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ZRPEAL. bR B B ArGm® < 0. AR MEXS AEArHm® < 0, SR HER B ArSm® < 0, RUAKH
BB RWHRARE, KREFHER, Arsn®RER/NS logk EHMFRIKF, BB HA%KS Cu’*
R HA 4 FERRES YR EENEREL

AE L3 m A HA 5 Cu™ M B4 B LT A Freundlich 7718, X Langmuir 518
B X E Langmuir FEHR. B BREANFEREE. M AHEE AGm® < 0, IFHER T
AHmM® < 0, BRHEREAEAST® > 0, REIMHRE A K. AR IEELEY KA R, ASn H K K/
FAE Cu* 72 HA REHHPRA, HA xt Cu** WREH M BT ¥ 8o s 244,

BERFS RS EFERE, HERS - HNESUEHREEDEX.
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HHEMSAHESHESHKETNERE FRERK. XHMESERANERRA, ERLH
Bl - ERGEEYERHYHREETEYWMB TR ER, TR RIPET T
EETFEM/EM. WL Schnitzer”, Broadbent™, Stevenson"” AR FM T HETHEE, ME T
HA.FA 52RBEFHS/ER logk MNE =X EWMERWBR, BB HBIER S #
BHALTIERASTHREEINS. Kemndorff 1 Schnitzer '8 B % T pH 3+ HA WREt Fe’* .
Cu**.Zn** . Co M W, EEW, XT HAXNERE FRE. WM RH 2RI
BT e RSP R T AR HA X Zn’ " B & VREE.

2 S E R B 7 = Fb 118 HA X Cu’ " 4% -5 5 TR BIHARAE, 1853 0 % R P 2 4,
BEESERMILHAER, AIAR T REEERE FRAAFEENEBKE.

1 MEETR

L1 #HSEs s

RAXBENMBOFEY, ARE=F 8 (5L, By £, BB ) PREL. KPEEMRESHARA

WO H . 1995-07-23; YR 0RE H . 19960910



376 + = % # 34 ¥%

F1 AR EEER
Table 1 Basic properties of soil humic acids used in the experiment
REFRE BEE BE MRE BE AR R
(cm) (cmol/kg) (cmol/kg) (cmol/kg) (mmol/L)
Depth Total acidity Hydroxyl Phenolic hydroxyl Condensation limit

HER Rt
Humic acid  Locality

¥ 1 HA Bk 76 4 B 0~25 6.33 2.57 3.76 10
Byt HA  BREER 0~25 742 3.36 4.05 13
#HHET HA  BEFEKEE 0~25 7.32 2.28 5.05 7

. BREWZE: Ba(OH): %' REME: Ca(Ac): " 4 TRERNE: BAEHSHEEY: BEERBRE. U
CaCl, BN, HA %% 0.136g/L".

BB BT kYT, BEROBEENERS T X L.
1.2 HERN logk ME

BT ra,
1.3 BHEREMNE

— &P HE. B 0.1mol/L # NaCl Bl L s fd i, R P Cu™ MW EM 1—20p g / ml.
K =120, Cu** R ERAERMLRE., BHEBEB pHE R 5.00, HERE P& 2/ o, BOLHHE, B
FRYA LN E T LR P EBH Co’ KA,
14 HESWHETEANFERHNITR

B 298K & 313K FETMLKS . BMHS B KRE R logk RRHFEMAME K @id FEFBLRK
H:

ArGm® = — 2,303 RTlogK

K

T log —
TI—TZ ng

ArHm® — ArGm®
T

K ArGm® NARHE B HEETE, ArHm® NARMELS TS, ArSm® RARMERE. S P M rAREBRE, miUE
Imol, 6 RRFARUES., TREF KB, RASKER. a TREGIBSHYERH, BT # ) 2B HE
W AGM®, AHm®, ASm® RR, Hoef KIRFR L 63500 (Cu 89 BE/R B mg / mol), W RN BEEF, ¥ Cu**
W B BT L O mol / L.

2 HFR51TE

ArHm® = 2.303R

Arsm® =

2.1 FRLHM HA &S Cu’ B logk REBRNFERM

R2AAFEZG T EEHA S Cu' " KA RMMIFIESE, BRI, = +13% HA
5 Cut B ERMNHREFE logk HANMUF R BY + > #+ > AR+ XEHKRES
BA/N—B (X 1). pHIEHM, logk {8 KR (x) ##K, X 5 Randhawa, Broadbent!”
st HA — Zn® " BE YW R SR — . BFRE /D, logk{EH# K, 5 Schnitze™ % i)
BN FASMBEFRERMNNEL—B. XTHEHEHFARY. BE(DFE, logk
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Table 2 Characteristic parameters of humic acid—copper ion complexes in different soil

HER BHFERE i B (K) FRAEH AR FRERE IREME
Humic (mol/kg) pH Tempera- logk X r (kJ/mol) (kJ/mol) (J/K.mol)
acid  Ionic strength wre ArGm® ArHm’ ArsSm’
0.1 4 298 2414 1.335 0997
0.1 7 298 2.676 1.358 0.961
¥ 1+ HA
0.0 7 298 3.705 1.417 0.996 —-21.14 —99.65 —-263.47
0.0 7 313 2.668 2.061 0.956 -17.18 —-263.47
0.1 4 298 2618 1.205  0.981
0.1 7 298 2.894 1.259  0.991
Ry + HA
0.0 7 298 3.751 1.325 0992 —-21.40 —174.67 —-514.33
0.0 7 313 2.284 2,503 0965 -19.68 —514.32
0.1 4 298 2.376 1.246 0999
0.1 7 298 2.448 1.332 0995
WAL HA
0.0 7 298 2.668 1.350  0.950 —15.22 -89.42 —248.97
0.0 7 313 1917 1.757 0.944 —11.48 —248.97

A A
E.orh log(jo— 1) = logK + log[A]® log(jo— 1)5 log[A]MI X R B

EBN, BEALE () K, BB A 128 5 WIE AL Bl lmol Cu’* 5 2mol HA %56 . TEHE
HTRHEHESHOLE 2.

# 2R, =M HA 5 Cu™ B8 KRGS HARYE B BREFEArGm’ < 0, AR HEXS A ArHm'
<0, BEA R RR B R R, HA LERMAEER UM BB FES G 44, B
T oot MENE, BT EEARERRK, SaYURESTEE. IREHEASY < 0, LH
HA %4 Cu'* J5, B MAR BB ERAF, O IERE B BURESA HA FURE AR KR
B ERAEESYY, BE Ct KT EU Cu(H,0) MIERFE, 5 HA G, Cu(H0),
FHIFA HO 2+ T H HA B —C00 ™ B, HAWA HO 4+ F4r i 7E Cu’ " KIFHE, i HA
PURGS RS B, BIRA T Cu ™, X HA 4r FE#RETE, H5%5F, HHEE
K. ZMHASKA QO BIR R (ArGm®, ArHm’. ArSm®) TUE K /NH 2. BY + HA> %
+ HA > ®H& 1+ HA, RE5REHH logk FA/N—B HHEAYRREER, BERNA KR
PR, BB, BAVEMIFIRF. =M1 HA—CU B AWM ArSH’S logK BEHE
—H MR WS - HA—Cor B Y HIA-Sy’ AR XK (SUE/N) , F RN, K logK EE
1%, FREER/N: MRS L. %+ HA—Cu* BEWHArSH’ B/ (EK), HA & Qo' J5
G F A, K logk HER ., REMEKA, BAr I £AE HA %4 Cu** i1, HA 4 T4
T R 2 MR REHE, TR HA 488 O " 3 BIBMN,. MBK (FEX), O
* 3t HA 5 FEMP AR TR, KRG PR, REMR; RZ, B3/ (fED), oo 3
HA 5+ TH5 7= T/, HA—Cu' * B MHRELEE R, B PR, RRE .,
22 AL HA BH Cu’ HI%ERE

=8 L HA R Cu MEFRKWE 1,2 FiR, ERARELEARK CC &Y
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2. BY Tt HA> 1+ HA > BA L HA. BERSE, RITEHM. B EXTFRES®
R B FRR (R 3 W) D FRLHITIE, SR NE 3. &3 %W, A Freundlich 71
BTG, X RREREE (P <0.01), HEHKMK AR L5 FEZRE, HA 5+ FXRE
A5, EAAREEL. FRERE Langmuir FEIE, [KREMRRGF (P < 0.001), Eiﬁﬂ%‘s&
REE (P <0.01). ANERE Langmuir 77 B, PIARRHEREZE (P <0.001). 822

HA B[ Cu** R KRBT HX =R FHUS lﬁJ:IKl‘KZ{E_I#J%‘?HAﬁCu“E‘J“&W’@

my
M~H m - HA /
6.0F Aeﬁ(
2 = \/‘
- Z" = S P+ HA
i T T aof
2 s a4 x (r‘/
28 ° =
O § 2.0k o WAL HA
= /
'
D)
1 1 1
0 4.0 8.0 12.0
2 e S ) SELTHS WM (Cu pg/ml)
SF&I%’%{%?&& (Cu pg/ml Equilibrium concentration of Cu
Equilibrium concentration of Cu
Bl 298K HARKHA%SE% B2 313K HARF4#FEFRL
Fig.1 Cu adsorption isotherms of HA at 298K Fig.2 Cu adsomption isotherms of HA at 313K
F3 FTRTMHARMCr FIREIE
Table 3 The characteristics of Cu adsorption isotherms of different soil humic acids
BEK) HER BaE A0 AR A(2) ~xX03)
Tempe- Humic Number Eq.1 Eq.2 Eq.3
rature acid of samples r r K M r K K M M M
¥ T HA 7 0986 0997 0.402 5952 0941 1.700 0.287 1.175 5.522 6.697
298 By L HA 7 0.995 0918 0483 7.194 0945 2455 0240 1578 5575 7.253
B4+t HA 7 0989 0944 0.212 3755 0.938 1.532 0.122 0.858 2.802 3.660
¥ T HA 7 0996 0990 0.252 9.306 0.965 2.129 0222 1.846 7.253 9.099
313 BY¥ 1+ HA 7 0995 0.847 0.290 9.345 0969 2989 0.182 2.212 7.388 9.600
H]HE L HA 7 0995 0.892 0.165 5216 0.964 1973 0.086 0.945 4.305 5250

& 1. 24 (1) Freundlich 5 # Y= KC"l; 23X (2) NP RE Langmuir 7 8. E .

LEPEN
G ARG HIVER
KMC  KMC

+ a
1+KC 1+KC

Langmuir 58 Y =

2. r XA

3 KRR S8 K05 — B T, K% AR R R AR M MO BB, M= M, +
M,.
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5 % 1 TR A B A B R B, O B 4 M AL T 1 B O e R 5 H T,
2.3 AELH HA B Co® BN 51

K AR, HBERE Langmuir FRFH S KIHEY, AGm® < 0,AHm’ < 0,A5%° > 0,
RUIRME B KB RGE R, ARIBALEE M. =& HA B Cv** /5, AGm® < 0. AHM’
TUE R/ &P B B W i SR 70 0 % R /b — B, R B YT+ HA R Cu® ™ R B2 5 3647, 1R
MY ERR B L HANMER. AS"HA/DE. B4+ HA > #+ HA > BHF + HA,
IR FH 4 L HA X QP R H/h, o & sk, BV 82 BEELR. EF HA RKH
CwtdBASY HIE, GHESIBMAR, TR T C* EEMRERR, BT HE HA I AE
BRI ER, Cu’ 3t HA 4 F WP A M R a8/, BRI Y BLZE HA 4 TR, Cu™ U
P HRONE R0, MR, iINT HA 40 FRE C?* FEERSHIRELE.

MWK E Langmuir B HSH K. AR, ERERWH, B —8B06. AGm”° < 0,AHM® >
0,A5m° > 0, LA —BE LM 0 B R W BGE B, BEAE, AGm® AT K, 5 — BB R

R4 TRIMHARMEA N FHE

Table 4 Thermodynamic characters of copper adsorption by different soil humic acids

IR A

) # t HA B¥it HA EHL HA
Humic acid
BE (K)
298 313 298 313 298 313
Temperature
K 0.402 0.252 0.483 0.252 0.212 0.165
AGm’
-25.12 —25.57 | —=25.57 | -25.53 | —23.53 —24.06
B angmuirk 8 (kJ/motl)
Single Langmuir AHm’
-21.32 —23.85 -11.72
equation (kJ/mol)
ASH’
8.90 8.89 1.55 1.54 37.54 37.58
(J/K. mol)
K 1.700 2.129 2455 2.989 1.532 1.973
AGn!
-28.79 | -30.74 | —29.60 | -31.63 -28.45 —30.53
% —Heqr (kJ/mol)
The first AHm’
11.63 10.17 15.07
energy site (kJ/mol)
, aAsm’
M Langmuir # 135.38 135.38 133.47 133.00 139.37 139.32
. (J/K. mol)
Double Langmuir
. K 0.287 0.222 0.240 0.182 0.122 0.086
equation >
AGm
. —24.29 | —24.86 | —23.84 | —2430 | -22.17 -22.37
R (kJ/mol)
The second AHM’
—13.28 -14.87 —16.08
energy site (kJ/mol)
asw’
36.96 37.00 30.10 30.13 13.72 13.71
(J/K . mol)
HEAGH ATHER BB AHn® SRR ASY  ARERAE,
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Wt AL F R B, X F =F HA i, AGm’ i A/NEG ¥ RE Langmuir HBELALEER 8
A" EER/PME. HH T HA> 2t HA> BY L HA, 5 KAEKRPHK, HHRY +
HA % —fE I UR B 1738, ME 7 BB, BB T MMR, BT H/ES. A HR/INER
FH Langmuir HRALRLE REFARKF. B8 AGm’ < 0,AHM’ < 0,AS%° > 0,1
B O B 3t P A B, X T BB % RE AL Cu * B B R B e S R M TR B A ok, ASm® B K/
5% —fEMNEMRHKRE, XTHESHES T HA LB—OH S &%, xf Cu?* HA &A1&,
s —. RO A AT L, BEEL S M AHm® R 11, 58 % H Langmuir /7 4L
HER -,

25 b Bk, =fh 13 HA 3F Cu® " B9 TR B B8 336 T Langmuir 5 B 403, 1 HAGm’ <
0B B R, AHm® < 0 WIIHGE R, ASn” > 0 BELER ey 72, Ik LB B IR 7 /g
B HA WM Cu’ "3 L FK—1. BRE Langmuir 77 2 B4R & K W B B9 44, R H
Langmuir 7 B2 0l — 4 T MR B RESR 1, B & BT, MIEHEE.
2.4 HA X Cu’" BE&S5SHEH MR

Hid EARSGHTH, BERSHAS UV ABRRPHRE, FERE FREM A 8%
G FBBASHAZEpH < THBREFR S Cu " WER EZEURE 7 X347, R 1 h#kda
I RALEE . HBA3ET HA 4 Fa B Z BB FAREHY, cu?* 5 i A HA 4
FHE@ UDARTRESRE, BBREKS, HA MARZ BN, HFERK, Arsm® H 1
W ftit 2 HA 2 TA T B EBEFRDRY, Qo' RS AN EXE, (XN HA RS0 S
3 BT T 0 TR B By BB, B R BN R R, s T IR ALEE, Bl ASH’ HIE. Bt
Y, HAN & BEFHESIH, S ARREM HAREHNHEHEER. M HERMNE
A9 R H AR 2 B LRk, X AT E i A R AT — A 1R

8 % X W
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STUDY ON THERMODYNAMIC CHARACTERISTICS OF
COMPLEXATION AND ADSORPTION OF COPPER
ION BY DIFFERENT SOIL HUMIC ACIDS

Yang Yat Zhang Yiping Bai Jinlin and Zhao Haishuang

(Northwestern Agricultural University, Yangling Shaanxi 712100)
Summary

Stability constant logK, which tested three kinds of soil soluble humic acids
reacted with copper ion to form the complexes, appeared in the following tendency:dark
cultivated loessal soil > old manured loessal soil > yellow Ioessal soil. logK value was
related to pH, temperature and ionic strength. The thermodynamic function variations
in complexation were: ArGm® < 0,ArHm® < 0, and ArSm? < 0, showing that the
complexation reaction was a spontaneous exothermic reaction and that negative value
of ArSm® < 0 was in the same sequence with logK, wich was considered as the
entropy effect of humic acid molecular deformation and complex stability in process of
humic acid reaction with copper ion.

Freundlich equation, single surface Langmuir equation and double surface Langmuir
equation were used to describe copper ion adsorption isotherms of different soil
insoluble humic acids. Thermodynamic function variations in adsorption process were:
AGm® < 0, AHm® < 0, and ASm® > 0, suggesting that adsorption was a spontaneous,
exothermic and increasingly confused process. ASm°® value could characterize the
entropy state of copper ion at surface of humic acid. Structure of copper ion
adsorption at humic acid surface was similar to the diffuse electric double layer
structure.

The differences of characteristics between adsorption and complexation were closely
related to their different compound mechanisms.

Key words Soil humic acid, Copper ion, Complexation, Adsorption, Thermody-
namics



