
CHEMISTRY-V

Course Code 8672

B.Ed Science Education 

Department of Science Education
Faculty of Education 



 i 

B.Ed. Science Education 
 

 
 
 
 
 
 
 

CHEMISTRY-V  
For B.Ed. 

 
 

Course Code No: 8672 
 

Unit No 1-9       
 
 
 
 
 

 
 
 
 

Science Education Department 
Faculty of Education 

ALLAMA IQBAL OPEN UNIVERSITY, ISLAMABAD 



 ii

(All rights reserved with the publishers) 
 

 
 
Year of Printing ..........................  2020 

Quantity ......................................  1000  

Price ............................................  

Printing Coordinator ...................  Shakeel Ahmad Khan 

Printer  ........................................  AIOU Printing Press, Islamabad 

Publisher ......................................... Allama Iqbal Open University, Islamabad 

 

 

  



 iii 

COURSE TEAM 
 
Dean:   Prof. Dr. Nasir Mehmood 
 
Chairman:  Prof. Dr. Nasir Mahmood 
 
Course Development  
Coordinator:  Dr. Aftab Ahmed  

 
Writers:  
1. Dr. Aftab Ahmed, Lecturer, Department of Science Education, AIOU. 

 
2. Mr. Muhammad Zia-ul-Haq Zia, Lecturer, Federal College of Education, 

Islamabad. 
 

3. Syeda Koukab, Lecturer, Federal College of Education, Islamabad. 
 
Reviewers: 
1. Dr. Muhammad Sher, Associate Professor, Department of Chemistry, AIOU 

 
2. Dr. Farzana Shaheen, Lecturer, Department of Chemistry, AIOU. 

 
 

3. Dr. ErumJabeen, Lecturer, Department of Science Education, AIOU. 
 
 
Editor:  Fazal Karim 
 
 
 
 
 
 
 

 
 
 

  



 iv

FOREWORD 
 

      This course has been planned for fulfilling the content capability of future teachers 
who will be enrolled in B. Ed. 4 Years or B. Ed. 2.5 Years in Allama Iqbal Open 
University. This book may be beneficial for meeting the needs of the advance content for 
students and teachers. Scientific knowledge is expanding at a high speed. This is the age 
of scientific revolution and conceptions, which need skillful technologies. Allama Iqbal 
Open University and Science Education Department has accepted to maintain the 
excellence and adequacy. This book is one of those series of books which will enable the 
teachers to cope with changing needs of the society and students. 
 This book is not written by a single author but a group of authors having vast 
experience in the field of Chemistry. The course development team was committed to 
make it possible in this shape. Now it is a complete book written according to the 
approved contents and format of AIOU. Students of this level from any university can 
also get assistance from this manuscript.  
 The focus of this book is to provide the students with best knowledge, skills and 
contents in the subject of Chemistry. With the help of this book science students can 
explore the natural world, can understand the dynamics of Chemistry and discover new 
dimensions in the field. Keeping in view the qualitative aspect of education and an 
increasing demand of science teachers, stress is rested upon science content as well as 
strengthening their professional skills and knowledge. The elements of motivation and 
love are also considered.    
 We welcome suggestions and comments for improvements from the readers, 
teachers and public at large for the improvement of this course. 
 
 

Prof. Dr. Nasir Mahmood 
Chairman  

Science Education Department 
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PREFACE 
 

 Nevertheless, there is lot of books accessible in market, but there is no book which 
fulfills the requirements of University approved outlines. Some cover one area of content 
while other covers another area. In this way there would be a lot of financial burden and 
dispersed focus. Further AIOU has its own requirement either to provide compiled 
material or textbook. This book is one of those series for coverage of content area 
requirement for B. Ed 4 Years and B. Ed 2.5 Years in the field of Chemistry. 
 This book is written as per prescribed procedure of book development. After 
approval of contents from all statuary bodies, approval for starting development of this 
book was sought. Great stress has been laid in making the course to facilitate prospectus, 
in service and pre-service teachers for content knowledge regarding Chemistry. The 
course is equipped with illustrations for better understanding of the reader. Each unit is 
equipped with necessary illustrations, activities and self-assessment exercises. This is a 
quick effort and may have some errors and omissions for which we shall welcome 
suggestions for improvement in the next edition. 
 AIOU hopes that this book will prove finest for the content knowledge regarding 
Chemistry at this level. 
 
 
 
 

Dr. Aftab Ahmed 
Course Development Coordinator 
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INTRODUCTION 
 

 The importance of practical work in Chemistry has been proved through 
researches. Practical work is used to create new knowledge as well as verify the existing 
principles and laws. With the help of these verifications students are able to extrapolate 
the situations and can prove other work of practical nature. Knowledge acquired through 
practical is more authentic as compared to the knowledge based on theories. There are 
certain phenomenon in chemistry which could only be made sensible through practical. 
The purpose of this course is to make students familiar with chemicals compounds, their 
preparations, and reactions of compounds among each other, and to find out how new 
compounds are formed. Further this course is about Chemistry practicals. It includes 
experiments related to paper chromatography, titration, estimation and iodometry. 
 
Course Outcomes 
After performance of the following experiments you will be able to: 
1.  perform all experiments of Chemistry. 
2.  find out surface Tension, Viscosity, refractive index and heat of Sublimation by 

using variety of methods. 
3.   handle practical of paper Chromatography. 
4.   use Mohr’s Method to determine %ages of Compounds. 
5.   determine purity by Redox Method. 
6.   use Complexo-metry to find out amount of Ca +2, or Mg+2 ions. 
7.   prepare different Organic Compounds 
8.   handle and use Volumetric, Idiometric methods to find out Unknown amount of 

compounds in a Mixture of Compounds. 
9.  handle basic experimental techniques in the laboratory. 
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Introduction 
 Surface tension is the tendency of liquid surfaces to shrink into the 
minimum surface area possible. Surface tension allows insects (e.g. water striders), 
usually denser than water, to float and slide on a water surface. 
At liquid–air interfaces, surface tension results from the greater attraction of liquid 
molecules to each other (due to cohesion) than to the molecules in the air (due 
to adhesion). 
 There are two primary mechanisms in play. One is an inward force on the surface 
molecules causing the liquid to contract. Second is a tangential force parallel to the 
surface of the liquid. The net effect is the liquid behaves as if its surface were covered 
with a stretched elastic membrane. 
Because of the relatively high attraction of water molecules to each other through a web 
of hydrogen bonds, water has a higher surface tension (72.8 millinewtons (mN) per meter 
at 20 °C) than most other liquids. Surface tension is an important factor in the 
phenomenon of capillarity. 
 Surface tension has the dimension of force per unit length, or of energy per 
unit area.  
 

Objectives 
After completion of this unit student will be able to: 
1) find out surface tension  
2) determine Parachor value of liquids  
3) operate stalagmometer  
4) determine viscosity of liquids  
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1.1.  Determination of Surface Tension and Parachor Value of a Liquid by 
Stalagmometer 

Apparatus  
 Stalagmometer, specific gravity bottle, screw type pinchcock, beaker, rubbertube, 
etc. 
 
Procedure 
 Suppose we want to determine the surface tension of ���� 
Take a stalagmometer, wash it first with ether and then fill it with ��� ,up to the level of 
upper mark A by sucking through rubber tube. Release the liquid at the very slow rate 
and count the number of drops of ���  from the upper mark A to the lower mark B. 
Repeat this experiment for three times. Take a specific gravity bottle. Fill it with water 
and weigh it then fill it with and���� and weigh it. Calculate the weight of water and 
���� by subtracting the weight of empty bottle and weight of empty bottle from the total 
weights of bottles filled with water and filled with ���� calculate the density of liquids as 
follows      
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Density of liquid = 
��.�� ������ 

��.�� �����
x density of water  

Say density of water at room temperature is 1  

So, density of liquid, ����=
��.�� ����

��.�� �����
 

LIQUIDS NO.OF DROPS SURFACE TENSION 

Benzene  25 
26               mean=25 
25 

�� 

Water  32 
31                mean=32 
32 

 
�� surface tension of water at 
30� C is 71.22 
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Calculations 
Surface tension is then determined by the following formula 

�� = �� x
��

��
�

��

��
 

where 
γ
�

 is the surface tension of water 

��  is the number of drops of water 
�� is density of water  
�� is the density of liquid 
So �� is the surface tension of ���� can be found  

The surface tension is expressed in 
�����

���  

Online sources: 
https://www.youtube.com/watch?v=qvUyVrUb8Fo 
 
B)  Determine the Parachor Value of the Given Liquid. 
Apparatus  
Stalagmometer, specific gravity bottle, screw type pinchcock, beaker, rubber tube, 
etc. 
Procedure. 
1. Find out the surface tension of the given liquid as described in the previous 

experiment.  
2. Determine the density (D) of the liquid with the help of specific gravity bottle as 

described in the previous experiment.  
3. Molecular mass (Mol.wt.) is either given or to be asked from teacher.  
 
Observations and Calculations 
  Room temperature     = C 
  Wt. Ofsp empty sp. Gravity bottle   =W1 g  
  Wt.of sp.gravity bottle + water   =W3 g  
  Wt. of sp. Gravity bottle + liquid  = W3 g  
  Wt. of water      = (W2 – W1) g  
  Wt. of liquid      = (W3 – W1) g  
  Density of water at room temperature  = Dw 

  Density of liquid = D= 
�� .�� ������ 

�� .�� �����
 x Density of water 

     D= 
� ��� 

� ��� � 
  x Dw 

  Number of drops of water = n3 = (i) ……., (ii)………,  (iii)……Mean,nw =  
  Number of drops of liquid = n/ = (i)……, (ii) …….., (iii)……Mean, N/=  
  Surface tension of water at room temperature = Yw 

  Surface tension of liquid = λ = λw x  
��  

� 
  x 

������� �� ������ 

������� �� �����
 

  Molecular mass of liquid = M  
  To calculate parachoraply the formula:  
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  [P] =  
�  λ

�

�

� 
 

  Where  M is the molecular mass (Mol. Wt.) of liquid.  
    D is the density of liquid.  
    Λ is the surface tension of liquid  
 
1.2.  Determination of Percentage Composition of Liquid Solution from Surface 

Tension Measurement 
 
Apparatus 
  Stalagmometer, specific gravity bottle, etc.  
 
Procedure  
 Suppose the given liquid mixture is of alcohol and water. The composition of this 
mixture can be determined as follows:  
Number of samples     1 2 3 4 5 6 
Alcohol (%)   100 80 60 40 20 0 
Water (%)   0 20 40 60 80 100 
 Find out the surface tension of each composition as done in experiment no.1. Plot a 
graph between the %age compositions and their respective surface tensions. The shape of 
graph is shown in fig.  
 

 
 
 In a similar way, calculate the surface tension of given unknown mixture. Take at 
least 3 readings, the mean of these readings is the surface tension of unknown liquid 
mixture. By inserting this value in the graph, the %age composition of unknown sample 
can be found out.  
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 Alternate method.  
 Plot a graph in between the percentage compositions of the self- prepared mixtures 
(given above) and their respective number of drops. By inserting the number of drops 
determine the %age composition of unknown mixture.  
 
Online resources 
https://www.youtube.com/watch?v=THfvuTqdIoE 
 
Self-assessment Questions  
1. How will you define surface tension of a liquid? 
2. Define Parachor. 
3. What is drop pipette? 
4. Why a drop is spherical in shape? 
5. Define contact angle. 
6. Write different methods for the determinations of surface tension. 
7. Describe the effect of surface tension. 
8. What is the effect of temperature on the density? 
 
Determination of Viscosity 
 The viscosity of a fluid is a measure of its resistance to deformation at a given rate. 
For liquids, it corresponds to the informal concept of "thickness": for example, syrup has 
a higher viscosity than water. 
Viscosity can be conceptualized as quantifying the internal frictional force that arises 
between adjacent layers of fluid that are in relative motion. For instance, when a fluid is 
forced through a tube, it flows more quickly near the tube's axis than near its walls. In 
such a case, experiments show that some stress (such as a pressure difference between the 
two ends of the tube) is needed to sustain the flow through the tube. This is because a 
force is required to overcome the friction between the layers of the fluid which are in 
relative motion: the strength of this force is proportional to the viscosity. 
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1.3.  Determination of Viscosity of a Liquid by Viscometer 
 
Apparatus 
 Viscometer, stop-watch, specific gravity bottle, rubber tube, etc.  
 
Procedure  
  Suppose we want to determine the viscosity of C6H6. Take viscometer and fix it 
in a stand in upright position as shown in the diagram. Fix a small rubber tube to the limb 
with capillary tube, near the position C to suck the liquid. If the viscosity is to be 
determined at a temperature above the room temperature then let the viscometer stand in 
a thermostat for at least 2-30 minutes before the start of the experiment. Fill the 
viscometer with water as shown in the diagram. Suck the water through the rubber tube 
very slowly and allow the water to come above the etched point at A. Adjust the pinch-
cock at such a position that it does not require to be changed during the course of 
experiment, check the adjustment of pink-cock by filling liquid in the viscometer. When 
everything is ready, start the experiment by viscometer with distilled water. Note the time 
of flow of water from mark A to b using stop-watch. Then fill the viscometer with C6H6. 
Note the time of flow of C6H6 from mark A to B. 
 

 
  
Take at least three readings in each case.  
 For determining the density of liquid, use the procedure as in experiment no.1.  
 Observations 

Liquids  Time of flow in seconds  Density of water / liquid  

Water  1= 
2= ��  
3=  

dw 
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�� �� 1 = 
2 =  �� 
3 = 

�� 

 
Calculations  
The viscosity of liquid  �� ��   can be determined by the formula given below: 

ŋ�

ŋ�
=

��

��
 � 

�1

��
 

 Where   ŋ is the viscosity of liquid. 
   ŋ�  is the viscosity of water at TᴼC  
d/ is the density of liquid.  
Dw is the density of water at TᴼC 

ŋ =
��

��
 � 

�1

��
  ˟ŋ�   

 
 When all the values on the right-hand side of the equation are known, the viscosity 
ŋ of  �� ��can be found out.  
 
Precautions 
1. The viscometer must be properly washed and dried before use.  
2. The temperature during the course of experiment must be constant.  
3. The liquid. Water may be added in left limb of the viscometer with the help of 

pipette.  
 
1.4.  Determination of Percentage Composition of Liquid Solution Viscometrically 
 
Apparatus  
 Viscometer, stop-watch, specific gravity bottle. 
 
Procedure  
 Suppose the unknown given mixture is of alcohol and water. Take 6 beakers of 100 
cm3 capacity each. Clean them and number them 1 to 6. Prepare various compositions of 
alcohol and water as follows:  
 

No of samples  1 2 3 4 5 6 
Percentage composition of alcohol 100% 80% 60% 40% 20% 0% 
Alcohol (cm3) 0 40 30 20 10 0 
Water(cm3) 0 10 20 30 40 50 

 
 Find out the viscosity of each composition as done in experiment no. 4. Plot a 
graph between the percentage compositions and their respective viscosities. The shape of 
the graph is shown in fig. In a similar way, calculate the viscosity for the given unknown 
sample. Take at least 3 reading: the mean of these readings is the viscosity of unknown 
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liquid mixture. By inserting this value in the graph, the %age composition of unknown 
sample can be found out. 
 
 

 
 
Observations and Calculations 
Room temperature     =0C  
Density of water at room temperature   =dw 
Viscosity for water at room temperature  = ŋ�  
Wt. of empty specific gravity bottle   =W1 g  
Wt. of specific gravity bottle + water   = W2 g.  
Wt. of sp. Gravity bottle + given mixture  =W3 g.  
 Wt. of H2 O     = (W2 – W1) g  
 Wt. of mixture     = (W3-W1) g  
Density of given mixture    =  (��   ��� ) � 
Time of flow of water   = ��     = (i)…………., (ii) …………, 
(iii)……………….. 
Mean ��      =         = 
Viscosity of give mixture, ŋ/  = ti ….. = (i)…………., (ii) …………, (iii)…………… 
Mean ��      =         = 

  Viscosity of given mixture,ŋ/ = 
��   

��  ��
x  nw 

Shape of the graph depends upon the nature of the experiment 
 
Online Resources 
https://www.youtube.com/watch?v=xzg2Nyvtp3M 
 
Self-Assessment Questions 
1) Explain viscosity. 
2) Name the unit of viscosity. 
3) Define refractive viscosity. 
4) Explain Rheochor. 
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5) What is meant by kinematic viscosity? 
6) What are the other methods of determining viscosity? 
7) What is the commercial method used to determine the viscosity of molasses? 
 

Refractive Index 
1.5.  Determination of Refractive Index and Molar Reflectivity by Refractometer. 
 
Theory 
 
Refractive index 
 When a ray of light passes from air into a denser medium, say a liquid, it is bent or 
refracted towards the normal. The ratio of the sine of the angle of incidence and that of 
the refraction is constant and characteristic of that liquid (Snell’s law). The constant ratio 
is called as refractive index of the liquid.  

� = ����
���� 

Where,  sin i is the angle of incidence, and Sin r is the angle of refraction  
 
Apparatus  
Abbe’s refractometer, glass rod, cotton wool, etc.  
 
Procedure 
 Open the refractometer, wash the prism with acetone or chloroform. When it is dry, 
put a drop of liquid under examination and make its film with a glass rod Close the 
refractometer. Adjust the cross-wire, observe it through the eyepiece. When bright and 
piece. Again, open the refractometer, wash it with acetone, dry it and apply another liquid 
of which the refractive index is to be determined. Note the refractive index of water, 
suppose it is 1.330. See the refractive index of water from the table, suppose it is 1.220, 
then 0.110 is the error, which should be deducted from every reading.  
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Observations  

Number of sample liquids  Refractive index (n) Mean  
A (i) 

(ii) 
(iii) 

 

B (i) 
(ii) 
(iii) 

 

 
 
1.5 (b) Determine the Molecular Refractivity of Liquid  
 
Theory  
 
Molecular refractivity.  
 Refractive index of a liquid changes not only with the wavelength of light but also 
with the temperature. It cannot, therefore, provide a satisfactory comparison of refractive 
powers of different liquids, relative to their constitutions.  

   R=
����

����
x
�

�
 

 Where n is the refractive index, d is the density and R is a constant which is 
defined as specific refractive of refractivity. In order to compare the refractive powers of 
different liquids, the specific refractions are multiplied by their respective molecular 
weights, the resulting products being termed as the molecular refraction or molecular 
refractivity.  

  RM = 
����

����
x
�

�
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 Where M is the molecular weight and RM is the molecular refraction. The value of 
molecular refraction is characteristic of a liquid and remains constant at different 
temperatures.  
 
Procedure 
 Determine the refractive index of a liquid as mentioned in the previous experiment. 
Then calculate the molecular refractivity of it as follow: 

                     RM = 
����

����
x
�

�
 

Where,   n   is the refractive index of liquid.  
   M is the molecular weight of liquid  
   D is the density of liquid  
   Molecular refractivity can be calculated.  
 
Online Resources  
(1) https://www.youtube.com/watch?v=2EjtccSsFgM 
(2) https://www.youtube.com/watch?v=2EjtccSsFgM 
 
Self-assessment Questions 
1) What is refractiveindex? 
2) What specific refraction? 
3) What is molar refraction and molar refractivity? 
4) Name two refractometers. 
 
1.6.  Determination of Heat of Solution for Solids and Liquids 
Apparatus  
Calorimeter, thermometer, stop-watch stirrer  
 
Procedure  
 Wash the calorimeter and stirrer. Weigh it on a rough balance. Put it in an outer 
jacket. Take 100 cm3 of water in the calorimeter. Introduce a thermometer through the 
lid. Then add weighed quantity of powdered KNO3 in the calorimeter. Note the fall in 
temperature of water with the regular intervals of time using stop-watch. Plot a graph 
between the temperature and time. Calculate the fall in the temperature from the graph 
and then find out the heat of solution as follows:  
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Observation and Calculations 
Weight of calorimeter + lid = A1 g.    
Weight of calorimeter + stirrer + lid + water   =A2 g  
Weight of calorimeter + lid + water + KNO3 =A3 g  
Weight of water       = 
Weight of KNO3      =  
Weight of solution      = 
Specific heat of calorimeter (copper)   = 
Specific heat of solution      = 
 
 Before adding the KNO3           After adding the KNO3 in  
In H2O i.e., temperature of H2O   H2O i.e., temperature of H2O  
Time  Temperature  Time  Temperature  
 
 Initial temperature of water  = t1

0 C 
 Final temperature of solution from graph  =t2

oC 
 Fall in temperature = (t1 – t2)   =  
 Gram molecula weight of KNO3   = 101 = M  
Weight of KNO3 = (A3 – A2)g   = W  
 These figures are inserted in the above – mentioned formula i.e.,  

Heat of solution =   
(� ����� ���)

���
± ∅ � 

�

�
K.Cal    and heat of solution is 

determined. 
If you want give your result is S.I. units, then use factor for converting calorie into Joule.  
1 Cal . = 4.184J  

 Heat of solution  
(� ����� ���)

����
± ∅ � 

�

�
K.Cal        K. cal . x 4.184 KJ per mol 

If water temperature is raised after the addition of substance, then the value of heat of 
solution in usually written as (+) and if there is fall of water temperature, then the value 
of heat of solution is written as (- ) 
 
Online Resources 
(1) https://www.youtube.com/watch?v=EMCB_7yb8GU 
(2) https://www.youtube.com/watch?v=9XUeEvTkla8 
 
Self-assessment Questions  
(1)  Define heat of solution. 
(2) Define water equivalent. 
(3) Define specific heat. 
(4) What is the basic principle of calorimeter? 
(5) Define chemical energy (Intrinsic Energy). 
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1.6 b  Determine the Heat of Solution of � �� �OH and Water  
 
Theory 
 When a solute is added to a solvent, heat is either evolved or absorbed. The 
reaction in which the heat is evolved, such reactions are known as endothermic reactions. 
In case of previous experiment, the reaction was endothermic i.e., the heat was absorbed 
and in case of � ���OH and water, the heat is evolved.  
 
Apparatus  
Calorimeter, thermometer, stop-watch 
 
Procedure 
 To start the experiment, wash the calorimeter and stirrer completely with distilled 
water. Dry and then weigh. Put the calorimeter in an over jacket. Add to 100 cm3 of 
distilled water. Note the temperature of water when it is constant. By a sensitive 
thermometer. Also insert a stirring of the solution.  
Add 5 cm3 of C2H5 OH at once and cover the lid. Note the rise in temperature after 
every 30 seconds (use stop-watch) and plot a graph as shown in the fig. At one stage the 
temperature will become steady, it will decrease after some time as shown in the graph.  
Note down the increase in temperature. Take out the calorimeter out of the jacket and 
weigh it. Find out the weight of the solution. Apply the following formula for calculation 
of heat of solution.  
 
Heat of Solution    
 Observations ad calculation  
Weight of calorimeter + Stirrer +lid = A1 gm   =m1 
Weight of calorimeter + Stirrer + lit + water   = A2 g.  
Weight of calorimeter + stirrer + lit + C2H5 OH   =A3 g.  
Weight of water      = (A2 – A1) g. 
Weight of C2H5OH = (A3 – A1) g.    = W 
Weight of solution (A2 – A1) g. + (A3 – A1) g.   = m2 
Specific heat of calorimeter (copper) = 0.91  =S1 
Specific heat of solution = 1     =S2 
Rise in temperature = t2 – t1     =+o 
Gram molecular weight of C2 H5 OH = 46   = M  
These figures may be inserted in the above formula and heat of solution is determined.  
(i) If you want to give result in S.I units, then sue factor for converting calorie into 
joule i.e., 1 Cal.   = 4.181 J.  

Heat of Solution        Heat of solution  
(� ����� ���)

����
± ∅ � 

�

�
K.Cal 

(ii) If water temperature is raised after the addition of substance, then the value of heat 
of solution is usually written as (+) and if there is fall of water temperature then the value 
of heat of solution is written as (-). 
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1.7.  Quantitative Measurement of Color Salt of KMnO4, � �����.� 
 
Reagents 
1. Standard chromium solution. Dissolve 0.28 gram of K2Cr2O7 and dilute the 

solution to 1 dm3 
2. Diphenylecarbazide solution. Dissolve 0.2 grams of the reagent in 100 cm3 of 

alcohol.  
3. Dilute Sulphuric acid.  Prepare 3M acid.  
 
Theory 
 The solution containing chromium is treated with acid solution of 
Diphenylecarbazide. A soluble red-violet compound is obtained. The colour produced 
with a known volume of the given solution is compared with that produced in standard 
chromium solution. Alternatively, optical density is obtained at 365-370 m u.  
 
Preparation of standard series 
1. 100% Cr6+ solution 928 mgs/ 100 ml).  
2. 50% dilution of solution no .1 (14 mgs/100 ml) 
3. 50% dilution of solution no .2 (9 mgs / 100 ml).  
4. 50% dilution of solution no .3 (3.5 mgs/100 ml). 
5. 50% dilution of solution no. 4 (1.75 mgs/100 ml). 
6. 50% dilution of solution no. 5. (0.875 mgs /100 ml). 
7. 50% dilution of solution no. 6 (0.4375 mgs/100 ml).  
8. Unknown solution containing Cr6+ ion.  
 
Procedure  
 Prepare a series of standard solution as given above. Take 10 cm3 of these 
solutions. Add to each of the above solutions 1-2 cm3 of dil. H2SO4 (3 M) and 1 cm3 of 
Diphenylecarbazide solution. Dilute each solution further to 25 cm3 and measure the 
optical density in e4ach case by means of a photo-electric colorimeter. Plot a graph 
between the concentration and optical density. A straight line will be obtained. Take and 
proceed with it in a similar way as with the standard solutions.  
 Find out the optical density and put the value in the reference curve. Find out the 
corresponding amount of Cr6+ from the curve. Note if the colour developed is too dark, 
dilute the solution further so that its optical density falls within the range of the curve. 
The graph of optical density versus concentration is shown.   
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Precautions  
1. The solutions to be compared should contain as far as possible the same quantities 

of the mixture.  
2. The solutions should be at the same temperature.  
3. The dilution should be same in the both cases.  
4. The order of mixing shall be the same.  
5. The time allowed for the solution to stand should be the same in both cases.  
 
1.7 b  Determine the Quantity Of KMnO4 in the Given Solution by Colorimeter  
 
Procedure 
 Prepare a series of standard solution as given above. Take 10 cm3 of these 
solutions. Add to each of the above solutions 1-2 cm3 of dil. H2SO4 (3 M) and 1 cm3 of 
Diphenylecarbazide solution. Dilute each solution further to 25 cm3 and measure the 
optical density in e4ach case by means of a photo-electric colorimeter. Plot a graph 
between the concentration and optical density. A straight line will be obtained. Take and 
proceed with it in a similar way as with the standard solutions.  
Find out the optical density and put the value in the reference curve. Find out the 
corresponding amount of Cr6+ from the curve. Note if the colour developed is too dark, 
dilute the solution further so that its optical density falls within the range of the curve. 
 

Colour of solution  Complementary colour of filter  Wavelength (mu) 

transmitted by filter  

Yellow  Blue  435-480 

Orange  Green = blue  480-490 

Red Bluish – blue 490-500 

Blue  Yellow  580-595 

Violet Yellowish-green 560-580 

Purple  Green  500-560 

Bluish – green  Red  610-750 

Yellowish green Violet  400-435 
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1.8.  Determination of Heat of Neutralization of an Acid with a Base 
 Determine the heat of neutralization of NaOH & HCL.  
 
Theory  
Heat of Neutralization  
 The heat of neutralization is defined as the amount of heat evolved when one-gram 
equivalent of an acid neutralizes one gram equivalent of a base in dilute solution.  
The typical examples are:  
 NHO3aq + NaOH aq _______ NaNO3aq +H2O +13.67 cals.  
HCl + NaOH ______ NaCl + H2O + 13.68 cals.  
Total heat liberated =(� ��1 + � 2�2)∅= calories.  
       

Heat of neutralization = solution
(� ����� ���)

����
± ∅ � 

����

���
K.Cal 

 
Where,  � �is the mass of calorimeter  
   S1 is the specific heat of calorimeter  
   M2 is the mass of solution  
   S2 is the specific heat of solution =1  
   ⱷ is the rise of temperature.  
   V is the volume of acid or base used.  
   M is the molarity of acid or base used.  
(i) If the mass is taken in gram, the heat of neutralization will be in small calories and 

if the mass is taken in kilograms, then the heat of neutralization will be in 
kilocalories (S.I. units).  

(ii) The Heat of Neutralization of Strong acid and a Strong Base is13.7 k. Cal.  
 
Apparatus 
Calorimeter with stirrer, thermometer, rough balance, etc.  
 
Procedure 
Prepare 1 M NaOH and 1 MHCL of exact molarities.  
 For preparing approximately 1 M NaOH, take 4 gm. Of it, add 100 cm3 of distilled 
water and for preparing approximately 1 M HCL, take to cm3 of conc. HCl and dilute it 
to 100 cm3 with distilled water. Prepare 0.5 M oxalic acid by dissolving 31.5 gms. Of it 
in 250 cm3 of distilled water, first of all, prepare standard solution of 1 M NaOH by it and 
then with standard 1 M NaOH, prepare 1 MHCI of exact molarity.  
 Take a calorimeter, wash it along with the stirrer, weigh this calorimeter on a rough 
balance. Take 50 cm3 of 1 M NaOH in it. Note the initial temperature of NaOH by the 
help of a thermometer  
 Add 50 cm3 of 1 MHCI in it. There will be a rise in temperature when acid and 
alkali react together, Note the rise in temperature of the mixture when the temperature 
stops rising, weigh the calorimeter and mixture solution. Find out the mass of the solution 
Calculate the heat of neutralization as follows:  
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Note:  The increase in temperature can also be calculated from the graph plotted 
between the time and temperature.  

 
Observations and Calculations  
Weight of calorimeter + lid + mixture = A1 g. = m1 
Weight of calorimeter + stirrer + lid mixture = A2g  
 Weight of mixture = (A2 – A1) g. = m2 
 Initial temperature = T1 C.  
 Finial rise in temperature = T 2 
 Increase in temperature = T2 – T1 = + o 
 Specific heat of calorimeter = S1 = .091 
 Specific heat of solution = s =1 
 It means 50 cm3 of 1 M HCI on neutralization with 50 cm3 of 1 M NaOH liberate 
heat = (� ��1 + � 2�2)∅= calories 

 1000 cm of 1 M acid or base will liberate heat = 
×

��
 x 1000 = Heat of neutralization 

in Cals.  

Heat of neutralization =  
×

��
 x 

����

����
  = y.K.cal.  

 
Result 
Heat of neutralization of HCI and NaOH = Y.K.cal.  
 
Online Resources 
https://www.youtube.com/watch?v=eEdqC6hkhRs 
 
Self-assessment Questions  
(1)  Define molecular elevation constant  
(2)  What is the difference between ebullioscopy method and boiling point method 
(3)  Where the Beckmann’s thermometer is used? 
(4)  Define heat of neutralization  
(5)  Name of strong acids and weak acids  
(6)  Name strong bases and weak bases  
(7)  What are exothermic and endothermic reactions? 
 
Reference and Suggested Reading 
1.  B.S. Furniss,(1989). “Vogel’s T.B of Practical Organic Chemistry”, Addison 

Wesley Longman, Inc.  
2.  Daniel R. Palleras, (2000). “Experimental Organic Chemistry, John Willey & 

Sons” Inc.  
3.  G. M. Frederick and Saunder, (1960). “Practical Organic Chemistry”, The English 

Language Book Society. 
4.  James A. Moore,(1983).  “Experimental Methods in Organic Chemistry”, Holt-

Saunders Int. 
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5.  K.M. Ibne Rasa, M.A. Rehman, A. Rehman, “Organic Chemistry”, The Caravan 
Book House, Lahore.  

6.  Muhammad Abid Khawaja Practical Chemistry Notebook Physical Chemistry, Ilmi 
Kitab Khana,Urdu Bazar, Lahore. 

7. R.L. Shriner, R.C Fuson, D.V. Curtin and T.C Morrill (1979) “The Systematic 
Identification of Organic Compounds, 6th ed. John Willey & Sons, 
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Introduction 
Chromatography is defined as a process of separation of essentially molecular 

mixture. In paper chromatography distribution takes place between an essentially stable 
helping ‘’liquid’’ phase and a mobile fluid in contact with it. Paper chromatography is 
an analytical method used to separate coloured chemicals or substances.  A paper 
chromatography variant, two-dimensional chromatography involves using two solvents 
and rotating the paper 90° in between. This is useful for separating complex mixtures of 
compounds having similar polarity, for example, amino acids. The setup has three 
components. The mobile phase is a solution that travels up the stationary phase, due 
to capillary action. The mobile phase is generally mixture of non-polar organic solvent, 
while the stationary phase is polar inorganic solvent water. Here paper is used to support 
the stationary phase, water. Polar water molecules are held inside the void space of 
cellulose network of the host paper. The mobile phase is a solution that travels up the  
 

 
stationary phase, due to capillary action. The mobile phase is generally mixture of non-
polar organic solvents, while the stationary phase is a polar inorganic solvent water. Here 
paper is used to support the stationary phase, water. Polar water molecules are held inside 
the void space of cellulose network of the host paper.  
 Each component has the specific retardation factor called Rf value. The Rf related to 
its distribution coefficient and is given by formula; 

R� =
distance (cm.) from starting line to centre of zone 

distance (cm.) from starting line to centre of front 
 

Objectives 
After completion of this unit students will be able to: 
1) separate andidentify the basic radicals of group 1 (Ag+, pb2+, Hg2+) by paper 

chromatography. 
2) separate andidentify the of basic radicals of group II-A (Cu2+, Bi3+, Cd2+, Hg2+, 

Pb2+) by paper chromatography. 
3) separate andidentify basic radicals of group II-B (As3+, Sb3+, Sn4+) by paper 

chromatography. 
4) separate andidentify basic radicals of group III (Fe3+, Cr3+, Al3+) by paper 

chromatography. 
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2.1  Separation and Identification of Basic Radicals of Group 1 (Ag+, pb2+, Hg2
2+) 

by Paper Chromatography. 
Chemicals: A solution containing 20 mg. /cm3 of nitrates of each of Ag+, pb2+, Hg2

2+in 
2N.HNO3 
Solvent: Methanol          :        2N.HNO3 
        76                    :        24 by volume 
Locating reagent: 5 g. of K2CrO4 in 100 cm3 distilled water. 
 
Procedure: Take 2 dm3 measuring cylinder fitted with a rubber Bung carrying a glass 
hook at the lower end, from where paper strip can be suspended. Pour 25 cm3 of the 
acetone-HCl solvent in it and close it. Allow it for fifteen minutes for the saturation of 
internal atmosphere with the solvent vapours. Take a strip (Whatmsnn’s filter paper No. 
1) of the paper 2.5 cm wide and lengthier than the length of the cylinder. Mark a line 5 
cm from one end and its mid-point with pencil. Pipette out 0.05 cm3 of the solution under 
examination, hold the paper vertically and touch the tip of micropipette at the mid-point 
(or place one drop of the solution at the mid-point by means of a capillary tube). Dry the 
strip in the air for about 30 minutes, and suspend it by glass-hook with the impregnated 
end dipping into the acetone-HCl solvent to depth of 5-6 mm. When the solvent front has 
risen for about six hours, remove the paper strip and dry it in the air. Expose it to 
ammonia vapours to neutralize acid. Spray, developing reagents (PACF) by means of 
sprayer. Dip the strip in dil. CH3COOH solution to remove excess of developing reagent. 
The metals are visible as colour band. Cu, green; Ni blue; Mn, blue; Co, brown and Zn 
red. Calculate Rf value according to the formula given above. 
 
N.B. 
1.    Quantitative estimation of ions is done by cutting the bands and extracting the solute 

of the band with suitable solvent. Then the quantity of the solute is determined 
calorimetrically.  

2.    Alternate solvent is a mixture of acetone, ethyl acetate and 6M.Hcl in the ratio 9:9:2. 
3.    Alternate spraying reagent is 0.1% solution of rubeanic acid in alcohol. 
 
Results 
Ag+ with red spot (approximately Rf value 0.40) 
 Pb2+ with yellow spot (approximately Rf value 0.50) 
 Hg2

2+ with brown spot (approximately Rf value 0.60) 
 
2.2  Separation and Identification of Basic Radicals of Group II-A (Cu2+, Bi3+, 

Cd2+,Hg2+,Pb2+) by Paper Chromatography. 
Chemicals: A solution containing 20 mg. /cm3 of nitrates of each of Cu2+,Cd2+,Hg2+,Pb2+.  
Note: Dissolve the Bi(No3)3 in 0.7 cm3 conc. HNO3. 
 Solvent:        Ethanol          :        5N.HCl 
      88               :        12 by volume 
Locating reagent: Dithizone (0.05 g. in 100 cm3 of CCl4) 
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Procedure:  
 Take 2 dm3 measuring cylinder fitted with a rubber Bung carrying a glass hook at 
the lower end, from where paper strip can be suspended. Pour 25 cm3 of the acetone-HCl 
solvent in it and close it. Allow it for fifteen minutes for the saturation of internal 
atmosphere with the solvent vapours. Take a strip (Whatmsnn’s filter paper ) of the paper 
2.5 cm wide and lengthier than the length of the cylinder. Mark a line 5 cm from one end 
and its mid-point with pencil. Pipette out 0.05 cm3 of the solution under examination, 
hold the paper vertically and touch the tip of micropipette at the mid-point (or place one 
drop of the solution at the mid-point by means of a capillary tube). Dry the strip in the air 
for about 30 minutes, and suspend it by glass-hook with the impregnated end dipping into 
the acetone-HCl solvent to depth of 5-6 mm. When the solvent front has risen for about 
six hours, remove the paper strip and dry it in the air. Expose it to ammonia vapours to 
neutralize acid. Spray, developing reagents (PACF) by means of sprayer. Dip the strip in 
dil. CH3COOH solution to remove excess of developing reagent. The metals are visible 
as colour band. Cu, green; Ni blue; Mn, blue; Co, brown and Zn red. Calculate Rf value 
according to the formula given above. 
   Running time is 5 hours. 
 
Results:  Cu2+ = Blue spot  Rf value=0.5 
   Cd2+ = Pink spot Rf value=0.9 
   Hg2+= Red spot Rf value=0.95 
   Pb2+= Red spot Rf value=0.15 
   Bi2+ = Brown spot Rf value=0.85 
 
2.3. Separation and Identification of Basic Radicals of Group II-B (As3+, Sb3+, 

Sn4+) by Paper Chromatography. 
 
Chemicals: As3+ as sod. Arsenite (60 mg./ cm3) 
  Sb3+ as SbCl3 (60 mg./ cm3) 
  Sn4+ as stannic chloride hydrate (60 mg./ cm3) 
  Mix equal volume of all these three solutions. 
 
Solvent:        Acetyl acetate     :   Acetone  :     conc. HCl 
   75    :        25 :    0.5 (by volume) 
 
Locating reagent: H2S saturated in water. 
Procedure 
 Take 2 dm3 measuring cylinder fitted with a rubber Bung carrying a glass hook at 
the lower end, from where paper strip can be suspended. Pour 25 cm3 of the acetone-HCl 
solvent in it and close it. Allow it for fifteen minutes for the saturation of internal 
atmosphere with the solvent vapours. Take a strip (Whatmsnn’s filter paper No. 1) of the 
paper 2.5 cm wide and lengthier than the length of the cylinder. Mark a line 5 cm from 
one end and its mid-point with pencil. Pipette out 0.05 cm3 of the solution under 
examination, hold the paper vertically and touch the tip of micropipette at the mid-point 
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(or place one drop of the solution at the mid-point by means of a capillary tube). Dry the 
strip in the air for about 30 minutes, and suspend it by glass-hook with the impregnated 
end dipping into the acetone-HCl solvent to depth of 5-6 mm. When the solvent front has 
risen for about six hours, remove the paper strip and dry it in the air. Expose it to 
ammonia vapours to neutralize acid. Spray, developing reagents (PACF) by means of 
sprayer. Dip the strip in dil. CH3COOH solution to remove excess of developing reagent. 
The metals are visible as colour band. Cu, green; Ni blue; Mn, blue; Co, brown and Zn 
red. Calculate Rf value according to the formula given above. 
   Running time is 2 hours. 
 
Results:  As3+= light yellow band Rf value=0.2 
   Sb3+ = Orange band  Rf value=0.5 
   Sn4+= Dark brown band Rf value=1.0 
 
2.4.  Separation and Identification of Basic Radicals of Group III (Fe3+, Cr3+, Al3+) 

by Paper Chromatography. 
 
Chemicals: A solution containing 20 mg. / cm3 of chloride of each of Fe3+,Cr3+,Al3+in 
2N.HCl. 
 
Solvent:           Water  :   Acetone  :     conc. HCl 
   8    :        86 :     6 (by volume) 
 
Locating reagent: i-  Aluminon 0.2g. / 100cm3 water of first paper strip. 
    ii-  Alizarin 0.5g. / 100cm3 ethanol of second paper strip.  
 
Procedure  
 Take 2 dm3 measuring cylinder fitted with a rubber Bung carrying a glass hook at 
the lower end, from where paper strip can be suspended. Pour 25 cm3 of the acetone-HCl 
solvent in it and close it. Allow it for fifteen minutes for the saturation of internal 
atmosphere with the solvent vapours. Take a strip (Whatmsnn’s filter paper No. 1) of the 
paper 2.5 cm wide and lengthier than the length of the cylinder. Mark a line 5 cm from 
one end and its mid-point with pencil. Pipette out 0.05 cm3 of the solution under 
examination, hold the paper vertically and touch the tip of micropipette at the mid-point 
(or place one drop of the solution at the mid-point by means of a capillary tube). Dry the 
strip in the air for about 30 minutes, and suspend it by glass-hook with the impregnated 
end dipping into the acetone-HCl solvent to depth of 5-6 mm. When the solvent front has 
risen for about six hours, remove the paper strip and dry it in the air. Expose it to 
ammonia vapours to neutralize acid. Spray, developing reagents (PACF) by means of 
sprayer. Dip the strip in dil. CH3COOH solution to remove excess of developing reagent. 
The metals are visible as colour band. Cu, green; Ni blue; Mn, blue; Co, brown and Zn 
red. Calculate Rf value according to the formula given above. 
   Run three strips of filter paper of same size under same conditions for equal time. 
Use each strip for spraying each locating reagent separately. Suspend both filter paper 
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strips in same tank containing solvent for two hours. After drying spray 1 strip with 
aluminon and second strip with alizarin. 
 
Result with Aluminon 
  Al3+= Red band  Rf value=0.4 
  Fe3+ = Purple band Rf value=0.8 
 
Result with Aluminon 
Cr3+= Orange band  Rf value=0.45 
Fe3+ = Purple band  Rf value=0.8S 
 
Online resources 
https://www.youtube.com/results?search_query=paper+chromatography+experimenthttps
://www.youtube.com/watch?v=23W5Z_redfs 
 
Self-Assessment Questions  
1) What is chromatography? 
2) What do you mean by paper chromatography? 
3) What is meant by ��value? 
4) What is chromatogram? 
5) What conditions are necessary for paper chromatography? 
 
Reference and Suggested Reading 
1.  B.S. Furniss,(1989). “Vogel’s T.B of Practical Organic Chemistry”, Addison 

Wesley Longman, Inc.  
2.  Daniel R. Palleras, (2000). “Experimental Organic Chemistry, John Willey & 

Sons” Inc.  
3.  G. M. Frederick and Saunder,(1960). “Practical Organic Chemistry”, The English 

Language Book Society. 
4.  James A. Moore,(1983).  “Experimental Methods in Organic Chemistry”, Holt-

Saunders Int.  
5.  K.M. Ibne Rasa, M.A. Rehman, A. Rehman, “Organic Chemistry”, The Caravan 

Book House, Lahore.  
6.  Muhammad Abid Khawaja Practical Chemistry Notebook Physical Chemistry, Ilmi 

Kitab Khana, Urdu Bazar, Lahore 
7. R.L. Shriner, R.C Fuson, D.V. Curtin and T.C Morrill (1979) “The Systematic 

Identification of Organic Compounds, 6th ed. John Willey & Sons, 
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Introduction 
Mohr’s method 
 The chloride ion concentration of the MgCl2 and CaCl2 solutions is determined by 
a precipitation titration with calibrated silver nitrate solution. This procedure is known 
as Mohr’s method. 
 This method determines the chloride ion concentration of a solution by titration 
with silver nitrate. As the silver nitrate solution is slowly added, a precipitate of silver 
chloride forms. The end point of the titration occurs when all the chloride ions are 
precipitated. 
 

Objectives 
After completion of this unit students will be able to: 
1.  Determine   %age purity of NaCl  
2.  Determine %age of NaCl in the commercial sample of soda ash. 
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3.1  Find out the Percentage Purity of NaCl. You are Provided with 0.05M 
AgNO3. 

 
Theory: It is determined by Mohr’s method (direct method). AgNO3 will react with 
NaCl only and not with impurities present in the rock salt. 
 
Equations: AgNO3 + NaCl              AgCl + NaNO3 
   2AgNO3 + K2CrO4         Ag2CrO4       + 2KNO3 

              (Brick-red ppt) 
 
Mole ratio:  AgNO3  :    NaCl       
   1    :         1  
Indicator = 2% K2CrO4 solution 
End point= brick-red ppt. or colouration   
 
Procedure: Take 5 cm3 of impure NaCl (rock salt) solution in a conical flask, add two 
drops of K2CrO4 solution as an indicator and titrate it against 0.05 M AgNO3 solution 
from the burette drop wise with constant shaking of conical flask, till the last drop gives 
persistent Brick-red ppt. repeat the titration to get three concordant readings. 
 
Observations and calculations 
 Molarityof AgNO3 solution = M1= 0.05 M 
 Volumeof AgNO3 solution used = V1= 10 cm3 
 No. of moles of AgNO3 taking part in the reaction = n1= 1 
 Molarityof NaCl solution = M2= ? 
 Volumeof NaCl solution taken= V2= 5 cm3 
No. of moles of NaCl taking part in the reaction = n2= 1 
 
So, according to formula: 
NaCl   AgNO3 

   
� ���

��
  = 

� ���

��
 

   
� � × �

�
  = 

�.��×��

�
 

   M2× 5 × 1        =  0.05 × 10 × 1 

   M2 =
�.��×��×� 

�×�
  =           0.1 

 Molarity of NaCl solution = 0.1M 
 Amount dissolve/dm3 = Molarity × Mol. Wt. 
 Amount dissolve/dm3 of NaCl = 0.1 × 58.5 = 5.85 g 
Amount of impure NaCl dissolve/dm3 = 7 g 

 %age purity of NaCl = 
�.��

�
 × 100 = 83.57% 

 %age purity = 100 – 83.57 = 16.43% 
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Precautions: 
 Only distilled water should be used for the preparation of every solution and 

washing of apparatus. 
 In Mohr’s method, AgNO3 titrations are carried out in neutral medium only.  
 
3.2  Find Out the percentage purity of NACl. You are provided with 0.05M gNO3 
The given sample solution contains 8g of commercial soda ash dissolved /dm3. 
Determine the amount of NaCl in it using Mohr’s method.Your provided with 
0.05M AgNO3. 
Theory: Mohr’s method is used in neutral medium only, therefore, first of all, soda ash 
solution is neutralized with dil.  HNO3 (never with HCl).  
Equations: Na2CO3 + 2 HNO3         2 NaNO3  + H2O + CO2 
   2 HNO3 + Ca2CO3         Ca2(NO3)2 + H2O + CO2 

   NaCl + AgNO3                       AgCl +NaNO3  

   2 AgNO3 + K2CrO4                       Ag2CrO4  + 2 KNO3 
                  (Brick-red ppt) 
 
Mole ratio:  AgNO3  :    NaCl       
       1    :         1  
Indicator = 2% K2CrO4 solution 
End point= brick-red ppt. or colouration   
Procedure: 
Take 10 cm3 of sample solution of soda ash containing NaCl in a conical flask and 
neutralize it by adding dil. HNO3 excess of dil. HNO3  isneutralize by adding CaCO3 a 
pinch at a time, until some of it remains undissolved. Now add two drops of K2CrO4 
solution as an indicator and titrate it against 0.05 M AgNO3 solution from the burette drop 
wise with constant shaking of conical flask, till the last drop gives persistent Brick-red 
ppt. repeat the titration to get three concordant readings. 
 
Observations and Calculations: 
 Molarityof AgNO3 solution = M1= 0.05 M 
 Volumeof AgNO3 solution used = V1= 5 cm3 
 No. of moles of AgNO3 taking part in the reaction = n1= 1 
 Molarityof NaCl solution = M2= ? 
 Volumeof NaCl solution taken= V2= 10 cm3 
No. of moles of NaCl taking part in the reaction = n2= 1 
So, according to formula: 
NaCl   AgNO3 

   
� ���

��
  = 

� ���

��
 

   
� � × ��

�
  = 

�.��×�

�
 

   M2× 10 × 1     =  0.05 × 5 × 1 

   M2 =
�.��×�×� 

�×��
   =            0.025 
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 Molarity of NaCl = 0.025 M 
 Amount dissolve/dm3 = Molarity × Mol. Wt. 
 Amount dissolve/dm3 of NaCl = 0.025 × 58.5 = 1.462 g 
 
Result: Amount dissolve/dm3 of NaCl in a given soda ash sample solution is 1.462 g. 
 
Note:  further %age composition of Na2CO3 andNaCl in this sample solution can be 
calculated as below: 
 Amount dissolve/dm3 of commercial Na2CO3 = 8 g 
 Amount dissolve/dm3 of NaCl = 1.462 g 
 So, Amount dissolve/dm3 of commercial Na2CO3 = 8 - 1.462 = 6.538g 

 %age of NaCl = 
�.���

�
 × 100 = 18.275% 

 %age of Na2CO3 = 100 - 18.275 = 81.275 % 
 
Online Resources 
https://www.youtube.com/watch?v=DcQcfygo_mY 
https://www.youtube.com/watch?v=Set3XdRshGo 
 
Self-Assessment Questions 
1. What is the role of chromate ions in chloride determination?  
2.  As potassium chromate is an oxidizing agent, what would happen to chloride 

determination if the sample were consists of organic matter (say 100 mg/L glucose) 
as well.  

3.  Why pH range is important in chloride determination?  
4.  Would the analytical results by the Mohr method for chlorides be higher, lower or 

the same as the true color value if any excess of indicator were accidentally added 
to the sample? Why? 

 
Reference and Suggested Reading 
1.  B.S. Furniss,(1989). “Vogel’s T.B of Practical Organic Chemistry”, Addison 

Wesley Longman, Inc.  
2.  Daniel R. Palleras, (2000). “Experimental Organic Chemistry, John Willey & 

Sons” Inc.  
3.  G. M. Frederick and Saunder,(1960). “Practical Organic Chemistry”, The English 

Language Book Society. 
4.  James A. Moore,(1983).  “Experimental Methods in Organic Chemistry”, Holt-

Saunders Int.  
5.  K.M. Ibne Rasa, M.A. Rehman, A. Rehman, “Organic Chemistry”, The Caravan 

Book House, Lahore.  
6.  Muhammad Abid Khawaja, Practical Chemistry Notebook Physical Chemistry, 

Ilmi Kitab Khana, Urdu Bazar, Lahore. 
7. R.L. Shriner, R.C Fuson, D.V. Curtin and T.C Morrill (1979) “The Systematic 

Identification of Organic Compounds, 6th ed. John Willey & Sons, 
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Introduction 
 It is a type of titration based on a redox reaction between the analyte and titrant. It 
may involve the use of a redox indicator and/or a potentiometer. It is titration of reducing 
agent by an oxidizing agent or titration of an oxidizing agent by a reducing agent. Most 
often of all, the reduction of iodine to iodide is the last step in a series of reactions where 
the initial reactions are used to convert an unknown amount of the solute (the substance 
being analyzed) to an equivalent amount of iodine, which may then be titrated. 
Sometimes other halogens (or haloalkanes) than iodine are used in the intermediate 
reactions because they are available in better measurable standard solutions and/or react 
more readily with the solute. The extra steps in iodometric titration may be worthwhile 
because the equivalence point, where the blue turns a bit colourless, is more distinct than 
some other analytical or may be by volumetric methods. 
 

 
Objectives 
After completion of this unit students will be able to: 
1. Determine   %age purity of K2Cr2O7. By using standard solution of Mohar’s salt. 
2.  Determine %age ofCa+2 by KMnO4  
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4.1  Determine the %age Purity of K2Cr2O7. 0.1 M Mohr’s Salt Solution is 
Provided. 

 
Equation: Only FeSO4 portion of FeSO4.(NH4)2SO4.6H2O will react with 
K2Cr2O7.K2Cr2O7 + 7 H2SO4 + 6 FeSO4            3 Fe2(SO4)3 + Cr2(SO4)3 +K2SO4 + 7 H2O  
Mole ratio:  K2Cr2O7  :    FeSO4  
      1     :         6   
Procedure: Take 10 cm3 of Mohr’s solution in a conical flask. At three drops of soda 
diphenylamine-sulphonic solution along with three cm3 of H2SO4solution titrate it against 
K2Cr2O7 solution with constant stirring till the appearance of reddish-violet colour as end-
point.  
 
Observations and calculations: Say 10 cm3 of K2Cr2O7 solution= 10 cm3 of 0.1 M 
Mohr’s salt solution 
 Molarityof AgNO3 solution = M1= 0.05 M 
 Volumeof AgNO3 solution used = V1= 5 cm3 
 No. of moles of AgNO3 taking part in the reaction = n1= 1 
 Molarityof NaCl solution = M2= ? 
 Volumeof NaCl solution taken= V2= 10 cm3 
 No. of moles of NaCl taking part in the reaction = n2= 1 
 So, according to formula: 
 K2Cr2O7  FeSO4 (Mohr’s salt) 

   
� ���

��
 = 

� ���

��
 

   
� � × ��

�
 = 

�.�×��

�
 

   M2× 10 × 6     =    0.1 × 10 × 1 

   M2 =
�.�×��×� 

�×��
   =    0.0166M 

 Amount dissolve/dm3 of K2Cr2O7 = Molarity × Mol. Wt. 
 Amount dissolve/dm3 of K2Cr2O7 = 0.0166 × 294 = 4.88 g 
 Wt. of K2Cr2O7 dissolved = 6 g /dm3 

%age purity of K2Cr2O7 = 
�.��

�
 × 100 = 81.33% 

 
4.2  Determination of Ca2+ in the given Impure Sample of CaCO3. 
Procedure: weigh out accurately 1g of the sample in a beaker. Add dil. HCl and cover 
with watch glass and warm till the solid has dissolved completely. Wash the watch glass 
and inner sides of beaker in dilute to about 200 cm3 add 2 or 3 drops of methyl red and 
precipitate the Ca2+ as calcium oxalate by adding slowly 8% solution of ammonium 
Oxalate. Now add strong ammonia solution dropwise till just goes yellow. Still it 
thoroughly then allow it to stand for an hour. Test the supernatant liquid with drop of 
ammonium oxalate to check the completion of ppt. digest the ppt. by allowing to stand in 
warm place. Filter through Whatman No. 40. Wash with cold water till the washings are 
free from Cl and C2O4

2-. Pierce a hole in the filter paper with a pointed glass rod, and 
dissolve with hot water and dilute H2SO4 directly into 250 cm3 measuring flask. Add 
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distilled water to make up the volume. Titrate 25 cm3 of this solution. Against 0.04 M. 
KMnO4 in the usual manner. 
 
Observations and Calculations: 
  

No. Initial reading Final reading Vol. of acid mixture 
used 

1. 0.00 10.00 10.00 cm3 
2. 10.00 20.00 10.00 cm3 
3. 20.00 30.00 10.00 cm3 

 
Factors for calculation: 
One cm3of 0.02 M KMnO4= 1mg of Ca2+ 

10 cm3of 0.04 M KMnO4= 10 mg of Ca2+ 

25 cm3of Ca2+ solution contain= 10 mgs of Ca2+ 

250 cm3of Ca2+ solution contain= 
��

��
×250 = 100 mgs  

250 cm3of Ca2+ solution was prepared from 1 g of impure CaCO3. 
So, 1g of impure CaCO3 contains = 100mgs 0f pure Ca2+ 

 

ONLINE RESOURCES  

https://www.youtube.com/watch?v=rmB84PRpm94 

https://www.youtube.com/watch?v=oeNRrGaGV20 

 

Self-Assessment Questions  

1. What are oxidation and reduction titration? 
2. What is meant by reduction? 
3. What is meant by oxidizing agent? 
4.  Define reducing agent? 
5.  Why is K2Cr2O7 is preferred in KMnO4 in Redox reaction? 
6. Can K2Cr2O7be used as self-indicator? 
 

Reference and Suggested Reading: 
1.  B.S. Furniss, (1989). “Vogel’s T.B of Practical Organic Chemistry”, Addison 

Wesley Longman, Inc.  
2.  Daniel R. Palleras, (2000). “Experimental Organic Chemistry, John Willey & 

Sons” Inc.  
3.  G. M. Frederick and Saunder,(1960). “Practical Organic Chemistry”, The English 

Language Book Society. 
4.  James A. Moore,(1983).  “Experimental Methods in Organic Chemistry”, Holt-

Saunders Int.  
5.  K.M. Ibne Rasa, M.A. Rehman, A. Rehman, “Organic Chemistry”, The Caravan 

Book House, Lahore.  
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6.  Muhammad Abid Khawaja, Practical Chemistry Notebook Physical Chemistry, 
Ilmi Kitab Khana, Urdu Bazar, Lahore. 

 
7. R.L. Shriner, R.C Fuson, D.V. Curtin and T.C Morrill (1979) “The Systematic 

Identification of Organic Compounds, 6th ed. John Willey & Sons, 
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Introduction 
 Complexometric titration (sometimes chelatometric) is a form of volumetric 
analysis in which the formation of a coloured complex is used to indicate the end point of 
a titration. Complexometric titrations are particularly useful for the determination of a 
mixture of different metal ions in solution. An indicator capable of producing an 
unambiguous colour change is usually used to detect the end-point of the titration. 
Complexometric titration are those reactions where a simple ion is transformed into a 
complex ion and the equivalence point is determined by using metal indicators or 
electrometrically. 
 

Objectives 
After completion of this unit students will be able to: 
1.  standardize   EDTA solution by magnesium/ zinc sulphate solution. 
2.   find out the amount of Ca+2 in the given sample of marble. 
3.   determine Ca+2 and Mg+2 in the sample by using EDTA. 
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5.1  Standardization of EDTA Solution by Magnesium Sulphate Solution. 
 
Reagents: 

i. EDTA solution (0.05M): dissolve 18.613 gms of dil-sod-EDTA in H2O and dilute 
to one dm3 with extra pure distilled water. 

ii. Solo chrome black 6Bsolution: dissolve 0.5gm of the solid indicator in 100 cm3 of 
indicator. 

iii. Buffer solution (pH=10) 
iv. Mg2+ ion solution (0.05 M): weigh out 3.05 gms of MgSO4. 7H2O and dissolve it 

in water. Solution is further diluted to 250 cm3 with distilled water. 
 
Procedure:  
 Dilute 25 cm3 of Mg2+solution to 100 cm3 with distilled water. Add 5 cm3 of buffer 
solution and 6 drops of the indicator. Titrate the content against 0.05 M EDTA solution 
until the colour changes from red to blue. 
 
Calculations:  
  10.05 M EDTA = 1.216 mgs of Mg 
 
5.2  Find out the Amount of Ca2+ in the Given Sample of Marble. 
 
Procedure:  
 Take marble and dissolve in minimum volume of dilute HCl. Dilute the solution to 
100 cm3 with distilled water in a measuring flask. Take 20 cm3 of the solution in conical 
flask. Add 5 cm3 of 10% KOH solution to make it alkaline. Add 0.1-0.2 grams of 
Murexide indicator (or 2-3 cm3) and titrate the contents against 0.1 M solution of EDTA 
taken in the burette. The red colour of the solution changes to violet showing the end-
point. This end-point is very sensitive to the heavy metals impurities if present in the 
solution, and sometimes does not yield satisfactory results. Therefore, the use of 
Eriochrome Black T as an indicator is preferred. Take 20 cm3 of the solution in the 
titration flask and add 2-3 cm3 of the buffer solution. Add 4-5 drops of Eriochrome Black 
T indicator and titrate against standard solution of EDTA taken in the burette. The end-
point is seen from the change of red colour of the solution to light blue. Repeat the 
experiment to obtain at least three concordant readings. 
 
Calculations” 
1 cm3 of 0.1 M EDTA = 4.008mg of Ca2+ 

 
5.3  Determination of Ca+2 and Mg+2 in the Sample (Hard water) by using EDTA. 
 
Theory:  
 Ca+2and Mg+2ions of hard water forms stable complexes with EDTA. Ca+2 form 
complex first and is determined using Murexide as indicator. Total amount of Ca+2and 
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Mg+2is determined by using Eriochrome Black T as indicator. By subtracting the amount 
of Ca+2 the amount of Mg+2 ion can be calculated.  
 
Procedure 
i)      Estimation of Ca+2: Take 20 cm3 of given sample of hard water in a conical flask. 

Add 5 cm3 of 10% KOH solution and 0.2 g of Murexide indicator. Titrate against 
standard solution of EDTA taken in the burette. The end-point is violet blue colour. 
Repeat the experiment to obtain at least three concordant readings. 

ii)      Total estimation of Ca+2and Mg+2: Take 20 cm3 of given sample of hard water in 
a conical flask. Add 10 cm3 of buffer solution, add 5 drops of Eriochrome Black T 
indicator. Titrate against standard solution of EDTA taken in the burette. The end-
point is permanent blue colour. Repeat the experiment to obtain at least three 
concordant readings. 

 
Observations and Calculations: 

a) For Ca+2:  
  EDTA   Hard water Ca+2 
   M1 × V1     =  M2 × V2 
   0.1 M × X cm3     =  M2 × 20cm3 

   M2 = 0.1 M × 
�

��
= 

��

���
 

   Mass no. of Ca+2 = 40 

   Amount of Ca+2 /dm3=
�

���
× 40 = 

�

��
g /dm3 

 
b) Alternate Calculations: 

 For Mg2+ 1cm3 of 0.1 M EDTA = 0.4008 mg of Ca+2 
 Volume of hard water taken = 20 cm3 
 Let volume of 0.1 M EDTA used for each titration = y cm3 
Actual volume of 0.1 M EDTA used for Mg2+ only = (y-x) cm3 
EDTA    Hard water Mg2+ 
   0.1 M × (y-x) cm3        =   M2 × 20 

   M2 = 0.1 M × 
(�  ̶ �)

��
= 
(���)�

���
 

Online Resources 
Youtube.com/watch?v=oVbSsjGh-UI 
https://www.youtube.com/watch?v=giNNqilj4HI 
 
Self -Assessment Questions 
1. What is the structural formula of EDTA? 
2. Why should the standard EDTA Solution not be store in a soft glass bottle? 
3. Give reason for maintaining a certain ��  Value of EDTA Titration.  
4.  How the inference by traces of copper in EDTA titration can be excluded?   
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Reference and Suggested Reading: 
1.  B.S. Furniss,(1989). “Vogel’s T.B of Practical Organic Chemistry”, Addison 

Wesley Longman, Inc.  
2.  Daniel R. Palleras, (2000). “Experimental Organic Chemistry, John Willey & 

Sons” Inc.  
3.  G. M. Frederick and Saunder,(1960). “Practical Organic Chemistry”, The English 

Language Book Society. 
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Introduction 
 According to the IUPAC,a Functional Group is defined as"A specific grouping of 
elements that is characteristic of a class of compounds and determines some properties 
and reactions of that class." 
 In general, Functional groups are collections of atoms that attach the carbon 
skeleton of an organic molecule and confer specific properties. Each type of organic 
molecule has its specific type of functional group. When functional groups are shown, the 
organic molecule is sometimes denoted as “R.” Functional groups are found along the 
“carbon backbone” of macromolecules which is formed by chains and/or rings of carbon 
atoms with the occasional substitution of an element such as nitrogen or oxygen. 
Molecules with other elements in their carbon backbone are substituted hydrocarbons. A 
functional group can participate in specific chemical reactions. Functional groups are 
usually classified as hydrophobic or hydrophilic depending on their charge or polarity. 
An example of a hydrophobic group is the non-polar methane molecule. Among the 
hydrophilic functional groups is the carboxyl group found in amino acids, some amino 
acid side chains, and the fatty acid heads that form triglycerides and phospholipids. This 
carboxyl group ionizes to release hydrogen ions (H+) from the COOH group resulting in 
the negatively charged COO– group; this contributes to the hydrophilic nature of whatever 
molecule it is found on. Other functional groups, such as the carbonyl group, have a 
partially negatively charged oxygen atom that may form hydrogen bonds with water 
molecules, again making the molecule more hydrophilic. Functional groups include 
hydroxyl, methyl, carbonyl, carboxyl, amino, phosphate, and sulfhydryl, etc. 
 

Objectives 
After the performance of the following experiments learner will be able to: 
 identify functional groups with the help of a chemical test. 
 differentiate between physical and chemical tests. 
 compare the properties of organic compounds. 
 prepare different organic reagents for the experiment. 
 handle basic experimental techniques. 
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6.1  Detection of Functional Group: 
 

 Some Important Chemical Test for Functional Group 
 

1.  Lassaigne’s test (Sodium fusion test) 
 The sodium fusion test, or Lassaigne's test, is used in elemental analysis for the 
qualitative determination of the presence of elements, namely halogens, nitrogen, 
and sulfur, in an organic compound. It was developed by J. L. Lassaigne. 
(a) Preparation of Lassaigne’s extract. A small piece of sodium metal is heated gently 
in a fusion tube till it melts to a shining globule. At this stage, a small amount of 
substance is added, and the tube is heated strongly. The red-hot tube is plunged into 
distilled water contained in a china dish. The contents are boiled for some time, cooled, 
and then filtered. The filtrate is known as sodium extract or Lassaigne’s extract. 
Test for nitrogen. The Lassaigne’s-extract is usually alkaline. If not, it may be made 
alkaline by the addition of a few drops of a dilute solution of sodium hydroxide. To a part 
of sodium extract, a small amount of a freshly prepared ferrous sulfate solution is added 
and the contents are warmed. A few drops of ferric chloride solution are then added to the 
contents and the resulting solution is acidified with dilute hydrochloric acid. The 
appearance of a Prussian blue coloration confirms the presence of nitrogen in the organic 
compound. The chemical reactions involved are as follows: 
 

NaCNNa  +    C+N Fused

For Organic compounds

FeSO4 +2NaCN Fe(CN)2  + Na 2 SO4   

Fe(CN)2+ 4NaCN Na4 [Fe(CN)6]

Sodium ferrocyanide

3Na4[Fe(CN)6] + 4FeCl3 Fe4[Fe(CN)6]3 +12NaCl

Ferric ferrocynide
blue color

 
 If the organic compound contains both nitrogen and Sulphur such as thiourea, 
sodium sulphocyanide may be formed during fusion. This reacts with ferric ions to form 
ferric sulphocyanide which gives a blood-red coloration. 
 

Na +    C+N+S NaCNS
For organic compounds Sod.sulphocyanide

3NaCNS  +  Fe3+
Fe (CNS)3 + Na+

Ferric sulphocyanide
Blood red
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Test for Sulfur. Lassaigne’s extract is prepared as described in the case of nitrogen. The 
extract contains sodium sulfide formed by the reaction between sulfur (present in the 
compound) and sodium.  

 
 

The Lassaigne’s extract is divided into two parts and the following tests are performed: 
(a)     Lead acetate test. One part of the extract is acidified with acetic acid and then lead 

acetate solution is added. The formation of a black precipitate confirms the 
presence of Sulphur in the organic compound. 

 

Na2S + Pb(CH3COO)2
PbS + 2CH3COO Na

Black ppt
 

(b)    Sodium nitroprusside test. A few drops of sodium nitroprusside solution are added 
to another part of the Lassaigne’s extract. The appearance of purple coloration 
confirms the presence of sulfur: 

 

Na
2
S + Na

2 
[Fe(CN)

5
NO]

Sod. extract sodium
nitroprusside

Na
4
[Fe(CN)

5
NO.S

purple colouration

 
 
Test for Halogen. A small amount of the compound is fused with metallic sodium as 
described earlier. The halogen present in the compound combines with sodium to form 
sodium halide which passes into the sodium extract. 
 

X  +Na NaX
X may be Cl,Br,I

 
 
 A part of the Lassaigne’s extract is boiled with dilute nitric acid to expel all the 
gases if evolved. The silver nitrate solution is added to the resulting solution. If any of the 
halogens are present, a precipitate is formed. 
 

NaX + AgNO3 AgX  +  NaNO3
ppt
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(i)  A white precipitate soluble in ammonium hydroxide solution indicates the presence 
of chlorine in the organic compound.  

 

NaCl +AgNO3
AgCl + NaNO3

White ppt
 

 
(ii)  A dull yellow precipitate partially soluble in ammonium hydroxide solution 

indicates the presence of bromine in the organic compound. 
 
 (iii)  A bright yellow precipitate, completely insoluble in ammonium hydroxide solution 

indicates the presence of iodine in the organic compound. 
 

NaI + AgNo
3

AgI + NaNO
3

bright yellow ppt
 

 
Online resource: 
https://www.youtube.com/watch?v=FUo428guKt0 
https://www.youtube.com/watch?v=foN9ibxBCYU 
 
2.  Beilstein’s Test: 
 A copper wire flattened at one end is heated in the oxidizing flame of the Bunsen 
burner. The heating is continued until it does not impart blue color to the flame. The hot 
end of copper wire is now touched with the organic substance and is once again kept in 
flame. The reappearance of green or blue color indicates the presence of halogens in the 
organic compound.  
 
Limitations 
(a)  Substances such as urea, thiourea, etc., do not contain halogens but give this test.  
(b)  It does not tell as to which halogen is present in the organic compound. 
 
Online resource: 
https://www.youtube.com/watch?v=lGcr_cUmzbY 
 
3.  Molisch Test: 
 Molisch’s test is a chemical test that is used to check for the presence of 
carbohydrates in a given analyte. This test is named after Czech-Austrian botanist Hans 
Molisch, who is credited with its discovery. Molisch’s test involves the addition of 
Molisch’s reagent (a solution of ∝-naphthol in ethanol) to the analyte and the subsequent 
addition of a few drops of concentrated H2SO4 (sulfuric acid) to the mixture. 
 The formation of a purple or a purplish-red ring at the point of contact between the 
H2SO4 and the analyte + Molisch’s reagent mixture confirms the presence of 
carbohydrates in the analyte.  
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Procedure: 
 2-3 drops of Molisch’s reagent must be added to a small amount of the analyte in a 
test tube and mixed well. Now, a few drops of concentrated sulfuric acid must be added 
drop-wise along the walls of the test tube to facilitate the formation of a layer and avoid 
mixing. The development of a purple ring at the layer formed by the concentrated acid is 
a positive indicator for Molisch’s test. If no purple or reddish-purple color arises, the 
given analyte does not contain any carbohydrate. 
 
Online resource: 
https://www.youtube.com/watch?v=9kD9sRAf2TM 
 
4.  Silver Mirror Test (Tollens reagent test): 
 Tollens Reagent refers to the chemical reagent which is used in the detection of an 
aldehyde functional group, an aromatic aldehyde functional group, or an alpha-hydroxy 
ketone functional group in a given test substance. 
The Tollens Reagent is named after Bernhard Tollens, A German chemist who 
discovered this reagent and its uses. Tollens reagent is a solution of silver nitrate 
(AgNO3) and Ammonia (NH3). 
 
Preparation of Tollens Reagent  
Step 1: A few drops of dilute NaOH are introduced to an aqueous solution of silver 
nitrate. The aqueous solution of silver nitrate contains silver aqua complexes wherein 
water acts as a ligand. The hydroxide ions now convert these silver aqua complexes into 
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silver oxides. This silver oxide (given by Ag2O) precipitates as a brown solid from this 
solution. The reaction can be written as follows. 
2AgNO3 + 2NaOH → Ag2O (brown ppt) + 2NaNO3 + H2O 
Step 2: The brown precipitate of silver oxide generated in step 1 is now dissolved with 
aqueous ammonia. The solution formed from this addition of aqueous ammonia contains 
the [Ag (NH3)2]

+ complex. This complex is the primary component of Tollens Reagent. 
The reaction can be written as: 
Ag2O (brown ppt) + 4NH3 + 2NaNO3 + H2O → 2[Ag(NH3)2]NO3 + 2NaOH 
When an aldehyde is introduced to the Tollens reagent, two things occur: 
The aldehyde is oxidized by the Tollens reagent and forms a carboxylic acid. This 
reaction can be written as follows: 
 

H

CH3

O

 + 2 [Ag(NO3)2]
+ + 2OH-

2Ag + 4NH3 +2 H2O + OH

O

CH3  
 
 The silver ions present in the Tollens reagent are reduced into metallic silver. 
Generally, the Tollens Test is carried out in clean test tubes made of glass. This is 
because the reduction of the silver ions into metallic silver form a silver mirror on the test 
tube. Tollens test is commonly referred to as the Silver Mirror test due to the formation of 
this layer of metallic silver on the test tube. 
 
Online resource: 
https://www.youtube.com/watch?v=7I-y3I3VzM8 
 
5.  Bromine Water Test (Saturation test): 
 Bromine water, also called Bromide bromate solution or Bromine solution with the 
chemical formula Br2. The molecular weight of bromine water is 159.81 and the density 
is 1.307 g/mL. Bromine water is a yellow mixture solution with high oxidizing property, 
prepared by dissolving diatomic bromine (Br2) in water (H2O). 
 Bromine water solution can be prepared in the chemistry lab by direct mixing of 
fumes of bromine and water. But it is not safe, so the more convenient method of 
preparation of bromine water solution is the breaking of sodium bromide (NaBr) in the 
presence of bleach and hydrochloric acid (HCl). 
 The bromine water test is qualitative, used to identify the alkene or alkane 
functional groups present in the compound. Alkene groups react with bromine water in 
the dark condition and undergo an addition reaction, to give a decolorized solution. On 
the other hand, alkane doesn’t react with bromine water and the color of the bromine 
water remains the same. Enols, alkenes, aniline, glucose, phenols, and acetyl groups are 
the most common compounds to undergo a bromine water test. The test also identifies the 
presence of an aldehyde group in the compound. During the process, the color of the 
bromine water changes from yellow to colorless. 
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(i) Alkane 
 Alkane does not react with the bromine water solution and the dark yellow color of 
the bromine solution remains as such. 

CH3 CH3+ No reactionBr2
 

 
(ii)  Alkene 
 Alkene undergoes an addition reaction. For example, ethene reacts with bromine 
water to give 1,2 dibromo ethane. 
 

CH2 CH2 + Br2

H

Br Br

HH

H  
 
 The reaction takes place at room temperature color of the bromine water solution is 
decolorized as it reacts with ethene. 
 
Online resource: 
https://www.youtube.com/watch?v=2C_6ax2TsV8 
 
6. Esterification Formation Test: 
When alcohol is treated with a carboxylic acid in the presence of sulfuric acid a 
compound is formed. This compound has a sweet smell. The compound obtained is 
called an ester. The chemical reaction occurring in the formation of the ester is known as 
an esterification reaction. 

O

OH

CH3 + OH

CH3

O

O CH3CH3
H+

 
 
Online resource: 
https://www.youtube.com/watch?v=E2xNpSj_A4U 
 
7. NaHCO3 Test (Sodium bicarbonate test): 
 Water-insoluble compounds that are soluble in 5% NaOH are then tested with 5% 
sodium hydrogen carbonate (NaHCO3). Strongly acidic compounds such as carboxylic 
acids react with NaHCO3 to form water-soluble salts. The reaction also produces bubbles 
of carbon dioxide (CO2). 
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 Phenols are less acidic than carboxylic acids and do not react with NaHCO3 to form 
water-soluble salts. As a result, phenols are insoluble in 5% NaCHO3 

 

 
 
Online resource: 
https://www.youtube.com/watch?v=E2xNpSj_A4U 
 
8.  KMnO4 Test (Potassium permanganate): 
 Alkenes are oxidized to diols by dilute potassium permanganate (KMnO4), as 
shown in Equation 6. The purple color of KMnO4 disappears and is replaced by the 
brown color of manganese dioxide (MnO2). Because KMnO4 is a strong oxidizing agent, 
aldehydes, some primary and secondary alcohols, phenols, and aromatic amines can also 
react. 
 

 
 
Online resource: 
https://www.youtube.com/watch?v=E2Tqv1DnwHg 
 
9.  2,4-Dinitrophenylhydrazine  Test (DNP): 
 Aldehydes and ketones rapidly form yellow, orange, or red precipitates with 2,4-
dinitrophenylhydrazine (DNP) reagent. 
 

 
Online resource: 
https://www.youtube.com/watch?v=Z2AdINwT8W0 
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10.  Schiff Reagent Test: 
 The Schiff test is a chemical test used to check for the presence of aldehydes in a 
given analyte. This is done by reacting the analyte with a small quantity of a Schiff 
reagent (which is the product formed in certain dye formulation reactions such as the 
reaction between sodium bisulfite and fuchsin).  
The bisulfite and para-Rosaline react together to afford a decolorized adduct whose 
central carbon is sulfonated. Now, the free & uncharged amine groups belonging to the 
aromatic ring that reacts with the aldehyde group to form an aldimine. This aldimine 
group is an excellent electrophile and, therefore, undergoes further reaction with the 
bisulfite ion. Finally, a purple or magenta-colored bisulfite adduct is formed.  
 

 
 
Online resource: 
https://www.youtube.com/watch?v=fcZ29aASk1o 
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11.  Sodium nitroprusside Test: 
 Ketone responds to this test. Ketone reacts with alkali forms an anion further it 
reacts with sodium nitroprusside forms a colored complexion. Aldehydes do not respond 
to this test. 
The chemical reaction is given below. 
CH3COCH3 + OH–→ CH3COCH2

– + H2O 
[Fe(CN)5NO]2- + CH3COCH2

– → [Fe(CN)5NO.CH3COCH2]
3- 

 
Online resource: 
https://www.youtube.com/watch?v=-fRfSklGqP0 
 
12.  Sodium Bisulfite Test: 
 Aldehydes and ketones combine with sodium bisulfite to for well-crystallized 
water-soluble products known as “aldehyde bisulfite” and “ketone bisulfite”. 
The chemical reaction is given below. 
 

 
 
Online resource: 
https://www.youtube.com/watch?v=Lzg_ZJ9E7C4 
 
13. Test with Chromic Acid: 
 Aldehydes react with chromic acid gives a green to blue precipitate. Ketones do not 
react with chromic acid. Some of the primary and secondary alcohols also give this test 
but they do not give dinitrophenylhydrazine tests. 
The chemical reaction is given below. 
R-CHO + 2CrO3 + 3H2SO4 → 3R-C(O)-OH + 3H2O + Cr2(SO4)3(green colour) 
 
Online resource: 
https://www.youtube.com/watch?v=ZPS3b4EqkRM 
 
14.  Fehling’s Reagent Test: 
 One of the most popular tests used for the estimation or detection of reducing 
sugars and non-reducing sugars is the Fehling’s test. The test developed by German 
chemist H.C. von Fehling is also used to differentiate between ketone functional 
groups and water-soluble carbohydrates. Fehling’s test consists of a solution that is 
usually prepared fresh in laboratories. Initially, the solution exists in the form of two 
separate solutions which are labeled as Fehling’s A and Fehling’s B. Fehling’s A is a 



 

solution containing copper (II) sulfate, which is blue. Fehling’s B is a clear liquid 
consisting of potassium sodium tartrate (Rochelle salt) and strong alkali, usually sodium 
hydroxide. During the test solutions, A and B are prepared individually and stored.
 The two solutions are later mixed in equal volumes to get the final Fehling solution 
which is deep blue. The deep blue ingredient is the bis(tartrate) complex of Cu
tartrate tetra-anions serve as a chelating agent in the solution.
 Fehling’s solution is a complex compound of Cu
treated with Fehling’s solution Cu
acids. During the reaction, a red precipitate is formed.
RCHO + 2 Cu2+ + 5 OH−

 
Online resource: 
https://www.youtube.com/watch?v=nDglRuHBTkw
 
15. Rapid Furfural T
 The rapid furfural test
and fructose. The rapid furfural test is similar to
hydrochloric acid instead of concentrated
sugar solution is added to ethanolic
solution is then boiled and if a purple color forms within thirty seconds, fructose is 
present. If a purple color doesn't appear before thirty seconds, glucose is present.
 
Online resource: 
https://www.youtube.com/watch?v=PHFdX19N0WY
 
16.  Benedict Reagent Test
 Benedict’s test is a chemical test that can be used to check for the presence of 
reducing sugars in a given analyte. Therefore, simple carbohydrates containing a free 
ketone or aldehyde functional group
Benedict’s reagent (also known as Benedict’s solution), which is a complex mixture of 
sodium citrate, sodium carbo
 When a reducing sugar is subjected to heat in the presence of an alkali, it gets 
converted into an enediol (which is a relatively powerful reducing agent). Therefore, 
when reducing sugars are present in t
reagent are reduced to cuprous ions (Cu
the reaction mixture and precipitate out as a brick
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ution containing copper (II) sulfate, which is blue. Fehling’s B is a clear liquid 
consisting of potassium sodium tartrate (Rochelle salt) and strong alkali, usually sodium 
hydroxide. During the test solutions, A and B are prepared individually and stored.

The two solutions are later mixed in equal volumes to get the final Fehling solution 
which is deep blue. The deep blue ingredient is the bis(tartrate) complex of Cu

anions serve as a chelating agent in the solution. 
ion is a complex compound of Cu2+. When aldehyde compound is 

treated with Fehling’s solution Cu2+ is reduced to Cu+ and the aldehyde is reduced to 
acids. During the reaction, a red precipitate is formed. 

− → RCOO− + Cu2O + 3 H2O 

https://www.youtube.com/watch?v=nDglRuHBTkw 

Test: 
rapid furfural test is a chemical test used to distinguish between

. The rapid furfural test is similar to Molisch's test but uses concentrated
instead of concentrated sulfuric acid and the solution is boiled.

sugar solution is added to ethanolic 1-Naphthol and concentrated hydrochloric acid. The 
then boiled and if a purple color forms within thirty seconds, fructose is 

present. If a purple color doesn't appear before thirty seconds, glucose is present.

https://www.youtube.com/watch?v=PHFdX19N0WY 

Benedict Reagent Test: 
Benedict’s test is a chemical test that can be used to check for the presence of 

reducing sugars in a given analyte. Therefore, simple carbohydrates containing a free 
functional group can be identified with this test. The test is based on 

Benedict’s reagent (also known as Benedict’s solution), which is a complex mixture of 
sodium citrate, sodium carbonate, and the pentahydrate of copper (II) sulfate.

When a reducing sugar is subjected to heat in the presence of an alkali, it gets 
converted into an enediol (which is a relatively powerful reducing agent). Therefore, 
when reducing sugars are present in the analyte, the cupric ions (Cu2+

reagent are reduced to cuprous ions (Cu+). These cuprous ions form copper (I) oxide with 
the reaction mixture and precipitate out as a brick-red colored compound.

ution containing copper (II) sulfate, which is blue. Fehling’s B is a clear liquid 
consisting of potassium sodium tartrate (Rochelle salt) and strong alkali, usually sodium 
hydroxide. During the test solutions, A and B are prepared individually and stored. 

The two solutions are later mixed in equal volumes to get the final Fehling solution 
which is deep blue. The deep blue ingredient is the bis(tartrate) complex of Cu2+. The 

. When aldehyde compound is 
and the aldehyde is reduced to 

between glucose  
but uses concentrated  

and the solution is boiled. Dilute 
and concentrated hydrochloric acid. The 

then boiled and if a purple color forms within thirty seconds, fructose is 
present. If a purple color doesn't appear before thirty seconds, glucose is present. 

Benedict’s test is a chemical test that can be used to check for the presence of 
reducing sugars in a given analyte. Therefore, simple carbohydrates containing a free 

can be identified with this test. The test is based on 
Benedict’s reagent (also known as Benedict’s solution), which is a complex mixture of 

nate, and the pentahydrate of copper (II) sulfate. 
When a reducing sugar is subjected to heat in the presence of an alkali, it gets 

converted into an enediol (which is a relatively powerful reducing agent). Therefore, 
2+) in Benedict’s 

). These cuprous ions form copper (I) oxide with 
red colored compound. 
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Online resource: 
https://www.youtube.com/watch?v=bVvy2UTfcl4 
 
17.  Osazone Test: 
 Osazones are a class of carbohydrate derivatives found in organic chemistry 
formed when reducing sugars are reacted with an excess of phenyl hydrazine at boiling 
temperatures. The Osazone formation reaction was developed by famous German 
chemist Emil Fischer.  The reaction requires a free carbonyl group, only reducing sugars 
can form Osazones. Sucrose, for example, is unable to form an Osazone, because it is 
non-reducing. 
 

 
 
Online resource: 
https://www.youtube.com/watch?v=R2Jhyp7ZU5s 
 
18. Bedford’s Reagent Test 
 This test is used to differentiate reducing monosaccharide from a disaccharide 
sugar. The reaction is conducted in a slightly acidic medium. A mixture of ethanoic 
(acetic) acid and copper (II) acetate, is added to the test solution and boiled. 
RCHO + 2 Cu2+ + 2 H2O —–> RCOOH + Cu2O + 4H+ 
Reducing monosaccharides react with Bedford’s reagent much faster than disaccharides 
and produce a copious amount of red precipitate of copper (I) oxide within three 
minutes. Disaccharide sugars as they are weaker reducing agents, react at a slower rate 
and so do not form red precipitate even for ten minutes.  
 
Online resource: 
https://www.youtube.com/watch?v=FxzcpzCJY4A 
 
19.  Liebermann Test: 
 A method for testing phenol. When phenol is reacted with NaNO2 and 
concentration H2SO4, it provides a deep green or blue color which to red on dilution with 
water. The generated substance in presence of NaOH / KOH restores the original green or 
blue color. This reaction is termed as Liebermann’s nitroso reaction. 
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Online resource: 

https://www.youtube.com/watch?v=HSGlfbV7W84 
 
20.  Azo-dye Test: 
 This test is performed to confirm the presence of aromatic amines. Aromatic 
amines form diazonium salts when treated with HNO2. These diazo compounds couple 
with phenols like β-naphthol’s form an orange azo dye which is insoluble in water. 
The chemical reaction is given below. 
C6H5NH2 + HNO2 → C6H5-N=N+Cl– 

 

 
 
Online resource: 
https://www.youtube.com/watch?v=Jz2W0XCz-hw 
 
21.  Iodoform test: 
 Iodoform test is used to check the presence of carbonyl compounds with the 
structure R-CO-CH3 or alcohols with the structure R-CH (OH)-CH3 in a given unknown 
substance. 
 The reaction of iodine,a base, and a methyl ketone gives a yellow precipitate along 
with an “antiseptic” smell. It also tests positive for a few specific secondary alcohols that 
contain at least one methyl group in the alpha position. 
 When Iodine and sodium hydroxide are added to a compound that contains either a 
methyl ketone or secondary alcohol with a methyl group in the alpha position, a pale-
yellow precipitate of iodoform or triiodomethane is formed. It can be used to identify 
aldehydes or ketones. If an aldehyde gives a positive iodoform test, then it must be 
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acetaldehyde since it is the only aldehyde with a CH3C=O group. Given below are a few 
examples of reactions for positive iodoform tests. 
 

O

R

CH3 I2

NaOH

CH3

O
–

O

Na
+

+CHI3

 
 
Online resource: 
https://www.youtube.com/watch?v=Fn3q4y6_F7g 
 
22.  Carbylamine’s Test: 
 This test is also called the isocyanide test because when amines are treated 
with chloroform in the presence of alkali, isocyanide is formed. Both aliphatic and 
aromatic amines give positive for this test. Secondary and tertiary amines do not give this 
test. 
The chemical reaction is given below. 
R-NH2 + 3KOH + CHCl3 → RNC(isocyanide) + 3KCl + 3H2O 
 
Online resource: 
https://www.youtube.com/watch?v=PiLUase_nzU 
 
23.  Nitrous Acid Test: 
 This test can be used to identify primary, secondary and tertiary amines. An 
aromatic primary amine reacts with nitrous acid forms a diazonium salt and at higher 
temperatures the formed diazonium compounds undergo decomposition. 
C6H5NH2 + HNO2 → C6H5-N=N+Cl–(diazonium compound) 
Primary aliphatic amines react with nitrous acid to give nitrogen gas, which is seen as 
bubbles. 
R-NH2 + HONO → R-OH + H2O + N2↑ 
Secondary amines react with nitrous acid to form a yellow oily nitrosamine. 
R2-NH + HONO → R2N-NO + H2O 
Tertiary amines react with nitrous acid to form soluble nitrite salts. 
R3N + HONO → R3NH+ON– 

 

Online resource: 
https://www.youtube.com/watch?v=j5jgMUWri8U 
 
24.  Lucas Reagent Test: 
 Lucas test is used to differentiate and categorize primary, secondary and tertiary 
alcohols using a solution of anhydrous zinc chloride in concentrated hydrochloric acid. 
This solution is commonly referred to as the Lucas reagent. It is a nucleophilic 
substitution reaction. In this reaction, the Chloride in the zinc-chloride bond is replaced 
with a hydroxyl group originating from the given alcohol. 
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 The reaction displays the difference in reactivity of the different types of alcohol as 
well as the difference in the ease at which the corresponding carbocation of the alcohols 
is formed. 
 

Primary 
Alcohol 

The solution remains colorless unless it is subjected to heat. The 
solution forms an oily layer when heated. Example: 1-Pentanol. 

Secondary 
Alcohol 

The solution turns turbid and forms an oily layer in three to five 
minutes (varies based on the solubility). Example: 2-Pentanol. 

Tertiary 
Alcohol 

The solution turns turbid and forms an oily layer immediately. 
Example: 2-methyl-2-butanol. 

 
 
Online resource: 
https://www.youtube.com/watch?v=4yPjkRLcauI 
 
6.2 Scheme of Functional Group Analysis: 
Identification of organic compounds containing only one functional group with special 
emphasis on compounds containing the following functional groups. 
-COOH, -OH, C=O, -NH2, and –CONH2 
 
For the acid group -COOH (benzoic acid) is taken as an example for group analysis  
 

1. Benzoic Acid 
 

 
 
 
 
 
 
 
 
 
 
 
 

Carboxylic Acid 
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Table for the scheme for analysis 

 
 

 

S.No. Experiments Observations        Inferences 
1. Physical Test: 

Physical state and Color 
 

 
Colorless, crystalline 
solid 

 
Carbohydrates, acids, 
phenols, amides, and 
anilids may be 
present. 

Odor Odorless Carbohydrates and 
acids may be present. 

Solubility in  
Polar solvent  
H2O(hot & cold) 
 

 
Insoluble in cold but 
soluble in hot water 

 
Carbohydrates, 
aliphatic acids, and 
amides are absent. 
Aromatic acids, 
amines, or phenols 
may be present. 

Solubility in  
Non-polar solvent  
ether 

Soluble at room temp Maybe aromatic 
compounds. 

2. Elemental analysis Test: 
Lassaigne test (please follow the 
procedure for the test as 
described in B(1)  
Test for nitrogen 

 
No blue or bluish-
green color or ppt. 

 
Nitrogen is absent 

 Test for sulfur No black ppt Sulfur is absent 
 Test for halogens No white or yellow 

ppt  
Halogens are absent 

3. Identification test:   
 Litmus paper +aq. sol of 

compound 
The color changes 
from blue to red 

Aromatic acids or 
phenols are present. 

 Treated with Bromine water No. discoloration Saturated compounds 
are present. 

 Treated with NaOH sol Soluble Maybe aromatic acid 
or phenol 

 Treated NaOH sol mixture + 
conc. HCl to acidify 

Compound is 
reprecipitated 

Maybe aromatic acid 
or phenol 

 Compound + 
ethanol+conc.H2SO4 heat 

The fruity smell of 
ester 

Aromatic acid is 
indicated. 
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Result:   The given unknown compound is Benzoic acid. 
 
For the alcohol group -OH (Resorcinol) is taken as an example for group analysis  
1. Resorcinol 
 

 
 

Table for the scheme of analysis 
 
S.No. Experiments Observations        Inferences 
1. Physical Test: 

Physical state and Color 
 

 
Solid with green 
fluorescence 

 
Carbohydrates, acids, 
phenols, amides, and 
anilids may be present. 

Odor Carbolic odor Maybe some phenol. 
Solubility in  
Polar solvent  
H2O(hot & cold) 
 

 
soluble  

 
Aromatic bases, 
aliphatic acids, and 
polyhydric phenols may 
be present. 

Solubility in  
Non-polar solvent  
ether 

Soluble at room temp Aromatic compounds 
are indicated. 

4. Confirmation test:   
 Treated with 10% NaHCO3 sol CO2 evolved Aromatic carboxylic 

acid is indicated, and 
phenol is absent 

 Treated neutral FeCl3 sol. With 
compound sol. Neutralized with 
NH4OH 

Buff colored ppt. Benzoic acid is 
confirmed 

 Treated with soda lime Vapors of benzene 
were given out burn 
with smoky flame. 

Benzoic acid is 
confirmed 

 M.P. determination 121℃ Benzoic acid is 
confirmed. 

Alcohol 
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2. Elemental analysis Test: 

Lassaigne test (please follow the 
procedure for a test as described in 
B(1)  
Test for nitrogen 

 
No blue or bluish-green 
color or ppt. 

 
Nitrogen is absent 

 Test for sulfur No black ppt. 
 

Sulfur is absent 

 Test for halogens No white or yellow ppt.  Halogens are absent 
3. Identification test:   
 Litmus paper +aq. sol of compound Blue litmus turn red Aromatic acids or 

phenols are present. 
 Treated with Bromine water Decolorization with the 

formation of ppt. 
Saturated compounds 
are present. 

 Treated with 10% NaOH sol Soluble with darkening 
of color 

Maybe aromatic acid or 
phenol indicated 

 Treated NaOH sol mixture + conc. 
HCl to acidify 

Compound is 
reprecipitated 

Maybe aromatic acid or 
phenol indicated 

 Liebermann’s test Green, blue, or violet 
color 

Phenol is indicated. 

 Azo dye test An orange-red dye is 
formed 

Phenol is indicated. 

4. Confirmation test:   
 Treated with 10% NaHCO3 sol No evolution of CO2  Acids are absent phenol 

is present 
 Compound+ CHCl3+NaOH+heat Florescent is obtained Resorcinol is confirmed 
 Compound with oxalic acid 

sol+conc.H2SO4 
A blue ring at the 
junction  

Resorcinol is confirmed 

 M.P. determination 118℃ Resorcinol is 
confirmed. 

 
Result: The given unknown compound is Resorcinol. 
 
For carbonyl group -C=O aldehyde (Glucose) is taken as an example for group analysis  
 
1. Glucose 

 

Aldehyde 
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Table for the scheme of analysis 

S.No. Experiments Observations        Inferences 
1. Physical Test: 

Physical state and Color 
 

 
Colorless, crystalline 
solid 

 
Carbohydrates, acids, 
phenols, amides, and 
anilids may be 
present. 

Odor odorless Carbohydrates and 
acids may be present. 

Solubility in  
Polar solvent  
H2O(hot & cold) 
 

 
soluble  

 
Carbohydrates, acids, 
and amides may be 
present. 

Solubility in  
Non-polar solvent  
ether 

Insoluble  Maybe aliphatic 
compounds. 

2. Elemental analysis Test: 
Lassaigne test (please follow 
the procedure for the test as 
described in B(1)  
Test for nitrogen 

 
No blue or bluish-green 
color or ppt. 

 
Nitrogen is absent 

 Test for sulfur No black ppt. Sulfur is absent 
 Test for halogens No white or yellow ppt.  Halogens are absent 
3. Identification test:   
 Litmus paper +aq. sol of 

compound 
No color changes  Carbohydrates are 

present. 
 Treated with Bromine water No. discoloration Saturated compounds 

are present. 
 Treated with NaOH + heat Brown coloration with 

caramel odor 
Carbohydrate is 
indicated 

 Phenylhydrazone test  red, yellow, or orange 
ppt. 

Ketone and aldehyde 
are present 

 Schiff’s test Deep red color Aldehyde reducing 
sugar is present 

 Tollens reagent test Silver mirror is formed Aldehyde reducing 
sugar is present 

 Fehling sol test Reddish-brown ppt.  is 
formed 

Aldehyde reducing 
sugar is present 

4. Confirmation test:   
 Rapid furfural test Violet color after two 

minutes 
Glucose is confirmed 

 M.P. determination 146℃ Glucose is confirmed. 
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Result:   The given unknown compound is Glucose. 
For ketone group -C=O (carbonyl)   ketone (Anthraquinone) is taken as an  example for 
group analysis  
 

1. Anthraquinone 
 

 
 
Table for the scheme of analysis 
S.No. Experiments Observations        Inferences 
1. Physical Test: 

Physical state and Color 
 

 
Pale yellow 
crystalline solid 

 
Carbohydrates, acids, 
phenols, amides, and 
anilids may be 
present. 

Odor odorless Carbohydrates and 
acids may be present. 

Solubility in  
Polar solvent  
H2O(hot & cold) 
 

 
Sparingly soluble in 
hot water 

 
Starch or Quinone 
may be present. 

Solubility in  
Non-polar solvent  
ether 
 

soluble  Maybe aromatic 
compounds. 

2. Elemental analysis Test: 
Lassaigne test (please follow 
the procedure for a test as 
described in B(1)  
Test for nitrogen 

 
No blue or bluish-
green color or ppt. 
 

 
Nitrogen is absent 

 Test for sulfur No black ppt. Sulfur is absent 
 Test for halogens No white or yellow 

ppt.  
Halogens are absent 

3. Identification test:   
 Litmus paper +aq. sol of 

compound 
No color changes  Acid, bases, and 

phenol are absent. 
 Treated with Bromine water discoloration Unsaturated 

compounds are 

Ketone 
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present. 
 Phenylhydrazone test  Red, yellow, or 

orange ppt. 
Ketone and aldehyde 
are present 

 Tollens reagent test No Silver mirror is 
formed 

Ketone is present 

 Fehling sol test No Reddish-brown 
ppt.  is formed 

ketone is present 

4. Confirmation test:   
 Heat compound with 10% 

NaOH and zinc dust 
Red color which is 
slowly decolorize 

Anthraquinone is 
confirmed 

 M.P. determination 273℃ Anthraquinone is 
confirmed. 

 
Result:   The given unknown compound is Anthraquinone. 
For the Amine group -NH2 (p-toluidine) is taken as an example for group analysis  
1. P-toluidine 
 
 

 
 

Table for the scheme of analysis 
S.No. Experiments Observations        Inferences 
1. Physical Test: 

Physical state and Color 
 

 
Solid colorless 

 
Carbohydrates, acids, 
phenols, amides, and 
anilids may be 
present. 

Odor Fishy odorless The amine may be 
present. 

Solubility in  
Polar solvent  
H2O (hot & cold) 
 

 
Sparingly soluble  

 
Aliphatic compounds 
are absent. 

Solubility in  
Non-polar solvent  
ether 
 
 

Soluble Aromatic compounds 
are present. 

Amine 
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2. Elemental analysis Test: 
Lassaigne test (please follow 
the procedure for a test as 
described in B(1)  
Test for nitrogen 

 
No blue or bluish-
green color or ppt. 

 
Nitrogen is absent 

 Test for sulfur No black ppt. Sulfur is absent 
 Test for halogens No white or yellow 

ppt. 
Halogens are absent 

3. Identification test:   
 Litmus paper+ aq. sol of 

compound 
Red litmus turns blue Aromatic amine is 

present. 
 Treated with Bromine water White ppt. Aromatic amine is 

present. 
 KMnO4 sol.+ compound  Decolorizes Aromatic amine is 

present. 
 Treated with NaOH sol. No Ammonia is 

evolved 
Amide is absent 

 Aq. Sol of compound+ chilled 
conc. NaNO2 + HNO3 

N2 evolved with 
effervescence 

Amide is present 

 Carbylamine’s test The offensive odor of 
isocyanide 

Aromatic amine is 
present 

 Nitrous acid test No yellow oil lay is 
formed 

Secondary aromatic 
amine is absent  

4. Confirmation test:   
 Compound sol. In 50% H2SO4 yellow color  p-toluidine is 

confirmed 
 Compound + conc. HCl+ H2O 

cool over ice+ NaNO2 sol+ 2-
Naphthol sol+ excess of 
10%NaOH 

Red dye p-toluidine is 
confirmed 

 M.P. determination 45℃ p-toluidine is 
confirmed. 

 
Result:   The given unknown compound is p-toluidine. 
 
For the Amide group -CONH2 (Thiourea) is taken as an example for group analysis  

1. Thiourea 
2.  

 
 

Amide 



 70

Table for the scheme of analysis 
S.No. Experiments Observations        Inferences 
1. Physical Test: 

Physical state and Color 
 

 
Crystalline, colorless 

 
Carbohydrates, acids, 
phenols, amides, and 
anilids may be 
present. 

Odor odorless Carbohydrates and 
acids may be present. 

Solubility in  
Polar solvent  
H2O(hot & cold) 
 

 
Soluble 

 
Aliphatic compounds 
are present. 

Solubility in  
Non-polar solvent  
ether 

insoluble  Polar Aliphatic 
compounds are 
present. 

2. Elemental analysis Test: 
Lassaigne test (please follow 
the procedure for a test as 
described in B(1)  
Test for nitrogen 

 
No blue or bluish-
green color or ppt.  

 
Nitrogen is absent 

 Test for sulfur No black ppt.  Sulfur is present 
 Test for halogens No white or yellow 

ppt.   
Halogens are absent 

3. Identification test:   
 Litmus paper +aq. sol of 

compound 
No color changes  Acid, bases, and 

phenol are absent. 
 Treated with Bromine water No discoloration Saturated compounds 

are present. 
 Heated with soda lime  Nh3 and H2S were 

evolved 
Amide, imides and 
thioamine are present 

 Compound+ 10% NaOH +heat Ammonia is evolved Amide, imide, and 
nitrile are present 

 Aq. Sol of compound+ chilled 
conc. NaNO2 + HNO3 

N2 evolved with 
effervescence 

Amide is present 

 Compound with HCl+ heat H2S evolved which 
turn lead acetate 
paper black  

Thio compound  is 
indicated 

4. Confirmation test:   
 Heat the compound +add FeCl3 

sol 
Blood Red color  Thiourea is confirmed 

 M.P. determination 182℃ Thiourea is 
confirmed. 
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Result:   The given unknown compound is Thiourea. 
 
Self-Assessment Questions 
Q1.  How will you distinguish between phenol and a carboxylic acid, while both are 

acidic towards litmus paper? 
Ans. Phenol is a weak acid and hence does not evolve CO2 when treated with sodium 

bicarbonate solution whereas in the case of carboxylic acid CO2 is evolved briskly 
which turns lime water milky. 

Q2.   Phenol does not liberate CO2 from the NaHCO3 solution. While carboxylic acid 
liberates CO2 why? 

Ans.  Carboxylic acid is a strong acid. 
Q3.  Why monocarboxylic acids are called fatty acids? 
Ans.  They are found in fats and oils as glycerylesters. this term is only used for non-

substituted monocarboxylic acids. 
Q4.  Carboxylic acids are known to dimerize. Write the structure of the dimer of acetic 

acids? 
Ans. 

 
 
Q5.  Formic acid is the stronger acid than acetic acid why? 
Ans. Formic acid is considered stronger because the CH3 in acetic acid is electron-

donating. The CH3 contributes electron density towards the O-H bond, making it 
harder to remove the H, and making acetic acid a weaker acid than formic acid. 

Q6.  When is -OH group called Phenol? 
Ans.  When -OH group is directly attached to the benzene nucleus, it is called phenols. 
Q7.  What is meant by carbolic acid and carbonic acid? 
Ans.  Simple phenol C6H5OH is called carbolic acid while the carbonic acid is obtained 

by bubbling carbon dioxide sufficiently through the water.  
 
 
 
Q8. What is the structural formula of Resorcinol? 
Ans.  

 
 
Q9.  Which test is used for the identification of phenol? 
Ans.  Liebermann’s test is used for the identification of Phenol? 
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Q10.  Carboxylic Acids liberate CO2 from the NaHCO3 solution. Phenol is also acidic 
but does not liberate CO2 from the NaHCO3  solution. Explain Why? 

Ans.  Phenol is only weakly acidic. 
Q11.  Why does aldehyde are so reactive than ketone? 
Ans.  Due to the presence of Hydrogen directly attached to carbonyl carbon while in 

ketone alkyl group is attached both side of carbonyl carbon. 
Q12. What is red ppt. obtained in Fehling’s solution test? 
Ans.  The red ppt is due to CuO2. 
Q13.  What is Tollen Reagent? 
Ans.  It is the solution of AgNO3 in NH4OH. 
Q14.  What is the silver mirror test? 
Ans.  When an aldehyde is warmed with Tollen reagent. A silver mirror is deposited on 

the wall of the test tube. 
Q15. What is Reducing sugar? 
Ans. Reducing sugar is any sugar that can act as a reducing agent because it has a free 

aldehyde group or a free ketone group. All monosaccharides are reducing sugars, 
along with some disaccharides, oligosaccharides, and polysaccharides. 

Q16. What are the common tests for aldehyde and ketone groups? 
Ans. These are the Fehling solution test and the Benedict test. 
Q17. What will happen, when the solution of the ketone is heated with a 2,4-

dinitrophenylhydrazine solution? 
Ans. A red, yellow, or orange-colored ppt. is given. 
Q18.  How aldehydes and ketones are distinguished from each other? 
Ans.  Aldehydes give a positive test with Fehling solution and ammoniacal silver nitrate 

solution. A ketone does not give the test with the above-mentioned reagents. 
Q19. What is the structural formula of a ketone? 
Ans.                 

 
Q20.  What is sodium nitroprusside test? 
Ans. Dissolve sodium nitroprusside in distilled water in a clean test tube. Add 1ml of the 

given organic compound to be tested. Shake well and add sodium hydroxide 
solution dropwise. If there is the appearance of the red color, then the presence 
of ketone is conformed. 

Q21. What is carbylamines reaction? 
Ans. It is the reaction which involves the formation of an isocyanide by heating a 

primary amine with chloroform and a few drops of an alcoholic solution of sodium 
hydroxide. 

Q22. What do you mean by the azo reaction? 
Ans. The group in which two trivalent nitrogen atoms are attached. i.e. -N=N- 
Q23. What compounds are essential for dye-stuff? 
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Ans. Two components are essentials for a substance to behave as a dyestuff i.e. 
auxochromes and chromophores. 

Q24. Define diazotization reaction? 
Ans.    The reaction between a well-cooled solution of aromatic primary amine and 

nitrous acid is called diazotization reaction. 
Q25. Which test is used to differentiate between primary, secondary, and tertiary amine? 
Ans.  Lucas test and Hinesburg 
Q26. What is the structural formula of amide? 
Ans.    R-C=O-NH2 
Q27. Can nitrogen and sulfur be identified by Lasseigne's test? 
Ans.  Yes. 
Q28. What happens if you boil thiourea with sodium hydroxide solution? 
Ans.  NH3 is liberated. 
Q29.  Name some examples of the amide group? 
Ans. Thiourea, Urea, Anilide, Saccharine. 
Q30  Name the test for the conformation of amide? 
Ans.  Heat the thiourea solution with K4[Fe(CN)6] and acetic acid appearance of blue 

color shows the amide group. 
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Introduction 
 Organic compounds are isolated from either natural sources or reaction synthetic 
mixtures. In natural mixtures, the target is generally constituting a low percentage 
proportion. In synthetic mixture, the target may be the major product, but not pure. The 
reaction mixture contains always impurities. 
 To obtain pure organic substances, mixtures are purified by physical technics. 
According to their nature, especially physical state and polarity. 
 

Objectives 
After the performance of the following experiments learner will be able to: 
 perform all techniques for Organic Chemistry experiments. 
 recognize and use the apparatus related to techniques. 
 learn the basic principle involved in different techniques. 
 determine the advantages and disadvantages of the techniques. 
 adopt the precautions while using the techniques. 
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 7.1 Filtration 
Definition: 
 The process of separating suspended solid matter from a liquid, by causing the 
latter to pass through the pores of a membrane, called a filter and process is called 
Filtration. 
 The mixtures are of two main types: homogeneous mixtures and heterogeneous 
mixtures. A homogeneous mixture is a mixture that is uniform throughout. A 
heterogeneous mixture is a mixture that is not uniform throughout, i.e., ingredients of the 
mixture are distributed unequally. Homogeneous mixtures are sometimes also called 
solutions; especially when it is a mixture of a solid dissolved in a liquid. An example of a 
heterogeneous mixture is the mixture of sand in water. On shaking, sand will stay 
undissolved and are distributed unevenly. The sand particles floating around which will 
eventually settle to the bottom of the bottle makes it a heterogeneous mixture. Different 
types of filters are used to purify and for the separation of mixtures from the 
contaminants. Based on the type of contaminant-large or small, filters of different pore 
sizes can be used. 
 
Types of Filtration: 
 The type of filtration equipment you select for use depends upon which of the two 
components, the solid or the liquid, you are trying to isolate. In general: 
1. If you wish to isolate the liquid - use gravity filtration. 
2. If you wish to isolate the solid - use suction (vacuum) filtration. 
 
1.  Gravity Filtration 
 Gravity filtration is the method of choice to remove solid impurities from an 
organic liquid. The impurity can be a drying agent or an undesired side product or 
leftover reactant. Gravity filtration can be used to collect the solid product, although 
generally vacuum filtration is used for this purpose because it is faster. 
  In principle, the mixture of the solid and liquid is passed through a porous 
material, filter paper, or sintered glass, and the solid is trapped on the porous material 
while the liquid passes through. 
 
Online resource: 
https://www.youtube.com/watch?v=-De2VCoLEcc 
 
2.  Vacuum Filtration 
 Vacuum filtration is used primarily to collect a desired solid, for instance, the 
collection of crystals in a recrystallization procedure. Vacuum filtration uses a Buchner 
funnel and a side-arm flask. Vacuum filtration is faster than gravity filtration because the 
solvent or solution and air are forced through the filter paper by the application of 
reduced pressure. Do not use vacuum filtration to filter a solid from a liquid if it is the 
liquid that you want, and if the liquid is low boiling. Any solvent which boils at about 
125 degrees or lower will boil off under the reduced pressure in the vacuum flask. 
To perform a vacuum filtration, clamp the flask securely to a ring stand. a Buchner funnel 
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with a rubber funnel adaptor. Obtain a piece of filter paper in the funnel that is small 
enough to remain flat but large enough to cover all of the holes in the filter. If necessary, 
you can cut a larger piece of filter paper down to size. Place the paper in the funnel. 
Connect the sidearm flask to a vacuum source. Always use thick-walled tubing, since 
Tygon tubing will collapse under reduced pressure. Wet the paper with a small amount of 
the solvent to be used in the filtration. This causes the paper to adhere to the plate and 
keeps materials from passing under the paper during filtration. Turn on the vacuum 
source. Make sure that the paper is secure on the filter, that air is being drawn through the 
paper, and that all of your apparatus is securely clamped. If you are using a Neoprene 
filter adaptor, you might need to press on the funnel to engage the seal and thus the 
vacuum. Pour the mixture to be filtered onto the filter paper. The vacuum should rapidly 
pull the liquid through the funnel. Watch that particulates do not creep under the edges of 
the paper. If this happens, start over and carefully pour portions of the solution onto the 
very center of the paper 
 Rinse the cake with a small amount of fresh, cold solvent to help remove impurities 
that were dissolved in the filtrate. Carefully disconnect the rubber tubing. Remove the 
filter paper and the collected solid that is on it. Usually, you will need to set the product 
on a watch glass and let it air dry for a while. 
 
Online resource 
https://www.youtube.com/watch?v=U3a8mzJIKq8 
 
 
 

 
 
 
 
 
7.2  Simple and Fractional Distillation  
 Distillation refers to the selective boiling and subsequent condensation of a 
component in a liquid mixture. It is a separation technique that can be used to either 
increase the concentration of a component in the mixture or to obtain (almost) pure 

Figure: Gravity Filtration, Vacuum Filtration 
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components from the mixture. The process of distillation exploits the difference in the 
boiling points of the components in the liquid mixture by forcing one of them into a 
gaseous state. 
 It is important to note that distillation is not a chemical reaction but it can be 
considered as a physical separation process. 
 
Role of Raoult’s Law and Dalton’s Law 
 The temperature at which the vapor pressure of a liquid becomes equal to the 
pressure of the surrounding area is known as the boiling point of that liquid. At this 
temperature point, the liquid is converted into its vapor form via the formation of vapor 
bubbles at its bulk. 
 It is important to note that the boiling point of the liquid changes with the pressure 
around it. For example, the boiling point of water at sea level is 100oC but its boiling 
point at an altitude of 1905 meters is 93.4oC (since the atmospheric pressure is relatively 
lower at high altitudes). 
 For a mixture of liquids, the distillation process is dependent on Dalton’s 
law and Raoult’s law. As per Raoult’s law, the partial pressure of a single liquid 
component in an ideal liquid mixture equals the product of the vapor pressure of the pure 
component and its mole fraction. According to Dalton’s law of partial pressures, the 
total pressure exerted by a mixture of gases is equal to the sum of the partial pressures of 
all the constituent gases. 
 When a mixture of liquids is heated, the vapor pressure of the individual 
components increases, which in turn increases the total vapor pressure. Therefore, the 
mixture cannot have multiple boiling points at a given composition and pressure. 
 
Simple Distillation 
 Simple distillation involves heating the liquid mixture to the boiling point and 

immediately condensing the resulting vapors. 
 This method is only effective for mixtures wherein the boiling points of the liquids 

are considerably different (a minimum difference of 25oC). 
 The purity of the distillate (the purified liquid) is governed by Raoult’s law. 
 
The procedure involved in simple distillation: 
 Check the calibration of the thermometer that is to be used. This can be 
accomplished by placing the thermometer in an ice bath of distilled water. After the 
thermometer has been allowed to reach thermal equilibrium, place it in a beaker of 
boiling distilled water and again allow it to reach thermal equilibrium. If the temperatures 
measured deviate from the expected values by more than two degrees, obtain a new 
thermometer, and check its calibration. 
 Fill the distillation flask. The flask should be no more than two thirds full because 
there needs to be enough clearance above the surface of the liquid so that when boiling 
commences the liquid is not propelled into the condenser, compromising the purity of the 
distillate. Boiling chips should be placed in the distillation flask for two reasons: they will 
prevent the superheating of the liquid being distilled and they will cause a more 
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controlled boil, eliminating the possibility that the liquid in the distillation flask will 
bump into the condenser. 
 Heat the distillation flask slowly until the liquid begins to boil. Vapors will begin to 
rise through the neck of the distillation flask. As the vapors pass through the condenser, 
they will condense and drip into the collection receiver. An appropriate rate of distillation 
is approximately 20 drops per minute. Distillation must occur slowly enough that all the 
vapors condense to liquid in the condenser. Many organic compounds are flammable and 
if vapors pass through the condenser without condensing, they may ignite as they meet 
the heat source. 
 As the distillate begins to drop from the condenser, the temperature observed on 
the thermometer should be changing steadily. When the temperature stabilizes, use a new 
receiver to collect all the drops that form over a two to three-degree range of temperature. 
As the temperature begins to rise again, switch to a third collection container to collect 
the distillate that now is formed. This process should be repeated; using a new receiver 
any time the temperature stabilizes or begins changing until all the distillate has been 
collected in discrete fractions. 
 Remove the heat source from the distillation flask before all the liquid is vaporized. 
If all the liquid is distilled away, there is a danger that peroxides, which can ignite or 
explode, may be present in the residue left behind. Also, when all the liquid has 
evaporated, the temperature of the glass of the filtration flask will rise very rapidly, 
possibly igniting whatever vapors may still be present in the distillation flask. 
Never distill to dryness. The residue left in the distillation flask may contain peroxides, 
which could ignite or explode after all the liquid has distilled away. 
 Make sure that all joints are secured very tightly. If any vapor escapes at the 
connection points, it may come into direct contact with the heat source and ignite. 
Never heat a closed system, the increasing pressure will cause the glass to explode. If the 
distillation flask has a tapered neck, the thermometer may be placed in such a way as to 
block to flow of vapors up the neck of the flask; in effect creating a closed system; make 
sure that if using a tapered neck flask, the thermometer is not resting in the lowest portion 
of the neck. 
 Simple distillation is effective only when separating a volatile liquid from a 
nonvolatile substance or when separating two liquids that differ in boiling point by 50 
degrees or more. If the liquids comprising the mixture that is being distilled have boiling 
points that are closer than 50 degrees to one another, the distillate collected will be richer 
in the more volatile compound but not to the degree necessary for complete separation of 
the individual compounds. 
 
Online resource: 
https://www.youtube.com/watch?v=2XBrj-ZEnEo 
 
Fractional Distillation 
 Fractional distillation is a type of distillation which involves the separation of 
miscible liquids. It is often used to separate mixtures of liquids that have similar boiling 
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points. It involves several vaporization-condensation steps (which takes place in a 
fractioning column). This process is also known as rectification.  
 The basic principle of this type of distillation is that different liquids boil and 
evaporate at different temperatures. So, when the mixture is heated, the substance with a 
lower boiling point starts to boil first and convert into vapors. 
 The apparatus required to perform a fractional distillation on a mixture is listed 
below. 
 Round-bottom flask or distilling flask 
 A source of heat, which can be a fire or a hot bath. 
 Receiving flask to collect the condensed vapors 
 Fractioning column 
 Thermometer to measure the temperature in the distilling flask 
 Condenser 
 Standard Glassware. 
 When heated, the liquid mixture is converted into vapors that rise into the 
fractioning column. The vapors now cool and condense on the walls of the condenser. 
The hot vapors emanating from the distilling flask now heat the condensed vapor, 
creating new vapors. 
 
The procedure involved in Fractional Distillation 
 After setting up the apparatus, a mixture of two miscible liquids A and B is taken 
where A has more volatility than substance B. The solution is added into the distilling 
flask while the fractionating column is connected at the tip of the flask. Heat is applied 
which increases the temperature slowly. The mixture then starts to boil and vapors start 
rising in the flask. The vapors are from the volatile component A. The vapors then start 
moving through the fractionating column into the condenser where it is cooled down to 
form a liquid which is collected in the receiver. 
Throughout the process, vaporization and condensation take place repeatedly until the 
two mixtures are separated. 
 
Online resource: 
.https://www.youtube.com/watch?v=Ag9Dym0Fwd0 
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 7.3  Solvent Extraction  
 Solvent extraction also called liquid-liquid extraction (LLE) and partitioning, is a 
method to separate compounds based on their relative solubility in two different 
immiscible liquids. Immiscible liquids are ones that cannot get mixed up together and 
separate into layers when shaken together. These liquids are usually water and an organic 
solvent. LLE is an extraction of a substance from one liquid into another liquid phase. 
The most common use of the distribution principle is in the extraction of substances by 
solvents, this occurs through the partitioning process, which involves the distribution of a 

Figure: Simple and Fractional Distillation 
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solute between two immiscible liquid phases. This technique is called solvent 
extraction and is known as liquid-liquid extraction. 
 
 
Principle of solvent extraction: 
 When the solute (liquid or solid) is added to a heterogeneous system of two 
immiscible liquids (in both of which the solute is soluble), the solute distributes between 
the two liquids. This distribution is governed by Nernst’s distribution law. 
 
Procedure 
 The reaction mixture is added to the separatory funnel to create an aqueous layer. 
Ether is added to the separatory funnel creating an organic layer. The organic layer is the 
top layer because ether is less dense than water. The stopper is added in preparation for 
the layers to be mixed. Using a smooth rocking motion, shake for 20-30 seconds to 
achieve equilibrium. During shaking, periodically vent the funnel (open the stopcock) to 
release solvent vapors and relieve any built-up pressure. Remove the stopper and wait as 
the layers fully separate. 
Note:  If the layers fail to separate, an emulsion has formed. After thorough mixing, 
each solute will be partitioned (divided) between the aqueous and organic layers. In 
general, organic compounds prefer the organic layer. Salts and highly polar organic 
compounds prefer the aqueous layer. Because only a portion of the solutes will migrate 
from one layer to the other during mixing (called partitioning), 2-3 extractions are usually 
required to achieve a nearly complete transfer. To extract a highly polar organic 
compound from an aqueous layer, NaCl is dissolved in the aqueous layer (called salting 
out). The salt will reduce the compound’s solubility, making it easier to extract with an 
organic solvent. Continuous extraction methods are also available, where a sample is 
treated constantly with freshly distilled solvent. Although only a minuscule amount of 
product is removed each time, eventually the extraction will be complete. Drain the 
bottom aqueous layer into an empty flask. Most, but not all, of the organic compounds 
have moved to the organic layer. To extract the maximum number of organic solutes, the 
extraction process is repeated, two more times, with fresh portions of ether. It is more 
efficient to extract multiple times with small volumes of solvent than to do a single 
extraction with a large volume. After washing the organic layers to remove residual 
impurities (such as acids, bases, and salts), a solid drying agent is used to remove water, 
and the ether is evaporated to afford the extracted organic compounds. The isolated solid 
or liquid organic compounds are now ready to be weighed. 
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Online resource: 
https://www.youtube.com/watch?v=XXjds_lBvC4 
 
7.4   Sublimation 
 Sublimation is the transition from the solid phase to the gas without passing 
through an intermediate liquid phase. This endothermic phase transition occurs at 
temperatures and pressure below the triple points. 
 The term "sublimation" only applies to physical changes of state and not to the 
transformation of a solid into a gas during a chemical reaction. For example, when candle 
wax undergoes combustion, the paraffin is vaporized and reacts with oxygen to produce 
carbon dioxide and water. This is not sublimation. The opposite process of sublimation—
where a gas undergoes a phase change into solid form—is called deposition 
or desublimation. These are some examples of sublimation. 
 Dry ice is solid carbon dioxide. At room temperature and pressure, it sublimates 

into carbon dioxide vapor. 
 Freezer burn results from the sublimation of ice into water vapor. 
 At the right temperature, the elements iodine and arsenic will sublimate from solid 

form into gaseous form. 
 Naphthalene, a chemical commonly used in mothballs, readily sublimates at room 

temperature and pressure. 
 Water ice will sublimate, although more slowly than dry ice. The effect can be seen 

over snowfields when the sun is out, but the temperature is cold. 
 
 

Figure: Solvent Extraction 
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Online resource: 
https://www.youtube.com/watch?v=yAVz4w3XP3A 
 
7.5  Column Chromatography 
 In chemistry, Column chromatography is a technique that is used to separate a 
single chemical compound from a mixture dissolved in a fluid. It separates substances 
based on differential adsorption of compounds to the adsorbent as the compounds move 
through the column at different rates which allow them to get separated infractions. This 
technique can be used on small scale as well as a large scale to purify materials that can 
be used in future experiments. This method is a type of adsorption 
chromatography technique. 
 
Column Chromatography Principle 
 When the mobile phase along with the mixture that needs to be separated is 
introduced from the top of the column, the movement of the individual components of the 
mixture is at different rates. The components with lower adsorption and affinity to 
stationary phase travel faster when compared to the greater adsorption and affinity with 
the stationary phase. The components that move fast are removed first whereas the 
components that move slowly are eluted out last. 
 The adsorption of solute molecules to the column occurs reversibly. The rate of the 
movement of the components is expressed as: 
Rf = the distance traveled by solute/ the distance traveled by the solvent 
Rf is the retardation factor. 

Figure:  Sublimation 
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Column Chromatography Procedure 
 Before starting with the Column Chromatography Experiment let us understand the 
different phases involved. 
Mobile phase – This phase is made up of solvents and it performs the following 
functions: 
1. It acts as a solvent – the sample mixture can be introduced in the column. 
2. It acts as a developing agent – helps in the separation of components in the sample 

to form bands. 
3. It acts as an eluting agent – the components that are separated during the 

experiment are removed from the column 
4. Some examples of solvents used as mobile phases based on their polarity are – 

ethanol, acetone, water, acetic acid, pyridine, etc. 
 
Stationary phase – It is a solid material which should have good adsorption property and 
meet the conditions given below: 
1. Shape and size of particle: Particles should have uniform shape and size in the 
range of 60 – 200μ in diameter. 
2. Stability and inertness of particles: high mechanical stability and chemically inert. 
Also, no reaction with acids or bases or any other solvents used during the experiment. 
3. It should be colorless, inexpensive, and readily available. 
4. Should allow free flow of mobile phase 
5. It should be suitable for the separation of mixtures of various compounds. 
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Types of column chromatography 
 Adsorption column chromatography – Adsorption chromatography is a technique 

of separation, in which the components of the mixture are adsorbed on the surface 
of the adsorbent. 

 Partition column chromatography – The stationary phase, as well as the mobile 
phase, is liquid in partition chromatography. 

 Gel column chromatography – In this method of chromatography, the separation 
takes place through a column packed with gel. The stationary phase is a solvent 
held in the gap of a solvent. 

 Ion exchange column chromatography – A chromatography technique in which the 
stationary phase is always 

 
Online resources: 
https://www.youtube.com/watch?v=UmWMlKJAdSk 
 
Self-Assessment Questions 
Q1.   How solids are purified? 
Ans.  By crystallization. 
Q2.  How purification is tested? 
Ans. By getting a sharp melting point in case of solid and in case of liquid sharp boiling 

point. 
Q3.  How liquids are purified? 
Ans.  By simple distillation. 
Q4.  Give some examples of the sublimation compound. 
Ans.   Iodine, camphor, naphthalene. 
Q5.  How can you purify miscible liquid having close boiling points such as ethanol and 

methanol? 
Ans.  Fractional distillation. 
Q6. Define Chromatography? 
Ans. Chromatography is a physical method that is used to separate complex mixtures. 

The mixture of different components is flushed through the system at different 
rates. 

Q7.  What does Rf Stand for? 
Ans.  Retention factor. 
Q8.  In which type of chromatography, the stationary phase held in a narrow tube, and 

the mobile phase is forced through it under pressure? 
Ans. In Column chromatography, the stationary phase held in a narrow tube, and the 

mobile phase is forced through it under pressure. It is carried out in a long glass 
column having a stop-cock near the bottom. 

Q9.  In chromatography, which of the following can the mobile phase be made of? 
Ans.  In chromatography, the mobile phase can be composed of liquid or gas. It cannot 

be a solid material. 
Q10. Which substance is used as an adsorbent in Column adsorption chromatography? 
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Ans.  Magnesium oxide, silica gel, activated alumina are used as adsorbent in column 
chromatography? 

Q11.   In Column chromatography, the stationary phase and the mobile phase is made of 
which material? 

Ans. In Column chromatography, the stationary phase is made of solid and the mobile 
phase is made of liquid. It is carried out in a long glass column which has a stop-
cock near the bottom. 

Q12.     The process uses to separate the insoluble particle from a liquid is called   
Ans. Filtration  
 
Q13. What is the difference between simple distillation and fractional distillation? 
Ans. In fractional distillation, fractionating columns are used. 
 
Q14. Why solvent extraction is considered as a useful separation technique? 
Ans. The main reason for its usefulness is that separations can be carried out on the 

macro-level as well as on the micro-level. Moreover, one does not need any 
sophisticated apparatus or instrumentation except a separatory funnel. 

 
Q15. What is Nerst distribution law? 
Ans.     When a solute is shaken with two immiscible solvents 1 and 2, the solute 

distributes itself between these two liquids and a dynamic equilibrium is 
established: 

 

 
 
Where A1, and A2, are the concentrations of the solute A in solvent 1 and 2 respectively. 

If the solute exists in the same ionic or molecular form in both the solvents. Nerst 
law states that 

KD= A1/A2 
Where KD, is a constant at a temperature known as distribution or partition constant. 
Q16 What are the limitations of the distribution law? 
Ans. The two solvents should be immiscible. 
 The solutions should be diluted. 
 The molecular state of the solute should be the same in both phases. 
Q17  When theSolvent extraction is more effective?  
Ans. Solvent extraction is more effective when the extraction is repeated with a small 

solvent. 
Q18. Which of the following separation techniques is dependent on the difference in 

volatility? 
Ans. The distillation process is dependent on the difference in volatility. Example: - 

Vapor pressure, Boiling point. 
Q19 How are Oil and Hexane separated? 
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Ans.     Oil and Hexane will have huge differences in the molecular weights. Hence, they 
will form two phases in a separating funnel. Thus, the layer that settles down can 
be removed. Distillation cannot be used here because oil might get damaged. 

 
Q20. How a mixture of isopropyl alcohol and water is be separated? 
Ans. A two-step distillation is employed where there is an addition of benzene which is 

soluble in IPA and thus forms a layer. Now IPA and benzene mixture can be 
separated from water using a separating funnel. Further distilling, we get benzene 
and IPA. 
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Introduction 
 Volumetric analysis (also titration determination or titration) is generally one of the 
quantitative methods that deal with the determination of quantity (amount) of particular 
elements (components) in tested (analyzed) material (sample). It is preceded by 
qualitative analysis when only the composition of the analyzed sample is tested. 
Volumetric analysis is carried in liquid media and is one of the direct chemical methods. 
Next to the direct chemical methods, there are instrumental analytical methods used for 
quantitative determination using indirect Physico-chemical measurements. Stoichiometric 
analytical reactions are used for quantitative determination in volumetric analysis. The 
requirements for such identification include unidirectionality of the reaction, sufficient 
rate, no disturbing side reactions, and easy identification of the end of the reaction, also 
called the achievement of point of equivalence. 
 

Objectives 
After the performance of the following experiments, the learner will be able to: 
 determine the molecular weight of the given organic acid. 
 recognize and use the apparatus related to techniques. 
 learn the basic principle involved in different techniques. 
 determine the advantages and disadvantages of the techniques. 
 adopt the precautions while using the techniques. 
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8.1  Determination of Molecular Weight of a Carboxylic Acid  
 
The Basic Principle of Volumetric Analysis 
 The solution to be analyzed contains an unknown amount of chemicals. 
The reagent of unknown concentration reacts with a chemical of an unknown amount in 
the presence of an indicator (mostly phenolphthalein) to show the end-point. It’s the point 
indicating the completion of the reaction. 
The volumes are measured by titration which completes the reaction between the solution 
and reagent. 
The volume and concentration of reagent which are used in the titration show the amount 
of reagent and solution. 
The amount of unknown chemical in the specific volume of solution is determined by the 
mole fraction of the equation. 
When the endpoint of the reaction is reached, the volume of reactant consumed is 
measured and applied to carry volumetric analysis calculations of the analyte by the 
following formula, 
Ca= Ct Vt M / Va 
Where, 
Ca is the analyte concentration, typically in molarity. 
Ct is the titrant concentration, typically in molarity. 
V is the volume of the titrant which is used, typically in liters. 
M is the mole ratio of the analyte and reactant from the balanced equation. 
V is the volume of the analyte, typically in liters. 
Many non-acid-base titrations are needed a constant pH throughout the reaction. 
Therefore, a buffer solution can be added to the titration chamber to maintain the pH 
value. 
Titrationis a technique to determine the concentration of an unknown solution. 
Acid-base titration: Determination of acid or alkaline substances by titration with 
hydroxide or acid, respectively; the principle is a neutralization reaction.  
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Example succinic acid 
 The molecular weight of a carboxylic acid would be the weight in grams which 
neutralizes100 ml. of metal alkali solution. 
The molecular weight of a dibasic succinic acid is the weight which neutralizes 2000 ml. 
of the metal alkali solution. 
If the basicity is unknown, then only the equivalent weight can be calculated. 
 
Equation 

O

OH

O

OH

+ 2NaOH

O

O
–

O
–

O

Na
+

Na
+

+ 2H2O

 
Mole Ratio 1:2 
 
Procedure: 
Weight 2.627 g. of succinic acid and dissolve in 100 ml water in a measuring flask. Mix 
well and take 25 ml in a conical flask. Add one drop of Phenolphthalein sol.and titrate 
against M/2 NaOH to light pink color. 
Molarity of NaOH              = M1=0.5 
The volume of NaOH used = 22.1 ml 

Figure: Titration Apparatus 
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No. of moles of NaOH taking part in the reaction = n1=2 
Molarity of acid = M2 =? 
The volume of acid sol. Taken = 25 ml 
No. of moles of acid taking part in the reaction = n2 = 1 
According to the formula: 
Acid    Base 
M2V2/n2  = M1V1/n1 
M2 X 25/1  = 0.5 X22.1/2 
M2X25X2  = 0.5X22.1X1 
M2= 0.5 X22.1X1/25X2 =0.221M 
Amount dissolved/100 ml of acid =  2.627g. 
Amount of dissolved/1000 ml of acid =26.27g. 
Amount dissolved/liter = Molarity X Mol. Wt. 
26.27 = 0.221X Mol. wt. 
Molecular weight = 26.27/0.221=118.86 
Theoretical Mol. wt. of Succinic Acid = 118g/mol 
 
Online resource: 
https://www.youtube.com/watch?v=_1xJ5_0JQG0 
 
8.2  Conductometer and Potentiometric Titration using Conductivity Bridge and 

pH Meter 
 
Conductometer Titration using Conductivity Bridge 

 Conductometric titration is a laboratory method of quantitative analysis used to 

identify the concentration of a given analyte in a mixture. Conductometric titration 

involves the continuous addition of a reactant to a reaction mixture and the 

documentation of the corresponding change in the electrolytic conductivity of the 

reaction mixture. It can be noted that the electrical conductivity of an electrolytic solution 

is dependent on the number of free ions in the solution and the charge corresponding to 

each of these ions. 

 In this type of titration, upon the continuous addition of the titrant (and the 

continuous recording of the corresponding change in electrolytic conductivity), a sudden 

change in the conductivity implies that the stoichiometric point has been reached. The 

increase or decrease in the electrolytic conductivity in the Conductometric titration 

process is linked to the change in the concentration of the hydroxyl and hydrogen ions 

(which are the two most conducting ions). 

 The strength of an acid can be determined via Conductometric titration with a 

standard solution of a base. An example of a curve plotted for such a titration process is 

given below. 



 

 
 The method of Conductometric titration is very useful in the titration of 
homogeneous suspensions or colored solutions as these titrations cannot be done with the 
use of normal chemical indicators
 
Principle of the Conductometric 
 The principle of the Conductometric titration process can be stated as follows 
 During a titration process, one ion is replaced with another and the difference in the ionic 
conductivities of these ions directly impacts the overall electrolytic conductivity of the 
solution. 
 It can also be observed that the ionic conductance values vary between cations and 
anions. Finally, the conductivity is also dependent upon the occurrence of a chemical 
reaction in the electrolytic solution.
 
Procedure 
 For the Conductometric 
follows: 
 10 ml of the acid must be diluted with approximately 100 ml of distilled water (so 

that the changes in the conductance brought on by the addition of the base become 
small). 

 A burette must now be filled with the base and the initial volume must be noted.
 In this step, a conductivity cell must be inserted into the diluted acid solution in a 

way that both the electrodes are completely immersed.
 Now, the conductivity cell can be connected to a

an initial reading. 
 The base must now be added dropwise into the acid solution. The volume of base 

added must be noted along with the corresponding change in the conductance.
 A sharp increase in the conductance of the solut

been reached. However, a few more readings must be taken after the endpoint of 
the titration. 
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The method of Conductometric titration is very useful in the titration of 
homogeneous suspensions or colored solutions as these titrations cannot be done with the 

chemical indicators.  

Principle of the Conductometric Titration 
e of the Conductometric titration process can be stated as follows 

During a titration process, one ion is replaced with another and the difference in the ionic 
conductivities of these ions directly impacts the overall electrolytic conductivity of the 

It can also be observed that the ionic conductance values vary between cations and 
anions. Finally, the conductivity is also dependent upon the occurrence of a chemical 
reaction in the electrolytic solution. 

For the Conductometric titration of an acid with a base, the general process is as 

10 ml of the acid must be diluted with approximately 100 ml of distilled water (so 
that the changes in the conductance brought on by the addition of the base become 

now be filled with the base and the initial volume must be noted.
In this step, a conductivity cell must be inserted into the diluted acid solution in a 
way that both the electrodes are completely immersed. 
Now, the conductivity cell can be connected to a digital Conductometer to obtain 

 
The base must now be added dropwise into the acid solution. The volume of base 
added must be noted along with the corresponding change in the conductance.
A sharp increase in the conductance of the solution implies that the endpoint has 
been reached. However, a few more readings must be taken after the endpoint of 

 

The method of Conductometric titration is very useful in the titration of 
homogeneous suspensions or colored solutions as these titrations cannot be done with the 

e of the Conductometric titration process can be stated as follows –
During a titration process, one ion is replaced with another and the difference in the ionic 
conductivities of these ions directly impacts the overall electrolytic conductivity of the 

It can also be observed that the ionic conductance values vary between cations and 
anions. Finally, the conductivity is also dependent upon the occurrence of a chemical 

titration of an acid with a base, the general process is as 

10 ml of the acid must be diluted with approximately 100 ml of distilled water (so 
that the changes in the conductance brought on by the addition of the base become 

now be filled with the base and the initial volume must be noted. 
In this step, a conductivity cell must be inserted into the diluted acid solution in a 

digital Conductometer to obtain 

The base must now be added dropwise into the acid solution. The volume of base 
added must be noted along with the corresponding change in the conductance. 

ion implies that the endpoint has 
been reached. However, a few more readings must be taken after the endpoint of 
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 These observed values must now be plotted graphically. The equivalence point can 
be obtained from the point of intersection between the two lines. 

 The strength of the acid can now be calculated via the formula S2 = (V1S1)/10; 
where S2 is the strength of the acid, V1 is the volume of base added (as per the 
equivalence point on the Conductometric titration graph), and S1 is the strength of the 
base (already known). Here, the volume of the acid (V2) is equal to 10 ml. 
 

 
 
 
 
 
Online resource: 
https://www.youtube.com/watch?v=amFOhvc6p74 
 
Potentiometric Titration using PH Meter 
 It is the procedure through which the quantity of the given test substance is 
determined by the measured addition of titrant until the entire test substance undergoes 
reaction. After the titration process, the potential difference between the two electrodes 
(namely the reference and indicator electrode) is measured in conditions where a 
thermodynamic equilibrium is maintained and the current passing through the electrodes 
does not disturb this equilibrium. 
 
Potentiometric Titration Principle 
 Potentiometric titration is a laboratory method to determine the concentration of a 
given analyte. It is used in the characterization of acids. In this method, there is no use of 
a chemicalindicator. Instead, the electric potential across the substance is measured. 
 
 
Potentiometric Titration Method 
 Potentiometric Titration is done via the usage of two electrodes – an indicator 
electrode and a reference electrode (generally a hydrogen electrode or a silver chloride 

Figure: Conductometric Titration 



 

electrode). One half-cell is formed with the indicator electrode and the ions of the 
analyte, which is generally an electrolyte solution. The other half
reference electrode. 
 The overall cell potential can be calculated using the formula given 
Ecell= Eind – Eref + Esol 

Where the potential drop between the indicator and reference electrodes over the 
electrolyte solution is given by E
 The overall cell potential, E
measured and added. Now, a graph is plotted with the Potential difference on the Y
and the volume on the X
 

 It can be observed from the graph that the electric potential of the cell is 
on the concentration of ions which are in contact with the indicator electrode. Therefore, 
the Ecell is measured with each addition of the titrant.
 

 
 
 
 
 

Figure: Potentiometric Titrations using PH Meter
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cell is formed with the indicator electrode and the ions of the 
analyte, which is generally an electrolyte solution. The other half-cell is formed by the 

The overall cell potential can be calculated using the formula given 

Where the potential drop between the indicator and reference electrodes over the 
electrolyte solution is given by Esol. 

The overall cell potential, Ecell is calculated in every interval where the titrant is 
added. Now, a graph is plotted with the Potential difference on the Y

and the volume on the X-axis as shown below. 

 
It can be observed from the graph that the electric potential of the cell is 

on the concentration of ions which are in contact with the indicator electrode. Therefore, 
is measured with each addition of the titrant. 

 

Figure: Potentiometric Titrations using PH Meter 

cell is formed with the indicator electrode and the ions of the 
cell is formed by the 

The overall cell potential can be calculated using the formula given below. 

Where the potential drop between the indicator and reference electrodes over the 

is calculated in every interval where the titrant is 
added. Now, a graph is plotted with the Potential difference on the Y-axis 

It can be observed from the graph that the electric potential of the cell is dependent 
on the concentration of ions which are in contact with the indicator electrode. Therefore, 
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Procedure: 
1.  Obtain about 100 mL of 0.15 M HCl in a clean, dry beaker. This beaker should be 

labeled. Never pour any solution back into this beaker. Once the solution has been 
poured into the burette, it should be discarded into the sink or waste container. 

2.  Rinse your burette with distilled water. Then use a small amount of the 0.l5 M HCl 
solution to rinse the burette. (Pour about 10 ml of the HCl solution into the burette. 
Let some of it flow through the tip. Pour the rest of the HCl solution out the top of 
the burette, rotating the burette as you pour.) The rinsing solution should be 
discarded into the sink. Repeat this rinsing procedure twice more. Fill the burette to 
some point higher than the markings with the HCl solution and then carefully let 
the HCl solution out into a waste container until the bottom of the meniscus is on 
the 0.00 line. 

3.  Obtain about 100 mL of NaOH solution in another clean, dry beaker. This beaker 
should also be labeled. Never pour any solution back into this beaker. Once the 
solution has been poured into the burette, it should be discarded into the sink or 
waste container. Rinse and fill the other burette as indicated in step 2. 

4.  Standardize the pH meter (Refer to the specific instructions for the pH meter that 
you will be using) 

5.  Place a 250 mL beaker under the burette containing the 0.15 M HCl and let out 
approximately 20 mL into the beaker. Record the mL of HCl added to the beaker. 

6.  Carefully drop a magnetic stirring bar into the beaker containing the HCl solution. 
Set the beaker on the magnetic stirring motor and position the burette containing 
the NaOH solution and the pH electrode as shown in the diagram. Carefully turn on 
the stirring motor and make sure that the stirring bar does not hit the electrode. 
Adjust the stirring speed as directed by your teacher. 

7.  Set up your data table to include mL of NaOH added and the pH of the solution. 
You should allow for as many as 50 mL of solution. 

8.  Measure and record the pH of the solution before any NaOH has been added. 
9.  Add 1.0 mL of NaOH solution carefully from the burette. Record the pH when it 

has stabilized. Add another 1.0 mL of NaOH and record the pH. Continue adding 
NaOH in 1.0 mL increments until you have obtained a pH reading greater than 12. 

10.  Remove the pH electrode from the solution, rinse it with distilled water, and store it 
as directed by your teacher. 

11.  The solutions may be discarded down the sink. Rinse the burets with distilled water 
and place it upside down in the buret holder to drain. 

 
Calculations: 
1.  Make a graph of the pH vs mL of NaOH added. The pH should be on the vertical 

axis and the mL of NaOH should be on the horizontal axis. The graph should be of 
such a size that 1 mL is represented by 1 square on the graph and the pH scale is 
spread out as much as possible. 

2.  There should be a region on your graph where the slope is very steep. Determine 
the midpoint of this region. This is the equivalence point. Record the mL of NaOH 
added at the equivalence point as determined from the graph. 
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3.  Use the relationship: MAVA = MBVB to determine the molarity of the base. 
 
Online resource: 
https://www.youtube.com/watch?v=g5z6EaT46iA 
 
8.3 Thin Layer Chromatography 
 Thin Layer Chromatography is a technique used to isolate non-volatile mixtures. 
The experiment is conducted on a sheet of aluminum foil, plastic, or glass which is 
coated with a thin layer of adsorbent material. The material usually used is aluminum 
oxide, cellulose, or silica gel. 
 On completion of the separation, each component appears as spots separated 
vertically. Each spot has a retention factor (Rf) expressed as: 
Rf = dist. traveled by sample / dist. traveled by solvent 
 The factors affecting the retardation factor are the solvent system, the amount of 
material spotted, absorbent, and temperature. TLC is one of the fastest, least expensive, 
simplest, and easiest chromatography techniques. 
 
Thin Layer Chromatography Principle 
 Like other chromatographic techniques, thin-layer chromatography (TLC) depends 
on the separation principle. The separation relies on the relative affinity of compounds 
towards both the phases. The compounds in the mobile phase move over the surface of 
the stationary phase. The movement occurs in such a way that the compounds which have 
a higher affinity to the stationary phase move slowly while the other compounds travel 
fast. Therefore, the separation of the mixture is attained. On completion of the separation 
process, the individual components from the mixture appear as spots at respective levels 
on the plates. Their character and nature are identified by suitable detection techniques. 
 

 
 
 
Thin Layer Chromatography Procedure 
 Before starting with the Thin Layer Chromatography Experiment let us understand 
the different components required to conduct the procedure along with the phases 
involved. 
1. Thin Layer Chromatography Plates – ready-made plates are used which are 

chemically inert and stable. The stationary phase is applied on its surface in the 
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form of a thin layer. The stationary phase on the plate has a fine particle size and 
also has a uniform thickness. 

2. Thin Layer Chromatography Chamber – Chamber is used to develop plates. It is 
responsible to keep a steady environment inside which will help in developing 
spots. Also, it prevents the solvent evaporation and keeps the entire process dust-
free. 

3. Thin Layer Chromatography Mobile phase – Mobile phase is the one that moves 
and consists of a solvent mixture or a solvent. This phase should be particulate-
free. The higher the quality of purity the development of spots is better. 

4. Thin Layer Chromatography Filter Paper – It has to be placed inside the chamber. 
It is moistened in the mobile phase. 
 

Thin Layer Chromatography Experiment (separation of amino acid) 
1. Eluent [Mix n-butanol, acetic acid (purity 98 – 100 %) and distilled water in volume 

ratio 5:1:5. Stir for 10 minutes, then let the layers separate. Use the upper layer as 
eluent.]  

2.  Solution on ninhydrin. [Dissolve 0.3 g of ninhydrin in 100 ml n-butanol. Add 3 ml 
of glacial acetic acid.]  

3.  0.02 M solutions of amino acids (leucine, methionine, alanine, and serine). 
[Dissolve: 0.026 g leucine, 0.030 g methionine, 0.018 g alanine, and 0.021 g serine 
in distilled water and bring the volume to 10 ml.]  

4.  Chromatographic paper with dimensions 85 x 50 mm  
5.  Elution chamber with approximate internal dimensions: 7 cm high and with 5.5 cm 

diameter. The upper edge of the chamber is ground and the chamber is covered 
with two lids, the first lid has a slot for chromatographic paper. 

 6.  Glass capillaries for spotting the samples. 
 7.  Graduated test-tube. 
 8.  Graphite pencil.  
9.  Drying oven at ~ 60° C.  
10.  Filter paper 10 x 10 mm or 12 cm in diameter.  
11.  The solution of ninhydrin in spraying bottle.  
12.  Ruler.  
13.  Scissors.  
14.  Rubber gloves. 
 
Online resources: 
https://www.youtube.com/watch?v=qdmKGskCyh8 
 
Self-Assessment Questions 
Q1. What is the principle of TLC? 
Ans. TCL is based on the principle of separation through adsorption type. The separation 

relies on the relative empathy of compounds towards the mobile phase and 
stationary phase. 
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Q2. What is a chromatogram? 
Ans. It is a sheet of filter paper on which a sample component appears after separation? 
Q3. For what Rf stands for? 
Ans. It stands for the retention factor or retardation factor. It is constant for a compound 

at temperature for a given solvent. 
Q4. What is meant by Rf value? 
Ans. It is a mathematical ratio of the distance solute to that of the solvent front. 
Rf=            distance traveled by solute(cm)/ distance travelled by the solvent front(cm) 
Q5. What is the eluotropic series? 
Ans. It is a series in which the solvent is arranged in order of increasing polarity as 

indicated by their dielectric constant. 
Q6. What is redox titration? 
Ans. Those titrations which largely involve simultaneous oxidation-reduction reaction. 
Q7.  How will you distinguish between reduction and oxidation? 
Ans. A reduction of a material is the gain of an electron. While oxidation of a material is 

the loss of electrons. 
Q8. Define pH 
Ans. It is a measure of the hydrogen ion concentration in solution and is also referred to 

as the degree of acidity or alkalinity.  
Q9. What is potentiometric titration? 
Ans. Potentiometric titration is a laboratory method to determine the concentration of a 

given analyte. 
Q10. Define conductometric titration. 
Ans.    Conductometric titration involves the continuous addition of a reactant to a 

reaction mixture and the documentation of the corresponding change in the 
electrolytic conductivity of the reaction mixture. 

Q11. What is Titration? 
Ans. Titration is a process that involves the careful addition of the reagent solution to the 

solution containing the constituent until the amount of reagent and constituent is 
exactly equivalent. 

Q12. What is the standard solution? 
Ans.  A standard solution is one whose strength or concentration is known. 
Q13. What do you mean by acid-base titration? 
Ans. The titration involves strong/weak acid or base. 
Q14.    Define Normality. 
Ans. a measure of concentration equal to the gram equivalent weight per liter of 

solution. Gram equivalent weight is the measure of the reactive capacity of a 
molecule. The solute's role in the reaction determines the 
solution's normality. Normality is also known as the equivalent concentration of a 
solution 

Q15. Define Molarity. 
Ans.  It is defined as the moles of a solute per liters of a solution. Molarity is also known 

as the molar concentration of a solution. 
Q16. Who discovered thin-layer chromatography? 
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Ans. It was developed by Izmailov in the year 1938 considering Mikhail Tswett’s 
description of column chromatography. 

Q17. What is the major difference between Thin layer chromatography and paper 
chromatography? 

Ans. The stationary phase used in paper chromatography Cellulose filter paper 
containing water in its pore whereas in TLC the stationary phase used is a Glass 
plate coated with silica gel. 

Q18. Define Titration? 
Ans    It is a technique to determine the concentration of an unknown solution. 
Q19 Define Acid and base titration? 
Ans. Acid-Base titrations are usually used to find the amount of a known acidic or basic 

substance through acid-base reactions. The analyte (titrated) is the solution with 
unknown molarity. The reagent (titrant) is the solution with known molarity that 
will react with the analyte. 

Q20. Define Redox titration? 
Ans. A redox titration is a type of titration based on a redox reaction between the 

analyte and titrant. ... A common example of a redox titration is treating a solution 
of iodine with a reducing agent to produce iodide using a starch indicator to help 
detect the endpoint. 
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Introduction 
 Iodometry also known as iodometric titration, is a method of volumetric chemical 
analysis, a redox titration where the appearance or disappearance of elementary iodine 
indicates the end point.Note that iodometry involves indirect titration of iodine liberated 
by reaction with the analyte, whereas iodimetry involves direct titration using iodine as 
the titrant.Redox titration using sodium thiosulphate, Na2S2O3 (usually) as a reducing 
agent is known as iodometric titration since it is used specifically to titrate iodine. The 
iodometric titration is a general method to determine the concentration of an oxidising 
agent in solution. In an iodometric titration, a starch solution is used as an indicator since 
it can absorb the I2 that is released. This absorption will cause the solution to change its 
colour from deep blue to light yellow when titrated with standardised thiosulfate solution. 
This indicates the end point of the titration. Iodometry is commonly used to analyze the 
concentration of oxidizing agents in water samples, such as oxygen saturation in 
ecological studies or active chlorine in swimming pool water analysis. 
Iodometry 
 

Objectives 
After performance of the following experiments, the student will be able to: 
1. determine the Iodide and Kl in the given sample solution. 
2. standardize   Na2S2O3. 5H2O Solution 
3.  determine number of water molecules (x) in CuSO4.xH2O. 
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9.1  Determination of Iodide and Kl in the Given Sample Solution. 
Example: 1 
To determine the concentration of Oxidizing agent in a given a sample solution. 
Step 1.    K2Cr2O7 + 7H2SO4+ 6KI                   Cr2(SO4)3+4K2SO4 +7H2O +3I2 
Cr2O3

-2+I-               Cr3+ +I2 
Step2. I2 +I-                 I3- (reversible) 
Step3. Starch  + I3-                   starch iodine complex (deep blue) 
Step4. 2S2O3

-2 +I2                  S4O6
-2 + 2I- 

Volume of  sodium thiosulphate = V1 

Strength of sodium thiosulphate = S1 

Volume of Iodine Solution =V2 

V1S1=V2S2 
S2=V1S1/V2 = x M X V= Moles Iodine 
With indicator  
Color change+ end point                      deep blue + colorless 
3I2                   1 K2Cr2O7 
1I2                     1/3 
Y moles= y * 1/3 K2Cr2O 
Example 2: 
 
A 10 ml of K2Cr2O7 solution liberated Iodine (I2) from potassium KI solution. The 
liberated iodine was titrated by 16ml of M/25 solution of thiosulphate (S2O3

-2)solution. 
Calculate the conc. Of K2Cr2O7 solution in gL-1 
Solution: 
K2Cr2

+6O7 = KI-                      I2
0 + Cr+3 

 10ml 
I2 + S2

+2O3
-2                     I-+S4

+2.5O6
-2 

         16ml(1/25)M 
(sulfur vf=1) 
No. to ml. eq. of S2O3

2  = no. of ml. eq. of K2Cr2O7        

N*V                                =  N*V 
N=Molarity* valency factor 
(1/25*1)*16 = no.ofml.eq. of K2Cr2O7 
16/25 
g.eq.of K2Cr2O7 = 16÷25*  1000 
weight/eq.weight   =  16÷25*1000 
weight/Molecular weight÷ valency factors  =  16÷25*1000 
valency factor of K2Cr2O7=6 
1o÷molecular weight of K2Cr2O7 * 6  =  16÷25*1000 
6w÷Molecular weight of K2Cr2O7  = 16÷25* 1000 
10ml of weight  = 16(Molecular weight of K2Cr2O7)÷25*1000*6 g 
W=  16(Molecular weight of K2Cr2O7)* 100÷25*1000*6gL-1 
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Online resources: 
https://www.youtube.com/watch?v=vTCzhaDq-oE 
 
9.2  Standardization of Na2S2O3. 5H2O Solution  
Theory: This is an iodometric titration in which a known volume of K2Cr2O7 solution is 
treated with KI solution in the presence of dilute H2SO4. Iodine is set free quantitatively 
which is then titrated against Na2S2O3 solution. 
Equations: K2Cr2O7 + 4 H2SO4  K2SO4 + Cr2 (SO4)3 + 4H2O + 3 [O] 
   2 KI + [O] +H2SO4  K2SO4 + H2O + I2 

   2 Na2S2O3 + I2   Na2S4O6 + 2 NaI  
Procedure: Take the given sodium thiosulphate solution in the burette and 20 cm3 of 
standard K2Cr2O7 solution in a conical flask. Add a test tube full of dilute H2SO4 and half 
a test tube of 10 % solution of KI in conical flask. Iodine is set free and the solution 
becomes dark brown in colour. Now titrate against sodium thiosulphate solution from the 
burette with constant stirring till the colour of iodine fades to a pale-yellow colour. Add 1 
– 2 cm3 of freshly prepared starch solution into it. The solution turns blue in colour. 
Continue adding Na2S2O3 solution drops into the titration flask with shaking till the end 
point (disappearance of blue colour) is reached. Take three concordant readings. 
 
Observations and calculations 

No. Initial reading Final reading Vol. of acid mixture 
used 

1. 0.00 12.00 12.00 cm3 
2. 12.00 24.00 12.00 cm3 
3. 24.00 36.00 12.00 cm3 

         Mean= V1= 12.0 cm3 
 Molarityof Na2S2O3 solution = M1= ? 
 Volumeof Na2S2O3 solution used = V1= 12 cm3 
 No. of moles of Na2S2O3 taking part in the reaction = n1= 6 
 Molarityof K2Cr2O7 solution = M2= 0.1 M 
 Volumeof K2Cr2O7 solution taken= V2= 10 cm3 
No. of moles of K2Cr2O7 taking part in the reaction = n2= 1 
So, according to formula: 
          Na2S2O3  K2Cr2O7 

   
� ���

��
  =        

� ���

��
 

   
� �× ��

�
  = 

�.�×��

�
 

   M1× 12× 1     =  0.1 × 10 × 6 

   M1 =
�.�×��×� 

�×��
  =             0.5M 

 Amount dissolve/dm3 of Na2S2O3 = Molarity × Mol. Wt. 
 Amount dissolve/dm3 of Na2S2O3 = 0.5 × 248 = 124 g 
 Amount dissolve/dm3 of impure hypo (Na2S2O3. 5H2O) = 150 g 

 %age purity = 
���

���
 × 100 = 82.66% 
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Online resources: 
https://www.youtube.com/watch?v=0XsENGTocv8 
 
9.3  Determination of Number of Water Molecules (x) in CuSO4.xH2O.  
 
Equations: 2 KI + CuSO4   K2SO4 + CuI2 

   2 CuI2            Cu2I2+ I2    
   I2 + 2 Na2S2O3          Na2S4O6  + 2 NaI 
Procedure: Dissolve 6.2375 gms of CuSO4 in water and dilute the volume up to 250 cm3

. 

Shake it for uniform mixing. Take 10 cm3of this solution in titration flask and add few 
drops of dil.Na2S2O3 until a slight turbidity is appeared. Then add dil. CH3COOH drop by 
drop just to remove turbidity. 
 Now add 0.5 to 1 g of KI or 10 cm3 of 5% KI solution and dilute the reactant with 
15-20cm3of H2O liberated iodine is titrated against Na2S2O3.When the solution become 
pale yellow add about one cm3 of starch solution.as indicator. Titrate further until the blue 
colour completely changes to white ppt. of Cu2I2. Take three concordant readings. 
 
Observations and calculations 
 

No. Initial reading Final reading Vol. of acid mixture 
used 

1. 0.00 10.00 10.00 cm3 
2. 10.00 20.00 10.00 cm3 
3. 20.00 30.00 10.00 cm3 

         Mean= V1= 10.0 cm3 
 Molarityof Na2S2O3 solution = M1= 0.1 M 
 Volumeof Na2S2O3 solution used = V1= 10 cm3 
 No. of moles of Na2S2O3 taking part in the reaction = n1= 1 
 Molarityof CuSO4 solution = M2= ? 
 Volumeof CuSO4 solution taken= V2= 10 cm3 
No. of moles of CuSO4 taking part in the reaction = n2= 1 
So, according to formula: 
          Na2S2O3  K2Cr2O7 

            
� ���

��
 =    

� ���

��
 

  
� � × ��

�
 =   

�.�×��

�
 

   M2× 10 × 1     =       0.1 × 10 × 1 

   M2 =
�.�×��×� 

�×��
   =      0.1  

 Amount dissolve/250 cm3 of CuSO4.xH2O = 6.2375 gms 
 Amount dissolve/dm3 of CuSO4.xH2O = 6.2375 × 4 = 24.95 gms 
 Amount dissolve/dm3 of CuSO4.xH2O = Molarity × Mol. Wt.  
    24.95 = 0.1 × (159.5 + 18�) 
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    24.95 = 15.95 +1.8� 
     1.8� = 24.95− 15.95 = 9 

      � = 
�

�.�
 = 5 

Always the nearest whole number is the number of molecules of water of crystallization. 
 
Online resources: 
https://www.youtube.com/watch?v=u8-J6Or-O3U 
 
Self-Assessment Questions  
Q1       What is primary standard solution? 
Ans.     Those substance whose concentration do not change with time are known as 

primary standard e.g. Oxalic acid. 
Q2.  What is secondary standard solution? 
Ans.  A substance which is not quite stable, and its concentration does change with time 

e.g. KMnO4? 
Q3.  What is Indicator? 
Ans.  It is that substance which indicates the physio-chemical condition of a chemical 

reaction. it indicates the end by a change of colour of the solution. 
Q4.  Define iodometric titration. 
Ans. Those iodine titration in which some oxidizing agents liberate iodine from an 

iodide and then liberated iodine is titrated against standard solution in a reducing 
agent added from a burette. 

Q5.  Can you solubilize iodine in water? 
Ans.  It is only soluble in KI solution due to the formation of tri-iodide? 
Q6. Name any other solvents which could dissolve iodine? 
Ans.  Methyl alcohol and ethyl alcohol? 
Q7.  Why a fresh solution of starch is used? 
Ans. Starch solution on standing decompose and gives incorrect end point? 
Q8.  What is end point. 
Ans.  The point at which colour change of an indicator become apparent to the eye, is 

called as an end point? 
Q9.  What is the colour of CuSO4 5 H2O? 
Ans.  Blue power granules. 
Q10.  What is hygroscopic substance? 
Ans. A hygroscopic substance is one that readily attracts water from its surroundings, 

through either absorption or adsorption. 
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