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Abstract

Increasingly serious environmental pollution is threatening human health. Photocatalytic tech-
nology has a broad application prospect in waste-water treatment, air purification and other en-
vironmental treatment fields. In order to overcome the practical problems of Bi;WO0O¢ photocatalyst
including high carrier recombination rate and low visible light photoactivity, CQDs/Bi:WOQs hetero-
structure nanoplates were controllably synthesized by hydrothermal method using two-dimensional
lamellar Bi;WOs as the coupling substrate, based on the photoelectric advantages of carbon quan-
tum dots (CQDs). CQDs were prepared by hydrothermal method using citric acid and ethylene-
diamine as precursor. The effects of preparation and modification conditions on the photoactivity
of CQDs/Bi;WO0s were investigated. When modification amount of CQDs prepared at 200°C for 1 h
was 7 wt%, CQDs/Bi,WO0¢ was obtained through the hydrothermal process at 150°C for 6 h, which
shown the highest visible light photoactivity for 4-CP degradation, reaching to 3.2 times of pure
Bi;WO¢. By means of XRD, TEM, BET, DRS and electrochemical tests, the effects of CQDs modifica-
tion on the surface composition, specific surface area, optical absorption capacity and carrier se-
paration efficiency of Bi,WOQ¢ were investigated, and mechanism of enhanced visible light pho-
toactivity was also discussed.
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1. 518

ML BAR A AR v H 28 7™ 5 (PR 55 G S b A RE IR FE B ) B 20 F B . Bi,WOs 7 BRI A (4] 2.8
eV), BAMEFREIRG M W FaEtEm . ARSI A, A m WG A B F V8 ) g e+ )
[1] [2]0 53 Ah R e EATIZAL, Bi;WOe £77E M AE #I F HUl 2 A B [3] [4]. 4 T ik e A fa fif
OIS, SRR TS U638 1 B A Ak 770 AT DUA 0 s 1 S b i A F TR RS BB AER) b, ik B
HE, FRAOEMAATE AL S5] [6] [7] [8]-

Bk s (CQDS) K A IR 6 2R 1 0 R %) R s e 2 AR P A7 i 8 17T 9 S Y A A3 ) )32 5%
7E. CQDs AZ$5 R SFLE 10 nm LUR (B 4ERFRL, 1 sp/sp® 24 A0 SR 1 A1 % b % 1 B BE A1 4158[9]. CQDs
TN TS5 S0 R G, I IR B A T ORI m OB R RE[10] [11]. AR, O&H ¥
VT H N R L A B HAR A B R B Bi,WOe 4K [5], A B AR S TR WO
S5F RhB HIOGREAR, S AiE PE$E = m] LUE ET- CDs/Bi,WOg A 21 HL fiif 3 9

K TR CQDs 55 Bi,WOe 7 i 45 Hil, LIMTIEER AN £ e i aids, SRHECH i b (1 7K sk il 2 i
BT A DLZERIR BipWOg IR, R K # il # il WG fEAGIE 1% CQDs/Bi, WO 41K M HEAL I
DL 4-50715 (4-CP)1E AT WG RR S T R 6 Ak B A 2 VPAN FO A iE %5 R FEAS TR 45 25 R CQDs A E
It CQDs/Bi,WOs Y ALIH M IS M, #7 T CQDs/Bi,WOs 4K ATl 2 T. 255 JET-4%
FIVERERAE, D8RI T CQDs &1t 5ik Bi,WO, 1T WL HE AL 75 P I /E FI AL o
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2. SELRERSY
2.1. SERERH

Bi(NOs)3-5H,0 (RIEM EBHZ LA RFIA IR A F]); NayWO,-2H,0 (RE M EHE R A R AF); #7158
PR (R T AR 2 BRI R A 7])s 4-500 ORI TG R R 44 TAFFEIT) s WRAHIR (M 7RI A 530 )s
LR (H AR E R A PR A F]) s AEA ORI T RS RORAA R A R): LEEORET I E R R

YNEIDN
2.2. Bi,WOsg XK F Y7k Bl &

FIFK#GE, L Bi(NOs)s-5H,0 J9%lhili. Na,WO,-2H,0 MES U5 . #5745 1% (CsHsO7) ALk & 7fl[12]. #F 2
mmol Bi(NO3);-5H,0 % T 3.5 mL # iR T, I 6 mmol CgHgO5, it FE I 1iF IR & 7AW A; FREX 1 mmol
Na,WO,-2H,0 ¥ T 5 mL NaOH, ic W& B; K B I8 AE] A AW EE, H NaOH 175 PH {H
b, FREEE Lh, RSV EE R B 50 mL RIS ZHm M, 4ot 180°C/KH# 24 h, BHIE=
BE, BERMrYhiE, JEH LS FRIEE 3, 4 110CHT, Hl78 Bi,WOs 91K A -

2.3. CQDs Ru7k il &

DU R (CeHgO7) 1 2 J#(CoHgNL) N S N AI[13], T S FREL 1.0507 g CeHgO; ¥ f# T 10 mL 25 17K
W, W0 335 L Ll RREENEEE L h 5, BB E] 50 mL RIUR M RN EF, 45T 200°CK
#1h, BEIEER, BROEOERER, £FENSEN 240, H43 CQDs.

2.4. CQDs/Bi,WOs S REEMAK i Y7k #eihll &%

FIFIK#GZE, K 0.1 g Bi,WOgs 49K F 4385 %) 30 mL /K - ZEERA W, Pk FInA—& &/ CQDs
K, F HCHETTE R PH A R BRYE, ZiR FREEEHHE 6 h, KRG 3 50 mL VU5 L0 [ V3
Hr, 4k 150°C/KHA 6 h, W RN SR S g, FFH 28 TKPERR 3 X, & 110°CHEF, #i15 CQDs/Bi,WOg
FIRAEINAK R O T HUE FEAR R S5 A4 R il 2 AN [F) CQDs &1 & 1) Bi;WOg 44K G AL 711, £ CQDs:Bi,WOsq
Mo & L4 Al 0.7% . 4.2% . 7%, FF &K KAE N 0.7%CQDs/Bi,WOg «  4.2%CQDs/Bi,WOs +
70%CQDS/BI2WOGO
3. CQDs/BizWOs R A MR LE M B FRAE
3.1. XRD 3%k

AT T CQDs A iR Bi,WOs i FHES A A SS i S K 520, R X S LR AT ST (XRD) XA it AT 1 3RAE
L N AFMEARE ) CQDS/Bi;WOs 4K LML 1541 BiWOs £ f) XRD WPl AT UL, FT A7l 23
BUH RS Al AR B0 Bi WO, FFIEVE, R7HHIEAL B 5 AR HE R J1 (JCPDS No.39-0256) 58 A=W & [5], FLATHHIE
TEITRBL . WAL 20 {1 T 10.8°. 28.3°, 32.8°, 35.9°, 47.1°. 56.0°\ 58.6°. 68.8"{IAHTHT IS IXS i Bi,WOs
1(020) (131) (200) (151) (202) (133) (262) (400)hTH - 54k Bi,WO, #£ it #H L, CQDs/Bi,WOs £+ i 7E 25.8°
Ab B — AR 59 1) CQDs(002)FF1iE I, FAESZ H T CQDs/Bi,WO, 1 CQDs M &A% 2t i T8,
CQDs 5 Bi,WOg #5£5%t Bi;WOg ] it FH 25 44 35 B S 52
3.2. SEM/TEM 4%k

) FH 4 5 (SEM) A3 5 HLBE(TEM) X Bi WO, Fil CQDs/Bi, WOy I FE S RI O 45 FI3EAT 1 AL
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Figure 1. XRD patterns of (a) Bi,WQg, (b) 0.7%CQDs/Bi,WQg, ()
B 1. (a) Bi,WOs, (b) 0.7%CQDs/Bi,WOs, (c) 4.2%CQDs/Bi,WO;, (d)
7.0%CQDs/Bi,WOg B XRD &

Wikl 2(c) A 2(d) 43318 7.0%CQDs/Bi;WOs £ #h 1] SEM A1 TEM K4, R WL, CQDs £ H 2%
A28, CQDs W51 AFFEA B2 Bi,WOs JES . [RIINF, 7 Bi,WOs 41K Fr (134 2kt 35 5] 3h 11 8036
HA£%14 6~8 nm ] CQDs, 1UFsE CQDs RERI LAk 72 Jy )= (T bt v AR R AE Jr )2 %% . mT DAV 48 WL
S HH N T Bi,W0g(002) 4 TH 7] 7 0.272 nm, 5 JCPDS K F N0.39-0256 W &[5]. FE4NK F ik 2 F & H
WS 2 A EE A 0.21 nm A10.33 nm f¥] CQDs, 43 74 I A7 S5 AH Bk f1(102) #1(002) fh THI [5] - F ik &5 FHIE
S CQDs/Bi,WO, 535 Z5 k& B2, Bi,WOg 5 CQDs X2 fik, TR 7 S5 H A, Wa R T i

i e R LR T = 23 ORI 7315

HRBNU/SU70 15.0kV 16.1mm x100k SE(U) 500nm
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Figure 2. (a) SEM and (b) TEM image of Bi,WOg sample, (c¢) SEM and (d) TEM image of 7.0%CQDs/Bi,WOg sample
[ 2. Bi,WOs ¥ #(a) SEM FA(b) TEM El#&, 7.0%CQDs/Bi,WO, ¥ #Y(c) SEM Fi(d) TEM Elf%

3.3. BET 434

T WG CQDs K IHME Xt Bi,WOg 40K S i 4k 77 Lh 32 T #LAI FL A2 20 AR (1 52 W, Bi,WO,g
7.0%CQDs/Bi,WOs F i 17 N W B - I B S50 26 an 1€ 3(a) . P/MEE S 7R 1 25T IUPAC 43 28T
TUSEIR LA H3 BURE SR, RAGLK R ZEH ST T 4R FL[14]. 7.0%CQDs/Bi,WOs 1] BET L&
Hi#(23.1 m*g )k Bi;WOg (17.3 m*g )Rk, CQDs SIS H £ () S SEHERL i, TR 2 (3%
PR A, AR T m e g .

K| 3(b) B~ it Barrett-Joyner-Halenda (BJH) /5 i& 1S L2 A i 2k . R HH CQDs/Bi,WOg 4K
FEANLER, 5 Bi,WOs fL%5(0.063 cm®g )AL, 7.0%CQDs/Bi, WO, FL45(0.115 cm®g %) B &4 X,
IR BRI R T T 2 AL T AR

6 0.10
4 (a) (b) —
~ 5 _
B 0.08 4
ZJB 4 —=—17.0% CQDs/Bi,WO, L °
"z | —e—BLWO, I 06
2 g
g 34 ] = n
2 (o -
E & 0.044 f‘.
<27 =
: % oo il % CQDtBi
E 14 0.02 4 _./. —n—7.0% CQDS/BIZVVO6
S ! \/ —e—Bi, WO,
0 —— 0 T —
0.0 0.2 0.4 0.6 0.8 1.0 0 10 20 30 40 50 60
Relative pressure (P/P ) Pore diameter (nm)

Figure 3. (a) N, adsorption-desorption curves and (b) Pore size distributions of Bi,WQOg and 7.0%CQDs/Bi,WOg samples
3. Bi;,WOg 1 7.0%CQDs/Bi,WOg ¥ S (a) TS MM - BiMIFN(b) FLER DLk

3.4. UV-Vis Ui 4
& 4 4t Bi,WOg FIA[FME & 1) CQDS/Bi,WOg F i 1145 4h — 1T L8 2 i (DRS) Y6« Bi,WOg 1
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WK /T 450 nm S, MRLT Bi,WOs M 25 i B FBRIE, W] WA RYE BN . X T
CQDs/Bi,WOg ¥Edh, i CQDs &1 N, #£ 200~800 nm i [ Py AWK IS SR BE 3B T 1 it . e it o
BOR A Z DA T - 2O, ART SR WA TE . CQDs RN G EGRIAN IS R Wt )
Wde, BERE T CQDs/Bi,WOs Y6 RE . b4, 4.29%CQDs/Bi,WOg il 7.0%CQDs/Bi,WOs
A TE 480 nm AL R WCERD 320 nm DL R AR RE ) WA AR, AT CQDs MISGEUR AN - E Ry
PE[1].

1.0

——7.0% CQDs/Bi,WO,
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Figure 4. UV-vis absorbance spectra of Bi,WWOg and CQDs/Bi,WOq
samples with different modification amount

[ 4. Bi,WOs MR &R E R CQDs/Bi,WO, 4 S AY 2251 — AT LRI
FIEE

3.5. B MRENIR

FIF A 7. CQDs B s XT Bi,WOgs HE FLfaf 70 25 BRI R, Bi,WOg FIAS A& 1 2 1)
CQDs/Bi,WOg FE it FT LI - I A B 2R (1-0) 14 5 . Bi,WOg B G LA SR Z1°8 0.15 pA-em 2, BE%&
CQDs &M I N, Ff 5l oR K kI 5R, 7.0%CQDs/Bi;WOs 5 G L i K, & BiWOs
11 6 fi5, FHH CQDs/Bi,WOs I i 1Az HLT - 2375 B 3R izt i T4l Bi,WOe. JBHIENL T, HAERT
MR e aE E A, JEHTERBERAR, 2 CQDs AMITE Bi,WOe 41K Fr R I Y B R 2 S, JeAHF M
Bi,WOq ] VB #i# k2 CB, #RJ5H#:# %] CQDs, #iil T AL FRZS /N EEE A, AL T E R
Tores, KT HET - B0,

6 N Bi,WOs FIA[RIE 1M &[] CQDS/Bi, WO, FF it I FL AL 2 FH BT 1E I (EIS) . EIS HHZ IR B T Hy
MR R, BN AT B I8N [5]. N E AR K R3S K7 A 7.0%CQDs/Bi,WO, <
4.2%CQDs/Bi,WO; < 0.7%CQDs/Bi,WOQs < Bi,WQ;s, 7.0%CQDs/Bi,WOg £ i Pt /)N, S BT 2 B
N, BRTFHRT - DO 5. Ak, CQDs 5 Bi,WOg K% #:fi, CQDs [ 5 HMEREFK
BH, {RiFHTH#.

4. CQDs/Bi, WO, RIRLE T WA HEILIERE 4- BRI SHERH )

PL 4-5 83 (4-CP) N H AR5 AW v-AN FE S i ] DL AR TGP o SEIRAIESE, 4-CP I WRAE TC AL T HI 2%
A IERES 120 min, ANRAEBEE R . E 7 2 A FREMER CQDs/Bi,WOg £ 72 7] (K KT
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420 nm)HES R R EEME 4-CP 1S M2k . 5 ARBI N Bi,.WOs ML, AT CQDs MR fh I el fbih
PR R, JeIE R KT R A Bi,WOg < 0.7%CQDs/Bi,WOs < 4.2%CQDs/Bi,WQ, <
7.0%CQDs/Bi;W0Qs, &8 CQDs 1&1fiBEWE 5 2 i1 Bi;WOs [ 7] WG MELTE . 24 CQDs:Bi,WOs )i &
ELA 79%0F, ARG R R, 4n] WEIR ST 12 min 4-CP [ERRIA 70%. TAR, JefiEfbim it it
FER L 7y BCE — B, Bi,WOe 5 CQDs #i&r, Fi S A SR A BT - X8, Ml - =
TR A, KT - O, X FECT WG ST A e R A

HWK, CQDs/Bi,WOs YU E 152 158, HKT CQDs HIYEUR A B REHds b, H 0 ok
JeEIEERIIR T 5=, CQDs 1ENZ4ERAEL, CQDs 15| N ff Bi;WOg LR ARG K, W] ISR
2 NS AL A, WP BE 22 BVE TR, R R TH G AR Ak SN

1.4x10°
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Figure 5. Photocurrent response of Bi,WOg and CQDs/Bi,WOg samples
under visible light irradiation

5. Bi;WO M Ef&1HE CQDs/Bi,WO, # S 7E F] WAL FRET T A
B SR e 7 1

= Bi WO,

* 0.7% CQDs/Bi, WO,
4 42% CQDs/Bi,WO,
* 7.0% CQDs/Bi,WO,

T T T T T T T T T T T
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Figure 6. Electrochemistry impedance spectra (EIS) of Bi,WOg and
CQDs/Bi,WOg samples with different modification amounts

[& 6. Bi,WOs FAR F&1iHE A CQDs/Bi, WO, # S Bk F PRt
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Figure 7. Photocatalytic degradation behavior of 4-CP over Bi,WOg and
CQDs/Bi,WOg samples with different modification amounts under visible
light irradiation

& 7. Bi,WO; MAE&IHFER CQDs/Bi,WOs MR IE(L > 420
nm) B8 &1 T S 4 (L BERR 4-CP 5E T

5. &

AR B R R R A BOREE, DA R 4 AT IR, 22 200°C7K#y 1 h & Bl &1 53 (CQDs);
FIRK#HAR, mIhil & T — R EBG A FEBMRT CQDs/Bi,WOs 545401k A . 4 CQDs:Bi,WOs [t
JRE R T%RE, B S AT WG R RE 4-CP WG i, 20 n] WGBS 120 min 4-CP #2214 2] 70%,
AR Bi;WOs 1) 3.2 fif. CQDs 5 Bi,WOg %% ¥ 7 i 5 [l ReA F | 7 s I EHEE &, D
AR T E T R, KT - O, R R RO EAE M R ERI R EE N BT CQDs LR
FIC AR, TR R CBGRIRI IS RT LG 3R A0, CQDs A& i 25 1 B E it (1) E IS RE 775 CQDs 18
MR T BRI LR T AR I FLES , W] DARR AL T 22 (0 S B vs PR o, R B B 2 TR, A R Ttk
PERERISRTE: HT,  7.0%CQDs/Bi, WO I i AT WL 2 2 1 st b IR PR 2R JL [RIE I A8
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