, DA< & 1. EmgRREBARE
THDZZEDNFYFELL, DR<KEH3. OmgRBBARETHD I AT
SICWHELL, DA EH 1 2mgRBRBAIEETH DI ENILHITHTFFELL,
PIRKCEHELSEOMgRBBAEETHD I EMNILIZHFFELL, A< EH80
mg BB THEI I ENTLHICHFELL, < EH 1 00m gRRETRE
THEIZEDNILICHFELL, PRKCEH200mgREBIRETHD I &N
ISICHFFELL, DK EE300mgBBERRETH D I EMRFITHE LL
o FIRRDEBAICEY., FIEEA VY TLFFH4 NiE, BIRINEELICE YRIE
LZEBRFEMNS, 1~10, 000 nmTHBIEMNIFELL, 1~1,
O00NMTHBIENLYIFELL, 5~500nmTHdIENILHIC
TFELL, 1T0~500nmTHBIEMFITHFELY, £ FAKROER
Ik Y, BIEEA YT D LT FYA NE BETREEAEIC K 2LLFREES. O

8m2/ gUETHBZZENMTFFELL., bm2/ /gllETHBI ENLYULF
FLL, 1T0m2/ glUETHZIENILIZHFELL, 20m2//gllET
HDENMFITHFE LY, RIccbREBRO LRER, FICRE I NQELA,
BIZIE, 50m2,/ g, £/&E30m2/ gl TFTH3, EHROERICL
Y, BIRgM VPO LA FH A NI, BEE/TEBSHICLYOCTHS60
OCET, EEZLERE LAEEZDEEELNT7 O%UATH D I &HEF
FLL, 40%LIATHDZENFYIFELL, 30RLUATHZ &N
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[0049]

[0050]

SICIFELW, £/, ARICOTCTHSLE600CET, "ERDPWTELMAE
L& EDBEMBELEDOHNED. 20 u VURTHE I EA/FE L, 1
OuVLRATHBZENIYFHLL, SuVLUATHE I ENI LITHFR
LW I5IC, RIRA VIV LTFHA RIZBEWT, 4 ) IY LDRFMIE
. Offi, 1ff. 2. 3ffi. 4ffi. 5. 6MEELNETONB, RiGEA )Y
DLFFGARPDA YTV LRFIE. 1 EBROFRFEDA) D LRFD
HAHHRE>TVWTH, RFIEPERIEBERORFEZEATERWA, 3
MDA )T LRFEEFLIENFELWL, IHIT, FIEEA VYT LA F
4 Rld. XF8HEFoY(X-ray photoelectron spectroscopy)il L BEIE T
. BBRO1 sEEICHRTAFEEIRILF—N, 528~536eV (EF
RILN) THBZENMHFFELL, 530~534eVTHDIENLYFE
L, 531 ~533eVTHBIENILITHTFELY, RIEEA )P U LA
FH A FORIEFEIE, BICREINAWA, BIZIE, HIrCls - 6H,0%NaOHK
BEPTNRLTR/SIENTES, ZOREFEICOVWTIRERY 3,

BB, RIEEKDOBEAREIE, BFIZIE KICBRBLYTL, DB LICL
WHBZETHIZEMTFELYL, ZOLDDRMEZFIEKOBEILAENE L
TW3E, BBT20ATHEBICRISRAOZBTE, MYBLPTULLDS
THdD, TDEIIT, KICHBLPT BELICS WKOEREARE S L TE
CBIZE AVIULTRYA R BIESVITATY RFUVBRERAT R
ENFEITOND, 4. AKOERICLY, RigEREEEAE. KICRE
LY g <BBELULICK WERTH > THRLY,

[<2 —2>KDELMEDRIES E]

AFEFICEWT, FIRSKOBMEOREREIFFICHRI NG, FlX
E AV IO LFFYA ROBEE, FERD L ST, HIrClg - 6H,0% NaOHKE
RAPTNERL THELTHERW, HIrCl - 6HODBREIIFFICRE I QWA
BAIET~300mmo | /L, HFLLIE10~80mmo | /L, &V
FELLIE20~50mmo | /LTHD, NaOHDREBLHFICREI N
BWA, HlZIE0, 001~10mmo | /L, $FELLIE0. 05~1m
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[0051]

[0052]

[0053]

mo |l /L, UFFLLIFO0., 1~0. 5mmo | /LTHD, MEEE
HRFICREINALVAD, AIZIE, 40CULE, FELLIEFB80CULTHY
KOBRAMAE (BETH100C) TMRATZIEMFICHI LWL, fIX
I BHREBY., BANEFZAVTERIETERW, MAKEBRHICIRE
Ihgnd, FIZIE2~1002E. HELIFT10~500[. LYHFX
LLIE20~4 0nETH B, L&, BIAIE HIrCle- HOICIMA, F7lEZ
NICKRA T, KIrCLEZFEDOHRDA VI IALIEZAVWTHERWL, £k, HAE N
aOHICIN A, FZEINICRA T, KHEQHO 7L 1Y) &BKE LY. 7
FZDOHROEMEEZRAVTERVL, RELEAVIVLAEFY A ROBR
EERICREINT, AIZIE 1) I VLAFHA RORBZREIL., BHE
IS CTKRR, ZRIETHERL,

BB, LEBOID2BRA Y I I LA FT A RORERZEIF. BIAIE. BBD
KRG X/ZIFTESEXM2 2SR/ LTITIENTES,

[ZE 2]

Hoertz, P. G.; Kim, Y. 1I.; Youngblood, W. J.; Mallouk, T.
E. J. Phys. Chem. B 2007, 111 (24), 6845,

Feo BIZIE RISKOBRILMENERBERTH DG, EBMF VKA
WERMFOKAREERES L TSR, 74 v AR TFEZREIESE
DHEICIYVREST B ENTED, RIRKARRERS LRIC, BEICS
CMBAEEZLTHLVN, TOKDAKOBILMBEOEREREE LT, AIX
£, piscIEsFer~cmi1 (Y. V. Geletii, B. Botar, P. Koegerler, D

A. Hillesheim, D. G. Musaev, C. L. Hill, Angew. Chem., I
nt. Ed. 2008, 47, 3896-3899) (DSupporting Information (AEEHFR
HIR7E. http://www. wiley-vch. de/contents/jc 2002/2008/2705652 s. pdfil
HWTHERRE) ICRHES 1TV DRbgK,[{Ru,0,(0H) ,(H,0),} (7 =SiWi,04), 1D
SUEHE. BEU. BIEEIERFIFXER 2 (Andrea Sartorel, Mauro Carraro
, Gianfranco Scorrano, Rita De Zorzi, Silvano Geremia, Neal

D. McDaniel, Stefan Bernhard, and Marcella Bonchio, J. AM. C
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[0054]

[0055]

HEM. SOC. 2008, 130, 5006-5007) MDSupporting Information (AFEH
BEEIRTE. http://pubs.acs.org/doi/suppl/10.1021/ja077837f/suppl file/
ja077837f-file004. pdfICHEWTHEAEE) ICEEE I T W3 Cs;[Ru,(1-0),4(
e =0H), (H,0) 4 (v =SiW,0056) ;135 & UL 6[Ruy (0 =0), (1 =0H) , (H,0) , (¥ =SiW;403) ]
DEEREENH D, BB, INOSDEREMARBRBFICOVWTUTICEY
(RbgK,[ {Ru,0,(0H) ,(H,0) 4} (v -SiW,005) 1 DFIESE (RIEEFFFFEF XM 1) )
(1) MUR(2,2 -EEY Y)Y ORIILT =D L (11)75KFY (Ru(bpy) 2
)CLIE, Aldrich#t M SBA LKL, MY R(Q2,2 -EEY VL)) s00lLT
= L(IIDE Rulbpy) ) CLlsid, Rulbpy)s#%, 0.5M HS0,4. Pb0, TEEL L
. GBHCLO,ZMA TR I BB (V. Y. Shafirovich, V. V. Strelet
s, Bulletin of the Academy of Sciences of the USSR, Divisio
n of Chemical Sciences 1980, 7. &L V. Y. Shafirovich, N
K. Khannanov, V. V. Strelets, Nouveau Journal de Chimie 1
980, 4, 81.) , BHN7(Rulbpy)#)CLIL, IRETTRIEL, BH/NATF
e, -18CTHR#EL. 1 ~2:BEMURICHEW] - 7,
(2) AVDLy-THI VT AN Y 75— MLy -SiW0s] - 12H,01&, SCHR
(A. Teze, G. Herve, in Inorganic Syntheses, Vol. 27 (Ed.:
A. P. Ginsberg), John Wiley and Sons, New York, 1990, pp.
85. ) DAKICAI>TERE LUBHEL, FAARY MLEZFIEEXE E
BLTRAELEZ, 8RBLUOERIE, LTOLIICLTITo27k, THabE,
9, YT RFUBEF MY 54 (Sodium  tungstate) (182g, 0.55mol) &
300mLDIKIAREI B, JOKRBRERIFLANS, M HCL (165mL) %,
—ET D0 UENMTTHETL, BELE, TOREBBERIC, TSI, FH
9 LA ) —K (Sodium metasilicate) (11g, 50mmol) % 100mLD 7K
AN LEBAREEE, MMOHCLZINA CToHE 5 ~6ICRE L, TOBRRKRE
AUECPHT 100> B2 E L 71212, KCL(909)ZMA B &. HEDEENEM L &
o COEEZEER L. 850mLDIKICEBURRIE, FEMZIEA L THRE.
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[0056]

[0057]

[0058]

25 PCT/JP2012/066191

ﬁ()“‘KCl(8@9)7§:ﬂﬂis £ Lf:;?ﬂ%%‘rﬁ(};%ﬂm‘é &L Ks[Bz_SiW11O39:| - 14H,
0(60~80g)rELNKE (NKRIE37~50%)  TDKLB,~SiWN,;05] - 14

H,0(15g,
ZEYRWZ, ZDERIC,
ICEREE L7z, T OOKBEMIC,
60f. pHAE9. 1ICHER L 7=,
BLU7%, ZTOIEE%EE L.

5mmol) Z150mLDIKITTAN L., T <ICES A MNEBRZITVL. A

BEEIC2MDKEEH ) U LKKBREIMA TeHE9. 1
T SIC2MDRERA ) 7 LIKAREZTET Lk, 1
169312 ICKCL(409) =N A % &, BEOEERAE

IMDKCLKARTHESR T2 &, BEMMTH 2Ky

—Sil0g] - 12H0(~10g) AT S NTc (RFEIZT 0%) . L&, pHORE GEIR
) & BEH. pHA—49—ZHWTITo 7,

(3) RbgK,[{Rus0,(0H),(H,0),} (¥ =SiW;s0s),] = 25H,0D &K

B LEEDY DKLy -SiW,05] - 12H,0(4.00g, 1.33mmol) % 6 5mLDIKIC
BEEIE. I5IC RuCls - HODERY >~ FIL(0.60g, 2.67mmol) % ¢ (F> <
MATze RUCL; - HOEMZ 2 &, RIESBBROBIILEBICEEIZEL L. pHiE
2. 6ETTIM o7k, IHIC, TOBMICOM HCLEZETL ToHE 1. 61CHE
Bk, ZOBEBREILHICSoEEH L%, RoCL(2.4g, 20mmol)% 1 O~
T 5nLDKICANLEBRED LT DMAT, 2O LTHELNEREMER
BL, BREZERT24RERELLE IS, BETRRKOBEREI/HTHEL L
o HWRAMICLY., ZOBBERROEEZSENHTHS I & ERE LT,
INEE 1. 8 g (WEETHANNE) ThHhol, UTIC, #BEDWEERT
TLRIHE : Ru
1.17; =AlE: 5.8,
B, ERKODFEHIE. BRE=2M (thermogravimetricanalysis,
IS & WRIE L7,
IR(KBr

sTEE: Si Rb

W 55,2,

W 55.14, 6.11, 0. 84, 10.18, K

Ru Si 0.73, Rb 10.2, K 0.95. %

TGA)

pellet; 2000-400cm):
802(vs), 765(vs),

1616(m),
690 (sh),

999 (m),
630(sh),

947(m-s), 914(s),

874(s), 572(m-s), 542(ms)

STV ARY ML(in H0, ¢=0.153mM; Lle=1064nm): 1066(w, br), 968
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[0059]

[0060]

[0061]

[0062]

(w), 871(w), 798(w, br), 604(w), 487(s), 427(s, br).

rEDEBY, K4 (IR) BLUITT VAR MUK, y-ZE#HBRAR) SV
TRATUVBRIBDHEBIMNIGENY -V %R Lice IYYARYT MLIZE T B48Tcm
TOIRIXIE, Ru-0-RulEE DEEERT,

RbgK,[ {Ru,0,(0H),(H,0),} (¥ =SiW,;05),] - 25H,0l&. EPR (X-band, Z8. £2f1
KB ICBVWTERBTH 72, I 51T, Rbgk,[ {Ru0,(0H),(H,0),} (¥ =SiWy,
0s6)2] * 25H0DFEHEEAITE (2-290K, 0. 15 L. 07 R 5) I, REGMED R
ERLU7Te (X giamp=—4.2X10%mu mol™),

EFRILZ R ML (400-900nm, in H,O0CEREC=0.153mM, 0.1mmtJLE))
ICHBITDRABPUER A o (n) B S CRIFE A 1l CB T 2 RIEAFRE e (MTem)
&, UTFDEBY TH -7,
pH4. 9 (pHEEERZE) : A,.,=446nm, RGEEH ¢ IREE
pH2, BICEAZETRIAITE : A a=440nm, IRFEEE & =2.8X 10 "cm!

B12 (a) 8LT (b) ®T 571, RbgK,[ {Ru,0,(0H),(H,0),} (v =SiW;g0s
)21 - 25H0DH A 0y GRS VA N)— (CV) ODAIERERETT, E1
2 (a) LY (b) DEFNRFRICBWT, EEIZEE (mV) THY., #
BIERTHD, B12 (a) BLV (b) IKHIFIAEIE. WThE, 0.0
25MY) VEEF N T LRBERS L U015 NaCldDpH 7. 08KICH T B X F +
VIEE25MW/sTITo7, 12 (a) ICHEWT, E#RiE. 0.6nM  RbgK,[{Ru,0,
(OH),(H,0),} (¥ -SiW;05),] - 25H,0D, pH 7.0ICH T B RAEETH 5D, BRI
. 1mM  RbgK,[ {Ru,0,(0H),(H;0),} (¥ =SiW;,05),] - 25H,0D, 0. 1M HCLeh(pH 1.
DICHIFTBAUEETH D, mfRlE. 1TaM RbgK,[ {Ru,0,(0H),(H,0),} (¥ -SiW;04)
21 25H0M, 0.4M ZEFFEEF M) U LEERFP(H 4. 7DICHITIAEMETH
%, BIElE. Ag/AGCIBIBERBn NaC) ISR T 2ETH D, RRDL D IC,
RbgK,[ {Ru,0,(0H),(H,0),} (¥ —SiW,40s),]1 - 25H,00D C V IFpHikFHED 8 - 7=,
12 (b) IZHEWT, E#&IZ. M [Ru(bpy)3]>*DEFFET. RbgK,[ {Ru,0,(0H) ,(
H0)4} (7 =SiWi00%),] - 25H,0%2 L GREO) TORERHRTH D, BIRIE, TmM

[Ru(bpy)®]#DIFIE T, RbgK [ {Ru,0,(0H),(H,0),} (¥ =SiW;,05),] - 25H,0i8 0.
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[0063]

[0064]

[0065]
[0066]

006mMN T DRIERERTH D, —mEiRIE, 1M [Ru(bpy)3]2DETET. RbeK,[ (R
us0, (0H) 5 (H,0) .} (¥ =SiW,,05),] - 25H,0;8 0. 012MM TDHIEFER TH B, IR
(&, TmM [Ru(bpy)3]2M7FE . RbgK,[ {Ru,0,(0H),(H,0),} (¥ -SiW,;0s),] - 25H,
ORREL0. 029MM T DRIERER TH 5, ZmsHiRIE. [Ru(bpy)3]2MIEFIET. Rby
K,L {Ru0,(OH), (H,0),} (7 =SiW,s046),] - 25H,032RE0. 029mM T DRIERER TH 5,
12 (b) ILBFHAEE. WIFNEPHT.0TITo 7,

(Cs1plRus (0 =0) 4 ( 1t =0H) ,(H,0) 4 (¥ =SiW1o0s6) , 135 ok TFLi o[ Rus (0 =0),4( . =OH) , (H
20)4(y =SiW05), JDEER % (RISIEFFRFXHR2) )

(1) 2 LIRCsio[Rus(w=0)4(-0H) ,(H0) 4 (v =SiW;y0s) 1 D EBK

262mg (0. 359mmo 1) DK,Ru,0C L1y % 30m LD A A >V KITEM L. I 51T, 1g(0.
336mmo L) DKgy =SiW;05-12H,0% M A 7=, 18O NIREBEABRDHIZ, 6. 2
THholco TDBEB%ETOCTIEEMEL, pHA 1. 8ICAR>/&EI AT
BE L, I5IC, BRICAREIEDCsCL(4.4g, 26.1mmol) &ANA. JLE:%
B/l COEBE., 2~3nLDBKT3EHREL. BRYO S 7 LIECs,[R
U (0 =0)4( e =0H),(H,0) 4 (7 -SiW405) ,1% 980mg (85%) 15 7=,

(2) )F 7 LIELio[Rus(w=0)4(-0H),(H0) 4 (v =SiW;y0s) 1 DEBK
FRICEYEBOShEtEY Y LECs ,[Ru,(-0),(-0H),(H,0),( ¥ -SiW,05),]
Z100mlDKITED L, bBaa 74 v ZXEBIEEZEEIETY FU LKL o[Ru(u-
0)4(=0H), (H0) 4 (¥ -SiW;g05), 1% 800mgiG 7=, T DRIBER ) F U LBDKBR
T, 77Ty 0 RA(ERA)GZEERE LA ALIEL, RADHKI50M
D702 aVvaERTHIEICIYBRH L, KELUHIEZEERDREIZF
 BIRBUFULIE1gIC LAKSNL, & CRIEEEEMR1 OghtbEx & L,
BEYDSBEEBEL, T700ngDIER ) F U LIRERBL WIED UNEKTY
) o BE. BRYIOLARRIRIEN T LOBEERIIRSEBLLEEETH
o27=h, ThiZ, B DEDFELTZIALLEZEEIEE L TWHE
HRAI N2,

PFIC, ThotedILBELIT) FULEOKBONEZRT,
29 LB Cs1o[Ru, (1 =0), (1 =0H),(H;,0) (¥ =SiW,0) JFER D TR DHIE (F&
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[0067]

[0068]

[0069]

BMPLE. CsiolRus( e —0),( e =0H),(H20)4( ¥ -SiW,,05), JICE D < EtEE): Cs:1
9.20%(19.58%); Ru:5.93%(5.96%); Si:0.845%(0.827%); W:53,75%(54.16%
).

BE, YTV ETRONANCEBEIELE T S, 3.8DEEMNHD LK
o THUE. Csip[Ru,(=0),( e -0H),(H20)4 (v ~SiW;g05) I H7KFNK 1 54
FICHET 5,
2 L1ECs o [Ru(w—0), (e —0H),(H,0) 4 (¥ -SiW,e05) , JDFT-IR(KBr, R A
FYALL— MNEED): 1002(w), 950(m), 915(s), 880(s), 799(s, br
), 764(sh), 707(sh), 562(m), 545(m) cm.
RS AR ML:483(s), 804(w), 870(m), 950(m) cm,
) F 9 Ls3ELip[Ruy (1w =0), (1 —0H),(H,0) . (¥ =SiW;0s6) , JDUV-Vis R R %Y b )L

") F 0 LIELIp[Ruy (e —0), (e —0H) ,(H,0) 4 (7 =S iW;005) , JDUV-Vis AR KL
EPHEFHN TH > 7, Tab5E. BEHRIETIE. RARARIUER A 1 (nm) =443n
mZH T 2 RFARE e (Mem™) AIER L. pH2. OLLT Tld. loge =4.57TdH >
Too IHUE, T =D LA-dREHEICEHSRT 5 EHERII N, ThISH L, pHEK
RAEDIZEE. BIEE443nmD RIISIERE T, EHRMNARRINAERUNINDDH
THoTe ThIE. WTZILDSIVIRTIIADOERTHRETICHET S
EHERIIN D, F. W-VisARY MLOR#IAZEES S, pKa=3.62TH
ERBELONT, KEBUFO—DOARTOMYZEI L. [Rus(w-0),(u-0
H),(H,0)5(0H) (v =SiW,i05,) , 1A L TW D EE X SN D,

) F 9 L3&EL LR, (1 =0) 4 (e =0H),(H,0), (¥ =SiWi05) 17K AER (10-M,  pH
5.11)
IZDW T, HNOZ (M) % A0 & T [Ru, (1 =0),4( e ~0H),(H,0) 5 (OH) (¥ =SiW;405,), 11D
DRANEEEEZTV,. A=443mODBKAEEZTOY b L7z, TDHER. pKa=3.6
2EETEIN, F. BKIC. U F U LIELI[Ru,(w-0),(u-0H),(H0),(¥-
SiWg0s)2] ([Rus(m=0)4(1—0H),(H,0)3(OH) (¥ =SiW;s05,),1"") KA O(10-M, p
H 4.97)ICDWTHNO,(IM) AN A CERIB RSB E A 1T o/ & T 5. pha=3.7& R
BHOLN, DAKXEBREOHKREBW—HERLEL, T4, OICBREREEE
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[0070]

[0071]

[0072]

[0073]

ICB T BHIRHNO]/[POMID Oy MEEA S, 1TOEZEREHESRE X

nic, b, AIRBIEEFEEICWT, [H]IFKFRAF VigEZmRm L. [HNO, I
WERE 2 L. [POMIIE, ) F 7 L3&LI,[Ru,(=-0),(—0H),(H,0),( ¥ -SiW,,
036),] ([Ru,(1=0),( e —-0H),(H,0)5(OH) (¥ -SiW;03,),1"") DIRE%ZTRT,

") F 7 LIELi[Ru, (1w -0), (i -0H),(H,0), (v -SiW005) , JDESI-MS (RiTEE ) F

L1510, CH,CN:H,0:HCOOH=49:50:1 FREHRICHEWTHE): n/z(EMNEE)
=1798(100), [HoRu,SiW,0,513; 1348(83), [HeRu,SiN0,514. #1ZEHEYE &

L TiE. PW;,0,3 (m/z=957) & AN 7z,

) F 9 L3BLIo[Ruy (e =0)4 (e —=0H) ,(H,0) 4 (v =SiWig03) DA U ) v VKL
VAN —:

") F 0 L3BLIo[Rus(w=0) 4 (e —=0H) ,(H,0) 4 (¥ =SiW;403) , 1D ZKEFR (10-M) (T
RS0, 2 MA TpHZ0.60& L. A4 0w ORIV AN —%ZRIE LT,
FRILEMDREEIX0. 72V(Ag/AIC LB RER) TH o 7o, FIERMIE. FIHEE
f=0.72V; RA v FVIJEBM)=1.4V; XA vFUIEMQ)=0; &
MEM=0.72V; XF v+ UEE=100mVs'& Lz, Y47V v ORIV AN
) —l&, +1.4~-0.0V(vs Ag/AGCL)ET. 4 DDFMRKE 4 D DIEEIK % 7~
L. 4 DDFIFTHRBbZETA,. E1/2=+1.12, +0.70, +0.53, H &
TH0.20VIcB W T, E—2 9B AEp(=Epa-Epc)=89, 98, 59, L 166mVT
BAIN, RFYyOAFAZHICLTH, AKOBEETENENINE
[<3>BbKRBIES L]

AREBEOBMIEKREES EIF. FIROEB Y., K KOBAME, BS
TEER. BLUBR (0,) 228VRBRICHREH L TEBRILKRERES
BT BMILKRFETREELIEER/BET 5, ThlAE. AFKBODB
B KRELE S ERBFICREINAWLA, FAlxIE, LFTOL LTS
ENTED,

Y. K KOBLME BREEHEE. BLUBEER (0,) 22LHIEK
WREHEMRT 2, CORIGREFBIRIE. GIAIE FIEBMEKRFEETE
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[0074]

ICHIIBIT>TERWL., ZO—EEE2E %, AIcBRIELKRRETRE
ERABFIC (TRHE, RISRICKERHZ LAASL) T22&HTES, BiK
MR EBIES LTIE, BIAIE. KOBLiE, BREEHEK. 8L U0BKR (0,
) DENTNRE, KBICOBIENIERL, RIRROBOFEIL. FICRES
nyg, flxiE. BETHRWVWL, BBETERV, KAIHHMLULICKWYED
ma. BIZE. BEICLEDSL, BERBRAFLZEEAVTERV, AIEER
BRICEWT, RISEREEEADOREL. FICHRI QWA FIX1F0.0
001~0. Tmmol/L. 3FF L < 1£0.002~0, 05mmol/L, #FICHFZ L < 130.004~0.0
2mmol/LTH %, Fic. BIRRISRICBWT, BIEKOBRLABEDEE L, 4
ICHEIRR I AR LAY, Il 2130, 05~10g/L, #FF L < 130.5~5g/L, I SICIFFE
L<130.8~29/LTH 3, BFR (0,) DREHLRICIREINAVS, RIGH
DERNS, BRI FRETHD I EMNFELL, FIRERLRH (Ki)
R (0,) TRHEMIED I EIERITHFE LWL,

BB, FIRRIGRIE. K KOBLAME BBREEHEE. LUHBE (0,
) LADHMEEZ, IHICEATWTHERWVWL, BATLWALTEHERWL, flx
(&, RIRRRIGRIE. BT 2 REEOE RN S, BXIE. pHEZEHI%Z X 5IC
EATVWTH &V, BICeHAEERIE LTk, flaIE KEEEF MU DA, K
BBibh) oL, )VUBBKERFNIDAL, VUBKTRAVIL, VBTN
Th, VVEEN ) T4, EiBRF M) D LSOEEMNYE, B, WER. HER
. EfER. ) VERSOBMMESBITFONhD, £, HIAIE. BIEEKA. pHiE
BEBRNBRINTpHEERE RS TERETH > THRLV, FIEEPHRERE L
TiE. BIAE. ) VEREEKER, BFBEEKARENES SN, FiiceH
XS L URIEPHBRER ORNEXFICHFIREINT, BHEREIETH D
o MORIGHFHEICE L DD, BROETIE. BERGTOANRBIELR
WZ ENEL, KOBREE., BEEMEFRETOAIPRIGHENRWNI D% W
o LEDN>T. Inb%aZERELT, BEIEKROBESHENIRS LD LDIC
AIEERIGRDPHZBENICERET DI ENFE LV, ZOBERN S, RIEER
ZDpHIE, BIZIE-2~10, 3FFE L < lE-2~8, LYUIFF L < IF-2~7, I5I(C
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[0075]

[0076]

[0077]

FELCIE-1~5, ISHITHEFFELLIF-0.5~3, I5HITHFELLCIFE-0.2~3,

IKHFE L IF-0.2~2TH %, RIGCKDEEILAVEN A ) PO LFFH A4 RT,

AIEEREBERNILT =0 LABKTH 5158, AIERIGROHIE, FFEL

<lE-2~8, &WUIFFEL < IE-2~5, ISICFELLIF-1~3, HITFFE L&
-0.5~2T#H 3,

Fe. AIRRIGRIE, BEAEKBRORSHEDCERN S, LA RABEI L
ICBATWTHERW, BIRLA RABIZ. 2B/ A UIFE L. BBEEA
FUNEYUIFELL, SBEEBAAUDNISIHFELWY, RIE3EEEM 7
vELTR, B, RAVSOLAAY Ay N)DLAFY, S8 )
A RAFY, POF /A RAFTVERHITONS, BiIic3EEREA 74 >V Id.
Sc3t, Y3+ Lus3+ Las3+ Yb3*t Ce3*, Yb3+t Sm3+hdh
DENLBBRINDDBCEE—DEEBLIENTILICTFELL, Sc3+p
BICIFE LW, RIBRISRIFIZEEBA 4 (b1 XBE) 2 ELHE. Fic
EBAAVOEEE (BILH) & HICREIWGVWD, AIZIE. FIEEER
SEREHOMEE (ELE) D1~500004, FELLIF100~10
00015, SYUIFFLLIEFT1T000~100004THB, b, HIILA
28 (BIZIE, BiEdEBA A4 ) F£IFEDOIEIE. AIcrHIAEFIZF N TEH
R,

F/o. AIRBRIGRIE, AEAEEZISICEATVWTEHERWVWL, EATLR
CTHRV, RIRAEMBEE LT, AR RyY=r)I, PEI=ZH
Db F7FOZRYILFEOZRNYIL, 200KRIVA, 270045 FEDN
O VEAE, THR(Z S EROZ75V)FEDIT—FI)b, DMF(P X FILERIL L
PIR)EDT7 IR, DMSO(AFILRILEFY R)FEDRILKEFY R, 7 b
VEDT RNV, AY/—LVFEOTIILO-I, ZROXIVERBIFSND,
INSBREIE, BRTHWTEZEEULEHALTERYL, AISAEE LT
3. FICEBREEEARDBRE., MERBOLZEREZORERN L. BHEDS
WRIEANIFE LS, ZEMZ MY IILDRRICEFE LW,

DI, K KOBELAME. BREEHENR. HSLUBE (0,) 23THIE
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RISRICHEY U CRBEKRZREIC2BBIEKREETREZTI,
DOBEEKFRFETRIE, RO EH Y., MERLBREBTREBBEICTD
ZEHETESL., FIERIBRERBIREOETITOIEHTE S, AIECERE(L
KRFETREFERIGRERTREZZERICITOSBESORIEL LTE. HIX
. K. KOBELMES L UCBBRERBHEAZEURICKHESFZ LN S, 7l
ELKICEESR (0,) ZAFEIETERV, XBHTI-ODRBEIF. FICR
EINZVD, AIRADIFE LV, RISERSEHEEEAHENAMET 570
ICid, RIS BRSBEASTRAERICRNSEFT LI ENFELL, B
WY BARNDKRIGE. FILEREBHEANETHIRINGICE LD, fiX
1$400~850n mTHY ., LYUFFLIFA0~T0nmTHY, ISICHFFL
<13420~650n mTH 3, AILERSBHEAISRIEKILERX (4) T (5
) TRINDIEHRTH2BE. RIERINADORRIE. FIAEHIEDOESY T
HY. FICIFEL < I1F420~550n mTH 2, HIRBRRIELKRRETIRICEW
T. HRWTIEOBEHRICREINLRVA, AXIE. 10~30CREE
DERTH LW,

[0078] RIENBHICHWVWT., HEREIFFICREINLWVDA, FIZIE BIRILF—
DERMNS, KFAFOBRNEFA T T LW, £ Kk
. RBIAVGERSEE (BICHRNER) OXEEHR. KOBEICEBND O
c BOWRISHIENMEP TV, BIRBAKICRA T, FLEINICMA., ¥t
JySvT.onasrvI v 7 wmi. KBITFEONREZEEAVWTHERL
L. AWK THERWV, THIC. BERRUADRRZEZDY NS BT741L%
—Z2EEAVTERVLL, AVLACTEHERWL,

[0079] HUEEYCHRH A, RIBRBRIE. ZOFEHREBEL TERWV, RELARAS
HRALTHERV, HEICH U, AIRRRIGRICH LINEEEZ L THERWA,
MBELZETICHBHEFOATRBIES I ENEETEHE LV, HEEOR
B, EEFERICHEREINY, BEREAETH D,

[0080] RIESEBMLKRFETIRICE T2 RISHEIL. o sY., BIAE 8l
BAF—LTFLIF2TRIIENTES, AIRAF— LTI BLUV2DKRE
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[0081]

[0082]

[0083]

IKEWT, BERILKRDRMELIBERDFO. . FICREINT, FIAE
c KOBBICLEYRERELEZOL,TERWL, RISEINSKHBITAFEL TWEO
, CHRWL., FIBRBREZBELASSRK[FDO, 2 KICHEIETETER
W, BIRD & B Y, RIERISER (KH) &2, HEHLHO, THMIETTHL
ZEN, REBMEORRADSFICHFE LW,

F7-. FIRERBEKRRGIRICEWVWTIE, TON (§—vF—n"—%) B&
O'TOF (Turn Over Frequency, 1BFEZH7=Y OABEDOEERL) (. FICR
EINBWVD, BEIRSFGWHETH S Z EAMFE LV, BIEETONIE, FiEiE
BRALKBRETERSHBICENT, ME 1 EBILYY L L/BREREKRDOE
IEITHY ., RIEETOFIE. AIECTON%Z, RIECBELKRFELETEORRE (h)
TEI> TKDEBIETH D, F7o. RITCKOBIME. SLURIRERERE
EHROWTNBMES L THEEL D 20T, ZREFNICDOWVWTHIERTONS £ T
TOFEEHRTDIENTED, RIEREEIEREELEL LRIEETON, £l
ZIFIE, FFELIFIOE, SYUFELLIKI00LLETHY, EREIFS
ICREI AW, FIAIE10,000LLFTH 2, AICEBEBHEEEEES L
7-AIEETOFIE, BIAIEBAE, #FE L <IF10E, LYIFE L IF50ULETH
Y, ERMEIIEFICREINGWVD, FIAILS, 000LLFTH B,

UEDESICL TARPOBABRILKRBESEEZITIIENTES, IH
I AFRFOBBRILKRESHER. HEICSU, RIS BRILKRIEETRE
IS, BELBRBEKRZBRT 2E8BLKEBRRIEZEZILICEATYL
THEW, ThICLY., ERICELEEHMEORVBIEKRE ITBER{EK
RKERBDIENTE D, BERMLRAEE LTIE, HICHRI AW, 4
ZIE, AV RBKBRETRBEKFERBE L. BEREBTI2ETHRED
B EKFBRKDE LN D,

[<4>BREKREERF Y M

AFEFOBRRIEKREERF v ML, B & B Y, FIEEAFKRADBEEL
KREEFEICAVIRILEREEHEARE., FIRKOBEMES 28T, &
NUAIRICHIRI NS, RIKERREEA S, FIECKOBLARELIA DOt
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[0084]

[0085]

[0086]

[0087]

DODEREREZEESATVWTIHERWVWL, BATVLWAITERW, AIEEHOE
BMEHRE LTE, BIAE RIRONRERENESTON D, AFRPOBEEILKER
BIERFY ML, TOBR, RT—ILEETXTZIET. RRERH. T
A%, BEAVWARICAWSZENTES,

[<B5>MRE]

AFEBAOMBERIF, ADROEHY., MPRERE, BRABELELEEED
MBERTH > T, FIEERBNASRRIC, FIEAFKADOBRELKREESEIC
AWRIEERSREERE . MIRKOBILMEE 230 EA2BHET 5,
INRSICIE. ARBOBHERIZFICSREINLRVD, FlIZE, UTO&
BYTHD,

FIEEMBARSFNICEVW T, ILHICKEEREEZSL I & T, FIEEAREA
DOBEEILKBRREIEFEIC L Y BBERILKBRZREI DI ENTE S, Fig
BEREIVIE. FIREINBWVWS, BIZIE 7/ —REAYV—REEZET
BETH->THERL, RIEEBHEREILIE. FIZIE IR SsE—&T
HoTHRW, 7/ —NAOKIGIE. BIAE, TEHEX [1] TRIZ &N
TES, hY—NUOKRBIE. BIAIE TR [2] TRIIENTEDS
o ChbEEbtE2ADORIGIE. HIAIE, TEEHAX [3] TRIIENT

X5,

7/—RAl: H,0,/0,+2H++2e- [1]
AY—KR@El: H,0,+2H++2e-/2H,0 [2]
2HROR: 2H, 0,/ 0,+2H,0 [3]
AFEBPOMBERIE, FIZIE, TRSEXMS £/d4 525EIC L THE
LTEHERW,

[5E X 3]

Chem, Commun., 2010, 46, 7334-7336

[BE X4 ]

“Protonated iron-phthalocyanine complex used for cathode mater
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[0088]

[0089]

ial of a hydrogen peroxide fuel cell operated under acidic
conditions” , Yusuke Yamada, Sho Yoshida, Tatsuhiko Honda and
Shunichi  Fukuzumi; Energy Environ. Sci., 2011, First publish
ed on the web 16 Jun 2011

(X5ZEC@k4 DElectronic Supplementary Informationid, AFEHFEH
IF7E. http://www. rsc.org/suppdata/ee/c1/clee01587g/c1eed1587g. pdfhH &5
&> O— KNagg

B 1, AEBOMBERDEBRO—FZEXNICTT, IRDEBY,
COMEERIE. MBED L EFRIMBERFIC, BHEKER (acidic

solution) &%, AIRERMAKERIE. 8% (0,) MABTELTH Y., pHA®
BEMEICERE I N KBRTH D, I HIC. BISEMKARFBICIE, FIFEKOD
BRLMES L CRIEBREBHEED, ThThoil (BEILERE) Sh
TW3, RIEEMEKERPICIE. =vsib (Ni) BHOF7/—K (anode) & &
VTSS9 —h—RY (HZZAFkA—KR>, GC) #DAY— K (cathode) A
REINTWS, FIREHY — RBLURIEE Y / — Nl&. BIEEEMEKEROA
WICBWT, EFTEMIN, AIKcERF%Z, AIEE” / — KD SRIEBHY —
NiCAM> TEF (e) N"BEARETH S, AIEEHY — NIZIE, FEIEFER (
a) ~ (c) TRINBRILT 1) EEK[Fe(0EP)CL], [Fe(TPP)CLIE L U'[Fe
(PCUID LB BN LBEIRINDZDAL & —BESBEEINTWD, 4b
. FEIEER (@) ~ () 1F. WIhHFe(Il)T7abBb IMDERDEEDIE
BEERLTWEA, Fe(Il)%, Fe(IDTHE2MMDIKICEHRLAZBETD
RWU, BIEEBMKERBPICEWNT, AIc” / — FAITIE, #iEs (1] @
RIGHFEI Y., RIEgH Y — RAITIE, FIERHA [2] ORIEHE B,
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[0090]

[0091]

[0092]

[0093]

[{ba-c]
(@) (b) Bh (c)
- (:\ AN
é ; ;\é
Ph Ph N\IL@'N N
N\ /SN
\N N
A
Ph
[Fe (OEP) C1] [Fe (TPP)C1] [Fe (Pc)Cl]

BnH, M1IZEWT, IR, RIERMKERICKA T, IBEMKERE
P HKERERAVWTHERWL, AIRRKEROENFIEELEELTHER
Wo BIEE7 /— RBLUVRIBAY — ROMEEE., BIREINT, BEE
HA[EETH D,

BE. LTS, BIEeSEXHE4 DElectronic Supplementary Informatio
NICEEORERIZEETRYT, RO EH Y., ARBAOMBELIE. HIAE T
RESEIEBRELTHRVY, ThIKREINZHDTIEAL,

[Fe(TPP)CL], [Fe(OEP)CL]d &L T*[Fe(Pc)CLIiE. Aldrich Chemicalstth
SEEAL. BRETICHAWZ, NiXya(15mesh) B LTSy —H—=R
VEWR (glassy carbon electrodes, HSR#&H—HREHR) (Cmme F7=
iElemX Tem) (&, BASHA SEEA L7, KOFBER(18.2MQcm)iE, Milli-0> 2
5/ (Milliporett. B8S&Direct-Q 3 UV) 2#FHWTIT -7,

(V29 o—h—KRUEBAD, SKEEFDOETE)

[Fe(TPP)CL]. [Fe(OEP)CLIZF =l&[Fe(Pc)CLl]1%&, ~>» Y=k JL (0.60mg
Inl) ISED L. BREFERL, [Fe(PO)CLIDBZER, BREEZ LTS
HIC, BIBRICHMED MY 7 A OFBAE AT, sikgARE. P2 (7.0
wl) . IS5y o—h—RUER (0.071cm?) LICHRT L, i@, 70°C
T4 09MEEIEIH/, BiEFedATEMLAER%E, 10uLdNafion (&R
) B (MeOH, 0.05%) ITRAIH, R, 70CT4 OpMERBESE
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[0094]

[0095]

[0096]

[0097]

&Ly, NafionTad—FT4 v J Lk, RIRYZv Y —A—RVERBLE

ICEEINFeERDEIF. H 0,28 RVEARTDICH T BFelll/FellE
TERICEDWTEY L, [Fe(TPP)CL], [Fe(0EP)CLI& & U[Fe(Pc)CLIM

BILDEHDERIE. ThEh, 3.6X107, 7.6X107H5 L U2.9X105CTH >
oo TNHDOERIE, ZNENOEEDI.7X1072 7.9X 10725 L U'3.0X 10
moLICMH T %,

(CFe(TPP)CL], [Fe(OEP)CLId L U[Fe(Pc)CLIIC & 2 BB KFRDESILE
HY93EIT)

FeSEATIBER L /=BMBICH 1T D H, 0, DEE)L, ALS 630B electrochemi
cal analyzer (F@m®) ZAWTHRIIL&, BMIADOXILEBELCREE
B, THETNSREBS L OREE LTHWEZ, [Fe(TPP)CLI. [Fe(0EP)CL
1F/=E[Fe(Pe)CUx@BELEI v —h—RVEREZ, FRBE LTHW
feo IEIE, 3MDH, 0, %2 BLHRREEAR (HA) ZA W, ERTITo 7,
(H, O AR E i DM BB YA

H, 0,8 % &L pH3~5DBEA R (300mM) %, —FR= (one-compartment
) DESKILZ I HICANT, NiE#BS L F[Fe(TPP)CLI, [Fe(0EP)CLIZF 7=
(&[Fe(P)CL1ZBEE LT Ty Y—HA—RUEMB%, FiitH ., 0. BRPITR
BEIH, ILOMREE. BAS 100W (FB&MA) AW TEHML 2, SE.
e L ErREEAREAVWTERTIT o &,
Eefl

LUF, AFEBOEBBICOWTERRAT S, LU, AFEBIE. LLTOER
BUC L YRSIREI AW, FIZIE, HEFEIEEOHRAFICEERD RISHE
B, HEUTRAEEBO—FITHY., AEALZIRET 5D TIEARL,
BRORAE RAFTEBINZ T ML) 1F, Hewlett-Packardtt S D35
8453 photodiode array spectrophotometer (F&:#) AW TAIEL L
o MHRADIEICEI DEATRRINARY MLIE, RASHERRFAR
MShimadzu UV-3300PC (FAM&) BL T ZDNBEEEE L TR4LDISR-3100
(FEmA) ZAVWTHELE, RILIVYAN)— (40 ) v IRILE K
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[0098]

[0099]

NJ—, CV) [&. BAS#HE D#ISALS630B electrochemical analyzer (B
m&) ZRWTHE L%, B1897688E, (Dynamic Light Scattering : DLS)
SAIEICIE, KEMalvern Instruments Ltd.#t(DZeta Sizer Nano ZS (F§
ma) ZRAWe, JOKERICE DDLSHIERREEEE L. 0.6-6000nmTH %, &
EE-TERRARSN BREEDWH TERSH. T6/DTA) (&, SIIHHR TG/
DTA 7200 (Fq) ZRAWTITo7, XREHNEF2Y(X-ray photoelectron

spectroscopy)BTEIL. KratosttHIAXIS—1656 (BmE) #HAWVWTITo7/, B
ETREFFAEIE. Bel JAPANtEHBelsorp II mini (Fm#&) ZRAWTIT
Teo ¥/ VS 0TE. VO AERKEA S REUshio Optical ModelX SX-
UID 500XAMQ (@&, EA>390 nm, HA500W) ZRW\k, BEN
DIBEFICIE, AR ERBVERTE OSHIMADZUE Y 4 Y6 Y B ETRF-5300PC (73
m&) ZRAWE, £ TOLEMERL. BERTHY., FICHSLWVWRY, R
LRI ERA R, MAMETEMRXS, Aldrichtt, FEEFHZ1 T
RIMARENSEA LT,

BERIELKRDODE=ZIE., TRAF—LIICEHDEFATERINS, FH
DRIVT 4 1) VEEERTIO(tpypH) “Z AW TIT o7z T 5, Ti0(tpypH)* %
HCLAGETRICSAMN L2E D (Ti-TPYPREE WD) 1L, RIS THO, @ikt
KRNBB L KBRERETDE. TRROESBY., Ti0(tpypH)“A%iBEE (LK
FERIS L TTi0,(tpypH)#IC 725, Ti0(tpypH,)* & Ti0,(tpypH,)* & DIRIN Z
R ML (RINE) FERZDT, ThEAETDZ&IEY., Ti0,(tpypH,)!
"*DEMEZ B L CEABILKREEET DI ENTE D,
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[1£S3]

— H — 4+ — — 4+
N

»
%]
S SN
(T oY
S ) N\T]/N:z @NH H20,
N&L;>‘%\N/l / ,

AN
NA A

[/

TiO(tpypH, )4+ TiO,(tpypH,)*+

AFx—5h 3

[0100] 73, M2DT 571, Ti0(tpypH,) & & UTi0,(tpypH,) # D ETHRIRUY X R
JMVERYT, ARICSWT, BEEhE, BR (nm) 2RLU. M. &t
EERY, BiR (A) TRINZMMIRES, TiO(tpypH)* (Ti-TPyPERHE) DIk
IRARY MLTHY ., ER (B) TRINZEIREL. Ti0,(tpypH,)*DIRINR
RIMNLVERT, BERDEHY., Ti0,(tpypH)*DIiF D H'. BRARICERI R
BRANCS 7 MLTWBRZEDNDD D, BB, M2E, FERSEXIMODF
i 9. 1FELWTESEXEO6DF i g. 3ERAM—DETH S, Ti0(tpypH)*
(Ti-TPyPEEE) IC L 2BEILKTRDEZIF. AEEHILAANIC, BFIAIE. T
SENXML FLIE6EZSEICLTITOIIEEHETES,

[0101] [&EX#A5]
ANALYST, NOVEMBER 1992, VOL. 117, 1781-1784
[BEH 6]
Bull. Chem., Soc. Jpn., 76, 1873

[0102] [4 )7Lt xH4 K (Ir0,) DERM]

BEREKBEDEEICEWS A Y ST LAFH 4 K OKOBLME) &, XL

TOEIICLTER L, Tabs. F9, mERGEDHIrCL - 6H,0(19) ICK%
50mLA0 A THBH L7z, NaOHZKAR (M) Z N A TpHDEE10IC LT, 4 A L/
ZATI00CIC30EMEBE Lz, ChEERTHREL., BBLTEKERSL,
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[0103]

[0104]

he, BEERVTZAVWTERTEEL, IS5, ZRHPTELCTI2REE
BLTIr0, 287, B, TDIr0 ICHWT, xid, KM CGRHER) oM TH
%, UFICBWT, Ir0, LEHT 2HBE. BICSBRWIRY, ZOBRAR
L7Ir0, K9, £/, H1~220(HWVWT, [Ir(0H);] &XREBLTWS
BanHdh, ZORREIE. RIKI0ERETHD, [Ir(0H),] &DRE%E
AWTW2ERAIE, RBOSERIICTRT LI, XPSAEICELY, Ir0ERE
ICIr(OH) ;NS K FEET B EHUINLLZDTH S, L. ZOXRRIE. E
BEOXRETHY., Ir0ODEEZIRET 5D TIEA,

[ : BRI KRORE]

H,S0,7K &R (2M, 3. OmL) 1. [Ru' (Me,~phen);1C1,(20 wuM) & 1r0, (3. 0mg) % AN
AT RA9—F—N—%¥AE FN\—tFYLEFERLTHRERIcnd ZE
TIVICHAL, BRARB®RZIT o>k, T4bE, TOLIICLT, K K
Dbt (Ir0,) . BEREEIEA ([Rul(Me,~phen);1CL,) . H L UVEER (
0,) ZEBURBREERF L, 5B, [Ru'(Me,~phen);1CLIE. AIEBIEZER (
4) TRINDINT=DL2MEKERT, DXL, FIRRIBRIC. F2/
VS5 TYE (Ushio Optical Modulex SX-UID 501XAMQ) #FWT. &
HZZAT4NE—(42, AGCFV /5 R)EBLTERS 20 nmlUTFOX
Ay ML, BRA20nm%EEADS (ERA>420nm) D&% RE
LT, RISSEE, RISEOBEBILKROEZIE. HRAEDTi0(tpypH,)*1E%
AWTiTo7, 34bbE, £, HCLKAR (50mM) (ICTi0(tpypH,)* (50 wM) % i
ZTTi-TPyPEHEAFR L=, —H., FIRRGKTERORIGR (RBVEKR) %
EELTARNEREL, KTHERLK, DA, 25nLICHCLO,(4. 8M) %0, 2
bmL, Ti-TPyPEAZE%0.26mLiNX TH5 PEME L7, MEBERDIER %K T2, bnL
ICHRRL TARRIRZRARY MULERIE L, Bt KkREEE L, 8. &
WMEOEHEIL. FE100%THDZ NS, BIAIE. HREEH,SOEBEH2M
DAEBDpHIE, $—0. 60 (¥41F+R0. 60) &LHEETEZIENTE
%,

B8, EEIT = LZEEEMIRUT (Me,-phen);1CL,IE, TEESE A 7 IC5C
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[0105]

[0106]

[0107]

[0108]

HOBETER LT BEEMICIE. £ T4/ —)L(16nL) &1 4 > FER
K(4nL) DREBEICIL T = A(IIDHEY (Ruthenium(III)trichloride,
RuCly) (82.97mg, 0.4mmol) &4,7-Y X F)L-1,10-7 xF+> bOY > (4,7-Di
methyl-1, 10-phenanthroline) (499.82mg, 2.4mmol)AMA T. BRFES
TTI00C TAFREMBER L. BONEBRABOBAREBRERE Lk,
Iha7t N VICERIE, YIFILI—FIITEHESR L TIRu(Me,~phen),]
CLAERK, Ad. AiRkER (5) TRINDILT=DU L 2{HEEEDIERU(
bpy)s1CLE. EMKDFAETERT 5 &N TE D,

[BEH T ]

Nocera, D. G.; Turro, C.; Zaleski, J. M.; Karabatsos, Y. M.

J. Am. Chem. Soc. 1996, 118, 6060,

M3DJ7Z7IC. EEERGTICHEITIBBIEKBROEEERZTT, [
BMICEWT, . RIGEBET Qb AREEE (h) THY., HEEhid,
RER (RINAR) DICH T 2BRBIEKRORE (M) THD, LELEHR
BI1ICEWVWT, RIGFERB 3 hiZ# 1T BTON ([Rull (Me,~phen) JICLICED ) &
2hEZXDLOTHEVEBIEZTR L, TOLDIC, BREKEZERBELTH
METERBIELKRERETE IHRERAER. AEAL’NDTTH S,
[ZEHefI2]

H,S0,7K 32537 (2M, 3. OmL) 1< [Rut* (Me,~phen);1C 1, (20 wM) & 1r0, (3. Omg) % A0 %
T RI—S5—N—%¥A%E. SN—tEF9L%2FEAL THERIcnO @t
WICHA L, BRARB#RET o7, ThIl, B SRBERTEDSHIMA
DZUEE 2 A ETRF-5300PC (B @m&) ZAWVWTRY v MESTL., RISTH
oo RISHEDBEEIEKFRDEZILTIO(tpypH,) & BWTIT o/, T DEEDYAE
Eix1.1X10%instein s TdhH o7z,

MADTZ7Il. EEERGZICHEITIBBIEKBROEEERZTT, H
BICHEWT, #EEhid, RGBT ALENREER (h) THY. i,
RiS%R (RINVE®R) RICH T 2EBIEKRDEE (M) THD, IRDE&
BY., EEEEFM2ICHNT, RIGEFE3 hIiIZHFHTON ([Ru'(Me,~phen);1C
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[0109]

LICEDC) & 8. 3&. mWHiEZ TR L7, I5IC. REMRE (EhkM 2
) IKBWT, PO F /A= —("N)FFTZMRAIDEAY) VL) EZRAWT
EFINEEZRELELEZS. RIGABZRO~TREICEVWT, H20%D=E
FINETH o7z, RAICEITIHERDEFINEDN, &< THEH T RRRET
HBIENDH, M20%EVWDFRIBEFREDOHER., THOHTEVWHIET
HhDEEAD, 0B, ARBPICE HBRILKREEREICEWTIE, HIFEEA
Fo—L1FLEF20LDI1C, KOBILICIUEER (0,) HNRET D EHAX
nans, ZOMBICBEWT, KEKERIBADZILHIERTH D EEX
bhd, L, a0 EEY., AFERR, AIRAF—LT1BLV21TLY
FREI NS EDTIEAL,

[ZEHI1 ]

RISFRICK DB % I A RV ARG 2 S RARICL TRIGZETT>
feo IHIC, ZHICER (0,) 2HAEIERW (FILTVEHRL THREEY
%) DAERIEEEERICL TRIGZT 27, RISIC. ENSDBRET T,
EMRTEDT S 713, RIGETEROKBROENAANRY MNVETHY ., 1EH
FER (nm) ZFxRL., MEIEENAARE BEXE) 2%7. ARICEWT,
EiRH, BER (0,) ZHEEIETICHBRE LAEABROELART MLTHY.
WRHRAY, B3R (O,) DEETTHARN LAROERLARI MLTHD, i
. ARLEEDZF—LE, BBFR (0,) NEETIHED. HEIN D RIGH
BThHd, /777100 78EY. BREEBE (0,) 2FEIETICARHELE
#%id. [Ru(Me,—phen) I ICED K WA RARY MLER LD, BFR (0,) D
BHETTHEH LARIE, BANIFEAEHERL TV, Thid, B% (0,
) PEELABVBERIEFEAERIEIREIST, BR (0,) »EFEELESEE
. EEDOZXF—ALICTRTIEY. [Rul(Me,—phen) ]2 & B3R (0,) &EARSL
T[RuM(Me,~phen) 13 (3DILT =V LA 74Y) EBEBEKREEZE LKL
HEWRIND, L, AZEHOZE. EReFI 1 DL S IC[Ru'(Me,-phen)
JHDARIERICE K Z &R <, BRRIEKRIEDID LI EE LD >, T
nid, KOBMENSEEE T, 4 C[Rul(Me,~phen),13 (SADILTF =D
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[0110]

[0111]

[0112]

LAFY) BETINGWN (2EDOILTZVLAFVICELRW) HIC, [
Rull(Me,~phen) ;12 (2flIDILT =D L4 7)) MEEI N D LZEETHRER
EKFRDERIMBIE LIcTcb EHERIT N B,

I 5, MEBHSO,OBEZELIE. MBRE2M (ERfl2&EL) Fik
FME LT, ETFNEREER LEL, I6DIZ7IC. TOHRETY, AN
IKBWT, B, RGFETOLERRERE (9) THD, #MeEid, &
FHARY MUHSLEH L, RIGR (RISEKR) HICH T 5 [Rul'(Me,~phen);]
*DRE (M) THD, IrDedY . MBEEMDE ZDIEFED N, RIGE
D [Ru'(Me,—phen) ;I DIRENEMN >/l &M D, RIBMENEN > LI &N
DD, e, MBREEMDE TOEFNEIE, 2 1% (REGHAKBEO~1
7)) THY., ERfl2OBEREBVW—HETR LT,

[&Z6F12]

BB EEiEk & LT, [Ru(Me,~phen);ICL, (FIEEILEX (4) TRINZIL
T LSEROE. EREGI T ERLC) F7ziE[Ru(bpy);ICL, (FIEEIEZERX (5
) TRINDILTZILEKRDE) ZAWVWS I & &, HMEEHSO,DREZTE~
BIEDLI &, KOBEME (Ir0) ZRVERWVWI LN, Ekfl1 &
F#kIC LT, HRBRHEEFE (RIGKE) 309 TRLEItEE, 70735 7IC
. TORRETT, BBICEWT, E#hiE. WmEEHSO,DRE (M) TH2,
fieghiz, L7 =0 L 3MMEADORE (M) FIZBERILKEH, 0, DRE
(LM) THD, ITDEBY., WFhO#EREAVLBES. MEBEED
BWEEBRBIEKZEREEN S, >/, ThiE. 7O N VEBESEVED,
B3R (0,) NoBBMIEKREZENT I2RIGNEIYPTWEHEEZLLND
o 7z, MEBRENE UBSE. [Rull(Mephen);1ICL, (RIEEILZER (4) THKRI
NBILT=U LEKROIRE. EEGT1ERAL) OEFNEBBIEKRFKEEELS
Molc, BB, ERULBERIEKRELT =T LBKOBEIK. RITOES
Y, BW—%rL7%,

[ 3 ]

BB EEiEk & LT, [Ru(Me,~phen);ICL, (FIEEILEX (4) TRINZIL
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[0113]

T LEEDE. EREF T EEAL) FE[Rul(bpy);ICL, (RIEEEFER (5
) TRINDILT=ULEGDIR) ZRWSI & &, FREEHS0,DRE % HZE

LTRISFRDpHZ OICT B & &, Ir0DFERE% 1. 5mgild 52 &N IE
Ehefl 1 SERRICL T, ARHNEFE (REEE) SRETRISIE, K8
I, ZOHERETRT,. ARERAIDOT S 7ICEWT, i, BYEEHEEOD
B (Figel®x (4) £k (5) ) 2kL. f#E. SHEARKBIEE
#BO, RIGFHRE (Kih) OBEIEKRH, O, DEE (M) 2%kd, HRD
EBY. WThOBBEBHEEERBWTE, RL GBEREKEH, 0,55
52 ENTER, £/, [Ru(Me,~phen);1CL, (FIEE{LER (4) THRIN DI
TV LBEEDOE., ERGITERAL) 2AWEAD. [Rull(bpy);ICL, (FUEE(L
23X (5) TRINDINLTZIVLEEDIE) 2AVWD LY S, BEEKEH,
O,DINENILICEN > (W24) .

[EHefI4 ]

EEH,SO,DIEE A A ZLI B E 2 & &, Ir0,DERE%X 1. 5mglld 3T
EDSFERR 1 EEBRICL T, ARNERE (RISERE) 3 0B TRIGS
B, TOERE, HIAIKTY, HHPRDITSZ7ICHWT, &, RIE
frh (Okeh) ICH 1T BFREEH,S0,DBE (M) AR L. M. REZOBE
fLAKRH, O, DIRE (uM) ZRY, IRDEBY., MBEEZO0~5MZE
TEEIELEZD, 2MDOEEN TR RBEOBEIEKREH, O, DREN
EMho7 (ThRbhE, ERENE I -7) , TOEBIE. UTDL D ICHEE
INnd, §abs, ARAAOBARICTY L DI1IC. MEEEMEW (T4
HHE, pHE CERMEDATEW) RETIE, Ir0ICL B2KOBERRE (H, 005
O,DFE) NMEIYPTWVWEDIL, EREBHEAKICLD0,0EFTRE (H,
O,DFRE) NERAIRBICKRZEEIOND, HIZ, MBEEN SV (T4b
5, pHAME BAMEABELY) AT, O, DFTRIE (H,0,0%4E) Al
YRFWadHI, Ir0 Il 2KOBIERIE (H, OS5 0,0FE) 1"EVERE
BIRICE D2BABRMBICRZEEZIOND, TNHDNTVRDBERMNL, K
ERAIDRIGRTIE, MEBEEN2MOEENREH,, 0, OREMENED
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[0114]

[0115]

Sl EHRING, T, IF0ODFERAEZ3. Omgild 32 & &, HRHNIFE
(RIGEERE) 0N 53 hETEIYTSIEUNEIHI ALRAFHTRIGI
I#ER%Z, M9BICRY, D& bBY, HMOBORIGERHETEHE, IIAD
R &R ACRGHETOBRBILKREER. HMEBEEOLR (O
EM<TIM2M) ITAEWEBINLE, £/&, H9BHICIFRRL TWARW
A, M9 BORIGEHET., MEBEEIMBE LV 4AMDISEIE. B9 AL
. MBREO. SMODFE LY HBEIEKREENEL >,

[ZEHEEI5 ]
INODFEAEEZEAREIEHZLUMEERA T ERAMKICL T, SRBREEFE (
RIGEKRE) 300 TRIEZ1To7, faR%E. BI1 OALZRD T Z 7R,
B2 7IC6WT, #EiE, Ir00EAE (mg) 2k L. fit#iE, RISED
BERILKFRH, 0, DRE (uM) Z2xd, RRDEHEY. IrODFEHREN 3 m
gD EZHNRERBEDBEILKERH, O, DBENSEN > (TRLE, &
MENEMN>7) » £, ABRHEE (RIGKRE) % 18EICYT 54 1EE
TOALBIDTZ7 EAZRMTRIBIELERE., M1 0BDIZ7ICRT
o AMTZ7ICHWVWT, HEEhZ, Ir0,DFERE (mg) X L. MEHE, RiGE
DEEILKFRH, 0, DBE (uM) 2FKT, IRDEHY., RGFEHE 1857
TH., RISEE3020BE (M1 0ALKAOTS7) SR, IF0DFERE
NM3mgDEEIARERIGEDBEIEKEZEH,O,DRENAEN > (4L
L, ERENEDN o) o TOLIBERERSLIEBRIFIALSHNTIERLD
INOERENSTED S, RERFBICHOE (BB) L0 kY, B
EBEFICEZHORIN (Fhg) BTSN T WD), Ir0,OFEREHN3 m
gDEZIHNRENTVIANEN>EEEZLND,

[BEF3]

Ir0, F/2EHRDOA ) I LAV A FH A RTAHBEIr0, (FHEI%N, RIS
5C : STREM CHEMICALS#t) A3 m gRBW2a I ELAMERMER 1 EABRICLT
. ERHRE (RISKEE) 302 TRBZITo 7, faxR%z. B1 0AGRIOD
T2 Y, HEEd, Ir0,EAEHRDOIO,DEL LN ZAWEEZRL
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[0116]

[0117]

. s, RIS OBRRIEKEH,0,DEE (uM) 2k7, IROEHY
I ERAWESES (REG SR CEE) 1 EL COREBIEKERH,0,%
JFHIENTELD, AIRTROIN0,ZAWEREIE. FE&A CBIEIEKERH
L0, MF oM o7, Thik, RIEBHRDIr0IE. FEAEMNEBELTLE
W, RIEFRH OKH) ICHERLILSDBLBD > 7O TH D, Fioo HRH
B (RIGESE) Z 1BSEICT 2 LUAEE 1 OAGRID V27 ERAFHTR
I EERE, M1 0CDITS7ICRY, AT Z7ICEWT, #EE#iE, Ir0,
FEHRDOIO,DEL LN ZAWIGEEZR L. Mdhd, RNEOBE{EK
#FH,0,0RE (uM) 2Xkd, IrOEHY. RIEFEZ 1EICLTH
IO ERAWESER, EL CBEEKEH,0,%252 2 &N TE., FAIEEH
FRDOIr0,ZAWEHZEIF. FEAEBRRIEKFRH, O, NMMEonAN>7k, HB
IO, ETHERDIN0,E TI D& D ICHEBERILIKFRH, O, DREZIEVHIEL D
EBRIFESNATIERWD, Ir0,OFKEICKEE (OH) AFEEL. ZOKEE
B, KADODBMEFIEI0,DORISHEBEARE L TOWDAEEMENH D,

F/. BETREBREICL Y., RIEEHROIF0,DOLEXEBZAELLEI S
. 0. 8m2/gTho7, —H. ERICIFODLLKREELAEL-E 5,
22, Tm2,/gTHY. Ir0,0HN2 8ETH 7=,

IS, M1 107571, Ir0,ERIEEHRDI0, & DREENHT/RESR
o (BREE-REBRRREON. T6/DTA) L UEHHNEREL (Dynamic Light

Scattering : DLS) JAIE#HER%ET~Y. mxD4D20757 (B, HE &
TELUTAT) 056, ZROD 2D, RIEEHROIFO,DAERRTHY. &
o2 DIk, IrODRAER/RTH D, £, LAD 2D, BEE-TEREH
BEo#r (TG/DTA) DRIEFERZFR L. TRID 2 DIE. BHRYEEREL (DLS) DAl
ERRERY, LADO2DO0 75 7ICHWT, EEik, BE (C) THY.
ftahix, AEANDEE (R, Weighth loss&ERIZBLTWDS) FHIETRE
2ot DTAICK ZRESEA (uV) Z3Fk9, Weighth lossid. JAIERIIARD
DRAEHBDEEZ100%&E LIEEAETERLTWS, £, TUD2D
DTZ7ICBEWT, #Eefd, AEHABOMFRE (nm) Zx L., #H#hiE, &
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[0118]

[0119]

[0120]

B (BNE) 2XkY, b, BREE-TE2RAF2H (TG/DTA) (F, SITHEH
TG/DTA  7200% 3\, B (H & € 3mg) 225CH H600C E THIEEE2C/m
inTME L, 100°CTIE, 10mini#fREF L TiTo 7%, DTRAIEDSEMEE L
TiE. v-ALOZRW, EIB9EREL (Dynamic Light Scattering : DLS)
AIEICIE, BDRD EH Y, KEMalvern Instruments Ltd.ttDZeta Sizer

Nano ZS (BEfm#) ZR\Wo, ZOHERIC L HDLSHIE A sesaf L. 0.6-60
00T H 5, F7. DLSAIEIF, FIESTHARDIr0, (0.1mg) XZIXERARL K
Ir0, (0.1mg) ZZEK (1.5nl) [CREBIHTITo

TGAEMN S, IrO,OEERDIFRIEEHRDIr0ICHEANTKREL, FIEEHRO
Ir0ICLERTIr0,IE KD E S EATWEEZ BN D, DTAD L, ZDiEFE
AIRFBIETHY . RAKTBAREEZTFELAL,

F/e. DLSAERRICATEY., MFREOREEE. Ir0,0DIF D A RIEEHR
DIFOITLERTRED o7, RETIE. FIFHIRDIr0ICIFRIFEANEY K
TVWEDHEENDID, BETDERMETITERER>TLE D> 78, DLS
AIERFICIE. EBEACOBLIEDTHREONTORMTFREAELTVWEE
DEEZOLND, TNICHL, IrQEKICEDRL, BELTELREELR
Moo IO EBY., Ir0DHFRIE. HLE20mIEETHE—THhH > 7,
F/z. BIRREREHICRLEESY., ZDIr0lF. KOBMESE LT, &W
fREEMEERB LT\,

IHIC BT 3IC, Ir0, B L UHIEEHRDIr0,DXPSHERRZHE TR
o E1 3BRDTSTH, RIEKPSHERRERT IS T THD, £/, H 1
3kBmEERIL, Hara, M. and co-workers. Electrochim. Acta 19
83, 28, 1073UCHEIFBA VI ILFFH A ROXPSAERERETRTV/Z7T
Hb, INOSWMBEICHWT, e, Ir@H)EEICHET 2HATRILF—
(eV. EFRILN) KL, fitehix, E—7BE (HBxE) 2XRJ, Fi.
M1 3E[OTZ7IC8WT, miRiE, IrilHEK T2 E—iiRERL, B
fRiIZ. IriCHRT 2 E—JHfRZR L. ERIE. RIcmE— 7RO ERS
btakd, IroeEsY, Irtslrdt, 2DODKRER/E—V%2EFT S, =
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[0121]

[0122]

RO, BAIOE—2Y (#162. OBFHRILN) (F. IrHIHKT 2, HHROD,
GloE—2 (W6 3. 7TETFRILE) & IrICHEKT B, /. ER (Ir
BELUIDEREGDLE) BLCHIE (Ir¥) ZXEdT 5 &, Ir ORI,
AZROE—2LYBERADOE—IDANREVW EN’FHTHE, B1 34K
BIDTS7ICHWVWT, EiRiE. Ir0, OXPSHIERRER L. BRI, AIEHER
DIr0,DXPSRAIEMREREERT, 1 3DEIZ7ORLICENIE Ir0, BLT
FIEEHRDI0,OWVWThDOE— 7 fRE, Ir*IHRTIZ2E— VIR &S Ir*ICH
ke E—JHREDEREDLEEZRL TWe, %IC. Ir0, OBIRIE. Z4l
DE=VSLYBHRMOE—TDANREVIENL, BEINIAY I T A
BFICBEVWT, IrOESFRIBVWI EIERINE, ThbL, Ir0, XA
DAV IILRFDIE, KENIHTHY., ZNICHF LIrHEDRWEE R
bnd,

IHIC, M1412, M1 3&EAUKPSHIERERETRT, M14 QDTS
. M1 3BMOIZ7EALTHY, Ir(ANEEICHRT 2HEEIRILF
— %579, H14TRDOTZ 7. AUCXPSAED, 0(1s)8EICHKT 24
BIRNF—%Zrd, ARICEWVWT, BEEHIF. FEIXRILF— (V. BFR
IWR) =KL, #tghiz, E—7BE (BxE) 2xkd. B14TRIDIS
WKRdBY, BR(s)OE—2d, gisgmhiROIr0, (BEHR) LW E. Ir0, (FE
) OFEN BIRILF—2T7MLTWE, CORRIFEALHATIERWD, I
rO, REICEWTIE, BRREFHIOHEERESZEA L TRELL TWDE L5,
AZMEICI RN F—ZBTBIENRAEEIOND, LEN>T. Ir0,
REMBRONQY OBEEMNHEE LTHEELTWR EHRAI NS,

[5EHI4 : KOBLAREE AW /BROFE]

Ir0, (12mg) A HERIcnD ZEEZILICAN, SNA—E TSI LEFERLTES
FTEHEHRL., INISH L TRITTHRE L 72 [Rul'l(Me,~phen) ;13 KiAKR %= 2 )
YITMASZETRIGERIA L, RIC. B8Rtz — (FOXY Fiber Op
tic Oxygen Sensor, Ocean Optics#t®) ZHWVWT. ZOBRRDOBERER
DEEZTWANSER (208K) T, AEZBALTICHEL T4 IFEARISS
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[0123]

Bz, RV —E. ZTOBREFAEETILSNN—%2BERIT DI ETEVY
— AL A BRPTHAL, FELE, b6, TDLIICLT, K
KOBALAE (Ir0,) . BEHI &5 BB eEEA ([Ru(Me,—phen);1%) %
BUORBREEMBL. RIGOETICH > TERT 2BROEE.To7%, £

Ak D [Rulll (Me,~phen) 13+ 7K 32857 (0. SmMDH,SO,BR MK AR, pH 0, 12mL) DEREE
(&, RICEBIR T B2 HETITo7z, HHH UshpH 0DWREREL M D [Rul! (Me,~phen
)51CL, (0. 5mM) DKIAEFR (12nL) ZFRARE L TKAB L, ThICZBEESA (Po0, F
NTATRIORE) O#MEKR (100mg) ZINZXTHREBEIE., YIRXFVIRY—
T—IlLYRY—F—NN—TREBEREZKS LA LEEIEKT S & T,
ZFB{ESRIC & B [Ru(Me,mphen) ICLOBR{E R IEAHESIT L, T ORBBRE R
T T74)%— (5% : DISMIC-13 PTFE 0.45um, BUZF : HPO45AN,
Toyo Roshi Kaisha Ltd. &) #FHWTA3EL. [Ru'(Me,~phen);3* & 5%
%8 % [Rul'l(Me,~phen) ;3 KGBBRE LTEDEERIBICH LA, B 1 5 DAL
DEIE, BEFAICEVWTRI > ERICOEBEHES 2EAHNTHS, K
TDEDIC, BEWA T, BEEKROFEENERINT, KOBLALE
ICE 2R (0,) OREODAN’HERINE, TOHREZ, M1 55007 >
IR Y, ARICEWT, BEEid. RIGEERE (h) 2k L. ft#E. RE%R
(RIGBER) RICEITIBERDERE (M) 2RI, EFODEEY. BE (
0,) REEIE., 3~4EFEORIST, $#0. 8umlilEL, BERtzVH—
IKEBDREICEDVWTEE LR (0,) NEEE, 53%THo7,
[3E5Ef6 ]

BRI ZEARIAORBRIC, I5IC, HBIHYIT L (III) (S
c(NOy)s) %0.1MINA % Z & LASMEKRER 1 EERRICL. KK4 20 nmZiB
2% CERA>420nm) XOHZBHFLT. RIGItERE, K1 6HLD
TSI, TOERERT, ARICEWT, i, RISEE (h) 2XL
. fERE, RER (RESER) PICHIT2BBIEKROEE (M) KT
o BERLKFROERIF., EMEF T AL, HARGEDTi0(tpypH,) &% BT
To7, b, M1 6 TAIbRDYZ7id, Ti0(tpypH)*dH L UTi0,(tpypH,)*
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[0124]

[0125]

[0126]

[0127]

FOERRINZARY MLOBEILERY, ARICEWNT, #E#hE, Bk (nm)
AFRL. MEHL. BAEERT, £/, B 6AELORF—AlE. FEEH
(EREGI6) ODRISHWEEHTE T 2BEARTH D,

B16A8LD0TZ7ICRdEY. RIGEB3 hiZH1FBTON ([Ruf(Me,~phen
JICLICEDC) &, 52THY., EREFI1OISIC2/UEEWVD, T
TeWMEZTRLE, £LT, RIGEES3 hiZH 1T 5 BBIEKREEIE. Eit
B1TDOISIC6. SEEVIIEICEWMETH o7z, DI &I, S 74>
NEBIEKREEEZISHICRELEZIEZRLTWS,

[ 7 ]

HERInO —_HEEILAORIGRIC, ISHIC, HERAOYY 7L (III) (S
c(NOg);3) Z0.MMIA D Z ELANEERAIZ2 EAMKRICL. B—RRES/N(A=4
50nm) & BBET L TRISS B B1 71C. ZOHRETRT,. ARALDT S
ICHWT, EEhE, RIGERE (h) 2XRLU. #it#iE, RER (RIEER) &
LB T DBBIEKRDERE (M) 2KRY, BEILKROE=IE. EHhF 6
ERUL, mER@DTi0(tpypH)*EZRAWTITo 72, 0B, RAMAERIOR F—
IF, ANEMREG (EHEGI7) ORBEIBEHEYT 2EARTH 3,

B1768LDT737ICR$BY. REFEEO~1 hiZH T EFINEIL,
T0%EWD, TLHTEWEZRLE, £, RIGERE3 hIZH T 5B
EKFTREIL, MI0uME WS FERICEWMETH >, TNODEIE. EHE
B2 EIFIERILCTHY, SciM 7 VICL DBBIEKRREREMNRIEIR ONA
Do, R 2 EEKIC. TODHTENKRTERILKFREBZ I ENT
X7,

[BEFI5]

HERIcnOZEHEILADORIGRICINO,ZIMABRWI EUNIEERF 7 &R
RICL, B—RREEN(A=450nm) % BBH L TRIGI B, 1 8DERID
BIIC, ZORERETT, 1 8EAIRRD TS 7ICHEWT, #EHIE. RIGH
B (9) &FL. fit#E. ISR (RIGEKR) FICBIT R A F ViRgEEXR
9, Fro. B18ALDRAF— LI, AEMRAE (EHEFI8) DRISHEEH
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[0128]

[0129]

ETDAF—LTHD, F727ICnTeBY. BEILKRDOHKEICLY, Ruzt
DEERIEI N RS VDB ER LTz, 7272 L. ABEFITIE. KOBRLAE %
AWTWARWEDIZ, KOBLICL 28F (0,) ORENEISHT. RIER
FDiEFR (0,) Z2FVWDLEEI AT, BEIEKBROREN B SRR
27,

[ 8]

T (1) ~ (5) DENEFNOFRHGET., ABRRIcnOZE /L ZAW, K
R420nm%aBAS CERRA>420nm) $0OAERE LT, RIGSH
Teo 2B, FiE (3) ~ (B) & wWIFhH, RAVYOLA4Y (III) (
Sc3t) BEMN, FLLOINERDEDIAELTVLS,

(1) =HEFIT EREUCEME

(2) HBMEBREZKICEZDLUMIERG T ERUCEE

(3) HMERZKICEZT, ™D, HWEBEIAH YT L (I11)  (Sc(NOy)s,)
Z0. IMMMA 2 Z ELUMEERAT ERCERHE (Tabb, FMERZKICER
52 ELAME. Ehef6 | UEH)

(4) WEEIAAYIIL (III)  (Sc(N0s);) 0. IMEREER AV Py L (111

) (Sc,(S0,)5) 0.05MICZEZ ZLU4ME (3) &R UEKMH

(5) MWEERHYI oL (III) (Sc(NO)y) 0.1ME KY ZIAA XY VR

WRVEEZ AV UYL (I11) (Sc(0TF),) 0. MCEZ DT &M (3) &
VeSS
B18AMFARDTZTIC, ki (1) ~ (5) OERERT, EHHIE
I, (1) ~ (5) DEREZEFNEFNRERLTWS, 0. N1 8/KLEDRF
—LlE. RAvIoL (1) A A 0HEET ZHE (£ (3) ~ (5) )
DRIEBEHET D2RAF—LTHD, £/, 1 8HTD ITONBh)] D

HEiE, (1) ~ (5) OFRZFIICHSVT, RIGEHEE 3 h TRHE L 7ZTON
2RT, IFnesY, (1) ~ (5) ownwdFhns, TN (AEDOER) 25
<. PERRBMILKZEARETZIENTEL, BIC, BWBERAAVI YL
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[0130]

[0131]

(I1I) Z@AWE (3) BLUWHMBRAAY YL (I11) ZHWE (4) T
(1) OILICHW2BEIFZFRULEDOTONEN S ON, T/20 MY
FAXYVRNKVEBER AV I A (I11)  (Sc(0Tf),) #AWE (5) Tk
(1) LYEDLZ > TTINEAEL o h, Thid, M) T7S—ba1FY
(0Tf) IC& Y, HMEDILT =T LBEOBRBUENMET LA EHRAIN
%,

[S=HEHI9 ]

WEER A Yo (II1)  (Sc(NOy),) DiRE%. O~100mM (0.1M) X THE
REAEIED I ELUNTEREMO6 EARICL, BR420nmZHBAS (K
RA>420nm) #0OHZBHFLT. RIEIEE, K1 9ERDTZTIC
. EOERETY, ARICEWT, EEE, HEBIAH I o L (III)  (Sc(N
0):) DEEAERL., #tdhiE. RIGERE 3 hICHITDIRERTDBERIEKER
RE (uM) 2XR9, ITRDOEHY, MERISTEXY 2BRILKRERL. R
WSO hA4Y (BEBERAYTYIL) BEICIFEFRAILE, Tabb, B
BRhrToL (III) (Sc(NOy);) DRENEWEE, RISRPICE T 5
HOFEMENE L BY, BEEKBEREEN S Ao,

[=HEGIT O]

WEER A Yo L (III)  (Sc(NOy);) 0.1M%, FEEE v bV o4 (III) (
Y(NO3)5) 0.1M, FEERILTF 7 4 (III) (Lu(NOs),) 0.1M, fEBEERSR (II) (Z
n(NO;),) 0.1M, F/ZfBE~ I R4 (II) (Mg(NOy),) 0. IMICZENEThE
ABDLNTEREF 6 EEAEKICL, BRA420nm%EZ@BAS (ERA>420
nm) XDAHAZRIF LT, RSB, o RISRICHEBRAAV IV L (T
IT)  (Sc(NOy);) 0. IMZEM A ARWLIAIEERER 6 &Rk (MG 1 &BEEME)
TRISI B, INOOFER%EZ, ERfl6 &b L7z, EwR%E, 1 9G4
DTS5 7R T, 777 OHtENE, RISEIERE3 hIZH T2 RERHPOBEE
bkFEBE (uM) 2KRY, B8, M1 9 LMD F—LAld. AEEHD RIS
MEBEZHEET DIRAF—LTHD, £. B1 9ATORIE, €14 DIL
1A ABMEDORIZRIREARTH 2, IROEBY, Zn2+t, Mg2+BLTV
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[0132]

[0133]

[0134]

Zn2+g Yt Y3IFELTL u+OEDNILA ABENELS, EhoLYUs S
C3TMADI SITILA REBMEA TR,

TZ27ICRTBY. Zn2+, Mg2+F/kidCa2tzmMAiFald. BUlH
MzaWigs (EfEFT) ST BEKEREE (RE) & (EEF
BALCTHo7, THNITRL, Y3+FREEL u3+EMALBEIE. RISRFIC
MAT-AREDFUENMEEI N T, BRILKRREE (RE) »MEMLA, S
CAEMATZER. ThiYUbISICBBIEKRFEEE (BE) MEML
Teo TDEIIT. MATZERBAF VDA ZBMEABNIE, RIERFITMN
AT MEOFEMMEEIN T, BRRIEKREEE (RE) ANEMLAIED
HERI N,

[ErEHI1 1]

EHEF 6 ERABICL, KRA420nmAEHBISE CBRA>420nm) %
DHEREF LT, RIGIER, COFRGTRIEERBIET, Ir0, KOBEIL
fhi) OMAMZEE L, 20007571, ZOERETRT, @Y
S7ICHWT, EEhE. RISIEE (h) Z3Fk9, #Mt#E, BEMICHIET R
INEREICE T 2 RIGRPDBERIEKRERE (uM) 2Xk7, RRoesY. (R
u(Me,—phen); ICLAVEM Z K> T, BERILKFREN ER LA Qo> 7FR (
RISEGFES LG 2K[E) T RIGRPICHE. FHIRE &R U[Rul(Me,
—phen);1CL,ZEML TRIGZBRYT 5 &, BEBBILKRIFEELE, 2O
£OICLT, 18RRI ZMITTH, Ir0,DfEEMIL, FEAEETLA
o7,

[EREHI1 2]

EhEfl6 £ CRBFEHT, REBRIGIET, e L TD[Ru(Me,~phe
n);ICLOMAMZHR L7, M20KRDITS7IC. ED|RETRT, AT
S7ICHWT, EEhE. RISIEE (h) Z3Fk9, #Mt#E, BEMICHIET R
INERICE T 2 RIGRFDOBERILKFRE (uM) 2XRT, MF0EHY. K
5% 4 ~5EE T, RIGRPDBEIEKFRER., FEFLEF LRI G>7D
. RIS SKEOKRRTHEE., #HEAEER U0, CKOBRLAE) ZMmx
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[0135]

[0136]

&, BE., BRRILKRNARE L, ROEEY. SHAUELERISIET
. [Ru'l(Me,~phen);1CL,id, AR E L TOSEMZHR L TUL 7,

[SErEf 1 3]

[Ru'(Me,~phen) ;1CL,DIRE Z20 uME W HIK < 72 2 S LAAEERER 1 & H
ZHETRBEIT> 720 [Rull(Me,~phen),JCLODEE A4, 0uME /=132. 0uM& L=
IZE DBBICKRREES L OMEDERE (TON) %, [Rul(Me,~phen);1CL,MD
BEMN20uMDIBE (RHER1) SHET. M2 1IRT. 2105571
BWT, #EiE, RISEE CLRIEEE) THY. MtEhE. RIER (RIVE
) POBEIEKFREE (uM) TH2, BRIIROEH Y. [Ru(Me;~phen);ICL,
DREZLOuMEIF2.0uMs LigE, BEIEKREE REE) BHFIE
. [Ru(Me,~phen);1CLODRE 20 uMDIZE L W EE T L7z LA L. TONICD
WTIE. [Rul(Me,~phen);1CLOEEH 20 uMDIBE £ Y £ REMICER L7,
d4H 5, [Rull(Me,~phen);1CLLOEE N4, 0 uMDIZE L. [Rul!(Me,~phen);1CL,
EAEEICLETONA T 11 THY, [Rull(Me,~phen);1CLDBEH2. 0 uMDiF
&lE. [Ru'(Me,~phen);1CLE%EAEE(C L/=TONAA1 58 THo7, TN SDTON
DEEIE. [Rul(Me,~phen),ICLODBE 20 uMTHREEER > P 4 (I11) %0
AT-EHER 6 DFYE (TON=52) D2EFF/HLIE3IBULTH B, TRbHE,
RSFEHGORBELICELY . TONEREZNICALETEZ I EPBBINE, I5
(. [Rul'(Me,~phen); ICLOEREA1.0uME § 2UAIAFETRIGSI E-15E
DBEILKFRFRLEES £ CF[Rul(Me,~phen), ICL, 2 % B #EIC L 7= AR DERER (TO
N) &, B2 2I(LRY, H220737ICHWT, #E#hd, RINRE GLRs
FRfE) THY. fitdhid. ISR (RISEAR) POBEIEKREE (uM) TH
5, IrDeEBY., CORIBEETIE, TON=3 0 7 & WHEEZNBBENES
SNz,

EE - R FRTAEM:

LIEEREA L7258 Y . AFEADBBLKRESEHEF I BRLKRRER
Fu MIENiE, BEEKREEIRNTRETE S, . ARBOMRE
B, RIESMARIERRRIC, BIEARBAOBERLKREESEICAWVZHIE
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ENEEENE. FIRKOBIEMEEZ2S30AHIC, BREKREZEIX b
BB E LTRIAAIBETH D, AFRBICLINIE, BEEREKRORBHIK & B
# (EK) THDHIDT, BEAEKROEEDR N EREICHENTENMIE
KTBIENTES, LENS>T, BIAET 7Y —HEAZOMATHZE
BIELKREIRICERTH 5, BEIEKRZME E T HMBEEIIE. SHET
HYBNOBBIEKROBIAZXMILYLELERLTWaLr>/, LHL.
AFRICEINIE, BEIEKREZZIHLOHTEIZMIMBIHETZTEDT, b
DRAMEDERMEERBICEH DI ENTES, ThiZkY, BER{bLKR
T, OHICEKFELAVTFIRILF—RE LSS, £, BR{LKEE. BHE
ZERERBYMTELTHECOLEFRELAWED, COLBIRICES T 2FHITX
WF—REBRYFTE, IHIC. AR, BRRBPEICRESINYT. ITXR
. HRA. EERE. BBEKREZAWVWSIH LD IRMAFICEBAAETH
%, AFEBPICENIE, FIAEEROL DI, BREEFLZRAWTICKEEKE
EIDLHBEIEKRER/DIEHTES, ThiZEnE, BEEKROFER
TROFHRSTEETRICBEVWTECOLELENTEETHY., CO L HIBDE
HOFIXILF—ROPYANE LT, ZOMEIEZKTH S,
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5 3K D 3
[E&KkIA1] BERILKREUE £ TH > T,

K. KOBEME, BREEHE. 8LUEE (0,) 220KV
RICHEERHF L TBRBEKRZREIE2BRIEKRELETIRZIT I
EERHET S, BRRILKREER L

[E53KIR2] AIECEREBERD. EREBRE FICHSEHREALFHEAL L /285K
THDFEKRIE 1 ICEHRDOBERILKRHIESE.
[E53KIR3] A EBEEEAN, TEEER (1) TRINDEHRTH BHEK
IH 2 ([CEEH D BRI KRRIE S E,
[161]
_ _ me

Arsglb# (1) &,

WIBBRERBRTFTHY.

RI~R*E, ZNENHILIC. KBRRFELBEROEBLRETHY.

Fleld, RRELURIE, —the&Z>T -CH=CH- ZHHLTHERL
ITRbhE RELURIZZENOLDIFEETIEE Y DVRE—RER
2T7xFr b)) VBREFEALTEHERL, misge -CH=CH- (&7
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[E5K1R4]

[E53KIR5]

DHIE, ZhENhMEILIIC, AROBBRETERINTVWTHRL,

R2E L URBIE, —k&>T -CH=CH- ZFHELTHR<L. T4
HE REBEURBMEENSDEETIEE ) Y VRE—HEL>T
ZJxFr bR vBREMKLTERS, RiEE -CH=CH- (&} 2HIE
C ENEFNMEITIC, FROBBRETEBRINTVWTERL,

ROB L ORI, —k&>T —CH=CH- A LTHRL. T4
HE RELUVRIEENSDEETIEE ) Y VRE—HEL>T
ZJxFr bR vBREMKLTERS, RiEE -CH=CH- (&} 2HIE
C ENEFNMEITIC, FROBBRETEBRINTVWTERL,

mid, EEDEH. O, FLITEOEHTH D,

gisgfbZE (1) h WA LT =D AL, ZRITAL, 8k <V H
V. g0L, aANLA, AYTVT A, FRIFOVILTHDERIES
SEH DB KRRIESE,

gIEdiEZE R (1) =,

RI~R#MY, ENENMILIC, KRRF. PILFILE 7YU—ILE
ZhoE NOFUvE RUKVERE (RIVKRE) . 7I/E T
FILTI/E ALRVEE (ALRFIHE) . e kOFPHEH, 7L
OAFE RU7)0FAOT7IVFIIVE PULE PILAJANE 7
WA FRVE, FRETILA/ANLTFOETHY,

EJrel =N

REE L ORSIE, — k&> T -CH=CH- ZFERLTHERL. d4ab
5, RELUVRIEZNSDR/ETIEE ) VVBE—hER>TT T
Frho) vBREMRLTERL, RiEE -CH=CH- (CHIF2HIE. %
NENMITIC, PILFIVE 7Y—LE ZboE ~NOFUVE X
WRVEBE (RIVKRE) | PI/8E PILFILT7I/E ALKV
E (BILRFOHE) . eFOFVE, PILOIFPE RUoLAO7
WEIVE, PONE, PIVAJANE, PONLFFIE, FET7L
HNIANFFETERINTWTERL,
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Reaction Conditions
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Effect of [Ru"(Me2 phen)sl

Reactlon Condltlons

O,-Saturated H,SO, (2.0 M, 3.0 mL)
[Ru”(MeQ-phen)E,]CI2

Ir(OH); (3.0 mg)

A>420 nm

Time, h

Ru''(Me,-phen)s]?* TON (3 h)

e 20 uM e 25
m 4.0 uM e 111
420 uM s 158

(Based on [Ru'(Me,-phen);]**)
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