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Chapter 9

Atomic Absorption and Atomic Fluorescence Spectroscopy.

Atomic Spectroscopy:

Atomic spectroscopy is used for the qualitative and quantitative determination of perhaps 70 elements. Sensitivities of atomic methods lie typically in the parts-per-million to parts-per-billion range.  Additional virtues of these methods are speed, convenience, unusually high selectivity, and moderate costs.

Spectroscopic determination of atomic species can only be performed on a gaseous medium in which the individual atoms are well separated from one another.  Consequently, the first step in all atomic spectroscopic procedures is atomization, a process in which the sample is volatilized and decomposed in such a way as to produce an atomic gas. The efficiency and reproducibility of the atomization step in a large measure determine the method's sensitivity, precision, and accuracy, so atomization is by far the most critical step in atomic spectroscopy.


In AAS and AFS there are two factors involved. These are:

i) The intensity of light source 

ii) The probability of transition.

It should be noted that in AAS and AFS, the ground state is the starting point, but in AES, some higher levels partially populated to start with. Both AAS and AFS obey the selection rules but AES does not because it involves the use of thermal excitation. 


AAS was founded by Allen Walsch from Australia in the 1955’s while AES was founded by Bunsen in the 1920’s. In terms of simplicity AAS is the most simplest spectroscopic instrument to use followed by AFS.       

Sources of Atomic Spectra:

Without chemical bonding, there can be no vibrational or rotational energy states and transitions.  'I'herefore, atomic emission absorption, and fluorescence spectra are made up of a limited number of narrow peaks, or lines.

Flame Atomization:

In a flame atomizer, a solution of the sample is nebulized by the flow of gaseous oxidant, mixed with a gaseous fuel, and carried into a flame where atomization occurs. 

The first step is de-solvation, in which the solvent is evaporated to produce a finely divided solid molecular aerosol.  As a result de-solvation of these molecules then leads to an atomic gas.  Some of the atoms ionize and give cations and electrons. Undoubtedly, other molecules and atoms are also produced in the flame as a result of interactions of the fuel with the oxidant and with various species in the sample. As shown in the diagram above, we see that a fraction of the molecules, atoms, and ions are also excited by the heat of the flame, thus giving atomic, ionic, and molecular emission spectra.   

Flame Atomizers:

A flame atomizer of a pneumatic nebulizer, which converts the sample solution into a mist, or aerosol, that is then fed into a burner, A common type of nebulizer is the concentric tube type.  In which the liquid sample is sucked through a capillary tube by -a high-pressure stream of a gas flowing around the tip of the tube.  This process of liquid transport is called aspiration.  The high velocity gas breaks the liquid into the fine droplets of various sizes, which are then carried into the flame. Cross-flow nebulizers are also employed in which the high-pressure gas flows across a capillary tip at right angles.  Often in this type of nebulizer, the liquid is pumped through the capillary.  In most atomizers, the high-pressure gas is the oxidant, with the aerosol containing oxidant being mixed subsequently with the fuel.

On this figure we see a typical commercial laminar flow burner that employs a concentric tube nebulizer.
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The aerosol is mixed with fuel and flows past a series of baffles that remove all but the finest droplets.  As a result of the baffles, the a-majority of the sample collects in the bottom of the mixing chamber, where it is drained to a waste container.  The aerosol, oxidant, alit fuel are then directed into a slotted burner, which provides a flame that is usually 5 or 10 cm in length.

Laminar flow burners provide a relatively quiet flame and a long path length.  These properties tend to enhance sensitivity and reproducibility.  The mixing chamber in this type of burner contains a potentially explosive mixture, which can be ignited by flashback if the flow rates are not sufficient.

Types of flames:

Table below lists the common fuels and oxidants employed in flame spectroscopy and the

approximate range of temperature realized with each of these mixtures.  These temperatures in the range of 1700-2400oC were obtained with the various fuels when air serves as the oxidant.

[image: image2.png]- Fuel - Oxidant Temperature, 'C Maximum burning
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Natural gas Air 1700-1900 39-43
Natural gas Oxygen 2700-2800 370-390
Hydrogen Aty 2000-2100 300-440
Hydrogen Oxygen 2550-2700 900-1400
Acetylene Air 2100-2400 158-266
Acetylene Oxygen 3050-3150 1100-2480
Acetylene Nitrous oxide 2600-2800 285





The burning velocities listed in the last column are of considerable importance because flames are stable in certain ranges of gas flow rates only.

If the gas flow rate does not exceed the burning velocity, the flame propagates itself back into the burner, giving flashback.  As the flow rate increases, the flame rises until it reaches a point above the burner where the flow velocity and the burning velocity are equal. This region is where the flame is stable.
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Flame Structure:
In the figure, we see all the important regions of a flame. It includes the primary combustion zone, the interzonal region, and the secondary combustion zone.  The appearance and relative size of these regions vary considerably with the fuel-to-oxidant ratio as well as with the type of fuel and oxidant.  The primary combustion zone in a hydrocarbon flame is recognizable by its blue luminescence arising from the band spectra of C2 and CH, and other radicals.  Thermal equilibrium is ordinarily not reached in this region, and it is seldom used for flame spectroscopy.

Furthermore, the interzonal area, -which is narrow in stoichiometric hydrocarbon flames, may reach several centimeters in height in fuel rich acetylene/oxygen acetylene/nitrous oxide sources. The zone is rich in free atoms and it is the most widely used part of the flame.

The Effects of Flame Temperature:
Both emission and absorption spectra are affected in a complex way by variations in flame temperature.  Higher temperatures tend to increase the total atom population of the flame and sensitivity.  With certain elements, such as the alkali metals, however, this ii-increase in atom population is more than offset by the loss of atoms by ionization,

Also, flame temperature determines the relative number of excited and unexcited atoms in a flame.  In an air/acetylene flame, for example, the ratio of excited to unexcited magnesium atoms can be computed to be about 10E-8, whereas in oxygen acetylene flame, which is about 700C hotter, this ratio is about 10E-6. Control of temperature is thus of prime importance in flame emission methods.  For example, with a 2500 'C flame, a temperature increase of IO 'C causes the number of sodium atoms in the excited 3p state to increase by about 3%.  In contrast, the corresponding decrease ii-a the much larger number of ground state atoms is only about 0.002%. So, emission methods based as they are on the population of excited atoms. Requires much closer control of flame temperature than do absorption procedures, in which the analytical signal depends upon the number of unexcited atoms.

The number of unexcited atoms in a typical flame exceeds the number of excited ones by a

factor of 10E3 to 10E10 or more.  And this fact suggests that absorption methods should be significantly more sensitive than emission methods.

Flame Atomic Absorption Spectroscopy:

Flame atomic absorption spectroscopy is currently the most widely used of all the atomic methods.  It is so, because of its simplicity, effectiveness, and relatively low cost.  The general use of this technique began in the early 1950s and grew explosively after that.  The reason that atomic absorption methods were not widely used until that time was directly related to problems created by the very narrow widths of atomic absorption lines.

The natural width of an atomic absorption or an atomic emission line is on the order of 10 -5 nm Two effects, however, cause line widths to be broadened by a factor of 100 or more.

Doppler Broadening:

Doppler broadening results from the rapid motion of atoms as they emit or absorb radiation.  Atoms moving toward the detector emit wavelengths that are slightly shorter than the wavelengths by atoms moving at right angels to the detector. This difference is a manifestation of the well-known Doppler shift; the effect is reversed for atoms moving away from the detector.  The net effect is an increase in the width of the emission line.  For precisely the same reason, the Doppler effect also causes broadening of absorption lines.  This type of broadening becomes more pronounced as the flame temperature increases because of the increased rate of motion of the atoms.

Pressure Broadening:
Pressure broadening arises from collisions among atoms that cause slight variations in their ground state energies and slight energy differences between ground and excited states.  Pressure broadening becomes greater with increases in temperature.  So as result, broader absorption and emission peaks are always encountered at elevated temperatures,

Hollow Cathode Lamps:

The most common source for atomic absorption measurements is the hollow cathode lamp.  This type of lamp consists of a tungsten anode and a cylindrical cathode sealed in a glass tube that is filled with neon or argon at a pressure of 1 to 5 torr. The cathode is constructed of the metal whose spectrum is desired or serves to support a layer of that metal.  The application of a potential of about 300 V across the electrodes causes ionization of the argon and generation of a current of 5 to10 mA as the argon cations and electrons migrate to the two electrodes.  If the potential is sufficiently large the argon cations strike the cathode with sufficient energy to dislodge some of the metal atoms and thereby produce an atomic cloud- and this process is called sputtering.  The sputtered metal atoms in a lamp eventually diffuse back to the cathode surface of to the walls of the lamp and are deposited.  The cylindrical configuration of the cathode tends to concentrate the radiation in a limited region of the metal tube; this design also enhances the probability that redeposition will occur at the cathode rather than on the glass wall.

Electrodeless Discharge Lamps:

Electrodeless discharge lamps are useful sources of atomic line spectra and provide radiant intensities that are usually one to two orders of magnitude greater than their hollow cathode counterparts.  A typical lamp is constructed from a sealed quartz tube containing an inert gas, such as argon, at a pressure of a few torr and a small quantity of the analyte metal.  The lamp contains no electrode but instead is energized by an intense field of radio frequency or microwave radiation.  The argon ionizes in this field and the ions are accelerated by the high frequency component of the field until they gain sufficient energy to excite the atoms of the

metal whose spectrum is sought.

Source Modulation:

In the typical atomic absorption instrument, it is necessary to eliminate interference caused by emission of radiation by the flame.  Furthermore, most of it is removed by the monochromator.  Nevertheless, emitted radiation corresponding in wavelength to the monochromator setting is inevitably present in the flame due to excitation and emission by analyte atoms. In order to eliminate the effects of flame emission it is necessary to modulate the output of the source so that

its intensity fluctuates at a constant frequency.  The detector then receives two types of signal, an alternative one from the source and a continuous one from the flame.  Then these signals converted to the corresponding types of electrical response.

A simple and entirely satisfactory way of modulating the emission from the source is to interpose a circular metal disk or c.4opper in the beam between the source and the flame.  Alternate quadrants of this disk are removed to permit passage of light, Rotation of the disk at constant known rate provides a beam that is chopped to the desired frequency.

Instruments for Atomic Absorption Spectroscopy:

An atomic absorption instrument contains a source, a sample container, wavelength selector, and a detector.  Both single and double beam instruments are available. 
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On this figure above we see a double beam instrument, The beam front- the hollow cathode source is split by a mirrored chopper, one half passing through the flame and the other half around it.  The two beams are then recombined by a half-silvered mirror and passed into a monochromator; a photomultiplier tube serves as the transducer. The output from the transducer is fed to a look in amplifier that is synchronized with the chopper drive.  The ration between the reference and sample signal is then amplified and fed to the reducer which may be digital meter or a signal recorder.

Interference in Atomic Absorption Spectroscopy:

Two types of interference are encountered in -atomic absorption methods.  Spectral interference occur when the absorption or emission of an interfering species either overlaps or lies so close to the analyte absorption or emission that resolution by the monochromator becomes impossible.  Chemical interference result from varieties chemical processes occurring during atomization that alter the absorption characteristics of the analyte.

Instruments for the flame emission spectroscopy:
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Instruments for flame emission are ire similar in design to flame absorption instruments except that in the former the flame now acts as the radiation source, a hollow-cathode lamp and chopper axe therefore tin-necessary.

Techniques of Internal Standards:
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Limitations of Internal Standard (IS):
· IS will be present in the atomization as the analyte is present and so the IS can NOT be present in the sample to start with.  It should be added to the sample, (If present in the original sample, IS should have a constant amount.

· In arc and/or spark methods, the IS should have the same comparable volatilization as the analyte.

· IS + analyte should have similar excitation energy

· IS+ analyte should have similar I.P.'s.  Result:  both analyte and IS give rise to similar intensities have similar intensities.

· Similar atomic weights, since diffusion depends upon weight.

These six items are especially important when AES quantitative work is involved.
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