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FEvje] EAE ol &sta Y] BAE 2], B wHe f7] AFERREH F2 AR, dFuvt opd F
Zul & AFg3le] FZRALS ON/OFFol whah §a 3Ale - e EQoR . ot F4 sl o
Adzs AT F A He AVZE 2+ Aot

oy zeEe 3] wkg4 1~ 57 FE) o) dlo] AW SEche AL dAsT. o, wkgA 4
9D/EE 98 58 Ed, WA 1, 2, 39 WeES T £E Juh. wEbd, B oA fr)sgdEeR
B 2 AFA A7 fr1EEES 4F, ddEs, f704 daEHErt @ 4 Qg

[9H3-2] 1]

CH;0CH.0CHs + H:0 — 2CH;0H + CH0

Hkg-2) 3ol A CHOH 28 Hy, 3 0001 @48 = 7AAS BedAES = 18 F=xskeh

<FEu>

FEONOLID T 0 2IFAE W Wgsel 54 wMgelA W SEo] JFe Fi Fulolth A, ¥

Suje NE UAQeR FuNeCle, FANHS FAN S At BEABAY £ Ao B, = 5

of Hurg ool Wol 1 wEg o4 olux FE AR, vlolus AekE e Adsh Tels A%E

e 4F A9l AP B EE AsAg] o g F oleFolu BAFS TANNE
[e)

YEo7h e we YA R/mE A9 ae = glort, oo AREA gt
i

FZul= oAAY F A 9l A (electron, e-)7F FHURFE HZ=wZ of7](excitation)E F A&
Z 3] Agkglo] AMEE = Tk

Sulel HATAL ot FE, WEA, G L o5 2FY & Ark. A BHS A Pl wlg
shAQl o2& Ti0,, B/Ti AFsbE, CaliOs;, SrTiO;, SrTiOz, SrsTin0;, SraTiz0in, KelasTiz0i, RbsLasTizOy,
CsolasTi3019, CsLasTioNbOyy, LasTiOs, LasTis0y, LasTis0;, LasTi.0;, KalaZrgsTiog:0s, LasCaTisO17, KTiNbOs,
NasTig013, BaTisOy, GdoTis07, YoTi207, ZrOs, KiNbeOi7, RbuNbeOi7, CaoNb:O7, SraoNbsO7, BasNbsOis, NaCaoNbsOio,
ZnNbyQgs, CsoNbsOrr, LagNbO7, Tax0s, KoPrTasOis, KsTasSisOis, KsTasBsOi2, LiTaOs;, NaTaOs, KTaOs, AgTaOs;, KTaOs:Zr,
NaTaOs:La, NaTaOs, SrNasTasOs, KsTasOs, CaTaOs, SrTa0s, BaTax0s, NiTasOs, RbsTag01;, CasTax0;, SrsTas0;,
KySrTas0;, RbNdTa,0;, HoLas/3Tas07, KySry 5Tas040, LiCasTaz0y0, KBasTaz010, SrsTa 0s5, BasTa 015,
Hy 8Sro.g1Big.19Tas:07, Mg-Ta Oxide, LaTaO;,LasTa0;, PbWO,, RbWNbOs, RbWTaOs, Ce0,:Sr, BaCeO; ¥ o5 =3
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=

F Ak A A4S THAEREY vAEA] d2E W0s, BiiWOs, BisMoOs, BisMosOw, ZnsVi0s,
Nag.sBi1 sVMo0Os, In:03(Zn0)s, SrTiO3: Cr/Sb, SrTiO;:Ni/Ta, SrTiOs:Cr/Ta, SrTiOs;:Rh, CaTiOz:Rh, LayTi.0;:Cr,
LasTi:0;:Fe, Ti0::Cr/Sb, TiOy:Ni/Nb, TiO;:Rh/Sb, PbMoO,:Cr, RbPbsNbiOyy, PbBisNbsOs, BiVOs, BiCusVOs,
BiZn,V0s, SnNbyOs, AgNbOs, AgaVOi, AgLiijsTis0s, AgLiisSnys0, 2 olE9] 2§ 4= 9t

FEMEA 7P A9 =22 dA 7P 8ol A8 = olibdt EERE(Ti0) olth. o] AkStEEHE 2 5ol

w} g8 AAFEE AN FEY(Rutile) ¥} oFERAl(Anatase) & 771 EA43 ).

@, BEoE, FEoj] FAUATL wEHe] GH AAE olgele Fa ole()e BANA FaUE

g2 st YA 2 AAAE Y Gradree] dojuit BRI FEu) wgo] dojd &
A=, LAY Rt WEg, Jeg Fo] o, {7 ddE=e ot LELHIE Fol da, {714t
9 d2E EFL Fo] Jdom, JdxEHZEY dREE WEXYE Fo| rt. @FAPNES I FAE 24
Sd AR E nREe HeRRE WBe XEdues, TEael Utk

o AES Pd, Pt, Au B Cu Y=gAtEe]l 42 g@AE Tioo] d&d g vhEsol o) nade] ue
BT A e dFviEA ZEske 3le wAsksl ol WHE T WEkEe] NZE FZvuld % F7]
Ny a8 A9E S8, WesE5FE vEXHoEWF) 2 Yl EA WD) S 2] s AEY wEE
of Fasti, olE ol A% dAH Y= WA(E 1), 7 wge 545 U FEunsEe Fa uAYS
5o w4y AR WEe, TEAUHE Y LEMORRE Y SaA, WHSRRE I L DI
o] Aitell A &8d F Adnt

Hodgo] A A o], FEu) ukE Fob F44kskEe (M0l M(FE NeE B YxedAES ouhE A
g 4 Q7] wEell, M- ©RE Tioy (M-Ti0) thal, 1% w4 AtstE UxegdxtEo] 948 Ti0, &2 [(M0),~

Ti0.]o] AHEHATH(E 1-3). (M0), o HH A7 oF 3~TnmolATH( = 4). el HgFEs 7k wg7]e] &

LU=, 254, dEE2EIEWR), B 1L I-HHSAHEOMD I, olse @ drvew Ee £ A4
o ERERZ FUTFAr, Hy, E= 0,) £ske] Z1Ad (vapor phase) 0.2 wkg7ldl FHSIGITh. T frEH>

749-, 100 mW/cm ¢ A=S 2= standard AM-1.5 solar stimulated lightE AF&3IGTh. FxAAZ
Ak, AHE 58S st e 7 9 JAAZrEa I EPAAEY. E9E sEEY AAEEY dE

S umol em h & FAEG .

(1) A4 W 9 wee] 535

B 2gAES (M0),-Ti0, oA vetEat 535718 FFm) whgol 1570 Zold vtgE[R=E EA (1=1~15),
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HFeEee RE EA) H 13749 Aolg 319=E5(CH0H, HCHO, H,C(OH),, HCOH, HCO.CHs, CH;0CH.OH,

(CH:0)2CHs, CH;OCHs;, CHy, CO5, CO, Hp, and H;0)o] Frelstar, = 1o TAlE upe} o] A& AZAH o] Jrie= A
S WA 4 ~ 12). HES VS 2NE E5LUs =R FHu) Granks(R), EEYUFEEY
g Hedgze 44 sk (R), et SRR AR FEMEra HE(R), TEA 9L WEs
ZHE W2 o =e2s) g (R), EFACENE optstethze] FHugdsanks (R), L5dds|=
oF wlergo] AZH o3 wEAIMErEe] AdZuH FA(R), A EA St mIEAMEERYE R %

Wl (R) F AEFu(R) EFANS, HEAAEE 9 fes 2 2Y DNeZe] AFuHASZHNS(R), DIMeZH
B dgte 9 XELUB =R FEv] RS (Ry), 71X DMOZFE MF 2 oo 2(DME) &2 9]
s vk-s (Ry), NFE25E X

AR FE RANS(R), AF WELE FANZEIUI =R PIMRANS (R, A% WRHE e

il
22
N,
=
a0
fio
frt
o
ofd
LN
$

wA(Ry), Ax W2HEH dgs 3 ojitse

oERHE T R & LY stutS o, oA FIA vEH o] geAsit. & 2HAES RE ZFut
o}l W, B8 YuAmEES HZgRbel AS SAsAT. 1070 RSB R, B, B, B, RoRs) W
Zhme] Fapek Addglel ward FEvinkSola, B R R WE TS0 dwreEelH, & R ke N7k
FHels AL dEviRbgolal, Ri= AFA(0,) Ef7Istel MRt AEviRtgoltt. wEkA, R7EAR 0,8 AR
S R B RE SOl dojdtt. davtEE SRAANGElAL, 0o ol TSR, R, B, B R) B
v s R)EAS. R, B, R, R RS2 o oA RF TFARES]Y] wiel] Hell sl wheol A=

e, R SRANSEE M7k g,

1)

e 2 2E NFES FAsE A RoE= 27FHA7F Aok, &<=(hydrous) A2 R—R—R, L F<(anhydrous) 2=
R~k 2 R—RoITH $5ARE B4AR wo oF 3w g wad, 7] d45E $3EATh: Ak 5978
rRp>>(rRy,  rky 2
rRs ), rRy > (rRy = R, 7HE opA @402, W SRl s 438 duA ALbgke] Ru<Ru<iisaA

2 FrhEvha geld itk SuelA, FeE

b1

rR>>rRs, rR>>rRy, rRorRy, rR>>riy©)al; 38l A% rRe>>rRy, rR>>rkR©)al; °F 140814

(2) WHEEREA HES

Hee/E< 0.3% W, R B Kol aFor oAlEy] we] A a4 Holidsteant AgErk(E 4). 19

W, wee gl os] AL ot & Qe Ame FEu vlee F7] AQ wso] A4 1).
Sun light, Ar
CH,OH + H;0 B e 1)
(MO)I,,-TiO'2 =
=L g e W 7] AT BEG AR AR

gl W3l B4} 150 U1A] 340C e 254 dojdri= A
AR RE PR L2 =

ek /5 = 594, MF7F yebdr] Alzeth, mleke /S = 5000, R 2 Bol EA3tEY] il WFe 5
AEoltt, wabx, WEER H-71% wE-S(non-dried methanol), $RFIAZ Ar X L2 AMESHH £4

(60~93%) H MF(83~99%) °] 2 AAEZ YeEPITH(4] 2).

2]

Sun light, Ar or H, .
CH,OH H, + HCOOCH, + minor products (2)
(MO),-TiO, 2 3
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0.7} 2Hb7b~2 AFEEE MF(91.6~99.3%) 7F @+ FoAAFER A4 3).

Sun light, O,

CH,OH HCOOCH, + minor products (3)

2 (MO),-TiO, 2
5 AAE(minor products)®Z DMM, ¥EELH3=, o]2talets, dikstebs, oigk, 2 DMEZ} 1ed, DMME &
B AAAE(6~21%)0|t). o] WrSo HESRRE Fi W/EE WFR A3t f&3)).

7], 7k B FH N 542 wsHl WekE d8-E(conversion rate)ol]l &S WITHE 4). w
, AL (moisture, 02) > (dry, 02) = (moisture, Ar) > (moisture, H2) > (dry, Ar) = (dry, H2) <A
B 74046043126 1.0 1.09 FonE S7HE. w9, E7kER S (noisture) RO Ar7F AR
2 ol Pd > Pt > Cu > Au £A & A3Hgo] S7kdnt. 7k W& /Pt,-Ti0/Ar 271 3hell, H, 2 MFe] 7% 3mm

R

MO)n B A 7+(h)F Har A& (turnover frequencies, TOF):= Z+ZF 12,696 & 7,854 h ol QITHE 4). £ukvt
22 0,5 AMES A$- WP Ha TOFE 13,5600, i 2 0tk E A ESS] dYnd J5S n
AU 4). ¥=, 400nm E=i= UV FZ2AM 23] &2E bare Ti0, AolA], wgheZ 5 E

Fdus|=gt NF7E AdEvr Ruslon, & UHAES bare Ti07F FulE ARgE w B HFxdA=

St Zlo] off7] ujiol, E(47~52%), ESLUFN=(37%) E ek (10~15%) = T4
S AFgEtY T, EELUE =g e B (-19T) "o B9 ko] g oA Egol
& % EEq s =/WErgo] ~200]th, HREEEA o] g
AREE ), aa(92%) B o)xbslERA(96%) 7T ~2:19

rD:
N
N
[>
N
N
o
A
o
2y
o
i
of
i)
=)

Sun light, Ar
(PdO),-TiO,

Aok Rtz R 07 AREHW, oiiFErAY Eo] Fa AAER AA4HI(H 5, WWtER
Ar(M A7) E AR BeRT d3bgo] 2v) 713tk olgd ANe oW FUIRFEH EFRLUII=E
A7 et &3 5 vk

Sun light

HCHO + O, : CO; + HyO (5)
(PdO),-TiO,

te
=
ol
[
E)
3 au!
> (o
)
o
@
2
)
31
fr
oy
>
i
4
5
N
N
ko
ox
oX,
il
fr
oft
oX,
i,
k1
=)
=
1o
2
)
o
rlr
ol\
NS
&
2
M
o
T,

Dark, Ar or H,

HCHO + CH;0H - (CH;0),CH» (6)
(PdO),-TiO,

EH7E2TE 0p0]a e, PR Fo dEFn) BR2(R)e A Brks > rky W2l e FA-E0] HaL,

_10_
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7hE EEAH/PAO-TiO/Ar 270 sell, 4 B oliksleiis ~1:19] HIZ AT 7)(& 8).

Sun light, Ar or H;

HCO,H . H, + CO, (7
(PdO),-TiO,

B7F 7R Aoz miiel,

B
Z7bsiTh. e, Ak sedEn. 4 7S ERRoEvE £

A, 94 dF7r LEAeREH F2 8 olsteaR] BaE fl8 NEEAT. =M (swing)o] W
o AR AXAATIE R @t aeu, o] e ZhaAd 8] Ul sAadEE A% 2dshe
THE dojdn. old FHelM FHv) WEE Y] WS AlEE] AF B SANTE sHoR s & A
KR 71-:1;]_
2 N1 .

ROl B7FA e we ) mEl EAS fad o8] BEu) who] WelEA @] ], wW$ AUt R
TOF &A3ke B wygo] 7p~at Hh-2x 7138} 4664h71°]‘2151r. ol A dEmE HZ HauE zH(80~382 hfl)i
wom A3 7 AXujRHE AL H647 h HHTE =t e o) W

2
A 8" 4 Qa(E 6), TOFE 14950 h o2 Z7lalglth. tso], &4 dAZujsl 2], 159 A% A& 9

Edgste A o dasteas A e

(5) HgEZA WEXZHE

75 MF/(Pd0),~Ti0./Arz713}tel, =71 A

o,

egs 9

o
el

T2k, 2 8)oltt.

=1
=

Sun light, moisture, Ar
HCO,CH; CH;OH + HCO-H (8)
(Pd0),-TiO,

/b e glo), FHY THAE AW F2 R CAHBLE EAR)BHE 9, 10),

stA, FZEmlhomolysis(Ry) 2 heterolysis(Riz 2 Ris)7F SAlel 8T, 28y, rR>>(rRks=
Ri5) (150005, 2 9= <ls], 2L =7} 2 heterolysisBAAE Bt} ~280v) o] @t} Dry EEdHs=

5] @] MEel, A 02 WS f8F weAolnh,

(=]
3

5
et
>
o

ol

Sun light
HCO,CH; (dry 2 HCHO (dry 9
2CH; (dry) P40y, TiO, (@ry) (dry) €))

(6) WS ERA T HSA v g

A=3 Ry < rRE A&, HELo FEr] o DINS F& B BAZE YA AT, Moisture DMM/(PO),~
TiO/ArZ2Z3te, 8 AHES 4, W, HeE 9 X5ELUS| = (220 deE= 90%, 80%, 10% R 7% ) o]
ok, o] A, R, R, R, @ R’} cyclic pseudo reversible reactions @Alsl7] wjiol], SHl7}~e] EAo]
DMM Agh&oll N7eA 9FS w o (Aril,:0, = 1.0 : 0.6 : 1.9) (& 11, 12).

Sun light, Ar

(CH;0),CH, + H,0 , 2 CH;O0H + HCHO  (10)
(PdO),-TiO,

_11_
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HeS SZe-bare Ti0e 45, MEZE FFEWEZF 200-400nm G GolA vebgta, HoEE 320nmol At}
o] M=% ME-8-to-Ti0; A3} ©]5(Charge-transfer, CT) MER X A3}, X2, et S2HEH
A2 FFN=(E5LUE =Y S7HAE), 2 Tio, Aol F2d 2E54HE old] ddstes (T HEEE %

120, #EAH RS (RS TR AEE)S 23 Eolr] wjid dmer&rl Z38hA Tio CT 2

2 PYSHE Aow ST WF D DS FA] FAL QA8 Tiosh ok T FES I,

s
TiO el F2ArA] &olgh 7hgFanhg o Qs A &ujstd HdAES FAskaL, EL
EEARSE #Aett. Bare (Cud)n-Ti0,R wlehsE: F2¥ (Cu0)n-Ti0= 878mmol A B> Cu0 &2 W=7t veERd
oh WS FAE (Cu0n-Ti0el FZAMAL, Cu0 MEE AFA I, Cu Y=YdAES] W Z2E 2o <
o mE =L FH NE=ZF 578mmol A dEhdth. o] WMEE fi7] Foll =FA ALHow AlAE W
Cuom=7F AAdET.  (PtO)n-Ti0, B¢, UWV-7HA134d = ERL Pt (Pt0), & +EHE 5 k. dial, & 2
HAELS F Ak BEE Fol s w%s W P9 5AHeE Qs s AdusiEe dNs

#A=3to 2 A Pt,dAS st HEes E2E (Pd0),-Ti0% FFAMA] Pdo]l A9, (Au0),-Ti0, 4%,

A4 A2 obdH (Auw0), Tilx= AHS AurTi0o 2 A& 2wl gt

B odgAes F aAYSE )9k 2ol Adt: e BAEC] Ti0, £UF (T FEES FAIH(E
da, 1. CT M=ol Fo <23t o] HeESEREEH Ti,Re Az oS =i, Ti0-THE = 2
Ti0-AgE WISEAVES AT (& 4a, 11). AAELS Ti00l &vlstd Axz EA8H, o2 t7] =
A Abaeh Awby] wkgEth. Ar EBE W, 29719 (M0), 7F EAEE A%, SstE dAxs 9 TREELS

(MO), & o]%3}ed (& 4b, 1) ,Mn Z E& AWASITHE 4b, 11). FAHE Mne Ti0-ATH WEAIEZEE $

-y
WA vEERRE TioRe] B dAb o] e FW Aol Mol EAsh=s -l Al

9 A7 nE olEst (% 4c, 1D F4-FFE Mn R Ti0, - AFE WS5A7E IHIH(E= 4c, 11D).

ri

ojolA, Ti0, - AFH HMHAVIZHE & Ak FF0] AHHA(E e, 11D, 27) F27F F249 o 3 25
el =-FAE Ti07F FAAHE de, V). Faet TEAEE =7 Sag o2 Mn-Ti0o] AYHATH(= e,
V). mREH R, dEd (s 4d, D, 25HE 4d, 1D 2 WEAMES(E 4d, [IDE $4 2 dedle 2
Fast AdEES Fde

XA gea ukge X A4AdE AMe F2 FF0l Mg ogna Rud EdEd
o B o 1}

WAESC, F7] =Y E(organic donors) ¥ Ti0, E9 Alo]o] CT

3 FHEE AR ool wkgs FIANTE S s gt T W=7F 200~400 nm el A e
7] Wiel, FHEE Ax oled HIFF F UV°ﬂ o3 frEEe s oﬂ % T vk At SA3E A F
fol oehH, Fuk-g-2400 nn o]ste] TFe A &dstE o] 365 mm oAM= 13%0] =EFCHIE 4).
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0]
A

Ede g H7
=1 2 T A A wet, FEu) A 8 9 2ARA] frISRERREHY £ G4 eSS BAE
Aoltk., FAHSE, (M0),-Ti0, Fwi SAHEFHv] 93 F<F dojubes ¥HgE9] schemes %AIE otk =

Pd, Pt, Au, % Cu).

H
o
iy
2
il
oy
N
fru
-
a
o
2
i
oy
S
!
E—
off
la}
i
B
b
2
1
2
)
X
i
3
ot
1>,
H
o
D

S 4E e, e, LB 2 B FE0) Srane] oy WAUES e Aol
a, T3} WEke Abole] CT 52} sl gol e fEE MHLRRY TioRe] A% o, §

A A 9 goishE A4 44,

ofo
o
2
R

b, TiOEHE WEAY] AN L FENEHE 0),ZHEH B =g Inwe $4, 2 ooy Fube W%

¢, Mo Ti0 2§k Afol9] C

SPO|=R Mn FA, WEAVEREH @5a, TEIUI Y 4 P4, 2 olofx] Rty LELHI =g 4

a9l g%,

—3
o
}O{ 1
L
o
o
=2
o

ol

i e HES2RE Mn-gA9 TiRe HAF o] F,

F
(@]
ey
=
=
8
—\—4
il
tlo
f
2
N
rr
H
=]
=
9,
=
X
9
vl

% 62 ¥ wwel 8 Aol mel, Pd- TiOFE 100mg A o PALL AN BYF ZAA oy =

nlru

We YA fek TAF g
o, ¥ WP ANE Bake] wrk A AuPch. 2el ol ANdE B WL dAgor dnst
| 9% Aom B oage WAt ofF dAde] $gHE AL okt

P25(Ti0,) S WTAFRYEH FY&tdtt. ¢ oA EAIR w=3}%(copper acetate monohydrate), 3ZetH

(1D, 3= (11), |g=11) F3HE, ié"’“ﬂ]ﬁ’] TN 2 EFAFENE dEFA oA Fulste] AHA
glol Abgatglth. o e, 74 vdx2dolEF), 3 74 1,1 \ﬂuﬂ% ATl EHDMD & = A
3lo] a2 Abgslth. Bad AP, o]ES FEBAA(glove box) W AZX EAA| 13Xol| A etar, HEH

F A4S, QHVAFAD 2 AINBADL o]9) Pl Az ohe»}o}% e A7 TS ol
Az AFAA.

Az 1: (Pd0),-Ti0. A=

P25(3g)7F #AbEl & (4oml)oll, ALtgke] SE5ATFAES HbsaL 2A13 Fa sl e B A iz
T, HMEES Bk, oA F7] F 400TAA AN Bk AT 34 HAFS lwt%o] ATt
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271 gstEe] EERE SXE WEYd SRtAE FHAZEG. vk 3 , &
9 FuES 5 20 D ks 20 A7 A fX8GT. Wk Ar, Hy B 0,34 AEstgien, dg
A 7] (mass flow controller)E AF&3t &2 6ml/ES X35} &8
meter) & ARE38te] FA43Qth. 723 E Ul REEE V)AY g AEVY o= 2
A, WE71E T 71ZHEQr (99.9999 B2 oA F]) &

shelch, Zb wbeS dxd 9 FxAF 2 A FHu) E4) 9
FEAA FFZARA sk, Zv FEAA ESHEAA HHEEC]

standard AM-1.5 solar simulated light (HAL-30, Asahi)< 100 mW/cmZELE AbESEE Y. BEEE 1-Sun

d

o

)

checker (CS-20, Asahi Spectra Co., Ltd.)Z A}&3Fe] ZA3Fct. FFAF WAL 6 cn’olglTh, FHE ke

o & 4 AHES F2 (pmol/cmzh)i FEAeA Y. B4tol 23} HE7](flame ionization detector, FID) %
A 7Z&7](pulsed discharge detector, PDD)7} H]® sy} &= F 719 7|A ARvtE2 o] A
E SES 2002 AT F9 doldt §89 6 ZHE AFESte], AHEEY & EAsIH.

7] £ 1 WA & 3ol g A Ed Aese Y B s 2350 71AH U
[ 1]
Conpovads Injector  Injecter Colummy Owven Meth  FID PDD  TCD  Carti  Flowmate Retention
Terp pe (mavnfachirer) anizer o 235 |lmL min’ Time
(°C} ) i
H: 130 capillary Carboxen (Sup<leo) Programed' o Ar 3
cor 130 capillary cacbonplot (Agilent)  Programed' o o o Ar 30
oy 130 capillary catbonplot {Agilent)  Programed' o o o Ar 30
Merthane 130 capillary  DB-624 (Agilent) Programed' o o Ar 30
Methanol 150 capillary  DB-524 [ Agilent) Programed" o Ar 30
Formaldelyda 130 Packed Pooapak-IV (Agilent)  Isoibenmal o Ar 30
DME 130 capillary DB-624 [ Agilent) Programed" o Ar 30
Methyl fornsate 150 capillary  DB-624 [Agilent) Programed" o Ar 30
Methoymetlsnol 150 capillary Programed" o Ar 30
Dimethoxymetbame 150 Packed Tsotbermal o Ar 30
Water 180 Packed PD]-?I]:G]\. Q [ JlE.'IlE]l[I Tsoilwernal 0 Ar 0

l[lunal[emp-e'ramre%ﬂ“(‘fmﬁumn“lfnnu 659 for 2 min'20 °C i/ 150 °C for | min

¥ 290 head space-liquid sample AF&-A] GS-MSe] H24] Z7o], % 39& 6 port valve system-gas online
system AF&A] GS-MS2e] #4] Z7o] A|AIF] T},

[ 2]
Compounds Injector Temp Injector Column Oven Carrier gas Flow rate RT (min)
type (mL min™)
Methanol 200 capillary Elite-5MS Programed’ He 9 4.27
MF 200 capillary Elite-5MS Programed’ He g 472
DMM 200 capillary Elite-5MS Programed’! He 9 6.41

nitial temperature 35 °C for 6.50 min and final temperature 150 °C for 2.5 min with the increase rate of 25°C min”

[ 3]
Compounids Injector Temp Tnjecror Column Onven Carrier gas Flow rate BT (1uin)
type (L min™)
Methanol 130 capillary DBs24 Programed’ He L9 825
MF 180 capillavy DB&24 Pl'ogmneﬂ] He 1.9 8.72
DMM 180 capillary DB&24 Programed’ He 1.9 13.5

nirial temperature: 40 °C. 6 tn ¢ 15 %C min™ / 200 °C 10 min.

A9E% 10 FERA] AEe vk
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[ 4]
Table 4 | Reaction of methanol with irradiation,
ETS MEH); Covier  lepr® Reactad™ Major products M peodinets Wiass Avbince
M Gas® (Coax)
HOOOCH; DN HCHD DME % e
V YeHE TOE (b7 VM=) Wil (51 Y (S Vachd (5} Facld (5]
LR L L

154079

(]
164 {67) n

[ T e I L]
W04 005 (LI D0 o
[T 000 0s)
00T OE (DA 0T 05

[ 116 (3,60

7 015 (100} OGRS} 006 (LOW D00 (006

E 002 105} R T 8 T L R

9 0L 17} WOLGNT) 001 (00 D02 o)

13 0L 10} 00010} 000 41 10)

LE L0 1) @30} 00l [0 02 010

] ;OGO (i) 0T {110
OO 2 ) 000 4110

14 090 00l 10 Qe

15 [ [ [0

15 0o 0w 0

17 [0 0w [

[N TES [N ]
004 0 ) 95 93
nops) 9 -

[EETEE T )
09 120 s
00LE) 0D 09 ()

=
222222%%%%?{?993*??22'&}22

NOLGD) OO I8 (L6 ool 98
0052} S0 02 L0 {0 30} 018 0o ar
003007 002005 0ol 00) LI0mI 100

HES/8<0.3Y W 24 4 9 ojabslekAnt AXFHATHL). WEe/E = 5 duf, M7 YEeRYr] Al#sEed

oh(2). WEg/E = 500¢ W, MF7F F8AE] HAT3). AFEEARZ 2% ES dFste vy 9k}

22 ArE AFREE AS, 42 (60-93%) EOMF (83-99%)°] FAAER AAEJoH, DM (6-21%) 2L FEU
o

sl=, olitsters, AibsiekA, wle 9l DMESH 22 ThE F3EE (< 6) o F APER HAEHATGE, 6,
9, 12).

7b &AstE . e

=
3, R AZ(RE R) W

ERNORNE olMsHaRs] Yrhawsel $uvks 00 od A&SHAG. e, ZEN BAUNS(R)
=

| dzHlaski(r) H=7F 24 wmar] g, AEERA oA FUkeHA

B} o w@tth. @4 A Z(hydrous pathway)Zb A7) wiitoltt. 1R E EF8ta, W& g
Ar 2 &S w37 =9 o B, FESS LY WEES vhEld FUE wig Zivh. dAH e

2 o, fekEo A8 (moisture, 0;) > (dry, 0,) = (moisture, Ar) > (moisture, Hy) > (dry, Ar) =
4.6 :4.3:26:1.0: 1.0 9 H=Z Z78 ).
wetee] Uz 2N ¥ e AEE L Aeerl wlegld. weba], weke A& Pd > Pt > Cu > Au

AR F718FA T, DIMZe] A¥ =% M = Pd, Pt, Auol w2} 6% WA 21% AtolollA WAL, ey, HAME
o] &2 M= Cu (&£ 4, entry DY W wl-¢ ko, o= (Cu0),-Ti0, BF rk > risg HolFth. wEhA,

(Cu0),-Ti07}F =& Aeez 4 9 W 2 AAsE A Zujo)t),

LA R LE AEE o wieks A3E(M = Pd, Pt, ¥ Cufl A5 727 66, 43, B 42%)& RVVIARE ArE

o

AT W(E 4, entries 4, 7, D 10) Bt AAA0E AAHYUh. o= Brast WAL AV wE AV
9 AL wolFth AT AYL BAF A3, 0F puel AgHelg: AL el FALh. e, 5

FAE, M= Aud o AstEo] W7t~z Ar AFRE w) ®HT} 7% Z=7}etdYt (F 4, entries 12 2 13). o=
M=Au & wl R7} 7H Aol grte S HoF).

SHtAR 0,5 AFESta M = Pd, Pt, ¥ Cu¥d W], \F= F AAE(92.6-97.5%)°] i o|A3letirs FAE
(1.9-7.3%)°] =omw, DM, X5LHs=, disiets 9 vety 22 I (< 199 & AdEES] FA4H
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ATH(E 4, entries 5, 8, & 11). M = Au¥ wj, MF7} = ABA 8.7%) oA, ATl thE MAPEo] HFA
HATH(EE 4, entry 14). o] o] ®EZo] MF A (2] 1D)el TT’E"}‘:}% Ae o},

Sun light, O,, moisture

CH,OH : > HCOOCH,
Au,-TiO,

wEkA, A7) e WESRZRE AL 43k P29 FEv] dsle] f&3itt. SNt E 0,5 AFES w A

z]; ArE A& of B Ads] Z7kekedtk(M = Pd, Pt, Cu, % Aud$ 77 22, 57, 78,
244%). °l& O07F €543 WS R, B, B, 9 RS IAA JIEATIA, olE0] £k AAWAZSE RS
ol (0,xE o)) APl g3}

= AL oujan. AA, ArdlMe] v %S pd (27) > Pt (21) > Cu (14.6)
dE BEEE A8, M= Pd, Pt, B Cudl Aol B 7F 7hESE T AR

(R + B) > B B2 R > RYS ¢ 5 Atk M= A W, B 2 R A+

]_
zlol= A &}, FHWLAR 0,2 AMEEE ojWd AR FR FE WS ES R, R, B, 2 RO

2o
2
FN
2
o
o
ol\
_
o
k1
s
-
a
N
)
N
(e}
=
A
N
=
=
D
—_
it
N
N
ol
2
(e}
a

Ti0d (M0),S &A= 7] #F&Fv whEEoA Fa38th. FvlE bare Ti0,E AMES A9 W7t~ 9r AFaglol
o sk WA Eo] FAH R LUTHE 4, entries 15-17).

EHZFAR Ar ARt B E

3t BE7)d 20 EE H7}E & )

4, entry 18 ¥ 19 Hlx). o]= WF (Rt R) 29 B¢ ARV} EA48E AL BHolFw, o

S AR (Rt Rt R) Bk 3] AE AR =7 , HCHO, DMM, CO,, CO, % CH,
of dexe, wkgo]l g ARE IPT wjut FFs] Frskdt. o] Adbe 4 wE Wy Ro] AdH],
B B ololA R(to MF) B R(to Dol dojubi= A} dXett. g ARE B, RpUteEEs]) A9 &
T3, Ry, Ru, 2 RsEQ 7137 4 WolA, CHy, €0, CO, ¥ HCHOSl A®Lrl F7iEE e fidhd),

=
e 208 Rus B MR FEH e AR F83 e dusl=s AEA gt

_Q
rﬂi
olo
o
—d
&
o
fu
i
y
o
e
=)

gom T3 AHE MALEL SHVIAZ Ars ARSSE B4
R7F TFF] Hyoll 9lal kS wX] e AS BHAFEth. B2 7FENkEo] oYt JhsG
HABE(E 4, entry 21)L 10%2 Z71stgion, o= 7t5 %7 (16%, ¥ 4, entry 18)¢
Rol T o] EAll o8] &I, o] @Ak VAol SEAA A o]

Heke 29 3(hydration)(R)E 212A &= AL 9u|dig,

_EL 1o,
l—tl
il
e
fin}
ol
Iyt
fi
4z
)

$UbER 0,8 ST W TR FEolMel WEee] ATEL SWliE AR ASR T A=
], ol 00l dls) Rol ¥ AFEaEts AL nejEn %
CEe AgEe] B4 H Egom, WFE T2 A4Eol HUTHE 4, entry 23).

A
==
:Jk
D
=4
—
<
[\
N
>
[>
ol
=
12
)
N
)

2

TOF gzt AR 59F, Zv)] 350 mg 5 1/39] ZujZo] BAES WolSol= AL wwste] 1/3% 78
WAo] 6 cn'ol7] Wio] Zuj %o 1/6S
o wEste] P4 W pLYREY e
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oidl, $WkAR Ar BE WE AMEsHE o x7std], W29 o wE I B2 (R, B R)7E AdEo] R’
o] 7ksdol FobAaL o|ERIS Ry, Ru, R, Ru, R Rso 7137 6 Folzivh. o] ZQlE], FalEE9] Al
AesEoe] 1.2-10.5 S7FsTt. ks ZAske] Nt AR LS AREEH o RS JAsh oA
8] NF29] 1 whE 7k all(Rp) s 450 o AN, Ry D Rs2FH U FAEES A E L, DM
S Ukt Rt AR 0,5 ARSEHE, SR EA9 dRgle]l N @Y F AAER AAAETH91.6-

9.3%).

A

k1

5
X

12

©

APA3 2: ¢zA3 v v-S
[ 5]

Table 5 | Reaction of methanol in the dark.

BT  Camer | gt Preacted” Mapor producis Mizor poodocss Woass Balancs
Gas® {Coar

Hy HCOOCH,; 00,

£ 3 DME €0 C% H%
TOE (™} Ed (S} Wil (S)  Vield (S}

Teldisl  TOFEY TR Tild(sl  Vield(S)
1 none Ar 0 0 o Q Ll .00 Riltad
r Pd Ar 0 ] o Q 00 Q.00 000 - -
3 Bd Ar i} 0 0 [] D00 (VL)) 0.00 - -
1 Bd Ar [ (1] 0 Q D00 Q0 000 - -
b4 Bd H, [ 0 0 (1] s .00 000 - -
3 Pd Oz 0 0 0 [} D05 000 0.00 - -
4 23 Ar 0 ] 0T T8 D05 000 - -
5 23 H: [ 0 0 ] oS 000 -
£ Br 0 0 0 0 [4] 6D 00 -
T Cu Ar 0 [1] 0 Q 0085 0.00 -
£ Cu H: [ ] 0 1] D00 0.00
2 Cu 0 0 1] 0 Q D 000 -
10 A Ar [ L] [} '] Liling 000
1l An H: 0 0 0 Q 000 000
12 Ag 0, 0 0 0 [ D00 000
13 none Ar [ ] (] ] 000 a0
14 nons H; [ 0 0 a Ll 000 -
15 oone O o 0 0 Q D00 000 —
16dey Bd Ar 0 0 o Q 000 000 -
1Toet Bd Ar 0 0 [ Q D00 000 -
18dey Bd Q, 0 0 0 a 0o 00 =
1%uet Pd 0 0 0 0% £l Rl 000
Mdey  Pd H: [ 0 0 Q D00 000 -
luee  Pd H: 3 0 - Q D00 000
n Ad Ar 0 0 [} Q 000 000
n Bd Ar 0 0 0 ] 000 000

. _ . - )
X794, e AAET AAERA Ut (% 5). Fv FAA] 4 ZAIE(E 4, entries 15-

S, 0),-Ti0Y HBest #5719 DA WS FEvpSoles AL ANT

X

2923 3: FRA] R G2H3 LFLHIE e
[% 6]

Table 6 | Reaction of formaldehyde with irradiation (PdO-TiO; as the catalyst).

No. Reactant Camer Topnt® Reacted” H: (YY) CO2(S) HCOOCH:;(S) DMM(8)  Mass balance
Gas'  {(EM] ({Comv) C% H%

<F/M ratio = ~20, Cat, Light>

1 HCHO/CH:0H  Ac 3321 240130 (764} E05(92)  348{25) 008 (4) 0.00 97 a3

! HCHOTCH:OH H 44/1.6 150051 (4/32) an 110 (53) 048047 0.00 35 -

3  HCHOCH:OH ©Op HLE 3.8001.20 (9/77) 0,00 44087T) 007 (3) 0.00 91 -
<F/M ratio = ~0.3, Cat, Light>

4 HCHOCH:OH Ar 75 38T (1421)  6.00% 0.00 6,10 (69 18 (31) 93 -

5 HCHOCH:OH H: 34/85 8.1166 (24/19)  mn 0.00 8.30 (69) 13(31) 98 -

f HCHOCH:OH Oy TS 1030251 (3BEF) 00 0.10 1600 (91) 1.0 {9) % <
<F/M ratio = ~0.3, No Car, Light>

7  HCHOCH:OH Ar 5555 2.4 0,33% 0.00 0.22 (20) 0.6 (80) - -

§ HCHOCH:OH H 34/85 250 nn 0.00 0.35 (28) 0.6 (72) - -

9 HCHOTCH:OH. Oy 61 250 .00 0.00 0,35 (28) 0.6 (72) 2 <
<F/M ratio = ~0.3, Cat, Dark>

10 HCHOCH:OH  Ar M5 8 0.00 0.00 0.40 (9} 2.6 (91) - -

11 HCHOCH:OH H: 34/85 89 i 0.00 0.7 (16) 2.5 (84) 5 5

12 HCHOCH:OH ©O: 31775 S41530(2621)  0.00 0.00 9,90 (86) 1.1(14) 97 -
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[% 7]

Table 7 | Reaction of formaldehyde with irradiation in the dark (with PdO-TiO, as the catalyst).

No.  Reactant Czarier  Input” Reacted”  Ha(Y ¥y  COS) HCOOCH;(8) DMM(S)  Mass balance
Gas? (Conv) Cia H%

<F/M ratio = 20, Cat, Dark>

1 HCHMCHOH Ar 3321 0.12 0.0 0.12 {100) 000 0.0 -
2 HCHOVCH;OH H; A4/1.6 0.18 .00 W12 (67) 003 (33) 0.0 -
3 HCHOCH:OH On 44/1.5 0.22 0.00 0.22 {100} 000 0.0 -

<F/M ratio =~0.3, Xo Cat, Dark>

4 HCHOCH:OH Ar 4955 228 .00 000 -
5 HCHMCH:OH Ha 3461 2.50 nm 000
] HCHOWCH:O0H Cn 38/52 2.02 0.00 0.0 -

S ¥ELYE|EE 53517 oHy] wiel, ® @WxES HCHO (37%), H.0 (47-52%) 2 CH:0H (10-15%) =
|NS ALE8QITE. HCHOS vl Heo] 7FF w7] wEddl(-19T), 7] & T84 HCHOo

. RETFT) Aol A AV EAE B w6 al / B, EELUEE/HES(F/A)S ~200]t. =2 XgY
S| =/vEhE vloA, 2H7FAR ArE FulE PAO-Ti0E AFEste] FukSolrd=ded, FAYEZLYE C0,
3.48 umol® AARFUYIL, MF= %J% AAEAJTH0.08 pmol) (& 6, entry 1). = 10

EAE REEAe] mEW ) 109 0, APA EFLHI =2 EE 2719 Hyrb, WEE25E 3719 HyoF A E

O{I

wabe, FEAES|=(2.4 pmol) ¥ WE2(1.35 umol)e] WkSaFo] 7] Zshd, Hyo o]&7k (At)2 8.85 umol
olth. MFell 2 /MY F49A(0.08 umol)7F &FESH= A(o]&= H0.16 nmolol] 33 S e w HAgE At
£ 8.77 umololth. 4% Ak (Ae)2 8.07 pmolol7] wiiZel, F&[(Ae/At)X100, %] = 92%°|t}t. o] A}
E Rt Rt RARY EAEZ 4=, veLy 57t o 499 o] v iﬁfﬂw ke SA dojue=

H
Wb R B oR oAlEy.

AL gtk ke 0,5 AREE wf, olibsteka B Fo] FAARER AGHY(Y 5), AEEL FNTbA
Ars AR W) ®oh 2u) Z7hsic)

wgo] ks S7MAIA FA ¥7F ~0.32 Frashd
A sttt ddEe DIWE SAE AT AL BE

7k, MFET}: DMMo] H2o 2 SH ¥ Arhe=

ME 3 DMMS] o] Fs] F7hsky, olibsieha:
7b FA dAYG R =Ry, rR>>rRso1RE A
'\(—2: ]%j_ g%i} c,)—:]x] 0}'0:1 I‘R7>I‘Rg 4% -Q]U]t:ﬂ']:]'

=

.

e oo
N
T

FzAt 278 PAO-Ti0FZAA, W7t~ f8e] Aaglo] wl$- kel MF = DMMo] A4 = ATH(
entries 7-9). 2, THEAE, PAO-Ti0,EANA Lub7l22 Ard WS A48 u] d2AS MR oJH35] 4
FEko] DMMe] SAE Wb NP & A3 HoHUHE 6, entries 10 E 11). ol £ 2 Ro] E&Fn) vH$

olebs A Su@th S FNEI)E SWAAR 0,8 A8 GRAA, W% G2 20selN S48 2

=5
=

(16.0 pmol/cm, 3 6, entry 6)KT} & o} thaFe] MF (9.9 pmol/ cm)7F FA3IATE. o= E=v) T (R)Y
EAE ngrt. wekA, WEA SRR W7 FAHEE 7 A AR FSARMR) 2 SRR 7T
AT, FE0 AEE Ar e 1Y) #917] stelA dojdnt. Al AEE 0.9 w9714 dojdtt. A3
ZA9-olA DM Zo] THaEe AL rRerRes vttt SV FAE, A¥E(entries 6 2 12)& HW3IH, F
a3 dAFom 0, EAE EFv TAHMR)C] 0. EAIE FFW T4 () B o w2te A& HoFErh. wet
A, 0, A= R<RsolT.

A4 4 FRAA] R G2 TES WS
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[¥# 8]
Table 8 | Reaction of formic acid with irradiation and in the dark.
No. Reactant Cartier Inpur" Reacted” (Conv) H; CO:(S) Mass balance
Gas” Yield (Y.Y,) TOF C% H%

<HCO,H / moisture, Cat, Light >

1  HCOHH.O Ar 2761 > 916 (>35) 8.88(97) 4664 916 (100} 100 97
2 HCO.HH.0 H, 2761 > 895 (>32) mm 872 (97) 100 -
3 HCO.HH,O O 2761 21990 >72) 0.00 19.90 (100} 100 -
<HCO,H / moistare, Cat, Dark >
4  HCO,HH,O Ar 27.61 077 (>2.8) 0.14 74 0.77 (100) 100 -
5  HCO.HH,O H 27.61 091 (>28) nm 0.91 (100 100 -
6  HCOHH,O O, 27.61 1.02 (>37) 0.00 1.02 (100) 100 -
Liquid phase TOF 14950
EEA Z71(27.6 pmol/em) 2 F71(MEFH)E FHshs Ar 350 FRAF 243}F PAO-Ti0E 318 w370l
FAYAS o), FEA 493(9.2 pmol/ em)7F A 1:1¢ H]Z Hy, (8.9 pmol / em) 2 CO, (9.2 upmol / cm)
=

AEEAG(E 8, entry 1). EW7FAE HE AR A9ol, EFAS Wb Zopxlon, wkgd 79

B 2 AgEla. o] Adkz 2EAS] FEu) Zall(R)7F vzt HelEs AS v gt &Rkt
S AT, EEARS] W o] 2wf SUFeRSl e (19.9 umol/ cm), o= Ok V] WHEE THE
Tade] anlEn. oA AdE2 &

whse] fao] Aglo] M Aolgom, o) o wgo] AZujkgo] ohe AL ofv]g}.

b
l

[>
i
&
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Table 9 | Reaction of methyl formate with irradiation.

Wo. Reactaut Casrier In]:-uth Reacted® (Conv) HaWe¥ty HCHXS) CHOH{S) COS) COuE) CHy(S) Mass balamce
Gas® . HY%
<HCO,CH; / moisture / small CH;O]-I. Cab

I HCOWCH:HA0/CH;OH Ar .65 Q.00 220 000 477 019 38 84

1 HCOWCHHA'CH;OH H, mn Q.00 398 003 395 {03 93 -

i HCOWCHyHAO/CH;OH Oy Q.00 Q.00 595 002 G0 Q08 a1
<HCOWCHa/ dvy [ small CHy;OH, Cat>

4 HCOWCH,'CH;OH Ar G76/1.23 mn 350 061 0 207 @10 16 -

5 HCOCHyCHOH Ar 83428 Q.70 340 088 2 190 Q.13 82 9

& HCOOCH,/ CHOH H, 831316 m 9.9 ER U] 016 230 Q.00 103 -

T HCOCHyCHOH 0, 636/1.15 Q00 3.6 286 0n1s 429 .08 95
<HCO,CH,/ duy [ small CHyOH, No Cat>

8§  HCOWCHy'CH,OH o cat.  Ar 676/1.23 O nm 0.0 000 040 0.00 .00 ]

[3 10]
Table 10 | Reaction of methy] formate in the dak:
Mo. Reactant Carvier Tnput® Reacted® Hy(Y/Y,) HCHOS) CH;OH(S) CO(8) CO,(8) CHy(8) Mass balance
Gas’ (Comv’) C¥% H%

<HCOCH; ! molsture / small CH;OH, Cat >

1 HCO,CHyHOiCHOH - ] L] 1.23 0.0% 000 004 -

2 HOOGCHyHOWCHOH Hg - am Ol 2.95 0.2 000 003 -

3 HOOLCHy HyO0CH,OH oy o 0 000 4.20 00r 109 000 =
<HCOL,CH;/ dry / small CH,OH, Cat >

4 HCOOWCH; CHOH Ar G723 - - LEEi] 1.23 0.2 030 007 -

5§ HCOOCHy'CHOH Ar 234728 ! - 136 2.80 0.0k 004 002 -

&  HOOWCH'CH;OH Hz 851/3.16 - - il 316 0.6 L.10 000 -

7 HOOZCH;CHOH (8] 676,15 B - TG 115 0.2 032 00 -
<HCO,CH; / doy / small CH;OH, No Cat>

8 HCOOWCH;CH:OH no catalyst  Ar GT6/1.23 - - LX) 1.23 0.0 D 000 -

Tgk MRl A% eSS 33l webd, WF 57171 34 23] oergS $=ukdic). WF Z71(22.5
mol/ cm), 7] L 2o weto|, ArS $ubylAR ALREE FFAF 2743} PAO-Ti02 = RS 7o) 9]

gl
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uwl Hy(4.77 umol/ cm), C0x(5.17 pmol/ cm), WIEE (2.20 pmol/ cm), B A= CHol FATFACHE

9, entry 1). o= &= 19 whgAol] wWE NFe] F=m 7hpial(Rp)oll o] dojdrl. Fo] fi= 45, H =
0= FAHA &t (& 10). L3 F=r) 7heEsizt &v7baz B B 0,5 AREE o dojith (3 9,

entries 2,3).

kel Az W %7

i
ot

frebe ArsEo] F7190e FxA 2718 PAO-Ti0,R X E ®kg-7)o] E38 u
kel EEAYS=(34 umol om )9k 4| €0, CH, €0, CHOH, 2 H, (< 2.0 umol/ cm)o] FEAA @4
oju 3t AHEE FAHHA ekdrh. ol WEHE 28] LELHF =
SE Ry 2 Ry Bt 7b adtdow Aol th(rR>>rRy=rRI15) . A
WP 3 BE(Rskedll vk dEsss 2oz delgch. A SR<R<k; AR S7Ht. oj2d <
3 Wkgolth, ey, o] A3 PAO-TiOArel MY FEe) &<t Rt 7S #

AL 5] oA ol Selol el
A egel ARIATE B &
)

O
BN
oY
ob

APt 6: FZAA R GRS DN 3
[% 1]

Table 11 | Reaction of DAIM under the irradiation condition.

™No. Reactant Carrier [I]]'.th Reacred” CH;0H (5} HCHO(S) Hai(S) HCOOCH,{S) COy8) CO(S) DME (8) CHyS)  Mlass bakance
Gas® (o) % H%a

<MD, mnistare, Cat >

I TAMYHLO Ar 236 B0(15) LS0(10) fA* A0 (E0) (] 0.0 0o LSRN 7]
2 DAMMYHO H. 201 364200 LBO(LT) i 3.4 (63) LX) 0.0 ( 0.0 =
3 DAMYHO O 243 14500 D95 (3) i 13.2(93) L] 0.0 D L0 "1? 0.0 83 -
<DMM, moisine, No Caf>
4 DAMMYHAO Ar 182 - 0.3 (43) {3 (43) 0.0 0.0 00 0.0 005 {14 00
<DMAL, dry, Cat=
5. IR Ar 196 10(S) 00 (4 02 (7) LI* DS (58) 00 0.0 042 (31) 00 82 91

<D“Ll:\[. dry, Mo Cat>
6. DA Ar 191 - 003 (21) OS5 (361 0.0 00 L] 0.0 0.03 (43) 0 - -
DAIM® T perfectly doy

[ 12]

Table 12 | Reaction of DMV in the dark.

No. Reactant Carmer lnpul. Reacted” CH3OHIS) HCEHOS) H:(S) HCOOCH;:;{S) Conis) CO{S) DME CHy Mass balence
Ges® (Conv) (S} s % H%

<DV, moisture, Cat >

1 DADMEELO As 15 .04 0.00 000

b DADME L0 H: 201 1.55 . 000

3 DAY o M43 050 0.0 0.00
<DV, moisture, No Cat>

4 DM 0 Ar 1w - LD (4T) i3 (35} 00 000 0.00 000 0OE(18) 00
<D, diy, Car>

3 DA Ar W - [ALTH BN 2111} 000 0.30(67) 0.00 000 00s(11) 000
<D, dey, Car>

J 1Y Ar 157 - 005 (17 .08 (15} 000 000 00 000 00E(ST) oo

A ukel Zol, R, R, R 2 RpE 7F9W-gol 7k =3HkS(cyclic pseudo reversible reaction)<
stttk 7hE-DMM/ (PA0),~Ti0./Ar ZZstel A, F AAPES 42(90%), MF (80%), wWlEhe (10%), ¥ EE L3
= (Th)olth. &W7lAR LS AMEshd, DMe] Ad&o] AF3s] ZATTH(E 11, entries 1 E 2 WAL, o]
MFze] g Are] At 9 FAld B 2 RES 713 F7F wiiolth. o= HEE W X FUUS =7} thA] DM
o2 £3EE AL FET. /E Ae 73] FUHE QlE DMES] AEEXE A4Es] Frbett. WbAE 0,5
ALgg w) DMMe] AZEo]l A3 F7HEATHE 11, entry 3). ol R 2 MFRQ 4 9 £ A=r) 24

3l5o] DIM-A Y-S RS XFekdty] wlio|t), Lulyls EFo) wel A3SS Ar:H,:0~= 1.0:0.6:1.99]t}. HF&

oBL’
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EH4
H I H I
H-C-H H-C-H H H
O-H H-O H-CH HC=H
et §CT hver C,) H* H* (?
TiO» TiO» TiO, e e T,
Solvated electrons
H I H H I H H 1 H
| | |
H-C-H o H-C-H H-C-H H,O H-C-H H-C-H —yp—H-C-H
(0] AT + 0 2] [ o (@]
b | H Mn H | | My | | M, |
T Ti0, e _AR_e  TIO, TiOs IO, TiO, TiO,
v v
L i
H-C HH C-H H.CO Ha H,CO
o) o d
! My H My
Tios Ti0, TiO, TiO,
I I 111 v v
L i H H H,  HsCO
o HCH O -HGH  HH CH oo
. Mo e oy w9 M, 9 My 9 M,
TiO;z kX e TIO; TiO, TiO; TiC,
1 I huis
H Q OCH;
H-C-OH H-C H-C-H
H-O H-0 H-Q
d i Mn ECT Mn 1T M“ ;CT
TiO, Tio, TiO,
methanediol formic acid methoxymethanol
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EHS

Bare-TiO, (PdO) -TiO, (PtO) -TiO, (AuO) -TiO, (CuO) -TiO
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