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 Radiation Sources 

 
Atomic absorption methods are potentially highly specific because atomic absorption lines are 

remarkably narrow (0.002 to 0.005 nm) and because electronic transition energies are unique 

for each element. On the other hand, narrow line widths create a problem that does not normally 

occur in molecular absorption spectroscopy. A linear relationship between the analytical signal 

(absorbance) and concentration—that is, for Beer’s law to be obeyed—requires a narrow 

source bandwidth relative to the width of an absorption line or band. Even good-quality 

monochromators, however, have effective bandwidths significantly greater than the width of 

atomic absorption lines. As a result, nonlinear calibration curves are inevitable when atomic 

absorbance measurements are made with an ordinary spectrophotometer equipped with a 

continuum radiation source. Furthermore, the slopes of calibration curves obtained in these 

experiments are small because only a small fraction of the radiation from the monochromator 

slit is absorbed by the sample; the result is poor sensitivity. In recent years, the development 

of high-resolution (R > 105) continuum-source spectrometers based on the double echelle 

monochromator coupled with array detection has clouded this issue, and such instruments are 

beginning to compete with traditional spectrometers equipped with line sources. The problem 

created by the limited width of atomic absorption lines has been solved by the use of line 

sources with bandwidths even narrower than the absorption line width. For example, to use the 

422.7-nm line of calcium as the basis for determining the element, a calcium emission line at 

this same wavelength is isolated to serve as the source. In this instance, a calcium vapor lamp 

in which calcium atoms are excited by an electrical discharge may be used to produce the line. 

The other calcium lines emitted from the source are removed with filters or with a relatively 

inexpensive monochromator. Operating conditions for the source are chosen such that Doppler 

broadening of the emitted lines is less than the broadening of the absorption line that occurs in 

the flame or other atomizer. That is, the source temperature and pressure are kept below that of 

the atomizer. Figure 9-10 illustrates the principle of this procedure. Figure 9-10 shows the 

emission spectrum of a typical atomic lamp source, which consists of four narrow lines. With 

a suitable filter or monochromator, all but one of these lines are removed. Figure shows the 

absorption spectrum for the analyte between wavelengths λ1 and λ2. Note that the bandwidth is 

significantly greater than that of the emission line. As shown in Figure, passage of the line from 

the source through the flame reduces its intensity from P0 to P; the absorbance is then given by 

log(P0/P), which is linearly related to the concentration of the analyte in the sample. A 

disadvantage of the procedure just described is that a separate source lamp is needed for each 

element (or sometimes group of elements). 

 

 



 



 

 Hollow-Cathode Lamps 

 
The most common source for atomic absorption measurements is the hollow-cathode lamp, 

such as the one shown in Figure 9-11. This type of lamp consists of a tungsten anode and a 

cylindrical cathode sealed in a glass tube 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. Ionization of the inert gas occurs when a potential difference on the order of 300 

V is applied across the electrodes, which generates a current of about 5 to 15 mA as ions and 

electrons migrate to the electrodes. If the voltage is sufficiently large, the gaseous cations 

acquire enough kinetic energy to dislodge some of the metal atoms from the cathode surface 

and produce an atomic cloud in a process called sputtering. A portion of the sputtered metal 

atoms are in excited states and thus emit their characteristic radiation as they return to the 

ground state. Eventually, the metal atoms diffuse back to the cathode surface or to the glass 

walls of the tube and are redeposited. 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 walls. The 

efficiency of the hollow-cathode lamp depends on its geometry and the operating voltage. High 

voltages, and thus high currents, lead to greater intensities. This advantage is offset somewhat 

by an increase in Doppler broadening of the emission lines from the lamp. Furthermore, the 

greater currents produce an increased number of unexcited atoms in the cloud. The unexcited 

atoms, in turn, are capable of absorbing the radiation emitted by the excited ones. This self 

absorption leads to lowered intensities, particularly at the center of the emission band. Hollow 

cathode lamps can also be used as sources in AFS, as discussed in Section 9E-1. In this 

application, the lamps are pulsed with a duty cycle of 1% to 10% and a peak current of 0.1 to 

1 A, which increases their peak radiance by a factor of 10 to 100 relative to the steady-state 

radiance of dc operation. Many different hollow-cathode lamps are available commercially. 

The cathodes of some consist of a mixture of several metals. These multi-element lamps permit 

the determination of more than a single element. 

 

 

 

 Electrodeless Discharge Lamps 
 

Electrodeless discharge lamps (EDLs) are useful sources of atomic line spectra and provide 

radiant intensities usually one to two orders of magnitude greater than hollow-cathode lamps.13 

A typical lamp is constructed from a sealed quartz tube containing a few torr of an inert gas 

such as argon and a small quantity of the metal (or its salt) whose spectrum is of interest. The 

lamp contains no electrode but instead is energized by an intense field of radio-frequency or 

microwave radiation. Ionization of the argon occurs to give ions that 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. EDLs are available commercially for fifteen or more 

elements. Because of their high radiant intensities, EDLs were initially investigated as sources 

for AFS. Although the high intensities of EDLs are not needed for most AAS applications, for 

some elements, such as Se, As, and Sb, EDLs exhibit better detection limits than do hollow 

cathode lamps. This occurs because hollow-cathode lamps for these elements are of low 

intensity or low stability, and thus EDLs provide better sensitivity and precision. Figure 9-12 

is a schematic of a commercial EDL, which is powered by a 27-MHz radio-frequency source. 

 



 
 

 Source Modulation 

 
In the typical atomic absorption instrument, it is necessary to eliminate interferences caused by 

emission of radiation by the flame. The emitted radiation at wavelengths outside of the 

monochromator bandpass is, of course, removed by the monochromator. However, emitted 

radiation corresponding in wavelength to the monochromator setting is inevitably present in 

the flame because of excitation and emission of analyte atoms and flame gas species. 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 alternating one from the source and a continuous one from the flame. These signals 

are converted to the corresponding types of electrical response. A simple high-pass RC filter 

can then be used to remove the unmodulated dc signal and pass the ac signal for amplification. 

Alternatively, a tuned or lock-in amplifier can be used. A simple way of modulating the 

emission from the source is to interpose a circular metal disk, or chopper, in the beam between 

the source and the flame. Rotating disk and rotating vane choppers are common. Rotation of 

the disk or vane at a constant known rate provides a beam that is chopped to the desired 

frequency. Other types of electromechanical modulators include tuning forks with vanes 

attached to alternately block and transmit the beam and devices that rotate a vane through a 

fixed arc to perform the same function. As another alternative, the power supply for the source 

can be designed for intermittent or ac operation so that the source is switched on and off at the 

desired constant frequency. 

 

 

 

 

 

 

 

 

 

 Spectrophotometers 

Instruments for atomic absorption measurements are offered by numerous manufacturers; both 

single- and double-beam designs are available. The range of sophistication and cost (upward 

of a few thousand dollars) is substantial. In general, the instrument must be capable of 



providing a sufficiently narrow bandwidth to isolate the line chosen for the measurement from 

other lines that may interfere with or diminish the sensitivity of the determination. An 

interference filter suffices for some of the alkali metals, which have only a few widely spaced 

resonance lines in the visible region. An instrument equipped with easily interchangeable 

interference filters is available commercially. A separate filter and light source are used for 

each element. Satisfactory results for the determination of twenty-two metals are claimed. Most 

instruments, however, incorporate good-quality ultraviolet-visible monochromators, many of 

which are capable of achieving a bandwidth on the order of 1 Å. Most atomic absorption 

instruments use photomultiplier tubes, as transducers. As pointed out earlier, electronic systems 

that are capable of discriminating between the modulated signal from the source and the 

continuous signal from the flame are required. Most instruments currently on the market are 

equipped with computer systems that are used to control instrument parameters and to control 

and manipulate data. 

 

 Single-Beam Instruments 

 
A typical single-beam instrument, such as that shown in Figure 9-13, consists of several 

hollow-cathode sources (only one of which is shown), a chopper or a pulsed power supply, an 

atomizer, and a simple grating spectrophotometer with a photomultiplier transducer. In use, the 

dark current is first nulled with a shutter in front of the transducer. The 100% transmittance 

adjustment is then made while a blank is aspirated into the flame or ignited in an electrothermal 

atomizer. Finally, the sample transmittance is obtained with the sample being atomized. 

 

 Double-Beam Instruments 

 
Figure 9-13 is a schematic of a typical double-beam-in-time instrument. The beam from 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 grating monochromator; a photomultiplier tube serves as the transducer. The 

output from the latter is the input to a lock-in amplifier that is synchronized with the chopper 

drive. The ratio between the reference and sample signal is then amplified and sent to the 

readout, which is typically a digital meter or a computer. It should be noted that the reference 

beam in atomic double- beam instruments does not pass through the flame and thus does not 

correct for loss of radiant power due to absorption or scattering by the flame itself. Methods of 

correcting for these losses are discussed in the next section. 



 

 

 Interferences in Atomic Absorption Spectroscopy 

 
Interferences of two types are encountered in atomic absorption methods. Spectral 

interferences arise when the absorption or emission of an interfering species either overlaps or 

lies so close to the analyte absorption or emission that the monochromator cannot resolve them. 

Chemical interferences result from various chemical processes occurring during atomization 

that alter the absorption characteristics of the analyte. 

 

 Spectral Interferences 

 
Because the emission lines of hollow-cathode sources are so very narrow, interference because 

of overlapping lines is rare. For such an interference to occur, the separation between the two 

lines would have to be less than about 0.1 Å. For example, a vanadium line at 3082.11 Å 

interferes in the determination of aluminium based on its absorption line at 3082.15 Å. The 

interference is easily avoided, however, by using the aluminum line at 3092.7 Å instead. 

Spectral interferences also result from the presence of combustion products that exhibit 

broadband absorption or particulate products that scatter radiation. Both reduce the power of 

the transmitted beam and lead to positive analytical errors. When the source of these products 

is the fuel and oxidant mixture alone, the analytical data can be corrected by making absorption 

measurements while a blank is aspirated into the flame. Note that this correction must be used 

with both double-beam and single-beam instruments because the reference beam of a double 

beam instrument does not pass through the flame. A much more troublesome problem occurs 

when the source of absorption or scattering originates in the sample matrix. In this instance, 



the power of the transmitted beam P is reduced by the matrix components, but the incident 

beam power P0 is not. The result is a positive error in absorbance and thus concentration. An 

example of a potential matrix interference because of absorption occurs in the determination 

of barium in alkaline- earth mixtures. The wavelength of the barium line used for atomic 

absorption analysis appears in the center of a broad absorption band for CaOH. We therefore 

anticipate that calcium will interfere in barium determinations, but the effect is easily 

eliminated by substituting nitrous oxide for air as the oxidant. The higher temperature of the 

nitrous oxide flame decomposes the CaOH and eliminates the absorption band. Spectral 

interference because of scattering by products of atomization is most often encountered when 

concentrated solutions containing elements such as Ti, Zr, and W—which form refractory 

oxides—are aspirated into the flame. Metal oxide particles with diameters greater than the 

wavelength of light appear to be formed, and scattering of the incident beam results. 

Interference caused by scattering may also be a problem when the sample contains organic 

species or when organic solvents are used to dissolve the sample. Here, incomplete combustion 

of the organic matrix leaves carbonaceous particles that are capable of scattering light.\ 

Fortunately, with flame atomization, spectral interferences by matrix products are not widely 

encountered and often can be avoided by variations in the analytical variables, such as flame 

temperature and fuel-to-oxidant ratio. Alternatively, if the source of interference is known, an 

excess of the interfering substance can be added to both sample and standards. Provided the 

excess added to the standard sample is large with respect to the concentration from the sample 

matrix, the contribution from the sample matrix will become insignificant. The added substance 

is sometimes called a radiation buffer. The method of standard additions can also be used 

advantageously in some cases. In the early days of electrothermal atomization, matrix 

interference problems were severe. As platform technology, new high-quality graphite 

materials, fast photometric instrumentation, and Zeeman background correction have 

developed, matrix interference problems have decreased to the level encountered with flames. 

Several methods have been developed for correcting for spectral interferences caused by matrix 

products. 

 

 The Two-Line Correction Method 
 

The two-line correction procedure uses a second line from the source as a reference. The 

wavelength of the reference line should be as close as possible to that of the analyte line but 

must not be absorbed by the analyte. If these conditions are met, it is assumed that any decrease 

in power of the reference line from that observed during calibration arises from absorption or 

scattering by the matrix products of the sample. This decrease in power is then used to correct 

the absorbance of the analyte line. The reference line may be from an impurity in the hollow 

cathode, a neon or argon line from the gas contained in the lamp, or a nonresonant emission 

line of the element that is being determined. Unfortunately, a suitable reference line is often 

not available. 

 

 

 

 

 

 

 

 

 

 



 The Continuum-Source Correction Method 

 
Figure 9-14 illustrates a second method for background correction that is widely used. In this 

technique, a deuterium lamp provides a source of continuum radiation throughout the 

ultraviolet region. The configuration of the chopper is such that radiation from the continuum 

source and the hollow-cathode lamp are passed alternately through the electrothermal atomizer. 

The slit width is kept sufficiently wide so that the fraction of the continuum source that is 

absorbed by the analyte atoms in the sample is negligible. Therefore, the attenuation of the 

continuum source as it passes through the atomized sample reflects only the broadband 

absorption or scattering by the sample matrix components. A background correction is 

achieved by subtracting the absorbance of the deuterium lamp from that of the analyte lamp. 

Unfortunately, although most instrument manufacturers offer continuum-source background 

correction systems, the performance of these devices is often less than ideal, which leads to 

under correction in some systems and overcorrection in others. One of the sources of error is 

the inevitable degradation of signal- to-noise ratio that accompanies the addition of the 

correction system. Another is that hot gaseous media are usually highly inhomogeneous both 

in chemical composition and in particulate distribution; thus if the two lamps are not in perfect 

alignment, an erroneous correction will result that can cause either a positive or a negative 

error. Finally, the radiant output of the deuterium lamp in the visible region is low enough to 

preclude the use of this correction procedure for wavelengths longer than about 350 nm. 

 

 
 

 Background Correction Based on the Zeeman Effect 

 
When an atomic vapor is exposed to a strong magnetic field (~10 kG), a splitting of electronic 

energy levels of the atoms takes place that leads to formation of several absorption lines for 

each electronic transition. These lines are separated from one another by about 0.01 nm, with 

the sum of the absorbances for the lines being exactly equal to that of the original line from 

which they were formed. This phenomenon, which is termed the Zeeman effect, is general for 

all atomic spectra. The splitting patterns that arise depend on the type of electronic transition 

in the absorption process. The simplest splitting pattern, which is observed with singlet  

transitions, leads to a central, or π, line and two equally spaced satellite σ lines. The central 



line, which is at the original wavelength, has an absorbance that is twice that of each σ line. 

For more complex transitions, further splitting of the π and σ lines occurs. Application of the 

Zeeman effect to atomic absorption instruments is based on the differing response of the two 

types of absorption lines to polarized radiation. The p line absorbs only that radiation that is 

plane polarized in a direction parallel to the external magnetic field; the s lines, in contrast, 

absorb only radiation polarized perpendicular to the field. Figure  shows details of an 

electrothermal atomic absorption instrument, which uses the Zeeman effect for background 

correction. Unpolarized radiation from an ordinary hollow-cathode source A is passed through 

a rotating polarizer B, which separates the beam into two components that are plane-polarized 

at 90° to one another C. These beams pass into a tube-type graphite furnace similar to the one 

shown in Figure. A permanent 11-kG magnet surrounds the furnace and splits the energy levels 

into the three absorption peaks shown in D. Note that the central peak absorbs only radiation 

that is plane polarized with the field. During that part of the cycle when the source radiation is 

polarized similarly, absorption of radiation by the analyte takes place as shown in E. During 

the other half cycle, no analyte absorption can occur. Broadband molecular absorption and 

scattering by the matrix products occur during both half cycles, which leads to the cyclical 

absorbance pattern shown in F. The data-acquisition system is programmed to subtract the 

absorbance during the perpendicular half cycle from that for the parallel half cycle, thus giving 

a background corrected value. A second type of Zeeman effect instrument has been designed 

in which a magnet surrounds the hollow-cathode source. Here, it is the emission spectrum of 

the source that is split rather than the absorption spectrum of the sample. This instrument 

configuration provides an analogous correction. To date, most instruments are of the type 

illustrated in Figure. Zeeman effect instruments provide a more accurate correction for 

background than the methods described earlier. These instruments are particularly useful for 

electrothermal atomizers and permit the direct determination of elements in samples such as 

urine and blood. The decomposition of organic material in these samples leads to large 

background corrections (background A >  1) and, as a result, susceptibility to significant error. 

 

 

 

 

 

 

 



 Background Correction Based on Source Self-Reversal 

 
A remarkably simple means of background correction offers most of the advantages of a 

Zeeman effect instrument. This method, which is sometimes called the Smith-Hieftje 

background correction method, is based on the self-reversal or self-absorption behavior of 

radiation emitted from hollow-cathode lamps when they are operated at high currents. High 

currents produce large concentrations of non-excited atoms, which are capable of absorbing 

the radiation produced from the excited species. An additional effect of high currents is to 

significantly broaden the emission line of the excited species. The net effect is to produce a 

line that has a minimum in its center, which corresponds exactly in wavelength to that of the 

absorption line. To obtain corrected absorbances, the lamp is programmed to run alternately at 

low and high currents. The total absorbance is obtained during the low-current operation and 

the background absorbance is provided by measurements during the second part of the cycle 

when radiation at the absorption peak is at a minimum. The data-acquisition system then 

subtracts the background absorbance from the total to give a corrected value. Recovery of the 

source to its low-current output takes place in milliseconds when the current is reduced. The 

measurement cycle can be repeated often enough to give satisfactory signal-to noise ratios. 

Instrumentation for this type of correction is available from commercial sources. 

 

 Chemical Interferences 

 
Chemical interferences are more common than spectral interferences in ASS. Their effects can 

frequently be minimized by a suitable choice of operating conditions. Both theoretical and 

experimental evidence suggest that many of the processes occurring in the mantle of a flame 

are in approximate equilibrium. Therefore, it becomes possible to regard the burned gases as a 

solvent medium to which thermodynamic calculations can be applied. The equilibria of 

principal interest include formation of compounds of low volatility, dissociation reactions, and 

ionization. 

 

 Formation of Compounds of Low Volatility 

 
Perhaps the most common type of interference is by anions that form compounds of low 

volatility with the analyte and thus reduce the fraction of the analyte that is atomized. Low 

results are the outcome. An example is the decrease in calcium absorbance observed with 

increasing concentrations of sulfate or phosphate. These anions form compounds with calcium 

that are difficult to volatilize. For example, at a fixed calcium concentration, the absorbance 

falls off nearly linearly with increasing sulfate or phosphate concentrations until the anion-to 

calcium ratio is about 0.5; the absorbance then levels off at about 30% to 50% of its original 

value and becomes independent of anion concentration. Cation interference has been observed 

as well. For example, aluminum causes low results in the determination of magnesium, 

apparently as a result of the formation of a heat-stable aluminum-magnesium compound 

(perhaps an oxide). Interferences caused by formation of species of low volatility can often be 

eliminated or moderated by use of higher temperatures. Alternatively, releasing agents, which 

are cations that react preferentially with the interferant and prevent its interaction with the 

analyte, can be used. For example, addition of an excess of strontium or lanthanum ion 

minimizes the interference of phosphate in the determination of calcium. The same two species 

have also been used as releasing agents for the determination of magnesium in the presence of 

aluminum. In both instances, the strontium or lanthanum replaces the analyte in the compound 

formed with the interfering species. Protective agents prevent interference by forming stable 



but volatile species with the analyte. Three common reagents for this purpose are 

ethylenediaminetetraacetic acid (EDTA), 8-hydroxyquinoline, and APCD, which is the 

ammonium salt of 1-pyrrolidinecarbodithioic acid. The presence of EDTA has been shown to 

nearly eliminate the interference of aluminum, silicon, phosphate, and sulfate in the 

determination of calcium. Similarly, 8-hydroxyquinoline suppresses the interference of 

aluminium in the determination of calcium and magnesium. 

 

 Atomic Absorption Analytical Techniques 

 
There are a number of practical details that must be considered in flame or electro-thermal 

atomic absorption analysis. 

 

 Sample Preparation 

 
A disadvantage of flame spectroscopic methods is the requirement that the sample be 

introduced into the excitation source in the form of a solution, most commonly an aqueous one. 

Unfortunately, many materials of interest, such as soils, animal tissues, plants, petroleum 

products, and minerals are not directly soluble in common solvents, and extensive preliminary 

treatment is often required to obtain a solution of the analyte in a form ready for atomization. 

Indeed, the decomposition and solution steps are often more time-consuming and introduce 

more error than the spectroscopic measurement itself. Decomposition of materials such as those 

just cited usually require rigorous treatment of the sample at high temperatures accompanied 

by a risk of losing the analyte by volatilization or as particulates in smoke. Furthermore, the 

reagents used in decomposing a sample often introduce the kinds of chemical and spectral 

interferences that were discussed earlier. Additionally, the analyte may be present in these 

reagents as an impurity. In fact, unless considerable care is taken, it is not uncommon in trace 

analyses to find that the concentration of analyte in the reagents is higher than in the samples a 

situation that can lead to serious error even with blank corrections. Some of the common 

methods used for decomposing and dissolving samples for atomic absorption methods include 

treatment with hot mineral acids; oxidation with liquid reagents, such as sulfuric, nitric, or 

perchloric acids (wet ashing); combustion in an oxygen bomb or other closed container to avoid 

loss of analyte; ashing at a high temperature; and high-temperature fusion with reagents such 

as boric oxide, sodium carbonate, sodium peroxide, or potassium pyrosulfate. One of the 

advantages of electrothermal atomization is that some materials can be atomized directly, thus 

avoiding the solution step. For example, liquid samples such as blood, petroleum products, and 

organic solvents can be pipetted directly into the furnace for ashing and atomization. Solid 

samples, such as plant leaves, animal tissues, and some inorganic substances, can be weighed 

directly into cup-type atomizers or into tantalum boats for introduction into tube-type furnaces. 

Calibration is, however, usually difficult and requires standards that approximate the sample 

in composition. 

 

 Sample Introduction by Flow Injection 

 
FIA methodology serves as an excellent means of introducing samples into a flame atomic 

absorption spectrometer. Alternatively, we may think of an atomic absorption spectrometer as 

a useful detector for an FIA system. From any perspective, the peristaltic pump and valve 

arrangements of FIA described are a convenient means to sample analyte solutions 

reproducibly and efficiently, especially when it is important to conserve sample. The carrier 



stream of the FIA system consisting of deionized water or dilute electrolyte provides 

continuous flushing of the flame atomizer, which is particularly advantageous for samples 

containing high levels of salts or suspended solids. 

 

 Organic Solvents 
Early in the development of atomic absorption spectroscopy it was recognized that enhanced 

absorbances could be obtained if the solutions contained low-molecular mass alcohols, esters, 

or ketones. The effect of organic solvents is largely attributable to increased nebulizer 

efficiency; the lower surface tension of such solutions leads to smaller drop sizes and a resulting 

increase in the amount of sample that reaches the flame. In addition, more rapid solvent 

evaporation may also contribute to the effect. Leaner fuel-oxidant ratios must be used with 

organic solvents to offset the presence of the added organic material. Unfortunately, however, 

the leaner mixture produces lower flame temperatures and an increased potential for chemical 

interferences. A most important analytical application of organic solvents to flame 

spectroscopy is the use of immiscible solvents such as methyl isobutyl ketone to extract 

chelates of metallic ions. The extract is then nebulized directly into the flame. The sensitivity 

is increased not only by the enhancement of absorption lines because of the solvent but also 

because for many systems only small volumes of the organic liquid are required to remove 

metal ions quantitatively from relatively large volumes of aqueous solution. This concentrating 

procedure has the added advantage that at least part of the matrix components are likely to 

remain in the aqueous phase, resulting in a reduction of interferences. Common chelating 

agents include ammonium pyrrolidine di thiocarbamate, diphenyl thiocarbazone (dithizone), 

8-hydroxyquinoline, and acetyl acetone. 

 

 Applications of AAS 
AAS is a sensitive method to determine more than sixty metals or metalloid elements. The 

resonance lines for the non-metallic elements are generally located at wavelengths shorter than 

200 nm, which can prevent their determination by convenient, non-vacuum 

spectrophotometers. 

 

 Accuracy 
Under the usual conditions, the relative error associated with a flame atomic absorption 

analysis is of the order of a few percent. With special precautions, this figure can be lowered 

to a few tenths of a percent. Errors encountered with electrothermal atomization usually exceed 

those for flame atomization by a factor of 5 to 10. 

 

 Atomic Fluorescence Spectroscopy 
Over the years, significant research effort has been devoted to the development of analytical 

methods based on atomic fluorescence. This research has demonstrated that AFS is useful and 

convenient for the quantitative determination of several elements. To date, however, AFS has 

not been used widely because of the overwhelming successes of atomic emission and atomic 

absorption methods, which were developed prior to atomic fluorescence by more than a decade. 

As mentioned earlier, these successes have led to the availability of absorption and emission 

instruments from numerous commercial sources. In recent years, a number of manufacturers 

have introduced atomic form vapors and hydrides, such as Pb, Hg, Cd, Zn, As, Sb, Bi, Ge, and 

Se. The limited use of atomic fluorescence has not arisen so much from any inherent weakness 

of the procedure but rather because the advantages of atomic fluorescence have been small 



relative to the well-established absorption and emission methods. Thus, although fluorescence 

methods, particularly those based on electrothermal atomization, are somewhat more sensitive 

for several elements, the procedure is also less sensitive and appears to have a smaller useful 

concentration range for several others. These disadvantages have been largely overcome in 

some special-purpose instruments such as those for determining mercury by cold-vapor 

techniques. 

 

 Instrumentation 

The components of instruments for atomic fluorescence measurements are generally arranged 

as shown in Figure. The sample container is most commonly a flame but may also be an 

electrothermal atomization cell, a glow discharge, a vapor cell, or an inductively coupled 

plasma. 

 

 



 

 

 Sources 

A continuum source would be desirable for atomic fluorescence measurements. Unfortunately, 

however, the output power of most continuum sources over a region as narrow as an atomic 

absorption line is too low to provide sufficient sensitivity for atomic fluorescence. The earliest 

work on AFS was done using metal vapor lamps. These lamps are not as stable as many other 

line sources and are only available for a few elements. Conventional hollow-cathode lamps 

were also used in early work. However, these were usually not intense enough to achieve low 

detection limits with AFS. In later work, pulsed hollow-cathode lamps were used to achieve 

high intensities. The detection system was gated to observe the fluorescence signal only during 

the ON time of the pulsed lamp. Perhaps the most widely used sources for atomic fluorescence 

have been the EDLs, which usually produce radiant intensities greater than those of hollow-

cathode lamps by an order of magnitude or two. EDLs have been operated in both the 

continuous and pulsed modes. Unfortunately, this type of lamp is only available for a few 

elements. Lasers, with their high intensities and narrow bandwidths, would appear to be the 

ideal source for atomic fluorescence measurements. Their high cost and operational 

complexities, however, have discouraged their widespread application to routine atomic 

fluorescence methods.  

 

 

 Dispersive Instruments 

A dispersive system for atomic fluorescence measurements consists of a modulated source, an 

atomizer (flame or electrothermal), a monochromator or an interference filter system, a 

detector, and a signal processor and readout.  

 

 

 Nondispersive Instruments 

In theory, no monochromator or filter should be necessary for atomic fluorescence 

measurements when an EDL or hollow- cathode lamp serves as the excitation source because 

the emitted radiation is, in principle, that of a single element and will thus excite only atoms of 

that element. A nondispersive system then could be made up of only a source, an atomizer, and 

a detector. There are several advantages of such a system: (1) simplicity and low-cost 

instrumentation, (2) adaptability to multielement analysis, (3) high-energy throughput and thus 

high sensitivity, and (4) simultaneous collection of energy from multiple lines, which also 

enhances sensitivity. To realize these important advantages, it is necessary that the output of 

the source be free of contaminating lines from other elements; in addition, the atomizer should 

emit no significant background radiation. In some instances with electrothermal atomizers, 

background radiation is minimal, but certainly, it is not with typical flames. To overcome this 

problem, filters, located between the source and detector, have often been used to remove most 

of the background radiation. Alternatively, solar-blind photomultipliers, which respond only to 

radiation of wavelengths shorter than 320 nm, have been applied. For these devices to be used 

effectively, analyte emission must be below 320 nm. 

 

 

 

 



 

 

 Interferences 

Interferences in atomic fluorescence spectroscopy are generally of the same type and of about 

the same magnitude as those in atomic absorption spectroscopy. 

 

 

 Applications 

Atomic fluorescence methods have been applied to the determination of metals in such 

materials as lubricating oils, seawater, geological samples, metallurgical samples, clinical 

samples, environmental samples, and agricultural samples.  

 


