
Module 3

Flame Emission and Atomic 
Absorption spectroscopy

Reference text book : Instrumental Methods of Analysis, 7th edition. H.H. Willard, 
L.L. Merritt, J.A. Dean, F.A. Settle, CBS Publishing & Distribution



Syllabus 

• Introduction

• Instrumentation for flame spectrometric methods

• Flame emission spectrometry

• Atomic absorption spectrometry

• Atomic fluorescence spectrometry

• Interferences associated with Flames & furnaces, 

• Applications

• Comparison of FES and AAS. 



Link for animation video

• Flame emission spectroscopy:  

https://www.youtube.com/watch?v=9DYV25Ki-
kc

https://www.youtube.com/watch?v=2LeUkiI1o
w0

• Atomic absorption spectroscopy

https://www.youtube.com/watch?v=I5dO8AYa3
eU

https://www.youtube.com/watch?v=2LeUkiI1ow0
https://www.youtube.com/watch?v=2LeUkiI1ow0
https://www.youtube.com/watch?v=I5dO8AYa3eU


Introduction 
• The absorption and emission of radiant energy by 

atoms in the sample provide powerful analytical 
tools for both qualitative and quantitative 
analysis.

• Analyte : a substance whose chemical 
constituents are being identified and measured.

• Principle: combustion flame converts analyte in 
the solution to atoms . These free atoms absorb 
the thermal energy and jump to electronic 
excited state. 
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Principle in  Flame Emission 
Spectroscopy

• In flame emission spectroscopy, the 
combustion flame does not only frees the 
atom it also supplies the energy necessary to 
move the electrons of the free atoms from 
ground state to excited state. The energy 
which is emitted by the excited atoms when 
returning to the ground state provides the 
basis for analytical determination in FES. 



Principle in  Atomic absorption 
spectroscopy

• External source (like hallow cathode lamp)is 
used to excite the atoms from its ground state.

• The flame that contains the free atom 
becomes the sample cell. The free atoms 
absorb radiation focused on the cell from 
external source .

• Incident radiation absorbed by the atoms 
moving from ground state to the excited state 
provides analytical data.







• Burner: A component of AAS system made of solid 
metal body having slit on the flat top surface to provide 
the flame required for atomisation of the sample

• Detector: A component of the system that records the 
intensity of the transmitted or absorbed light. 
Photomultiplier tube is the commonly used detector in 
AAS

• Aerosol : suspension of fine solid or liquid particles 
• Nebuliser: A device for producing an aerosol of sample 

inside spray chamber
• Impact bead: A device inside spray chamber for 

removal of large sized droplets from sample stream
• Monochromator: A device used for dispersion of 

incident light using prism or grating, reflecting mirrors 
and a combination of entrance and exit slits for 
isolation of required wavelength and collimation of the 
light beam



• Atom : The smallest particle of an element or 
compound

• Absorbance: The amount or fraction of incident light 
absorbed by the ground state atoms.

• Orifice: Small bore tube opening

• Atomisation: Process of reduction of sample to ground 
state atoms by application of heat by means of a flame 
or a graphite furnace.

• Excitation: Excitation of a ground state atom to higher 
energy states by means of electromagnetic radiation

• Interference: Effects resulting in variation of results due 
to spectral or non-spectral interferences





INSTRUMENTATION FOR FLAME 
SPECTROMETRIC METHODS 

• components provide the following functions required 
in each method

(1) deliver the analyte to the flame

(2) induce the spectral transitions (absorption or 
emission) necessary for the determination of the 
analyte

(3) isolate the spectral lines required for the analysis

(4) detect the increase or decrease in intensity of 
radiation at the isolated lines(s)

(5) record these intensity data. 



1.Pretreatment of Sample 

• Flame FES requires that the analyte be dissolved 
in a solution in order to undergo nebulization

• The analyst must be aware of substances that 
interfere with the emission measurement

• When these substances are in the sample, they 
must be removed or masked (complexed)

• Reagents used to dissolve samples must not 
contain substances that lead to interference 
problems. 



2. Sample Delivery 
• The device that introduces the sample into the 

flame or plasma plays a major role in determining 
the accuracy of the analysis.

• most popular sampling method is nebulisation
• An introduction system for liquid samples 

consists of three components:
(1) A nebulizer that breaks up the liquid into 

small' droplets
(2) An aerosol modifier that removes large 

droplets from the stream, allowing only droplets 
smaller than a certain size to pass 

(3) The flame or atomizer that converts the 
anaIyte into free atoms. 



3. Nebulization



• Pneumatic nebulization is the technique used in 
most atomic spectroscopy determinations

• The sample solution is introduced through an 
orifice into a high- velocity gas jet, usually the 
oxidant

• The sample stream may intersect the gas stream 
in either a parallel or perpendicular manner

• The liquid stream begins to oscillate, producing 
filaments. Finally, these filaments collapse to 
form a cloud of droplets in the aerosol modifier 
or spray chamber.



• In the spray chamber the larger droplets are 
removed from the sample stream by mixer 
paddles or broken up into smaller droplets by 
impact beads or wall surfaces

• The final aerosol, now a fine mist, is combined 
with the oxidizer/fuel mixture and carried into 
the burner

• Droplets larger than about 20 µm are trapped in 
the spray chamber and flow to waste

• In AAS only a small percentage (usually 2% or 3%) 
of the nebulized analyte solution reaches the 
burner



4. Atomization 

• The atomization step must convert the analyte
within the aerosol into free analyte atoms in 
the ground state for FES analysis.

• The sequence of events involved in converting 
a metallic element, M, from a dissolved salt, 
MX, in the sample solution to free M atoms in 
the flame is depicted in Figure below





Flame Atomizers

• Metallic element M is dissolved in the salt 
solution MX.

• After nebulisation the aersol droplets enter 
the flame , the solvent is evaporated .

• Small dry solid particles are left out in the 
flame which is converted to NIX vapor .

• Finally a portion of MX molecules are 
dissociated to give neutral free atoms



• Process which interfere with the production of 
free analyte atoms. 

• These processes include: (1) excitation and 
emission of radiation by MX(g) molecules, (2) 
reaction of M(g) atoms with flame 
components at high temperatures to produce 
molecules and ions that also absorb and emit 
radiation, and (3) formation of M+x ions, 
which in addition to reducing the efficiency of 
free-atom production



• The flame remains the most generally useful 
atomizer for atomic spectroscopy despite the 
developments in electrothermal atomization



Laminar flow flame 

• Flames are not uniform in composition, length 
or cross section.





• Region A: The unburned hydrocarbon gas mixture 
passes into a region of free heating about 1mm 
thickness i.e in region B

• Region B: the mixture is heated by energy  from the 
region C. diffusion of radicals into region B initiates 
combustion. Flame gases travel upward from the 
reaction zone with velocities of 1-10 m/s.

• Region C gases that emerge from region c consists of 
mainly of co2,co, h2o, and n2, traces of h2,h ,o can be 
seen. In region C thermal equilibrium cannot be 
achieved.

• Region D: most suitable for AAS measurements, gases 
reach thermal equilibrium  at this region. This region is 
more cooler and more oxidizing than the primary 
oxidizing region C.



Flame Emission Spectroscopy 

• In flame emission spectrometry, the sample solution is
nebulized (converted into a fine aerosol) and
introduced into the flame where it is desolvated,
vaporized, and atomized, all in rapid succession.

• Atoms are raised to excited states via thermal
collisions

• Upon their return to a lower or ground electronic state,
the excited atoms and molecules emit radiation

• The emitted radiation passes through a
monochromator that isolates the specific wavelength
for the desired analysis.



• A photodetector measures the radiant power 
of the selected radiation, which is then 
amplified and sent to a readout device, meter, 
recorder, or microcomputer system. 





• A grating spectrometer, equipped with a laminar 
flow burner and good detection read out system , 
serves equally well for FES and AAS because both 
require the measurement of the intensity of 
selected wavelengths.

• FES requires a monochromator capable of 
providing a bandpass of 0.05nm or less

• Slits should be adjustable for greater flow of 
radiation 

• The instrument should have sufficient resolution 
to minimize the flame background emission.



Atomic absorption spectroscopy 

• Atomic absorption spectroscopy is one of the 
most widely used methods in analytical 
chemistry.

• AAS phenomenon can be divided into two  
major process:

1. The production of free atoms from the 
sample 

2. Absorption of radiation from an external 
sources by these atoms.



• https://www.shsu.edu/~chm_tgc/primers/AA
S.html

https://www.shsu.edu/~chm_tgc/primers/AAS.html








• The absorption of radiation by free atoms in the 
flame involves the transition of these atoms from 
highly populated ground state to an excited 
electronic state.

• The transition between the ground state and the 
first excited state known as the first resonance 
line is the line with the strongest absorptivity.

• Analysis requires high sensitivity, the first 
resonance line of the analyte is used.

• The wavelength of the first resonance line for all 
metals and many metalloids is longer than 200nm 



• The first resonance line for most non metals 
falls into the vacuum ultraviolet region below 
185nm and therefore, cannot be measured 
with conventional spectrometers.

• Thus AAS instrumentation finds wide 
application for analysis of metals and 
metalloids.

• For AAS to function as a quantitative method 
the width of the line emitted by the narrow 
line source must be smaller than the width of 
the absorption line of the analyte in the flame 



• The shape of the spectral line emitted by the 
source is critical parameter in AAS.

• Working of atomic absorption spectroscopy:

The flame gases are considered as a sample 
cell that contains free, unexcited analyte 
atoms capable of absorbing radiation at the 
wavelength of the resonance line emitted by 
the external source.

unabsorbed radiation passes through a 
monochromator that isolates the resonance 
line and then into a photo detector that 
measures the power of transmitted radiation.



• Absorption is determined by the difference in 
the radiant power of the resonance line in the 
presence and absence of the analyte atoms in 
the flame.

• Specifications for typical atomic absorption 
spectrophotometer: 

• 0.33-0.5m focal length czerny Turner 
Monochromator with a 64x64mm grating 
ruled with 2880 grooves/mm and blazed at 
210 nm to cover a range of wavelengths of 
190-440nm



• A second grating, ruled with 1440 grooves/mm 
and blazed at 580nm . The two gratings are 
mounted back to back on a turntable

• The geometry of the beam of radiation must be 
designed to provide optimum performance with 
both flame and electrothermal atomizers

• Optical elements are needed to focus the source 
of lamp

• Microcomputer enables the instrument to 
calculate the best analytical curves, computer 
ratios, apply appropriate statistical techniques 
and present ressult in graphical or tabular form. 



Hollow cathode lamps



• Hollow cathode lamps (HCL) are discharge 
lamps designed for use in Atomic Absorption 
(AA) instruments. They consist of a cathode 
made from the element of interest.

• Hollow cathode lamp has pyrex body with and 
end window of quartz

• The lamp is evacuated and filled with an inert 
gas usually argon or neon

• Lamps operate at currents below 30mA and 
voltages up to 400 V



• The cathode is bombarded by positively 
charged , inert gas ions. The ions are 
accelerated towards the cathode surface by 
the electrical potential.

• Positively charged ions collide with the 
negatively charged cathode surface, the metal 
atoms of cathode of the cathode are ejected

• The metal atoms absorb energy and move to 
excited electronic state. And finally emit the 
radiation 



Atomic Fluorescence Spectrometry

• Atomic fluorescence spectroscopy (also known as 
atomic spectrofluorometry or atomic fluorimetry) 
is a technique used in biochemical, medical, and 
chemical applications that require very high 
sensitivity as well as precision and accuracy.

• The technique behind atomic fluorescence 
spectroscopy is similar to atomic absorption 
spectrometry in that a sample absorbs light at a 
particular wavelength to promote its electrons 
from its ground electronic state into an excited 
state.



• From this excited electronic state, the electron 
drops down to a lower electronic state emitting a 
photon with a specific wavelength in the process. 
By measuring the intensity of the emitted light at 
particular frequencies, it is possible to determine 
the concentration of the element

• In AFS the exciting source is placed at right angles 
to the flame 

• Some of the incident radiation is absorbed by the 
free atoms of the test element 

• After this , energy is released as atomic 
fluorescence 

• Then it is passed through monochromator, lens 
and amplified and passed to detector.



• The best burner system for AFS is probably a 
combination of acetylene/ nitrous oxide and 
hydrogen/argon/ oxygen using rectangular 
flame with premixed laminar flow burner .

• The intensity of the fluorescence is linearly 
proportional to the exciting radiation flux.

• When there is no analyte, only background 
radiation from the flame is detected. 

• AFS exhibits its greatest sensitivity for 
elements that have high excitation energies



Interferences associated with Flames 
and Furnaces 

• Interferences can be separated into four 
general categories:

1. Back Ground Absorption

2. Spectral line interferences

3. Vaporization Interferences

4. Ionization effects



Background Absorption

• It is caused by the large number of species present 
in the flame that are capable of broad band 
absorption of radiation.

• Few elements which are responsible for background 
absorption are metal oxides, hydrogen molecules, 
OH radicals, and some part of solvent molecules.

• This background absorption results in direct 
interferences and corresponding error in analytical 
results.

• There are number of techniques used correction of 
background absorption techniques.



• A solution that contains none analyte can be 
prepared and its absorbance at the resonance 
line of the analyte determined. The absorbance 
of this blank solution is then used to correct the 
measurements obtained from the sample.

• A more precise technique involves measuring the 
absorbance at a wavelength close to the 
resonance lines used in determination

• The use of broadband, continuous source of 
radiation in conjunction with the hollow cathode 
line source is popular technique for background 
correction.



Spectral line interferences

• Spectral interference is caused by radiation 
overlap of absorption line due to emissions from 
another element or compound.

If an absorbing wavelength of an element , not 
being determined but present in the sample falls 
within the measuring line of the element of 
interest, the absorbance of the element will be 
measured together with the analyte of interest 
and give a higher absorbance value.



• Interference of this type is closely associated 
with the resolving power of the 
monochromator.

• In flame AAS and AFS this interference can be 
minimized by amplitude modulation of the 
radiation source. No such possibility exists in  
FES.

• Manganese triplet, gallium line, potassium 
doublet , lead etc are the few instances which 
cause interference  



Vaporization Interference 

• Some component of the sample alters the rate of 
vaporization of salt particles that contain the 
analyte which lead to the vaporization 
interferences.

• It is due to the chemical reaction of particles that 
change the vaporization behavior of particles.

• Hotter flames reduce vaporization interferences

• Use of the acetylene/nitrous oxide flame is often 
justified due to its better decomposing efficiency. 



• Use of proper reagents also reduce 
vaporization interference.

• In Calcium AAS determinations, a few hundred 
parts per million of lanthanum or strontium 
are often added to solutions to minimize 
interferences due to phosphate. 



Ionization interferences

• In high temperature flames atoms with low 
ionization potential become ionized 

• Ionization of atoms reduce the free atoms , 
which in turn lowers the sensitivity of the 
determination.

• This problem is readily over come by adding 
an excess of more easily ionized elements 
such as K, Cs, or Sr to suppress ionization .



• These elements suppress the ionization of 
analyte atoms.



Comparison of AAS and FES



• FES is better for determinations that involve 
alkali, alkaline earth and rare earth elements 
as well as Ga, In and Tl.

• Flame AAS permits Ag, Al, AU, Cd, CU, Hg etc 
to be detected with high sensitivity.

• FES provides multi element analysis.

• Alkemade showed that AAS can be more 
sensitive for a given element only if the 
brightness of the lamp exceeds that of 
balckbody at the temperature of flame.



Question bank and assignments 

• Explain the components of flame spectrometric method and its functions. 
• Give the applications of FES and AAS.
• With a neat block diagram, explain the flame atomization processes for 

the salt MX. 
• Explain atomic absorption spectrometry with a neat diagram
• Explain the sequence of events involved in flame atomization process, 

with a neat block diagram. 
• Discuss the laminar flow flame, with a neat schematic.
• List the interferences associated with flames and furnaces
• With a neat schematic arrangement, explain the flame emission 

spectrophotometer (FES)
• Explain the atomic fluorescence spectrometer with a neat diagram.
• List the applications of flame emission spectroscopy. 
• Give the applications of atomic absorption spectroscopy. 
• What is nebulization? With neat sketches explain how nebulisation is done



Topics to be discussed in detail in the 
regular class 

• Electro thermal vaporization

• Chemical vaporization

• Background absorption


































































