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REEE AR RN 0.8 g g T X Fe BIAIHER
HEATHORL, FATTR I IRIRE R 20 R il 45 1 TiO,.
1.2 L SRAE

ALK Fe 224 5 th H BB 5 55 8 -5l Tk
BPGi% (ICP-AES, Iris advantage Thermo Jarrel Ash)
ISE . A ) AR S R 2 TR R X SR ATT 46 (XRD,
X’ Pert PRO (PANalytical) ) #F17 24, 260 94570
N 10° ~90°, A EE 2 15°/min. 5 Hh-F] WG
JF G 1E (UV-Vis DRS) 225 78 UV-2550 ( Shimad-
o) FEHP-F] W& SOOI B gEET, DL BaSO, ShZ
o, 45 2 200 ~ 800 nm. 37 I HL ¥ B
(TEM) M37E FEI Tecnai G2 TF20 #I{Y 2% 1T
FLEE#4 0BT 78 35 [E Micromeritics 23 7] Y ASAP 2020
R BT XOGHL FRERE (XPS) RAETE VG ES-
CALAB 210 B g8 b ikAT. $LE 6% Hr1E Ren-
ishaw inVia RS FAT. R H LA A A 1Y F-
7000 B G 3 CCEETHHEA T RE S 196G IE T
PL Xe JTVE MR IGIR, WA Ny 405 nm.
1.3 S FE ST M

JGAHEAL D5 B it Al SN2 TE E Y [ 1Y 3%

BRIV R T DAH 1 W LED ST limigg
A REEA ) G, FREC 0.2 mmol 55, 50 mg
AR G, A A 8 mL LB, &
AE G AR T R RN 20 he ;45 R
J&, PREC10 mg BEAE, HELS mL ZEEINA B RV
H, RGO . B0 JE K ROV RO
S EFE(GC-FID, Agilent 7890A) 47 E BT H7.

2 R5FiTE

2.1 EAFIRRIE

N7 AT S, 8 TR ARG TiO, (P25,
J&K Scientific, anatase/rutile =80/20) F#{k, g
SCERL21 ] By 5 a5 49 58] 1 Fe/P25. R 150 T
P25, Fe/P25, TiO, A1 0. 023% Fe-TiO, A9 bt 35 M
| ALAFFLARIEE R, T LVE X JLAHE i A 2
LG, (HZFRATA S Hl &1 Tio, b2 1 FUE
P25 %3.5 £, MAE Fe B4 5 H R AL A
R TXT Fe/P25 fiEALH], HALZA . FLARNILL P25
BT 252, 5i4h, RA ICP-AES K5l 43 2|
0.023% Fe-TiO, A Fe &5 0.023%.

F1 ELFE BET RER, 7LE. FLER Fe @8

Table 1 BET surface area, pore volume, pore size and Fe content of catalyst

Catalyst Sper/(m” < g™')  Pore volume/ (em® - g7') Pore size/nm Fe content//%
P25 49 0.10 8.5 -
Fe/P25 51 0.27 21.5 0.46
TiO, 171 0.30 7.1 -
0.023% Fe-TiO, 170 0.29 6.9 0.023
45, AT Al 15 rfE AL RIAE A 2E 1T T XRD _ 8
FAECEI 1, B9 A" HI R S 2 kDA -
GLLAAD) . B PSR LI, R P25 DL S 25 § £2 2 z3eg
Fe/P25 531141 % 19 TiO, F10.023% Fe-Ti0, K ;s |& ¥ ¢ % 2 23SF
mn T ERAR SR B AR SV EORFE, R TiO, 11
REAMWERERAT B O HORE 1 522080, TR M) s |,
H O A A i AR AR R 22, AH LY iR RS AT |
BN, SR, o E R o vor A
A A

A SN BI G 20 A AR AT S0, DA R DA
B M AE. 75248 &, Fe/P25 F10.023%
Fe-TiO, ¥ Sh AR Fe BYRFIERT S0, X %
JEH T Fe 193 5 RARFTEL

K2 44 T TiO, F10.023% Fe-TiO, 15 TEM FiI
HR-TEM [&] . o b F1d 43 51 # 4~ K & 1) HR-

20/(° )

B 1 AR FRIRE b 9 XRD 75 1&]
Fig. 1 XRD patterns of the catalyst samples
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& 2 TiO, #1 Fe-TiO, f¥) TEM(a £l ¢) Al HR-TEM [& (b #11 d)
Fig.2 TEM and HR-TEM images of TiO,(a and b) and 0.023% Fe-TiO,(c and d)

TEM [&]. Hi&l a fil ¢ AT, RiBIE Fe By TiO, #£ i
R /N R 5 ~ 16 nm, Fe #5376 H 0. 023%
[ TiO, ABURIR/NA D S ~ 18 nm, FEPKIAR L)y
12 nm. [ TRAARED, WIS KRB YR
e, BAAERAR B Z . 18 b MK d Ay 4
FoftBH S 1) o DB, A1 93 530 0. 35 A110. 24 nm,
EAT S R BBk (101) MELELE (103)
X —&5 A XRD 25— 0.

HE— 2 LA P25 | Fe/P25, TiO, F10.023% Fe-
TiO, HEALFAIAY UV-Vis BBOLIE R AT LU B (& 3) ,
Fe/P25 [ P25 WMy kAL BALRe. [RIAE, A
HIHHEALT) TiO, F10.023% Fe-TiO, Lt P25 fyM ik
W Wk A B AL R SR, A TiO, A e,
0.023% Fe-TiO, HM IR AIBA W A ZE L, X
AREEY Fe MU RIS LIRSS
LA SCHRHR T8 A 45 52l 272

A, FATEE XPS 234 1R AR R I LR 4
WA TG E ML= &, Bl 4a y P25, TiO, #il
0.023% Fe-TiO, [ Ti 2p XPS j&[&. g™ L, Ti
2p,, 1 Ti 2ps, 45 & BE 43 | i 458. 8 Fil 464.3
eV, XU Ti 415y 35 LA T 8 T 2 AE e e
AP R P25 M L, TiO, #10.023% Fe-TiO,
[ Ti 2p IERY AL E AR B A 1L, HJ2 Tio, i

d a. P25
¢ b. TiO,
- c. Fe¥/P25
d. Fe/TiO;
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Fig. 3 UV-visible absorbance spectra of catalyst samples

(TR L P25 BT REL ) 1 0. 023% Fe-TiO, (]
H P25 §Eg588, K] 4b 4 P25, TiO, #10.023% Fe-
TiO, 19 O 1s XPS & &, MR A, FIuE FEA
WA XPS e, — 1T 530.0 eV Ze 47, 484k
BRI R AR UG (Ti-0) , 55— AN T 532.2 eV /2
A, WEMBILA(TI-ON) 7 i FEES R Fe
FRAME, FrLAREL Fe 1) XPS HHAL .
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B 4 f4LFI Ti2p (a) F1 Ols (b) XPS &
Fig.4 Ti2p (a) and Ols (b) XPS spectra of the catalyst samples
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TEIA 5 B AR A 4] TiO, Ay BEA SRR, X g
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em”, X5 XRD Z55—5, #REDIE T RES A BE4LT
FAZER. FRATXFEE B, (1) 5K 142 em™ Ab A FFAEIE
KB, TiO, F10.023% Fe-TiO, i S 14k 5] 55 %
BT R T WA, I HL0G 5 F 58 B 2504 Br g,

X 7RG R BB SRR i ok RO 1A [l AH G
:Eu(l)
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Fig. 5 Raman spectra of P25 (a), TiO,(b) , Fe/P25
(¢) and 0.023% Fe-TiO,(d)

2.2 ELIEREE R
2.2.1 ZUAHEACIERERI M Bk, LAXT

SR IR PR AR RO, T 4R
SAALHR, LIRS T AR AT DG T /Y
HEALPERE (3 2). SRR, RIAILR) P25 LI Fe
B P25 S AR, X B REOR A EE A Wi A
30% iy, M EH B9 TiO, LK Fe #5241 TiO,

R 2 EATIEMR LR R
Table 2 The influence of catalyst composition

on the catalytic performance *
/@AOH 0, , Visble Light CHO
Catalyst, CH;CN

Conversion  Selectivity

Entry Catalyst /% o
1 P25 30 >99
2 0.46% Fe/P25 34 >99
3 TiO, 50 >99
4 0.004% Fe-TiO, 54 >99
5 0.018% Fe-TiO, 57 96
6 0.023% Fe-TiO, 63 >99
7 0.16% Fe-TiO, 58 >99

a. Reaction conditions ; 4-Methylbenzyl alcohol (0.2 mmol) ,
CH,;CN (8 mL), catalyst (50 mg), O, balloon, a 1W LED
spotlight, r.t., 20 h;

b. The yields were obtained by GC-FID using biphenyl as ex-

ternal standard material.
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D EAETRIIRE = g Wil LK B 50% L L. 535k,
HNEFEEE T Fe BB A XTSI, 7521/
SERIEY Fe (4822 R 0. 023 % I RUR BT, HIR;
(18 Xof FH B Y R A 380 63 9% , % FH REAR R R g
FERT 99% .

2.2.2 RPIRYIFIE R BTARAR R SR S N MR R
IS [ S5 44 55 A B RO AL AR SO (3R 3) . X
TARBER AL AR UL, AR HTRE AR 65%
(Entry 1). X F & A AR BACEAREE, BURIER
7 B I0 SB 25 (Entries2-15) . g — BRI A

B, J5 0 B 5 Fh A7 BR300 H O g

HRKRAI. GBI Br i, AR A A
IKF 80% , RHRAEH HERHEFEIE R L 99% . XS T
SAHIEBUUIE PR | &L S, BRSO RN 2
R FEY I A SR A SR D0, A IO ) TR 19 WAC 3R 3 o 7
50% fit. WESEASRIE T, ZEI B BUREELE X7
N8 B2 W 235 A i TAE SR AL R AL A . BR 1 55
AAANE, FATIERE G S A 2R N 07 7 (e F) 44
fRsfl. LR OB Ry, HAAL RN 67% ,
PR SRR 66% (Entry 17).

#*30.023% Fe-TiO, A N THL S FEEUFTEFE
Table 3 Oxidation of aromatic alcohols catalyzed by 0.023% Fe-TiO, with oxygen under visible light*

OH

o
X" "R, 0, Visible light N
| R,
R/ 7 Catalyst, CH;CN &%
R
Entry Substrate Product Conversion/ % Selectivity/ %
CHO
I [:::]/A\O" [:::]/ 65 >99
OH CHO
2 //[:::]/ﬁ\ //[:::]// 63 >99
OH CHO
.o U
OH CHO
OH CHO
OH CHO
° [:I [:( 50 94
Cl Cl
OH CHO
7 ©/\ ©/ 57 95
Cl Cl1
OH CHO
8 /©/\ /©/ 80 >99
Br Br
OH CHO
’ [;f\ (jj 50 98
Br Br
OH CHO
10 /@A /©/ 52 >99
F F
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Entry Substrate Product Conversion/ % Selectivity/ %
OH CHO
11 54 94
F F
OH CHO
12 58 86
F F
OH CHO
13 65 97
H,CO H,CO
OH CHO
14 53 96
OCH, OCH,
OH CHO
15 54 85
OCH;, OCH,
OH CHO
16 65 94
0,N O,N
OH (0]
17 @2\ ©)\ 67 99

a. Reaction conditions; alcohol (0.2 mmol), CH;CN (8 mL), 0.023% Fe-TiO,(50 mg), O, balloon, a IW LED spotlight,

r.t., 20 h;

b. The yields were determined by GC-FID using biphenyl as an external standard material.

2.2.3 fEfLIEME T MER2 R RIE W, A
[y Ti0, K Fe #8241y TiO, HEALF L b AL 1 P25
L Ve fE i P25 £ n] WG T 55 & B A AL SOz i B
ARG TE. TR AT RE R Sy A i B 4 AL )
FURBOR Y He 2% i B CHL e 3% i BUR 7 il P25 /Y
3.54%, & 1), NILEENE A AWM RO Y,
AR T -2 A 2 B AR SR TR, AT 2
Wb TR B HE T X T A Fe 2% 1) TiO,
AT PR TR B 28 1y Tio, MR, AT il fE
SR -S5O E G R A K.

PL J2 il 20 1 1P 5 5 D I RS R4S e AR
M TITH . MR SEER . LRk
T 7O SR, SOtREER. B 6 A
Hilf¢) TiO, Hl Fe 824119 TiO, i) PL K IIGIE, P
TEERBIC AL, H5REE AR, R, Fe B2%0
TiO, A5 EEHAR, X L] Fe BB 7% 0] LLEEIROL AR
HLF RIS S S G L, DAITTHE (e A L 5 A1 =S 7T

a. Ti02
b.0.023%Fe-TiO,

Intensity/a.u.

480 500 520 540 560 580 600

Wavelength/nm

K6 0.023% TiO, M TiO, )5 Y6EiEE
Fig. 6 The PL spectra of 0.023% TiO, and TiO,

5, A TS VR4 .
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Preparation of Fe-doped TiO, for the Selective Oxidation of
Aromatic Alcohols with Oxygen under Visible Light Irradiation

ZHANG Li-na'?, DENG You-quan ', SHI Feng '*
(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Centre for Green Chemistry and Catalysis ,
Lanzhou Institute of Chemical Physics, Lanzhou 730000, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; A series of Fe-doped TiO, catalysts were prepared with sol-gel/hydrothermal method using tetrabutyl ti-
tanate and ferric nitrate as the metal sources with the addition of (P123 and F127) as surfactants. The catalyst
samples were extensively characterized by XRD, N, adsorption-desorption, XPS, TEM, UV-Vis DRS and Raman,
respectively. The catalysts were applied in the selective oxidation of aromatic alcohols with molecular oxygen as the
oxidant under the irradiation of 1W LED spotlight. The influence of Fe loadings on the catalytic performance was
investigated. The results suggested that catalyst 0.023% Fe-TiO, exhibited the best catalytic performance, and a-
bove 99% selectivities were obtained under some cases under the optimized reaction conditions.

Key words: photocatalysis; oxidation; aromatic alcohols; TiO,



