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EXPERIMENTAL

Reagents
a.I N Potassium hexacyanoferrate(III) standard solution. 32.925 g of analytically

pure (Merck) KsFe(CN)a was dissolved in water and diluted to 1 1.
a.I N Ascorbic acid standard solution. 8.9 g of commercial ascorbic acid was dis

solved in glass-distilled water and diluted to 1 1. The solution was standardized against
0.1 N potassium hexacyanoferrate9 •

Hydroxylamine solution. An approximately 0.1 M solution was prepared from com
mercial hydroxylamine hydrochloride. For standardization an iron(III) sulphate
permanganate method3 was used.

Boric acid - borax buffer: 80 g of Na2B40"10H20 and 40g H3B03were dissolvedin
water and diluted to 1 1.

z.6-Dichlorophenolindophenol indicator

A 0.1% aqueous solution was prepared. The solution is stable for 3 weeks. The
indicator can be stored for a longer time. if analytically pure 2,6-dichlorophenolindo
phenol and sodium chloride (1 :500) are ground thoroughly; this solid mixture is also
satisfactory as an indicator.

Procedure

Two titrations are required. one to standardize the ascorbic acid and the other for
the actual determination.

(I) To30.00ml ofstandard 0.1 N potassium hexacyanoferrate(III). add 1-2g of solid
potassium hydrogen carbonate and 1 ml of the indicator solution (or 0.5 g of the solid
mixture). Titrate the green solution with 0.1 N ascorbic acid till colourless (A ml).

(z) To 30.00 ml of standard 0.1 N potassium hexacyanoferrate(III), add 40 ml of
buffer solution. and then add the unknown sample solution containing 30-150 mg
of hydroxylamine hydrochloride. Mix the solution and allow to stand for 30 min.
Acidify slightly with hydrochloric acid and neutralize the excess of acid with 1-2 g
of potassium hydrogen carbonate. Add 1 ml of the indicator solution (or 0.5 g of the
solid mixture) and titrate with the ascorbic acid solution until colourless. If B mlof
ascorbic acid is consumed. the amount of 0.1 N ascorbic acid (V ml) equivalent to the
hydroxylamine present is calculated from the following equation: V = (A-B)f ml,
where f is the factor of the ascorbic acid solution. 1 ml of 0.1 N ascorbic acid is equiv
alent to 6.950 mg NH20H· HCl or 3.303 mg NH20H.

Some results of hydroxylamine determinations are summarized in Table 1. The
standard deviation calculated from 12 parallel determinations. was found to be
± 0.17 mg (0.24%). while the standard deviation of the mean of these determinations
was 0.05 mg (0.07%).

TABLE I

NH.OH·HCI
ta"e..
(mg)

NH.OH.flCI
found
(mg)

ErtM
(mg)

maximum minimum

35-93
71.85

1°7.78
143.70

36.20 ( 3 results)
71.80 (12 results)

108.08 ( 3 results)
144.20 ( 3 results)

+°.41
-0·34
+°.42

+0.64

+0.I3
±o.oo
+0.14
+0.38
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Tungsten is most commonly determined gravimetrically as tungsten oxide, after
preliminary separation and purification of the impureoxide, but many procedures have
been suggested for the titrimetric determination. A number of these methods involve
the reduction of tungsten to a lower valency state followed by re-oxidation with a
standard solution of an oxidising agent. The first to attempt the determination of
tungsten by an oxidation-reduction procedure was PFORDTENl who reduced tungsten
(VI) to the quadrivalent state with zinc and back-titrated with permanganate.
SOMEYA2 used the same oxidal}t but reduced the tungsten present in hydrochloric
acid either to tungsten(II I) with lead amalgam, or to tungsten(V) with bismuth amal
gam. HOLT AND GRAy3 also used lead amalgam but carried out the reduction in a
special reduction vessel under an atmosphere of carbon dioxide and titrated tungsten
(III) with potassium dichromate. Reduction of tungsten to lower valencies was achieved
by GEYER AND HENZE4 using zinc powder and a cadmium reductor, while LUKED
has recently published a method in which the reduction is achieved by first boiling the
hydrochloric acid solution with granulated lead, and then passing the solution through
a lead reductor. The reduced tungsten is collected in an iron(III) solution, and the
iron(lI) produced is finally titrated with potassium dichromate.

None of these procedures is, however, entirely satisfactory. Some are complicated
and time-consuming; others require the use of a column reductor. In the course of
investigations with tungsten, molybdenum, chromium and vanadium, it became
necessary to develop a rapid and simple method for the determination of tungsten. A
study was made of the use of bismuth amalgam as a reducing agent. The results of
this study are presented in following pages.

EXPERIMENTAL
Apparatus and chemicals

All of the following reagents were prepared from reagents of analytical grade purity.
Bismuth amalgam was prepared by dissolving 3 g of bismuth metal in 100 g of
mercury. Standard tungstate solution was prepared by dissolving 5.00 g of sodium
tungstate in 250 ml of water. Aliquots of this solution were carefully evaporated on a
hot plate until the salt began to separate out. The residue was dissolved in a minimum
amount of water (a few drops), followed by 60 ml of concentrated hydrochloric acid.
The precipitated W03 formed was dissolved either by shaking or by heating.
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