[image: image1.png]IV, 18. Determination of the fotal hardness (permanent and temporary) of
water using Eriochrome Black T as indicator.—The total hardness of water
is generally due to dissolved calcium and magnesium salts, and may be
determined by a modification of the procedure described in the previous
section.

Procedure. To 50-0 ml. of the sample of water, add 1 ml. of the buffer
solution * and 3-4 drops of Eriochrome Black T indicator. Titrate
with standard 0-013/-EDTA solution until the colour changes from
wine red to pure blue with no reddish tinge remaining.

If the water b - examined contains no magnesium, add 0-1 ml. of
0-13/-magnesium=EDTA prior to the indicator.

01M-EDTA = 1-000 mg. CaC0,
Caloulate the total hardness of the sample of water in parts of CaCOj
per million of water.

Notes. 1. Somewhat sharper end points may be obtained if the sample of
water is first acidified with dilute hydrochloric acid, boiled for about a
minute to drive off carbon dioxide, cooled, neutralised with sodium hydroxide
solution, buffer and indicator solution added, and then titrated with EDTA

as above.
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3. If it is desired to determine both the calcium and the magnesium in a
sample of water, determine first the total caleium and magnesium content

as above, and calculate the result as parts per million of CaCOs. -
Calcon or Solochrome Dark Blue.* The structure of this dyestuff (Colour

Index No. 202), sodium 1-(2-hydroxy-1-naphthylazo)-2-naphthol

4-sulphonate, is shown in formula (IV). It is comparatively inexpen-
sive. The dyestuff has two ionisable phenolic hydrogen atoms; the
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protons ionise stepwise with pK’s of 7-4 and 13-5 respectively. An

important application of the indicator is in the complexometric titration
of calcium in the presence of magnesium; this must be carried out
at a pH of about 12-3 (obtained, for example, with a diethylamine=
buffer: 5 ml./100 ml. of solution) in order to avoid the interference
of magnesinm. Under these conditions magnesium is precipitated
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quantitatively as the hydroxide. The colour change is from pink to

pure blue.

The indicaior solution is prepared by dissolving 0-2 g. of the dyestuff

in 50 ml. of methanol.

Eriochrome Black T. This substance is sodium 1-(1-hydroxy-2-naph-
thylazo)-6-nitro-2-naphthol-4-sulphonate (I); ib is also known as Solo-
chrome Black T or WDFA and is No. 203 in the Colour Index. In
strongly acidic solutions the dye tends to polymerise to a red-brown
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product, and consequently the indicator is rarely applied in the EDTA
titration of solutions more acidic than pH = 6-5.

The sulphonic acid group gives up its proton long before the pH range
of 7-12, which is of immediate interest for metal-ion indicator use.
Only the dissociation of the two hydrogen atoms of the phenolic groups
need therefore be considered, and so the dyestuff may be represented by
the formula H,D~. The two pK values for these hydrogen atoms are
6-3 and 115 respectively. Below pH = 55, the solution of Eriochrome
Black T is red (due to H,D~), between pH 7 and 11 it is blue (due to
HD--), and above pH = 11'5 it is yellowish-orange (due to D37). In
the pI range 7-11 the addition of metallic salts produces a brilliant
change in colour from blue to red:

4 HD-- (blue) — MD- (red) - H*





[image: image2.png]This colour change can be observed with the ions of Mg, Mn, Zn, Cd, Hg,
Pb, Cu, Al, Fe, Ti, Co, Ni, and the Pt metals. To maintain the pH
constant (ca. 10) a buffer mixture is added, and most of the above metals
must be kept in solution with the aid of a weak complexing reagent such
ag ammonia or tartrate. The cations of Cu, Co, Ni, Al, Fe(III), Ti
(IV), and certain of the Pt metals form such stable indicator complexes
that the dyestuff can no longer be liberated by adding EDTA: direct

titration of these ions using Eriochrome Black T as indicator is therefore
impracticable, and the metallic ions are said to * block ”” the indicator.
However, with Cu, Co, Ni, and Al a back-titration can be carried out,
for the rate of reaction of their EDTA complexes with the indicator is
extremely slow and it is possible to titrate the excess of EDTA with
standard zinc or magnesium ion solution.

Cu, Ni, Co, Cr, Fe, or Al, even in traces, must be absent when conduct-
ing a direct titration of the other metals listed above; if the metal ion to
be titrated does not react with the cyanide ion or with triethanolamine,
these substances can be used as masking reagents. It has been stated
that the addition of 0-5-1 ml. of 0-001.3-0-phenanthroline prior to the
EDTA titration eliminates the * blocking effect ”” of these metals with
Eriochrome Black T and also with Xylenol Orange (see below).

The indicator solution is prepared by dissolving 0-2 g. of the dyestuff
in 15 ml. of triethanolamine with the addition of 5 ml. of absolute
ethanol to reduce the viscosity; the reagent is stable for several months.
A 0-4 per cent solution of the pure dyestuff in methanol remains service-
able for at least a month. .

Methyl orange. This indicator is encountered in commerce either as
the free acid or as the sodium salt.

Dissolve 0-5 g. of the free acid in 1 litre of water, and filter the cold
solution if a precipitate separates.

Dissolve 0-% g. gf the so%ium salt in 1 litre of water, add 15-2 ml. of
0-1N-hydrochloric acid, and filter, if necessary, Wh_en cold.

Methyl red. Dissolve 1 g. of the free acid in 1 litre of hot water, or
dissolve in 600 ml. of alechol and dilute with 400 ml. of water.

Phenolphthalein. Dissolve 5 g. of the reagent in 500 ml. of q.lqohol
and add 500 ml. of water with constant stirring. Filter, if a precipitate
forms. Lo )

Alternatively, dissolve 1 g. of the dry indicator in 60 ml. of ethylene-
glycol monoethyl ether (cellosolve), b.p. 135° C., and dilute to 100 ml.
with distilled water: the loss by evaporation 1s less with this

preparation. )

Buffer solution (pH = 10). Add 142 inl. of concentrated ammoni

(sp. gr. 0-88-0-90) to 17-5 g. of A.R. ammonium chloride, and dilute,
with distilled water. S





