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Catalytic performance and mechanism of nikle chloride
hexahydrate in basic fuchsin degradation
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(1. Faculty of Materials Science and Chemistry, China University of Geosciences, Wuhan, 430070, China;

2. Research Center for Eco-Environméntal Sciences, Chinese Academy of Sciences, Beijing, 100085, China)

Abstract; Nikle chloride hexahydrate [ Nil.] (ClO, ), was used as catalyst for basic fuchsin (BF)
degrodation in the present<of:H, O,. The effects of catalyst and H, O, dosage, substrate ( BF)
concentration, pH and<temperature on BF removal were optimized, and impacts of the common
anions and natural organic »matters on BF degradation were investigated. It was found that
[NiLL](ClO,), had.a great catalytic capacity on BF removal and the decoloration rate reached
96.7% in 10 min under.the optimal conditions at 50 C, pH=6, [ NiL ] (ClO,),, H,0, and BF
concentration of 200 pwmol - L™", 0.12 mol - L™ and 15 mg-L™", respectively. Moreover, ESR and
radical quenching tests indicated that O)+ radicals were the main contributing radicals generated in
the [ NiL. ] ( ClO, ),-H, O, system which could further degrade BF or other dyes into smaller
molecules. The reacion mechanism was proposed as follows. Pentamethene coordination compound
was formed through the coordination process of H, O, with the central nickel ion of nikle chloride
hexahydrate, and the coordination compounds could stimulate the generation of O} + radicals, which
could further degradate BF in aqueous solution.
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Yhis Y 1 ) 5 — B R A A R 1) AR (), Y5 K A HE RO A e o S 75 e | Tl HL 25 A ™
CENIUEZ ST AP 7 @ At 7 AN 2 Tl AN = o0 | A7 7 N LYV il A R 9 R NS 2 G A I P B
A AR K e B A AR AR e ] R A EUE M M2 A ERE MBUR S T B SUEY Y B A
VEZ T3 A B Tk 7K AR A R | 2% AR DA B A B s X B85 1 5 1 46 DR 3 25 SR A —
FE B JRBRAE  ITAE R, B A AR (AOPs ) f TRE) 12 S LR f 45 8 MR R A A L HE T 7k A B L
AARE T IZ RN L R AR AR (APOs) JE—28 3 F 7 AL i Sk 16 P bl L AR AT HLTS e A A
FHALHG Fenton SV 2 Fenton W 0,/UV 0,/H,0, KGR 452002 4E Deepak BAkolekar 45
43 LA B — 4 Ja RITTRE 4 4 T Ay A ) ol T3 SR AR A A Y 32 8 R I i 368 248 Tl B R AT BILD ,
AHUBREFRF KT 84% ) .2004 AFAH8 55 45 L 4 Ji A5 -+ 4 o UG M4 40 b Ak 00 4 i AR =X 4 fe vk
A B H-FREER EN YLK | €0 LR AL 98.2% 1. 2009 4E MR H1 45 T MnOx-CeO, R FIEAL I H T
TBRAEAL AL B 25K K, COD R KN 89.3% 7.

AR AP 2E E m BEE A AR T T T 2 AR IS (B8R 75 R AR 1 )8, -4k
e R RCR HLIZ S A R AR AT SR R XA ST G AF 5 48RRI Y. K 3R 2R e A4 LA A 45
FIRRAE AR H & A VE A AL B AL AL, Gokulakrishnan S %58 FH KPR Z2 AR i & Wi AL, LAa
TRBR AR E AT, A R LA A SR AT B T BT AL R AR A AR, 5 min A YR} fF R 0] K
94%  (H KPR SA so— | iZ RS, FLAE AR HLEEAS 05 385 067 , DR A 06 2 a0 =25 A R 5. AR SR S
Wi T RIS NIL] (ClO,) ,(L=1,8-—H%E-1,3,6,8,10,13 7S A 2+ PUks) , 3 F T4
flad A S AR L S 2T, U T 3 AR RO 012540 T AP L.

1 L5 J7 1 ( Materials and methods)

1.1 B

UV-2600 A] WG-28 A8 G EETH (BT I e as A FRA F]) |, Nicolet6700 {1 BL 2T 40 A8 4 14X
(EEFEER- CHRARRAFE]) , UV-2550PC $5M AT UL S 5 AL ( H AR YA H] ), FE20 BRBE T (Mg E
B-FER Z XA 23 7)), JES-FA200 HL 10T @7 e ( H A HL = #k 24t ) |, FP-6500 2256 70 566 3t
(JASCO H ARG H]).

NiCL(43Hr 4l , &5 =98.0%) , Btk fb 21 (b2l & i =88.0%) , it |AL R (fh274l, e =30%)
IR (ATl MR =36.0% ) , 2 A AN (AT 4k, & =96.0%) , EALEN (st 4l i =99.5%) , i
Bl S =99.0%) , BT (/AT 4l , We B =99.5% ) , W 2ETER (0 W4l , We 5 =98.0% ) , L) 124 5
W TAb 5T E R R A BR A AN Te R Ui, S8 i K A KBS FK.

1.2 AL PNIL JCCI1O0, )y YA L

P RESCHR 9T 7k , % 12.4 ¢ Ni( CH,COO0) ;4H,0 & f#T 100 mL I EEH e RWiHi £ T, &1
A6 g LR 16.2 g36%HEEF 7.5 ¢ 40% H i IR AW FS 5 250 mL =36, 76 70 °C (TM AR
HREPE L 24 b A2 IR U, N A Y NaClO, FBEA T, A2 B G i R ACIR UL T , filig , 1
I 22 YRR U6 AR T4 , B (AR AAE 70 °C T BL2s T4 Sy Rl F

/
Y
N, N
2CH,NH,+4CH, 042N, H, +Ni( CH,C00) »4H,0 %[ N ]
reflux24 h N

NaClO, N
A
/
1.3 AL RAE
1.3.1 (AL SRS (FT-IR)
8 VERTEX 70 Bruker {8 H 2T /MEHOE IR [ NiL ] (C10, ) , AR & 43 B 470 157 235 440 00 3K
AT AR BRI KBr &R, 45 B BGE RIS 4000—400 cm ™.
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1.3.2 840 AT WL [ 59 3% ( DRUV-VIS)

{6 ] UV-2550PC 2240 Ui [ 565 G REARE [ NIL T ( ClO, ) , BEAARAE S E A7 W e i i3 e < 3 Bl
240—850 nm , FAFKEE A 0.5 nm.
1.4 fEALREAR 5250

FHZEM KB 1 g- L7 BB S0 (1 mmol - L71) 1 1 g+ L™ F R IR 22 BeAi e & W0 i WRVE i 4%
W — 2B 1 g L7 B S0 1 mmol - L™ B[ NiL] (C10,), ( fAi R NiL>" ) ¥, YA IR A, A —
EUY 30% H,0,, B F) 10 mL, $£4]. ] UV-2600 L4 66T @ it S 21 7E 543 nm Kb FOIROE
[0/ = W R ST EA ] 5

A, - A,

G

A IR LD AR IR RO s A STk S £07E ¢ P 20 RO
1.5 =456 (EEM)

DL S 0 B SRZKAE R K B il 4 A R A AR 3R A FP-6500 2516 43 )6 0 B 31 I fh £k % fi
5 0 = 4E5 , PP F AR A H (8 LA X A A e i 1% 52 el 345 14 2 . % 1R 200—400 nm,
R K 220—550 nm.
1.6 HLFIRE LRI 1% (ESR)

AV R AR 22 1) IR 4R D33 ( ESR) HH JES-FA200 Fo, ~F I S A 7E 25 15 T I 4 5 43 g il
S M PEHIERE 1.6 G, 3% 325 G, I %K 0.03 s, (IR 4 mW, IR 9.14 GHz. W5 B M AE
2 mL ¥ # B PRI 3 WL DMPO(20 mmol - L")  REFZHARE 4549 (1 mmol - L") 1 30% H,0,
(0.12 mol - L")  FFTERE M IR T a4 17235 2 min (FH IS IRG RIS T 6 4048 WU/ 5 il T A% A
P, FLACT WA AR 43 BIVE A OH - F1 O [ PR 3 B PR R BT FEL I A iR A S T A Py 4 0 3K 25
i origin 9.0 A

x 100%

2 559718 (Results and discussion)

2.1 AR NIL* O GREER AR

P 1SR AEARI [ NIL] (Cl0,) , B A4 S mT UL T8 S 56563, BT 1 A il AR 3, 76 7] WO IX B 54
[NiL]( C1O, ), AT — A4~ WSelde  RRE M K o 451 nm , 5 30k P A 438 2 AR — 250, SIS 8 0 i &
P NiL] (C10,) , Hefy *FWiLE 7 0925 [ R B BE 50 [ NiL ] ( C10,) , ¥ M AE 200—800 nm I 138 il A 1Y
SEHN AT DL SO TE a2 B, 7E T WOG XA B — AN RSO, s RSO K AL T 445 nm, 55 [ 14 58 41
1] UL 18 2 SRR MR KRR , R I S e K W R R 1, HLIC S T K v HC 23 e A B e A
A 5 SCHRIE Y 446 nm FEAFAFT AR S MO AL B RE RO 22K 64.5 Lemol em ™.

1.6
12
g 10r _ =
E‘ Wavelength=451 nm S
F =
g 08 / E ol
=}
< 0.6 <
0.4
02+
oL 1 L 1 L 1 L T + a— | 0 L 1 L 1 n 1 1 i}
300 400 500 600 700 800 300 350 400 450 500 550
Wavelength/nm Wavelength/nm
1 [NiL](Cl0,), %55 AT L& S e 2 [NIL](CIO, ), 55N T WO

Fig.1 UV-vis DRS spectrum of [ NiLL] (ClO,), Fig.2 UV-vis absorption spectrum of [ NiLL] (ClO,),
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Kl 3 J2[NiL] (ClO,), il B nt AR fb 21 Ak ], L BT LUE 247 F 3255 em™ B IMRIRIG R RIA £
Jiie 1 N—H W9 2l 0 5 7F 2938 em™ A M AL 068 J2 SR 3 22 e I3 R R C—H i 4 41 3l g5 45 T
1660 em™ 2L F WIS I & T C =N (H4EHR S0 ; M7 T 1084 em ™" 1YW g0 D)2 55 e 67 1) e S R AR 19
Sl T WIS 5 SCHRHRGE L BCAAR (9 1AM AR AR W A, 3% POk R B A A 21 B Ak & st 2 B A
7Y
2.2 RIAZHEE AP A RE

FEAH T 1.4 W T RIFZ R A WV A Ak ) | TR BE 1% NG AR S A Ak 500 FAS A Av] 49 ot
Ve AL H, O, AL BRI S 2T B 525, SCB0 25 SR AN P 4 7 NI 4 AT LB 3], 5K & P A
TR s H, O, Bl M S 21 45— E I AR R F BE 1,20 min PSR SR 21 A R A7 SR LA 81.21% ;1 24 LA
Ni** VE AL T 20 min PUBRPE S 2T A RE AR 20 20 AT 78.7% IR T AL A R A e X U B S
ANAUAS BRI A 2R A S5 7 114) 823 IS T 2 0 ot L AR e S 7 119 S8 3, 4 B0 1 1 T B D PR ¢
B A S Ak EOY U I R C A7 Ak G, (A5 S Ak S0 A 8o B R A T S S0A b R 3 B A1 Y
KIAZIEEC A YAE N EIL I, 20 min PIBRIE SH 20RO R R AT LSS 97.2% , A KPR T Ak B fift 1
7 TR U B R 22 R B S 0% 1, 0, S8 Ak R A B i 21 104 S5 oy A AR U ) AR AL A .

0.7
r 100
0.6
5 05 s BF
5 g
= = L
5 0.4 £ 60
z =
=03 :'; 40 F
L & —a— BF+NiL*"+H,0,
02k A —e— BF+H,0,
- | 20 - —a— BF+Ni(I)+H,0,
0.1 1084
L 1 1 | L 1 1 | X L X L X L ) \ |
4000 3000 2000 1000 0 0() 5 10 15 20
Wavenumber/cm™! Reaction time/min
3 [NiL](ClO,), HfE LA e 2T Pl 4 (AT R ST TR P i £L A 5
Fig.3 FT-IR spectrum of [ NiL.](ClO, ), Fig.4 Effect of catalyst type on BF degradation

2.3 AR B XM i £1 [ S

MEALTTI A5 AT E SRR WM CL R S o R A (R 3R 7 LB AR R ORI — R 25 T 3 1 fRE A5
JRE KT P it £ R8RS 7 TR P S, SIE B SR AN TR] 5 0T, a2 W1 Bl o TC 45 W v BE v 384 I, P i 4
WA fipp TR S T s S AT B S W0V B2 2 200 ol « 17" R A 3 3 i i L. A N BC & W0 v L A e
fifp 3R 0D T 5 6 T 45 0k B3 200 ol - L7

100% | 1

80%

60% |- —=a— 50 pmol-L™!
—— 100 pmol-L™!
—4—150 pmol-L™!
40% - —¥—200 pmol-L™!
s —4—250 pmol-L™!
20% L —<4—300 pmol-L™!

Degradation rate

0 1 1 1 1 1 1 1 1 1
0 5 10 15 20
Reaction time/min

S AT R P T BB A i 21 i S
Fig.5 Effect of NiL** dosage on BF degradation
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2.4 pH B TR it 21 At 52 el

SR Z A pH B AR5 00 SN 2R 1 R R 22—, 43 WA S 56 7 0 SO AR 2R A pHL 45 il 8 2—9
IR P, S5 1 SO A4 R 1 pHL I 0T Tk e i 3 58 (%) 52 ). S2 3 25 SR G 181 6 o AT 6 AT LLE %],
pH 20, 7E 20 min PIBRAE: 5 211 AR Z8A0R 84.1% 5 pH {Bh 4—7 B, 20 min PRCE i 21 7 B i 34200
100% , & BH K IR 22 e B 0 1) Ak A R 2R 70 55 Tk 30 vh M 1 85 v A AR B i A PR BB, BT 359819 pH
BTG WM, s IR T ARG B 250 N A FE S BRI A 5T T, A B B A A 3 P ) R, 0 T AL B g
P4 J Ab B AR i T 1 S5 AR L N AR FR I pH (B 6.
2.5 ab SR Ak S U X B i 2T R A R

Fem s T AR T A A E AL S 0.06.,0.08 0.1 ,0.12,0.14 0.16 mol - L' ik
50 3 AU S Ve R X B o £ AR A s ) SIS A SN 1] 7 B fR BT 7 AT D ek S Ak SR U R X
st 2T A AR R At 3 I I S 5 i) 2 B e S S R 2 e o A R AT 1 9 4 R, A I T
S50 o S S AV R 0.12 mol - L7

100 F - 100 | -
£ 80r _— s 80f
& E
£ 5
g 60r g 60F —a—0.06 mol-L”!
= —a—pH=2 g —e—0.08 mol-L!
B 40l —e—pH=4 E ol —+—0.10 mol-L™!
A —a—pH=6 g —v—0.12 mol-L!
+ng; i ——0.14 mol-L™!
20 _4_};].[;9 20 —<4—0.16 mol-L"!
0 1 1 ! 1 L | L 1 0 L 1 L 1 s 1 L 1 J
0 5 T 20 0 5 10 15 20
Reaction time/min Reaction time/min
B 6 pH (X B il ZL AR 5 R B 7 SRR T LT e
Fig.6 Effect of pH value on BF degradation Fig.7 Effect of H,0, dosage on BF degradation

2.6 JN e FEE XS B i 1A 4 S

FOE kB SR M S 7 SR A Y 32 8 R R 22— 4 RS T i 1 1A ] S i BT B ot £ B e
fifpH R A RN 8 FT 7S W A iR A — A i L Y Pl PN Bl B b g bR, {2 S R 3L 8 15 T 50 °C s e
figp 2 A A ARG AT DN T BEARE TRLBE L T ™ A SR AT P 1 i 0 S 3 o S A, (LR 2 2o v )l 0 P
%, BUHIELE R T 50 C R THEAA TR E AR A 5 .

100 |- * - *
r —a——————————=
° 80 |-
2
£ /
g o f
gt —=—30C
g a0l / —e—40°C
8 ——50C
r —v— 60 C
20 -
0 1 1 n 1 n 1 I 1 J
0 5 10 15 20

Reaction time/min
B8 ST il B X P ot 20 e 3R 1 5
Fig.8 Effect of reaction temperature on BF degradation
2.7 HEALREAR R B 177 )7
MRS LL TR R B 53 K 5.7.5 110 15,20 25 mg- L™ B, Btk 21 A R SR T 9 /s Bk
sty £1 B4 it R A U A F) T e ST M i el 2 B s 21 AR 0 A B O 25 g - L7 I BB 6 £ )
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iR R SR AT BB AL SR, AR R A M i 21 5 4 SR AL A . Ry T T UL T A i R
A LI BE R C R BEIUS NI TH] 2 10 min B A5 75 2121 10. B 1] 10 AT DL | 5 fifk 238 B e ot 200 3 B
BTG, A LR R INE] 10 mg - L B RR AR T (AL

Ry T AT RGN T L1 B SOy s T 9 7 2 0 R 2K, T Ry AR AR S5 N7 31 g 2 1Y) S 3 s 4l
BT T —%% M =RV LA A G R I 1, e 1 G5 R mT A AR R R SN 5 — v B
RV PIE B RE A y=-0.00297x+0.30301 , B R HH £=0.00297 s, FHEREL R =0.99181.

100 S 100
< 80 © 80
E . - B
= g
= 60f / = 60
2 2
£ L / —a—5mgL! ke
B / —e—7.5mg-L7! T
B A0 / —a—10mg-L! & 40 |
) / —v—15mg-L™! a)
——20mg-L"!
20 - —25mg-L™! 20 -
0 L Il L Il L L L L J 0 L 1 L 1 L 1 " Il |
0 5 10 15 20 0 5 10 15 20
Reaction time/min Basic fuchsin dosage/(mg-L™")
9 B T LT R X SR R 14 5 ) 10 10min B FEEA 5815 BT i 2100 i Ak JBE 11 O 3%
Fig.9 Effect of initial BF concentration on BF degradation Fig.10 Relationship between degradation rate and
initial concentration of BF ( observed at 10 min)
®1 IIFEIR G R
Table 1 Kinetic data fitting results
g 2o =Y
First order reaction Second order reaction Third order reaction
e 1 1 1
Egjﬂzi kt = Inc — Inc, kt = — - — kt = 7(7 - T)
Rate equation c [ 2 ¢ (e
S !
*J‘ E,l R . y=-0.00297x+0.30301 ¥=0.01759x-3.38555 ¥=0.32613x-100.8338
Fitting equation
R
T 0.00297.s7" 0.01759 Lemol™"+s™" 0.32613 mol > L%s™!
Rate conatant k
*ﬁi’%ﬁ N 0.99181 0.86727 0.70863
Correlation coefficientR

2.8 H LI B X B i 2R A R 1 i)

A SCHRARE [ AR 52 o 1 TCHIL I B 2 X i Ak A A AILT5 Gy 1 3 S5 A e R S i AR S
T5 A SRR ZR A ISR B LIS 1 C17 R SO, SR 4 SR . I B F RN 7 SO AYJmA
54 0.1 mol « L7 A1 0.5 mol - L™ B, C1™F SOF XAk b 21 P A e A IR S s ( DLIT 11) |, B W f Ak e
AR AN Z B B - (R 52 Ao M e S PSR A0 0 Tz g 1 T K A 3.

100

s Py - -
g * *

80

—a— Blank

—e—0.1 mol-L™' CI”
—a—0.1 mol-L™' SO}
—v—0.5 mol-L™' CI
—e—0.5mol-L™' SO}

60

40

Degradation rate/%

20

1 Il 1 1 1 |
10 15 20
Reaction time/min

11 DL B 7 ol e s £ R A 1) 2 )
Fig.11 Effect of anions on the BF degradation
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2.9 ZRIIZK A B A 2L A

TR RAESL IR NI i1k H, O, Bl i 20 AR, BUA BT K (114.414525,30.545755) i
T b 2195 YK AR AT S5, BRI 4230 S B e RS R, NP> i AL 0] A AL 5%, 25 SR an il 12 0
B3R, B 13 A o] LLE H, 25 50 7K 5 800k b 20 TR A 3R BT T S 08, 43 A T Aex/em =
350/245 nm Al Aex/em=335/300 nm, Ef 15 HH)E T 1 B2 R (Aex/em=350/245 nm) Al [ -2 1 i
(Aex/em=335/300 nm) F# G, FBZRIIK i =25 WIS WL, R 208 A 2R 1A B, T g 2
B EIFEAE AN NI Ak R P i 2T A R0 = A HAG SR 2 SR sZ i ( LI 12) , i B A~
A R i A R LA A () 0 A O FH (L

100} . .
o 80F
N
2
g 60 F —=— 87K Deionized water
~,§ —e— 4 4Rk Natural water
=
B 40f
D k

20
0 . L L 1 L 1 L 1 |
0 5 10 15 20

Reaction time/min

B 12 AR A £ R
Fig.12 Degradation efficiency of BFiin East Lake water

AR SN A A e (ULIEL 13 B) , rTULIN B 8 2R i eI s A 1 AR W2 i3 , [R] i  2
PR 2GR SIRAT T AHIY R IE O35 | (MR S SR Y D5 B 73 B L A 28 2786 J% 1072( % 2) . kB
] DL X AR AN RESE AR S 0 B R AR 917K T 4 A L), i ELade vl LA 7K A oA BILER 1
RGFF- 53 R /N3 B R IR . 28 3o [ S R s /K v 1) AR AT LR 11 B K701 C KA S A3 ML/
5, PRI ML B 7 m] A H 7P P A SRR AT L) 20 X B i £1 R i R A WL R A2y, ELA K
SRAT WL 1 Kkt /N1 (9 fiE

Excitation wavelength/nm

300 350 400 450 500 550
Emission wavelength/nm Emission wavelength/nm

300 350 400 450

B 13 HER A = 4EROE
(A) HZK+TLESLL(B) A SR K +BME 20+ L7+ H, 0, 5
FEAL A BE 200 pumol - L1 A 15 mg+L™' ,H,0, 0.12 mol - ™", 2% it ] 20 min
Fig.13 EEM spectra of sample
(A)East Lake water+BF (B) East Lake water+BF+NiL2*+H,0,

Concentration of NiL?>* is 200 wmol -L~! BF dosage is 15 mg-L~',H,0, dosage is 0.12 mol-L~!, reaction time is 20 min
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Table 2 EEM intensity of samples
{37 B {051 ik Tryptophan HEHJFZE Protein-like

Peak position

(Aex/em=350/245 nm) (Aex/em=335/300 nm)

AWK -FHET East lake water-BF
ZRIIIK - 2T -REA# East lake water -BF-degradation

2452
2786

2828
1072

2.10  fEfb N I HLER

1987 4 William H.Glaze K L= HAT 5 A AL AE ST A9 B di 2 (- OH) AR, SR 7T MR A LY
SRR RESTC 351 /N 539 1 B2 125 5 S v AR A B AR il B4R 2 o im A 11 e B4
A, TG 5 SR R o 1 E R RN — A A AT SR LA SR 1 el R0 e R
SRR AERIR 2 R EL A WAL R b O T SRR TR T T R A S AR T
FIXT AT , S B0 R AN IE] 14 Brzs. KA 14A Fa] A 2, 25BUT BER9R BEAUR (e< 1 mol L") I, BT i
BRI A AT S0 A B, S TR AR S A — 2 B AR HEAE T, 2 R P L Al B Jit A
AL R Y 32 2SR A R S PR TR A 1 Pl R AR B R RS AR | o L Yy 58 P A X e
JEAEREE W Th iR, DTS2 07 8 3R A 5 2B T W2 10 9 B 1 s, 2 X e e B Rz P =5 ARt /5 A
TSR 2.5 mol - L7 I, RARTERE A IRFIR] AL, ok e A B2 07 A= B ORQB M A AT, {HLJ2: 20 min P BB
AZLAYRERERADIAE] T 96.34% . 1X MG UL IIHEAL SN 1 3 B MR IR AN R 5 1 i i R A
SEAEME AR 2R R S B P (R I AR AP 2R P AR AR B2 (0,001 miol - L™ ) A X AR, 10 J2 1 4 ik
FATBORMREER) TR (P 14B) | X0 AR BR A AF) 0.005 mol - L7 I TLF-58 44l 1 Ak 520t i) &
20 min N BRE S £LRRERE AR 22.98% . 2 W e fige S oy P S BSR4 1) 2.

[ (A) r (B)

100 |-

80 |-

® 80 N

2 2

s = 3

= —=— 0 mol-L! =

g oor —e—0.5mol-L"! g oor —=— 0 mol-L!

< —a—1.0mol-L! s 7 —e—0.001 mol-L™!
& 40 - —v—1.5mol-L™! 5 40p —4—0.005 mol-L™!
/A —4—2.0 mol-L™! a —v—0.01 mol-L™!

—<—2.5mol-L! 20 _

1 n 1 n
10 15
Reaction time/min

1 I I
10 15 20
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