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Fig. 1 TG curves of Gd’* -doped precursors Fig.2 FT-IR spectra of Gd’* -doped ZnO samples
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Table 1 Data of precursors for thermal decomposition and some cell parameter of Gd-doped ZnO samples

Doping molar fraction /% T/ C T e/ C Vy_o/cm ! Grain size(d)/nm a c a/c
0 331 455 438 100 3.254 1 5.2121 0.624 4
0.5 148 456 420,503 91 3.2507 5.2076 0.6242
1 - - 505,437 70 3.2450 5.206 2 0.6242
3 - - 420, 503 60 3.2501 5.206 8 0.6242
5 127 494 438,495 57 3.2499 5.2070 0.624 1
7 123 524 438 30 3.2483 5.2055 0.6240
10 133 546 430 23 3.2470 5.2033 0.6240
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Fig.3 XRD patterns of Gd-doped ZnO(A) and enlarged XRD patterns of 20 between 30° and 40°(B)
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Fig.4 SEM images of Gd’* -doped precursors and Gd-doped ZnO samples
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Fig.5 DRS of Gd-doped ZnO samples(A) and relation curves of (Ahv)? and hy(B)
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Table 2 Band structure and E, of some Gd-doped samples

Doping molar fraction/% E,/eV E(CB)/eV R? E(VB)/eV
- 3.20012 -0.3111% 2.890121
0 3.14 -0.12 0.998 9 3.02
0.5 3.06 -0.26 0.999 0 2.80
1.0 3.05 -0.26 0.998 5 2.79
3.0 3.02 -0.30 0.998 4 2.72
5.0 3.02 -0.37 0.998 6 2.65
10 2.98 -0.47 0.999 2 2.51
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5 Gd* " $BZ% Zn0 J5 FH IR IRIE B K R AL EL ZnO 1) 7 REGAIR , X RE B A: it 7 AN A BR T 21K 2
RER LL ELHEBRIE S Zn0 1 S EAS 5o T, 2 Gd™ (R 3R06 A4 i FAE L GA* ", A 47° 9 B i1y
Gd*" etk i AERE , 7 RERCH AR L, 28 AR H AR e P e ELUE R ST 1 G (4f7) , M 58
WOEA AL T RYEERS  SCBUDEAE R T 1 0 B, S AL, MO AR AR o fe ), R B AR I AR A e
FHES Y, ELBURDREAR /IS, R 5 DAt AR A S ) 282 TR CE % ) B R L, L7 W 40 o B2 S IR, S5 Ak i 22, e A
HL AR AR S R, IO A B T2 5 J LR, DAL PERE R AR, MO B A T I

100 100 0
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30 0k isopropl alcohol-Gd_1 H
S B B EDTA-Gd_1 i
% 2 B3 Gd 1 E
E 60F = 60 \iE
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= < R ‘I‘E
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& ) H Kot AXH
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tightorr "< " H
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i N N
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—1 —1 0 3 4
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Bl7 MO fE Gd 87 ZnO {1 I F BEE B 1] 19 K8 MO 7 Gd_1 A4 [F 1 T AR =
fitHh £ Fig. 8 Degradation rates of MO in the present of Gd_1
Fig.7 Degradation curves of MO along with irradiation and scavengers

time of light in present of Gd-doped ZnO samples
(Inset: Absorption spectra of MO in present of Gd_1)
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T MO R HLEEL, 7E A Gd_L (1g/L) B9 MO(10 mg/L) ¥ 73 BIMA S mL ) 2 mmol/L HIEE |
SNEE EDTA P TE[R— 200 N AT OUREAR , 2R DL 8 o MIET 8 AT LA B, 3 R 5t iy it A XS - MO
ReE A 220 AN TRV R BE (A B i), FRAS I KR R B AH e, MO YRR T B 70% o 13RS5 U6, MO 76 1% {i#
AHRIVE T T AELE PR RO ATLER, B2 7XHLBAI R AL B il 3L U HLBE, R HO6 AR 25 70 MO [ 1) S5
Fift o MO HARE AL RT 40T 5 Fe -
hv +Zn0 — h" + e~
H,0 + h* — H" +- OH
+OH+R—H —>R-+H,0 —» --- — CO, + H,0

2.5.3 AN e .

T AL A SR R, S MB | MBGO
(10 mg/L) MO (10 me/L) LI J% MB 5 MO fifi ¢ “[sSiodl o a1
W4 S mg/L) HEATRERLTSE 2 A0E 9. WO % o mmeay | | AR Y
ATLAZG th, A MB I MO 43 BI7E GA_0 J% Gd_1 MOmix-Gd_1
AP R MB R He MO S 450 B Bk E % i
PRI O LR G PRI ORI 2 b B =
St TAE MO A MB iR AT, Gd_0 1 Gd_1 Xt o
MO FERHEETE K A3 B0 13. 59% R123. 71% AR ob—y—— e Sk Rl R ik
FEAFULTE i, S 1 b LR 52 59. 13% Fi radaon e/

83.69% ,fHIGHE 3 h PRI I RERE M e 42l 1O AURBLRGR AW MB A MO J3I7E Gd_0 fu
LT, GA_O 1 Gd_1 XA MO StRef B fE Cd-1 1R PRk
BN . ZnO J3BZ% ZnO St MB FI MO i1 Fig. 9  Degradation rates of MB and MO alone or
BPEAAL SR A B 25 M4 6 . MB 40 T 4E7E i mixture in present of Gd_0 and Gd_1, repectivly
3 A NTCI A A IEH R R i MO D2 3o N=NTE 2 (9 P AN T U SRR IR & L iR MO
IR B, BEIR BRI T 22 1 B B AR, DRt 2 2 A7, MO BRI e o
2.6 AL RO B RRL

TEZEA7 0.0010 mol f) Gd_0 A1 Gd_1 B/ A, 53 BN A AN JE 9 HCL AT NaOH, X He 45
PRV R B2 DA AT 700V ARt R IR (5 3) o 1 J A, TR it e P A e i 2
A VRV E P B R T, e Gd_O RBARAE AE 2 mol/L e AR ARRBAIE T, T Gd_1L o et 1 7 2 1
T SELE, FTA 3 mol/Lo piutisil], B RER m AR TR BRI IE o ZnO TR FRFANE R $2 55 1 fiE 5 444
PR oo XRD Z5 544578, Gd_L f Gd™ HEA ZnO J b T SR (AR 1T A A2 B4 ZnO), PRI AR w5 T
ZnO Jof FRBBE YOS JES S e

#3 Gd_0 71 Gd_1 WEsHE 14 I8 1R
Table 3 Data of acid-resistant alkalinity about Gd_0 and Gd_1

HCI NaOH
¢/(mol-L~1) 12 6 4 3 2 1 6 3 2 1
Gd_0 + + + + + - + + - -
Gd_1 + + + - - - + - - -

+ :solube, - :insoluble.
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Bk B LIRS A 365 nm O T AT G . L AL I R B , 45 58 20 i An P&l 10 FIE] 11 frz, ]
VA, A R ALY (25 A B 2R DE) I (ol (R DIC R JAE , 106 IS i b o 7 P S 6 it vl O T BB 2%
TR INTAE MG, ForhdB 2% i 1% MR SO HE I 288 BE WA B (B8R, 35 10 mA/m” , Sl I F 3 28 B2 28 FR
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Fig. 10  Photo-current response curves of samples Fig. 11  Bode plots of samples under irradiation light
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Table 4 Data of photo-electric response about some prepared samples

Doping molar fraction/% Current density/(mA+m~?) S/ Hz
0 5.56 12.1
0.5 2.30 4.61
1 10.8 6.81
3 1.46 1.78
5 0.50 2.15
7 6.27 12.1
10 6.58 21.5
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Preparation and Performance of Gd’*-Doped ZnO

ZHANG Yuan“, XU Jiaxin’, DENG Hongquan®’, JIANG Qiying""
(“School of Materials Science and Engineering ;" Center of Engineering Technology,
Southwest University of Science and Technology ,Mianyang ,Sichuan 621010, China)

Abstract In order to improve photocatalytic activity and acid-resistant alkalinity of ZnO and expand the
absorption range of light, nanosized ZnO particles doped with Gd** (Zn, . Gd, 0, (x =0 ~0.1)) were
synthesized by thermal decomposition of the coordinated precursor, in which ethylenediamine tetraacetic acid
(H,EDTA) is the ligand. Effects of the doping amount of Gd’* on the structure, phase, morphology, optical
properties and photo-electrical behaviors of ZnO were studied by X-ray diffraction ( XRD) spectrometry,
ultraviolet-visible diffuse reflection spectroscopy ( UV-Vis DRS), Fourier transform infrared ( FT-IR)
spectroscopy, flurescence spectroscopy ( FL), scanning electron microscopy ( SEM ), electrochemical
impedance spectroscopy ( EIS) , dynamic photoelectrical current curve (i-¢), etc. XRD results show that when
the amount of Gd’* is below 3% , there is a single phase of ZnO with hexagonal wurtzite structure. With the
increase of Gd’* doping( >3% ), a little bit of second phase of Gd,0, shows up and the grain size of ZnO is
reduced. From i-¢ results, Gd** doping amount of 1% exhibits the biggest current density of 10 mA/m*. With
the increase of Gd’* doping, the band structure of ZnO is changed, the value of conduction band (CB),
valence band (VB) and band-gap value (E,) of ZnO are all reduced. At the same time, photo-degradation
results of methyl orange (MO) reveal that Gd** doping can enhance the photocatalytic activity of ZnO, and
the suitable amount is 1% . The catalytic selectivity and acid-resistant alkalinity of ZnO and Gd-doped ZnO
were also studied simply.

Keywords ZnO ; photo-catalysis; Gd* * ; doping ; photoelectric response
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