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ANALYTICAL CHEMISTRY RESEARCH: FLAME PHOTOMETRY 
 

Rakesh Kumar Gupta 
 

Abstract  
Flame photometry is based on the measurement of intensity of the light emitted when a metal is introduced into a flame. The 

wavelength of the colour tells us what the element if, and the colour's intensity tells us how much of the element is present. Flame 
photometry is also named as flame emission spectroscopy because of the use of a flame to provide the energy of excitation to toms 
introduced into the flame. Flame photometry is a sample rapid method for the routine determination of element that can be easily 
excited.  Flame photometry coupled simple read out device provides high sensitivity and high reliability for the determination of 
element in the first two columns of the periodic table. Among these elements are sodium, potassium, lithium calcium, magnesium, 
strontium and barium. 
  The measurement of these elements is very useful in medicine agriculture and plant science.  Flame photometry is 
also successful in determination certain transition element, such as copper, iron and manganese. Experimental procedure for 
quantitative analysis by standard addition method and internal standard method. 
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1. Introduction 
 Flame photometry is based on the measurement of intensity of the light emitted when a metal is introduced into a flame. The 
wavelength of the colour tells us what the element if, and the colour's intensity tells us how much of the element is present. Flame 
photometry is also named as flame emission spectroscopy because of the use of a flame to provide the energy of excitation to toms 
introduced into the flame. 
 
  The Flame photometry coupled simple read out device provides high sensitivity and high reliability for the 
determination of element in the first two columns of the periodic table. Among these elements are sodium, potassium, lithium calcium, 
magnesium, strontium and barium. Measurement of these elements is very useful in medicine agriculture and plant science.  Flame 
photometry is also successful in determination certain transition element, such as copper, iron and manganese by making wavelength 
scan of the emission spectrum, it is also possible to do qualitative analysis by employing flame photometer, but the application is 
severely limited.  Flame photometry is a sample rapid method for the routine determination of element that can be easily excited.  
When a liquid sample containing a metallic salt, solution is introducing into a flame, the processes involve in flame photometry are 
complex.  These natural atoms are excited by the thermal energy of the flame. The excited atoms, which are unstable, quickly emit 
photons and return to lower energy state, eventually reaching the unexcited state. The measurement of the emitted photons i.e., 
radiation forms the basis of flame photometry. If E2 andE1 represent the energy of the higher and lower energy levels concerned, the 
radiation emitted during the jump may be defined by equation. 
 

E2 - E1 = hv 
Where h is the Plancks’ constant, and v the frequency of emitted light   which is defined as follows: 
 
  v = c/λ  
On combining equations, we get 
 
  E2 - E1 = hc / λ 
or  λ = hc / E2 - E1        …. (i) 

 
From equation (i) can calculate the wavelength of the emitted radiation which is characteristic of the atoms of the wavelength 

of the emitted radiation which is characteristic of the atoms of the particular element from which it was emitted. The following is a 
concise description of the sequence of events that normally occurs in flame photometry. 
 

The fraction of free atoms that are thermally excited is governed by a Boltzmann distribution which is as follows: 
 
N* / N0 = A e–ΔE/kt 

 
The temperature of fuel is controlled by the type of fuel and oxidant used. Some flame temperatures are given in Table. 
 



 

 

 
 

 

ISSN:2277-7881; IMPACT FACTOR :6.514(2021); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:10, ISSUE:3(4), March:2021 

Online Copy Available: www.ijmer.in 

 

 
16 

 

Flame temperature 
Fuel Oxidant Flame temp.(oC) 
Propane air 1900 
Propane oxygen 2800 
H2 air 2100 
H2 oxygen 2800 
Acetylene air 2200 
Acetylene oxygen 3000 

 
2. Instrumentation 

A Block diagram of the equipment used in flame photometry is shown in figure. The flame photometer also includes a burner 
which is utilized for burning the sample solution and exciting the atoms produced in the flame after burning. 
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Instruments  

There is a large varieties of flame photometers in widespread use, ranging all the way from very single-beam filters 
photometers multichannel spectrometers which automatic background correction.  We will only discuss two type of flame photometer. 

 
 First Type: The simplified diagram of a flam photometer is depicted in Fig 1. 
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 Second Type: Another type of flame photometer is internal standard flame photometer. 

 
 
3. Result and Discussion 

  Flame photometry is only use to detect element of groups I and II of the periodic table.  
 

Detection Limits and flame Spectra of the Elements 
Element λ 

oA 
Detection 
Limit 
ppm 

Element λ 
oA 

Detection 
Limit 
ppm 

Aluminium 3962 0.5 Copper 3247 0.6 
 4840 0.5    
Antimony 2528 1.0 Iron 3720 2.5 
    3860 2.7 
Arsenic 2350 2.3 Lead 4058 14 
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Barium 4555 3 Lithium 6708 0.067 
 5536 1    
Bismuth 2231 6.4 Magnesium 2852 1.0 
    3830 1.6 
Calcium 4227 0.07 Mercury 2536 2.5 
 5540 0.16 Nickel 3524 1.6 
 6620 0.6 Palladium 3635 0.1 

 
This is one of the most useful applications of flame photometry. This is used for the rapid quantitative determination of the 

elements in groups I and II of the Periodic table.  If high optical resolution equipment is used, other metallic element besides that of I 
and II group can also be determined.   

 
Experimental procedure for quantitative analysis  
 Wherever quantitative analysis is to be carried out the first job is to introduce the sample solution into the flame and then the 
intensity of radiation is measured at the pertinent wavelength. From the radiation intensity, one can determine the concentration of 
metal present in the sample by employing one of the following methods: 
 
(a) Standard addition method: In this method, the various solutions containing the unknown and known amounts of standard 

substance are used. In this method, the first job is to know the signal intensity for the unknown X by the aspirating its 
solution into the flame of a flame photometer.  Then a series of solution having the Unknown X plus varying amounts of the 
standard A are prepared and their signals obtained by aspirating them into the flame. A plot is drawn between the signal 
intensity (Y-axis) against concentration of X plus concentration of standard A. From the plot, the concentration of the 
unknown can be determined from the intersection of the curve with the concentration axis. A typical curve illustrating this 
method is shown in Figure 

 

 
 
Advantages 

(i) The method is useful for determining very low concentration of the elements present in the sample.  
(ii) This method compensates for any unexpected interfering material present in the sample solution. 
(iii) This method can be used to estimate such element which are rarely analyzed.  

 
Precaution: Whenever standard addition method is to the employed a correction should be made for background emission from the 
flame. This can be done by injecting the solvent into the flame and then it signals intensity, called background emission, is measured. 
When calculations are to be made, the intensity of background emission must be subtracted from the emission due to sample.  
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(b) Internal Standard method:  When this method is applied to a simple flame photometer, following steps are involved: 
(i) Prepared standard sample solutions containing known amounts of internal standard element (usually 

lithium). Then aspirate these standard samples into the flame and record the signal intensity for each of 
these samples. 

(ii) Now aspirate the samples having unknown concentrations into the flame and record the signal intensity. 
(iii) The ratio of the two intensities is calculated and is then plotted versus the concentration of the element to 

be determined. (The concentration of the internal standard element is kept constant). A calibration curve 
is obtained. From this, one can calculate concentration of the element present in the sample.  If it is signal 
intensity is known by aspirating it into the flame.  
 

When this method is used with a simple flame photometer. The effects of momentary fluctuations in flame characteristics 
will not be eliminated. However, these fluctuations can be overcome by using a direct-reading instrument (Fig.2) which gives a direct 
and simultaneous reading of the ratio of two intensity. 

 
Every element cannot be chosen as the internal standard method. However, it should fulfill the following characteristics 

(a) Its amount should be very small in the original sample 
(b) It should give an emission line which reacts to interferences as the line of the element (to be determined) does.  

 
One or both of these requirements are often violated, sometimes with disastrous results. 

 
Conclusion  

The Flame photometry coupled simple read out device provides high sensitivity and high reliability for the determination of 
element in the first two columns of the periodic table. Among these elements are sodium, potassium, lithium calcium, magnesium, 
strontium and barium the measurement of these elements is very useful in medicine agriculture and plant science.  Flame photometry 
is also successful in determination certain transition element, such as copper, iron and manganese. 
 

In internal standard flame photometer, the errors due to differences in viscosity and surface tension are minimized 
considerably.  

 
Flame photometry is only use to detect element of groups I and II of the periodic table.  This is one of the most useful 

applications of flame photometry. This is used for the rapid quantitative determination of the elements in groups I and II of the 
Periodic table.  If high optical resolution equipment is used, other metallic element besides that of I and II group can also be 
determined.  

 
Internal Standard Method is used with a simple flame photometer. The effects of momentary fluctuations in flame 

characteristics will not be eliminated.  However, these fluctuations can be overcome by using a direct-reading instrument which gives 
a direct and simultaneous reading of the ratio of two intensity.  

 
Every element cannot be chosen as the internal standard method. However, it should fulfill the following characteristics 

(a) Its amount should be very small in the original sample 
(b) It should give an emission line which reacts to interferences as the line of the element (to be determined) does. 
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