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ATOMIC ABSORBANCE SPECTROSCOPY (AAS)

• AAS is similar to molecular absorbance 
spectroscopy, with the obvious 
distinction that AAS is focused on 
atoms, not molecules.

• As such, samples are destroyed in the 
process of the analysis, as they must be 
broken down to their component atoms.

• The benefit is that atoms have much 
more limited, and specific absorbance 
spectra, as compared to molecules, so 
more selective analyses can be made.
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why this is true. When a species absorbs UV/Vis radiation, the transition 
between electronic energy levels may also include a transition between vi-
brational energy levels. The result is a number of closely spaced absorption 
bands that merge together to form a single broad absorption band.

UV/VIS SPECTRA FOR ATOMS

The energy of ultraviolet and visible electromagnetic radiation is sufficient 
to cause a change in an atom’s valence electron configuration. Sodium, for 
example, has a single valence electron in its 3s atomic orbital. As shown in 
Figure 10.19, unoccupied, higher energy atomic orbitals also exist.

Absorption of a photon is accompanied by the excitation of an electron 
from a lower-energy atomic orbital to an orbital of higher energy. Not all 
possible transitions between atomic orbitals are allowed. For sodium the 
only allowed transitions are those in which there is a change of ±1 in the 
orbital quantum number (l); thus transitions from s p p orbitals are allowed, 
and transitions from s p d orbitals are forbidden.  

Figure 10.18 UV/Vis spectrum for the metal–ligand 
complex Fe(phen)3

2+, where phen is the ligand o-
phenanthroline.

Figure 10.19 Valence shell energy level diagram for so-
dium. The wavelengths (in wavenumbers) correspond-
ing to several transitions are shown.

The valence shell energy level diagram 
in Figure 10.19 might strike you as odd 
because it shows that the 3p orbitals are 
split into two groups of slightly different 
energy. The reasons for this splitting are 
unimportant in the context of our treat-
ment of atomic absorption. For further 
information about the reasons for this 
splitting, consult the chapter’s additional 
resources. 
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ATOMIZATION
• To decompose the analyte into individual 

atoms, the sample must be heated, a lot.

• Flame AAS instruments use a nebulizer to 
make tiny droplets of the liquid sample, 
before entering the flame.

• The light to be absorbed is passed along 
the length of the burner (10 cm path 
length).

• Flame AAS instruments consume large 
amounts of liquid sample for an analysis 
and only about 95% gets to the flame.
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FLAME ATOMIZER

Figure 10.42 shows a typical flame atomization assembly with close-up 
views of several key components. In the unit shown here, the aqueous 
sample is drawn into the assembly by passing a high-pressure stream of 
compressed air past the end of a capillary tube immersed in the sample. 
When the sample exits the nebulizer it strikes a glass impact bead, convert-
ing it into a fine aerosol mist within the spray chamber. The aerosol mist is 
swept through the spray chamber by the combustion gases—compressed 
air and acetylene in this case—to the burner head where the flame’s thermal 
energy desolvates the aerosol mist to a dry aerosol of small, solid particles. 
The flame’s thermal energy then volatilizes the particles, producing a vapor 
consisting of molecular species, ionic species, and free atoms. 
Burner. The slot burner in Figure 10.42a provides a long optical path-
length and a stable flame. Because absorbance increases linearly with the 
path length, a long path length provides greater sensitivity. A stable flame 
minimizes uncertainty due to fluctuations in the flame.

The burner is mounted on an adjustable stage that allows the entire 
assembly to move horizontally and vertically. Horizontal adjustments en-
sure that the flame is aligned with the instrument’s optical path. Vertical 

Figure 10.42 Flame atomization assem-
bly with expanded views of (a) the burner 
head showing the burner slot where the 
flame is located; (b) the nebulizer’s im-
pact bead; and (c) the interior of the spray 
chamber. Although the unit shown here is 
from an older instrument, the basic com-
ponents of a modern flame AA spectrom-
eter are the same.

Compressed air is one of the two gases 
whose combustion produces the flame.
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adjustments adjust the height within the flame from which absorbance is 
monitored. This is important because two competing processes affect the 
concentration of free atoms in the flame. The more time the analyte spends 
in the flame the greater the atomization efficiency; thus, the production of 
free atoms increases with height. On the other hand, a longer residence 
time allows more opportunity for the free atoms to combine with oxygen 
to form a molecular oxide. For an easily oxidized metal, such as Cr, the con-
centration of free atoms is greatest just above the burner head. For metals, 
such as Ag, which are difficult to oxidize, the concentration of free atoms 
increases steadily with height (Figure 10.43). Other atoms show concentra-
tion profiles that maximize at a characteristic height.
Flame. The flame’s temperature, which affects the efficiency of atomization, 
depends on the fuel–oxidant mixture, several examples of which are listed 
in Table 10.9. Of these, the air–acetylene and the nitrous oxide–acetylene 
flames are the most popular. Normally the fuel and oxidant are mixed in 
an approximately stoichiometric ratio; however, a fuel-rich mixture may be 
necessary for easily oxidized analytes.

Figure 10.44 shows a cross-section through the flame, looking down 
the source radiation’s optical path. The primary combustion zone is usually 
rich in gas combustion products that emit radiation, limiting is usefulness 
for atomic absorption. The interzonal region generally is rich in free atoms 
and provides the best location for measuring atomic absorption. The hottest 
part of the flame is typically 2–3 cm above the primary combustion zone. 
As atoms approach the flame’s secondary combustion zone, the decrease in 
temperature allows for formation of stable molecular species.
Sample Introduction. The most common means for introducing samples 
into a flame atomizer is a continuous aspiration in which the sample flows 
through the burner while we monitor the absorbance. Continuous aspira-
tion is sample intensive, typically requiring from 2–5 mL of sample. 

Flame microsampling allows us to introduce a discrete sample of fixed 
volume, and is useful when we have a limited amount of sample or when 
the sample’s matrix is incompatible with the flame atomizer. For example, 
continuously aspirating a sample that has a high concentration of dissolved 
solids—sea water, for example, comes to mind—may build-up a solid de-
posit on the burner head that obstructs the flame and that lowers the absor-
bance.  Flame microsampling is accomplished using a micropipet to place 

Table 10.9 Fuels and Oxidants Used for Flame Combustion
fuel oxidant temperature range (oC)
natural gas air 1700–1900
hydrogen air 2000–2100
acetylene air 2100–2400
acetylene nitrous oxide 2600–2800
acetylene oxygen 3050–3150

Figure 10.43 Absorbance versus height 
profiles for Ag and Cr in flame atomic 
absorption spectroscopy.

Figure 10.44 Profile of typical flame 
using a slot burner. The relative size of 
each zone depends on many factors, 
including the choice of fuel and oxi-
dant, and their relative proportions.
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ELECTROTHERMAL ATOMIZERS
• Electrothermal (graphite furnace) 

instruments do not use a flame, but 
rather resistive heating to atomize 
the sample.

• They can accommodate solid and 
liquid samples.

• Only take 5-50 µL of sample.

• Gasses can be purged from the 
furnace prior to final atomization.
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50–250 mL of sample in a Teflon funnel connected to the nebulizer, or by 
dipping the nebulizer tubing into the sample for a short time. Dip sampling 
is usually accomplished with an automatic sampler. The signal for flame 
microsampling is a transitory peak whose height or area is proportional to 
the amount of analyte that is injected.
Advantages and Disadvantages of Flame Atomization. The principal ad-
vantage of flame atomization is the reproducibility with which the sample is 
introduced into the spectrophotometer. A significant disadvantage to flame 
atomizers is that the efficiency of atomization may be quite poor. There 
are two reasons for poor atomization efficiency. First, the majority of the 
aerosol droplets produced during nebulization are too large to be carried 
to the flame by the combustion gases. Consequently, as much as 95% of 
the sample never reaches the flame. A second reason for poor atomization 
efficiency is that the large volume of combustion gases significantly dilutes 
the sample. Together, these contributions to the efficiency of atomization 
reduce sensitivity because the analyte’s concentration in the flame may be 
a factor of 2.5 � 10–6 less than that in solution.14

ELECTROTHERMAL ATOMIZERS

A significant improvement in sensitivity is achieved by using the resistive 
heating of a graphite tube in place of a flame. A typical electrothermal atom-
izer, also known as a GRAPHITE FURNACE, consists of a cylindrical graphite 
tube approximately 1–3 cm in length and 3–8 mm in diameter. As shown 
in Figure 10.45, the graphite tube is housed in an sealed assembly that has  
optically transparent windows at each end. A continuous stream of an inert 
gas is passed through the furnace, protecting the graphite tube from oxida-
tion and removing the gaseous products produced during atomization. A 
power supply is used to pass a current through the graphite tube, resulting 
in resistive heating. 

Samples of between 5–50 mL are injected into the graphite tube through 
a small hole at the top of the tube. Atomization is achieved in three stages. 
In the first stage the sample is dried to a solid residue using a current that 
raises the temperature of the graphite tube to about 110 oC. In the sec-
ond stage, which is called ashing, the temperature is increased to between 
14 Ingle, J. D.; Crouch, S. R. Spectrochemical Analysis, Prentice-Hall: Englewood Cliffs, NJ, 1988; 

p. 275.

This is the reason for the waste line shown 
at the bottom of the spray chamber in Fig-
ure 10.42.

Figure 10.45 Diagram showing a cross-
section of an electrothermal analyzer.
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LIGHT SOURCE
• As with all absorbance measurements 

a light source is required.

• Unlike molecular absorbance a regular 
light source will not suffice.

• Regular light sources, even with a 
monochromator, have too broad an 
emission spectra.  This means the the 
atoms will not absorb enough light for 
it to be noticeable by the detector.

Figure 10
Note that the scale on the 
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HOLLOW CATHODE LAMP
• Hollow cathode lamps are specialized 

lamps made from the metal of interest for 
the analysis.

• They emit light is narrower in wavelength 
than what the atoms will absorb.  This is 
because the atoms in the lamp are colder 
than the atoms in the flame or furnace.

• This ensures that if an atom can absorb 
the light it will, but a different lamp is 
needed for each element to be analyzed.
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Each element in a hollow cathode lamp provides several atomic emis-
sion lines that we can use for atomic absorption. Usually the wavelength 
that provides the best sensitivity is the one we choose to use, although a less 
sensitive wavelength may be more appropriate for a larger concentration of 
analyte. For the Cr hollow cathode lamp in Table 10.11, for example, the 
best sensitivity is obtained using a wavelength of 357.9 nm.

Another consideration is the intensity of the emission line. If several 
emission lines meet our need for sensitivity, we may wish to use the emis-
sion line with the largest relative P0 because there is less uncertainty in mea-
suring P0 and PT.  When analyzing samples containing ≈10 mg Cr/L, for 
example, the first three wavelengths in Table 10.11 provide an appropriate 
sensitivity. The wavelengths of 425.5 nm and 429.0 nm, however, have a 
greater P0 and will provide less uncertainty in the measured absorbance.

 The emission spectrum from a hollow cathode lamp includes, besides 
emission lines for the analyte, additional emission lines for impurities pres-
ent in the metallic cathode and from the filler gas. These additional lines 

Figure 10.46 Photo of a typical multielemental hollow cathode lamp. The cathode in this lamp 
is fashioned from an alloy containing Co, Cr, Cu, Fe, Mn, and Ni, and is surrounded by a glass 
shield to  isolate it from the anode.  The lamp is filled with Ne gas. Also shown is the process 
leading to atomic emission. See the text for an explanation. 

Table 10.11 Atomic Emission Lines for a Cr Hollow Cathode Lamp
wavelength (nm) slit width (nm) mg Cr/L giving A = 0.20 P0 (relative)

357.9 0.2 2.5 40
425.4 0.2 12 85
429.0 0.5 20 100
520.5 0.2 1500 15
520.8 0.2 500 20
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