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LECTURE-17 

PHYSICOCHEMICAL METHODS 

Previous years questions from Unit II (Physicochemical Methods) 

1. What are various physicochemical methods used in identification and purity of chemicals (2019) 

2. Write a note on infrared absorption spectrophotometry. (2017-18) 

3. Discuss pH value. Explain apparatus and methods used to determine the pH of solution. (2017-

18) 

4. Explain with example excitation and emission fluorescence spectra (2015) 

5. Explain chromatographic column performance parameters (2015) 

 

Various physicochemical tests enlisted in IP 2014 
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1. Appearance of Solution 

Clarity of solution Colour of solution 

Special Reagents 

1. Standard suspension 

By mixing 25 ml of 1% w/v hydrazine sulphate 

and 25 ml of 10% w/v hexamine solution  

2. Opalescence standards 

By mixing aliquots of the standard suspension with 

water 

Special Reagents 

1. Ferric chloride colorimetric solution 

2. Cobaltous chloride colorimetric solution 

3. Cupric sulphate colorimetric solution 

4. Reference solution: by mixing volumes of 

colorimetric solutions and 1% w/v HCl 

  Method 

 In a test tube, a suitable volume of the solution 

under examination is filled to a depth of 40 mm.  

 Into another matched test-tube, same volume of 

the freshly prepared opalescence standard is 

filled.  

 After 5 minutes the contents of the test tubes 

against a black background are compared by 

viewing under diffused light down the vertical 

axis of the tubes. 

Method 

 In a test tube, a suitable volume of the solution 

under examination is filled to a depth of 40 mm.  

 Into another matched test-tube, the same volume 

of water or of the solvent used for preparing the 

solution being examined or of the reference 

solution is filled. 

 The colours are compared in diffused light 

viewing vertically against a white background. 

Limits 

A liquid is considered clear if its clarity is the same 

as that of water or of the solvent used for preparing 

the solution under examination or if its 

opalescence is not more than that of opalescence 

standard 

Limits 

A solution is considered colouorless if it has the 

same appearance as water or the solvent used for 

preparing the solution or is not more intensely 

coloured than reference solution 

2. Atomic Absorption Spectrometry (AAS) 

 This technique is based on the fact that when atoms, ions or ion complexes of an element in the 

ground state are atomized in a flame, they absorb light at the characteristic wavelength of that 

element. 

 If the absorption process takes place in the flame under reproducible conditions, the absorption is 

proportional to the number of absorbing atoms. 
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 The measurement of the absorption of radiation by the atomic vapor of the element generated from a 

solution of that element is the basis of atomic absorption spectrometry. The determination is carried 

out at the wavelength of one of the absorption lines of the element concerned.  

 The assay is done by comparing the absorbance of the test solution with that of the reference 

preparation. 

2.1 Apparatus 

 An atomic absorption spectrophotometer consists of an emission source that provides the 

characteristic spectral line of the element such as a hollow-cathode discharge lamp,  

 A monochromator to select the required resonance line,  

 A system for introducing the sample solution into a flame and a detector system 

 The method of introducing the substance to be analyzed depends on the type of atomic generator 

used.  

 In flame atomic absorption, the sample is nebulised and water is the solvent of choice for preparing 

the test and reference solutions. 

 In furnace atomic absorption, the sample may be introduced as a solution in water or in an organic 

solvent. 

 The atomic vapor may also be generated outside the spectrophotometer as in the case of mercury 

vapor generator or hydride vapor generator. 

2.2 Methods 

One or the other of the following methods may be used: 

2.2.1 Method A: Measurements are made by comparison with solutions containing a known amount of 

the element being analyzed by means of a calibration graph. 

 Solution of substance under examination is prepared (test solution) 

 At least three standard solutions of the elements to be determined are prepared. 

 Any reagent used in the preparation of test solution should be added to the standard solution in same 

concentration. 

 Each standard solution is introduced into the flame three times, and steady reading is recorded. 

 Apparatus is washed with water after each introduction. 

 Between each measurement a blank solution should be aspirated and the reading should be allowed 

to return to zero level. 
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 A calibration curve by plotting the mean of each group of three readings against the concentration of 

the reference solution and determine the concentration of the element to be determined from the 

calibration graph. 

2.2.2 Method B: Comparison is made by means of progressive addition of the reference solution of the 

element being analyzed. 

 Minimum three similar volumetric flasks are filled with equal volumes of the test solution.  

 A measured amount of the specified standard solutions containing steadily increasing amounts of the 

element being determined is added to all of the flasks (one standard solution in each flask). 

 Reading of each solution is recorded three times.  

 The mean of the readings is plotted against concentration of a graph.  

 The straight line joining the points is extrapolated until it meets the extrapolated concentration axis.  

 The distance between this point and the intersection of the axis represents the concentration of the 

element being determined in the solution of the substance under examination.  

 It is advisable to make a stock solution of higher concentration for the reference substance and then 

dilute it successively to get standard solutions of different concentrations.  

2.3 Solutions and reagents used: 

 Calcium solution AAS: Calcium carbonate in hydrochloric acid 

 Iron solution AAS: Iron standard solution and nitric acid 

 Lithium Solution AAS: Lithium carbonate in hydrochloric acid 

 Potassium Solution AAS: Potassium chloride in freshly distilled water 

 Silver Solution AAS: Silver nitrate in water  

 Sodium Solution AAS: Sodium chloride in freshly distilled water 

 Stronium Solution AAS: Stronium carbonate in hydrochloric acid 

3. Atomic Emission Spectrometry 

 This technique is used to determine the concentration of certain metallic ions by measuring the 

intensity of emission of light at a particular wavelength by the vapor of the element generated from 

the substance. 

 The measurement of the intensity of one of the emission lines of the atomic vapor of the element 

generated from a solution of that element is the basis of atomic emission spectrometry. 

 The determination is carried out at the wavelength corresponding to this emission line of the element 

concerned. 
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 The assay is done by comparing the intensity of emission from the test solution with that from 

reference preparations with known concentrations of the element to be determined. 

3.1 Apparatus 

 An atomic emission spectrophotometer consists of  

 An atomic generator of the element to be determined (such as flame, plasma, arc etc),  

 A monochromator and  

 A detector 

 If a flame is used for generating the vapor, water is the usual solvent for preparing the test and 

reference solutions.  

 Organic solvents may also be used if precautions are taken to ensure that the solvent does not 

interfere with the stability of the flame. 

3.2 Methods 

 A blank solution is introduced into the atomic generator and reading is adjusted to zero.  

 The most concentrated reference solution and sensitivity is adjusted to obtain a suitable reading. 

 One or the other of the following methods may be used 

Method A: measurements are made by comparison with solutions containing a known amount of the 

element being analyzed by means of a calibration graph 

Method B: comparison is made by means of progressive addition of the reference solution of the 

element being analyzed. 

3.3.1 Method A  

 Solution of the substance under examination (test solution) is prepared as directed in the monograph. 

 Three standard solutions of the element to be determined are prepared. 

 Any reagent used in the preparation of the test solution should be added to the standard solutions in 

the same concentration.  

 Each standard solution is introduced into the flame three times, and steady reading is recorded. 

 Apparatus is washed with water after each introduction. 

 Between each measurement a blank solution should be aspirated and the reading should be allowed 

to return to zero level. 

 A calibration curve by plotting the mean of each group of three readings against the concentration of 

the reference solution and determine the concentration of the element to be determined from the 

calibration graph. 
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3.3.2 Method B  

 Minimum three similar volumetric flasks are filled with equal volumes of the test solution.  

 A measured amount of the specified standard solutions containing steadily increasing amounts of the 

element being determined is added to all of the flasks (one standard solution in each flask). 

 Reading of each solution is recorded three times.  

 The mean of the readings is plotted against concentration of a graph.  

 The straight line joining the points is extrapolated until it meets the extrapolated concentration axis.  

 The distance between this point and the intersection of the axis represents the concentration of the 

element being determined in the solution of the substance under examination.  

 It is advisable to make a stock solution of higher concentration for the reference substance and then 

dilute it successively to get standard solutions of different concentrations.  

4. Flame Photometry 

 The following methods are based on the measurement of intensity of spectral lines emitted by 

elements such as sodium, potassium, calcium, etc.  

 The substance containing the element is dissolved in an appropriate solvent (usually water) and 

subjected to excitation in a flame of appropriate temperature and composition. 

4.1 Apparatus 

 Several instruments of suitable selectivity are available.  

 The manufacturer’s instructions for the operation of the instrument should be strictly followed. 

4.2 Methods 

4.2.1 Method A 

 Measurements are made by comparison of sample solutions with solutions containing a known amount 

of the element being analyzed.  

 A series of standard solutions containing the element to be determined in increasing concentration is 

prepared. 

 Water is sprayed into the flame and reading of galvanometer is adjusted to zero.  

 The most concentrated standard solution is sprayed into the flame and adjusted the sensitivity so that 

a full-scale deflection of the galvanometer is recorded. 

 Again water is sprayed into the flame to readjust the reading to zero. 

 Each standard solution is sprayed into the flame three times, recording the steady 
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 Galvanometer readings obtained and washing the apparatus thoroughly with water after each 

spraying.  

 A calibration curve is prepared by plotting the mean of each group of three readings against the 

concentration.  

 Solution of the substance under examination is prepared as prescribed in the monograph and the 

strength is adjusted. 

 Same procedure is repeated as for the standard solution and the concentration of the element being 

examined is determined from the calibration curve.  

 To confirm the concentration thus obtained, repeat the operations with a standard solution of the 

same concentration as that of the solution under examination. 

4.2.2 Method B  

It is suitable for samples that contain very small quantities of the element to be analysed or where there 

is interference from other elements. 

 Three similar volumetric flasks are introduced with equal volumes of the solution of the substance 

under examination. 

 A measured amount of the specified standard solutions containing steadily increasing amounts of the 

element being determined is added to all of the flasks (one standard solution in each flask). 

 Contents of each flask are diluted to the required volume with water. 

 Flame photometer is prepared in the manner described under Method A.  

 Reading of each solution is recorded three times and mean of the readings is plotted against 

concentration of a graph.  

 The straight line joining the points is extrapolated until it meets the extrapolated concentration axis. 

 The distance between this point and the intersection of the axis represents the represents the 

concentration of the element in the solution being examined. 
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