Environmental Chemistry

Part 3 Hydrospheric Chemistry

3.6 Dissolution and Precipitation
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— Sio,

—Fe,0, Al(OH),
- CaCO; MgCO,
—Mica (K)(=HF)
— Feldspar (K)kf
— Apatite (P)K £

— Kaolinite

— MontmorilloniteZZ il 1, IKIE A, HIR A



Intensity = Solution Activity

* Dissolved in the solution
o Activity (a, V&%)
= effective concentration (C)
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Activity vs Concentration in

Solution

lon Concentration Activity

mM mM
Caz* 1.68 0.98
Mg2+ 0.71 0.43
K* 2.60 2.23
NH,* 4.98 4.26
SO, 0.75 0.42
Al3* 0.0255 0.0085
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Solubility Product, K,

 Smaller the Ksp the lower the solubility
— CaS0O, Gypsum Ksp =1.95x10-4

— Al(OH); Aluminum Hydroxide Ksp = 1.6 x
10-34



Calcium Carbonate

Ky, CaCO, = 0.87 x10°

Aluminum Hydroxide

Ks, AI(OH); = 1.6x 1034

Iron Hydroxide

Ks, Fe(OH); = 1.6x 1097



The Solubility Product Constant
K

Sp

Example:
AgBr = AQ'hq + Bl

Ksp = [AQ*][Br]




Example:

Ca(OH),(s) 5 Ca*"(aq) + 20H(aq)

K, = [Ca2"][OH]?

Example:
Ag,CrO,(s) S 2Agf(aq) + CrO,*(aq)

Ko =[AgT[CrO42 ]



* Give the K, expressions for
a) Barium carbonate

b) Silver sulfate a)=[Ba’*][CO;*]
c) Calcium flouride |b)=[Ag+]* [SO,*]
c)=[Ca*"][F]>




Solubility and K,

Solubility = grams of solute
liter of solution

Molar = moles of solute
solubility liter of saturated solution

Kp 18 the equilibrium constant between

the 1onic solid and saturated solution.



* Ksp has only one value at any
speC|f|C temperature.
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Al(OH),
BaCO,
BaF,
BaSO,
Bi, S,
CdS
CaCO,
CaF,
Ca(OH),
Ca,(PO,),
Cr(OH),4
CoS
CuBr

|4

1.8 x 1033
8.1 x 109
1.7 x 106
1.1 x 1010
1.6 x 1072

8.0x 1028
8.7 x 1079

4.0 x 1011
8.0x 106
1.2 x 1026

3.0 x 10—2°

4.0 x 1021
4.2x108

AN E

Cul 5.1 x 1012
Cu(OH), 2.2 x 1020
CuS 6.0 x 10-37

Fe(OH), 1.6 x 10-™4
Fe(OH), 1.1 x 10-36

FeS  6.0x 109
PbCO, 3.3 x 104
PbCl,  2.4x 10
PbCrO, 2.0 x 10-14
PbF,  4.1x10°8
Pbl, 1.4 x 10°8
PbS  3.4x10°28
MgCO, 4.0x 1075

Mg(OH), 1.2 x 10~
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MnS  3.0x1014
Hg,Cl, 3.5x 10-18
HgS 4.0 x 10-54
NiS 1.4 x 10724
AgBr 7.7 x 10713
Ag,CO, 8.1 x 1012
AgCl 1.6 x10-10
Ag,SO, 1.4x 107
Ag,S 6.0 x 107
SrCO, 1.6 x 109
SrsO, 3.8x10°7
SnS 1.0 x 1026
Zn(OH), 1.8 x 10-14
ZnS 3.0x 1023
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Fe(OH), <« Fe¥* + 30H:
K, = (Fe3*) (OH)3 = 1038

or (Fe3*) = 1036/ (OH)3

pH (OH) (Fe>)
6 108 1012
7 107 10-15
8 106 10-18
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I Bf 52 i Adsorption

— P sorption on oxides
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pH Dependent Charge on Oxides
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pH Dependent Charge on OM

HC=0
i
(HC — OH), (Sugar)
| AH
COOH COOH COOH HC=0 o 0 OH
© Ou COOH
CH CH,
HO 2 @ E O COOH
OH
R CH
|
(|) =0 (Peptide)
NH
}

FIGURE 2.8 Suggested structure for humic acid in soil. The COOH and OH groups are the pH-dependent sites.
Mortvedt, Giordano, and Lindsay (Eds.), Micronutrients in Agriculture, ASA, 1972




pH Dependent Charge on OM
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Pure Water
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NH,*
NH 4 K
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pH and Solubility

« Example:
—Fe(OH),-Add acid
Fe(OH),(s) <=> Fe?*(aq) + 20H-(aq)



pH and Solubility

« Example:
—Fe(OH),-Add acid
Fe(OH),(s) <=> Fe?*(aq) + 20H-(aq)
2H,0%*(aq) + 20H(aq) —» 4H,0



pH and Solubility

« Example:
—Fe(OH),-Add acid
Fe(OH),(s) <=> Fe?*(aq) + 20H-(aq)
2H,0%(aq) + 20H(aq) —» 4H,0

LeChatlier’s principle



pH and Solubility

« Example:

— Fe(OH),-Add acid
Fe(OH),(s) <=> Fe?*(aq) + 20H-(aq)

-

stress

More Fe(OH), dissolves in response

Solubility increases

Decrease

Stress relief = increase [OH"]

2H,0*(aq) + 20H-(aq) — 4H,0



pH and Solubility

 Example:
— Fe(OH),
Fe(OH),(s) <=> Fe?**(aq) + 20H-(aq)
overall 2H,0*(aq) + 20H-(aq) — 4H,0()
Fe(OH),(s) + 2H,0*(aq) <=> Fe?*(aq) + 4H,0(l)




pH and Solubility

« Example:
— Fe(OH),
Fe(OH),(s) <=> Fe?*(aq) + 20H-(aq)
2H,0%(aq) + 20H-(aq) — 4H,0(l)
overallFe(OH),(s) + 2H,0*(aq) <=> Fe?*(aq) + 4H,0(l)

decrease pH >
solubility increases

increase pH €
solubility decreases



{4 [Me ™ ]=c M
Solubility and equilibria: K.
Me(OH) n(s) ~ Me™ + nOH-
Ksp =[Me n+] [oH]"
[Me ™ ]= Ksp/ [OH-]"" = Ksp[H™]"/ Kw"
B AR R 4

-lg[Me"* ]= -IgKsp -nig [H*] + nlgKw
pc = pKsp —npKw + npH



-lg[Me"* ]= pc = pKsp —npKw + an
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fizan [Me ™ ]=1M
Solubility and equilibria: K.

Mer =[Me "] +¥ [Me (OH):#"] 3-45
p133



LU 143 47

TR
PbOs 2H* Pb2* H,O0 OH- PbOH*
Pb(OH): Pb(OH)s

+ PbOs +2H* = Pb2* +H,0 IgKso=12.7 3-46

 PbOs + H* = PbOH* IgKs1=5.0 3-47

+ PbOs +H20 = Pb(OH) IgKs2=-4.4 3-48




LU 143 47

+ PbOs +2H* = Pb2* +H,0 IgKso=12.7 3-46

Ilg Kso = Ig{[Pb2*]/[H*]¢}

[Pb2+] = 10127 [H*]2  PRIAEUKTHL
lgc=12.7- 2pH



lg c=Ig[Pb2+] =12.7- 2pH

-
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« PbOs +H* = PbOH* IgKs1=5.0 3-47
g Ks1 = Ig{[PbOH*[H*]}

Ig[PbOH*] = 1050 [H*] P I B X%
Ig[PbOH*] =lgc = 5.0- pH




Ig[Pb(OH)2] =IgCc =-4.4
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PLE AL B B 73 1T (3)

. PbOs +H20 = Pb(OH) IgKs2=-4.4 3-48

g Ks2 = Ig{[Pb(OH),] = -4.4

Ig[Pb(OH)2] =Igc = -4.4



IgIPb(OH)2] =IgC =-4.4

T FE 3-48
——No
H+ pH
PbOH+ 3-47
Pb2+ 3—46

g1 (Pb (OH) 3-
3-49)
2tk (OH  pH)

&t (PbOH+
1234567 8 910111213 3-47)
2Ptk (Pb2+
PH 3-46)




PLE A 9 53 41 (3)
* PbOs +H,0 = Pb(OH);~ + H" 3-49

Ig Ks3 = Ig{[Pb(OH);"J[H*]} = -15.4

ig[Pb(OH), ] =Igc3 =Ig Kss -Ig[H"]
= -15.4+ pH



Ig[Pb(OH);] =lgc3 = -15.4+ pH

18 3-49
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