Instrumentation of Atomic Absorption Spectroscopy

Atomizer In order for the sample to be analyzed, it must first be atomized. This is an
extremely important step in AAS because it determines the sensitivity of the reading. The
most effective atomizers create a large number of homogenous free atoms. There are many
types of atomizers, but only two are commonly used: flame and electrothermal atomizers.

Flame atomizer Flame atomizers (Figure ) are widely used for a multitude of reasons
including their simplicity, low cost, and long length of time that they have been utilized.
Flame atomizers accept an aerosol from a nebulizer into a flame that has enough energy to
both volatilize and atomize the sample.

When this happens, the sample is dried, vaporized, atomized, and ionized. Within this
category of atomizers, there are many subcategories determined by the chemical composition
of the flame. The composition of the flame is often determined based on the sample being
analyzed. The flame itself should meet several requirements including sufficient energy, a
long length, non-turbulent, and safe.

Figure : A schematic diagram of a flame atomizer showing the oxidizer inlet (1) and fuel inlet
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Electrothermal atomizer

Although electrothermal atomizers were developed before flame atomizers, they did not
become popular until more recently due to improvements made to the detection level. They
employ graphite tubes that increase temperature in a stepwise manner. Electrothermal
atomization first dries the sample and evaporates much of the solvent and impurities, then
atomizes the sample, and then rises it to an extremely high temperature to clean the graphite
tube. Some requirements for this form of atomization are the ability to maintain a constant
temperature during atomization, have rapid atomization, hold a large volume of solution, and
emit minimal radiation. Electrothermal atomization is much less harsh than the method of
flame atomization.
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Figure 1.4.111.4.11:Schematic diagram of an electrothermal atomizer showing the external
gas flow inlet (1), the external gas flow outlet (2), the internal gas flow outlet (3), the internal
gas flow inlet (4), and the light beam (5).

Radiation source

The radiation source then irradiates the atomized sample. The sample absorbs some of the
radiation, and the rest passes through the spectrometer to a detector. Radiation sources can be
separated into two broad categories: line sources and continuum sources. Line sources excite
the analyte and thus emit its own line spectrum. Hollow cathode lamps and electrodeless
discharge lamps are the most commonly used examples of line sources. On the other hand,
continuum sources have radiation that spreads out over a wider range of wavelengths. These
sources are typically only used for background correction. Deuterium lamps and halogen lamps
are often used for this purpose.

Spectrometer

Spectrometers are used to separate the different wavelengths of light before they pass to the
detector. The spectrometer used in AAS can be either single-beam or double-beam. Single-
beam spectrometers only require radiation that passes directly through the atomized sample,
while double-beam spectrometers (Figure 1.4.121.4.12), as implied by the name, require two
beams of light; one that passes directly through the sample, and one that does not pass through
the sample at all. (Insert diagrams) The single-beam spectrometers have less optical
components and therefore suffer less radiation loss. Double-beam monochromators have more
optical components, but they are also more stable over time because they can compensate for
changes more readily.
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Figure 1.4.121.4.12: A schematic of a double-beam spectrometer showing the 50/50 beam
splitters (1) and the mirrors (2).

Obtaining Measurements
Sample preparation

Sample preparation is extremely varied because of the range of samples that can be analyzed.
Regardless of the type of sample, certain considerations should be made. These include the
laboratory environment, the vessel holding the sample, storage of the sample, and pretreatment
of the sample.

Sample preparation begins with having a clean environment to work in. AAS is often used to
measure trace elements, in which case contamination can lead to severe error. Possible
equipment includes laminar flow hoods, clean rooms, and closed, clean vessels for
transportation of the sample. Not only must the sample be kept clean, it also needs to be
conserved in terms of pH, constituents, and any other properties that could alter the contents.

When trace elements are stored, the material of the vessel walls can adsorb some of the analyte
leading to poor results. To correct for this, perfluoroalkoxy polymers (PFA), silica, glassy
carbon, and other materials with inert surfaces are often used as the storage material. Acidifying
the solution with hydrochloric or nitric acid can also help prevent ions from adhering to the
walls of the vessel by competing for the space. The vessels should also contain a minimal
surface area in order to minimize possible adsorption sites.



