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Detection of metals by flame atomic spectrometric methods

Most modern laboratories are nowadays equipped with flame atomic spec-
trometers, which are routinely used for the quantitative determination of
metals in solution. If such equipment is available, detection of metals can
be carried out much faster than with the usual wet tests, especially if separa-
tions are involved. Usually 1-2ml solution is consumed during one test;
however in most cases the tests are so sensitive, that a portion of the original
sample solution can be diluted 10-100 fold, leaving enough material for
separations. Note that flame atomic spectrometric tests do not provide
information about the oxidation state of the metal (e.g. they cannot
differentiate between divalent and trivalent iron, trivalent or hexavalent
chromium, etc.)."?

It is important to emphasize some aspects of safety. Cylinders of fuel and
oxidant gases must be fastened to a wall or laboratory bench. The exhaust
gases have to be channelled through an adequate ventilation system and
released into the atmosphere. In some cases (e.g. when employing nitrous
oxide) the exhaust gases are toxic. Special care has to be exercised when
lighting and extinguishing the flame.

2 In the present text only brief outlines of these methods can be presented. For
more detailed discussion of the theoretical principles, instrumentation and practice
of atomic spectrometry, modern texts of instrumental analysis should be consulted,
e.g. Daniel C. Harris: Quantitative Chemical Analysis, 3rd edn, W. H. Freeman and
Co, 1991, chapters 20 and 21.
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There are two principal methods available, which require somewhat
different instrumentation; these will be described below. Historically, atomic
emission instruments were designed first; one can find such older instruments
in many laboratories. Nowadays atomic absorption spectrophotometers are
more popular, these however can be used also in emission mode.

In flame atomic emission spectrometry (FAES) the sample solution is
sprayed into a flame, and by means of a monochromator the emitted radia-
tion is analysed. As the emission spectrum is characteristic for each clement,
by identifying the wavelengths of the lines in the spectrum, the presence or
absence of a metal can thus be established.

The typical layout of a flame atomic emission spectrometer is shown in
Fig. 2.57. A flame is produced and maintained by mixing a fuel gas (usually
acetylene, but hydrogen or propane-butane may also be used) and an oxi-
dant gas (air, oxygen or nitrous oxide N;O). The gas flow rates (pressures)
have to be regulated accurately with precision valves and rotameters. The
nebuliser unit disperses the sample solution into very fine droplets and trans-
ports these through the burner into the flame. Two different types of burners
can be employed. A total consumption type burner, as shown on the figure,
using turbulent flow, uses up all the sample, thus resulting in higher sensitiv-
ities. A pre-mix type burner, like the one shown in Fig. 2.58 for atomic
absorption (but with a tubular, Meker-type burner head) uses laminar flow
and produces a quiet, steady flame. Larger droplets of the spray settle out
in the mixing chamber, and only 10-25% of the sample solution reaches
the burner, hence sensitivities are lower.

The radiation emitted by the flame first enters the monochromator through
an entrance slit. By placing a collimator lens or mirror at the focal length
distance from the entrance slit the now parallel rays are directed onto a
prism or a grating. The rays undergo dispersion, leaving the prism or grating
at different angles, according to their wavelengths. A focusing lens or
mirror then focuses these radiations onto a plane, thus creating separate
spectrum lines (i.c. images of the entrance slit). By rotating the prism or
grating, and using a fixed exit slit, each individual spectrum line can be
projected onto the radiation detector. The signal created by the detector is
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then amplified and fed into a readout device, where radiation intensities are
displayed.

Flame atomic emission spectrometers have scparate controls for main-
taining gas pressures, selecting wavelengths and adjusting slit widths
(optimal values depend on the wavelength examined; figures are given in
the instrument handbook). The power control allows the adjustment of
(relative) radiation intensities (readouts).

To operate a flame atomic emission instrument, consult the instrument
handbook or seek assistance from an experienced operator. After switching
on the instrument, the flow rate of the oxidant gas has to be adjusted to a
suitable value, followed by regulation of the fuel gas. The mixture is then
ignited (usually with an clectric spark). If nitrous oxide is employed as the
oxidant gas, the flame has to be started first with air, followed by a gradual
switch to N,O. Once the flame has been established, spray pure water into the
flame, adjust slit widths and wavelength. The newest instruments allow
digital adjustment with an accuracy of one-hundredth of a nanometer
(hence all wavelength data given in this text are quoted with this accuracy).
Small changes of temperature, however, cause fluctuations in refractive
indices and therefore true wavelengths may slightly differ from the nominal
ones. It is advisable therefore to scan wavelengths within a few nanometers
around the nominal figure and take measurements when the emission
signal is highest. Now spray a standard solution, containing the suspected
metal in known concentration, and, using the power control, adjust to a
given emission reading (say 50%). Spray water again until the emission
reading falls back to near zero, and then spray the test solution into the
flame and note the wavelength and emission reading.

Emission spectrometric characteristics of the various metals, with further
relevant information, will be described among the reactions of the cations.
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