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Effect of pH on ¢harge and electrophoretic mobility, In the neutral pH range most suspended solids
typically encountered in natural waters are negatively charged. These simplified curves are based on
rasults by different investigators whose experimental proceduras are not comparable and may de-
pend upon soluticn variables other than pH. The curves are meant to exemplify trends and are mean-

ingful in a semiguantative way only. The curve for calcite is for an equilibrium suspension of CaCOy
with air (pco, =10 25 atm).
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Koordinacni vazby

=Fe-OH + Cu?* =—=  =FeOCu™ + H*
=Fe-OH + HPO3 =—=  =Fe-OPO% + H,0
=S + HS’ ===  =8-SH’

=AgBr + Br —==  =AgBr;

=RCOQH + Ca?t ==  =RCOQCa‘* + H*
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lzomorfni nahrada

"HOW , O« ,O. , O\ ,OH
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Qp = {S-OH%} - {S-O7} + {S-OM*}
Qp = {S-OH}) — (S-07} - {SA}
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Elektricka dvojvrstva
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The diffuse double layer

a) Diffuseness results from thermal motion in solution.

b) Schematic representation of ion binding on an oxide surface on the basis of the surface complexa-
tion model. s = specific surface area m? kg'. Braces refer to concentrations in mol kg-'.

¢) The electric surface potential, y, falls off (simplified model) with distance from the surface. The de-
crease with distance is exponential when y < 25 mV. At a distance x™ the potential has dropped by
a factor of (1/e). This distance can be used as a measure of the extension (thickness) of the double
layer {see Eq. 3.8c). At the plane of shear (moving particle) a zeta potential can be established with
the help of electrophoretic mobility measurements.

d) Variation of charge distribution {concentration of positive and negative ions) with distance from the
surface (Z = charge of the ion).

g) The net excess charge.

Op = :—s [(S-OH3}+{S-OM* }HS-O'}-{S-A}] (i)

Gp+ Op = O (i)
approximately
Y=y, exp (kd) (iiif)
€, =Cyem  €Xp (-ﬁ’) (iv)
C- = Crew  oxp (Z-) (v)

Op = (BRT €€, Cx10%)'2. sinh (-2—2':%) (vi)
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pH - pszc =ApH

Surface protonation isotherms. Dots represent experimental data from titration curves at ionic strength
I = 0.1 (Hematite, I = 0.2). References are indicated in Table 3.1. The concentration of protonated
sites {=MOH} is given in moles m-2. BET surface data were used to calculate the surface concentra-
tion.

a) surface protonation vs pH;

b) surface concentration as a function of pHg, — pH = ApH (Eq. 3.5)

(From Wieland, Wehrli and Stumm, 1988)

0 0 0
AGiy = AGj + AGyy
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Table 3.1 Protonation isotherm parameters of different oxides
(see Fig. 3.4)
a) b) c) d) e)
Surface PHpzc ng1 (int) C a n
wF/em? kJ/mol

TiO, f) 6.25 4.92 79 99 0.19
ZrO, g) 6.4 4.72 148 51
§-Al,O4 h) 8.7 7.32 115 68 0.13
o-FeOOH i) 7.28 6.03 167 47 0.16
o-Fe,0, k) 8.67 7.47 94 83 0.16
Fe,O, a) 6.8 5.63 151 52
BeO 1) 10.2 8.71 134 58 0.085
Latex m) 8.0 6.45 113 0.14
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The net charge at the hydrous oxide surface is established by the proton balance (adsorption of H or
OH" and their complexes at the interface and specifically bound cations or anions. This charge can be
determined from an alkalimetric-acidimetric fitration curve and from a measurement of the extent of
adsorption of specifically adsorbed ions, Specifically adsorbed cations {anions) increase (decrease)
the pH of the point of zero charge (pzc) or the isoelectric point but lower (raise) the pH of the zero net

proton condition (pznpc).
Addition of a ligand, at constant pH, increases surface protonation while the addition of a metal ion

(that is specifically adsorbed) lowers surface protonation.
(Modified from Hehl, Sigg and Stumm, 1980, and from Stumm and Morgan, 1981)
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Schematic representation of the kaclinite structure. It reveals the 1:1 structure due to the alternation
of silica-type (black) and gibbsite-type layers (white). Furthermore, the edge surface exposes aluminol
and silanol groups.
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Inner-sphere surface complex: Quter-sphere surface complex:
K* on vermiculite Ca (H, O* on montmorillonite

Surface complexes between metal cations and siloxane ditrigonal cavities on 2:1 phyllosilicates,
shown in exploded view.
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Surface protonation at the kaolinite surfaces. The excess proton density, I'y v, at the surface hydroxyl
25 group is dispfayed as a function of pH. Surface protonation is interpreted as a successive protonation
) of two distinct types of OH groups localized at the gibbsite and edge surfaces. The pHpzc of the edge
surface is about 7.5.
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Apatit: pH,. = 8,15
=Ca—-OH; and ia_C’\P/G'
=Ca-07 YO
=P-O + H" = =P-OH . logK® = 6.6

=Ca-OH; = =Ca-OH + H* ; logK® = —9.7



