Selective Precipitation Calculations

We can use the pH dependence of precipitation
reactions to help us control the amount of precipitation
of a sparingly soluble salt. We can also sometimes
separate two metal ions in solution by varying the pH.

Zinc and Magnesium Hydroxide Precipitation

Zn(OH)yy = Zn** +20H- K, =3x107'°
Mg(OH)yy = Mg** +20H K, =7.1x107"
Initial Solution has 1.00 mM Zn?* and 1.00 mM Mg2*,

Can we selectively precipitate Zn(OH), but not Mg(OH),?
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Zinc vs. Magnesium Hydroxide Precipitation Separation

Zn(OH)y,, = Zn** +20H- K, =3x1071¢"
Mg(OH)yy = Mg** +20H K, =7.1x107"
Initial Solution has 1.00 mM ZnZ* and 1.00 mM Mg?*,

|) At what pH does Zinc Hydroxide begin to precipitate?

[Zn>*] = 1.00 x 1073M K, = [Zn**][OH]?

* This effective Ky value is often used to include zinc hydroxide complexation
effects. The true Ksp is 3 x 10-17.



Zinc vs. Magnesium Hydroxide Precipitation Separation
Zn(OH)y, = Zn** + 20H" K, =3x107'
Mg(OH)yy = Mg** +20H K, =7.1x107"

Initial Solution has 1.00 mM ZnZ* and 1.00 mM Mg?*,

|) At what pH does Zinc Hydroxide begin to precipitate?

[Zn>*] = 1.00 x 1073M K, = [Zn**][OH]?

[ Kn [3x1076 . pOH =6.26
[OH™] = [Zn2+]_\/ S =548x107M bH = 7.74

Zinc Hydroxide begins to precipitate at pH = 7.74




Zinc vs. Magnesium Hydroxide Precipitation Separation

Zn(OH)y, = Zn** + 20H" K, =3x107'
Mg(OH)yy = Mg** +20H K, =7.1x107"
Initial Solution has 1.00 mM ZnZ* and 1.00 mM Mg?*,

ll) At what pH is 99.9% of the Zn?* removed from solution?

[Zn>*] = 1.00 x 107°M K, = [Zn**][OH™)?




Zinc vs. Magnesium Hydroxide Precipitation Separation

Zn(OH)y, = Zn** + 20H" K, =3x107'

Mg(OH)yy = Mg** +20H K, =7.1x107"

Initial Solution has 1.00 mM ZnZ* and 1.00 mM Mg?*,

ll) At what pH is 99.9% of the Zn?* removed from solution?

[Zn>*] = 1.00 x 107°M K, = [Zn**][OH™)?

_ Kspl 3 X 10_16 _5 POH = 4 76
(OH) = o =\ ome— = L3X10°M  pH = 9.24

At pH 9.24 we can remove 99.9% of the Zn2+




Zinc vs. Magnesium Hydroxide Precipitation Separation

Zn(OH)y, = Zn** + 20H" K, =3x1071°
Mg(OH),, = Mg*t +20H~ K, =7.1x 107"

Initial Solution has 1.00 mM ZnZ* and 1.00 mM Mg?*,

lll) At what pH does Magnesium Hydroxide begin to precipitate?

[Mg>*] = 1.00 x 1073M K,,, = [Mg**][OH]?




Zinc vs. Magnesium Hydroxide Precipitation Separation

Zn(OH)y, = Zn** + 20H" K, =3x1071°
Mg(OH),, = Mg*t +20H~ K, =7.1x 107"

Initial Solution has 1.00 mM ZnZ* and 1.00 mM Mg?*,

lll) At what pH does Magnesium Hydroxide begin to precipitate?

[Mg>*] = 1.00 x 1073M K,,, = [Mg**][OH]?
L sp2 7.1 % 10_12 _ _5 POH — 407
OH ) = \/ oo sex107M D o

Magnesium Hydroxide begin to precipitate at pH = 9.93

* We can separate Zinc and Magnesium! *




Alpha Fractions in Selective Precipitation Calculations

We can use alpha fractions to help calculate the correct pH for
selective precipitation reactions. For example:

Zinc Carbonate, ZnCO3ys), is a sparingly soluble solid in aqueous solution:

ZnCOy = Zn** + CO;~  pK, =9.94

Ksp = [Zn2+] [C032 7] H,CO;3 = Carbonic Acid
1 Diprotic Acid
[CO57] [HY] [HT] pK, = 6.35
aCOz— —_ — 1 + +
3 Cmt K2 K1K2 pK2 = 10.33

The fraction of carbonic acid in the CO3% form is a function of pH.



Alpha Fractions in Selective Precipitation Calculations

Consider a solution with a total H,CO3 concentration of 10.0 mM, and a
Zn?* concentration of 1.0 mM. At what pH will ZnCO3s) begin to
precipitate in this solution?

ZnCOy = Zn** + CO;~  pK, =9.94

K, = [Zn**][CO;7] = [Zn**]acp,-C™

—1
K [H*]  [H'T
— ac02_ — 1 + +

[ Zn2+] (1ot 3 K2 Kl K2

[Zn**]1C™" (HY] [H']? pK, = 6.35




Alpha Fractions in Selective Precipitation Calculations

Consider a solution with a total H,CO3 concentration of 10.0 mM, and a
Zn?* concentration of 1.0 mM. At what pH will ZnCO3s) begin to
precipitate in this solution?

ZnCO3(S) — Zn2+ ~+ C032_ pKSp = 90.94

_ 7,2+ 2
Kyp = 12n711CO5] pK, = 10.33

241 ot -3 -2
[Zn~"]C _ (10—°M)(107°M) Solve Quadratic:

K., 10-9.94 |
H*]=1.14x10"°M
[H™] [H*]°
494 _ _
=1+ 10-1033 | T0-1668 pH = 5.94




Alpha Fractions in Selective Precipitation Calculations

Consider a solution with a total H,CO3 concentration of 10.0 mM, and a
Zn?* concentration of 1.0 mM. At what pH will 99.9% of the Zn?* be
removed from this solution?

ZnC03(S) — Zn2+ ~+ C032_ pKSp = 90.94

_ 7,2+ 2
Kyp = 12n711CO5] pK, = 10.33

247 tot —6 -2
[Zn-"]C _ (107M)(107°M) Solve Quadratic:

K,, 10-9-94
H*]=4.0%x10"M
[H™] [T
194 _ _
W0 =1+ -005 ¥ Jo-te0s pH = 8.40




EDTA Titrations of Sea water: Mg2* and Ca?%*

EDTA Titrations are used in the analysis of sea water for Mg?* and Ca?*

[Mg2*] = 60 mM

In the ocean: [Ca?*] = 10 mM

We can use selective precipitation to separate Mg2?* and Ca?*
Mg(OH),, K, =15x107"
Ca(OH),,, K, =5.5%107°

i) At what pH will Magnesium Hydroxide start to precipitate? (9.20)

ii) At what pH will Calcium Hydroxide start to precipitate? (12.37)

iii) How much of the Mg2?* in the seawater sample will be removed (precipitated)
from solution at a pH of 11.0? (99.75%)



