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Influence of pH on Kinetics of Anilines Oxidation by Permanganate
WANG Hui', SUN Bo®, GUAN Xiao-hong'*

(1. State Key Laboratory of Pollution Control and Resources Reuse, College of Environmental Science and Engineering, Tongji
University, Shanghai 200092, China; 2. School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin
150090, China)

Abstract: To investigate the effect of pH on the oxidation of anilines by potassium permanganate, aniline and p-Chloroaniline were
taken as the target contaminants, and the experiments were conducted under the condition with potassium permanganate in excess over
a wide pH range. The reaction displayed remarkable autocatalysis, which was presumably ascribed to the formation of complexes by the
in situ generated MnO_ and the target contaminants on its surface, and thereby improved the oxidation rate of the target contaminants by
permanganate. The reaction kinetics was fitted with the pseudo-first-order kinetics at different pH to obtain the pseudo-first-order
reaction constants (k,_ ). The second-order rate constants calculated from permanganate concentration and k,_ increased with the
increase of pH and reached the maximum near their respective pK,, after which they decreased gradually. This tendency is called
parabola-like shaped pH-rate profile. The second-order rate constants between permanganate and anilines were well fitted by the proton
transfer model proposed by us in previous work.

Key words : permanganate ; anilines; auto-catalysis; parabola-like shaped pH-rate profile; proton transfer model
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Fig. 1 Molecular structural formulas of aniline and p-Chloroaniline
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Fig. 2 Kinetics of aniline and p-Chloroaniline oxidation by permanganate at pH 4.0 and 5. 0 (the autocatalytic phenomenon)

2.2 pH X} KMnO, AL A P 52
Kl 3 FE 4 530045 T pH 2544 F KMnO,
AL KR S A AT AR B 124 2. AR 3 W]
DIE ey pH &, B pH 7305128 4.0, 4.5, 5.0
B, AR B3 HE 3 min B FEAR5E. MREE pH B9 F+
1o, A A R A [ S | B 2R A R E 251 N o 5
B KMnO, % fk. &l 4 1 KMnO, AL SR e 2
P AR IR A, HOEFEAR R pH 2544, KMnO, 5
X G R B P 7 L R e | 32 X S AR B 1)
BRI T —AABCEE, B EEX R S B =
L2 A R FEL - 19 375 800 AL L - A SR 4k
N, BT 2 RREARR IR L (4 L 2 2 B T I A
EGFARRZ. X X @ AR R U, BT VE R T e
& RUHAR e T2 i, KMnO, 480 Ak % 58 46 e 2 48 1R
%. M TAE Zhang % BIHE ST o B 491E 52 KMnO,
IR A B IO LR (1 % S 1 Bl o B R

MXTF KMnO, IS FEER = —2 1), F & KMnO, 5
EREEAE W R ] LU (1) Sledtidk B

de "
—Ezknhsc:k[Mn(Vﬂ”C (1)

Ao, o S A 0 e B R R T N R R R
[L-(mol-s) '], AT LI KMnO, ¥ & IR — 2% 3
REBAAT. - BIxE 3 FE 4 hORE pH 445 F
KMnO, 480 Ph & i 2 e 70 06 G024 iz 114 s g 24 B3040 0k
17 TR —HAUE (b il TR pH I A2 7E B A
b, W L AR — R B D) 2= W0 Uk B Btk AT T U
), A R — R w5 K5 45l 7 AR
pH T KMnO, 48T R e A Jie U S8 AR e — % S il
REEL P AR T 0 TR RN R B2
pH PSR, 43 50l 52 5388 s el (g a3 I
TEAS F I pK, (ARBE RS SR RE 1) pK, 43514 4. 89
13,98 ) BT 5L Bl A K AH.



2 EWFSE . pH X B0 R B AL R R AL 5 W 3 1 2 s ) 591
1.0 &8 “\% [ %
"‘L! (a) pH 4.0 (b) pH 4.5 {t (c)pH 5.0
0.8 r -
06 L | L] | =
2 |
04 | - -
%=
02 r r -
¢ . .
w
LU 1 L 1 1 ’. 1 h 1 * C 1 1 1 . 1 ’ 1 o 1 " - 1 1 1 1 . 1 .l- 1 e
0 20 40 60 80 100 120 140 160 180 O 20 40 o0 80 100 120 140 160 180 O 20 40 60 80 100 120 140
tls tls tls
1.0 L L
“" d)pH 5.5 t.\:t ) pH 6.0 K\’ £) pH 7.0
0g L (d) pH 5. i \3 (e) pH 6. | \\1 (HpH 7.
0.6 F - | \\1 B \i“\\‘\
kS .
Y04 F - - B “‘EH
[ 3
02 + = 3 S~ i
- -
s
0 C 1 L L 1 | 1 1 1 L C 1 L 1 1 L L 1 1 L f 1 L 1 1 L 1 1 L
0 20 40 60 B8O 100 120 140 160 180 0 1 2 3 4 5 6 7 8 9 10 0 5 10 15 20 25 30 35 40
tls t/min t/min
1.0 @ H 8.0 | S h) pH 9.0
- g (@p -, () p
08 L RS \t“'—!‘*
- - "t“*!.‘_..ﬁ!
0.6 n
g
(¥
04 - |
02 i
U I 1 1 1 1 1 1 1 1 1 I

t/min

0 5 10 15 20 25 30 35 40 0 5

10 15 20 25 30 35 40
#/min

[KMnO, ], =50 wmol + L ! ,[aniline], =5 wmol -+ L~
E3 R pH T KMnO, SHLERERLHH S

Fig. 3 Kinetics of aniline oxidation by permanganate at different pH
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Fig. 4 Kinetics of p-Chloroaniline oxidation by permanganate at different pH
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