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Atomic spectroscopy 
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Atomic spectroscopy  is a method to determine elementary composition of a matter 

from its electromagnetic or isotopic spectrum. There are different analytical methods 

and the choice of the most suitable method is a key to obtaining of correct, reliable and 

objective results. To choose properly one has to understand the principles of each 

method, its possibilities and restrictions, as well as to be familiar with requirements of 

your laboratory: the required sensitivity of elements determination, operational range of 

the elements’ concentrations being determined and quality of the data received. 



Kinds of atomic spectroscopy 
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There are several widely used methods of spectral analyses: atomic absorption, atomic 

emission and mass spectrometry.  

  

• Flame atomic absorption spectrometry (FAAS) 

 

• Graphite furnace atomic absorption spectrometry with electrothermal atomization in 

graphite cuvette (GFAAS) 

 

• Optical emission spectrometry with inductively coupled plasma (OES-ICP) 

 

• Inductively coupled plasma mass spectrometry (ICPMS) 



Flame atomic absorption spectroscopy 
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Atomic absorption (АА) is a process when an atom in non-excited (main) state absorbs energy in the form of light having certain 

wave length and transfers into excited state. The quantity of light energy absorbed under given wave length increases 

proportionally with increase of number of atoms of an element in the path of light rays. The ratio of quantity of absorbed light 

and concentration of atoms of the analyzed element in the standard solution with known content could be used to determine 

concentrations of the element in the solution with unknown concentration by means of measuring of the quantity of energy 

absorbed. The main equipment for atomic absorption analysis comprises primary source of light, atomizer (source of atoms), 

monochromator to single out the length of the wave on which measurements are done, detector for precise measurement of 

light energy, data signal control device and a display or alarm system to depict the results. As a primary source of light we 

usually use either hollow cathode lamp (HCL) or electrodeless lamp (EDL). In general, different lamps are used to determine 

different elements, but sometimes combination of a number of electrodes in one multy-electrode lamp is possible. Some day 

photomultiplyer tubes were used as detectors. Now the most recent devices use solid-state (semiconductor) detectors. To 

determine mercury special easy-to-use atomic absorption spectrometers with flow injection mercury systems (FIMS). These 

instruments comprise highly sensitive one-beam optical scheme with low-pressure mercury lamp and UV detector, which 

ensure the best performance. Whatever a system might be, the atomizer applied in it should transfer a sample into free atoms 

of elements. To receive free atoms thermal energy is used, most often - in the form of air-acetylene flame or flame nitrogen 

oxide-acetylene. A sample is placed into the flame in aerosol form with the help of input system consisting of atomizer and 

atomizing chamber. Burner nozzle is located so that the beam of light is absorbed passing through the flame. The main ААС 

method restriction is the fact that the system burner-nozzle is an inefficient sampling instrument. Only small part of the sample 

reaches the flame and at that the atomized sample passes quickly through the path of light rays in spectrometer. With more 

efficient sampling system the sample should have been atomized completely and retained in this state in the path of light rays 

for a long time, which could increase the sensitivity of determination. These properties are ensured by electrothermal 

atomization in graphite oven.  



Atomic absorption spectroscopy with electrothermal 
atomization 
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In the method of atomic absorption in graphite oven (GFAA) flame is replaced with electro-heated graphite tube. A 

sample is placed immediately into the tube, which is then heated in several pre-programmed stages: during the first 

stage solvent is removed, during second – the main components of matrix and then the rest of the sample is 

atomized. The analyzed element in the sample is fully atomized, the atoms stay long in the tube located in the 

direction of light beam. As the result both sensitivity and detection limits are improved significantly. Speed of analysis 

in graphite cuvette is lower than that of flame analysis, and the list of elements that could be determined by GFAA 

method is shorter. However, better sensitivity  of the GFAA method and the possibility to analyze samples of small 

volume significantly increase the possibilities of atomic absorption. GFAA helps to determine more than 40 elements 

in volumes of solutions of about 20-50 microliters with detection limits of elements that are 100 and 1000 times better 

compared to flame atomic absorption. 



Optical emission spectrometry with inductively coupled 
plasma (OES-ICP) 
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Optical emission spectrometry with inductively coupled plasma (OES-ICP) is a method consisting in measurement of 

emissions that are emitted by elements in the sample, which is placed into inductively-coupled plasma. The 

measured values of emission intensity are than compared with the values of intensity in standards of known 

concentration in order to receive the values of element concentration in the unknown sample. There are two ways of 

ISP emissions observation. With classical OES-ISP configuration the emissions are observed at right angles to 

plasma gases flow, this way is called side-on and with this method the highest boundary of linear range of 

measurements is reached. The way when emission is observed along burner centre is called end-on (axial). This 

method gives lower background of diffuse radiation and time of exposure (time of particles fly)  is increased. Due to 

that, end-on plasma ensures several times’ lower (up to 10) detection limits compared to side-on one. The most 

universal systems give the possibility to change the viewing method during analysis of a sample. The double viewing 

of plasma dives better detection limits and expands operational range of determined concentrations of elements. 

Optical system used in OES-ICP consists of monochromator, which singles out certain wave lengths and focusses 

the light of required wave length on the detector. The old OES-ISP systems used series of photoelectronic multipliers 

to determine the preliminary selected wave lengths. That used to restrict the number of elements determined, as the 

position of multipliers was usually fixed during manufacturing of the instrument. Systems of consecutive type can 

register any length of wave in the spectrum projecting it on one detector. However, this enables us to register only 

one element at a time and could expend significantly the time of complete analysis. 



Inductively coupled plasma mass spectrometry 
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In the inductively-coupled plasma mass spectrometry (ICP-MS) the ICP source is used to receive single-charge ions 

from a matrix of elements in the sample, which are then fed into mass spectrometer and divided  depending on ration 

of mass and charge. The ions with determined ratio of mass and charge go to detector, which determines their 

quantity. Classical instruments use quadrupole mass spectrometers due to simplicity of its use, reliability and quick 

work. Because of similarity of sample feeding and data processing work with ICP-MS is very similar to OES-ICP. The 

ICP-MS method combines possibilities of simultaneous multi-element analysis of plasma methods and exclusive 

detection limits, which could be compared or sometimes are lower than the GFAAS method limits. ICP-MS is one of 

analysis methods helping to determine trace concentrations and ratios of elements’ isotopes, as well as to perform 

precise determination of different forms of elements, being combined with chromatographic method of division (HPLC 

or GS). This peculiarity enables the user to determine precise forms of elements in samples, not only their general 

concentrations. However, due to immediate contact between substances of samples with detector there are some 

restrictions in the quantity of matrix present in the analyzed sample, which could be fed into ICP-MS instrument. 

Besides, maintenance costs of ICP-MS systems are higher than those of OES-ICP systems. In common case for 

ICP-MS content of dry residue in the studied solutions should not exceed 0,2 % at long-term work and maximal 

stability of measurements. There are several devices between the ICP burner and mass-spectrometer, such as 

interface cones and ionic optics, which require periodical cleaning to maintain stable work of the instrument. 



Detection limits 
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Productivity 
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Productivity is determined from the quantity of samples that could be analyzed or the number of elements, which 

could be determined for a unit of time.  In most cases the methods of analysis performed on the level of detection 

limits or requiring maximal precision take longer than less ‘demanding’ analyses. Wherever these factors do not 

impose restrictions productivity would depend on the number of elements determined in one sample and analytical 

method used.  

  

• Flame atomic absorption – ensures relatively high speed of samples analysis when many samples are analyzed 

for restricted number of elements. Typical determination of one element requires 3 to 10 seconds. However, flame AA 

analysis requires specific sources of light and respective parameters for each element determined. Different 

elements determination could also require different gases. As the result, though often used for multi-element 

analysis, flame atomic absorption is usually considered a single-element method. 

• Electrothermal atomic absorption – like flame AA analysis is in fact a single-element method. As a sample should 

be heated before atomizing according to a certain temperature programme to remove solvent and matrix the 

productivity of electrothermal atomic absorption method is relatively low. When analysis in graphite cuvette is 

performed determination of one element in one sample usually takes 2-3 min. 

• OES-ICP – multi-element method of analysis having exceptionally high productivity. The OES-ICP method can 

usually determine more than 73 elements per minute in one sample. To obtain good metrological characteristics one 

should remember to wait for 15-30 seconds before every new sample to reach equilibrium between plasma and each 

new sample. 

• ICP-MS  is also a multi-element method of analysis having the same advantages and disadvantages as the OES-

ICP method. The ICP-MS method can usually determine more than 73 elements per minute in one sample, its 

productivity depends on such factors as concentration levels and required precision. Though the ICP-MS method has 

broad operational range, the upper boundary of linear range of the concentrations under determination is usually 

lower than the one of the OES-ICP method, so some samples might require dilution. 



Comparative characteristics of methods 
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