27

SBHREILF ¥ VBRER VI
fan o v K VRO ARG

— SR ORISR T BB RRT
[F — B AR I D B —

FRHEAB”

PHOTOCATALYTIC REACTIONS FOR ALIPHATIC DICARBOXYLIC
ACIDS USING METAL-LOADED TITANIUM OXIDE

by Hisashi HARADA
(Summary) -

Photocatalytic reactions of the series of aliphatic dicarboxylic acids were carried
out using metal-loaded TiO.. As reactants, oxalic acid (methylene number, )CH,=
0) , malonic acid(1), succinic acid(2), glutaric acid(3), adipic acid(4), and pimelic acid
(5) were used. Photocatalysts were prepared by mixing a powdered TiO, (Nippon
Aecrosil, P-25) with metal powder in an agate mortar.

In this paper, I have reported on three subjects;the first is the dependence of the
methylene number as regards the reactivity which was estimated by decarboxy-
lation rate, the second is the effect of loaded metal on photocatalytic reaction
products and / or reactivity, and the third is the reactivity and /or the selectivity
of photocatalytic reaction in the solid-solid system compared with the solid-liquid
(suspension) one.

The results are the following.For the first, it was concluded that the reactivity
decreased as the number of methylene increased.

In order to examine the second subject, the dependence of the products from
malonic acid on loaded metal was observed. There was a difference in products
between Pt / TiO; and the others. In the case of Pt / TiO,, hydrogen was obtained in
the suspension system. So two step reactions were assumed as follows;

1st step: CH, (COOH), —CO,+CH;COQH::--++ (a)

2nd step

without water: CH;COOH—CQO;+CH,*+++(b)

or with water: CH;COOH +2H,0—2CO,+4H,:+++++(C)
In the case of Pt /TiO,, eq. (¢) followed the first step.
In order to confirm this assumption, the effect of water as regards products was

observed. Thus, as the third subject, photocatalytic reaction was carried out in

the solid-solid system. In this system, powdered (solid)malonic acid could be
reacled without solvent using a powdered (solid) photocatalyst.

The ratio of products drastically changed because of the lack of water. Evolution
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rate of hydrogen decreased and that of methane increased.
This solid-solid system could be applied to many compounds and the effect of
solvent (water) regarding reaction could be also discussed.
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Dependence of decarboxylation rate on the number of methylene in
photocatalytic reactions for dicarboxylic acids
1

Reactant: 85mM
Photocatalyst: Cu/TiOz
Irradiation source: Hg lamp(100¥})
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2 FRNCHNIRVENSOBRKREEE (Pt/Ti0)

Dependence of decarboxylation rate on the number of methylene in
photocatalytic reactions for dicarboxylic acids
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Dependence of hydrogen evolution rate on the number of methylene
in phtocatalytic reactions for dicarboxylic acids
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Comparison between the rate of photocatalytic reaction and that of
thermal- or photo-reaction
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— Reactant: 30%Malonic acid
- 4901 ~ Reaction time: 24h

iTherral-reaction
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K2WTR, Y2 vBORIGTREREEE & HI0KkHEFRET 5 BICBKSEEOEVWEE
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£1 Pt/TiO, g EH V70 VE (0.4M, 10er®) H B ORIGERY
Photocatalytic reaction products from 0.4Mmalonic acid
aqueous solution (10cm®) using 5%Pt/TiO,.

Irrad.time Reactant (mmol) Products (mmol)
(hr) - CH, (COOH), CH;COOH H, CO, CH. C.He
0 4.0 0 0 0 0 0
24 1.8 2.2 0.02 2.0 0.2 -
CH, (COOH), —CO,+CH,COOH - (1)
CH,COOH~>CO,+CH, +-rerreererasssnreens )
2CH,COOH—>CO,+ CoHyH Hyreeeerrenvnrens 3)
CHaCOOH + 2H20_’2C02 + 4H2 """""" (4)

# LITR LIt BRI D N CO, PIS DK iAkmk43 12(2) — (R CR L FFRORIGIc L 5
EEHLNBY, CHMELAERBERTWREWI ED» S, QROKIGREATEDS
T, ERYIC CHL RUHLBEEN 3 EL0QARTARORIEHETLTWE EBH
ha,

—75 CutBRr OIS, BiRELEE 13 PtHEBICICE Lk ERERE LA LTY
BWZ Lisghoteo Mbicidwe YIRREBE BT 5, KFE/ A5 v (H,/CH) %
Lot TORITEVEARITH L TAHRBED L SVOEATHEITL TV EDMHEET
%%, Pt/TiO, DA, Coid~o VEEEIEKEL T, BENSLIK2H
TH &ML, >EVWRORIEBELEL TREI A EMBM -7, L»L Cu
/TiO, TR, WIFNOBEETHIZLALKERELTELY, WRNORIGRIELALE
FTLTOWIRWT ED53 D o F2o Cu/TiO, TKERERIGHET LBV EIK>W0W TR,
RIfiTOY 2 VBORINCOWTEZLLBD, Cu OXKZEREEOESICHERT 0T
BRuwheEILNS,

Pt/ TiO, Yehiftic & BkFEREIC>WVW TR, Pt OKZEBREBEOESE CKkFBEBRIG
DHESZ X)) EKEFETEEELOND, TITPIRABICKERELEVWEEZ GR
% Pd i SO EFMOLM[ERAHRFL TR L, T OERRUSBOKEIEERE
ORELLTlogi 2L EHTE2ITRT, BB, T IWRLAERIGOES, KHaIRN

K6 #XHEDTOYBEREKBENDOKERERGICHNT S:ERYE

Dependence of hydrogen production rate on loaded metal
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%2 <ovEQRIR) OXMERISERYICEAT IESSBKELE
Photocatalytic reaction products from 30% malonic acid
aqueous solution using M / TiO, photocatalyst (M=Cu, Ag, Au,
Pt, and Pd). Pyrex filter was inserted for removing the radiant

heat.
Loaded Metal Irrad. time Products (cm®) log i,*!
(hr) H, CO, CH; (A/cm?

Blank*? 24 — 04 -

TiO,** 24 — 3.5 —
Cu 24 - 12.1 — —74
Ag 25 - 6.2 - —6.4
Au 25 - 5.5 — —5.7
Pt 24 0.24 11.3 - —33
pt* 24 0.48 45.6 — —33
Pd 25 — 12.5 - —24
Pd* 24 0.29 44.2 0.19 —24

— Below 0.1cm®

*! Ref. 16

*2 Without photocatalyst
** No loaded TiO,

** Without Pyrex fillter

BEBEHCETE E RICRE ORI /4 Ly 7 RBD 7 4 v ¥ — %A LRIGE O MEZE B
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ERHERES TV, 60 CERL 5 EHSEISHEL T & NP - O TREREED
PEVESHBRIEOEESEETERLWVWIELHIh AR, EIADLD
74y —E2FER LI, WThoLREERL b, XEHER TIO, T, BEKEOK
A REDNRICR L —BOBRREBRKINC L 5 CO, TH b, BFEOLMBERIGICL S
CH, b ERH (0.1em® PIF) &hic, KFER Pt 0EFETRER (0.1cm® 2ITF)
UDHERR LS » 720 Pd BEFCROEAHERIGHS TSI HL DT, 7 4+ 0¥ —2BOHAL
TRE L, R PtHE7 4 Vs —HLEESRKX2IRT, PAHEBFTHKRERS:
BRI >TWid, PtilBLoPRBETH -7, #-> T PtEEBEOEIIC, & YIKKRERK
ST L PAd BETRIEBEAERENRELLIVWI EDBSh T, TNODEEM D,
D e KFHBET BSBERAEEBHLA 28I PLHFOMEHZEA LT AER LT L
EBbHLNB,

3, 3 E-ExERigRE®
HIEHcBWT, Pt/ TiO, et 2 A Wcw o VEBOSHERIGClrERS & LT He
MR &N, FOERERE LTKDOHES LWORDRIEBIREE NI, 0, Hhbl
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E6 Pt/TiO, = A \/-fE — B RIS H 1 3 RIEEEORE Ceas
12339 2RISR 0E(L & G

Effect of content of reactant (malonic acid) on reactivity
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8 0.1 Photocatalyst: 5%PL/Ti0z (300mg)
ON Irradietion source: Hg lamp{100%)
© 0

100 200 300 400 500 600 700
Amount of Molonic acid(mg)

o

#£3 vOVEROBE-ERERUVE-RREMERIGERY OEE
Photocatalytic reaction products from malonic acid for 24 h
using 5%Pt/ TiO; photcatalyst in the solid—solid (300mg—400
mg) and solid-liquid (300mg-10cm®) systems.

System Products (cm?®) Ratio of products

H. Co, CH, GCHs H./CH, CH./(CO~CH))

Solid-Solid 0.23 154 6.70 - 0.034 0.77
Solid-liquid (0.1M) 1.46 237 1.75 - 0.83 0.08

— Below 0.1cm®

GBI B 2 KkOME£23AT 5 - ic, RIBWMAEKREREESTEEKREDE K
BERBIEERAI,

FPRICERHZED 1o, b E—FR (B00mg) & LTRIERERILE &
THRREGERE 2 Kb oo $ERER 6 1TRT, KISIEMSDIZ W E KIS D - 7223,
300mg H7c b » SPUREEREIRMAIIL TH Y, RIBWE L 400mg Gefhiy 300mg 13t
LT &ELTERET -1,

F31cid, Pt/ TiO, stz VWi, E-EREUE-#H (0.1M) <313 3454
ERTB-BERTRLFERBELDTDRLWT 250D - 1, B—BEHRThEHRE:
P N, RGBS TE3KBIEEAEGE LTV HUROKIGAET L
B>t EMNFEREEZELCND, ZOMTHOREREL THA»B T &I, FH-FHR
OFHFBE BRIV A & VEREBRKEVWEVWS T ETHD, O EEHRT B
»iz, E-ERIEE 48h 1T - Th Sk Z2DIRINA 125A 0L K 7 12Rd, KETRM
T5I LK DKERCZRLRHBEOARRAEE AL, 2 & AR D Ui,
CORRRBEREOE -HROBE (X & vy BE L KEHBDRW) 2TMFTHD,
Wo T, Bl-EREE - EATRARIORMNRIEE EMDH -1, ZORICE~E
FRTR, BE OO OEELROTOHMEERIEETS CEHTE, B-HHREREL-
TEENBONLTEND B, LWVWHI T EHBHH o1,
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7 woryBoB-EBXEERININET 5KOFMME
Effect of water on ratio of products for solid-solid photocatalytic
reaction system of malonic acid
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B8 B-BERRUB-ZRICEIZEEMEANAVEN ORREEEOLE
Decarboxylation rates from dicarboxylic acids using Pt/TiO; in the
solid-solid system and the solid- liquid system

2
Irradiation source: Hg lamp(100W)
r |
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COZ ovolutlon rate{cm?® /h)
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G EstbE 41, E/HTMAOV OB WIETHKIEEHZ L ShTW D, 410lE —Eth
WRISRTORIEHAfETH S ik b, SGHBRIETRIEHOMLBERLWELEDH 5
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