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1.1 EEiAFIFL=|

] . TFoK A R Bi( NO3)3 - 5H,0 (AR,
ML AR A IR A F]) 5 iR HCL(38% , AR,
REEH R80T ) 5 AL NaOH (AR, ik
FHAR SR ) 5 BRIR AN Na,CO, (AR, KT BHE
WAL= & rhl) 5 20K NH,OH (AR, [ 254
A iR BRA H] ) 5 /K 2B C,H;0H (AR,
REMTRHRE AL 1800 TF K ) 5 5256 HIK ¥
TIRKFEIRK.

&% : QUINTIX224-1CN 17KV (LI FE L Fl
Wril# R RA W) 5 VIS-7220 w] Wk ot EE it
(At F A 3 B A 23 7)) 5 DF-1018 i i 450 $
(X THAEA IRTHUEA A]) 5 pHS-3C &%) pH
THOBUM BT T AL g A FR 2 7)) 5 202-A0 & 2014
i (RS A IR A A]) 3 TDL-80-2B ki3
BOHL( B B ).

1.2 BiOCI LB Hl &

WL, K 2 g Bi(NOy); + SH,O BAIIAZE
10 mL HCI Hr, % 3 50 $ 28 TR Al R Bk 56 42 15 1
SRIG UK (AR AL M BB B2 41 ) 1815 F AR v W
pH=6, KLEAE R FHEHE 2 h 5, B0 EBRET
W, FHZRRKFNTOK QBTN 3 IKERRZR I, B
JGTE 120 °C BYTHRAE N T4 12 h.

1.3 BiOCI 4L B RAE

FH X S ATHH(XRD, D/MAX-2200 #1 ) il
7€ BiOCL # i 1) AR FDRLF- K/, SBUER Cu Koo S
22, I HL T 40 KV, ALY 30 mA, FHE
1 10° ~70°.

R R (SEM, S-4800) W% BiOCI #% i
MERTETES, s i 5 20 ~30 kV.

KW L3 B AL (NOVA 4000 #L) il 5 BiOCI
FES T LE R FLARFURIFLAE. BiOCL K 7E 300
CEZSHPI2 h, B2 H0.93x107 Pa 247, %
M4 ik N,. Ho 3% 1 FR A Brunauer-Emmett-Teller
(BET) Jr kA%, AL b W B IS 7E N, 1941
YT P/P,=0.99 B} t-plot B3R5, KL HFLER
4y At FR L I 8585 F Barrett-Joyner-Halenda ( BJH) 75
FGER

K X S0t T RERE (X (XPS) 43 #r BiOCI A%
i T B TR AN, XS MgKa, i i s oy
15 kV, I#EEF N 20 mA, fEE N 1 253.6 eV, H

25 PR A 7.6%107" MPa.

SR HPERANAT UL A JEO6 11 (DRS, UV-2550 )
M BiOCL A fh X 56 A I WL fE J7, DL BaSO, (=
B, OGS 190 ~ 800 nm.

1.4 B S 1A B

PEFEL FH] B(RhB) J4RHE BiOCT AL R%
X%, JE%%¢ pH 857 %) BiOCL A% i Sk 1
RERsZ . W] ULOGRE S FEI B B R @
200 mL. 10 mg/L i) RhB {9 & T B il 141 9 5
#ad; @ BT (250 W, N E 420 nm P86 ) B
THEB R N4 20 em 4b; B WEAE T, ] RhB i
HA 10 mg 1) BiOCI A 5, % % 71 36+ 60 min,
fdi RhB ¥ W #E BiOCI ¥ 5 3% 11 L 35 214 B % B A1
JBLBEFA s @ FTHGUT, AERR 3 min BUH 1 ~2 mL
FEW, XPREREA T R B0 B, A 721 B0t
JETHAE 553 nm AIE B R TE R ROGIE.

2 R

1 JE AR pH 775500 il 753 /9 BIOCL A AL 551 Y
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Fig. 1 XRD patterns of different BiOCI samples

11.6°, 23. 8°, 25. 6°, 32.4° 33.1°, 36.3°,
40.7° . 46.7° . 49.6°, 54.2°,55.1°, 58.6°, 60.5°
F168. 1040 H BLURRAE I, 33X SERFAIE 14 5 J& F BiOCI
(JCPDS No. 85-0861) #& jh iy (001). (002) .
(101) . (110), (102), (003), (112), (200)
(004) . (211). (014) . (212) . (005) F1(006)
1. e, FRATRA 3 Fh pH I8 45 55 6L BiOCL
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¥ a Jy fh AL BiOCL @A, b ok, pH 315 5
NaOH #il Na,CO, ) BiOCl #f 5 iR 7€ 20 =31. 7° fil
45. 4° 4 B T Bij,0,,Cy, 2% 5T AR AR 1 (JCPDS
37-0702) , T 45 5 K NH,OH k¢ 5y 4 BiOCI
paK. 1 Scherrer A3 : D=KA (8-8, ) (cosh) (D
MRy KON TS I IE Scherrer %, — MUK
0.89; A g X BRI s B WA ST IAEIY) 2 1Ry 98 (R
FHC102) 4D 5 B, S TS0 i 9 5 | kS 1Y) 2 1 9 5
0 MAHL A% ) T AL SRS 2] pH 8 75 7 2 NaOH |
Na,CO, . NH,OH 152 BiOCI # s i1 ~F- 4 ki 42 53
W 48.5 . 237.9 F1213.6 nm.

2 S22k FHAN TR pH 5 5 #1753 19 BiOCl 4k

My SEM . fyl&l 2a AT, pH #5770 NaOH [
BiOCL i S BLAAKKL T BT A5 9 KbE T~ A A
R/, 290 50 nm Zefy s FF HaX SE4KRL TR A 18
—EIE T AR A BRI 2A) . i 2b Af
0, pH RT3 Na, CO;5 1 BIOCT A il S BLAAK A
B WK R BRAR R B 5], 2970 250 nm /¢
A5 WOR AR TOEH (& 2B) 5 FF HaX egik i 12
B ASREHES , 5 T S S AR 22 8] B 5 23
Hefh. di &l 2¢ BT, pH Y509 NH,OH [ BiOCI
FEah BN GOK AR, A0k A fkiAE
50 ~250 nm ZeAys GO A REASLHE, HBL T T
EITRIANREL (B 2C) 5 TR ).

&l 2 BiOCl £ 51 1) SEM [
Fig.2 SEM images of the BiOCl samples
a(A): NaOH; b(B) :Na,CO;; ¢(C) :NH,OH

3 BN pH JHT5 FIH175 19 BiOCL #5419 N,
W7 R A58 LR AN FLAR 3 A PRl AR 4 BDDT 4323k
IR pH A7 5145 19 BiOCI #f F B % HA B4 L
WG PR IV BIAERER , WS ARIRAR A H3 7Y, &
BiOCI R FHERUE sk 4t L. Hi& 3b nf 1, pH
PRI BIOC] fy P88 L3 i A — E %, pH
JH1570  NH,OH (1) BiOCI # 5 (9 FLA2 R 7 nm L)
T, HEESAAES nm LT ; pH #7575  NaOH
(1) BiOCI £ 5 i FLAE R 17 nm DU, JF H R Z 044
£ 2 ~ 10 nm {4 ; pH 7754 Na,CO, ) BiOCI
FES LR RAE 17 nm DL, FEAMET.S ~

12.5 nm JE Hl . X 45 U, dyuon < dyeon <
dyocos- W ad 718 ] L4532 pH & 15 77 & NaOH |
Na,CO, . NH,OH 1532y BiOCI # i i bt 3% 1 F243
B 16.206 . 8.621 F111.861 m*/g.

KA XPS 15 &8 BiOCL A fh ik il gy &
4 S A[E] pH A7 6145 1 BIOCT A 5 g XPS 35 14].
[l 4a AT T, 3 FRAE S B, O F1 C1 3 Fpocz4l
B Hi & 4b AT, pH 3R 5 5]y NaOH | Na,CO, |
NH,OH 71532 ) BiOCl # 5 7E Bi 4f 455 6e 4 5
158.5 eV(Bi4f,,) f1163.6 eV(Bidf,,) . 158.5 eV
(Bidf,,)F1163.9 eV(Bi4f,,) . 158.9 eV(Bi 4f,,)
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Fig. 3 Nitrogen absorption-desorption isotherms (a) and the corresponding pore size distribution
curve (b) of as-synthesized BiOCI samples
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H1164.3 eV(Bi4fy, ), UtH 3 R b s34k
Bi* . iy & 4c Al &0, pH ¥ A5 5 4 NaOH,
Na,CO, . NH,OH 1831 [) BiOCl k£ 5 76 O 1s 454 6k
A3k 532.2 . 530.9 F1532.2 eV, 18] 3 F k]
g o 0% I 4d BT, pH R Y A
NaOH , Na,CO, . NH,OH 75 %% BiOC] ££ 5 7E Cl 3d
5B RE N 200.2 eV, UEH 3 A AL ) I
CIM™ 0 gb—2 M, Br & R4 5k BiOCI 3F 2
JCEMLLCH B, 0P CI.

Bl 5 S ANTE] pH 9 5 5510 i 45 19 BiOCL A% b 1
DRS K. &l 5a v] &1, pH ¥#795 54 NH,OH f1)
BiOCI # iy i W G [ Ry 350 ~ 400 nm, I 55
AN s pH P57 NaOH 1 Na,CO, [ BiOCl k£ 5
(WS L4 300 ~ 410 nm, A ELAL pH 3557
i NH,OH ) BiOCI # it ok Ui G & 2k i 88, &

TRBERMG SR G ahw = k(hw-E,)* 2850, H
o JEEIIR R, v ROEHIR, h 9 s AR,
K AHEL B, MAEHEBR Y. AR A IR R KL
(ahw) ' Hifght hw 7L ZR (A& Sb) , XS4
SRMNZIVEDIZR, DIZ BT R LAY X Al A AR B R 75 B
fAE. M 5b al M, pH 345525 NaOH, Na,CO; |
NH,OH ¢ BiOCI #£ 5 i) BREE 40 3l 8 3. 27, 3. 21
H3.15 eV, BRZE AR5 B BT A BiOCL 49K A
PIARERC AT WOGHUA. BIOCL = A BB 40717
AN AR AT MRS By = X-E°+0.5E, fl Eq, =
Ev-E, 7H 5, Hof By v s on, X oy
BiOCL B Ry B0, E° O B i B RO RESR (R4
H45eV), E N BREC(ILE b)), Eq N T i
IR, THAAERILE 1.

1.4 2.5
() i NOH (b)
3 8 2.0
g >
5 3
5 P
s a
g = 15
= ~
<
1.0 ——~H,on
Na,CO,
NaOH
0.0 L - - . 0.5 f L L L 1 L 1
200 300 400 500 600 700 30 31 32 33 34 35 36 37 38 39 4.0
Wavelength /nm hv/evV
Pl 5 SIF] BiOCL AEALFRI (¥ DRS % 1&] (a) F1 (ahv) 2 Xt ho FEE (b)
Fig. 5 DRS (a) and the (ahv)'? vs hy plots (b) of the as-synthesized BiOCl samples
% 1 BiOCl @y iEae. MEMSHE
Table 1 Values of gap energy (E,), conductance band (Eg;) and valence band (Eyy)
pH regulator Eg/ eV Ec/eV Eyg/eV
NaOH 3.27 0.51 3.78
Na, CO, 3.21 0.54 3.75
NH, OH 3.15 0.57 3.72

1 6 SR pH J45 A1 14540 BOCL fik {11y
RhB (AR RCRIE. P 6 71, 4 RhB bk
FA BIOCI AL IR, RhB (W% K 2. 8% , 7]
L 22 pH 84571 % NaOH , Na, CO, . NH,OH 11y
BIOCHHE 72 12 min B A9 7T TLOERE R RhB 245

1k 58.72% . 73.81% F195.68% , 7E 18 min i ff
A] UL SG A RhB AR 43 3y 83.72% | 97. 19% il
99.95% , w1 ET UL pH I35 50 X5 AT WO A% RhB
A2 M AR R, 24 pH 35 57 O NH,OH B 45 21 i
BiOCI 442K F (AL T M fi e
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1.0F eq; + H,0,—OH +OH” (8)
:::f(;f hyomo > *OH, 0, ,HO,*,H, 0, +RhB—products (9)
081 | a NaOH JEHEALTE PRI T BiOCH 4657 5 ) 24 RhB
e 22 I A RO TR, A A AT AL B R, RhB Y
go'ﬁ' B A R M. 3 AT, pH A Y N
S oal NH, OH il 153 BiOCI & & i fLI&/NT 5 nm, A LA
’ MRfE 1 ~3 4~ RhB 437 (1.59-1.1840.56 nm) ; pH i
ol TR Na,CO, il 153/ BIOCL # 5 By fLIE K 2 ~ 10
nm, AJLAER T 1 ~6 4> RhB 735~ pH 8195 Ky
ol N NaOH 1/ 19 BIOCI B g HOFLIE £ 5y 7.5 ~ 12.5

0 3 6 9 12 15 18 21

Time /min

K6 A[a] BIOCL A1EL xS RhB A R] UL A ith 2k
Fig. 6 Visible light degradation curves of RhB with
different BiOCl samples

Hi &5 By 25 2R T, pH 3 5 58 . NaOH
Na,CO; . NH,OH il 3 ) i & BiOCL ¥f & #E A RE £
AUk, (B B 6 R AR AL, A Y
BiOCL Ff fy £ 1] WG RS T AR R B AR S 9 i AL 6
P, XN RhB 55 BiOCL 2 Ja] 7 A 1 ' S Ak 1
1. RhB %A [ 460 ~ 600 nm, Al L
AIOLEOAR. ARIAEAEGH YO0 T, RhB gnl I
e, WO T A TARRE 5, T B R AR
ZE(6) s MAMEARZ )5, RhB 237-80] WOt
KIEIN ROB s (230 1), ST s s
(HOMO, 1.6 eV) Bt EHAK = #11E (HUMO, —0.6
eV), HF AL B ERIE 2 BiOCH fE L] 1Y T4
(BiOCI A 19 T8 £ RhB i =y o7 B8 A iR A1 2
Bugzia, k) FRBOLAER T (e, 232),
JEAE TR IR P R R AL (O,) 22 7-OH, 0,0
HO,», H, 0,3 Al (230 5-8) , RhB [
PEBAE B T2 Chyouo ) 5 257 BUK H Y&
FM(OH™) A A EE( - OH) (A33-4),
SRR A hyone”  *OH Oy~ HO,*F1 H, 0,
SEAL[RVEHI# RhB B (A=9).

RhB + hy — RhB” (1)
RhB * +BiOCI—RhB-(hyyy0 ") +BiOCl (e ) (2)
hyowo + H,O — OH + H* (3)
hyowo + OH™— -OH (4)
ecg + 0,—0,~ (5)
0,-+ H"— HO, (6)
e + HO,» + H'—H,0, (7)

nm, A LAWK 4 ~8 4~ RhB 735~ 24 RhB 7015
BiOCI L% iy, RhB A 2 @faf. Mt pH 45
724 NH, OH 45 (1) BiOCL A% i 22 Bl e iyl L
JCRESF RhB 205,

R

PIK A T BIOCI 9K A, HE5 Tl &
W pH 8 5 751 %) BiOCL 45 #4 F0 4 1k P i 19 5%
M. R AT X BT 55 (XRD) | $ 4+ il
(SEM) . N, Wt . X STt M+ RE1E 7 B (XPS) |
FEEHR-7] UL 18 S 5 3 (DRS) X B 45 i 1) BiOCl
FESEITHRAE. FAELS R B 7R : pH 775578 NaOH
F1 Na,CO, 5 LY BiOCl &4 2% ix, pH 875 7| 4
NH,OH 1 BiOCl S £lipu7y i BTk} >k Na, CO, |
NH, OH FI NaOH >y pH #1555 Bt 1) BiOCI #4
YK Fr, >k NaOH 2 pH 38755 i BiOCI 44K A
KA K 29 50 nm, >R ] Na,CO; iy pH 55 7 1Y
BiOCI 42k Bkif2 K 25k 250 nm, & Ff] NH,OH H
pH J7577 24 BiOCI 442K F-kife K258 50 ~250 nm;
K NH,OH >4 pH #8715 57 1) BiOCl 4>k | i L 1%
/NF5 nm ., FLZEMF R 11.861 m*/g, K] Na,CO,
S pH 1877 7 1 BiOCL 44 >k /19 FL 428 = B4 A 78
2 ~10 nm. HLEEFHR 8. 621 m*/g, K NaOH K
pH & 75 7] 24 BiOCl 44 >k K 19 fL 72 3 2 7 A 1
7.5~12.5 nm, [LEmMH R 16. 206 m*/g; LA
NaOH, Na,CO,. NH,OH iy pH 3 5 7| {5 B th 19
BiOCl [ BRAE 43R 3.27 . 3.21 . 3. 15 eV, F£hi
JUEYI A B O HICI. "] WGRESR S FHIA B 4%
LW, DL NH,OH 2 pH 35775 it i) BiOCT 24
KA BA BAERDCHEATEE, A AR i A 2L
YA N
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Effect of pH Regulators on Structural Performance and
Photocatalytic Degradation of RhB over BiOCl Samples

LU Guang, ZhANG Shuang, HOU Guan-yu, SHI Feng, LI Tong, YAO Xiu-qing,
LIANG Hong-yu

(College of Chemistry, Chemical Engineering and Environmental Engineering , Liaoning Shihua University ,
Fushun 113001, China)

Abstract: The BiOCl nanoplates were prepared by hydrolysis method. The influences of pH regulators on their
crystalline phase, morphology, pore distribution and BET, chemical composition, optical property and photocataly-
tic efficiency were studied by XRD, SEM, N, adsorption- desorption, XPS, DRS and RhB photo-degradation under
visible-light irradiation. Some impurities were discovered over BiOCl samples using NaOH and Na,CO, as pH regu-
lators, which were different from the sample using NH,OH as pH regulator. All the as-prepared BiOCIl samples
were nanoplates. The order of nanoplate diameter was Na,CO,>NH,OH>NaOH, and the order of pore size was
Na,CO;>NH,OH>NaOH. In addition, the gap energies of BiOCl samples using NaOH, Na,CO; and NH,OH as pH
regulator were 3.27, 3.21, 3.15 eV, respectively. Elements of these obtained BiOCl samples were B** | 0* and
Cl”. The order of RhB degradation was NH,OH>Na,CO,>NaOH. Moreover, the mechanism of effect of pH regula-
tors on RhB degradation was discussed in this paper.

Key words: BiOCl; rhodamine B; nano-plate; pH regulator



