¥ F IRk

RIEL

Article

ACTA CHIMICA SINICA

DOI: 10.6023/A12100830

CdSeTe NSs/TiO, NTs HIH| & R E L EENLILIR CO, IR H
e IHHX HKER R
Wik  FREY Fuzt

(AR R =222 SRR R A2 B 289 271018)

WE FIFI/KIIENG CdSeTe 4K Fr 4146 3 TiO, AR FES L, #145 CdSeTe NSs/TiO, NTs fi4b7. H4I#H+ B
5% &I (SEM)FI T 23 935 5 L 1 S s TRl (HR TEM) ] 41, CdSeTe S/ IRIAAI AT A KT TiO, NTs _E. X 24755 (XRD)
BB Pk CdSeTe A (100)- (002) T AE K. BRI I8 AT GRE(UV-vis DRSAZ ZIFEHKIRERR N 1.48 eV,
X S8 HL T R (XPS) B 45 BN AT A7 0 1.02 eV KRR G Ha A A3 S 1t BE A K L, CdSeTe NSs/TiO, NTs 55
FLIE TiO, NTs HHLL, JEHRINST CO, ¥ i 25 B B 3 . R AAH G s A I &2 B0 HL AL IR TR CO, 19 671 H
FER LI SR AL BT VC BTG . At s et R R R Pk = TTEAT T R

FKHEE  CdSeTe; TiO, NTs; JeHEILIER; CO,; REMFILAD

CdSeTe NSs/TiO, NTs Photoelectric Catalytic Reduction of CO,

Jing, Hua Wang, Huying Xu, Jinfeng Sui, Xiaona
Hu, Haitao Li, Peigiang* Yin, Hongzong*
(College of Chemistry and Material Science, Shandong Agricultural University, Tai'an 271018)

Abstract The TiO, NTs was prepared by means of anodic oxidation method at the applied voltage of 20 V. The electrolyte
consisted of 0.8 wt% NHyF, 1.6 wt% NaSOQ,, and 10 wt% PEG400. After 3 h anodization, it was rinsed with twice-distilled
water and dried in a nitrogen stream. And then the amorphous TiO, NTs were crystallized by annealing in oxygen atmos-
phere for 1.5 h at 500 ‘C at both heating and cooling rates of 1 “C+min"'. Subsequently, the TiO, NTs and CdSeTe precur-
sor solution were placed in teflon-lined stainless reactor at 120 “C for 2 h. Then the CdSeTe modified TiO, NTs were dried
at 80 C, at last, the modified TiO, NTs was treated at 500 ‘C for 2 h under nitrogen atmosphere with heating and cooling
rate of 2 “Cemin”'. The catalyst of CdSeTe NSs/TiO, NTs was gained finally. According to the SEM (Scanning electron
microscope), TEM (Transmission electron microscopy) and HRTEM (High resolution transmission electron microscopy)
testing, it showed that the CdSeTe was sheet morphology and grew on the TiO, NTs surface parallelly. XRD (X-ray diffrac-
tion) characterization revealed that CdSeTe NSs had preferential orientation along the (100) and (002) direction. Measured by
UV-vis DRS (Ultraviolet-visible diffuse reflection spectrum), it got the band gap of the as-prepared catalyst material, 1.48
eV. Processing XPS (X-ray photoelectron spectroscopy) data by Linear extrapolation, we got its valence band located at 1.02
eV. So we could deduce that the conduction band minimum (CBM) was located at —0.46 eV. Under light irradiation, the
photoelectrocatalytic reduction performance for CO, had a significant improvement compared with TiO, NTs, it expressed as
the great increase of reduction current density. In the photoelectrocatalytic reduction of CO, process, methanol was the major
product identified by gas chromatography, and the excellent reduction mechanism was explained from the following three
aspects: energy band match, electron high transport ability and the stability of catalyst material.
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2.1 CdSeTe NSs/TiO, NTs #4892 57 FRAE

K 1a /& CdSeTe NSs/TiO, NTs ) SEM &, CdSeTe
NSs ] TEM &A1 TiO, NTs [ SEM &, 11 &R LA b
FE R I3EIM) CdSeTe Mk FREMAEK, KRR
SF2) 450 nm, /ANFIRSEZ) 100 nm, $EE 18— 5k
CdSeTe gk Jr, Ht—Lur#] 7 Frf3 2¥) CdSeTe NSs
R, JEH R AT T KA S S M S AR BT
TiO, NTs i, i# it & 1a FI4£F 0T LLE TiO, NTs 47
7, FF H hifd Kl 2 7] LUE 2 BTl 461 Tio, I — 88 1y
MK E RS, LERLH 90~100 nm. K 1b &
CdSeTe NSs [] HRTEM, A TSR] T 44K 7 ) 454048
LA, FRECERAGIK iy 7 I AR K, AN T )
MR AR TRV B3 31k 0.39 F110.36 nm, R CdSeTe [IFRUE 5
& TR L, 233l %F Y. (1) 4 CdSeTe [13(100)F1(002) 4 I

Bl 1 (a) CdSeTe NSs/TiO, NTs ] SEM K|[CdSeTe NSs ] TEM Kl (4
& 1)1 TiO, NTs ) SEM El(Hi & 2)] % (b)CdSeTe NSs [¥) HRTEM &
Figure 1  (a) Low-magnification SEM image of CdSeTe NSs/TiO,
NTs [TEM image of CdSeTe NSs (Inset 1) and SEM image of TiO, NTs
(Inset 2)] and (b) HRTEM image of CdSeTe NSs
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) UV-vis DRS & K (c) CdSeTe NSs/TiO, NTs 161 f&s 4 H7 &
Figure 2 (a) XRD patterns of the as-prepared materials, (b) ultraviolet-
visible diffuse reflection spectra of CdSeTe NSs/TiO, NTs and TiO, NTs
and (c) plot analysis of optical band gap of CdSeTe NSs/TiO, NTs
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I R ¥y CdSeTe NSs ¥y A ) XRD &, P& A 477 5 0ee s Fi5 4
K, WETIZEE LI CdSeTe NSs FLATHH 1) 5 AL 45 H4).
7E 23.02°, 24.28°, 33.26°kb43 7% N4 CdSeTe NSs [
(100), (002)H1(102)dh 1, FAHFILMESENY a=
44613 A, ¢=7.2452 A, iXYj CdSeTe ] JCPDS < (No.
41-1325)AH—3%, RFPrI& A EHE CdSeTe. ot
CdSeTe #(100)F1(002) 4 1 5E 7 24E K 4518 5 HRTEM
HIRAEAF BRI IS —, X FAPRNE(02) S A, &
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RIS O] REJE T AE RO R I8 ) FE AL/, 2 3GE] R )
TiO, & AK/D, KAEAE XRD E AL TiO, flfT ik,
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TAER GRS, B 2¢ il it (ahv)? 5 v FEEAS— 1
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A AL TR BT B 1.48 eV, Friil A4k B
5 SR BITRIE (1) CdSeTe M B(1.98~2.17 eV)P L,
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M3 5 T RSB IRAR H2E.
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1.02 eV 4b. HATTH UV-vis DRS 75 2 Bt 8RR B
N 1.48 eV, FATHT LLE— 20 15 2R ORIE S A B A
—0.46 eV Ab.
2.3 CdSeTe NSs/TiO, NTs I B I eI

K] 4 J& HLBZAE 0.1 molsL ™" KHCO- A 1 751142
PR 22 (Linear Sweep Voltammetry, LSV)HHZE. 7K
TR COL AL R HL IR (K 7= 2B YR T 5 TH: — /27K
WA Hy B AR, o CO, AR 5 T = 2 1)
HLIR. AEMTEZ AT EH L, CO, it i 3, AE sl b
FHRITEA LS, BT CO, AR ISk a4 VY, 1t
LR B 238 0, AT LUE 2 CdSeTe NSs/TiO, NTs
#) LSV gk ab7E TiO, NTs i _EJ5; ] LAE BI/Ek
N, e CO, Ji5, 7E TiO, NTs b jiti i — 32 [ L R I, FELi
HHTHE, BT COy A — & LA I JRUCR, (1
FEAEIIGE, WML TFRA S, 3B TiOo, NTs Fob
X} COp JUT- AT MR R 76 TiO, NTs 4%
CdSeTe NSs Jii, fEill CO, PR it hn— 2 1) HLH I,
HO R S e KT TiO, NTs [FI(hek b>e), fEiE—
HEANJEIR S, XA TP R B K (4 a>b),
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Figure 3 (a) The wide scan XPS spectrum of the composites and (b)
valence band photoemission spectrum of CdSeTe NSs/TiO, NTs (solid
line) and its Gaussian fit (dashed line) (the spectrum was smoothed and
baseline corrected)
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Figure 4 Photoelectrocatalytic CO, reduction of CdSeTe NSs/TiO, NTs
(a~c) and TiO, NTs (d~f)
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2.4 CdSeTe NSs/TiO, NTs B {E{LIR]R CO,
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Figure 5 The time-dependent histograms of methanol concentration at
different potentials
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IR BHYGHEOR R, B2 AR G R SR AT s (R
2b). S AL AL LE —0.46 eV, T CO,/ CH;O0H [1)
R AL —0.38 'V, IR BT 288115k Eh T CO, i
IR JE K FEE. A B AL 1.02 eV, & Hy0/0, 1)
FACHIAL 0.82 V, Ui Pl & AL AR B AT 2 I AL
fie 1) L2400 Ho0, HEfe it T CO, it Js i (I &5t 1
(CO,+6¢ +6H"=CH;0H+H,0)(WLIE K 1), H53Ck
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Figure 6 (a) Electrochemical impedance spectroscopy (EIS) of CdSeTe
NSs/TiO, NTs and (b) electrochemical impedance spectroscopy of TiO,
NTs
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Scheme 1 Band-edge positions of TiO, NTs, CdSeTe and CdSeTe
NSs/TiO, NTs in contact with the reaction potentials of CO,/CH;0H and
H,0/0,
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Rt P 255 (R T KB I [ R AR A, e P nT LAt R 1 2
FS [P 0) 50 I () A i i 2 S0 R AP IR oG &,
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AA RIFMoe e kg, JEHIRATDS — 0 X
f] CdSeTe NSs/TiO, NTs HLAKIE T T SEM 14 (& 8),
HHEE 8 AT LA BIMBHA AT K A 65 il L Jo e 1) 325 2,
XA R T A R B AT R APt iR e M. 12
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Figure 7 The time-dependent curve of methanol concentration at —0.8
V after 300 min

Bl 8 CdSeTe NSs/TiO, NTs fiF R HIFI K (¥) SEM ]
Figure 8 SEM of CdSeTe NSs/TiO, NTs after recycling use of 2 times
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DA Rt CO, AR R, 38 )5 =4 0 F e,
—0.8 V I FHE A e 0% dae e, (5 h IR IRV B TA
F28.78 umoleL ', #Jri%} CdSeTe NSs/TiO, NTs fifk
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4.1 CdSeTe NSs/TiO, NTs L7k 44 o &

TiO, 4K (TiO, NTs)FEF 4% M 2 /i ORI 1 7 v
32> 1) 100 mL HEHH A 4.0 mL 40 mmolsL ™'
ff) CACL, ¥, 0.10 g ) CeHsNaz0722H,0 (99%, Kt
R F A A RAA), 24 mL 10 mmoleL ' 1)
Na,SeOs (97.0%, K= iA#]) ), 1.6 mL 10
mmolsL ™" Na,TeO; ¥, fixJ FiEBAI/KFEEE] 50 mL.
SRIGAEARKIBERE RN 0.060 g BACHERIR, W5 N
A 0.045 g [1) NaBHy, KRt i IR OB 50 mL 2 )Y
LR AT I R N EE, [RIRERE TiO, 4K NI, 7
120 “CN1EWL 2 h, B TiO, 49 K476 80 CHET, J51E
Ny R 2 Cemin ' JF4 500 CHBEE2 h, JGLL2 Ce
min~ ' A% %0, 155 CdSeTe NSs/TiO, NTs fi 4L 7], &
P (AR 0 Bz T

ASZEFIH SEM (quanta 200), HRTEM (FEI Tecnai
G2S-Twin) % BT £ 84 BLEAT T TR 3 M 22, A1 XRD
(Rigaku D/MAX-rA)X T A3 A EHIEAT T 5 R 25 46 IR
FIF XPS (ESCALAB 250)%} frf3 A0k T T A1
BT, [FEAI ] UV-vis DRS (IS19-1 HFISSER)
XA AL TR BEEAT T IR e
4.2 SEMREMIR

500 W {itkT (Solar-500)/E Al WG, J6REsRE A
100 mAecm %, S HL Ak 2% P £ I B 7E A Ak 2 T4 0
(CHI660D) bl — HL B A4 5 R 4T, CdSeTe NSs/TiO,
NTs 1 TiO, NTs fE4 TAE bR, 0224E h 0 datl, A
H AR M (SCEVE IS Lo, P14k 21 (Linear
Sweep Voltammery, LSV)MIliA4cF: F138 50 mVes ™!, H2
il A 0.1 molsL™" i) KHCO; ¥, A i N, 8§
CO, i< 20 min, #%H <A 40 mLemin .

4.3 CO, By HLITR

Y6 H {4k, (Photoelectrocatalysis, PEC)id J5i 525 11 %
BRI S5 W 2 HEAT, A IAE PR KGR SN A 2 i i
25 ‘C. LA CdSeTe NSs/TiO, NTs HLbZ & TAF ik, 4142
oI RE, HIRRIEAR 2 X2 em?, HLBRIAIEE 1.0 em. FH 35
mL 0.1 moLeL ' ] KHCO; A MM, [ N FE
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CO, i}y 40 mLemin ". 500 W kT KU, A g
Fof /T 420 nm (FGRER, JEIGRE Y 100 mWeem .
S5 Wik Rt e e )= A S 5. GC-9A 43 #T CO, ik
SR = 4). FID Aol &, BIEAE Porapak Q (80~100 H),
AR AR, BUUUE 30 mLemin .
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