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Study on Selective Photocatalytic Oxidation of Ethanol During TiO, Promoted
Water—Splitting Process

Meng, Chao Wang, Hua Wu, Yubin Fu, Xianzhi Yuan, Rusheng™

(State Key Laboratory of Photocatalysis on Energy and Environment, College of Chemistry, Fuzhou University, Fuzhou
350116)

Abstract In this work, the reaction mechanism of photocatalytic oxidation of sacrificial ethanol during water-splitting pro-
cess by titanium dioxide (TiO,) has been studied. The pure rutile TiO, or mixed-phase structure titania (P25) was employed
as the typical photocatalyst in ethanol oxidation. The as-obtained results showed that the formation of 2,3-butanediol over
TiO, in heterogeneous systems is mainly due to the photochemical reaction proceeded between acetaldehyde molecule and
ethanol molecule instead of the direct coupling of a-hydroxyethyl radicals. This is different from the early work claimed that
the fundamental process to produce 2,3-butanediol is based on the direct coupling of a-hydroxyethyl radicals generated by
TiO, oxidation. The photochemical reaction between acetaldehyde molecule and ethanol molecule to form 2,3-butanediol can
also occur when the concentration of the solid catalyst was reduced to certain degree if using P25 as catalyst in heterogeneous
model, and the selectivity of 2,3-butanediol would change from ca. 60% to 0% when enlarging the concentration of P25 step
by step. However, the selectivity of 2,3-butanediol is relatively invariable when the concentration of catalyst was changed if
using rutile as photocatalyst. We thought that the distinct diffusing behaviors for mobile *OH; and surface bound *OH; gener-
ated on different titania can explain the varied selectivity when the solid concentration of TiO, changed. The generation and
diffusion of *OH from the surface of P25 (80% anatase) to bulk solution is a key process to inhibit the direct coupling of
a-hydroxyethyl radicals to produce acetaldehyde or further overoxidation products, and the reaction zone of *OH; depends on
the concentration of P25. For the case of rutile TiO, promoted reaction, the lack of mobile *OH; on rutile TiO, makes the
photochemical reaction between acetaldehyde molecule and ethanol molecule more facile to occur in bulk solution since the
surface bound *OH; can only have chance to attack the surface adsorbed substrates. This may be an important reason to ex-
plain why the selectivity of 2,3-butanediol in ethanol oxidation was not influenced significantly by the variation of rutile TiO,
concentration. All the results regarding ethanol transformation during photocatalytic process achieved here cast some light on
the mechanistic understanding of the reactions proceeded on the surface of solid catalyst in heterogeneous model and in the
bulk solution when both catalytic step and photochemical step existed simultaneously.
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Ak, REFRBAN R I AR AT AR 2
FEE 23- T %, 3 HIRAGHE T AL ML DL A
LA 52T . % AROER ] Bl PYRutile JyfEAL
i, 2,3- T R IE R T LSk 96%, 111K PY/P25 -y
PEALTIR, 2,3-T R AR T LF- 2 0%. P25 Fl& 404
i CBEAA TR AR B ZE T, (HXTZIL SR AR
KR 7] 7 — B ARG AT KGR, FRATH EEAF A
R -V N FE Y E ER IR AL (] AT R 42 i) S BE
EPEME R — AN B R 2R, JF R T B8R R =4 1 e N HY
], FRAR ST WIRAEESE > 116 R3S S N T FE X T 20U
BT BE - K e A= Sk R B BRAE . 45k, ASCLL
Pt/P25 F1 Pt/R-800 M YGMEALT, 2B 0 H AR, R
GARTL T AR FE H AR S RE R LEE. 25 5%
B, T AN 2B AW R R A A AL A RO AR
*CH(OH)CH; H HiZE BB 2 =9 2,3- T . A
—J7TH, ANFEEAH Tio, PR | BRI E R Y
BT F% BE B AL G2 OB B 2R

2 HR5HE

21 REMREEBEHREHF
2.1.1 RAEE R

LKA 300 nm<<A<<700 nm FOGIE, PYP25 N
flEALFINT, 28 h MG, LR EZET=YN B,
LR AR A AR SR A A 4%,
(% 1, Entry 1). 4% PYR-800 AT, 2,3-T — 8¢
(R0 B Tk 35%(3% 1, Entry 2), 5 Pt/P25 (AL I
IR Sk ¥ NCIRREYSNE K So S2 8y SR i
KARTEARL, BP0 v] DUEBE AL QIR 2,3-T
TEE, M P25 R AEK QR N S s I E A TR
RNIGAEZM T LS L RS RAEB NG RN,
0.5 mL 40% ZEEIA R 2K, 28 300 nm
<A<700 nm KBS, EP PRI E] T K
B 2,3- T (3 1, Entry 3). FiR%E BUBIE NG
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2 RONAETHEAF] 1>300 nm [ROGHECR T AA 80k 4
BRI, FRATT A3 AR T AL ) PUTION(PY/P25 Al
Pt/R-800) Fl £, [ - 7, B 55 WA 22 1) 58 40 T L R A o ot
45 R, PY/P25 Al PY/R-800 34 A WY/ T 385 nm [
(Bl s1), 2R & LT R A BERUCNT 370 nm
HIFE(E $2). A T HEBRA NI A R B ek & B
T, AR 370 nm Pk 1EEE HIEE /N T 370 nm
B 6P (A>370 nm), LB, Joig 2 L PYP25 iL 2
Pt/R-800 MMM R, & &TH LB L
W, HRIEIHTE 2,3- T B WAERGR 1, 4~6). Lib
SEEGRE, 2,3-T R ERH O CBERNOLEE
A s CH(OH)CH; H B AR PGRTS, TiO, e
AL I B R B BT e AN 2 32 B A

T W Z B AL AL SR

Table 1 Photocatalytic oxidation of ethanol

Selectivity/%

Entry Cat. A/nm Yield/pmol
2,3-Butanediol  Acetaldehyde Others

1 P25 >300 1023 — 96 <4
2 Rutile >300 243 35 63 2
3 No >300 185 75 — 25
4 P25 >370 92 ND 98 3

5 Rutile >370 54 ND >99 trace
6 No >370 — ND trace —

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“General reaction conditions: 30 vol% aqueous ethanol solution, 10 mL;
Pt/TiO,, 20 mg, containing 0.4% (wt) Pt; light, A 300 W Xenon lamp; reaction

duration, 8 h.

2.1.2 EPR A &7

RTINS A S L P B s £
BHERZ AR, WAHE TR MR A TFEE S
AN B R B S E B A B H RO R AR TR
AHRGE T Ni/CdS fERT WOGIE A N EEL AN L
L it S A A P S B A 2 B R L O T
o BRI I LB 1 2R 5T, BRI T BEAE
JeHEAL ) R T AR A T B (B 32 S 4 1 R,
E A AT B0 52 . 20 77 25 HF 7 S IR ] 44 A 44 751 2%
T, ANReHE BB, B DUIX ZEH 58 A B A 280
TR BN A TE T VR 2 b = R 1 ) B T TV R R
TR R B0 s AL

ACHRIRIE TR E B LS 2R N AR R
«CH(OH)CH; [ H15E207221 5455 B 1o+ 1) W 4 o iR
W), TiO, 8% ZnO 1E N M#ALF], ilit EPR SZI6UERT 1 HEE
Je5eOH [ H3E AN AR 287U M AR s CHLOH H H
KL e ke AR R B3 O Ak
PbBi,Nb,Oy 8 CdS Hf(E 44(PbBi,Nb,Og)=2.3 V vs.
RHEP*; E 44 (CdS)=1.9 V vs. RHE®; E («OH/H,0)=
2.7 V vs. RHEP?), 7R 468 T 5 iR 2] -CH,0H
H H13E. K DMPO (dimethyl pyridine N-oxide){ }
P S AR 7 B R 1 R R =4 R IERAT T
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Pt/R-800 14 % H5) v] LU £« DMPO-CH(OH)CH; H Hi
HE5E 1, ¢, TAIE s3), (EARER ISR [ h3E
[A7AE, UiBH-CH(OH)CH; H 3L n gt 22 H 2
WO FREA K. S LB B LB W
i, FEEA RN E-CH(OH)CH; H A 1, g). A 1>
300 nm FISEIR IS S LBE K L REF AT ARSI 32 55
FEHAK )«CH(OH)CH; H B34 5 (& 1, h).

(@)

(b) ‘DMPO-OH

(c) 'DMPO-CH(CHS)OH

Intensity/a.u.
©

(f)
(9) V | “
(h)
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Magnetic Field/G

B 1 LAMDETFRPERPEE DMPO 1 HFIRRILRERE. &0
JCHEIR (3415 180 s, PY/P25 FE4L L 1 (a), FELL/KT1(b)FIE ZREIK
T (c); PYR-800 £ LEFHI(d), FELUKAHAILES LEEIKERH (e
D), LB ZEERNR AW, 2>370 nm (g) A1 2>300 nm (h)

Figure 1 EPR spectra of the reaction mixture containing DMPO under
UV irradiation (4>370 nm). Condition: irradiation time: 180 s, Pt/P25 in
ethanol (a), in water without and with ethanol (b and c); Pt/R-800 in eth-
anol (d), in water without and with ethanol (e and f); acetaldehyde in
ethanol solution using light wavelength >370 nm (g) and >300 nm (h).

BT BRSNS B BT ERAE R, AR
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H W5 2 8 &M CHOH)CH; H B,
*CH(OH)CH; H H 3 F 5 2 7k« OH, B H 3 [ i A il 4
. A A 4)-CH(OH)CH; H I3EEARE 4 2,3-T /%
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TEOLT, 1% B35 A 5 0 B 5 R AR AR I R
PR 23-T SRR A, 1A MG N AR R
2,3- T M AR S AR M AR R AR, R
T, WHRRRT OIS CREIRSS 5 R A i, 7=k
P 5 T *CH(OH)CHs, X & [ Hy J& 7] 28 filf 46 A5 3¢ 7~ A2
23-T R, MR, b THBFHMH S FHEDCEK
4 & B, DMPO Y & i1k % J B % % -DMPO-
CH(OH)CH; )38 % 5% 4+ A ik 15 4y - -CH(OH)CH; H H
MR, TR AR M S 3 P IR S 41 ' e A 0 3]
*DMPO-CH(OH)CHs.

DMPO

CH;CH,OH \?,
(OHS diffusion

CH,CHOH
Surface: ( >_<
‘OHg or h*

CH,CHO

CH,CHOH

hv Fast CHsCHOH
Bulk solution: CH;CHO+CH;CH,OH —> ﬁ — |

. CH,CHOH
CH,CHOH

DMPO

B2 2 SRR G AT IR B2 SR B
Figure 2 The processes of the photocatalytic oxidation of ethanol over
TiO, and the mechanism for the organic photochemical reaction
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Figure 3 Yield of product and product distribution over different con-
centrations of Pt/P25 (a) and Pt/rutile (b). light, 125 W high pressure Hg
lamp. Reaction time, 6 h.
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TH] 72 A2 [ -OH, N BE KA 36 THT AT 7 28 ¥ Wi 9 7% i ~OH,
SR R P IR OH, 2R RE ML FI R T B2
T R YRR .

T AL OIRIGHIEIGHSLA Choi HIE K, A
RN R ORI 2R R BT R MEWE4W
TN AR BURLTE £ B KT R A Y A1 A,
13 PyP25 HLAEAGTFIHR BE AR (0.2 g/L), fHEAL 7
Wi (A EE B AR EOR, P25 RIEFSA R [ L 5
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B SRR EAE 10 CAEA, JIEN 125 W B HER LT,
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Pt/R-800 ¥ Ji &

Figure 4 Proposed mechanism of the possible oxidation pathways of sacrificial ethanol during water splitting. (a) the concentration of Pt/P25 (80% ana-
tase) is low; (b) the concentration of Pt/P25 is high; (c) the concentration of Pt/R-800 is low; (d) the concentration of Pt/R-800 is high.

T e 8 mL B EIK(V s - Vowewe=23 © 1), FRHL 2 mg
) Pt/P25 JEB T 5 mL Kb, 800 iE e BE T
JE, CREFVEM, MIEMHECH 200 uL F 100 mL A=l
o, AR TN 5 mL f1FEK, HEI/KE 100 mL
ZIFELR, 7850 PE5). [FBE, PYR-800 3% ik J7 ik,

4.3 SREAFIFRIE

S hh—] Wi 56 (UV-Vis-DRS): {85 K+
i E 25 /NFL 4 BRI Varian Cary 500 Scan 7Y
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RESERAC B e, AR =iE, L mids 3512 G,
IEANZ 9.79 GHz, TAETh# 5.05 mW. K HJiedti 4
A 5,5- - F Bk -1 -1k v ik - 20— S AL ) (DMPO 7KV R,
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