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prurez fazovym rozhranim

Schematic representation of the cross section of the surface layer of a metal oxide. @, Metal ions; O,
oxide ions. The metal ions in the surface layer (a) have a reduced coordination nurmber, They thus be-
have as Lewis acids. In the presence of water the surface metal ions may first tend to coordinate HyO

melecules {b). For most of the oxides dissociative chemisorption of water molecules (¢} seems ener-
getically favored.

(From P. Schindler, in Adsorption of Inorganics at the Solid/Liquid Interface, Anderson, N. and Rubin,
A., Eds., Ann Arbor Science, Ann Arbor, 1981)
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obdoba reakci ve vode

R-COOH + Cu?* = RCOOCu* + H*
S—-0OH + Cu?t = S-OCu* + H*

Fe(OH)?* + F = FeF?" + OH"
S-OH + F =S-F + OH
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modely

— sorpce na specifickych koordinacnich mistech
— sorpce muze byt popsana hmotovymi rovnicemi
— povrchovy naboj je vysledkem sorpcnich reakci

— vliv povrchové naboje na sorpci lze odvodit z
teorie elektrické dvojvrstvy
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Adsorption (Surface Complex Formation Equilibria)

Acid base equilibria

S-OH + H* S-0H;
S-OH (+ OH") SO + (+H0)
Metal binding
S-OH + M* S—-OmE )+ + HY
2 S-OH + M* (S-0),MEF2* | 2H*

S-OH + M** + H,0
Ligand exchange (L™ = ligand)

S-OMOH®2* | 2 H*

S-OH + L S-L + OH
2S5-0OH + L’ S,-L* + +20H
Ternary surface complex formation
S-OH + L + M* S-L-M* + OH"

A

S-OH + L + M* S-OM-L#2* L Ht

From Schindler and Stumm, 1987 (modified)
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acidobazické reakce

s _ {SOH} [H"]

K, = mol/e
al (SOH})
s  {SO}[H]
{ } koncentrace povrchové
sorbované latky mol/kg
_ a-1 ) povrchova koncentrace latky,
(SOH) =s {SOH} [mOI m ] s — specificky povrch m?
koncentrace rozpusténé latky,
[SOH] = a{SOH} [mOI 8-1] a — hmotnost oxidu kg/!
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FeOOH; =6g &1
=01 MaCiOy

titracni krivka
s 1.0 nl.s ul a.ls 1_Iu [mM]

Ca — Cg + [OHT - [H] = [sFeOHy] — [=FeO]

I =0.1MNaCIO,

celkovy naboj

Ca=Co+ OHI =Ml _ roop — ope0) =

Q

povrchovy naboj (C/m?, I —,,adsorpcni hustota“)) ¢ | P
g = QFS-1 = F(FH+ - FOH-)

Titration of a suspension of o-FeQOH (goethita) in absance of specifically adsorbable ions.
a) Acidimetric-alkalimetrie titration in the presence of an inen electrolyte
b) Charge calculated from the titration curve (charge balance)

¢} Microscopic acidity constants calculated from a) and b). Extrapolation 1o charge zero gives intrinsic
pk3, and pKZ,.

(Data from Sigg and Stumm, 1981)
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bod nulového naboje 02— 17— T T
. TOTFe=103M
O
L
[EFeOHE] = [=FeQ’] i 0.1 I=0.1M ]
. 0.01
. . N 0.001
PHpze = 0.5 [pKai{int) + pKaz(int)] 5
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L
L
’_t_l_‘
=
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Surface charge as a function of pH and ionic strength (1 : 1 electrolyte) for a 90-mg/e (TOTFe = 1073 M) pH
suspension of hydrous ferric oxide.

(From Dzombak and Morel, 1990)
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Point of Zero Charge caused by Binding or Dissociation of Protons &

Material PHpznpe Material PHpznpe
o-AloO3 9.1 8-MnQO» 2.8
o-Al(OH)3 5.0 B-MnO5 7.2
vAIOOH 8.2 SiO; 2.0
CuO 9.5 ZrSiQ4 5
Fesz04 6.5 Feldspars 2—- 2.4
o-FeQOH 7.8 Kaolinite 4.6
a-Fes0O4 8.5 Montmorillonite 2.5
"Fe(OH)3" (amorph) 8.5 Albite 2.0
MgQO 124 Chrysotile >10

8) The values are from different investigators who have used ditferent methods and are not
necessarily comparable. They are given here for illustration.
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povrchové komplexy s kovovymi iony

_ {S-0OCu*} [H]
~ {S-OH} [Cu?*]

S-OH + Cu?* = S-OCu* + H* Koy

2S-OH + Cu*? = (S-0),Cu + 2 H*
{(S-0)2Cu} [H']

S
—S—OH —S—0, P20u = ((5-OH)z [Cu?]
| +CfY == | Cu +2H*
—S—OH —s—07
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, e v s v ey v Oxygen
povrchové komplexy ve vnitrni a vnejsi vrstve Central ion

Water
molecule
Surface complex formation of an ion {e.g., cation) on the hydrous oxide surface. The ion may form an
inner-sphere complex ("chemical bond"}, an outer-sphere complex (ion pair) or be in the diffuse swarm
of the electric double iayer. (From Sposito, 1988)
Fig. b shows a schematic portrayal of the hydrous oxide surface, showing planes associated with sur- S d

face hydroxyl groups ('s"), inner-sphere complexes {"a"), outer-sphere complexes ("B") and the dif-
fuse ion swarm {"d"}). (Modified from Sposito, 1984)
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pH zavislost povrchovych vazeb

a Solute ligands Surface ligands
1007 100+
CuwGlycine Cu/Al,04
o [Cuq =108 [Cur] = 108
- 106 2 - -106
% [Glyy] = 1067103 g [=AI0H] ;=10
o 8
?‘:? m_ -! —6 3250-
5 -
€ g

mol % bound

pH-dependence of the binding of metal ions by sclute and surface ligands

a) Comparison of the complexation of Cu?* by dissolved ligand (glycine) and by surface OH groups of

Al,O, as a function of pH. (The curves are calculated on the basis of experimentally determined
equilibrium constants.)

b) Extent of surface complex formation as a function of pH (measured as mol % of the metal ions in the
system adsorbed or surface bound).

[TOTFe] = 109 M (2 = 10~ mol reactive sites &'); Metal concentrations In solution = 5 x 107 M;
I = 0.1 M NaNQ,. (The curves are based on data compiled by Dzombak and Morel, 1990.)
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vymeéna ligandu, povrchové komplexy anionu a slabych kyselin

=AIOH + FF == =AIF + OH"

79
_ ,O0—C
=FeOH + HC,0; =—=— =Fe | + H,O
(Oxalate) O— Cy 0O
=FeOH =Fe— O\ /O
| +H,PO; === | P
=FeQOH ~Fe — 07 \\‘O
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vymeéna ligandu, povrchové komplexy anionu a slabych kyselin

100

80

60

401

% bound

20

20 b - -4 Surface complex formation with ligands (anions) as a function of pH
g a) binding of anions from dilute sclutions (5 x 10-7 M) to hydrous ferric oxide [TOTFe = 10-3 M]. Based
i on data from Dzombak and Morel, 1990. [ = 0.1.
|- I | b) binding of phosphate, silicate and fluoride on goethite (at-FeOQOH); the species shown are surface
2 4 6 8 10 species. (6g FeOOH per liter, Pt = 103 M, Sit = 8 x 104 M.) (Sigg and Stumm, 1981).
pH {The curves are calculated with the help of experimentally determined equilibrium constants.)




Fe(OH)?*(aq)

Tendency to form surface complexes
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vymeéna ligandu, povrchové komplexy anionu a slabych kyselin

=Fe-OH + F
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Linear free energy relations between the tendency to form solute complexes and corresponding sur-

a)

b)

face complexes.

Comparison between intrinsic equilibrium constants of the reactions
=MeOH + HA == =MeHA + H,0 i K§
MeOH?* + H,A == =MeHA® +HO K
where O Me = Fe3*, and @ Me = A®*.

(From Sigg and Stumm, 1981)

Correlation of stability constants of surface complexes of amorphous silica with metal ions
=SiOH  + Me?* == =SiOMe®"  , Hr *K3

2=S0H +Me* == @ESO)Med 4 H B3

with correspanding hydrolysis reactions

H,0 + M == MeOHZW™ 4, 4t

*K
2H0  + Me® == Me(OH)E?" +2H  *f;
(From Schindler, 1985)
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Linear free energy relations between the tendency to form solute complexes and corresponding sur-

face complexes.
a) Comparison between intrinsic equilibrium constants of the reactions

vymeéna ligandu, povrchové komplexy el e oM e

K
where O Me = Fe>*, and @ Me = AI®*.

. o | b ’ h k I . (From Sigg and Stumm, 1981)
a n I O n u a S a yC yS e I n b) Correlation of stability constants of surface complexes of*amorphous silica with metal ions

=SIOH  + Me** = =SiOMe®") 4 H* KS
2=SOH +Me&* == @SO),Me? +H  *B}
with correspanding hydrolysis reactions

H,0 + MeZ* == MeOHZV" 4 H¢ K,

2H,0  + MeZ = Me(OH)Z2" + 21+ *B,
(From Schindler, 1985)
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ternarni komplexy
S—-OH + Me2t + L == S OMe-L + H*
S-OH + L™ + Me2" == S-L-Me2" + OH"

S-OH + AP* + H,O0 =— S-O-AIOH* + 2H*
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afinita kationu a anionu ke tvorbé povrchovych komplexu

Cs*> Rb™ > K* > Na* > Li*

Ba2* > Sr2t > Ca2t > Mg??

—
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Cu2t > Nigt > Co2t > Fe* > Mn2t

I
I

Surface complex: log K7 (int)
log Ky

urface complexes —
with iron oxide

Stability constants (ethylendiamine, giycinate, oxalate), surface complex formation constants and solu- | } [ | ! |
bility products (sulfides) of transition ions. The surface complex formation constant is for the binding of 2

i i idor —| 2+ — + 7L '+2
metal ions to hydrous ferric oxide: =Fe—~OH + Me FeOMet+ H*; K I Mn+2 Fe+2 Co+2 NI CU-I-2 Zn+2

log KsO

—



