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AT 8 3 T R £ 2 8 2 R AR A T Tl e R A DGR . b S B (Znic oxide, ZnO) , — B B E2 4 B
(3.37 eV) 2 K 1 Ry HAT S Ak 0 M 00 S AR v KA AR I A AR T, 8 732 I T B A A5 P
WAV Y SR, FEAS T K SRR IR R 25 10 PO I ik BR T ZnO R BH 6 9 A DL A T R e
P AR B — B3 14 A Ak 7R 2 TG 3 S 30 v 0 1 A Ak SR AR R TR T B — B AR R b o A
B TR E & MG, —BE NI, i SRS ek B s e B E Tz
T & T ek bk o — ZnO e A R A b e B s ' 1 U 4 8 45 A R — Rl R A L 0 4 R Bt
ZnO F AR FE BT Zn Ji 305 1A ) B, LS 45 5 1 JR S BC A R 8 L R TS ZnO 1Y SRR IR T S5 19
o PN T A AR AR AT g | A4 TR A 7 U RN ZnO BT BRAE B2 v X ) L6 A g (B
je— & HITE (W Fe Mn45) 5| A &% FIRA TR ML W, M #F T84l 7 M2 U &2 4L B AIK ZnO
BCHEAL TR PE S R T B 4R B AR BRI T, XU Ming %6175 it 45 4 i I 4 U8 4B 4% R R 4 R 18 i
M7 TR T — R0 Ag 98 K BURLAE M (19 ) ¥ 4 & 18 2% ZnO & & 99 K e fiE 4k 77 (i Cu: ZnO/Ag ™ |
Fe:ZnO/Ag™ Mn:ZnO/Ag"") B — ZnO 4li#8 2% ZnO 1 ZnO/ Ag, 33 285 A Ak 570 76 A5 481 K BA G IR 2
T4 MB MO \RhB %5 % UL YL R} 1) 6 B ff 22 B0 O 52 10 PR A o 39 9 i b Ak M BB VR T LR 1 5 1T - 1) B8 4%
B 4 B B 1 2% R RE 907 IR BE B H T IR AT R ZnO 32 B i 4 A g 49 K SBURE 14 J5) 4ok, 3 1 45 2 - 1A R 9 8k
N, PRV 5 T 52 A AR G AR 4 RT DB AR B8 1 52) ZnO Fl Ag Z IR B 44 K S 53 45 42 30 T 5 1k Hl
R AW 1O B R s S R A AT

R IX 0T G A KOG A TR 28 7 B Y 2 K A AL SR 9 A Ak R A O 1R D AR R R B e R
B FH S R 32 20 A Al R0 AR B A o SRt R EE R A B 2l B A R R o R R B e R S
SR B InO B4, AALREIE R UE 2 A 9 K 6 A 10 70 55 (14 R UL 6 W 5 R O A o for 2500 F R AL 0 S
BT LR AR T AR A AR R, XU Ming 857 & 3 Min 8 2% B % K B $2 55 ZnO 19 7] DL SR IR,
1M H Mn,O, 1717 BRAEAR /1N (294 1.4 eV) , H 3207 HL AL I L ZnO 19 535 L AL 85, 5 ZnO & 4 RENE TE I L 47 11
I 70 5 e 25 25 4 . e, oK Min 38 2% 1 Min,O, & & #H 45 & # 8 Mn,O, & & Mn 8 2% ZnO 5 it 45 #)
(Mn:ZnO/Mn,0,) , BE 7 #E— AL ZnO HE 48 K 6 A Ak 77 B Pk K A7 TR F 5T

AR S HETFE M 0 1 2 T 48 BRI L A3 B 45 T 4 ZnO \Mn : ZnO . ZnO/Mn,O, . Mn: ZnO/Mn,O, 44 K
AR, LB TF T T 35 S i £ 70 7 R 000 BH G TR %) RhB #i MB Y} i 0% R fi Fe e L 3 i — 2 90 R 2 10F 43
BT TR & A B ROWL S K R AL S DL RO R S L B R BE T X SR AE 45 BT 4 A e ik R
Rl AR M L A BT T 08 T BT B B AR A ) 1) 6 21 v £ 7 8 BIL 1 R A A 6 ik L3

1 SCIGE 4

1.1 #FmikF
L1.1 P& sika

RS B AL AR AL 5 S KA IR £ (Zn(NO,),+ 6H,0) K Bz (C.HNO) (N, NI I 3 XU 4
P e (C-H, o NLO,) (359K 43 B &, W F i #0 AF J Ab 24 A R 1) T8 /K 8 25 4 (CHL, O, 2 B 4, K4 R b 2%
A BR 2 B D) B AR (CHLO,, 231l , KR B A2 0 A R /) DK & i R 5 (Mn(NO,),-4H,0) |
AR AR (Mn,0,) (X5 R 4341 4, 1 T 180 Ak 32 Ak 24350 A BR 2 7)) o

At Ak B i T 5 Ab 25 X R L3S - B P B(RWB, 43 B 21, s #f BEBE Ak 2 i A BR 2 /) O B L i (MB L 48
AR, KA R 2E A A R H TR PTG e R B (IPA, 2 B g, K805 16 25 350 IRA
Hl) L R R (EDTA-2Na, 23 B 4l , KH A = Ak R AT B2 w3 28R (BQ, i BT hr T A4 1Rt
HABRA D), T IF AR S5 . 25 85 17K (R BH 28 18.25 MQ) I T i A FF il 1 & Wi R Ak 3
1.1.2  #k ZnO # 4 %

Yok ZnO Y 45 R FAB MG 10 &5 20 F P48 BE e i . BRGS0 - 8 58 MR AR L2 6.01 g 7N 7K A& il R
B .4.53 g AR . 12.00 g TC/K A A0 . 10.77 g PR IERG AT 4.97 g N, N3 F 35 007 M IR e , O 76 7K T 1 1 1%
PR He 58 5 00 5 FR a4 04 25 A B 90 mL i B K BB P 50T BE B 3K L TR
INFAEE 90 °C, JE B R EE I 823 0 11 (0 BE IS 35 5 B F T4 b L IR R R 120 °C) T4 24 h, 15 31

0616001-2



FABE , 46 « R AR P Min: ZnO/ Miny O, 40 K 5245 D16 A A5 1 11 5 SOl i AR 4

BRI s SR W T BE IR I I A R O A D g b b E AT MR (UL BE A 650 °C, T IR AR IR B[] 43 591 24 400 min
1200 min) , £ 4BebE 58 52 5 W 7% 2 40K ZnO #3412 28 ZnO.
1.1.3 HRAH AR5 &
BB R 2 T 228 RIT 11275 ik o Horh  OR3F T A 85 25 AN A8 AUHE 7S 7K G il R o LS
A1 TR 2Z (RN AGE 5 19 VUK A WS R 4G (BE 7K B 20 & o8 0.1 mol %) , T3 FE e 8 Mn: ZnO. B A 99 KM ki
il & L 20 BT R 1Y 5 o 28 BE IV |, 43 i) B ik 45 19 40 2K ZnO R Min: ZnO 3 R BUIR IS K 6 A R
BE LA BN — € 1 (1 Mn, O, (BE /R H 43 & 8 0.2 mol %0, B R AR, BFARFE & 43 5132 2 ZnO/Mn, O, Fil
Mn:ZnO/Mn,O;,
1.2 #RRAE
S R A DX-2000 28 X G 26 fi7 5 (X-ray Diffraction, XRD )X (FFA Tk S04 2% A FR 2 7] I 52 ke 5 a9 9
FHSC A, HE AR SRl Cu e Ka S 28, I K 9 0.154 056 nm, B HLUE K 40 kV, & LT R 30 mA , A # 3 R 5w K
0.02° s, #1475 Bl % € 8 20°~80° . 43 9 3K H Hitachi SU8220 AU 37 % §F 28 41 4 i 7 . % % (Scanning
Electron Microscope, SEM, H 37 @& #f $ K 24 & ) Fil Talos F200X G2 % ¥ & 4 =0 3% 91 B F B 5%
(Transmission Electron Microscope, TEM, 3¢ [# Thermo Fisher 23 ] ) 2 1A% & A2 500 B i 45 4, g 17 m
B TR 7390 O 15 KV AT 200 KV o B Ah , £E TEM I KRR i 01 18], >R ] Mapping 8 004 b BEAT OCR F1 . %
H ESCALAB Xi+ &I X Jf £k 6 H F e 1% (X —ray Photoelectron Spectroscopy, XPS){¥ (3 [E Thermo Fisher 24
A A3 BT RE B R A HR SR O ALRE Ko 2k 0 SR L & 7 L4533k ) Lambda 750 8524 /w] W, /3
ZL5 3 e e BT (SE [ PerkinElmer 23 7] ) 0 SR B dh (19 58 40— n] WL (UV-Vis) 18 2 S )63 , i id Kubelka-Munk
o5 OB B OGS e A R OGS o SR T LS55 R 5 O &6 1% A (35 [E PerkinElmer 23 w) ) I 2 A it (19 1 2L
& Jt (Photoluminescence, PL) Y. Rl TRISTAR 3000 %I 4> [ 8h £ 3 b 2 i AU £L B EE 23 #r 4 ( 36 [
Micromeritics 2\ 7 ) 43 #7 #£ 54 19 BET (Brunauer-Emmett-Teller) b H AL, R ZEN 3690 #I Zeta Hi, i1 &
9K KL AT AL (DLS, 9E [ Malvern 23 /) 43 B BE i 19 25 55 HL A .
1.3 B G S B g 4 i
B o, 96 mL X B 7K E T 250 mL T i B AR L AR 4 mLRhB 80 MB K % (R E R
100 mg/mL) A A B 2 & 7K L & W) 46 v B 4 mg/mL B H236 , HX 50 mg il £ 4 1 DG A A 7 43 1
TEBC B A TS Qe Wi, W B FE 5 min, #8 A AL BE 5 min, I B TR ALE 1E 20 mine R AR R A B0 B
WSz S e K BT 2 TR BH O (B 5T i JE 3 PLS-SXE300D A JEARAT ) R 947 6 4 AL IR, 2 A4S 2 R
TERFSE M RE I PE T 64T, Hrp s R Y pHAAE 290 7, J6 TR BE W T 29 15 om , 8 BEGE BE 2987 200 mW -cm i
BERE . BERE— I E] B 5~8 mL M, 28 50 (S0 B O 6 000 remin ', B0 B 8] 2 5 min) J5 B>
i L RCE TR L 38 AT L A3 0 BE T e AR 0 IO B e S AT (L) TSR LR A R
X=(Cy— C,)/Cy X 100% = (A, — A,)/A, X 100% (1)
A, CORWIRWRE , CoR e W] 5 T WA MR B2, AT A, R O BRI J5 15 e W s W OB BE o I Ah X6 S 55 B 4l
AT T — R 1= A G RBA N
In(Co/C )=kt (2)
A, LA il 2 R B R 3R WL R A

2 #R5iTie

21 YHEKS S0

143 % 8 ZnO  Mn: ZnO . ZnO/Mn,O,, Mn: ZnO/Mn,O, ¢ & () XRD & 3 . & fr s, 6 F 20 8
31.89°.34.54° . 36.34° 47.66°.56.70° .62.94° .66.50° ,68.02° . 69.22°4b Y 45 1IF 17 55 W 43 1) %ok 7 T 75 7 £F 5507 45
4 ZnO #9(100) . (002) . (101) ,(102) .(110) .(103) . (200) . (112) .(201) & i (JCPDS No.36-1451) . Bx it
ZAh AR PRI ) I XRD REAEAT 59 06, 28 B BT i 45 K S A & A 800 ZnO XS 7 2R 850 S AH . [RIE, BT A 48 2%
K& A BB (Mn:ZnO . ZnO/Mn,0, .\ Mn: ZnO/Mn,O,) i XRD &% i 5 t 315 Mn ot 2 A1 56 A9 FRAF A7 5 1
XE R Mn #8258 1 Mn,O, 82 & i /b o A L4l ZnO RE &y, HUE AR A A9 XRD 45 4E 437 5 06 1) 988 32 A7 A6 — 2
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Fig.1 XRD patterns of ZnO and composite samples

KT 53 HT Mn 8 48 2% A Min, O, 5 4% ZnO fi (4 2 8000 52 M, AR 4l 6 2R 28 ORS00 50 28 300t
ST R S 0 RS S BOR SR RSE 34T T8 g5 g 1. itRERB AN
DZ/e)t/,Qcosﬂ (3)
VYdy=(h*+ k) /)d*+ [/ (4)
Ko, DR T, AR XSRS, 298 0.154 059 81 nm, 0 & 7 Fi s £, B2 2K 0 5, 1 M 0.89,
Tk LR b TR B, o Ry b THT ED R, @ o Ay ol R D A o
F1 REXRD Bt EEEMMEMSENERNLERER

Table 1 Microstructure parameters calculated according to XRD patterns and specific surface of the samples.

Sample D/nm a/nm ¢/nm Specific surface area/(m’g ')
ZnO 29.98 0.280 4 0.518 8 9.68
Mn:ZnO 34.60 0.2809 0.519 7 19.96
Zn0O/Mn,0, 30.42 0.280 7 0.519 3 4.47
Mn:ZnO/Mn,0, 28.01 0.280 7 0.5194 12.22

W 1R, Mn BT822 380 ZnO 1 & 1A RT FAs S 8 808 K, X AT g3 B F B 1R AR 3k (Mn® Fl
Zn* {24243 51024 0.083 nm 1 0.074 nm) i Mn® #4822 £ ZnO /Y find b LA Zn™ o tAh 72T A Mn,O,
SZATIRE S R &I ZnO dibr RO & AR B R AR Ak SR AR R B0 R . AR R B 3 R R ZnO dh ik
T AR R ELRE R A, BB IS £2 5 RS R —E
22 WEHRMEHSH

K 2R T ZnO Mn:ZnO Mn: ZnO/Mn,O, ¥ il ) SEM EE LL K Mn: ZnO/Mn,O, #f i ) HRTEM ]
% WTLAE A FE S 4 100 nm DU (9 #EBRE 0K 4 AL, B Mn B F 18 44 1 Mn,O, & &, ZnO 1 kL
RF B B8/, I ELUR A HOME A5 2 T 4R . G R T g K R BR AR AR R I T 0K 2 O AN R R
FE A AL 00 A R B R TR, DA S e OGRS . N TR R, ZnO \Min: ZnO . ZnO/Mn,O, . Mn:
ZnO/Mn, O 8 it i BET H R AR 435125 7 9.68.19.96 ,4.47 12.22 m*- g ',

WHT TR, F Mn#4% 5 (0.1 mol % ) Fl Min,O, 2 & # (0.2 mol %0 ) &Ik , XRD &1 Hh R 0 245 22 F 5
A%, FREAER 2(d) H B9 HRTEM E& (FE HAREERY 0.260 nm A1 0.247 nm 1§44 2 SC] B %6 B T 75 05 45
BER™ 458 ZnO (002) . (101) fiy 11 =2 ] A BE 25 ) Rl oKk & 85 Min JTE R AR B o A, % Mn: ZnO/Mn,O
i AT T J0 K Mapping 4, 25 R 401 3. [ 3(b)~(d) R B FE &R & KREM Znf1O JEE R IE T &
1) ZnO, BEAM A HEM 2] T 30 9 Mn It 2 JESEFE &b Mn gt R A AE , AT L Mn 8 7 24l Mn,O, 2 &
B 2 B, o R A Mn, O, 7T fE 5 ZnO JE WL 5 i 45 .
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(b) SEM image of Mn:ZnO

Wy

Zn0 (002)

T
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4

(c) SEM image of Mr11n0/11203

(d) ﬁRTEM image of Mn:ZnO/Mn,O,

Ho HEhAHETEMFEEAESE T MR
Fig.2 SEM and HRTEM images of simples

(a) STEM-HAADF image of Mn:ZnO/Mn, 0, (b) Zn-K map

50 nm

(c) O-K map (d) Mn-K map

A3 Mn:ZnO/Mn,O,F &t 7T % B 41 &
Fig.3 EDS images of Mn:Zn0O/Mn,0, simple

23 FREKESHSW
K445 1 T ZnO Mn:ZnO Mn: ZnO/Mn,O, ¥ i 19 XPS 2% LA & Zn 2p O 1s . Mn 2p 9 (= 53 3 XPS K]

o P 4Ca)  Br T COLR (EZORIRT XPSAUAT A B LKA bl 1 M e 1o e vh 5% B B0 Bl A LD ) AR, B
P S A Zn O MnJC &R, 5 Mapping (45 A — 20, 9 — B R TSR B A AL ZR FOT R . 14 4(b)
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LT 455 HE N 1021.9 eV A1 1 045.1 eV &b By 53 51 5 & T Zn 2p,,, f1 Zn 2p,,,, W I Z [A] 2 23.1 eV I 45 &
e 2RI AP Znn R Zn" B F I RAFE " . A, M 4l ZnO B i, Mn: ZnO il
Mn:ZnO/Mn,O,FF 5 1) Zn 2p W ] 1= 25 4 68 7 T m B% L 3% 7T RE 2 i F Mn B FaF A ZnO S Irs ™. [ 4(d)
SRR T 4 BESR ) Mn 2p XPS B DL K A5 28 FE G FE 5L Mn 2p,, W HLA o0 e 25 R . nE A(d) 7 F
4EARE N 640.4 eV F1 641.3 eV &b il I 43 51 X6 B2 F Min (1) +2 F1 -+ 3 4y 281 UE SERE 5 o Min o6 K DL 22 Rl 285
FEAE I B2 Mn,O, 19 & A Mn® SR E .

\&; 1 ZnO
N Zn2p,, 2 Mn:ZnO

= | 1ZnO = 3 Mn:ZnO/Mn,0,
§’ 2 Mn:ZnO é(& ;; 1021.88 eV /n Zpl/z
2z 3 Mn:ZnO/Mn,0, _]§ B 1045.05 eV
Slee S g |
=R =} = :

[\:]bt\ I

0 400 800 1200 1020 1035 1050

Binding energy/eV Binding energy/eV
(a) Full spectra (b) Zn 2p
Mn:ZnO/Mn,O O, 654.91 eV
o O, O 1s Mn2p Mn2p,, Mn 2p, 5
N641.46 eV
3 E
§/ § Mn 2p3/2 Mn2:
2 2 [Mn:ZnO/Mn,0, Mn**
2 Mn:ZnO 2]
Q Q
E |
Mn:ZnO
o Q&/\
525 530 535 540 636 639 642 645 648
Binding energy/eV Binding energy/eV
(©)Ols (d) Mn 2p spectra

M4 7ZnO . Mn:ZnO Mn:ZnO/Mn,O, t XPS & #
Fig.4 XPS spectra of ZnO, Mn:ZnO, Mn:ZnO/Mn,0,

Pl 4Ce) R T A FE B 25 43 BF 2 O 1s XPS B3 S 7R O 1s 3 2 AR X FR, A7 76 W1 I 1Y ) 06, 3R WA i
HEHZMIESNAY . T REITEA X O IsiSLIEAT T /b B4 a5 Rk 2, H,0 1sik 2k
Bl o3 A P AN U, 43 A T 45 4 530.1 eV HI531.7 eV Ak, 43 B I T ZnO F4 4R i il kg 40 (O,) Al 36 1
A (O™ B B S e B R Akt T 2E TR BEALYE 76 A e 72 rh AR e 15 21 58 55
TG ) AR A BRI AR S A, R TR 5 5 Bk R T B R B SR S e X
T T4 S L B 1 4 e SR AR A K A R B A A ORI HLO J - 4 TE R T A AL AL A b R AR Y RN
S 15 A A A 8 T B 2 S ORI SE AT (- OHD B ™ . A& 2 i B0 T A RSB R i e T 7 W B 4R )
P ARZ Zn 5 O W IR F e ¥ K F 1, 35X 36 W BT 4 J80 10 RF o 38 10 77 26 T JE i Sl ok o F — 25 e i R R, B
Mn & F 48 22 Al Mn,O, & 45, FF il (1 2% 18 4025 07 B B WY 385 0 (O, : Oy LB 435124 1.33.0.65.0.93) o 34 iy

x2 FAEAHKMBRAENFETEN XPSEE

Table 2 XPS data of oxygen and zinc on the surface of different nanomaterials

Sample Binding energy of oxygen/eV Atomic radio of Atomic radio of
0, Oy 0, to Oy Znto O
ZnO 530.234 531.624 1.33 1.12
Mn:ZnO 530.118 531.739 0.65 1.11
Mn:ZnO/Mn,0, 530.118 531.678 0.93 1.03
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FETBRE | 25« R ARE #E Min: ZnO/ M, O, 44 K B4 A A5 1) i 48 KOG fiE AL A A

T 4025 O Bl A A Ry A T T R 67 A0, R AU BE 8 o RO A= B0 9 43 88, T EL AT AR E A 4y B W R 2%
2 1R G AL TR 0 3
24 XFHESW

T 43 AT R O W IR T RN A O T 4 B AT R B LR AR | RS A R 2 T b A 25 T AR Y AR X i
AR IEAT T UV-Vis 18 5B A PLOJEIE 4, a0 5. B4R BEH Mn B FB M MO E 4 , BR AR
B R B 5O S WA BT R B AR L RTS8 AR RN 2 A FE Y (ZnO/Mn, O, Al
Mn:ZnO/Mn,O,) , B i B\ €8 B T4 € 14 20066 A8 AR A UE B T 3000 5 Can &l 5(d) ) o M He 4l ZnO, Min: ZnO 7]
AL I AL 1 5 5 R PR Sl MIn 5 45 4 R 3R T R O SR B 0 30, DT 30 T BT R I BB BE R S ZnO R
i M 22 8] A B e R (BR A T 75 19 RE i 55 1T D0 D BB BB H PE E ) s Min: ZnO/Min, O, 1T UL W i 1 38 5
LHNFAEWB(E, ~ 1.40 V) * Mn,O, 195 M BRI . 8 5(b) /R T H Kubelka-Munk 23 30 3+ 5575 2] 1
ARSI BRAR , BT AR A AL A AR AE N A B ZnO B A BRAE (E, &~ 3.21 e V) BE AL T HHS (E
(E, =~ 3.37 eV)" AN, Mn,O, 09 51 AR T & A4 5 Y BLAE .

— 7Zn0O

— ZHO — Mn:ZnO
= — Mn:ZnO — ZnO/Mn,0,
S — ZnO/Mn,0, — Mn:ZnO/Mn O,
g — Mn:ZnO/Mn,0O, E E=32115eV
g & | £732211eV
2 S | £=3.0699 eV
=] g
< E=3.1092 eV

300 400 500 600 700 800 3.0 3.1 32 33 34

Wavelength/nm Energy/eV
(a) UV-vis adsorption spectra of samples (b) Band gap value of the samples
—7Zn0
— Mn:ZnO
— ZnO/Mn,0,

— Mn:Zn()/Mnl():

Absorbance/(a.u.)

400 500 600
Wavelength/nm

(c) PL speatra of samples (d) Appearance color contrast of samples

B 5 A& ook R4 UL A
Fig.5 Spectrum and appearance color contrast of the sample

FEL b, G AT LG R IS Bl T B s A AR R 08 BT DGR T AR AR 2 O 1 4 B R AR T Ol
HEAL T ERE MY B 2R . PL OB T BE 8% 5 e 1 390 32 06 0 Kk I HL 123 RO 8 20 B9 356, A& 5Ce) IR, BT
A FE &L TE AT UG X R (400~600 nm ) ¥ J B 58 FLSR 1% 2 i , 28 BRE i v A7 78 K i i AR il g L
H, 391 nm &b B 28 40 K SR T ZnO B A AR 38 %, 1 464 nm b B 5 2% (0 & S 6 R T KR b 2% 18T 4R 2 A7 B Al
PRI F 54 X E SR, BEE Mn B 7184, BN Y 2% 1 4R AL BB B S TR AR O 4
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Fig. 6 Degradation rate and apparent rate constant of simulated pollutants by samples under simulated sunlight
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Fig.7 Effects of the sacrificial agents on photocatalytic degradation of RhB and MB dyes
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Preparation and Photocatalytic Properties of Highly Stable
Mn:ZnO/Mn,0; Nanocomposite Photocatalysts

BAI Minghui', LIU Xian', ZHANG Qiuping'’, SONG Man', LI Jianhong', SUN Yifei',
YU Fei', YUAN Huan', SU Yuanjie’, XU Ming'
(1 Key Lab of Information Materials of Sichuan Province, College of Electronic Information, Southwest Minzu
University, Chengdu 610041, China)
(2 State Key Laboratory of Electronic Thin Films and Integrated Devices, School of Optoelectronic Science and
Engineering, University of Electronic Science and Technology of China, Chengdu 610054, China)

Abstract: Recently, with the growing problem of environmental pollution, a large number of emerging
environmental purification technologies, especially the photocatalytic oxidation technique based on
semiconducting metal oxide nanostructures, have been rapidly developed for the applications in degradation
of organic pollutants from water and atmospheric environments. In the process of development, scientists
around the world have recognized that the improvement in the visible light response, the separation
efficiency of photogenerated charge carriers and the light stability of the catalysts are the key factors to
promote the large—scale application of the photocatalytic oxidation technique. For this purpose, a series of
new high—performance nanostructured composite photocatalysts have been continuously developed and
investigated, but the process complexity and synthesis cost are gradually increasing. Also, it is difficult to
realize the band structure regulation of the semiconductors and well-match energy levels between different
semiconductors. These problems need to be solved urgently. At the same time, with the future demand for
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high selectivity of new technologies (such as selective sensing, selective gas separation, selective carbon
dioxide reduction) , the selective photocatalytic degradation of organic pollutants will also become a
development direction in this field. In this study, a series of photocatalysts including pure ZnO, Mn-doped
ZnO (Mn: ZnO) , Mn,O, coupled ZnO (ZnO/Mn,0,) and Mn,O, coupled Mn-doped ZnO (Mn: ZnO/
Mn,O,) are successfully prepared by a modified polymer network gel method, and the characteristics of the
catalysts for photocatalytic degradation of Rhodamine B (RhB) and Methylene Blue (MB) dyes under
simulated sunlight irradiation are investigated. The phase compositions, microstructures, surface chemical
states as well as optical and optoelectronic properties are analyzed through some material characterization
approaches in detail. The results of X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM) and
Brunauer—-emmett—teller (BET) specific surface area shows that the particle sizes of Mn: ZnO and Mn:
Zn0O/Mn, 0O, are decreased and the particle dispersibility are improved after trace (0.1 mol% ) Mn doping
and then coupling trace (0.2 mol% ) Mn,O,, increasing BET specific surface area. Correspondingly, this
results in the decrease of crystalline quality and the increase of crystal defects. Ultraviolet-visible (UV-vis)
light absorption spectra indicates that the light absorption capacities of the composite photocatalysts in the
visible region are significantly improved compared with pure ZnO and doped ZnO samples.
Photoluminescence (PL) spectra suggests that trace Mn doping and trace Mn,O, coupling jointly facilitate
the separation of photogenerated electron—hole pairs. Combined with X-ray photoelectron spectroscopy
(XPS), it is found that the enhanced visible light absorption capability and photogenerated electron—hole
pair separation rate originates from the increase of oxygen vacancies on the catalyst surface and the
formation of type II heterojunction structure between Mn:ZnO and Mn,O,. Therefore, Mn: ZnO/Mn,O,
exhibits the robust and superior photocatalytic activity for degradation of RhB dye under simulated sunlight
irradiation. However, because of the narrow band gap (E, &~ 1.4 eV) of Mn,0y and its higher valence band
position than the redox potential of hydroxyl radical ( -OH) , the oxidation potential of photogenerated
holes is too low to generate * OH with the stronger oxidizing power. This results in the lower RhB and MB
dyes photodegradation efficiencies of the ZnO/Mn,0, photocatalysts. In addition, Mn: ZnO/Mn,O,
exhibits a selective photodegradation behavior towards RhB and MB dyes, that is, a significantly lower
photodegradation efficiency for the easily degradable MB. Such a selective photocatalytic property is
attributed to the difference between active species during the photocatalytic reactions and the relationship
between the Zero Charge Point (ZPC) of the catalyst and the pH of the initial dye solution. In the
photocatalytic processes, the strong oxidizing species (+O, , OH and h™) on the surfaces of the catalysts
for the photodegradation of RhB dye are more than those ( +OH and h™) for the photodegradation of MB
dye. The ZPC value of Mn:ZnO/Mn,0, closes to the pH value of the weakly acidic RhB (pH=6.3~6.6)
rather than MB (pH=6.0) dye aqueous solution, resulting in a higher adsorption ratio of cationic RhB dye
molecules on the catalyst surface.
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