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Abstract

Novel three-dimensional (3D) flowerlike BiOCl nanoarchitectures were synthesized via a facile
solvothermal process only using Bi(NO3)z: and KCI as precursors. The morphology of BiOCl na-
noarchitecture is strongly dependent on the reaction conditions such as the ratio of KCl/Bi(NO3)3,
presence of organic solvent, and hydrothermal time. The products were characterized by XRD,
SEM, TEM and nitrogen sorption. Furthermore, the photocatalytic activity experiment illustrated
that as-synthesized flowerlike BiOCl nanoarchitectures exhibited an excellent photocatalytic ac-
tivity for the degradation of RhB and MO dye aqueous solution. Interestingly, the degradation of
RhB basic dyes is faster compared to that of MO acid dyes. That is due to the fact that the surface
negative charges of BiOCl nanoflowers present good selectivity toward positive RhB dye organic
groups because of the electrostatic attraction.
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AL FLUABI(NO3)sFIKCUA R N, KA B EREBRIRGES B T Hdif =48 RBIOCIZNK 5 R4 -
BiOCIZK 2 S5 M I TSR R B T IR Bi A, BIIIKCL/Bi(NO3)s LBl FHIAFIFES S U RKRKR
IR E] o 3B B XS ERATST (XRD) - X5T4£R 06 BT BEHE (XPS) -~ 33 BT B4 (SEM) . 3Z 5 T B4 (TEM)
TN TR Bt B P 2 R AIE T BE X SRR T EAT TR AE. W H, oMby iR se it R B pr & B ER BioCl
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RhBH# A% G} i B AR L MOBR 1 Bl 58 NG, 7T B8 B T BiOCIZ KRR 55 1) 2 TH A 67 B A (R B s IR 51
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1. 518

AR, GG Qe EIE @R IR, KA AR A NG R R BRI G HIRK L E . 3k
T A BRI — R L R RO R MREOR, IR T IR SR [1]-[4]. H AT
A AR AT N TiO, SEREAT S EAE A EAL R BT A, AR R IEALTRI I T A& BiOC
VER— M RIEFOCHEAE TR UG R, ITERZ R TEAI & EERE, fln. R TR
FRNLLHEEE AR 4 —BEEFIIGE G T BIOCH 40K 7 kI B ik 7t 1 Bl A KALEE; Zhang K L
SN BinOs AR 2R R FH K AR 1 7545 1T BATUINTBCIR S A TE S BIOCH, FFEWEFE 14 il A FL
SR 5 HOLRATETEZ RO R, MERE SR B TE RN 3.46 eV, LT Z5HTH 45 R W] CI 3p ANl Bi 6p
P B O b PUE A B AICAR T BUE[S]-[7]. BIOCH Ayl #3448 [EAE 3.2~3.5eV [i], 1E
EAME TS B B R AR PEOL T TiO,, E 7T WD N JURHBAL i SEB RhB FA R AR [8]-[10] - YL
TR SR AL TR 5 H bR B AR B B . DB 2O 0 B 5 &G EEZ, S2E L
ARG R, BRI T4FPRTE 25 H) BIOCH B 7S th BN BIOCH G AL FIHIBE Fo il BRIKA4 R
MRS BRI 22 BT, BIOCH 4K ST T vt — P4 BIOCH SEHEAL AR 1 — AT RE 77 )
[11]-[14].

=4k BiOCI 73 &K Fi AEIR S5 44 BAT v (1 BRI AR AN AR E WOWE S, T e HOL AL RCR IR Tty
KA MIFEME o A SZIGAIT 7T 1 A2 A HG% A R BIOCH R e g R A . RIE MR 2455 &
GG, A RRARE M = 4E N HPK T EIRE R BIOCI, 7ESAME X P ] B, W EAF YLk
BEAT YCHEAL AR TPAN HOGREAL AR, Sea af R W& R =4 BIOCI 73 9K AEIR A AL 2 AN T Xt
D FHY] B ARSI RE A AU AR, H AR E PR

2. X4
S b G IR e e i, A TR 244k kb3 . % 0.5 mmol Bi(NOs)s*5 H,0+ 0.5 g PVP. 1.5 mmol
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KCI B 51 ARAE 20 mL — 45 — 2, —FE(DEG)H f5 25 N\ 20 mL {2 DU £ i Ik S0, S BN 180°C il
AT HRFEALEE 12 h, 8505 B a0 B Z8 10K . QRGP =%, N 60°C LA 45 5 19 208

B B 5 TR 40 2 FH R K XRD 3£ AE . MR FE Smartlab X SR AT k47, A F4T#E(Cu Ka,
A =1.54056 A) A4 SHIR, s B R AR SRS 8 40 KV AT 40 mA; FESIORSE . TESURI 4 R TE It 3
RS BT (SEM)FIE ST LB (TEM, HRTEM)FRAE. TEM AlIE X HL-F-A7 5 (SAED)HE A 78 H A HL 7k 5K
2x4+(JEOL) My 7 s B34S, Nk B s> 200 kKV.. TEM R 5 A1) 462 55 B il AE i 20 BUCE Z BV
SRIGI T H AR M F, ESE FFE. SEM BHEEE 0 A H 7 HR 2 H (JEOL) 4 = 1y 1 5 K
JSM-7001F Lill7%, TAEHE 15 KV. HTHERERIEZTE Thermo ESCALAB 250 X £k i T RIS Y I
AT, KH Al Ka, hv = 1486.6 eV 1 Jubnl AR Ui 200 B Mt B 5508 it 28 55 FL A% 0 A 7
Mircromeritics ASAP2020 Fili45

FeEAE BRI Saf IR e R IR R ISR T . DL RhB N EME AW, H S SIS R
BIiOCI #MRHE GG . 2E N, ¥4 40 mg BIOCI JGAEALA BRI 100 mL ¥ 4 5 x 10°° mol/L 1)
TP B T, TE BRI IR SR FRE R 30 min, E S SR 2R 5 B [ VW A . BE S T RS SN
FEPR(200 W R KR AT ), 7F— 58 IS [a] (] B, B 3 mL SOMEis v s OBl n, B Byl v, A4 -
AL A6 BETHE DR K 553 nm ALl E 2B B R BIWROGRE o AR BAAE - BLORE R, RO S
WREERELL R &, @O BARE TR 2R, UCAP Y] B il 2% itHRAX: ER
F = (1-C/Co) x 100% = (1 - A/A0) x 100%, HH Co. C AN CHELBEMERT G FIIRE, Ao. A HlZR#
PR RO B o 2R AN SO 1 7 4738 Y61 (Perkin Elmer A& 4277 754 Lambda750S) 3k
15 o[RS TE oA 2% AR A AR P A5 350 T FR B Kb TG 6 BRI 2 1 %o HESEB FIAS i BIOCH 1172 1 %o LS 38« kA
# 100 mL 5 x 107 mol/L (1% JF 8 B /K& 5 e pk 5 x 107° mol/L (1) PR LA I, 15 iR szt b gt
1T A PE R R S8R

3. BRE5VE

Kl 1 RFE 1) XRD 3%, BIOCIH BT A FIRFIEAT S W64 5 A E R Fr (JCPDS card No 06-0249) 1R & FI % i,
RN A AR GE RN AFAE, SEHERT =Y v aiif A4l BiOCI, AR ABE TR B BiOCI
(48 R FE LT . b AM(001) F1(102) T I UEAR L AR VEE - v IRV TR B, X AT RS2 T X MRARIR 45 M 7E X B T
v 553 P H ) A K T

PV SN R i 0 3 R SRR T AR AT RAE, L FESEM JE v WL1%] 2. AR5 4] FESEM
BRI LG, FYNTERIES, RSF A K208 2~4 pm. IXEELE R V238 LI GK AR v AR
TR K. ORI EDX i B 2(a) 4 ) R B FE SRS Bi, O, CI =Fuck, HEMAFICEN N
K BAa R (B C, X2k E TR IELR). Em B3t FESEM B A (14 2(b)dr, FRATa] LLIE
AT 1 0 5% 13X Le gh K A AR A8 3 2 eh R B R L9 T Tk K R e B AL ), BN 9K A R
FER 30 nm Ay, HEARGAFFE. oh, Xy EEERE e, UEeNIERKI GBS E
i JEAT AR BEARFETEARE SR A PR

2 I 51 i 7 A AN o HE R R — D AL T ARAR BIOCH 4K BHITE S S5 454 . 14 3(a) R T
AN R TG IGK T (0 TEM BB, AR RATTRT LG BN SR AL oK v B AR w3 . ibsh, BIiOCI
YK I 2 X IR HRTEM B Gn ] 3(d) Bz, MBI 3RATT AT LA B35 B b i 25 80, Fodb d TR d =
0.3 nm, XIT BiOCI [#1)(102) gaTfi Al EE . #F— DR IXELgoK i AR IF (45 & it . BIOCH [ 7577 di Al
R UM B 32 X L7775 (SAED) B 4 1

BB — W P il 26 T3 — 2D FORE S R TR BRI . 0P 4 BTOR,  IXRRARIR 2 G A A IR
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Figure 1. XRD pattern of the obtained BiOCI products
1. Fr#% BiOCI =41 XRD &

Figure 2. (a) Low magnification SEM image of BiOCI flowerlike micro-
spheres. Inset: EDS pattern; (b) High magnification SEM image of BiOCI
flowerlike microspheres

2. P13 BiOCI # AR fE (a) RS fE (b)SEM 55 E K Be T RETE E

Figure 3. (a) Representative TEM image of the BiOCI flowerlike nanomaterials; (b)
HRTEM image of the edge area of the nanoflowers; (c) The corresponding electron dif-
fraction pattern

3. (a) BiOCI AR B—HR A RIBESRIER A E; (b) S2¥EHRR; (©) Xt
RIey e F ATl

I IV B - RRAEIRLR, S HALTE 0.5 PIPy | 1.0 PIPg ZIA] . X LSRRI BIH LLR A
33 g XA F R TR = 4 SRR, AT RE TR AR K AL EE 5 TH
BATHAT 7 — R BN T LA TSNS EO = DB SR . JATEZHR ST 7 DUR LR S8 A HLE
A AR RN [E) RIS . 55, DEG AN INAE BIOCH 9K AL M7 i A ok 25 G L 2L 1Y
YERI(K 5). nlsl 5 Fos, WA DEG, R HO 1R A, I ML AR RE S, R
KRYITE 20~30 um 2 (8] Z5 G BL 73T, FATRT LARA E A HLIE 75 DEG X 9K AERIAT RES A 1R 3 2 A0/
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TSR 2V PT DASE I S BV R P O R AT A, IR e o 5 I B S 2 TR
DEG & —Fif 458 i b s R KRG FE 1R 48 03051 B2 B T 4 8 8l JB S8 AL KR 7 I R A I B
AP B B BT AR . A SCHRHGE, DEG AR EECK, DEG &1 £ 2 S8R T 4r Bk Bl
BEA IO AR KA LY, HEIT ] BIOCH 40K (1% 1) S PR AR K, AR ] DL IR G i T2 B i A% 1D 1] 2 1 8
A DEG HAg LK B i 55, (245°C), (E157E 180°C N AL FE AR I IRFe s « N A B f e, i
FE SR AR B AR R PR 4 i [15]-[17].
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Figure 4. N, adsorption-desorption isotherm for the BiOCI nanoflowers. The inset
shows BJH pore size distributions of the sample

4. BiOCI ¥y R #Eaf0 N, WM - B R4 MFL =0 ik
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Figure 5. SEM images of samples prepared under similar conditions but with DEG
replaced by H,O
5. A H,0 BX{X DEG fEi&3IRt & REY BIOCI # kY SEM B

Figure 6. SEM images of the samples with different amounts of PVP keeping the other
conditions unchanged: (a) 0 mmol, (b) 1.5 mmol
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WU B A B, SR T 1 770 28 5 308 >R FH T CSCR AR i 6 TR PR P T o T S 551 O P 380 T
¥ 2278 bR HAN VRO 5 (dangling bond) 1 5 B R M B PR, AT 4] 75 X B mim i A, ik
DEF=PRITESN Lo SCHRF A, PVP BIEZAE R RAE NS mdase M, B ke fES, R bR AR /I
UEAh, TR R ) PVP SRR B L IR R AP AE R BT 40K R A R AR, DU 1 RO 9 A5 08 BB D
N, AERE S TSR NI 5)[18] [19]. {H4 PVP & KR, K som iR Bk b 435 AL & AR R
g5k, REGELR AR,

AR, KCI &2 /DX =S A R E B . 5] 7(a). 14 7(b)43 129 0 mmol. 2.5 mmol KCI
A BRIGIFE S ) SEM B A . NIRRT B, R KCI s &N 1.5 mmol B 4 #8 A= sRIE 3 21 1) =
4k BIOCI gk etk git . Bk, R SR XS o e S5 R TE S BT ke 5 B VR o FRAT 140 M7 B IR =
BUEH T SRR TR KCI I, P B RS0, 257 R 00AH FAE At aam, R es s
BEAIG, I 25 2 SRAS 70 B BB (R oK

BIGR 2 TG R — e =G, Blane ke, F&, i, 2, DIREGW, T8,
W, AR AR TR 2 GURINIHE N K R AR B R T EE 1, (R AMATR A 5 5 KR i E 4 & 5 1 (1% Cr, Al and
Cu) R BRCEEMEIR KNG A, MG GoK TR PP B, WM FF A0 =2k b gekl, Bt
B B Je— Mg ma gk, FERAE R — R R ekl . R B Y g i A I S — AN B AR
I, X e gukl gh ) 2 JEH Fae LA T AL G A BUAE M) Rb BT VRN R 5 o A BRI e ekl . FEFRATTIN
HefEA R R, BATRI =410 BIOCH 4K BHE R TARIE T B iE v, xRl e f1eg B A1
FRELRE Rl A T 2 RS, AMDGHEATT], FEAMT AT ARt REME, LIRS R ST T i fe e
PEo SRIRAER IR, RIEHKET AL AMT IR, Rl AR A KA . FATEM 75—/ MRk, B
P AMT RS, 78 BEREIRET A YA NN BIOCH ¥ k4T R, 45 R, B o] S v, ekl
WML KA. L, BATRTCAA A A AN ST RS2 AT RO B A S 8L P 0 6 %A1 o
K 8(a). [l 8(b)4r I BIOCH £ 5%t 2 P By HI S Gkl PR Ml 26 . el PR 2 vl 0, 7RSS
T, G 30 min B2 FH B YUkl IEARSE A PHE, JEHR 50 min B ISR 1) B RIA R T 90%, S5 AR
FEHRL TCAEAL AT BRSL I R I BIOCH FE St B FHIH B FH RS #TRE IR AT e AL B A . T BB ST 90
FCHRARIE Y TIOL/PSR & &AL ARG 14 mg/L (4.3 x 107° mol/L)f H FERS AR 2 h L4 IR 51
BEAR 2N 79.7%; IR ES 0T 70 & SCHk T R GE Y BIOCI F XS 10 mg/L (3.0 x 107> mol/L) i) L FE VAW 150
min 48 40 HR 5 1K 4 AR 29 97 %, A SEIG 145 £ BIOC AR i Y6 HEAL AL T STk (9 TiO, & & . BiOCI
[20] [21]o SE5REIR, BATHTE R BIOCH A 7706 6l 14 YLk i T 6 B A s R LR T IR TR e

NG A A P 2%, AR RE BB EA R, 2 0% 2 B A0 7 RE 75 7 ] 2 B 7 FH (1 S — DR 1] 7
9. & 10 43 34 BIOCIH G X MRIERE 5 51 SEM B AT XRD #%. H SEM [ F1 XRD i 43 #7

Figure 7. SEM images of the samples with different amounts of KCI keeping the
other conditions unchanged: (a) 0 mmol, (b) 2.5 mmol

[E 7. AR KCLAMEXT =482 E R R 54 : () 0 mmol, (b) 2.5 mmol
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Figure 8. Degradation curve of BIOCI samples vs rhodamine B dyestuff; (b) De-
gradation curve of BIOCI samples vs methyl orange dyestuff
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Figure 9. Typical FESEM image and EDX pattern (inset) of the BiOCI nanoflower
photocatalysis after a 5-cycle reaction
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Figure 10. XRD pattern of the BiOCI nanoflower photocatalysis after a 5-cycle reaction
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KHEFNRGES BT BRI 5T 1) =4 BIOCI 9K B AR ek 4544, ek B2 %178 600 nm, X
Pk 7 JEIE R HIE 30 nm, BRSO EERIEAUA R T 33 mPg ™ I EARA ). PVP IR KCI B
SIS AAE, WAL T IR LR X BIOCH # & R s, #iE 1A E & Bk E. SEIREE R LA
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