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Mechanism of Adsorption of Organic Matter Amino—acids on Soil Minerals
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Abstract: As the behavior of adsorption of organic matter amino—acids on soil minerals would affect the carbon/nitrogen
cycle, the study on the mechanism of adsorption of the organic matter by soil minerals is of environmental and scientific signif-
icance. The adsorption behavior of five amino acids with different molecular weights on three typical soil minerals was investi-
gated. FIRT and XRD characterization, as well as the comparative experiments, were used to explore the adsorption mecha-
nism. Results of the study showed none of the adsorption of tryptophan and phenylalanine onto montmorillonite, kaolinite
and hematite; on the other hand, tyrosine and thymus pentapeptide were similarly adsorbed on kaolinite and hematite at lower
amounts, and both of them could be adsorbed on montmorillonite up to 30 mg/g and 38 mg/g, respectively. Adsorption of
bovine serum albumin on minerals was in the order of decreasing magnitude as hematite>kaolinite~ montmorillonite. Adsorp-
tion of amino acids on both hematite and kaolinite showed a trend: the greater molecular weight, the higher the adsorption
capacity; and the regularity of adsorption of organic matters on montmorillonite showed an order of decreasing magnitude as
oligopeptide >amino—acid>protein.
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Table 1 Properties of five organic matters
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Table 2 Properties of three minerals
e YA AR faj L R HRY (m*- g™ FHIfLA%2m LR (cm®- g™) FHLFTR(PZC)
e Montmorillonite Mon 179.99 5.88 0.29 3
=k Kaolinite Kao 7.44 29.40 0.04 3
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1.2 MWL
1.2.1  Wefitsh Jyae s

WY A 2.5 g/, 5 FP AT AL ¥ e 2 R
100 mg/L, F HC1i% ¥ A1 NaOH ¥ ¥ ¥ 7 pH=7+0.1,
1E25 TEZAF R LA 120 r/min 38 BE R ¥ , 7E1% 58 1 B A]
SRR b g, D A HLBR B C.(mg/L) L it
200 b RSB O (mg/g) -

0,=(Co—C)X VIm (1)

K, CONA ML IRILR IR B, mg/L; VR AK
BLLsm M )i, g.

el Wz B 20 0 2 2R SR T — 2 3 g 2 s A
(K (2)) FE =23l 7220 (X (3) ) U W Bt i 2

0:=0.(1-e™") (2)

0= (02X Ko X /(1 + QX K> X 1) (3)

KX, QRIS 1 A AL W B e, mg/g s
Ky Ko 53500 HE— 2 FIE — % 3 1 40 B 2258, min™ |
g/(mg-min),

SRR G W B R ) 4 A B SR DR T N9 B
RIS A, AT

0=Kix1"+C (4)

A, KoARLF N HGHE 2R H 41, mg/(g - min™’); C
R0 B R A, Fe T A R K O R B0
i) R
1.2.2 WERRAF R E S0

WYy 5 R 2.5 o/L, A LTI 73 51 B M 50
75.100.125.150 175,200,250 mg/L, 477 pH=70.1,
1 25 CZAF T LA 120 v/min 3 B 735 3 h, 76 0% BT
Ja BORE it M _E3E R T A ML FE C.(mg/L) AR
PE (5) PS04 1 B W B i Q. (mg/g) , 22l
W BFF 2R o >R H Langmuir #5254 (3X.(6) ) #1 Freundlich
B (2 (7)) W SR TR

0.=(Cy=C)xVim (5)
Q.= KiX QnX Cc/(1+ KX C.) (6)
0.=K:x C! (7)

K, Qu I AT B 5, mg/g; Ko Al Ke 3 510
Langmuir 7 % F1 Freundlich #4441 §ft 2 %, L/g Fll
(mg/g)/(mg"/L") ;n HAELMEH T
1.2.3  WTR o 4 2 o S 0 R HH B2 o e B S

Bt i pH=7=0.1 4 0.2 mol/L IR IR 2% s i (0.2

mol/L ) Na,HPO, Fil NaH.PO. % ik % 60 : 40 [ L i &
BOVENTE SR, SEI0 0 R R8s B vk ) (2) Wi
BRI 2 525

Jic i pH=70.1 ¥ 10% ) FF BV A 75 S T
W RS ks RS 6 3 A N 5l 43 W 2 1) (2) W%
ERIE R
1.2.4  WEEME

FIH S5 0T UL 4366 14377 BSA  Thy . Phe .,
Trp Fl Tyr i 28GRSR RO+ (277 275,257 280
F1275 nm) Zb 22 28 AN OC R | AR HE A o il 2 7 1A
W 5 R EIERRISA MU IR .

1.3 kJE
1.3.1 20 58S (FTIR )

S FHZLANGIE AL (Varian640-TR ) X 42 JE iR 25
H LSRN B RIS B A T AR 438, R A KBr
Al AR BT S IRALER L1200 AY HLBITTR AL
AR TR BRI N RS 355 IR Db R
S Bk A, R G BB AR LT AN G AN 8 1 AT
Rl , B S A G L R 400~4. 000 cm™, 43 HEF R
4 em™, F99 32 K . {i#i ] Nicolet OMNIC ¥ o 2R #
(LT AN PEA T 1 A PR RELR A 1, 4540 s it
B [B=N =R i S U
1.3.2  XHHATd (XRD)

FH TD5000 X S A 554, >K F Cu Ka B 5T (P <
A=1.540 4 A) , %W BFFRT IS 520 4R Sl dE AT X SR AT
Sy HT . TE 260 Ff1 R 5°~90°FE H N0 5 XRD 1% K, 4
K24 0.020, i Origin 3144 A £ 33 1500 B AT IS 52
Je 4 (001) fHTHIE] R

2 #R5HE

2.1 B AT

3FHXT 100 me/L Y 5 R0 A BT RY I B 5 7127
E 1 7R o Mon X 24 3 RIS A HILTT A% W 56 5 30
Thy>Tyr>BSA FJ#L, Kao b #1  BSA>Thy~Tyr,
W25 Xt Phe A1 Trp 27 A AT B 1 ME R, 1 Hem {4 BSA
OB (14 mg/g) o Hui 3 P JEmR &, 1 Tyr
HO B, 3RS PLERIE (3R 1), fE b i
AN HRAPET R E S I E AR IR L
Tyr W Bt i an b 2 @ W SRR 4 40 B30 Y 3



174

HERATS B K

475

RIHEIR B BRI T A ] T (2 1) , Trp /£ R EE LE
Phe 2 [ LIS 2544, (H P E 22 LT AR RE , Ui 2 N g
IFEAREEMFF ARSI . 1 Tyr AE2KFF E L Phe 2
THRREEA , WA PR T —> O JiL T, (BT

20 r

g A1 5 T Phe , 1t B W S e G IR RIS A LT
ENiRE Rt F ol - RN B X R R S (S
A B G AE AT 5 v QAT L3 191, 193 T ) 32
7E 55 TiO. IR B P 7 5 7= A AR ST

40

20 r
o Mon O Kao A Hem o Mon B Kao A Hem o Mon O Kao A Hem
A
15} 15 o o 30 F o o o
T oo AAAD R o q A “en
. . ? o A . fe)
1.0 F e 1.0 e 20 F
£ £ b 0o ) o
S S i
0.5 0.5 ° 10 o
B A ) o o o o ] o a] o
oo a8 8 o, § . 0.0 . . . olma® B A a4 a4
0 50 100 150 0 50 100 150 0 20 40 60 80 100
{/min {/min {/min
(a)Trp (b)Phe (c)Tyr
40 r oo o o ° 20
&
o
. 30Pp R A A A A
- 4 o Mon T A2 o Mon
0 )
N o Kao . o o o o Kao
g) 20 A Hem g’ 10 o A Hem
= e oo
Qi o] o ° )
10 5 [}
o ©
oo o o o o
A A A o
0 @ A A 1 1 J 0 & 1 1 J
0 50 100 150 0 100 200 300
t/min t/min
(d)Thy (e)BSA

K1 Mon. KaofllHemXJTrp. Phe. Tyr. ThyAIBSAF] W [t zh 71 %
Fig.1 Adsorption kinetics of Trp, Phe, Tyr, Thy and BSA on Mon, Kao and Hem
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Table 3 Results of adsorption kinetic model fitting of minerals to organic matter
T Mg

R ) . .

K, Qe R K, Qe R
T Mon 0.03 31.38 0.96 0.07 36.93 0.85

T

Y Kao 0.07 5.35 0.98 0.01 6.22 0.95
Th Mon 1.44 35.61 0.52 0.00 41.26 0.95
Y Kao 1.80 4.87 0.50 0.79 5.00 0.81
Mon 0.06 6.23 0.58 0.01 7.42 0.97
BSA Kao 0.11 9.96 0.80 0.01 11.09 0.90
Hem 1.52 13.61 0.41 0.19 14.13 0.73
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Table 4 Results of internal diffusion model fitting of minerals to organic matter

% % B FRtn
17 [¥ 10 [ 1
W e Ka 18] R Ke C R Ke G R
T Mon 0.02 0.07 0.97 5.80 -17.20 0.99 0.38 25.86 0.94
T
y Kao 0.40 -0.14 0.89 0.96 -1.55 0.97 0.03 4.98 0.53
Th Mon 3.17 25.37 1.00 0.51 33.92 0.99 0.16 36.60 0.88
y Kao 2.88 -0.51 0.92 0.28 3.57 0.93 0.02 491 0.74
Mon 0.80 =1.17 0.95 0.32 1.57 0.99 0.05 5.37 0.93
BSA Kao 1.79 0.61 0.94 0.66 4.22 0.98 0.09 10.26 0.72
Hem 0.73 10.55 0.84 0.31 11.82 0.94 0.04 14.60 0.97
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Fig.2 Adsorption isotherms of Tyr, Thy and BSA on Mon, Kao and Hem
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Table 5 Fitting results of the Langmuir model and the Freundlich model adsorption isotherms

Langmuir #5144 Freundlich 144
M ¥ R o550
A % ot 551 0. X 7 X ) 7
Tyr Mon 40.31 1.23 0.68 28.01 0.08 0.51
Thy Mon 108.16 0.05 0.99 11.53 0.49 0.96
Mon 17.84 0.01 0.99 1.02 0.49 0.96
BSA Kao 25.39 0.01 0.88 0.78 0.56 0.82
Hem 30.90 0.02 0.96 2.57 0.43 0.89
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Fig.3 Adsorption isotherms in different background solutions and adsorption capacity comparison
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