Mohr titration, from Vogel 5th ed. P. 349-351:
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STANOARDISATION OF SILVER NITRATE SOLUTION  10.77

Colour change at end-point* Further data of interest

Yellowish-green — pink Solution must be neutral or weakly basic
Yellowish-green — red Useful pH range 44-7
Pink — reddish-violet Best in acetic (ethanoic) acid solution; useful down to pH 1-2
Red — purple Accurate if (NH,),CO; added
Orange-red — blue—red Useful pH range 4-7
Colourless solution — green Sharp colour change in I~ + CI~ back-titration
solution
Yellow — pink Neutral solution
Orange-pink — reddish-violet ~ Best in dilute (up to 0.3M) HNO;
Red ppt.— blue ppt. Sharp, reversible colour change on ppt., but only if NOj is present.
Blue ppt. - red ppt. Tolerance up to 0.2M HNO,

recrystallised silver nitrate be employed, or if an additional check of the molarity
of the silver nitrate solution is required, standardisation may be effected with
pure sodium chloride. Sodium chloride has a purity of 99.9-100.0 per cent and
may be used as a primary standard. Sodium chloride is very slightly hygroscopic,
and for accurate work it is best to dry the finely powdered solid in an electric
oven at 250-350 °C for 1-2 hours, and allow it to cool in a desiccator.

Procedure. From silver nitrate. Dry some finely powdered analytical grade
silver nitrate at 120 °C for 2 hours and allow it to cool in a covered vessel in
a desiccator. Weigh out accurately 8.494 g, dissolve it in water and make up to
500 mL in a graduated flask. This gives a 0.1000 M solution. Alternatively, about
8.5g of pure, dry silver nitrate may be weighed out accurately, dissolved in
500 mL of water in a graduated flask, and the molar concentration calculated
from the weight of silver nitrate employed.

In many cases the analytical grade material may be replaced by ‘pure
recrystallised”’ silver nitrate, but in that case it is advisable to standardise the
solution against sodium chloride. Solutions of silver nitrate should be protected
from light and are best stored in amber-coloured glass bottles.

10.77 STANDARDISATION OF SILVER NITRATE SOLUTION

Sodium chloride has a relative molecular mass of 58.44. A 0.1000 M solution is
prepared by weighing out 2.922 g of the pure dry salt (see Section 10.74) and
dissolving it in 500 mL of water in a graduated flask. Alternatively about 2.9 g
of the pure salt is accurately weighed out, dissolved in 500 mL of water in a
graduated flask and the molar concentration calculated from the weight of
sodium chloride employed.

(a) With potassium chromate as indicator: The Mohr titration. The reader is
referred to Section 10.75 for the detailed theory of the titration. Prepare the
indicator solution by dissolving 5 g potassium chromate in 100 mL of water.
The final volume of the solution in the titration is 50~100 mL, and 1 mL of the
indicator solution is used, so that the indicator concentration in the actual
titration is 0.005-0.0025 M.

Alternatively, and preferably, dissolve 4.2 g potassium chromate and 0.7 g
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potassium dichromate in 100 mL of water; use 1 mL of indicator solution for
each S0mL of the final volume of the test solution,

Pipette 25 mL of the standard 0.1 M sodium chloride into a 250 mL conical
flask resting upon a white tile, and add 1 mL of the indicator solution (preferably
with a 1 mL pipette). Add the silver nitrate solution slowly from a burette,
swirling the liquid constantly, until the red colour formed by the addition of
each drop begins to disappear more slowly: this is an indication that most of
the chloride has been precipitated. Continue the addition dropwise until a faint
but distinct change in colour occurs. This faint reddish-brown colour should
persist after brisk shaking. If the end point is overstepped (production of a deep
reddish-brown colour), add more of the chloride solution and titrate again.
Determine the indicator blank correction by adding 1 mL of the indicator to a
volume of water equal to the final volume in the titration (Note), and then
0.01 M silver nitrate solution until the colour of the blank matches that of the
solution titrated. The indicator blank correction, which should not amount to
more than 0.03—-0.10 mL of silver nitrate, is deducted from the volume of silver
nitrate used in the titration. Repeat the titration with two further 25 mL portions
of the sodium chloride solution. The various titrations should agree within
0.1 mL.

Note. A better blank is obtained by adding about 0.5g of calcium carbonate before
determining the correction. This gives an inert white precipitate similar to that obtained
in the titration of chlorides and materially assists in matching the colour tints.

(b) With an adsorption indicator: Discussion. The detailed theory of the process
is given in Section 10.75. Both fluorescein and dichlorofluorescein are suitable
for the titration of chlorides. In both cases the end point is reached when the
white precipitate in the greenish-yellow solution suddenly assumes a pronounced
reddish tint. The change is reversible upon the addition of chloride. With
fluorescein the solution must be neutral or only faintly acidic with acetic acid;
acid solutions should be treated with a slight excess of sodium acetate. The
chloride solution should be diluted to about 0.01-0.05M, for if it is more
concentrated the precipitate coagulates too soon and interferes. Fluorescein
cannot be used in solutions more dilute than 0.005 M. With more dilute solutions
resort must be made to dichlorofluorescein, which possesses other advantages
over fluorescein. Dichlorofluorescein gives good results in very dilute solutions
(e.g. for drinking water) and is applicable in the presence of acetic (ethanoic)
acid and in weakly acid solutions. For this reason the chlorides of copper, nickel,
manganese, zinc, aluminium, and magnesium, which cannot be titrated according
to Mohr’s method, can be determined by a direct titration when dichlorofluorescein
is used as indicator.

For the reverse titration (chloride into silver nitrate), tartrazine (four drops
of a 0.2 per cent solution per 100mL) is a good indicator. At the end point,
the almost colourless liquid assumes a blue colour.

The indicator solutions are prepared as follows:

Fluorescein. Dissolve 0.2 g fluorescein in 100 mL of 70 per cent ethanol, or
dissolve 0.2 g sodium fluoresceinate in 100 mL of water.

Dichlorofluorescein. Dissolve 0.1 g dichlorofluorescein in 100 mL of 60—70
per cent ethanol, or dissolve 0.1 g sodium dichlorofluoresceinate in 100 mL of
water.
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Procedure. Pipette 25 mL of the standard 0.1 M sodium chloride into a 250 mL
conical flask. Add 10 drops of either fluorescein or dichlorofluorescein indicator,
and titrate with the silver nitrate solution in a diffuse light, while rotating the
flask constantly. As the end point is approached, the silver chloride coagulates
appreciably, and the local development of a pink colour upon the addition of
a drop of the silver nitrate solution becomes more and more pronounced.
Continue the addition of the silver nitrate solution until the precipitate suddenly
assumes a pronounced pink or red colour. Repeat the titration with two other
25mL portions of the chloride solution. Individual titrations should agree
within 0.1 mL.
Calculate the molar concentration of the silver nitrate solution.

10.78 DETERMINATION OF CHLORIDES AND BROMIDES

Either the Mobhr titration or the adsorption indicator method may be used for
the determination of chlorides in neutral solution by titration with standard
0.1 M silver nitrate. If the solution is acid, neutralisation may be effected with
chloride-free calcium carbonate, sodium tetraborate, or sodium hydrogencarbonate.
Mineral acid may also be removed by neutralising most of the acid with ammonia
solution and then adding an excess of ammonium acetate. Titration of the
neutral solution, prepared with calcium carbonate, by the adsorption indicator
method is rendered easier by the addition of 5 mL of 2 per cent dextrin solution;
this offsets the coagulating effect of the calcium ion. If the solution is basic, it
may be neutralised with chloride-free nitric acid, using phenolphthalein as
indicator.

Similar remarks apply to the determination of bromides; the Mohr titration
can be used, and the most suitable adsorption indicator is eosin which can be
used in dilute solutions and even in the presence of 0.1 M nitric acid, but in
general, acetic (ethanoic) acid solutions are preferred. Fluorescein may be
used but is subject to the same limitations as experienced with chlorides
[Section 10.77(b)]. With eosin indicator, the silver bromide flocculates
approximately 1 per cent before the equivalence point and the local development
of a red colour becomes more and more pronounced with the addition of silver
nitrate solution: at the end point the precipitate assumes a magenta colour.

The indicator is prepared by dissolving 0.1 g eosin in 100 mL of 70 per cent
ethanol, or by dissolving 0.1 g of the sodium salt in 100 mL of water.

For the reverse titration (bromide into silver nitrate), rhodamine 6G (10
drops of a 0.05 per cent aqueous solution) is an excellent indicator. The solution
is best adjusted to 0.05M with respect to silver ion. The precipitate acquires a
violet colour at the end point.

Thiocyanates may also be determined using adsorption indicators in exactly
similar manner to chlorides and bromides, but an iron(III) salt indicator is
usually preferred (Section 10.82).

10.79 DETERMINATION OF IODIDES

Discussion. The Mohr method cannot be applied to the titration of iodides (or
of thiocyanates), because of adsorption phenomena and the difficulty of
distinguishing the colour change of the potassium chromate. Eosin is a suitable
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