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Objectives:  

1. To enable the students to have a deep knowledge on the techniques for measurement of 

biophysical factors in living organisms.  

2. To enable the students to get an insight on the usage of various techniques and their 

applications in industry and R&D.  

Unit I Colorimetry: Beer Lambert’s Law, Light absorption and its transmittance, 

Absorption Spectroscopy - Principle, instrumentation and applications of colorimetry and 

UV-Vis spectrophotometer. Emission Spectroscopy – Spectrofluorimeter - Principle, 

instrumentation and applications. Flame photometry - principle and applications.  

Unit II Chromatographic Techniques: Chromatography - Principle, method and 

applications of paper, thin layer, ion exchange, affinity chromatography, gel permeation 

chromatography and Gas liquid chromatography.  

Unit III Centrifugation Techniques: Cell disruption and homogenization-Media for 

homogenization, methods of cell disruption. Centrifugation - principlesedimentation 

coefficient, RCF. Types of centrifuges and rotors. Preparative centrifugation differential, 

density gradient centrifugation. Analytical ultracentrifugation – instrumentation and 

applications- Determination of molecular weight.  

Unit IV Electrophoretic techniques: Electrophoresis - Principles and applications of 

electrophoresis, Factors affecting electrophoretic mobility. Types of electrophoretic 

techniques – zonal, capillary, paper and agarose gel. PAGENative- PAGE and SDS PAGE. 

(Staining method used in electrophoretic technique.) Isoelectric focusing.  

Unit V Radio isotopic techniques: Types of radioactive decay, rate of radioactive decay, 

decay constant, Units of radio activity, measurement of radioactivity based on ionization- 

GM counter and excitation- Scintillation counter. Autoradiography. Applications of 

radioisotopes in biology. Hazards of radioactivity. Absorption Spectroscopy 
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and Resources Institute, TERI, India, 2015.  



 

5. Research Methodology, Methods and Techniques, 2nd ed, C.R. Kothari, New Age 

International Publishers. India, 2004.  
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International Publishers. New Delhi, 2004.  
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9. Introduction to Spectroscopy. 3rd Edition. Pavia et al, Brooks/Cole Pub Co., New Delhi, 

India, 2000. 10. Basic Instrumentation, K. K. Machve, Neha Publishers & Distributors, India 

2010. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

UNIT I -COLORIMETRY  
LAW OF ABSORPTION 

When a beam of incident light of intensity I0 passes through a solution, a part of the 

incident light is reflected (Ir), a part is absorbed (Ia) and rest of the light is transmitted (It) 

Thus, 

I0 = Ir + Ia + It 

⇒  (Ir) is eliminated because of the measurement of (I0) and It is sufficient to determine the 

(Ia). For this purpose, the amount of light reflected (Ir) is kept constant by using cells that 

have identical properties. (I0) & (It) is then measured. 

⇒ The mathematical relationship between the amount of light absorbed and the 

concentration of the substance can be shown by the two fundamental laws of photometry  

Beer’s Law 

⇒ This law states that the amount of light absorbed is directly proportional to the 

concentration of the solute in the solution. 

Log10 (I0/It )= asc 

where, 

          as = Absorbency index 

            c = Concentration of Solution 

Lambert’s Law 

⇒ The Lambert’s law states that the amount of light absorbed is directly proportional to the 

length and thickness of the solution under analysis. 

A = log10 (I0/It )= asb 

Where, 

            A = Absorbance of test 

           as = Absorbance of standard 

            b = length / thickness of the solution 

The mathematical representation of the combined form of Beer-Lambert’s law is as 

follows: 

Log10 I0 / It = asbc 

If b is kept constant by applying Cuvette or standard cell then, 

Log10 I0/It = asc 

The absorbency index  as is defined as 

as = A/cl 

Where, 

             c = concentration of the absorbing material (in gm/liter). 

             l = distance traveled by the light in solution (in cm). 

In simplified form, 

Beer-Lambert’s law which states that the amount of light absorbed by a color solution is 

directly proportional to the concentration of the solution and the length of a light path 

through the solution. 



 

 

A ∝ cl 

Where, 

            A = Absorbance / Optical density of solution 

             c = Concentration of solution 

              l = Path length 

A = ∈cl 

             ∈ = Absorption coefficient 

Both Beer-Lambert law are combined together for getting the expression transmittance 

(T). 

T = I/I0 

(where I0 is the intensity of incident radiation and I is the intensity of transmitted 

radiation). 

A 100% value of ‘T’ represent a totally transparent substance, with no radiation being 

aborted, whereas a zero value of ‘T’ represents a totally opaque substance that, in effect, 

represents complete absorption. For intermediate value we can define the absorbance (A) 

or extinction (E) that is given by the logarithm (to base 10) of the reciprocal of the 

transmittance: 

A = E = log10 (I/T) = log10 (I0/I) 

Absorbance used to be called optical density (OD) but continued use of this term should be 
discouraged. Also, as absorbance is a logarithm it is, by definition, unit-less and has a range 
of values from 0 (= 100% T) to cc (= 0% T). 

 

 

 

 

 

 

 

 

 

 



 

 Absorption spectroscopy refers to spectroscopic techniques that measure 
the absorption of radiation, as a function of  frequency or wavelength, due to its 
interaction with a sample. The sample absorbs energy, i.e., photons, from the 
radiating field. The intensity of the absorption varies as a function of frequency, and 
this variation is the absorption spectrum. Absorption spectroscopy is performed 
across the electromagnetic spectrum. 

 SPECTROPHOTOMETER 

A spectrophotometer is an instrument that measures the amount of photons (the intensity 

of light) absorbed after it passes through sample solution. With the spectrophotometer, the 

amount of a known chemical substance (concentrations) can also be determined by 

measuring the intensity of light detected. Beer’s Lambert’s law is the basic for 

spectrophotometric analysis. 

 

Depending on the range of wavelength of light source, it can be classified into two different 

types: 

 UV-visible spectrophotometer: uses light over the ultraviolet range (185 - 400 

nm) and visible range (400 - 700 nm) of electromagnetic radiation spectrum. 

 IR spectrophotometer: uses light over the infrared range (700 - 15000 nm) of 

electromagnetic radiation spectrum. 

In visible spectrophotometry, the absorption or the transmission of a certain substance can 

be determined by the observed color. For instance, a solution sample that absorbs light 

over all visible ranges (i.e., transmits none of visible wavelengths) appears black in theory. 

On the other hand, if all visible wavelengths are transmitted (i.e., absorbs nothing), the 

solution sample appears white. If a solution sample absorbs red light (~700 nm), it appears 

green because green is the complementary color of red. Visible spectrophotometers, in 

practice, use a prism to narrow down a certain range of wavelength (to filter out other 

wavelengths) so that the particular beam of light is passed through a solution sample. 

 
Spectrophotometer is of 2 types – 

 Single beam spectrophotometer 
 Double beam spectrophotometer 

 

Single beam spectrophotometer operates between 325 nm to 1000 nm wavelength using 

the single beam of light. The light travels in one direction and the test solution and blank 

are read in the same. 

https://en.wikipedia.org/wiki/Spectroscopy
https://en.wikipedia.org/wiki/Absorption_(electromagnetic_radiation)
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Frequency
https://en.wikipedia.org/wiki/Wavelength
https://en.wikipedia.org/wiki/Absorption_spectroscopy#Absorption_spectrum
https://en.wikipedia.org/wiki/Electromagnetic_spectrum


 

 

Double beam spectrophotometer operates between 185 nm to 1000 nm wavelength. It 

has two photocells. This instrument splits the light from the Monochromator into two 

beams. One beam is used for reference and the other for sample reading. It eliminates the 

error which occurs due to fluctuations in the light output and the sensitivity of the detector. 

 

 

PARTS OF SPECTROPHOTOMETER 

There are 6 essential parts of a spectrophotometer 

Light source – In spectrophotometer three different sources of light are commonly used to 

produce light of different wavelength. The most common source of light used in the 

spectrophotometer for the visible spectrum is a tungsten lamp. For Ultraviolet 

radiation, commonly used sources of are the hydrogen lamp and the deuterium 

lamp. Nernst filament or globar is the most satisfactory sources of IR (Infrared) radiation. 

Monochromator – To select the particular wavelength, prism or diffraction grating is used 

to split the light from the light source. 

Sample holder – Test tube or Cuvettes are used to hold the colored solutions. They are 

made up of glass at a visible wavelength. 



 

Beam splitter – It is present only in double beam spectrophotometer. It is used to split the 

single beam of light coming from the light source into two beams. 

Mirror – It is also present only and double beam spectrophotometer. It is used to the right 

direction to the splitted light from the beam splitter. 

Photodetector system – When light falls on the detector system, an electric current is 

generated that reflects the galvanometer reading. 

 

WORKING OF THE SPECTROPHOTOMETER 

⇒ When using a Spectrophotometer, it requires being calibrated first which is done by 

using the standard solutions of the known concentration of the solute that has to be 

determined in the test solution. For this, the standard solutions are filled in the Cuvettes 

and placed in the Cuvette holder in the spectrophotometer that is similar to 

the colorimeter. 

⇒ There is a ray of light with a certain wavelength that is specific for the assay is directed 

towards the solution. Before reaching the solution the ray of light passes through a series of 

the diffraction grating, prism, and mirrors. These mirrors are used for navigation of the 

light in the spectrophotometer and the prism splits the beam of light into different 

wavelength and the diffraction grating allows the required wavelength to pass through it 

and reaches the Cuvette containing the standard or Test solutions. It analyzes the reflected 

light and compares with a predetermined standard solution. 

⇒ When the monochromatic light (light of one wavelength) reaches the Cuvette some of the 

light is reflected, some part of the light is absorbed by the solution and the remaining part 

is transmitted through the solution which falls on the photodetector system. The 

photodetector system measures the intensity of transmitted light and converts it into the 

electrical signals that are sent to the galvanometer. 

⇒ The galvanometer measures the electrical signals and displays it in the digital form. That 

digital representation of the electrical signals is the absorbance or optical density of the 

solution analyzed. 

⇒ If the absorption of the solution is higher than there will be more light absorbed by the 

solution and if the absorption of the solution is low then more lights will be transmitted 

through the solution which affects the galvanometer reading and corresponds to the 

concentration of the solute in the solution. By putting all the values in the formula given in 

the below section one can easily determine the concentration of the solution. 

⇒ In double beam spectrophotometers, the beam splitters are present which splits the 

monochromatic light into two beams one for the standard solution and the other for test 

solution. In this, the absorbance of Standard can be analyzed against one standard. It gives 

more accurate and precise results, eliminates the errors which occur due to the 

fluctuations in the and the Test solution can be measured at the same time and any no. of 

test solutions light output and the sensitivity of the detector 

 

http://paramedicsworld.com/biochemistry-practicals/demonstration-of-colorimeter-principle-components-working-uses-applications/medical-paramedical-studynotes


 

Some of the major applications of spectrophotometers include the following: 

 Detection of concentration of substances 

 Detection of impurities 

 Structure elucidation of organic compounds 

 Monitoring dissolved oxygen content in freshwater and marine ecosystems 

 Characterization of proteins 

 Detection of functional groups 

 Respiratory gas analysis in hospitals 

 Molecular weight determination of compounds 

 The visible and UV spectrophotometer may be used to identify classes of 

compounds in both the pure state and in biological preparations. 
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COLORIMETER 

PRINCIPLE 

A Colorimeter involves the measurement of Color and is the widely used method for finding 

the concentration of biochemical compounds. It Measures absorbance and wavelength 

between 400 to 700 nm (nanometer) i.e. from the visible spectrum of light of the 

electromagnetic spectrum. 

⇒ Absorption of light – Light falling on a colored solution is either absorbed or 

transmitted. A colored solution absorbs all the colors of white light and selectively 

transmits only one color. This is its own color. Beer’s Lambert’s law is the basic for 

colorimetric analysis. 

 
PARTS OF COLORIMETER 
There are 5 essential parts in a calorimeter…… 
⇒ Light Source – The most common source of light used in colorimeter is a tungsten 
filament. 
⇒ Monochromator – To select the particular wavelength filter or monochromators are 

used to split the light from the light source. 

⇒ Sample holder – Test tube or Cuvettes are used to hold the color solutions they are 
made up of Glass at the visible wavelength. 
⇒ Photo Detector System – when light falls on the detector system, an electric current is 
generated, this reflects the Galvanometer reading. 
⇒ Measuring device – The current from the detector is fed to the measuring device, the 
Galvanometer, shows the meter reading that is directly proportional to the intensity of 
light. 

WORKING OF THE COLORIMETER 

⇒ When using a colorimeter, it requires being calibrated first which is done by using the 

standard solutions of the known concentration of the solute that has to be determined in 

the test solution. For this, the standard solutions are filled in the cuvettes and placed in the 

cuvette holder in the colorimeter. 

⇒ There is a ray of light with a certain wavelength that is specific for the assay is directed 

towards the solution. Before reaching the solution the ray of light passes through a series of 

different filters and lenses. These lenses are used for navigation of the colored light in the 

colorimeter and the filter splits the beam of light into different wavelengths and allows the 

required wavelength to pass through it and reaches the cuvette containing the standard or 

test solutions. It analyzes the reflected light and compares it with a predetermined 

standard solution. 



 

 
When the monochromatic light (light of one wavelength) reaches the cuvette some of the 

light is reflected, some part of the light is absorbed by the solution and the remaining part 

is transmitted through the solution which falls on the photodetector system. The 

photodetector system measures the intensity of transmitted light and converts it into the 

electrical signals that are sent to the galvanometer. 

⇒ The galvanometer measures the electrical signals and displays them in the digital form. 

That digital representation of the electrical signals is the absorbance or optical density of 

the solution analyzed. 

⇒ If the absorption of the solution is higher than there will be more light absorbed by the 

solution and if the absorption of the solution is low then more lights will be transmitted 

through the solution which affects the galvanometer reading and corresponds to the 

concentration of the solute in the solution. By putting all the values in the formula given in 

the below section one can easily determine the concentration of the solution. 

APPLICATIONS OF THE COLORIMETER 

⇒ The colorimeter is commonly used for the determination of the concentration of a 

colored compound by measuring the optical density or its absorbance. 

⇒ It can also be used for the determination of the course of the reaction by measuring the 

rate of formation and disappearance of the light-absorbing compound in the range of the 

visible spectrum of light. 

⇒ By colorimeter, a compound can be identified by determining the absorption spectrum in 
the visible region of the light spectrum. 

⇒Here is the formula used for determining the concentration of a substance in the 
test solution. 

A = ∈cl 

⇒ For two solutions i.e. Test and standard, 



 

           ∈ = Constant  

            l = Constant (using the same Cuvette or Standard cell) 

AT = CT                           ….. (i) 

AS = CS                           ….. (ii) 

⇒ From (i) & (ii), 

AT × CS = AS × CT 

CT = (AT/AS) × CS 

Where, 

CT = Concentration of the Test solution 

AT = Absorbance/ Optical density of the test solution 

CS = Concentration of the standard 

AS = Absorbance / Optical density of the standard solution 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Emission spectroscopy is a spectroscopic technique which examines the wavelengths 

of photons emitted by atoms or molecules during their transition from an excited state to a 

lower energy state. 

SPECTROFLUORIMETRY 

Principle 

Spectrofluorimetry, as the name suggests takes the advantage of the fluorescent 

properties. So, before understanding about spectrofluorimetry, it is necessary to know 

what is fluorescence. When a molecule after absorbing radiations, emits radiation of a 

longer wavelength, then this phenomenon is referred to as “fluorescence.” Because of this, 

the compound absorbing in ultraviolet range might emit radiation in visible range. This is 

called Stoke’s shift wherein the shift is towards a longer wavelength. Fluorescence is an 

extremely short-lived phenomenon which lasts for about 10-7 seconds or less and thus can 

provide information about events which take less than 10-7seconds to occur. 

 When an atom or molecule absorbs radiation, the energy of the photon absorbed lifts an 

electron to a higher orbital. Now, the electron needs to come down back to its ground state. 

It can do so in two different ways. In one way, the electron can directly return to its ground 

state in a single step where it will emit radiation of the same wavelength that it has 

absorbed. In another case, the electron can do so in a step-wise manner through 

intermediate energy levels and in this process, it will obviously emit quanta of radiation to 

each energy step. Since, each quantum will have a smaller amount of energy; the radiation 

emitted will have a longer wavelength than the original exciting radiation (The energy is 

indirectly proportional to wavelength). If this happens, then the emitted light will have 

many different wavelengths which will correspond to each of the intermediate level which 

the electron will adopt on its way back to the ground state. Thus, fluorescence spectra are 

band spectra and they are independent of the wavelength of the radiation absorbed. 

Theory 

Fluorimetry can be used as a tool for the determination of very small concentration of 

substances which exhibit fluorescence. Beer-Lambert law (discussed previously) can also 

be applied in this case of fluorimetry as: 

 

where εf  is the absorptivity of the fluorescent material. C is the concentration of the 

substance and b is the path length, Isolvent and Isample represents the values of intensities of 

the incident radiant energy and transmitted energy respectively.  The intensity of the 

radiation absorbed can thus be given by Isolvent - Isample. The intensity of fluorescence is thus 

given by: 

https://en.wikipedia.org/wiki/Spectroscopy
https://en.wikipedia.org/wiki/Photon
https://en.wikipedia.org/wiki/Excited_state
http://namrataheda.blogspot.in/2013/06/spectrophotometry-part-1.html
http://4.bp.blogspot.com/-DZC4rDXtvXc/UwBqJiCV9PI/AAAAAAAAAu8/G7sYctLyIuE/s1600/Formula+-+Copy.jpg


 

 

 

Instrumentation 

The major instrumentation of spectrofluorimeter differs from the spectrophotometer in 

two major aspects as follows: 

Firstly, there are two monochromators (instead of one as is the case of 

spectrophotometer). These two monochromators are placed before and after the sample 

holder respectively. 

Secondly, the sample-holder has a device to maintain the temperature as the fluorescence 

is maximum between 25oC - 30oC. 

 

 

 

 

The following are the different components of spectrofluorimeter 

a. A continuous source of radiant energy (mercury lamp or xenon arc or tungsten lamp) 

b. A monochromator usually a prism (P1), to choose the wavelength with which the sample 

is to be irradiated.  

c. Sample cell: Sample cells are cylindrical or polyhedral made up of color corrected fused 

glass and path length normally 10mm to 1cm. 

http://1.bp.blogspot.com/-_KEYxF8Zsg0/UwBqBhFPgSI/AAAAAAAAAu4/vtN4T8piYfo/s1600/Formula.jpg
http://2.bp.blogspot.com/-gYbVhgRZ0bQ/UwBq6b3eVkI/AAAAAAAAAvE/v7C7v-Irz3Y/s1600/Spectrofluorimeter.jpg


 

d. A second monochromator (P2) which, placed after the sample, enables the determination 

of fluorescent spectrum of the sample. 

e. A detector which is usually a photomultiplier or photo-voltaic cell or photo-tubes suited 

for wavelengths greater than 500nm and lastly 

f. An amplifier 

The fluorescent radiation is emitted in all directions by the sample but in most of the 

instruments the sample is viewed at the right angles (90o) to the incident beam as can be 

seen in the diagram. 

 

Fluorescent measurements can be classified into: 

 steady-state measurements or, 

 time-resolved measurements. 

In steady-state measurements, a sample is illuminated with a continuous beam of light and 

the fluorescence intensity or fluorescence emission spectrum is recorded. 

In time-resolved measurements, a sample is illuminated by a short pulse of light after 

which the intensity decay or anisotropy decay is measured.  

Intensity decay refers to the fluorescence lifetime or the time that a molecule spends in the 

excited electronic state. How long the molecule’s fluorescence lifetime is can provide rich 

information about the environment surrounding the fluorophore. 

Applications 

 Extensively used to analyze questioned document analysis mainly in the characterization of 

inks. 

 Analysis of nucleic acids like DNA and proteins. 

 It is used to measure inorganic compounds containing metals or ions like beryllium, 

lithium, aluminum, zinc, etc. 

 Analyze organic compounds like steroids, proteins, alkaloids, etc. 

 Extensively used in the pharmaceutical industry for the determination of morphine, 

quinine, indomethacin and vitamins like riboflavin, etc. 

 Spectrofluorometer is an excellent diagnostic and research tool which is immensely 

utilized in various fields of science for its high sensitivity and specificity.  

 It is a widely accepted and powerful technique that is used for a variety of environmental, 

industrial, medical diagnostics, DNA sequencing, forensics, genetic analysis, and 

biotechnology applications.  

 It is a valuable analytical tool for both quantitative and qualitative analysis. 

 

 

 

 

 



 

FLAME PHOTOMETER 

The principle of flame photometer is based on the measurement of the emitted 

light intensity when a metal is introduced into the flame. The wavelength of the 

colour gives information about the element and the colour of the flame gives 

information about the amount of the element present in the sample.  

Flame photometry is one of the branches of atomic absorption spectroscopy. It 

is also known as flame emission spectroscopy. Flame photometer can be used to 

determine the concentration of certain metal ions like sodium, potassium, 

lithium, calcium and cesium etc.  In flame photometer spectra the metal ions are 

used in the form of atoms.  

 

Principle  

The compounds of the alkali and alkaline earth metals (Group II) dissociate into 

atoms when introduced into the flame. Some of these atoms further get excited 

to even higher levels. But these atoms are not stable at higher levels.  

Hence, these atoms emit radiations when returning back to the ground state. 

These radiations generally lie in the visible region of the spectrum. Each of the 

alkali and alkaline earth metals has a specific wavelength.  For certain 

concentration ranges, the intensity of the emission is directly proportional to 

the number of atoms returning to the ground state. And the light emitted is in 

turn proportional to the concentration of the sample.  

 

 

 

Element Emitted wavelength Flame color 

Sodium 589 nm Yellow 

Potassium 766 nm Violet 

Barium 554 nm Lime green 

Calcium 622 nm Orange 

Lithium 670 nm Red 

 



 

 
 

 The solvent is first aspirated to obtain fine solid particles.  

 These molecules in the solid particles are moved towards the  flame to produce 

gaseous atoms and ions.  

 These ions absorb the energy from the flame get excited to high energy levels 

from the ground state.  

 But as these ions are unstable, they return back to ground state. While 

returning they emit characteristic radiat ion. 

 The intensity of emitted light is proportional to the concentration of the 

element.  

 

Parts of flame photometer 

A simple flame photometer consists of the following basic components:  

Source of flame:  A Burner in the flame photometer is the source of flame. It 

can be maintained in at a constant temperature. The temperature of the flame is 

one of the critical factors in flame photometry.  

Nebuliser:  Nebuliser is used to send homogeneous solution into the flame at a 

balanced rate.  

Optical system: The optical system consists of convex mirror and convex lens. 

The convex mirror transmits the light emitted from the atoms. Convex mirror 

also helps to focus the emissions to the lens. The lens helps to focus the light on 

a point or slit.  



 

Simple colour filters: The reflections from the mirror pass through the slit and 

reach the filters. Filters will isolate the wavelength to be measured from that of 

irrelevant emissions.  

Photo-detector:  The intensity of radiation emitted by the flame is measured by 

photo detector. Here the emitted radiation is converted to an electrical signal 

with the help of photo detector. These electrical signals are directly 

proportional to the intensity of light.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Working procedure 

 Both the standard stock solution and sample solution are prepared in fresh 

distilled water. 

 The flame of the photometer is calibrated by adjusting the air and gas. Then the 

flame is allowed to stabilize for about 5 min.  

 Now the instrument is switched on and the lids of the filter chamber are opened 

to insert appropriate colour filters.  

 The readings of the galvanometer are adjusted to zero by spraying distilled 

water into the flame.  

 The sensitivity is adjusted by spraying the most concentrated standard working 

solution into the flame. Now the full scale deflection of the galvanometer is 

recorded. 

 Again distilled water is sprayed into the flame to attain constant readings of 

galvanometer. Then the galvanometer is readjusted to zero.  

 Now each of the standard working solutions is sprayed into the flame for three 

times and the readings of galvanometer are recorded. After each spray, the 

apparatus must be thoroughly washed.  

Fuel-Oxidant mixture Temperature (°C) 

Natural gas-Air 1700 

Propane-Air 1800 

Hydrogen-Air 2000 

Hydrogen-Oxygen 2650 

Acetylene-Air 2300 

Acetylene-Oxyen 3200 

Acetylene-Nitrous oxide 2700 

Cyanogen-Oxygen 4800 



 

 
 

 Finally sample solution is sprayed into the flame for three times and the 

readings of galvanometer are recorded. After each spray, the apparatus must be 

thoroughly washed.  

 Calculate the mean of the galvanometer reading.  

 Plot the graph of concentration against the galvanometer reading to find out 

the concentration of the element in the sample.  

 

 
 

 The oxidants in flame photometer are mainly air, oxygen or nitrous oxide. The 

temperature of the flame depends on the ratio of fuel and oxidant.  

 The processes occurring during flame photometer analysis are summarized 

below: 



 

 Desolvation:  Desolvation involves drying a sample in a solution. The metal 

particles in the solvent are dehydrated by the flame and thus solvent is 

evaporated.  

 Vaporization: The metal particles in the sample are also dehydrated. This also 

led to the evaporation of the solvent.  

 Atomization:  Atomization is the separation of all atoms in a chemical 

substance. The metal ions in the sample are reduced to metal atoms by the 

flame. 

 Excitation:  The electrostatic force of attraction between the electrons and 

nucleus of the atom helps them to absorb a particular amount of energy. The 

atoms then jump to the higher energy state when excited.  

 Emission: Since the higher energy state is unstable the atoms jump back to the 

ground state or low energy state to gain stability. This jumping of atoms e mits 

radiation with characteristic wavelength. The radiation is measured by the 

photo detector. 

 

 
 

Applications  

1. Flame photometer can be applied both for quantitative and qualitative analysis 

of elements. The radiations emitted by the flame photometer are  characteristic 

to particular metal. Hence with the help of Flame photometer we can detect the 

presence of any specific element in the given sample.  

2. The presence of some group II elements is critical for soil health. We can 

determine the presence of various alkali and alkaline earth metals in soil  

sample by conducting flame test and then the soil can be supplied with specific 

fertiliser.  



 

3. The concentrations of Na+ and K+ ions are very important in the human body 

for conducting various metabolic functions. Th eir concentrations can be 

determined by diluting and aspirating blood serum sample into the flame.   

4. Soft drinks, fruit juices and alcoholic beverages can also be analysed by using 

flame photometry to determine the concentrations of various metals and 

elements.  

  

Advantages  

1. The method of analysis is very simple and economical.  

1. It is quick, convenient, selective and sensitive analysis.  

2. It is both and qualitative and quantitative in nature.  

3. Even very low concentrations (parts per million/ppm to parts per  billion/ppb 

range) of metals in the sample can be determined.  

4. This method compensates for any unexpected interfering material present in  

the sample solution. 

5. This method can be used to estimate elements which are rarely analysed.  

  

Disadvantages  

1. The accurate concentration of the metal ion in the solution cannot be measured.  

2. It cannot directly detect and determine the presence of inert gases.  

3. Though this technique measures the total metal content present in the sample, 

it does not provide the information about the molecular structure of the metal 

present in the sample.  

4. Only liquid samples may be used. Also sample preparation becomes lengthy in 

some cases.  

5. Flame photometry cannot be used for the direct determination of each and 

every metal atom. A number of metal atoms cannot be analysed by this method. 

The elements such as carbon, hydrogen and halides cannot be detected due to 

their non-radiating nature.  

 

 


