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Electrocatalytic Oxidation of Glyoxal on Ti/NanoTiO-Pt Modified Electrode

CHU Dao-Bao™ HE Jian-Guo HOU Yuan-Yuan XU Mai WANG Shu-Xi
WANG Jian ZHA Long-Wu ZHANG Xue-Jiao

(Key Laboratory of Molecular Based Materials, Anhui Key Laboratory of Functional Molecular Solids, College of Chemistry and

Materials Science, Anhui Normal University, Wuhu 241000, Anhui Province, P. R. China)

Abstract: A nano-TiO, film electrode loaded with Pt nanoparticles (Ti/nanoTiO,-Pt) was prepared by a sol-gel
method and electrochemical deposition technique. The formation of an anatase phase of TiO, was confirmed by X-ray
diffraction (XRD). Scanning electron microscopy (SEM) images showed that cluster scattered state Pt particles were
distributed on the surface of the multi-nanoporous TiO; film and the average particle size of Pt particles was about 25
nm. The electrocatalytic oxidation of glyoxal on the Ti/nanoTiO,-Pt modified electrode was investigated by cyclic
voltammetry (CV) and chronoamperometry. The results showed that the Ti/nanoTiO,-Pt modified electrode exhibited
significant electrocatalytic activity for the oxidation of glyoxal. The oxidation peak potentials were 0.60 and 1.23 V (vs
SCE (saturated calomel electrode)). Current densities were 16 and 42 mA -cm™, respectively, and they were about 2
and 1.5 times as high as those of a pure Pt electrode. The reaction process was controlled by concentration diffusion.

Key Words: Electrocatalysis; Ti/nanoTiO,-Pt modified electrode; Direct oxidation; Glyoxal; Glyoxylic acid
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F20% 1 ZFERR, it P BAAR (A% Ak F o, il 5
P HL 38 T 18 T I FH 32 S R 2 e i 4 Ak
LR Cral Brov BERAE IR AR AL S
R OTERR™ M, ] A A R E R T 20% 11 L ETR,
(EAFAE SRR ol ™ o, SRR 78 < 5 itk T

=, Bl ) A AR O K R e, H R S R
B L R T 2 AR R AR, DRI R S v AL
TP FIRS U M B T B AR AL B, IR R BB S
PR 1) 3 ks T SEE R AR SR A I - e L T
FRYE £ Ti BE95°K TiO.-Pt(Ti/44 K TiO,-Pt)HLHL,
FH X BT 5 (XRD) i HE - I fU % (SEM) X HL
WA T RAE, PG FRR L (CV) RIS L it e Y
T Ti/AK TiO.-Pt A& H AR X &, — 0 B F AL 1)
FL A A b T 2

1 ZWEHS
1.1 #REEE

L TEA0% (5T 5 730, w)) /K, 116 [ 24
A B2 w), A4 4l JoK O/ SRS B U T 3
TR I SRR BRI SRS AR
B o B ki i R ZR K B, Ti 4@ R
H TAL BRI 28K 4 & (B FE R 99.5%, w). HLAb225E
55 {8 FHCHI660A FL fb2% T-/E i (USA, CH Instrument)
FILK2005 AL HL Ak 2% 430 B 2R GE CR 2= J1RHA H).
SRIX HUTh s 1 (g 4 ) BT ), XA i
(XRD) izt fii ] H 7 (Shmadzu) 2E 7 ) XRD-6000
I X SR ATEHY, Cu K,. SEM i ] FE-SEM
T W W45 (JSM-6700F, JEOL), IR Yti% % i FT-
IR8400s T 37 AR 42T S %Y (Shimadzu, Japan).
1.2 Ti/#h% TiO-Pt EEIREYHI & RA4E

YR K TiO, VS I e SCHR 7 iR =0 . 2hEk 4
SR ALITT KN, Zead poRL 204, AN RS 1 4 NI
WPARHT IS I, U N TG 7K £ B U i i, P
NSRRI C —BEARBLE A 1) IR A R s
PE 1-2 min, F R ZEIEAK IR JGIK A5 HE
PE 10 min, RHAFRPLEA K TiO, IR EAER
T V0 Ti SR B, AR TS AELT AT T A
15 min, 285 B T S 3P o E 450 C)F54E 30 min,
BHEIG. BRI FRE A 4-5 ¥k, B Tisgh ok
TiO, JEH . K Hil 75 A9 I L A 7E 5 mmol - L™ HyPeCl,
F4) 4t T V5 W T PRI IR 22 9 R A T URR Y, A
-0.2 — 0.4 VEALEM N 608, FAE0-0.4 VX

PLAE T F14E 30 [, B Pt 94 KORE F 2 HIUTE 90 K
TiO, B |, #1458 Ti/44K TiO.-Pt 541 H A (Fa A% i AR
0.01 cm?).
1.3 EIMARFTEERAR

32 E AR Ay 1 T4 = B W B2 TG B M s v
fEFE. L TVA4K TiO.-Pt AR (0.01 em®)VEWF7T HLM,
KIAIFL Pt i AR VRS B AR, 2 E AR A T R H oK
HLH%(SCE), Lk 0.50 mol- L™ H,SO, A 3¢ 137 Hi i i, 2L
A8 2 R MR B2 (0.10-0.40 mol - L) ZE A [ 451 4 14
KRS EEIRZE LR, i H i 2R A 0.30 mol -
L~ Z & 0.50 mol L~ H,SO, TR £V Wk S v, fiF
W, T A R 0.6 V, HLf# 60 min, IFFEHLTR S
BF ] A OG22 R A L f R A 22 L AR 31 110% 318
HL i, SV O AR TR Tk A VA H) A, A
e FLLAM St 7 Py kA 740 B, Ha Ak 28I 1
SEIE A G IR A TR A R S R TR B
FEZ AR T T

2 FER5H
2.1 XRD #1 SEM F1E

B 1a Ay F i -8 Be 72 1 28 19 44 2K TiO, 1Y
XRD . AL, 442K Tio, (1) 5 5k H— 1 B sk
W BIGER . SRR IIE 23 % (101) . (004) L (200)
(105) . (211) . (204) 55 fh 18, R F 1Y F- 2 K/l 1
Scherrer /7 2(d=0.9A/B,xc086, A=0.154056 nm, 6K fiT
SN R FIRTES AR, Bue M 260 {ELIR I SE) TR 20 R
12 nm.

E 1b R TS 2 442K Tio.-Pt i) XRD &,
PET v H B BT 5 04 (AN Sk T 7R ), dRc s UG 1Y) 26 AT 5
il 39.76°, H HBRAE 47.89° .68.42°Fi1 81.20°4k,
3518 Pt B (111).(200) . (220) F1(311) & i A7 5 1,
W13 Scherrer J7 25 Pt 40Kk T BRI 2 240 20
nm.

P12 Ti/ 48 K TiOJIE FITi/ 4 2K TiO,- P8 T H 4%

i) SEM [&l. i[RI D, s AR 2 1T 1) TiO, g Z2FL Ik
S5, SERIRIAR R 20 nm, R K/NEE ST XRD B
U HE SR R R, i R %) i DR T B s R R A T g B8 g 3k
TR G AR A1 SR 1 G . HETTORR Pe 4ROk T4t
AT EAEGIK TiO, B I I, T8 LR AR K A 44
K Pt #%, FET A XRD BRI SR AR, P4
KL T WKL AR 2 H 25 nm, Pt 44 K250 4 A+
P v AR Y L T
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Fig.1 XRD patterns of nano-TiO, film (a) and
nanoTiO,-Pt (b) electrodes

&l 3 rh ) SEZR LR 43 A Ti/4HK TiO.-Pt HE
WAE 0.30 mol - L™ Z % +0.50 mol - L™ H,SO, I& K
HUFD 0.50 mol - L™ HoSO, FH YRR & 2. MIA 3
AT LB A Y, B A AE 0.50 mol- L™ HoSO, Hi AT
VR XF P R O B P A 0, 2 S A OK P HL A 174 LAY
H A 27 AR 220 A 20 R S WLER B IR R ALY
W 0 BT FEL 3 8 Sk 2 A, SR ZREAE P UKL FB
UL R S W B R B A FRL A7 IE 1 FH £ 0.60 il
1.23 V BPIRES RN A AL, 55— 8 AL (% DR
P EHERA ) QR 5 A A AL (0 1D
L BERA ) G RETRAE R T — 2 b &
TR I A A HEEE, Pt AR AL FITE 043 V A

Fig.2 SEM photographs of Ti/nanoTi0, film (a) and
Ti/nanoTiOPt (b) electrodes
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Fig.3 Cyclic voltamograms of Ti/nanoTiO,-Pt
electrode
(a) 0.30 mol - L™ glyoxal + 0.50 mol+ L™ H,SO,,

(b) 0.50 mol-L™" H,SO,; scan rate: 50 mV +s™'
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e b (R A~ 48 AR DA (06 T N0 T L 3243 oA 4 Pe f
e B2 F11.547%, F I Ti/AN K TiO.-Pt HL A 4 £
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Fig.4 Cyclic voltamograms of 0.30 mol-L glyoxal on
different electrodes
(a) Ti/nanoTiO,-Pt, (b) Pt, (c) graphite, (d) glassy carbon;
scan rate: 50 mV+s™; 0.50 mol- L™ H,SO, solution
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K 6 T 7E 0.30 mol - L™ Z ¥ +0.50 mol -
L™ H,SO, i PN [ 3 3 T & ZRELE T4k
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Fig.6 Cyclic voltamograms of glyoxal on Ti/nanoTiO,-
Pt electrode at the different scan rates
0.30 mol-L™" glyoxal +0.50 mol-L™" H,SOy;
scan rate (mV +s™): (a) 25, (b) 50, (c) 100, (d) 150, (e) 200;

Insert is the relation of j, vs v"~

Jomv PR ZRMEIEK OE R (S L E 6 N A &), T EH LY
PR 5T XF £, R A R T A T R B M,
HA A o) A O PR 0 O ) R AN/ R T Y R
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2.4 ItEERMR

& 7 SN Ti/gh >k TiO,-Pt e W% A1 4l Pt Hi % 78
0.30 mol - L™ Z, [ +0.50 mol - L™ H,SO, & & F{H
FE AR LN 0.60 V HLAFE 60 min 911 HS HL I HR £&.
B R G EEHE T ACE 2 S, 5 min
JEH RS, EHZE a Fl b FTLIB B R, &
TEAETIANK TIO- PR b 1 EL 2 A AR S L It
R 46 P AR BB AE, H 28 60 min HLR)S
e i AR AT DR AR 5 v ) PR A% B FRL S 15 3 1)
A, ML S5 50 °C, 5 3CHER291484F, IEBTE &
BB — /KA. R EA T 21 /MG AG I (eI ), LA
AE W S I A 1742 cm™ (B 3E) . 1634 cm™ (FR3E) 3650
em™ (K5 F O—H). 2% B, SFrUER IR 3% K —2L,
KUY R —IKEG CEERR, 77 %R 63%, HILAE
Al 3k 84%.

T LI AR L AN st e 3 I S o 5% e B, T/
YK TiO,-Pt HLMR N 2 — 1 B 3 | AL B Ak
TEE RS E R 7ER6700.60 VY —ANE AL I (1
oh & R E AL LR, 1.23 VINEE —/NAdk
g (U X)X 0 1 A Ak 7 ) & T T A W M 4 T g
— A R W T R TT (I HL L 254 0.63
V, K A7 254G 1) T4 0 Ha A v A G i S TE R
G RI Y £ BRI AR R T DL Clal Broy 5 11
]2 H1 4 Ak, H Cl/CI A Bry/BrHa Xt it B M Ha A5 43
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Fig.7 Chronoamperograms of glyoxal on
Ti/nanoTiO»Pt (a) and pure Pt (b)
0.30 mol - L™ glyoxal+0.50 mol+ L™ H,SO, solution at 0.60 V
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51 1.36 V 1 1.06 V(vs NHE), B A58, 75 5 itk —
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E,=0.60 V(us SCE)
OHCCOOH+H,0-2¢—HOOCCOOH+2H*
E»=1.23 V(s SCE)

3 & 8

K P I -BE RS 26 T Z4LA0K TiO, B,
3 L TR LEGK TIO, R B Pt 91Kk +
AR T4 K TiOL-PEE B, PEN K T35 1 b 7 HUAE
Yok TiO, F T, FARZ A 25 nm. fEIRR 2L FTT
I EEL I R 45 B, T/ K TiO,- P i v 1 %)
O R B AT S B A T M AR e, A
0.60 F1 1.23 V(vs SCE) i #LHA~ B i B9 AT 386 401k
U, 43 SR T & I AR AR R TR RN LR PR AE TR
LN FAAE N 2 R, NI R A 25T HE .
Ti/48 K TiO-Pt &M AR AT BAE N & B H AL &
T LT R 1% v i P A A LA
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