Geochemie exogennich procesu



Osnova

Latky ve vodeé

— Rozpusténé vs. Casticové
— Komplexy

— Koloidy

Vlivy na rozpustnost latek

Chovani vybranych skupin prvku

Eh-pH diagramy

Sorpce a kationtova vymeéna



LATKY VE VODE



Latky ve vodé

* Rozpusténé e Castice (suspenze)
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FIGURE 5.3 Representation of negatively charged hydrophobic colloidal particles surrounded in solution
by positively charged counter-ions, forming an electrical double layer. (Colloidal particles suspended in water
may have either a negative or positive charge.)

Pfevzato z Manahan (2005)

Water-insoluble organic
matter may be entrained
in the micelle.

FIGURE 5.4 Representation of colloidal soap micelle particles.



Koloidy

Koloidy — €astice o rozméru 1-1 000 nm




VLIVY NA ROZPUSTNOST



lontovy potencial
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Fig. 4.9 Prediction of solubility of aqueous ions based on the ratio of ionic charge (z) to ionic radius (r, in A),

a ratio known as ionic potential. In the case of polyatomic molecules (e.g. H4Si0y), radius (r) is for the elemental ion
shown (e.g. Si**), not for the entire molecule. The z values on both upper and lower x-axes are absolute values,
and the y-axis data are based on concentrations in river water determined by Martin and Whitfield (1983);

the plot shown is based on a graph in Andrews et al. (2004).

Pfevzato z Ryan (2014)
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log [Al species]

Fig. 4.10 Solid curve is sum of all dissolved Al species
and dashed lines correspond to Al species indicated.
Note low solubility of Al between pH =6 to 7 and

exponential increase in solubility with decreasing or
increasing pll.

Pfevzato z Ryan (2014)
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Eh-pH diagramy
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Fig. 4.12 Approximate locations of selected natural
systems as a [unction of reduction—oxidation
potential and pH. Note that redox units are given in
terms of Eh (left) and pe. The thin line bounding the
natural environments indicates the limits of nearly all
natural waters (after Bass Becking et al. 1960).

Pfevzato z Ryan (2014)



Za jakych podminek bude olovo a méd migrovat?
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Fig. 4.13 Copper and lead Eh—pH diagrams at 25 °C and 1 atm pressure. Activities of Cu and Pb
are 107 mol/L, pCO5 = 400 ppmv (107>** atm) and total S = 107> mol/L.

Pfevzato z Ryan (2014)



2 4 6 8 10 12 2 4 6 8 10 12

Fig. 4.14 Arsenic and uranium Eh—pH diagrams for systems at 25 °C and 1 atm pressure. For the arsenic
diagram, activity of As,g = 107° and S activity = 1072 mol/L. For the uranium diagram, activity of
U=10"mol/L and C (as CO,) is 107>* atm.

Pfevzato z Ryan (2014)



Na vstupu do mokradu ma voda Eh 0.9 V a pH 2

Na vystupu je En 0.2V a pH 8,5

Popiste s pouzitim diagram, k cemu v mokradu dojde.

Jak se situace zméni, zintenzivni-li se tleni v mokradu a Eh klesne 0 0,4 V?
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Fig. 4.15 Eh—pH diagram for iron and aluminum. For the iron diagram. activity of Fe = 107" mol/L.
S=10"mol/L and CO, = 107>** atm. For aluminum diagram, Al= 10~ mol/L. Note that iron speciation is
influenced by both Eh and pH; conversely, aluminum speciation is controlled by pH but not Eh. The arrow
A to B represents oxidation as shown in Plate 5.

Pfevzato z Ryan (2014)



Interakce latek ve vodé s pevnou fazi

SORPCE



Povrchy: hustota e

Skenovaci transmisni elektronova mikroskopie (STEM)
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High resolution STEM image from a grain boundary in gold at
the atomic level; white dots can be directly interpreted as atom

columns. By FEI Company (2016)
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Krystalove povrchy

e Krystalové povrchy
obsahuji radu
nedokonalosti a poruch.

e Tato mista umoznuiji
rast/rozpousténi,
protoze maji jinou
energii.

https://en.wikipedia.org/w/index.php?curid=14546580

By Gescott14 (talk) (Uploads) - Own work, GFDL,

- 8 i i i i X

Povrch kremiku s viditelnou hranou a
dalsimi povrchovymi defekty



Mineralni povrchy

Energie vSech castic (a pozic) na povrchu neni stejna — |isi se jejich stabilita.

Za/ AC”

Schématicka reprezentace povrchu krystalQi na arovni atomovych rozmér:
a —atom v hladké plose povrchu (nejstabilnéjsi pozice), b —adatom
(samostatny atom na povrchu — nejméneé stabilni), c — volné misto na
povrchu, d — kout, e — vyklenek ve schodu, f —roh, g — atom ve schodu



Sorpce na mineralni povrchy

Obrovsky vyznam v environmentalni geologii.

— SloZeni podzemnich vod a pohyb kontaminantd.

Velmi rychlé procesy vazici/uvolnujici ionty.

| velmi dobre rozpustné latky mohou byt ve vysledku v
nizké koncentraci, diky sorpcim na povrchy:

— Celkovy odhad je pak nizsi nez odhad na zakladée
rozpustnosti/srazeni.

— Cisté povrchovy proces — fadové rychlejéi nez rozpousténi.

— Reverzibilni proces — slozité méreni rychlosti procesu.
Sorpce

— Adsorpce — vazba na povrch.

— Absorpce — vstup do struktury absorbentu.
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6.1. Pictorial definition of different sorption

Figure



Kationtova vymeéna

Typ adsorpce, rizen nekolika faktory:

1. Chemicka pritazlivost
2. Elektrostaticka pritazlivost
3. Fyzikdlni pritazlivost (van der Waalsovy sily)

Velka vymeéena = vysoka vymeénna kapacita
Zejména jilové mineraly.

Pri nizkém pH maji oxyhydroxidy i aniontovou
vymennou vrstvu.



Faktory pritazlivost kationtu z roztoku
na povrch

. Naboj na castici — smektit a dalsi jilové mineraly
maji zaporny naboj nekterych vrstev.
. Velikost ¢astic — velky povrch vzhledem k

objemu mineralu ma vetsi potencial na sebe
vazat.

. Dodatecna vazebna mista — mezivrstvy, kanaly v
zeolitech atp.

. Povrchoveé tvary — doliky a hrany — vhodna mista
k vazani, protoze zpravidla obsahuji volné vazby
(kov v oktaedrické pozici je v kontaktu s méné
nez 6 kysliky)



Izoelektricky bod

V kyselych roztocich se povrchy pokryji H+
a pritahuji anionty.

V alkalickych roztocich pritahuji kationty
(zejm. oxidy, hydroxidy, silikaty).

Izoelektricky bod (IEP) — hodnota pH, pfi
které je naboj povrchu v roztoku pouze s
ionty H+ a OH- roven nule.

V pfirodnich vodach s vice ionty je to

point of zero charge (PZC).

Je-li pH < nez PZC je naboj povrchu kladny

a vaze anionty.

Je-li pH > neZ PZC je ndboj povrchu

zaporny a vaze kationty.

Jilové mineraly adsorbuji kationty i za

velmi nizkého PH diky naboji mezivrstvy.
— V pfirodnim prostredi (pudy, ficni sedimenty)

tak dominuje sorpce kationtl nad anionty.
IEP oxidU Zeleza je kolem pH = 7.

pH alkalické

pH pfechodné

pH kyselé

naboj povrchu
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Fig. 2.26 Sketch of a goethite surface in solutions at pH = 5 (left) and pH = 9 (right), demonstrating the effect
of [EP or PZC on ion-exchange capabilities of soil solids. Note the occurrence of anionic arsenate as inner
sphere complex at pH = 5 (facilitated by H") compared to the occurrence of Ca*? as an inner sphere complex
at pH =9, Negative signs near the goethite surface indicate a net negative charge at the mineral surface.
Pfevzato z Ryan (2014)



lontova vymeéna

elektricka dvojvrstva sorpce

* VV\ymeénitelné et o
lonty jsou na vt e
povrchu
castice v
elektricke
dvojvrstve:
— Komplexy ve

vhitrni vrstve sorpce anionu

sorpce anionu ve vnéjsi vrstvé
—_— p F I’m O n a ve vnitini vrstvé
povrchu.

— Komplexy ve
vnejsi vrstve
—dal od
povrchu.
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iony v roztoku

Povrchy v roztoku

iontova vymeéna

sorpce

sorpce kationu
ve vnéjsi vrstvé

sorpce kationu
ve vnitfni vrstvé

sorpce anionu
sorpce anionu ve vnéjsi vrstvé
ve vnitini vrstvé
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