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3. Flame tests in order to understand the operations involved in the flame
colour tests and the various bead tests to be described subsequently, it is
necessary to have some knowledge of the structure of the non-luminous
Bunsen flame (Fig. 2.2).

The non-luminous Bunsen flame consist of thee parts: (1) an inner blue
cone ADB consisting largely of unburnt gas; (2) a luminous tip at D (this
is only visible when the air holes are slightly closed); and (3) an outer
mantle ACBD in which complete combustion of the gas occurs. The princi-
pal parts of the flame, according to Bunsen, are clearly indicated in Fig. 2.2.
The lowest temperature is at the base of the flame (a); this is employed for
testing volatile substances to determine whether they impart any colour to
the flame. The hottest part of the flame is the fusion zone at b and lies at
about one-third of the height of the flame and approximately equidistant



[image: image2.jpg]from the outside and inside of the mantle; it is employed for testing the
fusibility of substances, and also, in conjunction with @, in testing the
relative volatilities of substances or of a mixture of substances. The lower
oxidizing zone (c) is situated on the outer border of b and may be used for
the oxidation of substances dissolved in beads of borax, sodium carbonate,
or microcosmic salt. The upper oxidizing zone (d) consists of the non-
luminous tip of the flame; here a large excess of oxygen is present and the
flame is not so hot as at ¢. It may be used for all oxidation processes in
which the highest temperature is not required. The upper reducing zone (¢)
is at the tip of the inner blue cone and is rich in incandescent carbon; it is
especially useful for reducing oxide incrustations to the metal. The lower
reducing zone (f) is situated in the inner edge of the mantle next to the
blue cone and it is here that the reducing gases mix with the oxygen of the
air; it is a less powerful reducing zone than e, and may be employed for
the reduction of fused borax and similar beads.

We can now return to the flame tests. Compounds of certain metals are
volatilized in a non-luminous Bunsen flame and impart characteristic
colours to the flame. The chlorides are among the most volatile com-
pounds, and these are prepared in situ by mixing the compound with a
little concentrated hydrochloric acid before carrying out the tests. The proce-
dure is as follows. A thin platinum wire about 5cm long and 0.03-0.05mm
diameter, fused into the end of a short piece of glass tubing or glass rod which
serves as a handle, is employed. This is first thoroughly cleaned by dipping it
into concentrated hydrochloric acid contained in a watch glass and then
heating it in the fusion zone (b) of the Bunsen flame; the wire is clean
when it imparts no colour to the flame. The wire is dipped into concentrated
hydrochloric acid on a watch glass, then into a little of the substance being
investigated so that a little adheres to the wire. It is then introduced into
the lower oxidizing zone (c), and the colour imparted to the flame
observed. Less volatile substances are heated in the fusion zone (b); in this
way it is possible to make use of the difference in volatilities for the separa-
tion of the constituents of a mixture.

The colours imparted to the flame by salts of different metals are shown in
Table 2.1. = "

Carry out flame tests with the chlorides of sodium, potassium, calcium,
strontium, and barium and record the colours you observe. Repeat the test
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Fig. 2.2
















The structure of the non-luminous Bunsen flame
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