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Precipitation titration 06.14

LEC 06 Electrochemistry

Principle and tasks
Precipitation reactions which occur
stoichiometrically and rapidly and
whose equilibrium lies on the side of
the poorly soluble products can also
be used titrimetrically. Consequently,
a solution which contains both chlo-
ride and iodide ions can be titrated
with a silver nitrate solution. The
course of the titration is monitored
potentiometrically and the equiva-
lence points are determined from the
inflection points of the potential
curve.

� Electrode potential
� Cell voltage
� Electrodes of the 1st and

2nd type
� Nernst equation
� Argentometry
� Solubility product

Cobra3 Chem-Unit 12153.00 * 1
Power supply 12V/2A 12151.99 1
Data cable, RS232 14602.00 1
Software Cobra3 Chem-Unit 14520.61 * 1
Reference electrode, AgCl 18475.00 1
Adapter, BNC-plug/socket, 4 mm 07542.26 * 1
Magnetic stirrer, mini 47334.93 1
Magnetic stirrer bar, l = 30 mm, oval 46299.02 1
Retort stand, h = 750 mm 37694.00 1
Right angle clamp 37697.00 2
Universal clamp 37715.00 2
Burette clamp, roller mounting 37720.00 1
Crocodile clip, insulated, black 07276.15 1
Connecting cord, l = 500 mm, black 07361.05 1
Burette, 50 ml, lateral stopcock 36513.01 1
Glass beaker, 250 ml, tall 36004.00 1
Laboratory balance, with data output, 620 g 45023.93 1
Weighing dishes, 80�50�14 mm 45019.05 1
Volumetric flask, 100 ml 36548.00 3
Volumetric pipette, 10 ml 36578.00 2
Pipettor 36592.00 1
Funnel, glass, do = 55 mm 34457.00 1
Wash bottle, 500 ml 33931.00 1
Microspoon 33393.00 1
Scissors, l = 180 mm, straight 64798.00 1
Silver foil, 25 g 31839.04 1
Sodium chloride, 250 g 30155.25 1
Sodium iodide, 50 g 31634.05 1
Silver nitrate, crystalline, 15 g 30222.00 1

What you need:

Course of the potential during the precipitation titration.

What you can learn about

Water, distilled, 5l 31246.81 1
PC, Windows 95® or higher

Changes in the equipment required for use of the Basic-Unit:
(instead of * above mentioned)
Cobra3 Basic-Unit 12150.00 1
Measuring module, pH/Potential 12101.00 1
Software Cobra3 pH/Potential 14509.61 1

Precipitation titration
with Cobra3 Basic-Unit P3061411

Precipitation titration
with Cobra3 Chem-Unit P3061440



After having made these settings, press <Continue> to reach the
field for the recording of measured values. Arrange the displays
as you want them.
Adjust the magnetic stirrer to a medium stirring speed. Record
the first point measured (for V = 0.0 ml) by pressing <Save
value>. Add the silver nitrate solution from the burette in incre-
ments of 0.5 ml. After each addition, wait 30 s before saving the
value. Carry on in this manner until a total of 30 ml has been
added. Stop the measurement. Save the data with <File><Save
measurement as...>.
Fig. 3 shows the graph as it is presented by the programme
when the measurement is stopped.

Theory and evaluation
When a saturated solution is in a state of equilibrium at a given
temperature, the product of the ion activities is constant. The
smaller this solubility product, the more sparingly soluble the salt
concerned. When a substance which contains a type of ion that
is the same as one of the types of ion in the salt from which a
saturated solution is made is added to that solution, then pre-
cipitation occurs. The addition of the same ion lowers the solu-
bility. The maximum solubility is given when the two types of ion
are present in equivalent amounts.
The solubility products of silver chloride and silver iodide are:

aAg+ .  aCl-  =  1.8 á 10-10 mol2 / l2

aAg+ .  aI-    =  4.5 á 10-17 mol2 / l2

When the activity of the iodide ions present in the solution is
0.1 mol/l, then silver iodide precipitates out after 4.5 á 10-16 mol/l
of silver nitrate solution have been added, as the increase in the
silver ion activity causes the solubility product to be exceeded.
The solubility product of silver chloride is not reached until
1.8 á 10-9 mol/l silver nitrate are added.
The potential of the uncoated silver electrode is determined by
the activity of the silver ions in the solution surrounding it,
according to the Nernst equation:

E
�

= EAg/Ag+ +  á ln aAg+

E
�
Ag/Ag+ Standard Ag/Ag+ half-cell potential = + 0.81 V

R Universal gas constant
F Faraday constant
T Absolute pressure

At the beginning of the experiment, the silver ions originate from
the silver electrode itself, their activity is very low.
Further silver ions are brought in by the addition of silver nitrate
solution. Despite this, the potential of the solution hardly
changes, as they are at first almost quantitatively precipitated as
silver iodide. After all of the iodide ions that were in solution are
precipitated out, however, then further addition of silver nitrate
causes a jump in the potential. Subsequent to this, when the sol-
ubility product of silver chloride is exceeded, the potential again
only increases slowly. When the silver chloride has been com-
pletely precipitated, there is again a jump in the potential, but
continued addition of silver nitrate only results in a slight poten-
tial increase.

Data and results
Results of an actual measurement:
1st equivalence point at U = - 6.07734 mV, V = 9.77 ml of stan-
dard solution
2nd equivalence point at U = 298.175 mV, V = 19.3 ml of stan-
dard solution
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Fig. 3: Course of the potential during the precipitation titration

Fig. 2: Measurement parameters
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