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Abstract : Microscopic structures of Zn( I[) surface complexes adsorbed at the manganite( ¥ MnOOH)- water interface
were studied using extended X ray absorption fine structure( EXAFS) spectroscopy . Quantitative analysis of the EXAFS
spectra showed that, ina 0.1 mol/ L NaNO; solution of pH 7.5, Zn ( 1) was adsorbed onto the solid surface by sharing
the oxygen atom in the hydrous Zn** jons and in the structural unit MnQg on the manganite surface . Most of the ad-
sorbed Zn( 1) was in the form of octahedral Zn( H,0)2 " | but part of Zn( II) was adsorbed as tetrahedral Zn( OH), or
Zn( OH)2" . The average Zn—O bond length was 1.998 *0.010 A( n = 3) . The ZnO polyhedron of the hydrous
Zn** jons was linked to the octahedron Mn Oy of the manganite in two modes by sharing two O atoms on the edges of the
polyhedral and/ or one O atom on the corners of the polyhedral . EXAFS analysis of the second sphere indicated that Zn
( II') adsorbed on the manganite resulted in two Zn — Mn atomic distances of 3. 08 +0.024 A( n = 3) ( R) and 3.54
t0.018 A( n = 3)( R,) , corresponding to the edge-linkage (stronger adsorption site) and cornerlinkage ( weaker
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adsorption site) , respectively . This result confirmed the basic hypothesis of Metastable Equilibrium Adsorption ( MEA)

theory from a molecular level that adsorption density /" ( mol/ m®) is not a state variable , because adsorption density for

the same adsorbate may have different che mical potential values due to different microscopic structure and adsorbate en-

ergy status . Macroscopic adsorptiom desorption experiments showed that adsorption of Zn( Il ) onto manganite was
largely irreversible ( big adsorption hysteresis) . EXAFS results indicated that the microscopic mechanis m for the adsorp-

tion irreversibility was corresponded to the strong adsorption sites of edge sharing linkage between the adsorbate and ad-

sorbent polyhedra .
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0.0997 g Zn 8 mL 26 % ,
100 mL, 1000 mg/ L Zn
(I . 5.0 mL ZzZn( 1)
100 mL, 50mg/ L Zn( II')
(2) ( manganite , ¥ MnOOH)
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Zn( II)
8 50mL ,
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NaNO; 25mL,
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7.0,8.0,10.0,12.0,14.0 mg/L
0.1 mol/L NaOH 0.1 mol/L HNO;

pH 7.50%0.05. 25C , 24h.
(45001/ min) 20 min,
( AAS) Zn( 1I)
EXAFS .EXAFS
Zn (co) 10.12.14mg/L,
15.3.17.4.20.5mg/ g,
1.
1 EXAFS
Table 1  The adsorption conditions of EXAFS samples
EXAFS ° oo "
/ mg* L' / mgeL~! /mgrg!
Sample-1 10 3.9 15.3
Sample-2 12 5.1 17.4
Sample-3 14 5.8 20.5
1.3
123
SmL R 20mL 0.1 mol/ L NaNO;
s 0.1 mol/ L NaOH
0.1 mol/L HNO; pH  7.50 £0.05
( ) .25°C 12h.
2, 3
1.4 EXAFS
Zn( 1) 30mm X 3mm X
2 mm s
EXAFS . 2,
(  ZnO)
10cmx1.5cm R
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2.2GeV, 70 ~110mA.
Si( 11T . Zn ,
, Lyter
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Zn K
(9.659%e V) EXAFS ,
9.459 ~10.259ke V.
5,0.8,3,5,6keV;
6,1,3,5,6.5keV.
Cerius 3.5 EXAFS
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Fourier .
, k 2~10A" 2~
12A°". Hanning
Fourier s Fourier
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2.1
2.1.1 -
1.Zn( 1)
Freundlich
( I'=6.32¢,"") ,
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90 %. pH6.5 50 %. (  ZnO.Zn( OH), )
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80 %( 2). ( Zn ) Zn—0O
30 2.10 A7 Zn—0
e - m o= Zn( 1) (5.7.81 2
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" <o - 2 Zn (Zn( H,0)5 )
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0 ' : : ' Zn( H,0)¢ " Zn—O0
0 1 2 :‘_}l 4 5 (2098A) , [5.6]
Co/mg. L
2 EXAFS (Zn—0)
1 Zn(1)- - ( 25°C, Table 2 EXAFS results of first Zn —O coordination sphere
24 h, 12 h,pH 7.50 £0. 05, Sample R/ A N 7 R R factor
400mg/ L, EXAFS : Sample-1 1.993 3.9 0.006 29. 40
Frundlich S 17=6.32¢" M, R Sample-2 1.992 4.1 0.008 23.79
0.994, ) Sample 3 2.010 4.0 0.006 19.63
Fig.1 Zn( II') adsorptiom desorption isotherms on manganite Zn2 " (aq) 2.098" 5.8 0.006 18.04
[at 25 C, pH 7.5, solid concentration 400 mg/ L, equilibra- 7Zn0 1.970% 4.3 0.004 17.30
tion time for adsorption and desorption are 24 h and 12 h, re- 1 2.07~2.10 K51 2) 1. 96 A6
spectively. Soild curve represents a Frundlich-type adsorption
isotherm ( 7= 6.32¢,,” %", R* =0.994) ,and dotted curves 3 EXAFS (Zn— Mn)

represent desorption isotherms. EXAFS samples are indicated

by arrows |
100 .
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Ed
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2 Zn(1)- -pH [ Zn( 11)
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Fig.2  Zn(Il) adsorption on manganite as a function of pH [ at 25
‘C ,the initial concentration of Zn(II) 2.0 mg/ L, solid concentra

tion 400 mg/ L, equilibration time for adsorption is 24h ]

2.2 Zn( II)- ¥ MnOOH
Zn’ " (aq) -ZnO Zn

Table 3 EXAFS results of second Zn —Mn coordination sphere

First Zn — Mn shell Second Zn — Mn shell

Sample
R/A N /A" R/A N 2 A

Sample-1 3.102 0.8 0.005 3.564 1.3 0.005
Sample-2 3.071 0.7 0.005 3.537 1.2 0.005

Sample-3 3.054 0.8 0.005 3.529 1.0 0.005
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Fig.3 Normalized, background-subtracted k’- weighted EXAFS of ZnO and Zn?" (aq) references and
their corresponding radial distribution functions obtained by Fourier transformation( uncorrected for phase shift)
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Fig.4 Normalized, background-subtracted k’- weighted EXAFS of Zn( II) adsorbed on manganite and
its corresponding radial distribution function obtained by Fourier transformation( uncorrected for phase shift)
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