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6.2A: Flames

As alluded to earlier, flames can be used as an atomization source for liquid samples. The sample is introduced into the flame as an
aerosol mist. The process of creating the aerosol is referred to as nebulization. Common nebulizer designs include pneumatic and
ultrasonic devices, the details of which we will not go into here. The most common flame atomization device, which is illustrated
in Figure 6.2A4. 1, is known as a laminar flow or pre-mix burner. Note the unusual design of the burner head, which instead of
having the shape of a common Bunsen burner, has a long, thin flame that is 10 cm long. Radiation from the course passes through
the 10 cm distance of the flame. Often the monochromator is placed after the flame and before the detector. If atomic emission is
being measured, there is no light source. The burner design provides a much longer path length to increase the sensitivity of the
method.
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Figure 6.2A. 1. Mllustration of a laminar flow or pre-mix burner.

A flame requires a fuel and oxidant. In the laminar flow burner, the fuel and oxidant are pre-mixed at the bottom of a chamber. The
force created by the flowing gases draws sample up through a thin piece of tubing where it is nebulized into the bottom of the
chamber. The chamber has a series of baffles in it that creates an obstructed pathway up to the burner head. The purpose of the
baffles is to allow only the finest aerosol particles to reach the flame. Larger particles strike the baffles, collect and empty out by
the drain tube. Even using the best nebulizers that have been developed, only about 2% of the sample actually makes it through the
baffles and to the flame. The remaining 98% empties out the drain.

At first it might seem counterintuitive to discard 98% of the sample and instead seem preferable to introduce the entire sample into
the flame, but we must consider what happens to an aerosol droplet after it is created and as it enters the flame. Remembering that
the solution has molecules but we need atoms, there are several steps required to complete this transformation. The first involves
evaporating the solvent (Equation 6.2 A .1). Many metal complexes form hydrates and the next step involves dehydration (Equation
6.2A.2). The metal complexes must be volatilized (Equation 6.2A.3) and then decomposed (Equation 6.2A.4). Finally, the metal
ions must be reduced to neutral atoms (Equation 6.2A.5). Only now are we able to measure the absorbance by the metal atoms. If
the measurement involves atomic emission, then a sixth step (Equation 6.2 A .6) involves the excitation of the atoms.

ML(aq) = ML xH,O(s) (6.2A.1)

ML - xH,O(s) = ML(s) (6.2A.2)
ML(s) = ML(g) (6.2A.3)

ML(g) =M" +L~ (6.2A.4)

M* +e” =M (6.2A.5)
M-+ heat = M (6.2A.6)

The problem with large aerosol droplets is that they will not make it through all of the necessary steps during their lifetime in the
flame. These drops will contribute little to the signal, but their presence in the flame will create noise and instability in the flame
that will compromise the measurement. Hence, only the finest aerosol droplets will lead to atomic species and only those are
introduced into the flame.

The various steps outlined in Equations 6.2A.1-6.2A .6 also imply that there will be a distinct profile to the flame. Profiles result
because of the efficiency with which neutral and excited atoms are formed in a flame. Therefore, a specific section of the flame will
have the highest concentration of ground state atoms for the metal being analyzed. The absorbance profile that shows the
concentration of ground state atoms in the flame is likely to be different than the emission profile that shows the concentration of
excited state atoms in the flame.
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Figure 6.2 A. 2 shows representative absorption profiles for chromium, magnesium and silver. Magnesium shows a peak in its
profile. The increase in the lower part of the flame occurs because exposure to the heat creates more neutral ground state atoms.
The decrease in the upper part of the flame occurs due to the formation of magnesium oxide species that do not absorb the atomic
line. Silver is not as easily oxidized and its concentration continually increases the longer the sample is exposed to the heat of the
flame. Chromium forms very stable oxides and the concentration of ground state atoms decreases the longer it is exposed to the
heat of the flame.
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Figure 6.2A. 2. Representation of the flame profiles for chromium, magnesium and silver.

When performing atomic absorbance or emission measurements using a flame atomization source, it is important to measure the
section of the flame with the highest concentration. There are controls in the instrument to raise and lower the burner head to insure
that the light beam passes through the optimal part of the flame.

An important factor in the characteristics of a flame is the identity of the fuel and oxidant. Standard Bunsen burner flames use
methane as the fuel and air as the oxidant and have a temperature in the range of 1,700-1,900°C. A flame with acetylene as the fuel
and air as the oxidant has a temperature in the range of 2,100-2,400°C. For most elements, the methane/air flame is too cool to
provide suitable atomization efficiencies for atomic absorbance or emission measurements, and an acetylene/air flame must be
used. For some elements, the use of a flame with acetylene as the fuel and nitrous oxide (N,0) as the oxidant is recommended. The
acetylene/nitrous oxide flame has a temperature range of about 2,600-2,800°C. There are standard reference books on atomic
methods that specify the type of flame that is best suited for the analysis of particular elements.

It is also important to recognize that some elements do not atomize well in flames. Flame and other atomization methods are most
suitable for the measurement of metals. Non-metallic elements rarely atomize with enough efficiency to permit analysis of trace
levels. Metalloids such as arsenic and selenium have intermediate atomization efficiencies and may require specialized atomization
methods for certain samples with trace levels of the elements. Mercury is another atom that does not atomize well and often
requires the use of a specialized atomization procedure. Flame methods are usually used for atomic absorbance measurements
because most elements do not produce high enough concentrations of excited atoms to facilitate sensitive detection based on atomic
emission. Alkali metals can be measured in a flame by atomic emission. Alkaline earth metals can possibly be measured by flame
emission as well provided the concentration is high enough.

This page titled 6.2A: Flames is shared under a CC BY-NC 4.0 license and was authored, remixed, and/or curated by Thomas Wenzel via source
content that was edited to the style and standards of the LibreTexts platform.
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