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Table 1 Basic properties of pure humic acid

g Ak EERIRS & J@ Aoy
Function groups (mol kg ™') Organic C Metal component (mg L™")
BEMERE R BEE  (gke”')  Pb cd Cu Zn Fe Ca Mn Ni He
Total acidity Carboxyl Phenolic group
5.59 2.02 3.57 479.5 0.079 0. 001 0. 050 0. 050 1.17 —b — 0.014 0. 042
1) “—"H£/REEMTKMFR“—" denotes the contents are below the limit of detection
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HEBR LAY T, 75 3] 505 bR 6. 368 x 1077 mol L7
4 1 TR o

1.4 RXB¥FHE

Ld.1 FR0E % 8 (logK) B i A 2 (o) B i
(1) W& B EE 2R F] Schubert 48 #4257 52 e F- 1
B PR T AT M AR T, — o
FH B BRI (RO W82 R ) 5 b < J 85 ) i (M)
T — A 25 K 01 v B2 Y TRl DN 50 9 e R T
JE(M) IE R o PR &R h JE 25 I B80A 2645 70 I 42 )8
BT RN AN 25

[ Mg]
0= [M] (1)
[ M]
T AT )

A M) % (5 B B
14 0 AR (ol 1) 5[ M0 i
e U 5 69 0 B 5 TV (mol L) (M 4
A, Dy 4 0 I3 1 5 T 20
R (mol L) il (1) 52(2) 8
[MAT =M (5 =) (3)
N 5 4 T O 2
ﬁjﬂ:M +xA \4*\1\/[AX

K M AERE T,A NEEH, x HEKEY I
{jﬁo
[MA ]

BKERMBEEFIK, = TMILAT (4)
F () ~RB)RAK(4) 15
11 Ao
A v B Vel B
! [M.] [A1Y
[Al
(U0
14%9_1)=gKf+MQA] (6)

16 pH B TR B R R | BH S 1 A He AW i R A
ST S SABRR e B (A VA, (A A0,
U | D) g o= DIV 5 I N = A W P WD DIEED IO (123
A 0 M B I T 4 B R R ) A I O
e B8 4 & vk BE T A Sk RN WD 4R B B R R AE AR X
FEL LU Ig(A g/ = 1) R AAR, LU 1g[ A ] Ry # A bR A
P&, 50T LA BE SR A5 25 5 R i B0 1K, AARER SR
H LA B x o

(2) V-7 52 0L B~V 467 I 35 R v i 8 < J 8
JELM ] HE W 4 Jm i B BE LM ] + [MA ]
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5.00 ml, iR R &8 & &R 2.5 pmol 47,
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2.1 pHx HA 5§ Mn*" & & R 5 /9 50
T2 AR T RREXT HA 5 Mn® " 45 45 )R
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pH (77 HA 5 Mn®" 45 & 50 A % B0 K, ol
ISR FH R M 05 B2 (10) DA &, MG R B R
0.983 9, iAF| R FEAHC, LA 47E pH 3.0 ~5.0 31
KA pH Jh i i 34 0, 76 pH 5.0 ~ 7.0 i fEl 4
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LogK, =0.050 4pH + 1.3225
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N 2 AT LLA R HA 5 Mn® " 25 & I
FI r B S R S BRI, R X HA 5 Mn® " 4645 )
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Table 2 Effect of pH on characteristic parameters of the complex reaction between HA and Mn’* ion (298.2K, ion strength 0. 10 mol L")

log(Ag/A =1) =logK, +xlog[ A]

0 0 0
WiE 37 %5 v ) o AG,, AH, AS,,
pH FWTEE WAL logK
Coordination R? (kJ mol ™) (kJ mol™") (JK'mol 1)
Apparent stability constant
number
3.0 0.547 3 1. 466 0.978 4 -33.89 -88.6
5.0 0.724 0 1.589 0.988 6 -34.60 -86.2
7.0 0.450 7 1. 668 0.959 4 -34.47 -60. 30 -86.6

T R PBUE R RN E 45 R B -2 {8, R [A] Note: The data in the table were means of two determinations. The same below
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F3FIH T pH 7.0 Z&AF T B 7R EXT HA &5
Min®* 2% & B2 2 WL R 7 H5CR IS A B S ol ]
PAF AR pH FOAR [R] 352 T, B9 56 5 8, 5%
WUAE E W OB/, W] SR 2 P 7 RRAR A M 1A 2%
S I R RS AE R LogK, 158 TR 1 I &, M
KARBCR 30.980 0,355 W EHIC (X (11))

LogK, = —3.2661+1.934 R’>=0.9800 (11)
B E M 0.00 FFFE 0.10 mol L™', HA 5
Mn®" %% & B RS A7 K08, (2B R E N
0.10 mol L "Z4k£EF+ % 0. 15 mol L™, Mt {7 5 2 B
TR B TR N, A AEAE AG,, 4N {E
/NI R A AS,, 4 XHE 3 T .
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Table 3 Effect of ionic strenth on characteristic parameters of the complex reaction between HA and Mn®* ion (pH7.0)

log(Ag/A —1) =logK,; +xlog[ A]

BT I

e AG), AH), AS,
Ton strength Temperature AL B = FMAR E 7B logK,
» Coordination R? (kJ mol ") (kJ mol ~") (JK ' mol ~1)
(mol L™7) (K) Apparent stability constant
number
0 298.2 0. 400 7 1.943 0.994 8 -36.62 -79.4
0.05 298.2 0.4325 1.788 0.964 5 -35.73 -82.4
0.10 298.2 0.450 7 1. 668 0.959 4 -34.47 -60.30 -86.6
0.15 298.2 0.428 9 1.472 0.943 1 -33.93 -88.4
0.10 308. 2 0.365 4 1.325 0.921 3 -33.09 -88.3

2.3 REX HA && Mn® " 455 20

T X HA 254 Mn® " $RAF 5 $05 i 45 51 WL 3%
4, ATLIFE IR 45 A Mn® " bR ifE B B BEAS AG),
TEJR JF 298. 2K \308. 2K B ¥ 4 8, H 298. 2K K}

AG® [y 4 X T 308. 2K B i 4 %8, 22 B A 4k
B4 4 Mn® N AE LR W BE T B [ R b AT, A
MR A T B M 2R AT . BR RS S AH, <O,
FULE A R K TR R
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Table 4 FEffect of temperature on characteristic parameters of the complex reaction between HA and Mn®* ion (pH7.0, ion strength 0. 10 mol I.”")

log(Ag/A —1) =logK, +xlog[ A]

D= }#
. ALK~ ¢ A AS)
Temperature P MES 2 B AL logk,
Coordination R? (kJ mol~") (kJ mol =) (JK " mol 7")
(X) Apparent stability constant
number
298.2 0.450 7 1. 668 0.959 4 -34.47 -60.30 -86.6
308.2 0.365 4 1.325 0.9213 -33.09 -88.3
Sz, ) S 2 Py Y
o 5E L LogK, B, {H Mn™ " B 1 7K i R 0 IR Fifi
3 4 ® Z A, OH ™ 1 35 4 0 4 B 15 1 JA) PR S 2000
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B AE R, WIHOR S &R B TR R
o7 W, 475 2 THT 2 BE ik A1 4 BB, SCAT 3 1 A W
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CHARACTERISTICS OF COMPLEX REACTION
BETWEEN HUMIC ACID AND Mn’*ION

2.3

Wang Qiang'”*  Wei Shigiang'*

(1 College of Resources and Environment, Southwest University ,Chongging 400716, China)
(2 Key Laboratory of Agriculture Resources and Environment Research of Chongging City ,Chongging 400716, China)
Y Y 4 gqing Y gqung
(3 Key Laboratory of Eco-Environments in Three Gorges Region ( Ministry of Education) , Southwest University ,Chongqing 400716, China)

Abstract Humic acid (HA) was extracted from surface soil under evergreen broadleaf forest in Jingyun Mountains
of China. Effects of acidity, ion strength and temperature on stability and thermodynamics of the complex reaction between
the humic acid and Mn®>* ion were studied using the ion-exchange equilibrium method. Results showed that its stability
constant increased with increasing pH when ion strength and temperature remained unchanged, and with increasing ion
strength ,as well. Ligancy of the complex reaction increased with pH rising from 3.0 to 5. 0, but decreased with pH rising

further up from 5.0 and 7. 0, and increased as well with ion strength rising from 0. 00 to 0. 10 mol L.™" but decreased, too,

with ion strength rising further from 0. 10 to 0. 15 mol L',
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The thermodynamic parameters of the complex reaction, including standard free energy change AG', , standard enthal-
py change AH! , and entropy change AS' , were all negative when the temperature fell within the range from 298.2 to
308. 2K, suggesting that the complex reaction is a kind of exothermic one processing spontaneously and keeping it lower in
temperature favors process of the reaction.
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