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Precipitation Titration
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The volumetric methods that depend on sparingly soluble
precipitate formation are called precipitation titration. It is a good
method for the determination of halogens and some metal ions. The
most important process is using AgNQOg as a titration reagent for the
halogens' determination. This leads to the formation of sparingly

soluble silver salts. The most significant ions determined by this
method are chloride and bromide ions.
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Titration curves for precipitation reactions
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Titration curves based on p value are useful for deducing the
properties required for an indicator, as well as the titration errors
that its use is likely to cause. Theoretically, curves are readily

derived from solubility product data and usually closely resemble
experimentally obtained curves.
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Ex.1- Titration of 50 ml of 0.1 M NaCl with 0.1 M AgNOQOs. A plot of
either pAg or pCl against the added volume of AgNO3 solution
will yield a titration curve for the processes.

The solubility product Ksp of AgCl is 1.82 x 101 mole?/liter?
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AgNO3z + NaCl AgCI (ppt.) + NaNO3

1- Initial [CI-] concentration is 0.1 M (mole/liter).
[CI']=0.1M, pCl =-log[Cl] =-log0.1=1
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2- After adding 10 mL of AgNOs3. VT =50+ 10=60 ml
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[ClI7] = 0.067 mole/Liter
pCl = —log0.067 = 1.17
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calculate the con. of silver teh WS g dadl) 58 5l

AgCl ——— Ag" + CI’
Ksp =[Ag™][CI7]

Ksp _ Ksp 182 x1071°
[CI”]  0.067 0.067

[Ag™] =

[AgT] = 2.716 x 1072 mole/liter

pAg = —loglAg™]
pAg = —log (2.716 x 107?)
pAg = 8.57

3- After addition of 49.9 ml of AgNOs solution.
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Total volume =50 + 49.95 = 99.95 ml

50 X 0.1 — 49.95 x 0.1 el ol SR8 R U
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99.9 ANy o

mole
[CI"] = 5.003 x 10~5 elleal

[Cl7]

liter
pCl= —log[Cl]

pCl= —log(5.003 x 107°)
pCl= 4.3
Ksp = [Ag™][Cl7]

+1 = Ksp.
[Ag™] = 5

g+ - 1.82 x 10-10
917 5003 x10-5

pAg = —log[Ag™]
pAg = —1og(0.364 x 10™°)
pAg = 5.44

=0.364 x 107> mol /L
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4- At equivalent point
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no. of mmole [Ag*] = no. of mmole [C]7]

Ksp = [Ag™][CI]

[Ag™] = [CI7]

Ksp = X2

X = [Ag*] = [CI"] = V1.82 x 1071
[Ag*] = [C1I7] = 1.35 X 107> mole/liter
pAg = pCl = —log (1.35 X 107°)

pAg = pCl = 4.87

5.After adding 52.5 ml of AgQNOs solution.
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Total volume =50 + 52.5 =102.5 ml
_52.5x0.1-50 x0.1

[4g7] = 102.5 + 1]
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~52.5x0.1-50 x0.1
- 102.5

[Ag*] = 2.439 x 1073

[Ag™]

mole

liter
pAg = —log (2.439 x 1073)

pAg = 2.613
Ksp = [Ag™][CI7]
-1 _  Ksp

[Cl ]_ [Agt]
1.82 x 10710 8 .

[CI7] = — = 7.462 X 107° mole/liter
2.439 x10

pCl = —log (7.462 x 107%)

pCl = 7.127
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0.1 M A\\gol\lllé)naleagged (ml) - PCI
0 0 1.0
5 8.65 1.09
10 8.57 117
20 8.37 1.37
30 8.14 1.60
40 7.79 1.95
45 7.46 2 28
47.5 7.15 2 59
49 6.76 2 98
49.9 5.44 430
50 4.87 4.87
50.1 4.0 574
51 3.0 6.74
52.5 2.62 712
55 2.32 742
60 2.04 7.70
70 1.78 772
80 1.64 8.10
90 1.55 8.19
95 1.51 823




College of Ibn Al-Haitham (Analytical Chemistry) Department of Chemistry
Lecture 9

=
o

PAg
OB M W A OO N ® O

Volume (ml) of 0.1 M AgNO,

pCl
o = N w £ (3] N N (o] ©

0 10 20 30 40 50 60 70 80 90 100
Volume (ml) of 0.1 M AgNO,

End point detection
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Many methods can be utilized for the detection of the
endpoint of precipitation reactions:
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1. Mohr method:
It depends on the formation of a second precipitate of a different color
different from the original precipitate’s color. The indicator here is the
chromate ion which gives a silver chromate red color.

The solution should be neutral to perform good titration without interference.
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AgNO;s; + NaCl » AQCI (First ppt.) + NaNOs

AgNO; + K,CrOy — AQ2CrO4 (Second ppt.) + NaNOs
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Ag.0 + HO

2CrO4% + 2H*

2Ag* + 20H" 2AgOH

2. Volhard method:

This method of determination of chloride ions by titrating with
silver nitrate standard solution depends on the formation of a colored
complex to detect the endpoint. It uses potassium or ammonium
thiocyanate as a standard solution to titrate silver ions in the presence
of nitric acid (to avoid ferric ion hydrolysis). The indicator here is a
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ferric alum NH,Fe(S0,)..12H,0. In the beginning, the silver thiocyanate
Is formed as a white precipitate but finally, in the presence of excess
thiocyanate concentration, a red precipitate is formed at the end of the
first reaction.
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Ag+ + SCN_ AgSCN (ppt_)
White
Fe*3 + SCN Fe(SCN)2+
Red
£ —— SCN
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3. Fajan method (adsorption indicators):

A typical adsorption indicator is organic dye fluorescein which is
used in the titration of chloride ions by silver nitrate standard solution.
The precipitate formed adsorbs and desorbs this indicator at its
surface. The precipitation if colloidal is better.
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Fluorescein

Colloidal Silver Chloride Particles with Counter-Ion Layer
=

Ind
v
Early in the Titration Beyond the Equivalence Point
(High Chlotide Ion Conc.) (Low Chloride Ion Conc)
Indicator is Yellow-Green Indicator is Red
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