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PROGRAM  OUTCOMES (POs) 

Program Outcomes as defined by NBA (PO) Engineering Graduates will be able to: 
1. PO1: Engineering Knowledge: Apply knowledge of mathematics, natural science, computing, engineering 

fundamentals and an engineering specialization as specified in WK1 to WK4 respectively to develop to the 

solution of complex engineering problems.  

2. PO2:  Problem Analysis: Identify, formulate, review research literature and analyze complex engineering 

problems reaching substantiated conclusions with consideration for sustainable development. (WK1 to WK4)  

3. PO3: Design/Development of Solutions: Design creative solutions for complex engineering problems and 

design/develop systems/components/processes to meet identified needs with consideration for the public health 

and safety, whole-life cost, net zero carbon, culture, society and environment as required. (WK5)  

4. PO4:  Conduct Investigations of Complex Problems: Conduct investigations of complex engineering 

problems using research-based knowledge including design of experiments, modeling, analysis & interpretation 

of data to provide valid conclusions. (WK8).  

5. PO5:  Engineering Tool Usage:  Create, select and apply appropriate techniques, resources and modern 

engineering & IT tools, including prediction and modeling recognizing their limitations to solve complex 

engineering problems. (WK2 and WK6) 

6.  PO6: The Engineer and The World: Analyze and evaluate societal and environmental aspects while solving 

complex engineering problems for its impact on sustainability with reference to economy, health, safety, legal 

framework, culture and environment. (WK1, WK5, and WK7).  

7. PO7:  Ethics: Apply ethical principles and commit to professional ethics, human values, diversity and inclusion; 

adhere to national & international laws. (WK9) 

8. PO8:  Individual and Collaborative Team work: Function effectively as an individual, and as a member or 

leader in diverse/multi-disciplinary teams.  

9. PO9: Communication: Communicate effectively and inclusively within the engineering community and society 

at large, such as being able to comprehend and write effective reports and design documentation, make effective 

presentations considering cultural, language, and learning differences 

10. PO10: Project Management and Finance: Apply knowledge and understanding of engineering management 

principles and economic decision-making and apply these to one’s own work, as a member and leader in a team, 

and to manage projects and in multidisciplinary environments.   

11. PO11: Life-Long Learning: Recognize the need for, and have the preparation and ability for i) independent and 

life-long learning ii) adaptability to new and emerging technologies and iii) critical    thinking in the broadest 

context of technological change. (WK8)   

COLLEGE VISION AND MISSION 

Vision ( College ) 

To nurture talent & enrich society through excellence in technical education, research & innovation. 

Mission ( College ) 

1. To augment innovative Pedagogy, & kindle quest for interdisciplinary learning & to enhance 

conceptual understanding. 

2. To build competence, professional ethics & develop entrepreneurial thinking. 

3. To strengthen Industry Institute Partnership & explore global collaborations. 

4. To inculcate culture of socially responsible citizenship. 

5. To focus on Holistic & Sustainable development 
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Vision ( chemistry dept ) 

To grow profusely as departments of par excellence in the area of scientific education 

developing human resources of towering talents with sensible temperament. 

Mission (  chemistry dept  ) 

To train students to emerge as exceptionally skilled technocrats enthralled with scientific 

approach, with a sense of social responsibility. 

Vision ( CSE AI&ML Dept ) 

          To lead the way in the creation and application of cutting-edge Computer science and 

           engineering (AIML) technologies, advancing the frontiers of knowledge, and empowering 

          future generations to drive innovation and transformation on a global scale. 

                                                    Mission ( CSE AI&ML Dept ) 

To train students with a strong conceptual understanding using innovative pedagogies, 

empowering them to excel in the dynamic fields of Artificial Intelligence and Machine 

Learning. 

To imbibe professional, research, and entrepreneurial skills with a commitment to the 

nation’s  development at large. 

To strengthen the industry-institute Interaction. 

To promote life–long learning with a sense of societal &amp; ethical responsibilities. 
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LAB MANUAL-1 

 ENGINEERING CHEMISTRY  

(1BCHES102/202) 

CO’s and PO’s Mapping Chart 
 

Sl. 

No. 
Description 

PO 1   PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 
PO 

10 

PO 

11 

 

1 

Understand and analyze the 

properties, classification 

and applications of 

semiconductor materials, 

energy storage and 

conversion devices. 

3 2 1 1  1     1 

2 
Demonstrate knowledge of 

nanomaterials and quantum 

dots including their 

synthesis, properties, and 

device applications.  

3 2 1   1     1 

3 
Explain the role of 

functional polymers and 

composites in flexible 

electronic applications.  

3 2 1     1   1 

4 
Apply experimental skills 

and electrochemical 

concepts to sensor systems 

and evaluate corrosion 

control and e-waste 

management techniques  

3 2 1 1     1  1 
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                                                                                 Evaluation: 
 

 
 
 
 
 
 
 
 
 
 
 

Integrated Lab(IPCC) 

CIE 

Particulars Marks Total 

Conduction 04 
 Performance 03 

Journal 02 

Viva Voce 01 

 10 

Total Marks 12x10 
120  120 

 Reduced                  
   15           

  15 

          Lab IA 

Particulars Marks Total  

IA 
 

 

50 

 
 
 

10 
(Reduced) 

                           Procedure write Up- 08 
                                       Conduction- 26 
           Observation and Calculation- 09 
                                                   Viva- 07 

 

                                                                Total (CIE +Lab IA) 25 
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Mapping of Experiments with CO and PO  
 

S.No. Experiment Details CO PO 

1 
Estimation of total hardness of water by EDTA method 1,2,3,4 

1,2,3,4,6,8, 

9,11 

2 
Determination of chemical oxygen demand (COD) of industrial effluent 

sample. 

1,2,3,4 1,2,3,4,6,8, 

9,11 

3 Estimation of iron in TMT bar by diphenyl amine indicator method. 
1,2,3,4 1,2,3,4,6,8, 

9,11 

4 Determination of total alkalinity of given water sample.  
1,2,3,4 1,2,3,4,6,8, 

9,11 

5 Determination of acid value of solder flux using KOH 
1,2,3,4 1,2,3,4,6,8, 

9,11 

6 Estimation of acid mixture by conductometric sensor (Conductometry) 
1,2,3,4 1,2,3,4,6,8, 

9,11 

7 
Estimation of iron in rust sample by Potentiometric sensor 

(Potentiometry) 

1,2,3,4 1,2,3,4,6,8, 

9,11 

8 Determination of pKa of vinegar using pH sensor (Glass electrode)  
1,2,3,4 1,2,3,4,6,8, 

9,11 

9 Estimation of copper present in e-waste by optical sensor (Colorimetry).  
1,2,3,4 1,2,3,4,6,8, 

9,11 

 

10 
Determination of Viscosity coefficient of Coolant Samples 

1,2,3,4 1,2,3,4,6,8, 

9,11 

       

      11 
Interpretation of pka values of a cooling fluid using origin software. 

1,2,3,4 1,2,3,4,6,8, 

9,11 

     

     12 

Chemical structure drawing using software: Chem Draw/ Chem 

Sketch. 

1,2,3,4 1,2,3,4,6,8, 

9,11 
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EXPERIMENT  WISE  LESSON PLAN 

 

 

Experiment No.1 

Name 
Estimation of total hardness of water by EDTA method  

Objectives  To enable students to understand the concept of water hardness and its significance. 

 To develop skills in accurate titration and endpoint detection. 

 

 

Experiment No.2 

Name Determination of chemical oxygen demand (COD) of industrial effluent sample 

Objectives  To help students understand the importance of COD in environmental monitoring. 
 To familiarize students with oxidation–reduction titration methods. 
 To develop awareness about industrial wastewater pollution. 

 

 

Experiment No.3 

 

Name 
Estimation of iron in TMT bar by diphenyl amine indicator method.  

Objectives  To enable students to determine metal content in engineering materials. 

 To enhance analytical skills in quantitative chemical analysis. 

 

Experiment No.4 

Name 
Determination of total alkalinity of given water sample. 

Objectives 
 To help students understand alkalinity and its role in water quality. 

 To train students in acid–base titration techniques. 

 

 

Experiment No. 5 

Name 
Determination of acid value of solder flux using KOH 

Page 7



2025 scheme                                                                                                                          I/II semester 
 

                                                                                                                                             

KLS VDIT, Department of Chemistry 

 

 

Objectives  To familiarize students with the analysis of industrial chemical products. 

 To improve students’ laboratory handling and safety skills. 

 

Experiment No. 6 

Name  Estimation of acid mixture by conductometric sensor (Conductometry)  

Objectives  To help students understand the relationship between conductivity and concentration. 

 To develop skills in using modern analytical instruments. 

 

Experiment No. 7 

Name Estimation of iron in rust sample by Potentiometric sensor (Potentiometry)  

Objectives  To help students understand corrosion analysis. 

 To develop competence in handling electrochemical sensors. 

 

Experiment No. 8 

Name 
Determination of pKa of vinegar using pH sensor (Glass electrode 

Objectives  To help students understand acid dissociation and pKa concepts. 

 To train students in the use of pH meters. 

 To develop skills in interpreting titration curves. 

 

Experiment No.9 

Name  Estimation of copper present in e-waste by optical sensor (Colorimetry). 

Objectives  To introduce students to colorimetric analysis techniques. 

 To raise awareness about e-waste recycling and resource recovery. 

 To develop skills in optical measurement and data analysis  

Experiment No.10 

Name 
Determination of Viscosity coefficient of Coolant Samples 

Objectives  To help students understand viscosity and fluid properties. 

 To provide practical exposure to rheological measurements. 

 To relate material properties to engineering applications. 

 

Page 8



2025 scheme                                                                                                                          I/II semester 
 

                                                                                                                                             

KLS VDIT, Department of Chemistry 

 

 

                                                                           Experiment No.11 

Name  Interpretation of pka values of a cooling fluid using origin software. 

Objectives       To expose students to modern, low-cost analytical techniques. 

     To demonstrate applications of chemistry in pH analysis. 

      To develop skills in digital data acquisition and analysis. 

 

                                                                               Experiment No.12 

Name Chemical structure drawing using software: Chem Draw/ Chem Sketch. 

Objectives  To introduce students to draw chemical structures . 

 To easily interpret the chemical compounds. 
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                                                                      LIST OF EXPERIMENTS 

 
 
 
 
 
 
 

S. No. Experiment Page. No 

1 Estimation of total hardness of water by EDTA method 12-17 

2 Determination of chemical oxygen demand (COD) of industrial effluent sample.  18-24 

3  Estimation of iron in TMT bar by diphenyl amine indicator method.  25-28 

4 Determination of total alkalinity of given water sample.  29-32 

5 Determination of acid value of solder flux using KOH 33-35 

6 Estimation of acid mixture by conductometric sensor (Conductometry)  36-42 

7 Estimation of iron in rust sample by Potentiometric sensor (Potentiometry). 43-48 

8 Determination of pKa of vinegar using pH sensor (Glass electrode)  49-51 

9  Estimation of copper present in e-waste by optical sensor (Colorimetry).   52-56 

10 Determination of Viscosity coefficient of Coolant Samples 57-60 

11   Interpretation of pka values of a cooling fluid using origin software 61-62 

12 Chemical structure drawing using software: Chem Draw/ Chem Sketch. 63-65 
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LAB SAFETY & USAGE INSTRUCTIONS 

 
1. Study theory behind the experiment before attending the Laboratory. 

2. Keep the work bench and sink (wash basin) neat and clean. Do not allow used filter papers, 

broken pieces of glass, used match sticks, etc., to lie on the work bench –throw them into the 

available dust bin nearby. 

3. Keep the apparatus clean and arrange them properly. 

4. Handle the chemicals and reagent bottles carefully. 

5. Take the prescribed quantities of chemicals and reagents only. 

6. Do not pour any excess reagent, taken by chance, back into the reagent bottle, as it is likely 

to contaminate the entire solution in the reagent bottle. 

7. Close the reagent bottles with their lids and keep them in their proper places, after use. 

8. Water is a precious commodity; do not waste it; close the water tap immediately after use. 

9. It is said, ‘Prevention is better than cure’ - take care to prevent fire accidents in the Lab. 

10. Make it a habit to record all observations in your Observation Note Book, as and when you 

carry out an experiment; writing observations on loose bits of paper is a bad habit. 

11. Do not forget to bring your Laboratory Record while attending the lab. 

12. Always wear shoes and laboratory apron while you are in the lab. 

13. Wash chemical spills on your body, if any, immediately with plenty of tap water. 

14. Before leaving the Laboratory, wash the apparatus clean, keep them in proper place and 

     make your work bench tidy. 
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                                            Experiment 1 

Estimation of Total Hardness of Water by EDTA Method 

Aim:  To determine the total hardness of water 

Chemicals: Na2EDTA, Ammonia, NH4OH-NH4Cl buffer & Eriochrome black-T indicator 

Theory: Hardness of water is the soap-consuming factor of water. Hard water does not 

lather well with soap. Soft water lathers well with soap. There are two types in hardness. 

Temporary hardness (can be removed by simply boiling the water) and permanent 

hardness (cannot be removed by boiling instead, can be removed by chemical methods). 

Hard water poses problems of excess soap consumption in domestic regions and scale & 

sludge formations in boilers and in industries. Soft water is most suited for many 

applications. Bicarbonates of calcium and magnesium cause temporary hardness. 

Chlorides, sulfates & nitrates of calcium and magnesium cause permanent hardness.  It 

may be noted that hardness is due to Ca
2+ & Mg

2+ 

ions and not due to the anions such as, Cl¯, NO3
¯- , SO4

2- , HCO- , etc. Total 

hardness is the sum of temporary hardness and permanent hardness. Though, hardness 

is due to different metal salts, it is expressed in equivalent amounts of CaCO3 (CaCO3 is 

chosen because, it is most insoluble in water and its molecular weight is a rounded 

number, 100).  Hardness is expressed in terms of ppm (parts of CaCO3 equivalents per 

million parts of water) or mg/L (milligrams of CaCO3 equivalents per liter of water). 

Hardness is determined by EDTA complexometric method (EDTA = Ethylene Diamine 

Tetra Acetic acid). The method involves the titration of known volume of hard water 

against standard EDTA solution using eriochrome black-T (EBT) as metal ion 

indicator at pH = 10 (reaction is complete at this pH and colour change happens to be 

sharp at the end point). The indicator forms relatively less stable wine red coloured Ca-

EBT & Mg-EBT complexes. When EDTA solution is added, initially it will react with 

freely available Mg
2+ & Ca

2+ ions and towards the end point, it snatches Ca
2+ 

and 

Mg
2+ ions from the less stable Ca-EBT & Mg-EBT complexes to form more stable, 

colourless Ca-EDTA & Mg-EDTA complexes. Free eriochrome black-T is liberated which 
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imparts blue colour in the medium of pH =10.  This marks the end   of titration. 

            

 

             On adding indicator:  Ca2+ + EBT  Ca-EBT complex 

                                       Mg2+     + EBT  Mg -EBT complex 

                      (wine red)                                                      
                 At end point:       Ca-EBT complex  + EDTA    Ca-EDTA complex + EBT  

                                                           (wine red)                                                     (colourless)                 (blue) 
                                                     
                                                       Mg-EBT complex  +  EDTA   Mg-EDTA complex + EBT   
                                                         (wine red)                                                     (colourless)                  (blue) 
 

    Knowing the molarity and volume of EDTA consumed, hardness of water is calculated. 

   Procedure: 

A. Preparation of standard Na2EDTA solution: 

Take the beaker containing about 1.0 g Na2EDTA crystals and note down the beaker 

number. Add 5 mL of 1:1 ammonia solution, a little of distilled water and dissolve the 

crystals. Transfer the solution into a 250 mL capacity standard flask through a funnel. 

Rinse the beaker with little of distilled water at a time and transfer the rinsing into the 

standard flask. Dilute the solution up to the mark with distilled water. Shake well to 

make the solution uniform.  

B. Determination of total hardness of water: 

Take a clean burette and rinse it with distilled water and then with standard EDTA solution 

prepared. Now, fill the burette with standard EDTA solution. Take a clean conical flask 

and rinse it with distilled water. Take a clean pipette and rinse it with the given sample 

of hard water. Pipette out 25 mL of hard water into the conical flask. Add 2 mL of 

buffer solution (NH4OH + NH4Cl) and a pinch or 2-3 drops of eriochrome black-T 

indicator (it is also known as, solochrome black). Titrate this solution against standard 

Na2EDTA solution adding 1.0 mL at a time until the change in colour from wine red to 

clear blue (pilot reading). Repeat the titration adding 0.1 mL towards the end point for two 

correct readings. Let the average of burette readings be P mL. Calculate the total hardness 

of the given sample of water. 

Result: 

The total hardness of the given sample of water= ………….. ppm (or mg/L) 
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        Observations and calculations: 

A.  Preparation of standard Na2EDTA solution: 

              Beaker number   = ………………  

             Weight of Na2EDTA taken (given) =W = …………g 

            Volume of standard solution prepared from W g of Na2EDTA  = 250 ml 

     Molarity of Na2EDTA solution, Y=   4 x W     =
  

 4 x .............. = …...........M 

                                                          372.25            372.25 

               B. Determination of total hardness of water: 

Solution taken in burette : Y = …………. molar Na2EDTA 

solution        

      Solution taken in conical flask : 25 mL of hard water sample 

+ 2 mL NH4OH-NH4Cl buffer solution (pH 

= 10) 

                                    Indicator : Eriochrome black – T (a pinch of indictor 

powder or 2 drops of solution) 

                              Color change at end point : Wine red to clear blue 

        Burette readings: 

    Trial-1 (Pilot)    Trial-2 Trial-3 

Final Reading    

Initial Reading    

Difference  (ml)    

 

Average of agreeing volumes (P) =………………ml 

It is known that 

1000 mL of 1 molar Na2EDTA solution= 100 g of CaCO3 

(Molecular weight of CaCO3 = 100) 

1 mL of 1 molar Na2EDTA solution = 0.1 g of CaCO3 
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P mL of Y molar Na2EDTA solution  = 0.1 x P x Y g of CaCO3 

= 0.1 x ….. x …..  g of  

CaCO3 

                                                            Z = ..……………….. g of  CaCO3 

                          Now, 25 mL (= 25 g) of hard water = Z = ………………..  g of CaCO3 

              106 mL ( 106 g) of hard water= ZX106    =        ………………X 106 
 

 

                                                                                                                 25                                         25 

                                                                              = …………… g of CaCO3 

   Hence, total hardness of given sample of water 

                                                                              =  ……………. grams per million grams 
 

              =  ……………. ppm or mg/ml 
 

 

 VIVA QUESTIONS & ANSWERS 

1. What is meant by hard water? 

Ans. Water not giving lather with soap is known as hard water. 

2. What is the unit of hardness of water? 

Ans. It is ppm of calcium carbonate. 

3. What are the types of hard water? 

Ans. Temporary due to the presence of bicarbonates of calcium and magnesium 

Permanent hard ness is due to the presence chlorides and sulfates of calcium and magnesium. 

4. What is the type of titration is carried out for the estimation of total hardness? 

Ans:  Complexometric titration with EDTA salt 

5. What is the structural formula of EDTA? 

Ans:              CH2COOH   CH2COOH 

                         

N-CH2-CH2-N 

  
CH2COOH CH2COOH 

6.Why disodium salt of EDTA is preferred to EDTA? 

Ans. Disodium salt dissolves readily in water, whereas EDTA is sparingly soluble 

                   7. How do you calculate Molarity of EDTA? 

Ans. Molarity of EDTA = Number of grams of EDTA in 1000 ml / Molecular wt. (372) 

Page 15



2025 scheme                                                                                                                          I/II semester 
 

                                                                                                                                             

KLS VDIT, Department of Chemistry 

 

 

                   8.What is a buffer solution? 

Ans. Addition small quantity of acid or alkali does not alter the pH of solution. 

9. Why ammonia solution is added while preparing standard solution of EDTA? 

Ans. This is to increase the rate of dissolution of EDTA in water. 

10. Why is ammonia-ammonium chloride buffer added? 

Ans. This buffer is added to maintain pH of 10-11 

11. Why is the indicator Eriochrome Black T shows wine red at the beginning and 

blue color at the end? 

Ans. The indicator forms weak complex with calcium and magnesium present in 

hard water and gives wine red color at pH 10. During titration the EDTA forms 

stronger complex with calcium and magnesium ions and at the end point EDTA 

liberates the indicator, which is blue in color at pH 10. 

12. Why is titration-involving EDTA carried out slowly towards end point? 

Ans. Since the formation of metal complex is very slow, the titration has to be done slowly. 

13. What is importance of hardness data? 

Ans. It is important in determining the suitability of water for domestic and industrial use. 

Determination of hardness of water serves as a basis for routine control of softening process. 

14. Define ppm? 

Ans: No. of parts of CaCO3 equivalent to hardness causing ions present in 

million parts of water. 

15. Why is hardness expressed only in terms of CaCO3? 

Ans : Because it is highly insoluble salt and its molecular weight is 100 which 

make the calculation easier. 

16. How many bonding sites are present in EDTA? 

Ans : Six bonding sites (called hexadented ligand). Namely, two nitrogen atoms 

and four oxygen atoms. 

17. What is meant by ligand? 

Ans :A species which can donate a lone pair of electrons to the metal atom is called ligand. 

18. What is buffer solution? 

Ans :Solution which resist the change in the pH of the solution upon the 
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addition of small amount of acid or base. 

19. How pH change takes place during the course of the reaction? 

Ans :Metal ion combines with EDTA to form complex, leading to the liberation 

of H+ ions which results in the change in pH of the solution. 

20. Give the other name for Eriochrome black-T indicator? 

Ans :Solochrome black-T. 

21. What is the end point in the determination of total hardness of water? 

Ans :Change of color from wine red to pure blue. 

22. How does water acquire temporary hardness? 

Ans : Due to the presence of bicarbonates of calcium and magnesium ions. 

23. How do you remove temporary hardness? 

Ans : By boiling the water sample. 

24. What happens when the hard water sample is boiled? 

Ans :The bicarbonates salts of calcium and magnesium get converted into 

insoluble carbonates. This can be removed by decantation or filtration. 

25. How are the waters classified based on the degree of hardness? 

Ans : Soft water 0  75 mg/litre 

Moderately hard water 75  150 mg/litre 

Hard water 150  300 mg/litre 

Very hard water > 300 mg/litre 

26. What do you mean by total hardness of water? 

Ans : The sum of both temporar and permanent hardness is called total hardness of water.
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                                                        Experiment 2 

  Determination of COD of Industrial wastewater sample 

Aim: To determine the COD of given waste water sample. 

Chemicals: HgSO4, Ag2SO4, H2SO4 reagent, K2Cr2O7, FAS, Ferroin indicator 

Theory: Chemical oxygen demand is a measure of chemically oxidisable pollutants present in water. This 

includes both biodegradable and non- biodegradable matter. COD is a measure of pollutional strength of the 

waste water. It is defined as the number of milligrams of oxygen required to oxidise the pollutants in one 

liter of waste water by strong chemical oxidant such as, acidified K2Cr2O7 in the presence of Ag+ as 

catalyst. Some organics do not undergo easy oxidation. Therefore, Ag+ ion is used as catalyst. However, 

Cl¯ ions in natural / waste waters will precipitate Ag+ ion as AgCl making it unavailable for catalytic 

activity. This is prevented by using mercuric sulfate. 

A known volume of the sample water is treated with mercuric sulfate, which binds the chloride ions in 

water. Then, Ag2SO4-H2SO4 reagent is added followed by the addition of excess of K2Cr2O7. The mixture 

is refluxed for three hours and excess K2Cr2O7 is back titrated using standard FAS. A blank titration is 

carried out to know the amount of K2Cr2O7 taken for main titration. A typical oxidation reaction with 

glucose as pollutant is presented below. 

       Addition of HgSO4                              Hg2+ + 4Cl¯ [HgCl4]2- 

  On adding Ag2SO4-H2SO4       Ag+ ions are released; Acidic medium is provided for dichromate.  

Oxidation of                         K2Cr2O7 + 4H2SO4  K2SO4 + Cr2(SO4)3 + 4H2O + 3(O)   

       Pollutant:                             C6H12O6 + 12(O)  6CO2 + 6H2O 

Titration of un- reacted K2Cr2O7: 2FeSO4  +  H2SO4  +  (O)       Fe2(SO4)3  + H2O 

                                                          (from FAS)                (from K2Cr2O7) 

        At end point:  [Fe(C12H8N2)3]
3+  +  e− ⇌ [Fe(C12H8N2)3]

2+ 

                                     (pale blue)                                     (deep red) 
                           (ferroin in presence of K2Cr2O7)     (ferroin in absence of K2Cr2O7) 
 

   Knowing the normality and volume of FAS consumed in main titration (back- titration) and      

  in blank titration, COD is determined. 
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Procedure: 

A  Preparation of standard FAS solution: 

Take the beaker containing about 5-7 g of FAS and note down the beaker number. Add 1 test 

tube full of dilute H2SO4 followed by about 50 mL distilled water, dissolve and transfer the 

solution into a 250 mL standard flask. Wash the beaker and transfer the rinsing also into the 

standard flask. Dilute up to the mark with distilled water. Shake the solution well to make it 

uniform. 

B  Determination of COD: 

Take a clean burette and rinse it with standard FAS solution. Now, fill the burette with standard FAS 

solution.  Take a clean pipette and rinse it with the waste water sample.  Pipette out 25 mL of waste water 

into a clean conical flask*.  Add one test tube of 1:1 dilute H2SO4.  Pipette out 25 mL of the K2Cr2O7 

solution in the same conical flask and add 3-4 drops of ferroin indicator. Back titrate the unreacted K2Cr2O7 

in the conical flask against standard FAS solution from the burette in increments of 1.0 mL until change in 

colour from bluish green to reddish brown.  Repeat the titration adding 0.1 mL towards the end point for 

two correct readings. Let the average of burette readings be P mL. 

C  Blank titration: 

Carry out a titration similar to the main titration, taking only K2Cr2O7 & H2SO4 without the 

sample waste water (pilot reading). Repeat the titration for two correct readings. Let the average 

of correct readings be Q mL. Calculate the chemical oxygen demand. 

*The sample waste water given here contains only easily oxidisable pollutants. Therefore,   

(i)  mercuric  sulphate  &   

(ii)  Ag+  ion  catalyst  are  not  added  and  

 (iii) refluxing the reaction mixture is avoided 

 

    Result: 

  
Chemical oxygen demand (COD) of given waste water sample =…………ppm. 
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        Observations and calculations: 

A. Preparation of standard FAS solution: 

Beaker number = ……………… 

Weight of FAS taken for analysis (ask the staff in-charge) = W = ................................g 

                        Volume of standard solution prepared from W g of FAS = 250 mL 

             

           Normality of FAS solution, Y=  
 

                                                      (Equivalent weight of FAS = Molecular weight of FAS = 392.13) 
 

B. Determination of COD of waste water: 

          Solution taken in the burette : Y = …………….. Normal FAS solution  

Solution taken in the conical flask :  25 mL of waste water sample 

+ 25 mL of K2Cr2O7 solution 

+ 1 test tube 1:1 H2SO4 

                                                     Indicator : Ferroin (3-4 drops) 

                                   Color change at end : Bluish green to reddish brown 

        Burette readings: 

  

 

 

 

 
 

 

      Average of agreeing volumes (P) =………………ml 

C.  Blank titre value (given) 

   Burette reading when 25 mL of acidified K2Cr2O7 is titrated against  

     Y = ………….. Normal FAS solution 

   Q =……….ml 

 Trial-1 (Pilot) Trial-2 Trial-3 

Final Reading    

Initial Reading    

Difference  (ml)    

 4 x W    =  4 x……    = ................. 

392.13       392.13 
 
 

392.13 
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Now,  

Consumption of K2Cr2O7 by 

25 mL waste water in terms of FAS  = (Q − P) ml of Y normal FAS 

                          = ........  – ….... mL of …….… normal FAS. 

 

 

  It is known that, 

1000 mL of 1 normal FAS = 8 g of oxygen 

 (Equivalent weight of Oxygen = Atomic weight of Oxygen = 8) 

         1 mL of 1 normal FAS = 0.008 g of oxygen 

(Q − P) mL of Y normal FAS = 0.008 x (Q − P) x Y g of oxygen 

= 0.008 x ……… x..…..  g of oxygen 

= Z = …………… g of oxygen 

              Now, 25 mL of waste water requires, Z = …………… g of oxygen 

 

 10  mL of waste water requires   

 

 

-   

 =  -------------g of Oxygen 

 

 The chemical oxygen demand (COD) 

of the given sample of waste water =   -------------ppm 

 

VIVA QUESTIONS & ANSWERS 

1. What is COD? 

Ans. It is the amount of oxygen required for chemical oxidation of organic and 

inorganic matter present in wastewater by a strong oxidizing agent. It is expressed mg 

per 1000 ml of wastewater. 

25 

25 
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2. What is BOD? 

Ans. It is the amount of oxygen required by the microorganisms for biological 

oxidation of organic matter in wastewater in five days at 200C at aerobic condition. 

3. What are oxidisable constituents of wastewater? 

Ans. The oxidisable constituents of wastewater include straight chain aliphatic 

compounds, aromatic compounds, alcohols, and other oxidisable materials. 

4. What general groups of organic compounds are not oxidized in the COD test? 

Ans. Aromatic hydrocarbons and pyridine are not oxidized in COD 

5. What is the role of silver sulfate? 

Ans. Silver sulfate acts as a catalyst in oxidation of straight chain aliphatic 

hydrocarbons and acetic acid. 

6. What is the role of mercuric sulfate? 

Ans. Chloride ions are present in wastewater and the same gives erroneous result. 

Mercuric ions bind the halide ions present in wastewater to form poorly ionized 

mercuric halide and prevent the reaction between silver ions and halide. 

7. What are the products formed in COD analysis? 

Ans. During COD analysis, organic matter is completely oxidized to carbon dioxide 

and water. 

8. Why is sulfuric acid added during the preparation of standard FAS solution? 

Ans. The sulfuric acid is added to prevent the hydrolysis of ferrous sulfate. 

9. What is the indicator used? 

Ans. Ferroin. It is ferrous 1, 10-phenanthroline sulfate. 

10. What is the unit of COD? 

Ans. COD is expressed as mg of oxygen per 1000 ml of wastewater. 

11. Mention a few application s of COD. 

Ans. It is extensively used in the analysis of industrial wastes 

It gives an idea of substances resistant for oxidation by microorganisms 

12. What is the role of 1:1 sulfuric acid added in the conical flask? 

Potassium dichromate acts as oxidizing agent in acid medium 
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         13,How is 150 ml of 6N sulfuric acid prepared with 36N sulfuric acid? 

N1 x V1 =N2 x V2 

6 x 150 = 36 x 

V2 

V2 = 6 x 150/36 = 25 ml 

25 ml of 36N sulfuric acid is added to 125 ml of water to get 6N of 150 ml of sulfuric acid. 

14. Which is the oxidizing agent used in COD experiment? 

Acidified potassium dichromate solution. 

15. What is the full form of FAS? Give its composition? 

Ferrous ammonium sulphate. FeSO4 (NH4)2 SO4 .6H2O 

16. Why is sulphuric acid added during the preparation of std. FAS solution? 

Sulphuric acid is added to prevent the hydrolysis of ferrous sulphate to ferrous hydroxide. 

17. What is the end point in COD estimation? 

Bluish green to reddish brown. 

18. Why is COD value is higher that BOD for the same water sample? 

This is because COD involves complete oxidation of both organic and inorganic compounds, where as 

BOD involves the oxidation of only the organic compounds. 

19. What is the advantage of COD over BOD? 

COD can be obtained in a short interval of time and it helps in estimation of both organic and 

inorganic oxidizable compounds in waste water. 

20. What is meant by blank titration? 

The titration, which is carried out by omitting the sample under consideration, is called blank titration. 

21. What is the purpose of conducting blank titration? 

To find out the amount of potassium dichromate (oxygen) consumed by the organic and inorganic 

wastes present in water sample. 

22. What is sewage? 

Sewage is commonly a cloudy dilute aqueous solution contaububg human and house hold waste 

water, industrial wastes, ground wastes,street washings. Sewage contains organic and inorganic 

matters in dissolved suspended and colloidal states. 

23. What is meant by industrial sewage? 

The waste water coming out of industrial establishements such as chemicals plants, fertilizer 

Page 23



2025 scheme                                                                                                                          I/II semester 
 

                                                                                                                                             

KLS VDIT, Department of Chemistry 

 

 

industries, leather tanneries, sugar and paper industries, breweries, textile mills, oil refineries, 

pharmaceutical units is called an industrial sewage. 

24. What general groups of organic compounds are not oxidized in the COD test? 

Aromatic hydrocarbons and pyridine are not oxidized in COD test. 

25. Explain the colour changes encountered during the titration. 

Ferroin indicator is red in colour in the reduced form with the composition, [Fe(o- Phen)3]2+. When it 

is added to sewage containing excess of K2Cr2O7, an oxidizing agent, gets converted into its oxidized 

form, [Fe(o- Phen)3]3+, which is pale blue (bluish green colour observed). The green colour observed 

during the course of titration is due to the reduction of K2Cr2O7 by FAS to green Cr2(So4)3. At the 

end point, red colour reappears as the indicator is restored to its original form, i.e. reduced form. 

26. What is the limitation of COD? 

One of the chief limitations of COD test is its inability to differentiate between biologically oxidisable 

and biologically inert organic matter. Also, it does not provide any evidence of the rate at which the 

biologically active material would be stabilized under conditions that exist in 
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Experiment 3 

Estimation of iron in TMT bar by Diphenyl amine indicator method 

AIM: Determination of the amount of ferrous iron present in the given volume of a solution (100ml) using a standard 

solution of potassium dichromate. 

     PRINCIPLE: 

              K2Cr2O7 + 6FeSO4 + 7H2SO4  K2SO4 + 3 Fe2 (SO4)3 + Cr2 (SO4)2 + 3H2O  

                                                Fe2+ + Cr6+  Fe3+ + Cr3+ 

In the present experiment, ferrous iron to be determined, is oxidized to ferric iron by potassium dichromate 

in acid medium. The end point is determined by using a redox indicator (for e.g., DPA). 

Potassium dichromate is relatively a weak oxidizing agent compared to permanganate and the reaction is 

slow near the end point. This is mainly due to accumulation of Fe+3 ions. Syrupy phosphoric acid binds 

these ions as ferric phosphate and removes them from the reaction sphere, which facilitates the acceleration 

of the main reaction. The electrode potential of Fe(III)-Fe(II) system is found to be -0.68V in acid medium 

(0.5M H2SO4) and that of the indicator DPA is -0.76V in 0.5M H2SO4. The reduction potential of indicator 

system is not sufficiently high. Hence the addition of phosphoric acid to lower the reduction potential of 

Fe(II)--Fe(III) couple by complexation improves end point considerably. As the titration is carried out by 

addition of K2Cr2O7, blue-violet colour is obtained at the endpoint. 

Procedure: 

PART-A: Preparation of 0.05M potassium dichromate solution: 

About 0.735g of K2Cr2O7 is weighed accurately in a clean, dry weighing bottle and transferred into a 250ml 

volumetric flask through a glass funnel. The substance is dissolved completely in a minimum amount of 

distilled water and the solution is made up to the mark. The solution is made homogeneous by thorough 

shaking in the stoppered volumetric flask. The particulars of the weights used are tabulated and the 

concentration of potassium dichromate is calculated using the given formula. 

PART-B: Determination ferrous in given iron solution 

The given sample of TMT bar solution (ferrous iron solution) is made up to the mark with distilled water 

(in the given 100 ml volumetric flask) and shaken well to make it homogeneous in concentration. Now, 10 

ml of the solution is drawn through a pipette into a 250ml clean conical flask. To this, 20ml of distilled water, 
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3ml of acid mixture (sulphuric acid and phosphoric acid), 2-3 drops of DPA indicator solution are added 

with complete mixing. This mixture is then titrated with standard potassium dichromate solution run down 

from   the burette. The contents of the conical flask are swirled throughout the titration till the end point is 

reached. The end point is determined by a change in colour of the solution from colourless to blue-violet 

colour. The same procedure of titration is repeated until concurrent readings are obtained and all the 

observations are tabulated. 

   Burette: Std. Potassium dichromate solution 

     Conical flask: 10 ml of TMT bar solution + 20ml of distilled water + 3ml of acid mixture (sulphuric acid and  

phosphoric acid) + 2-3 drops of DPA 

    Indicator: 2-3 drops of Diphenyl amine (DPA) 

    End Point: Blue-violet colour 

    Result: The Amount of ferrous iron [Iron (II)] present in given 100ml solution 

=             g/ml 

     

Observation and Calculation: 

     Preparation of 0.05M potassium dichromate solution: 

Weight of weighing bottle + K2Cr2O7 salt =W1 =…………..g 

Weight of empty bottle =W2 =………….g 

 Amount of K2Cr2O7 salt transferred = W1–W2 =……………g 

 

 

     Normality of K2Cr2O7 solution is=            
 

 

 

 

 = = 

 

 =  …………. N1 

       Determination ferrous in given iron solution 

Burette Reading            I          II           III 

        (W2-W1) X 4 

            (W2-W1) X 4 

𝑬𝒒𝒖𝒊𝒗𝒂𝒍𝒆𝒏𝒕 𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 K2Cr2O𝟕 (𝟒𝟗 

              49 
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Initial B.R    

Final B.R    

Volume of K2Cr2O7 solution consumed  (cm3)    

                Volume of K2Cr2O7 solution consumed  =……..(V1) cm3 

                              (N1 X V1) K2Cr2O7 = (N2 X V2) iron(II) solution 

 2 = 1  1 

=  1 1 

 

 

Amount of  ferrous iron (II) present in given  100ml  solution  =  𝑁2 𝑋 55.86 𝑋 100 

                                                                                                        1000 

 

                                                                     =                       g/ml 
  

                                                         

                                           VIVA QUESTIONS & ANSWERS 

1. What is the aim of the experiment? 

To determine the percentage of iron present in a TMT steel bar using the diphenylamine 

indicator method. 

2. Principle of the experiment 

Iron in the TMT bar is converted into ferrous ions and oxidized to ferric ions using potassium 

dichromate. Diphenylamine indicates the end point by a color change. 

3. Why is diphenylamine used as an indicator? 

It is a redox indicator that gives a blue-violet color at the end point. 

4. Which oxidizing agent is commonly used? 

5. Why potassium dichromate is preferred over potassium permanganate? 

It is a primary standard, stable, available in pure form, and gives a sharp end point. 

6. What is the role of concentrated hydrochloric acid? 

It dissolves iron from the TMT bar and converts it into soluble ferrous chloride. 

7. Why is phosphoric acid added during titration? 

2 

10 
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It complexes ferric ions and gives a sharp end point. 

8. What color change is observed at the end point? 

Green to blue-violet. 

9. What type of titration is involved? 

Redox titration. 

10. What is the chemical reaction involved? 

11. Why is sulfuric acid preferred over nitric acid? 

Nitric acid is an oxidizing agent and may oxidize ferrous ions prematurely. 

12. What is TMT bar? 

Thermo-Mechanically Treated steel bars used in construction. 

13. What percentage of iron is usually present in TMT bars? 

Approximately 98 99%. 

14. Why is the solution heated during dissolution? 

To speed up dissolution of iron. 

15. What precautions should be taken? 

Avoid overheating, use fresh indicator, add indicator near end point, titrate slowly. 

16. What happens if excess indicator is added? 

It may cause early end point and inaccurate results. 

17. Is diphenylamine a self-indicator? 

No, it is an external redox indicator. 

18. Why is the solution cooled before titration? 

High temperature affects indicator behavior and accuracy. 

 

 

 

 

  

 

 

 

 

 

Page 28



2025 scheme                                                                                                                          I/II semester 
 

                                                                                                                                             

KLS VDIT, Department of Chemistry 

 

 

 

                                                                         Experiment 4 

Determination of Total Alkalinity of given water sample 

 

Theory: Alkalinity is due to the substances that can cause the formation of hydroxyl (OH-) ions which in 

turn can react with strong acids. Alkalinity of a water sample is a measure of its capacity to neutralize acids. 

Substances that cause the alkalinity are of three types. 

(i) Hydroxides  NaOH, Ca(OH)2, Mg(OH)2 ; 

(ii) Carbonates  Na2CO3, CaCO3, MgCO3 ; 

(iii) Bicarbonates  NaHCO3, Ca(HCO3)2, Mg(HCO3)2. 

Total alkalinity, At, is the sum of the alkalinity due to hydroxides, Ah, alkalinity due to 

carbonates, Ac and the alkalinity due to bicarbonates, Ab. 

       At = Ah + Ac + Ab 

When a sample of alkaline water is treated with a strong acid such as HCl, the following reactions 

occur.  

   (1) NaOH + HCl     NaCl + H2O (for hydroxides)         

   (2) Na2CO3 + HCl    NaHCO3 + NaCl (for carbonates)   

        (3) NaHCO3 + HCl    NaCl + H2O + CO2 (for bicarbonates) 

Alkalinity is determined by titrating a known volume of water sample against a strong acid using a 

suitable indicator. Two types of alkalinity are evaluated based on the whether the indicator used is 

methyl orange or phenolphthalein. 

(i) Alkalinity due to methyl orange, Am.o. When methyl orange is used, the colour change 

at the end point is obtained only after all the three reactions given by equations (1), (2) 

and 

(3) are complete. Hence methyl orange gives the total alkalinity. 

At = Am.o = Ah + Ac + Ab 

(ii) Alkalinity due to phenolphthalein, Aph. When phenolphthalein is used, the 

colour change at the end point is obtained after reactions given by equations 

(1), (2) and (3) are complete and before reaction given by equation (3) 
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occurs. Thus the alkalinity due to phenolphthalein isdue to the hydroxides 

and half the carbonates as the colour change occurs before the bicarbonates 

react [see reactions (2) and (3)]. Therefore, 

Aph = Ah + 0.5Ac 

    Procedure:  

 Phenolphthalein Alkalinity 

(i) Take 25 ml sample and add two drops of Phenolphthalein indicator, if a slight pink      

(ii) colour appears, it means phenolphthalein alkalinity is present in the water sample. 

(iii) Titrate it with standard HCl (0.02N) slowly and carefully. The pink colour of sample changes and it 

will become colourless and it is the end point. Record the volume of the titrant consumed as P in ml.  

      Methyl Orange Alkalinity 

Test for methyl orange alkalinity is conducted in continuation to the phenolphthalein alkalinity test. In the   

same  sample add two drops of methyl orange indicator. If orange colour develops in  the water, it indicates 

the presence of methyl orange alkalinity. Titrate it with same titrant i.e.  HCl (0.02N), the colour of the 

sample changes from orange to faint pink and that is end point. Record the final reading of burette as T in 

ml. Find the volume titrant consumed in methyl orange alkalinity by deducting the volume of titrant used in 

phenolphthalein alkalinity test from the total volume of titrant consumed in both titration. Pipette out 25 ml 

of water sample into a clean titration flask. Add two drops of methyl orange. Titrate against standard 

Hydrocholric acid till the colour of the solution changes sharply from yellow to red. Repeat for concordant 

values  

     Observations and Calculations 

      Burrete Reading 

 

       Trial No.      1      2       3 

      Final burette reading    

     Initial burette reading    

     Volume of HCl run down in cm3    

         The volume of HCl consumed =  V Cm3 

      Normality of HCl =………N 
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   1000cm3 of 1N HCl = 50g of CaCO3 (Equivalent weight of CaCO3 = 50) 

   Vcm3 of X N HCl is = 50xVxN g of CaCO3 

 1000 

      = a g 

     Total Alkalinity of 25cm3 of water sample = a g 
 

   Total Alkalinity of 106(1 million parts) cm3 of water sample = a x 106  = z g of CaCO3 
25 

Therefore total alkalinity of the given water sample =  z ppm CaCO3 equivalent 

Result: 

  Total alkalinity of the water sample = ------------- ppm CaCO3 equivalent 
 
 

 

                     VIVA QUESTIONS & ANSWERS 
1. What is alkalinity? 

It is the capacity to neutralize acid. Or it is the capacity of the water to accept the protons. 

2. What are the causes of alkalinity? 

Alkalinity of water is due to presence of OH-, CO3
-, HCO3

- ions. 

3. What are the various combinations of anions, responsible for alkalinity 

Carbonates only  CO3
2-

  

Bicarbonate only (HCO3
-) 

Hydroxide only (OH-) 

Carbonate and Bicarbonate (CO3
2-& HCO3

- 
) 

Carbonate and Hydroxide (CO3 & OH-) 

4. Can all the three alkalinity causing ions co-exist? Justify 

Presence of all the three combinations is not possible. Because when OH- & HCO3
- 

are present in the sample they will react and form H2O & CO3
- respectively. 

OH- + HCO3
- H2O + CO3

- 
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Name the types of alkalinity 

i) Phenolphthalein alkalinity 

ii) Methyl Orange alkalinity 

5. What are the indicators used in the determination of alkalinity 

Phenolphthalein and Methyl Orange indicator 

6. What causes Phenolphthalein alkalinity? 

Presence of OH-& CO3
- causes Phenolphthalein alkalinity 

7. Phenolphthalein alkalinity of a water sample is zero. What it indicates? 

It indicates the absence of hydroxyl and carbonate ions in water 

8. How do you express the total alkalinity of water? 

It is expressed in terms of ppm (parts per million) of CaCO3 

9. What conclusion you make when phenolphthalein alkalinity is equal to Methyl orange 

alkalinity? 

When Phenolphthalein alkalinity is equal to methyl orange alkalinity, the alkalinity of water 

is exclusively due to presence of hydroxyl ions. 

10. What is the working pH of phenolphthalein and methyl orange indicators 

 

11. What is the desirable limit of alkalinity in drinking water according to 

Indian standards? 

According to Indian standards the desirable limit is up to 200ppm 

 
 

 

Phenolphtha 
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                                                        Experiment  5 

                                    Determination of acid value of solder flux using KOH  

    Aim: To determine the strength of an acid in a solder flux. 

   Principle: The acid value is the amount of KOH (in mg) required to neutralize the free acid present 

in  

     1 gram of solder flux. The free acids in the flux react with standard alkali (KOH or NaOH), and the  

     amount of alkali consumed during neutralization helps to calculate the acid value. 

 

   Procedure: 

 

        Part - A: Preparation of Standard NaOH solution: 

    Weigh accurately 0.8g of the given sodium hydroxide flakes and transfer it into a 100cm3 standard      

   flask using a funnel. Add distilled water and dissolve the NaoH flakes make it up to the mark and  

  shake well for uniform concentration. 

 

       Part - B: Estimation of an acid value in solder flux: 
 

   Pipette 25 cm³ of solder flux sample into a clean conical flask. Add about 5 cm³ of neutralized  

  ethanol or a mixture of ethanol and ether to dissolve the flux. Add 2–3 drops of phenolphthalein  

   indicator to the solution. Titrate the solder flux solution against the standard KOH solution until a  

   persistent pale pink colour appears. 

 

 

         Observations and Calculation: 

 
          Part – A:  Preparation of standard potassium Hydroxide solution: 

 

          Weight of the empty weighing bottle + FAS = W1     =  … g 

 

         Weight of the empty weighing bottle  = W2 =  … g 

 

                Weight of the FAS = W = (W1 − W2) = … g 
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Burette Readings Trail – I Trail – II Trail – III 

Final Burette Reading    

Initial Burette Reading    

Volume of NaOH solution added in cm3    

 

Volume of KOH solution added in cm3 (V2)= ................ cm3 

Blank Titration: Perform a blank titration with the solvent and indicator only to record the 

volume of alkali used is .. (V1) cm3 

 
(V2 − V1) × NNaOH solution × Molecular weight of KOH 

Acid Value = 

 

 

     Acid Value = ............... KOH/g of solder flux. 
 

 
Report:  

 

 

Weight of solder in gram 
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                 VIVA QUESTIONS & ANSWERS 

 

1. What is the acid value of a biofuel? 
The acid value is the amount of potassium hydroxide (in mg) required to neutralize the free 

fatty acids present in 1 g of biofuel. 

 

2. Why do we determine the acid value of biofuel? 

It indicates the free fatty acid content, which affects fuel quality, stability, and corrosion 

potential. 

 

3. What is the main reagent used in this experiment? 

0.1 M potassium hydroxide (KOH) solution is used for titration. 

0.2  
4. Which indicator is commonly used? 

Phenolphthalein is commonly used as an indicator. 

 

5. What does the pink color signify in the titration? 

It indicates that all free fatty acids have been neutralized and the endpoint is reached. 

 

6. Why is it important to use neutralized alcohol? 

To ensure that the alcohol itself does not react with KOH and affect the titration result. 

7. How is the acid value calculated? 
 

Acid value = (Volume of KOH × Normality × 56.1) / Weight of biofuel sample (mg KOH/g). 

 

8. What is an acceptable acid value for biodiesel? 

Typically, less than 0.5 mg KOH/g is considered good quality biodiesel. 

 

9. What happens if the acid value is high? 

                       High acid value can cause corrosion of engine parts and reduce fuel stability. 

 

10. Can this method be applied to other oils? 

Yes, it can be used for edible oils, fats, and other biodiesel feedstocks to determine free fatty 

acids. 
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                                                                        Experiment 6 

Estimation Of Acidmixture By Conductometric Sensor 

Aim: To determine the amount of HCl & CH3COOH in the given solution. 

Chemicals: 0.1 N KCl solution, Standard NaOH solution. 

Theory: A titration in which the equivalence point or end point of the reaction is 

determined with the help of measurements of conductivity of the reaction mixture; is known 

as conductometric titration. The principle underlying conductometric titrations is that the 

specific conductivity of a solution depends on number and nature of ions, which changes 

gradually during the titration and lets one to know the end points. Conductivity of unit 

volume (1 cm3) of the electrolytic solution at specified temperature is known as 

specific conductivity. It is expressed in units of milli Siemens per centimeter (mS cm-

1). When a mixture of HCl & CH3COOH is titrated against NaOH, stronger acid, HCl is 

neutralized first followed by the neutralization of weak acid, CH3COOH. While HCl is 

neutralized, highly mobile H+ ions of acid are replaced by less mobile Na+ ions of the 

base and specific conductivity decreases.  This trend continues until the reach of 

neutralization of HCl. 

[ H  +  Cl¯ ] + [ Na +  OH¯ ]  [ Na  +  Cl¯ ] + H2O 

(in solution) (in solution) (in solution) 

After the complete neutralization of strong acid, NaOH added will neutralize weak acid, 

CH3COOH. 

CH3COOH + [ Na + OH¯ ]  [CH3COO¯+ Na ]   + H2O 

(weak electrolyte; (in solution)  (strong electrolyte; 
dissociates little in solution)   dissociates nearly to completion) 

 

Weaker electrolyte, acetic acid is replaced by stronger electrolyte, sodium acetate. Thus, 

specific conductivity will tend to rise (slowly due to less mobile acetate ion and sodium ion) 

until the complete neutralization of acetic acid. Later, excessively added NaOH will release 

relatively more mobile OH¯ ions, which lead to steep rise in specific conductivity. 

A plot of specific conductivity against volume of NaOH added will help in knowing the 

neutralization points. Knowing the normality and volume of NaOH consumed for 

neutralization, concentration and amount of HCl & CH3COOH are calculated. 

Page 36



2025 scheme                                                                                                                          I/II semester 
 

                                                                                                                                             

KLS VDIT, Department of Chemistry 

 

 

Procedure: 

Ensure calibrated condition of the conductivity meter (with the assistance of staff or laboratory instructor). 

Take Z mL of the given acid mixture in a clean beaker. Dip the conductivity cell in the solution (dilute if 

required to immerse the conductivity cell properly) and note down the specific conductivity of the solution.  

Now, add standard NaOH solution from the burette in increments of 0.5 mL. After each addition, stir the 

solution gently and note down the specific conductivity. As the titration proceeds, the specific conductivity 

decreases gradually until complete neutralization of HCl and then rises slowly until  neutralization  of  

CH3COOH.   After  crossing  the  neutralization  of CH3COOH, conductivity rises steeply. 

Continue the titration for at least 8-10 readings after crossing the neutralization of CH3COOH. Plot a graph 

of specific conductivity against volume of NaOH as shown below. Intersecting lines represent the 

neutralization points of the two acids. Knowing the normality and amount of NaOH required for 

neutralization, amounts of HCl & CH3COOH are calculated. 

   

           Result: 
 

                 Normality of HCl solution = ……….N 

                 Amount of HCl                  = …………..g/L 

                Normality of CH3COOH solution =………….N 

           Amount of CH3COOH      =……………g/L 
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3 

 

           Observations and calculations: 

       Solution taken in the burette:  Standard NaOH (N NaOH =……………N) 

      Solution taken in the beaker: 

     Acid mixture (HCl + CH3COOH) = Z = ………….  mL + distilled water 

     for proper immersion of conductivity cell 

         It implies that VHCl = Z = ................... mL; 

       VCH3COOH= Z = ……… mL 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                 Volume of NaOH required to neutralize HCl from the graph = V1  =……..  mL 

               Volume of NaOH required to neutralize both HCl & CH3COOH from the graph= V2  =……  mL 

 

 

Volume of 

NaOH (cm3) 

Specific 

conductivity, 
κ (  mS cm-1)  

0.0  

0.5  

1.0  

1.5  

2.0  

2.5  

3.0  

3.5  

4.0  

4.5  

5.0  

5.5  

6.0  

6.5  

7.0  

7.5  

8.0  

8.5  

9.0  

9.5  

10.0  

Volume of 

NaOH (cm3) 

Specific conductivity, 

κ (  mS cm-1) 

10.5  

11.0  

11.5  

12.0  

12.5  

13.0  

13.5  

14.0  

14.5  

15.0  
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3 

 

 

 

 

  

  

                                                                                

 

                        

                                          =    NCH COOH x Equivalent weight of CH3COOH (60)  g/L 

CH3COOH 

 Normality of HCl = NHCl 

Here, VNaOH = V1 

= 
NNaOH x V1 

VHCl 

= 
..............  x  .......... 

............. 

= ………………. 

NNaOH x V3 

 

CH3COOH 

= 
..............  x  .......... 

.................. 

= ………………. 

The amount of HCl in the given solution 

=  NHCl x Equivalent weight of HCl (36.5)  g/L 

=  ….…..……… x 36.5 g/L 

=.............................. g/L 

Similarly, NCH COOH x VCH COOH  NNaOH x VNaOH 

Here, VNaOH = V3 

 Normality of CH3COOH = N 

 Volume of NaOH required to 
neutralize only CH3COOH 

= V3 = V2 − V1 

= .......... − ….…. = ............. mL 

It is known that N1V1 = N2V2 or N
HCl 

x V
HCl  

 N
NaOH 

x V
NaOH 

= 

Page 39



2025 scheme                                                                                                                          I/II semester 
 

                                                                                                                                             

KLS VDIT, Department of Chemistry 

 

 

                                             =-----------X 60 g/L 
                                                             

 
VIVA QUESTIONS and ANSWER  

1. What is conductance? Mention its unit. 

The reciprocal of resistance is called the conductance. The unit is ohm-1 or mho or Siemens 

(S). 

2. Mention the factors on which the conductance of solution depends. 

The conductance of solution depends on 

a. Number of ions 

b. Charge on the ions 

c. Mobility of ions 

d. Temperature 

3. How does conductance of solution vary with temperature? 

It increases with increase of temperature (unlike in the case of metallic conductors). 

4. Name the current carriers in the case of electrolytes. 

The ions present in the solution. 

5. What is specific conductivity? 

It is the conductivity of the solution placed between two electrodes of 1cm2 area of cross 

section, which are 1cm apart. It is expressed in ohm-1cm-1. 

6. Define cell constant. 

It is the ratio of distance between the two electrodes to the area of cross section. 

Cell Constant = l/a Its unit is m-1. 

7. What is meant by Conductometric titration? 

The estimation of substances in solution by observing sudden change in conductance of the 

solution at equivalence point is known as Conductometric titration. 

8. Mention the types of conductivity measurements. 

Specific conductivity, molar conductivity and equivalent conductivity. 

9. What is meant by molar conductivity? 

It is the conductance produced by all the ions present in one litre of solution containing gram 

molecular weight of the electrolyte. 

The amount of CH3COOH in the given solution = ……….g/L 
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10. What is meant by equivalent conductivity? 

It is the conductance produced by all the ions present in one litre of solution containing gram 

equivalent weight of the electrolyte. 

11. What is conductivity cell? 

                          It is a device used to measure the conductance of solution. It consists of two platinum foils 

12. Account for the followings: 

Conductance of the solution decreases in the beginning of titration. 

It is due to the replacement of high mobile H+ ions of HCl by less mobile Na+ ions of NaOH 

solution. 

Conductance of the solution increases slowly in the middle of the titration (i.e. after the 

first equivalence point). 

It is due to the neutralization of acetic acid by NaOH, which leads to the formation of sodium 

acetate salt, which ionizes further to give CH3COO- and Na+ ions. 

Conductance of the solution increases after the end point. 

It is due to the presence of excess of OH- ions of NaOH. 

                       The slope of the line in the beginning of titration is higher than that of the line after the end   

                         point 

 It is due to the high mobility of H+ ions HCl (which are replaced by less mobile Na+) when 

compared to the low mobile OH- ions of NaOH. 

13. What are the advantages of Conductometric titrations? 

i) The method is accurate in dilute as well as more concentrated solutions. 

ii)It can also be employed with colored solutions. 

iii)Mixture of acids can be titrated more accurately. 

O wing in a conductor is directly proportional 

to the applied electromotive force, E (volt) and inversely proportional to the resistance, R 

(ohm) of the conductor. 

I = E/R 

15. What is conductivity? 

The reciprocal of resistivity is called conductivity. 

16. Which of the above conductance measured during conductometric titration? 
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The specific conductance is measured. 

17. What is a cell? 

A device which produces an electromotive force and delivers an electric current as the result 

of a chemical reaction is known as a cell. 

18. What is the principle involved in conductometric titration? 

In conductometric titration, there is a sudden change in conductance of 

solution near the end point. Hence the end point is determined graphically 

by plotting conductance against titre values. The principle underlying 

conductometric titration is the replacement of ions of a particular 

conductance by ions of different conductance during the titration. 

19. How is the equivalence point obtained in conductometric titration? 

During the progress of the titration, changes in conductivity occur. The 

conductivity is measured after each addition of a small volume of the titrant. A 

graph of conductivity (on Y-axis) versus volume of titrant (on X-axis) is 

plotted when two or more straight lines are obtained. The point of intersection 

of the two straight lines gives the equivalence point. 

20. In the titration of a mixture of acids (HCl and CH3COOH) with a strong 

base (NaOH), the conductance first decreases, then rises steadily and 

finally rises steeply. Why? 

Upon adding a strong base to a mixture of a strong acid and a weak acid, the 

conductance falls due to the replacement of highly mobile H+ ions of the strong 

acid (HCL) by less mobile Na+ ions of the base. The conductance falls till all 

the H+ ions are replaced (i.e. till HCL is neutralised completely). The 

conductance then rises steadily as the weak acid is converted into its salt.  

Finally, the conductance rises steeply as excess of alkali is introduced 
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Experiment 7 

Estimation of Fe in Rust sample by Potentiometric sensor 

Aim: To determine the amount of FAS in the given solution 

Chemicals: Dilute H2SO4, Standard K2Cr2O7, FAS 
Theory: A titration in which the equivalence point of the reaction is determined with 

the help of measurements of cell potentials is known as potentiometric titration. A suitable 

cell made of indicator electrode and reference electrode is constructed in known volume 

of the test solution. For the titration of FAS against K2Cr2O7, platinum electrode is used as 

indicator electrode and calomel electrode as reference electrode. Indicator electrode (Pt) 

potential is a function of the redox system and activities (or concentration) of the 

respective ionic species in the solution. Reference electrode (calomel) potential remains 

constant during titration. For a redox system, same metal with two oxidation states, will 

compete for mutual conversions, 

                             

                                                Oxidised form + ne‾ Reduced form 

 

                            E = E0 + 0.0591/n log [(Oxidized species) / (Reduced species)] 

 

 For the titration of FAS against K2Cr2O7, Ferrous ion undergoes oxidation to ferric state: 

Fe2+  Fe3+ + e‾ 

  (reduced form) (oxidized form) 

Dichromate ion undergoes reduction to chromic state: 

 Cr2O7
2 + 14H+ + 6e‾  2Cr3+ + 7H2O 

                  (oxidized form) (reduced form) 

 

Platinum electrode potential is decided by the redox system. Before the end point, the electrode is 

Pt∣(Fe3+,Fe2+). During the titration, Fe3+ ion concentration increases and that of Fe2+ ion  

decreases until the reach of equivalence point. The numerical value of the ratio, [Fe3+]/[Fe2+]  

increases and potential increases After the end point, the electrode changes as                      

Pt∣( Cr2 O7
2 ,Cr3+)  resulting in abrupt  change in electrode potential and consequently 

cell-potential at the end point. The cell-potential is decided by the ratio [Cr2O7
2

] / [ Cr3+] 

Sudden change in cell potential helps in the determination of equivalence point. With the 
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knowledge of normality and volume of K2Cr2O7 consumed the amount of FAS is calculated.  

 

Procedure: 

 Standardize the potentiometer using electronic standard cell on the instrument (potential needs to be set to 

1.018 V or 1018 mV using the calibration knob).  Take suggested volume, Z mL of FAS solution from a 

burette into a clean beaker. Add 10 mL of dilute sulfuric acid. Wash the platinum and saturated calomel 

electrode assembly and place it in the solution. Add requisite amount of distilled water required for 

immersion of cell assembly.  Measure the EMF of the experimental cell on the potentiometer. Add 

K2Cr2O7 solution from a burette in increments of 0.5 mL and stir the solution thoroughly.  Measure the 

EMF after each addition. Equivalence point is recognized by sudden jump in EMF. Continue the addition of 

K2Cr2O7 until 6 – 8 readings beyond the equivalence point. Plot a graph of ΔE/ΔV against the volume of 

K2Cr2O7 (differential curve is obtained). Determine the equivalence point from the graph as shown in 

figure below. Calculate the strength and amount of FAS. 
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   Observations and calculations: 

    Solution taken in the burette:  Standard K2Cr2O7= N of K2Cr2O7 = …………..N   

    Solution taken in the beaker: Z or V FAS  

                                              = ………….. ml FAS + 10 ml of dilute H2SO4 + Water 

Volume of 

K2Cr2O7 

(mL) 

E (mV) ∆E (mV) ∆V (mL) 
ΔE 

(V/L) 

ΔV 

0     

0.5     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

 

                 NFAS = [NK2Cr2O7 x V K2Cr2O7 (From the graph)] 

VFAS 

 

= 

       Weight of FAS in 1000 ml of the given solution = NFAS x Equivalent wt. of FAS 

 

          =NFAS x 392.14 gm 

        =……… gm/L   
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                VIVA QUESTIONS & ANSWERS 
1. What is a Potentiometric titration? 

Ans. The determination of equivalence point of red-ox titration on the basis of potential measurements is known 

as Potentiometric titration. 

2. What are the electrodes used in Potentiometric titration? 

Ans. Platinum and calomel electrodes. 

3. What is the principle Potentiometric titration? 

Ans. The principle is the measurement of the emf between the platinum electrode (indicator electrode) and a 

reference electrode (calomel electrode). In this titration, the measurements of potential are made while the 

titration is in progress. The equivalence point is sudden change in the potential. 

4. What is an indicator electrode? 

The electrode, whose potential is dependent on the concentration of the ion being determined,. 

5. What is the determining factor in the red-ox titration? 

Ans. The determining factor is the ratio of concentrations of oxidized species to reduced species. 

6. What is the reaction-taking place between FAS and Dichromate? 

Ans. Acidified potassium dichromate oxidizes ferrous to ferric. 

7. Give the reaction between FAS and K2Cr2O7 in Potentiometric titration.Acidified K2Cr2O7 

oxidizes ferrous sulphate to ferric sulphate and itself gets reduced to chromic sulphate. 

                     6FeSO4 + 7H2SO4 + K2Cr2O7  2Fe2(SO4)3 + K2SO4 + Cr2(SO4)3 + 7H2O 

8. Mention the advantages of Potentiometric titrations. 

1. Turbid, colored solutions can be titrated. 

2. Mixture of solutions or very dilute solutions can be titrated. 

3. The results are more accurate since the end point is determined graphically.  

9. What is the purpose of adding dilute sulphuric acid? 

This is because potassium dichromate acts as oxidizing agent only in acidic media. 

10. What is single electrode potential? 

The potential that is developed when an element is in contact with a solution containing its own ions is called   

single electrode potential 

11. What is standard electrode potential? 

The potential that is developed when an element is in contact with a solution containing its own ions of 1 M 
concentration at 298 K is referred to as standard electrode potential. If the gases are involved, they must be 

passed at a partial pressure of 1 atmosphere. 

12. What is meant by e.m.f.? 

E.M.F. is the potential difference required to drive a current across the electrodes. 

E.M.F. = Ecathode - Eanode 

13. What is a potentiometer? 

It is a device or circuit used for comparing potential sources. 

14. Why is the beaker solution gradually changes into green during the course of titration? When 

FAS in beaker reacts with K2Cr2O7, it reduces K2Cr2O7 to Cr2(SO4)3 which is a green salt 
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solution. 

15. Why is the EMF rises steeply soon after the equivalence point? 

This is because, the potential of the solution before the equivalence point is determined by 

Fe2+ Fe3+ system only i.e., 0.75V, while at equivalence point, it is determined by both Fe3+ and            

Cr2O7
2- ions which is = 1.04V. But beyond equivalence point, the potential of the solution is 

determined by Cr2O7
2-/Cr3+ only i.e. = 1.33V. Therefore, just after the equivalence point, the potential 

of the solution rises steeply. 
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                                                          Experiment 8 

Determination of pKa of vinegar using pH sensor (Glass electrode) 

Aim: To determine the pKa value of the given weak acid 

Chemicals: Standard buffer solutions (pH = 7.0, 4.0, 9.2), NaOH solution 

Theory: pKa is a measure of the strength of the acid.  Higher the pKa, weaker is the acid.  It is 

defined as negative logarithm of dissociation constant, Ka [pKa = – logKa]. pKa is determined 

by the measurement of variation in pH during titration of the acid against a base. 

For the titration of weak acid against strong base, the change in pH is lesser until the reach of 

equivalence point. For example, pH changes slowly until neutralization point during the titration 

of CH3COOH against NaOH. Reaction that takes place during the titration is 

CH3COOH + NaOH  CH3COONa + H2O  
(Acid) (Base) (Salt) (Water) 

During the titration, solution will become a mixture of weak acid (unreacted CH3COOH) and 

its salt (CH3COONa), which represents the buffer. Therefore, pH changes slowly until the 

neutralization. At the equivalence point, the pH rises rapidly owing to removal of H+ ions (acid) 

and addition of OH¯ ions (alkali) [the buffer disappears at this point of titration]. The change in 

pH during the titration is described by Henderson-Hasselbatch equation.  

pH = pKa + log 
 [Salt] 

[Acid] 

 
At half equivalence point, half the acid will have reacted to give salt; and half the 

acid will have remained unreacted.  Therefore, [Salt] = [Acid] and log(1) = 0. 

Thus, above equation becomes, pH = pKa i.e., pH at half equivalence point gives 

pKa value of the weak acid. pH is measured on a pH meter using combined glass 

electrode (cell constructed by the coupling of glass electrode & Ag-AgCl electrode). 

The cell used is represented as  

                  Ag-AgCl electrode│Weak acid, H+│Glass electrode 

The  cell  potential  evaluated is  a measure  of  H+  ion concentration  in the solution, which 

is read in terms of pH. The graphs ΔpH/ ΔV vs Volume of NaOH  (VNaOH) and 

pH vs VNaOH together will assist in the evaluation of pKa.  

Procedure: 

Ensure calibrated condition of the conductivity meter (with the assistance of staff or laboratory 

instructor).  Take the suggested volume (Z mL) of weak acid into a clean beaker.  Place the 

combined glass electrode in the weak acid. Add sufficient quantity of distilled water to ensure 

proper immersion of electrode in the solution and record the pH value. Add NaOH solution from 

the burette in increments of 0.5 mL every time and stir the solution well. Note down the pH after 
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 .....  

 

 

  

  

 

  

each addition.  Equivalence point is recognized by sudden jump in pH.  tinue the addition of 

NaOH until 6 – 8 readings beyond the equivalence point. Plot a graph of ΔpH/ ΔV vs 

Volume of NaOH  (VNaOH) find out the equivalence point (Fig.1). Plot another 

graph of pH versus volume of NaOH, mark the position of half equivalence 

point and obtain pKa value (Fig.2). 
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Observations and calculations: 

          Solution taken in the burette: NaOH solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution taken in the beaker:  Given volume of Weak Acid (= Z =mL) + water (if required, 

for immersion of combined glass electrode) 

  

1. Equivalence point from the graph ΔpH/ ΔV vs Volume of NaOH= P= 

……………ml 

2. Half equivalence point  P/2=………….ml 

3. pKa value of the given weak acid from the graph: pH vs Volume of 

NaOH=……..  

 

Viva Questions with Answers 

 
1. What is a weak acid? 

Ans. Weak acid is one, which does not dissociate or ionize completely in aqueous solution. 

Example: Acetic acid, formic acid. 

2. What is pKa of a weak acid? 

Volume of 

NaOH 

(mL) 
pH ∆pH ∆V 

ΔpH 

ΔV 

0     

0.5     
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Ans. pKa = -log10Ka, where Ka is dissociation constant of weak acid 

3. What is meant by pH of a solution? 

Ans. Ph = -log10 (H
+) 

4. What are the electrodes used in pH meter? 

Ans. Glass electrode and calomel electrode. 

5. Why glass electrode is known as ion selective electrode? 

Ans. This is because it is able to respond to H+ ions only and develop potential while ignoring 

the other ions present in the solution. 

6. How is the measurement of pH made? 

Ans. Determining the EMF of the cell containing glass electrode and calomel electrode immersed in 

the     

 solution makes the measurement of pH. The emf of the cell is expressed as E = K + 0.0591pH. 

7. How pH and pKa are related? 

Ans. PH = pKa + log10 (salt) / (acid) 

The above equation is known as Henderson-Hasselbatch equation. At half Equivalence point (salt) =    

 (acid) and therefore pH = pKa 

8. Why does pH increase suddenly after the equivalence point? 

Ans. At the equivalence point, the base neutralizes the weak acid. Afterwards, the concentration of   

 hydroxyl ions increases, resulting in sudden increase of pH. 

 

9. Why is (acid) = (salt) at half equivalence point? 

Ans. At half equivalence point, half of the acid is converted into its salt. 

10. How are pKa and strength of weak acid related? 

Ans. Higher the pKa, lower will be the strength of the acid and vice versa. 

11. What is the dissociation constant of weak acid? 

Ans. The dissociation constant of weak acid Ka = (H+) (A-) / (HA) 
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Experiment 9 

Estimation Of Copper Present In E-Waste By Optical Sensor 

Aim:   To determine the amount of copper in the given test solution 

Chemicals: Standard solution of CuSO4 (0.05 N), 1:1 Ammonia solution 

Theory:  An analysis by the way of measurements of absorbance of light in the 

visible range is colorimetry.  It depends upon the measurement of quantity of light 

absorbed by a coloured solution. The wavelength of light absorbed is a function of 

nature (quality) of the substance and the amount of light absorbed is a function of 

concentration (quantity). 

When certain light with intensity I0 is passed through a transparent solution, part of it 

is absorbed (Ia), a part is reflected (Ir) and another part is transmitted (It); I0 = Ia + 

Ir + It 

For an interface of air and glass, the amount of light reflected is negligible; 

I0 = Ia + It  

Quantitative measurements of absorption are based on Beer‟s law and Lambert‟s law or 

Beer-Lambert‟s law. Beer’s law states that „when a monochromatic beam of light (light 

of single wavelength) passes through a transparent medium, the intensity of the emitted 

light decreases exponentially as the concentration of the medium increases 

arithmetically‟. Lambert’s law states that „when a monochromatic beam of light 

passes through a transparent medium, the intensity of the emitted light decreases 

exponentially as the thickness of the medium increases arithmetically‟. Combined Beer-

Lambert’s law infers that, „when a monochromatic beam of light passes through a 

transparent medium, the amount of light absorbed by coloured solution is proportional to 

the concentration and thickness of the light absorbing medium‟. It can be expressed 

as A = log Io / It  = ct where, „I0‟ is intensity of incident light, „It‟ is intensity of 

transmitted light, „t‟ is thickness of the light absorbing medium (cm), „c‟ is concentration 

of the coloured constituent in the solution (mol/L) and „ ‟ is molar extinction coefficient 

(amount of light absorbed when „t‟ and „c‟ are 1 cm and 1 mol/L respectively). Since,  

is a constant, absorbance is proportional to the concentration of coloured constituent in 

solution, provided the thickness of the light absorbing medium is kept constant.  

Mathematically, A α c  

 Reliability of colorimetric analysis requires appreciable colour intensity of 

solution. Therefore, in the estimation of copper, light blue coloured Cu
2+ is reacted with 

ammonia to give intense blue coloured tetraamine copper(II) complex. 
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                                                                Cu2+  +  4NH3  [Cu(NH3)4]2+ 

(light blue)   (intense blue) 

 

The solution absorbs light of 620 nm wavelength. A series of standard solutions of 

copper complexes is used to generate a calibration curve on a graph of 

absorbance versus concentration of copper. Optical density of the test solution 

complexed with ammonia is measured and compared on the standard curve for 

concentration. Thus, concentration of copper in the test solution is determined.  

    Procedure: 

                 Rinse and fill the burette with 0.05N CuSO4 stock solution. Take 2 mL, 4 mL, 

6 mL, 8 mL and 10 mL of the stock solution into 5 different 50 mL volumetric flasks. Add 

4 mL of 1:1 ammonia solution to each of these flasks. Dilute with distilled water up to the 

mark and shake well. Prepare a blank solution by taking 4 mL of 1:1 ammonia & 

making it up to the mark with distilled water in a 50 mL standard flask and shaking it well.  

Set the light filter to measure the absorbance for 620 nm light. Measure the absorbance of 

the standard solutions with reference to blank (Place the cuvette with blank solution and set 

the absorbance to ZERO; remove it and place another identical cuvette filled with standard 

solution and measure the absorbance). 

Plot a graph of concentration of copper against absorbance to get a calibration curve 

(passing through the origin).  Now, complex the given volume of CuSO4 with 3 mL of 1:1 

ammonia and dilute to 50 mL in a volumetric flask, shake well and treat it as test 

solution. Measure its absorbance, compare it on the calibration curve and evaluate the 

concentration of copper. Calculate the amount of copper. 

 

  
 

                                      O.D. of test solution = …… 

 

 
                             O.D. 
 

 Concentration of  

                                                                               Cu in test solution 

                                                                             NCu = …x 10-3 N 
  

 

 
 

                                            Concentration of Cu, NS (N) 

  

       Result: 

           The concentration of copper in the test solution = N 

              Amount of copper in the given test solution = g/L 

c 
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Observations and calculations: 

         Normality of CuSO4 solution (given) = 0.05N 

        Strength of Ammonia solution used = 1:1 

  

  
 

        Concentration of copper in the test solution from the graph 

                                                                     = NCu = ……….. x 10-3 N 
 

Amount of copper in the test solution 

= NCu x Equivalent weight of copper (63.54) g/L 

= NCu x  63.54 g/L 

= …………….… x  63.54 g/L 

= .................................g/L 

 
 

VIVA QUESTIONS & ANSWERS 
1. What is colorimetry? 

Ans. It is Chemical analysis through measurements of absorption of light radiation in the 

visible region of spectrum (400-700nm) with respect to known concentration of the substance. 

2. What forms the basis for colorimetric determination? 

Ans. The variation in the absorption of light with change in concentration of the substance is 

the basis of calorimetric determination. 

 

Sl. 

No. 

 

Volume of 

CuSO4 (V 

mL) 

 

Volume of 1:1 

NH3 (mL) 

Concentration 

of Copper 

NS = 
V x 0.05 

                   50 

=  V x 10-3 N 

 

Absorbance 

(or O.D.) 

1 
0 

(Blank solution) 
4 

 

           0 
0 

2 2 
4 

2 x 10-3  

3 4 
4 

4 x 10-3  

4 6 
4 

6 x 10-3  

5 8 
4 

8 x 10-3  

6 10 
4 

10 x 10-3  

7 Test solution 
---- 

----  
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3. What is photoelectric colorimeter? 

Ans. It is an electric instrument, which measures the amount of light absorbed using a photocell. 

4. What are filers? Why are they used? 

Ans. The filters consist of thin films of gelatin containing different dyes or different colored 

glasses. This is used in colorimeters to select any desired spectral region. (Wavelength) 

5. What is frequency? 

Ans. It is the number of waves passing through a point per second. It is represented as . 

6. What is wave number? 

Ans. It is reciprocal of wavelength. 1/  

represents it 1/  =  / c = Frequency / velocity of 

light 

7.  

Ans. The intensity of transmitted light decreases exponentially as the concentration of the absorbing 

substance increases arithmetically. 

8.  

Ans. The intensity of transmitted light decreases exponentially as the thickness of the absorbing 

medium increases arithmetically. 

9. State Beer-Lambert law. 

Ans. The amount of light absorbed is proportional to concentration and thickness of the medium. A 

= logI0 / It = ct 

 is Molar extinction coefficient; c is concentration; t is path length 

10. Why different volumes of solutions are taken? 

Ans. Different volumes are taken to get calibration graph. 

11. What is blank solution? 

Ans. Solution without the test solute is known as blank solution. 

12. Why ammonia is added to copper solution? Why is that the same amount of 

ammonia added? 

Ans. Ammonia is added to get cuproammonium sulfate, a dark blue complex. Same amount of 

ammonia is added to nullify the absorbance due to any coloring impurities present in ammonia. 

13. Why is the estimation of copper done at 620 nm wavelengths? 

Ans. It is done because; the complex shows a maximum absorbance at 620 nm. ( Max) 

14. What is meant by transmittance? 

Ans. It is the ratio of intensity of transmitted light (It) to that of the incident light 

(Io) T = It / Io 

15. What is absorbance or optical density? 
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Ans. It is reciprocal transmittance. A = 1 / T = Io / It 

16. How optical density is related to the concentration of the substance? 

Ans The optical density is directly proportional to concentration of the substance. 

17. Mention a few important criteria for satisfactory colorimetric analysis 

I. The solute should not undergo salvation, association, hydrolysis or 

polymerization in the solvent used. 

II. The color produced should be sufficiently stable 

III. Clear solutions free from traces of precipitates or foreign substances in either 

blank or standard solutions 

18. Mention a few advantages of colorimetric determinations. 

Ans. Colorimetric method will often give more accurate results at low 

concentrations. It is more useful for biological substances. 

19. How is optical density related to the concentration of the substance? 

The optical density is directly proportional to the concentration of the substance. 
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Experiment 10 

                    Determination of Viscosity coefficient of Coolant Samples  

Aim: To determine the viscosity coefficient of the given organic liquid. 

Chemicals: Distilled water 

Theory: A liquid flowing through cylindrical tube of uniform diameter is expected to move in the 

forms of molecular layers. A layer close to the surface is almost stationary, while that at the axis of 

the tube moves faster than any other intermediate layer. A slow moving layer exerts a drag or 

friction on to the nearest layer. This property that retards or opposes the motion is called viscosity. 

The viscosity coefficient of viscosity is defined as the tangential force per unit area required 

to maintain a unit velocity gradient between any two successive layers of a liquid situated a unit 

distance apart. 

 

 = r4t / 8lv where, v is volume of the liquid, r is the radius of the tube, l is length of the tube,  is 

the pressure difference between two ends of the tube,  is the coefficient of viscosity of the liquid. 

If equal volumes of liquids are allowed to flow through the same tube under identical 

conditions, then, 

                                                       l/ w = tl x dl / tw x dw (1) 

The time taken (tl) by the test liquid to flow through the capillary is determined. The time 

taken (tw) by water to flow through the same capillary is measured under identical conditions. Thus, 

the viscosity coefficient of test liquid is calculated from the densities (dl, dw) of the test liquid and 

water and the viscosity coefficient ( w) of water. Viscosity is temperature dependent and hence the 

experiment is carried out at constant temperature. 

   Procedure:  

Fix an Ostwald‟s viscometer vertically in a thermostat (water contained in a beaker; note 

down the temperature of water). Take appropriate volume (say, 25 mL) of the given 

liquid into wider limb of viscometer. Draw it up in the capillary limb slightly higher  

than the  upper  mark  above  the  glass bulb 

            Allow the liquid to flow down. Start a stop-watch when the lower meniscus of liquid crosses the upper       

         mark (above the bulb) and stop it when the lower meniscus crosses the lower mark (below   the bulb). 
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Read & record the flow time in seconds. Repeat the measurements for concordant values. Wash 

the viscometer, rinse with acetone and d ry it in a hot air oven. Cool the viscometer 

thoroughly and fix it vertically in  the   thermostat. Take identical volume (25 mL) of distilled 

water in the viscometer and   measure its flow time. Knowing the density & viscosity of water, 

density of liquid and flow times of water & liquid under experimental temperature, viscosity of the 

liquid is  calculated. 

 

     Result: The viscosity coefficient of the conductive ink is ---------------------- milli poise 

 

          Observations and calculations: 

  

                                          Temperature of the thermostat = oC 

 

 
 

          

 

 

 

    Flow time measurement: 

 

 
 

T

i

m

e

 

o

f

 

flow of test liquid tl = ..................... s 

Time of flow of water tw = ...................... s 

  

       Viscosity coefficient of the test liquid= l=   ( w x dl x tl) mp 

                                            (dw x tw) 
                                                 

Density of test liquid (given) dl =………….g/cm3 

Density of  distilled water  (given) dw =………….g/cm3 

Viscosity of  distilled water  (given) 
 

  

ηw =…………..mP 

 
                                          Flow time (seconds) 

Trial  -  1 Trial  -  2 Trial  -  3 Average (S) 

 

Test liquid 
   tl= 

Distilled 

Water 
   tw= 
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 VIVA QUESTIONS & ANSWERS 
1. What is viscosity? 

The internal friction between the moving layers of molecules of liquid is called viscosity i.e. a 

slow moving molecular layer will exert a backward pull on the fast moving molecular layer. 

2. Define density of liquid. Mention its unit. 

It is defined as the ratio of mass per unit volume of the liquid. 

Density = Mass/Volume 

                         It is expressed in terms of Kg/m3 

3. Define viscosity coefficient of liquid. 

It is defined as tangential force per unit area required to maintain a unit velocity gradient 

between any two successive layers of liquid. 

4. Mention the CGS and SI units of viscosity coefficient. 

CGS unit  milli poise SI 

unit  Nsm-2 

5. How do you convert viscosity coefficient in CGS unit into SI unit? 

1 milli poise = 10-4 Nsm-2. 

6.  

Pr4t 

 = 

8 V l 

P = Hydrostatic pressure; r = radius of capillary tube; t = time for flow of liquid; V = 

volume of liquid and l = length of the tube. 

7. How does viscosity vary with temperature? 

It decreases with increase of temperature. 

8. Why should Viscometer be dried before the time flow measurements of the liquid? 

To avoid the formation of emulsion, which changes the time for flow of liquid. 

9. How do you dry the Viscometer? 

It is dried first by rinsing with acetone and then keeping in oven. 

10. Why acetone is used for cleaning Viscometer? 

Since acetone is a volatile liquid, it is used to dry the Viscometer quickly. 

11. Why is the viscosity measurements carried out at lab temperature? 

Physical constants like density and viscosity of liquid vary with temperature. 

12. Mention the factors, which affect the viscosity of the liquid. 

1. Viscosity increases with increase in molecular weight. 

2. Viscosity decreases with increase of temperature. 
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3. Polar compounds are more viscous than non polar compounds. 

 

13. The bulk of the viscometer is immersed in thermostat (beaker filled with water) during 

the course of the experiment. Why? 

To maintain a constant temperature, since the viscosity vary with change in temperature.  

14. What is density of a liquid? 

The density of a liquid is its mass divided by its volume. 

15. The density of a substance is expressed relative to what? 

The density of a substance is expressed relative to that of water at 4o C. 

16. What is specific gravity? 

Specific gravity or the relative density is the weight of a given liquid divided by the weight of an 

equal volume of water at the same temperature 
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                                                         Experiment 11 

           Interpretation of pka values of a cooling fluid using origin 

software. 
 

Aim: To interpret experimentally obtained titration data of a weak acid and determine its pKa value 

accurately using graphical and mathematical analysis tools available in Origin. 

Principle: The interpretation of pKa from titration data is based on the characteristic behavior of 

a weak acid– strong base titration curve. When pH is plotted against the volume of base added, a 

sigmoidal curve is obtained. The curve contains important regions: the buffer region, the half-

equivalence point, and the equivalence point. 

 

According to the Henderson–Hasselbalch equation: 

 

                        pH   =    pKa + log (Salt) / (Acid)
At half equivalence point, [salt] = [acid] and hence pH = pKa. Thus pH at half equivalence point 

gives the pKa of weak acid. 

 

Thus, correct interpretation of the titration curve allows identification of: 

 

 Equivalence point (maximum slope) 

 Half-equivalence point (half of equivalence volume) 

 Corresponding pH at half-equivalence, which equals pKa 

 

Origin software enables precise graphical visualization, derivative analysis, and curve fitting, 

which improves accuracy compared to manual estimation. 

 

Procedure 

        First, the experimental titration data (volume of NaOH vs. pH) is entered into two columns in       

       Origin. The first column is designated as the X-axis (volume of base added), and the second column  

        as the Y-axis (pH values). 

 

Page 61



2025 scheme                                                                                                                          I/II semester 
 

                                                                                                                                             
KLS VDIT, Department of Chemistry 

 

 

 

Next, a titration curve is generated by selecting both columns and choosing a 2D line plot (pH vs. 

Volume). The resulting graph is carefully examined to observe the buffer region and the steep 

vertical rise near the equivalence point. 
 

 

 

To determine the equivalence point accurately, the first derivative of the data (ΔpH/ΔV) is calculated 

using the “Differentiate” tool under the Analysis menu. A new plot of the first derivative versus 

volume is generated. The peak of this derivative curve corresponds to the equivalence volume. Once 

the equivalence volume is identified, the half-equivalence volume is calculated by dividing the 

equivalence volume by two. Using the original titration curve, the pH corresponding to this half- 

equivalence volume is determined either by direct graph reading or by using the “Interpolate/Find X- 

Y” tool in Origin for precise value extraction. 

 

 

 

                 This pH value at half-equivalence is recorded as the pKa of the weak acid. 

 

Result: The interpreted pKa value is compared with literature values to evaluate accuracy and 

reliability of the experimental data. 
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                                                                Experiment - 12 

Chemical structure drawing using software: ChemDraw/ChemSketch 
 

Aim: Chemical Structure Drawing Using ChemDraw 

 

Procedure 

Chem Draw is a widely used chemical drawing program designed for creating accurate molecular 

structures, reaction mechanisms, laboratory diagrams, and publication-quality chemical illustrations. 

It is extensively used in academic laboratories, pharmaceutical research, and chemical industries 

because it ensures structural accuracy, correct bond angles, proper valency representation, and 

standardized formatting. 

 

Important Tools in ChemDraw 

ChemDraw provides several essential tools that facilitate chemical drawing: 

 

 Bond Tools – Used to draw single, double, triple, and wedge/dash bonds. 

 Ring Tool – Inserts common ring systems such as benzene, cyclohexane, and other cyclic 
structures. 

 Atom/Text Tool – Allows insertion or modification of atoms (O, N, Cl, etc.). 

 Selection Tool (Arrow Tool) – Used to move, rotate, resize, or select structures. 

 Reaction Arrow Tool – Used for drawing reaction schemes. 

 Clean Up Structure Option – Automatically adjusts bond angles and geometry to standard 

values. 

 Generate Name Option – Provides the IUPAC name of the drawn structure. 
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Example: Drawing the Structure of Aspirin (C₉H₈O₄) 

Aspirin, chemically known as acetylsalicylic acid, contains: 

 A benzene ring 

 A carboxylic acid group (–COOH) 

 An ester functional group (–OCOCH₃) 

 

Step-by-Step Drawing Procedure 

 

First, ChemDraw is opened and a new document is created using File → New. The benzene ring is 

drawn by selecting the Ring Tool and choosing the benzene template. Clicking on the drawing 

canvas inserts a six-membered aromatic ring with alternating double bonds. 

 

Next, the carboxylic acid group (–COOH) is attached to one carbon of the benzene ring. A single 

bond is drawn outward from the ring carbon. At the end of this bond, a carbon atom is present. Using 

the Double Bond Tool, a double bond is added to an oxygen atom (=O). Then, another oxygen is 

attached with a single bond, and a hydrogen atom is added to this oxygen to complete the –COOH 

group. 

 

After this, the ester group (–OCOCH₃) is added to the adjacent (ortho) carbon of the benzene ring. 

A single bond is drawn from the ring carbon and an oxygen atom is inserted. From this oxygen, a 

carbonyl carbon is added, followed by a double-bonded oxygen (=O). Finally, a methyl group (– 

CH₃) is attached to the carbonyl carbon using the single bond tool. 

 

Once the structure is complete, the entire molecule is selected using the Selection Tool, and the 

Structure → Clean Up Structure option is applied. This automatically adjusts bond angles and 

spacing to standard geometry, producing a neat and publication-ready structure. 

The completed structure is then saved using File → Save As in the required format such as .cdx, 

.pdf, or .png. 
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Result:The structure of aspirin (acetylsalicylic acid) was successfully constructed using ChemDraw, 

demonstrating correct use of bond tools, ring tools, functional group insertion, and structure cleanup 

features. 
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      Lab Manual 2 

PYTHON PROGRAMMING 

(1BPLC105B/205B) 

CO’s And PO’s Mapping Chart 
 

Sl. 

No. Description 
PO  

1 

PO 

2 

PO

3 

PO

4 

PO

5 

PO

6 

PO

7 

PO

8 

PO

9 

PO 

10 

PO 

11 

PSO

1 

PSO

2 

1 
CO1: Develop scripts using primitive 

language constructs of python. 
3 2   3       1  

2 

CO2: Identify the methods to manipulate 

primitive python data structures 
3 1   2       1  

3 

CO3: Make use of Python standard 

libraries for programming. 
3 

2 
  3       2  

4 

CO4: Build scripts for performing file 

operations. 3 
2   3       1  

5 

CO5: Illustrate the concepts of Object-

Oriented Programming as used in Python. 3 
1   2       1  

 

Evaluation:  
 

 Integrated Lab(IPCC) 

CIE 

Particulars Marks Total 

Performance 07 
15 Journal 05 

Viva Voce 03 

Lab IA 

Particulars Marks Total 

IA 
100 

10 
(Reduced) 

Total (CIE +Lab IA) 25 
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Mapping of Experiments with CO, PO and PSO 
 

S.No Experiment Details CO PO PSO 

1a 

Develop a python program to read 2 numbers from the keyboard and 

perform the basic arithmetic operations based on the choice. (1-Add, 2-
Subtract, 3-Multiply, 4-Divide). 

CO1 PO1 PSO1 

1b 
Develop a program to read the name and year of birth of a person. 

Display whether the person is a senior citizen or not. 
CO1 PO2 PSO1 

2a 
Develop a program to generate Fibonacci sequence of length (N). Read 
N from the console. 

CO1 PO1 PSO1 

2b 

Write a python program to create a list and perform the following 

operations: Inserting an element, Removing an element, Appending an 
element, Displaying the length of the list, Popping an element, Clearing 

the list. 

CO2 PO1 PSO1 

3a 
Read N numbers from the console and create a list. Develop a program to 

print mean, variance and standard deviation with suitable messages. 
CO2 PO2 PSO1 

3b 
Read a multi-digit number (as chars) from the console. Develop a 

program to print the frequency of each digit with a suitable message. 
CO2 PO2 PSO1 

4 

Develop a program to print 10 most frequently appearing words in a text 

file. [Hint: Use a dictionary with distinct words and their frequency of 
occurrences. Sort the dictionary in the reverse order of frequency and 

display the dictionary slice of the first 10 items.] 

CO3 PO5 PSO1 

5 

Develop a program to read 6 subject marks from the keyboard for a 

student. Generate a report that displays the marks from the highest to the 
lowest score attained by the student. [Read the marks into a 1-

Dimensional array and sort using the Bubble Sort technique]. 

CO1 PO2 PSO1 

6 

Develop a program to sort the contents of a text file and write the sorted 
contents into a separate text file. [Hint: Use string methods strip(), len(), 

list methods sort(), append(), and file methods open(), readlines(), and 

write()]. 

CO4 PO5 PSO1 

7 

Develop a function named DivExp which takes TWO parameters a, b, 
and returns a value c (c=a/b). Write a suitable assertion for a>0 in the 

function DivExp and raise an exception for when b=0. Develop a suitable 

program that reads two console values and calls the function DivExp. 

CO3 PO2 PSO1 

8 

Define a function that takes TWO objects representing complex numbers 
and returns a new complex number with the sum of two complex 

numbers. Define a suitable class ‘Complex’ to represent the complex 

number. Develop a program to read N (N >=2) complex numbers and to 
compute the addition of N complex numbers. 

CO5 PO1 PSO1 

9 
Text Analysis Tool: Build a tool that analyses a paragraph: frequency of 

each word, longest word, number of sentences, etc. 
CO3 PO5 PSO1 

10 
Develop Data Summary Generator: Read a CSV file (like COVID data 
or weather stats), convert to dictionary form, and allow the user to run 

summary queries: max, min, average by column. 

CO3 PO5 PSO1 

11 

Develop Student Grade Tracker: Accept multiple students’ names and 

marks. Store them in a list of tuples or dictionaries. Display summary 
reports (average, topper, etc.). 

CO2 PO1 PSO1 

12 
Develop a program to display contents of a folder recursively (Directory) 

having sub-folders and files (name and type). 
CO4 PO5 PSO1 

 
EXPERIMENT WISE LESSON PLAN 

 

S.No Details 

1a 

Program: Develop a python program to read 2 numbers from the keyboard and perform the basic 

arithmetic operations based on the choice. (1-Add, 2-Subtract, 3-Multiply, 4-Divide). 

 Objective: Students will be able to understand basic Python syntax, take input from the user and 
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implement conditional statements to perform arithmetic operations. 

1b 

Program: Develop a program to read the name and year of birth of a person. Display whether the 

person is a senior citizen or not. 

Objective: Students will be able to apply input operations and conditional statements to implement 

logical decision making. 

2a 

Program: Develop a program to generate Fibonacci sequence of length (N). Read N from the console. 

Objective: Students will be able to understand looping constructs and generate numerical sequences 

using iterative programming techniques. 

2b 

Program: Write a python program to create a list and perform the following operations: Inserting an 

element, Removing an element, Appending an element, Displaying the length of the list, Popping an 

element, Clearing the list. 
 Objective: Students will be able to understand Python list data structures and perform various list 

manipulation operations. 

3a 

Program: Read N numbers from the console and create a list. Develop a program to print mean, 

variance and standard deviation with suitable messages. 

 Objective: Students will be able to perform statistical calculations on datasets using Python lists and 

arithmetic operations. 

3b 

Program: Read a multi-digit number (as chars) from the console. Develop a program to print the 

frequency of each digit with a suitable message. 

Objective: Students will be able to analyse numerical data and apply counting logic using loops and 

data structures. 

4 

Program: Develop a program to print 10 most frequently appearing words in a text file. [Hint: Use a 

dictionary with distinct words and their frequency of occurrences. Sort the dictionary in the reverse 

order of frequency and display the dictionary slice of the first 10 items.] 

Objective: Students will be able to use dictionaries and file handling techniques to analyse textual 
data. 

5 

Program: Develop a program to read 6 subject marks from the keyboard for a student. Generate a 

report that displays the marks from the highest to the lowest score attained by the student. [Read the 

marks into a 1-Dimensional array and sort using the Bubble Sort technique]. 

Objective: Students will be able to understand sorting algorithms and implement Bubble Sort for 

ordering data. 

6 

Program: Develop a program to sort the contents of a text file and write the sorted contents into a 

separate text file. [Hint: Use string methods strip(), len(), list methods sort(), append(), and file 

methods open(), readlines(), and write()]. 

Objective: Students will be able to perform file operations and manipulate textual data using Python 

string and list methods. 

7 

Program: Develop a function named DivExp which takes TWO parameters a, b, and returns a value c 

(c=a/b). Write a suitable assertion for a>0 in the function DivExp and raise an exception for when b=0. 

Develop a suitable program that reads two console values and calls the function DivExp. 
Objective: Students will be able to create functions and apply assertion and exception handling 

mechanisms in Python. 

8 

Program: Define a function that takes TWO objects representing complex numbers and returns a new 

complex number with the sum of two complex numbers. Define a suitable class ‘Complex’ to 

represent the complex number. Develop a program to read N (N >=2) complex numbers and to 

compute the addition of N complex numbers. 

Objective: Students will be able to understand Object Oriented Programming concepts such as 

classes, objects and methods in Python. 

9 

Program: Text Analysis Tool: Build a tool that analyses a paragraph: frequency of each word, longest 

word, number of sentences, etc..  Objective: Students will be able to apply text processing techniques 

and analyse textual data using Python data structures. 

10 

Program: Develop Data Summary Generator: Read a CSV file (like COVID data or weather stats), 

convert to dictionary form, and allow the user to run summary queries: max, min, average by column. 

 Objective: Students will be able to read structured datasets and perform basic data analysis using 
Python programming techniques. 

11 

Program: Develop Student Grade Tracker: Accept multiple students’ names and marks. Store them in 

a list of tuples or dictionaries. Display summary reports (average, topper, etc.). 

Objective: Students will be able to manage structured data using lists or dictionaries and generate 

analytical reports. 

12 

Program: Develop a program to display contents of a folder recursively (Directory) having sub-

folders and files (name and type). 

Objective: Students will be able to understand directory traversal and recursive file handling using 

Python modules. 
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LIST OF EXPERIMENT

S.No Experiment Name Page No. 

1a 

Develop a python program to read 2 numbers from the keyboard and perform the 

basic arithmetic operations based on the choice. (1-Add, 2-Subtract, 3-Multiply, 

4-Divide). 

71 

1b 
Develop a program to read the name and year of birth of a person. Display 
whether the person is a senior citizen or not. 

72 

2a 
Develop a program to generate Fibonacci sequence of length (N). Read N from 

the console. 
73 

2b 
Write a python program to create a list and perform the following operations: 
Inserting an element, Removing an element, Appending an element, Displaying 

the length of the list, Popping an element, Clearing the list. 

74 

3a 
Read N numbers from the console and create a list. Develop a program to print 

mean, variance and standard deviation with suitable messages. 
75 

3b 
Read a multi-digit number (as chars) from the console. Develop a program to 

print the frequency of each digit with a suitable message. 
76 

4 

Develop a program to print 10 most frequently appearing words in a text file. 

[Hint: Use a dictionary with distinct words and their frequency of occurrences. 
Sort the dictionary in the reverse order of frequency and display the dictionary 

slice of the first 10 items.] 

77 

5 

Develop a program to read 6 subject marks from the keyboard for a student. 
Generate a report that displays the marks from the highest to the lowest score 

attained by the student. [Read the marks into a 1-Dimensional array and sort 

using the Bubble Sort technique]. 

78 

6 
Develop a program to sort the contents of a text file and write the sorted contents 
into a separate text file. [Hint: Use string methods strip(), len(), list methods 

sort(), append(), and file methods open(), readlines(), and write()]. 

79 

7 

Develop a function named DivExp which takes TWO parameters a, b, and 

returns a value c (c=a/b). Write a suitable assertion for a>0 in the function 
DivExp and raise an exception for when b=0. Develop a suitable program that 

reads two console values and calls the function DivExp. 

80 

8 

Define a function that takes TWO objects representing complex numbers and 
returns a new complex number with the sum of two complex numbers. Define a 

suitable class ‘Complex’ to represent the complex number. Develop a program 

to read N (N >=2) complex numbers and to compute the addition of N complex 

numbers. 

81 

9 
Text Analysis Tool: Build a tool that analyses a paragraph: frequency of each 

word, longest word, number of sentences, etc. 
82 

10 

Develop Data Summary Generator: Read a CSV file (like COVID data or 

weather stats), convert to dictionary form, and allow the user to run summary 
queries: max, min, average by column. 

83 

11 

Develop Student Grade Tracker: Accept multiple students’ names and marks. 

Store them in a list of tuples or dictionaries. Display summary reports (average, 
topper, etc.). 

84 

12 
Develop a program to display contents of a folder recursively (Directory) having 

sub-folders and files (name and type). 
85 
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LAB SAFETY & USAGE INSTRUCTIONS 

1. Students must enter the computer laboratory only during scheduled lab hours and follow the instructions 
of the lab instructor. 

2. Maintain discipline and silence inside the laboratory to ensure a productive learning environment. 
3. Use only the computer system allotted and handle all equipment carefully. 
4. Do not install or delete any software or modify system settings without permission. 
5. Avoid using mobile phones, external storage devices, or unrelated websites during the lab session. 
6. Maintain cleanliness in the laboratory and do not bring food or drinks near the computer systems. 
7. Report any hardware or software issues immediately to the lab instructor or lab assistant. 
8. Properly save your work, log out, and shut down the system before leaving the laboratory. 
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1 a. Develop a python program to read 2 numbers from the keyboard and perform the 

basic arithmetic operations based on the choice. (1-Add, 2-Subtract, 3-Multiply, 4-

Divide). 

 
# Program: Basic Arithmetic Operations 

 

# Step 1: Read two numbers 

num1 = float(input("Enter first number: ")) 

num2 = float(input("Enter second number: ")) 

 

# Step 2: Show choices 

print("Choose operation:") 

print("1 - Add") 

print("2 - Subtract") 

print("3 - Multiply") 

print("4 - Divide") 

 

choice = int(input("Enter your choice (1/2/3/4): ")) 

 

# Step 3: Perform operation 

if choice == 1: 

    print("Result =", num1 + num2) 

elif choice == 2: 

    print("Result =", num1 - num2) 

elif choice == 3: 

    print("Result =", num1 * num2) 

elif choice == 4: 

    if num2 != 0: 

        print("Result =", num1 / num2) 

    else: 

        print("Error! Division by zero not allowed.") 

else: 

    print("Invalid choice! Please enter 1, 2, 3, or 4.") 

 

 
Enter first number: 8 

Enter second number: 4 

Choose operation: 

1 - Add 

2 - Subtract 

3 - Multiply 

4 - Divide 

Enter your choice (1/2/3/4): 1 

Result = 12.0 

 

 

Enter first number: 15 

Enter second number: 7 

Choose operation: 

1 - Add 

2 - Subtract 

3 - Multiply 

4 - Divide 

Enter your choice (1/2/3/4): 2 

Result = 8.0 
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1.b. Develop a program to read the name and year of birth of a person. Display 

whether the person is a senior citizen or not. 

 
# Program: Check if person is a Senior Citizen 

 

# Step 1: Input 

name = input("Enter your name: ") 

year_of_birth = int(input("Enter your year of birth: ")) 

 

# Step 2: Calculate age 

current_year = 2025   # you can change this if needed 

age = current_year - year_of_birth 

 

# Step 3: Check senior citizen 

if age >= 60: 

    print(name, "is a Senior Citizen. Age:", age) 

else: 

    print(name, "is NOT a Senior Citizen. Age:", age) 

 

 

 

 
Enter your name: Ramesh 

Enter your year of birth: 1950 

Ramesh is a Senior Citizen. Age: 75 

 

 

Enter your name: Priya 

Enter your year of birth: 2005 

Priya is NOT a Senior Citizen. Age: 20 
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2a. Develop a program to generate Fibonacci sequence of length (N). Read N from the 

console. 

 

N = int(input("Enter how many numbers: ")) 

 

a, b = 0, 1 

 

for i in range(N): 

    print(a) 

    a, b = b, a + b 

 

 

 

 

Enter how many numbers: 5 

0 

1 

1 

2 

3 

 

 
Enter how many numbers: 8 

0 

1 

1 

2 

3 

5 

8 

13 
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2b. Write a python program to create a list and perform the following operations  

• Inserting an element • Removing an element • Appending an element • Displaying 

the length of the list • Popping an element • Clearing the list 

 

 
# Program: List Operations 

 

# Step 1: Create a list 

my_list = [10, 20, 30] 

print("Initial list:", my_list) 

 

# Step 2: Insert an element at position 1 

my_list.insert(1, 15) 

print("After inserting 15 at position 1:", my_list) 

 

# Step 3: Remove an element (value 20) 

my_list.remove(20) 

print("After removing 20:", my_list) 

 

# Step 4: Append (add at end) an element 

my_list.append(40) 

print("After appending 40:", my_list) 

 

# Step 5: Display length of the list 

print("Length of list:", len(my_list)) 

 

# Step 6: Pop (remove last element) 

my_list.pop() 

print("After popping last element:", my_list) 

 

# Step 7: Clear the list 

my_list.clear() 

print("After clearing list:", my_list) 

 

 

 

 

 
Initial list: [10, 20, 30] 

After inserting 15 at position 1: [10, 15, 20, 30] 

After removing 20: [10, 15, 30] 

After appending 40: [10, 15, 30, 40] 

Length of list: 4 

After popping last element: [10, 15, 30] 

After clearing list: [] 
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3a. Read N numbers from the console and create a list. Develop a program to print 

mean, variance and standard deviation with suitable messages. 

 
# Program: Mean, Variance, and Standard Deviation 

 

# Step 1: Read N numbers 

N = int(input("Enter how many numbers: ")) 

numbers = [] 

 

for i in range(N): 

    num = float(input("Enter number: ")) 

    numbers.append(num) 

 

print("Numbers entered:", numbers) 

 

# Step 2: Calculate Mean 

mean = sum(numbers) / N 

print("Mean =", mean) 

 

# Step 3: Calculate Variance 
variance = sum((x - mean) ** 2 for x in numbers) / N 

print("Variance =", variance) 

 

# Step 4: Calculate Standard Deviation 

std_dev = variance ** 0.5 

print("Standard Deviation =", std_dev) 

 

 
Enter how many numbers: 5 

Enter number: 10 

Enter number: 20 

Enter number: 30 

Enter number: 40 

Enter number: 50 

Numbers entered: [10.0, 20.0, 30.0, 40.0, 50.0] 

Mean = 30.0 

Variance = 200.0 

Standard Deviation = 14.142135623730951 

 

METHOD 2 
import statistics 

 

# Step 1: Read N numbers 

N = int(input("Enter how many numbers: ")) 

numbers = [] 

 

for i in range(N): 

    num = float(input("Enter number: ")) 

    numbers.append(num) 

 

print("Numbers entered:", numbers) 

 

# Step 2: Use statistics module 

mean = statistics.mean(numbers) 

variance = statistics.variance(numbers)   # by default sample variance 

std_dev = statistics.stdev(numbers)       # sample standard deviation 

 
print("Mean =", mean) 

print("Variance =", variance) 

print("Standard Deviation =", std_dev) 
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3b. Read a multi-digit number (as chars) from the console. Develop a program to 

print the frequency of each digit with a suitable message. 

 
# Program: Frequency of each digit in a number 

 

# Step 1: Read number as string (chars) 

number = input("Enter a multi-digit number: ") 

 

# Step 2: Count frequency of each digit 

for digit in "0123456789":   # check each digit 

    count = number.count(digit) 

    if count > 0: 

        print("Digit", digit, "appears", count, "times") 

 

 

 
Enter a multi-digit number: 1223455 

Digit 1 appears 1 times 

Digit 2 appears 2 times 

Digit 3 appears 1 times 

Digit 4 appears 1 times 

Digit 5 appears 2 times 

 

 
Enter a multi-digit number: 100202 

Digit 0 appears 3 times 

Digit 1 appears 1 times 

Digit 2 appears 2 times 
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4. Develop a program to print 10 most frequently appearing words in a text file. 

[Hint: Use a dictionary with distinct words and their frequency of occurrences. 

Sort the dictionary in the reverse order of frequency and display the dictionary 

slice of the first 10 items. 

 
# Program: 10 Most Frequent Words in a Text File 

 

# Step 1: Open and read the file 

filename = "sample.txt"   # make sure this file exists in the same folder 

with open(filename, "r") as f: 

    text = f.read() 

 

# Step 2: Split text into words 

words = text.split() 

 

# Step 3: Count frequency using dictionary 

freq = {} 

 

for word in words: 

    word = word.lower()         # make all words lowercase 

    word = word.strip(",.!?")   # remove punctuation 

    if word in freq: 

        freq[word] += 1 

    else: 

        freq[word] = 1 

 

# Step 4: Sort dictionary by frequency (highest first) 

sorted_freq = sorted(freq.items(), key=lambda x: x[1], reverse=True) 

 

# Step 5: Print top 10 words 

print("Top 10 most frequent words:") 

for word, count in sorted_freq[:10]: 

    print(word, ":", count) 

 

sample.txt contains: Python is easy to learn. Python is powerful. Python is popular and Python is 

fun. 

 
Top 10 most frequent words: 

python : 4 

is : 4 

easy : 1 

to : 1 

learn : 1 

powerful : 1 

popular : 1 

and : 1 

fun : 1 
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5. Develop a program to read 6 subject marks from the keyboard for a student. 

Generate a report that displays the marks from the highest to the lowest score 

attained by the student. [Read the marks into a 1-Dimesional array and sort using 

the Bubble Sort technique]. 

 
# Program to sort 6 subject marks using Bubble Sort 

 

# Read 6 marks from the user 

marks = [] 

for i in range(6): 

    mark = int(input("Enter mark: ")) 

    marks.append(mark) 

 

# Bubble Sort (highest to lowest) 

for i in range(len(marks)-1): 

    for j in range(len(marks)-1): 

        if marks[j] < marks[j+1]:   # swap if smaller 

            marks[j], marks[j+1] = marks[j+1], marks[j] 

 

# Display result 

print("Marks from highest to lowest:", marks) 

 

 

Enter mark: 50 

Enter mark: 90 

Enter mark: 70 

Enter mark: 85 

Enter mark: 60 

Enter mark: 95 

Marks from highest to lowest: [95, 90, 85, 70, 60, 50] 
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6. Develop a program to sort the contents of a text file and write the sorted 

contents into a separate text file. [Hint: Use string methods strip(), len(), list 

methods sort(), append(), and file methods open(), readlines(), and write()]. 

 
# Program to sort the contents of a text file 

 

# Step 1: Open the input file in read mode 

file_in = open("input.txt", "r") 

 

# Step 2: Read all lines from the file 

lines = file_in.readlines() 

 

# Step 3: Close the input file (good habit) 

file_in.close() 

 

# Step 4: Create an empty list to store clean lines 

clean_lines = [] 

 

# Step 5: Use strip() to remove unwanted spaces/newlines 

for line in lines: 

    clean_line = line.strip() 

     

    # Check length of line using len() 

    if len(clean_line) > 0:     # avoid empty lines 

        clean_lines.append(clean_line)   # add to list using append() 

 

# Step 6: Sort the list of lines 

clean_lines.sort() 

 

# Step 7: Open the output file in write mode 

file_out = open("output.txt", "w") 

 

# Step 8: Write each line back to the new file 

for line in clean_lines: 

    file_out.write(line + "\n") 

 

# Step 9: Close the output file 

file_out.close() 

 

print("Sorting complete! Check 'output.txt'") 

 

 

If input.txt contains: 
banana 

apple 

mango 

grapes 

 

Then output.txt will have: 
apple 

banana 

grapes 

mango 
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7. Develop a function named DivExp which takes TWO parameters a, b, and returns a 

value c (c=a/b). Write a suitable assertion for a>0 in the function DivExp and 

raise an exception for when b=0. Develop a suitable program that reads two console 

values and calls the function DivExp. 

 

 
def DivExp(a, b): 

    # Assertion for a > 0 

    assert a > 0, "a must be greater than 0" 

 

    # Raise error if b = 0 

    if b == 0: 

        raise Exception("b cannot be zero") 

 

    # Do division 

    c = a / b 

    return c 

 

 

# Main program 

a = int(input("Enter value of a: ")) 

b = int(input("Enter value of b: ")) 

 

result = DivExp(a, b) 

print("Result is:", result) 

 

 
Enter value of a: 10 

Enter value of b: 2 

Result is: 5.0 

 

If a = -5 → 

 
AssertionError: a must be greater than 0 

 

If b = 0 → 

 
Exception: b cannot be zero 
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8. Define a function that takes TWO objects representing complex numbers and 

returns a new complex number with the sum of two complex numbers. Define a 

suitable class ‘Complex’ to represent the complex number. Develop a program to 

read N (N >=2) complex numbers and to compute the addition of N complex numbers. 

 
# Define a class to represent Complex numbers 

class Complex: 

    def __init__(self, real, imag): 

        self.real = real   # real part 

        self.imag = imag   # imaginary part 

 

    # Function to add two complex numbers 

    def add(self, other): 

        new_real = self.real + other.real 

        new_imag = self.imag + other.imag 

        return Complex(new_real, new_imag) 

 

    # Function to display complex number nicely 

    def show(self): 

        print(f"{self.real} + {self.imag}i") 

 

 

# Main Program 

N = int(input("How many complex numbers? (N>=2): ")) 

 

# Read first complex number 

r = int(input("Enter real part of number 1: ")) 

i = int(input("Enter imaginary part of number 1: ")) 

result = Complex(r, i)   # start with first number 

 

# Read and add the remaining complex numbers 

for k in range(2, N+1): 

    r = int(input(f"Enter real part of number {k}: ")) 

    i = int(input(f"Enter imaginary part of number {k}: ")) 

    c = Complex(r, i) 

    result = result.add(c)   # keep adding 

 

# Show final result 

print("Sum of all complex numbers = ", end="") 

result.show() 

 

 
How many complex numbers? (N>=2): 3 

Enter real part of number 1: 2 

Enter imaginary part of number 1: 3 

Enter real part of number 2: 1 

Enter imaginary part of number 2: 4 

Enter real part of number 3: 3 

Enter imaginary part of number 3: -2 

Sum of all complex numbers = 6 + 5i 
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9.Text Analysis Tool: Build a tool that analyses a paragraph: frequency of each 

word, longest word, number of sentences, etc. 

 
# Text Analysis Tool 

 

# Step 1: Take a paragraph from user 

text = input("Enter a paragraph: ") 

 

# Step 2: Count sentences 

# Sentences usually end with . or ! or ? 

sentences = text.count(".") + text.count("!") + text.count("?") 

 

# Step 3: Break the paragraph into words 

words = text.split()   # split() separates text at spaces 

 

# Step 4: Count total number of words 

total_words = len(words)   # len() gives how many items in list 

 

# Step 5: Find the longest word 

longest = max(words, key=len)   # max() finds word with biggest length 

 

# Step 6: Show results 

print("\n--- Analysis Result ---") 

print("Number of sentences:", sentences) 

print("Number of words:", total_words) 

print("Longest word:", longest) 

 

 

Input: 
Enter a paragraph: Python is easy. Python is fun! 

 

Output 

 
--- Analysis Result --- 

Number of sentences: 2 

Number of words: 5 

Longest word: Python 
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10. Develop Data Summary Generator: Read a CSV file (like COVID data or weather 

stats), convert to dictionary form, and allow the user to run summary queries: 

max, min, average by column. 

 
import csv 

 

# Step 1: Read CSV file into a list of dictionaries 

filename = input("Enter CSV file name (example: data.csv): ") 

 

data = [] 

with open(filename, "r") as f: 

    reader = csv.DictReader(f)   # reads CSV as dictionary 

    for row in reader: 

        data.append(row) 

 

# Step 2: Show available columns 

print("Available columns:", list(data[0].keys())) 

 

# Step 3: Ask user which column to summarize 

col = input("Enter column name to summarize: ") 

 

# Convert that column values into numbers 

values = [float(row[col]) for row in data if row[col] != ""] 

 

# Step 4: Compute summaries 

maximum = max(values) 

minimum = min(values) 

average = sum(values) / len(values) 

 

# Step 5: Show results 

print("\n--- Summary for column:", col, "---") 

print("Max:", maximum) 

print("Min:", minimum) 

print("Average:", average) 

 

 
Day,Temp,Rainfall 

1,30,5 

2,32,0 

3,28,12 

4,35,0 

 

 
Enter CSV file name (example: data.csv): weather.csv 

Available columns: ['Day', 'Temp', 'Rainfall'] 

Enter column name to summarize: Temp 

 

--- Summary for column: Temp --- 

Max: 35.0 

Min: 28.0 

Average: 31.25 
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11. Develop Student Grade Tracker: Accept multiple students’ names and marks. Store 

them in a list of tuples or dictionaries. Display summary reports (average, 

topper, etc.). 

 
# Step 1: Read student data 

n = int(input("How many students? ")) 

 

names = [] 

marks = [] 

 

for i in range(n): 

    name = input("Enter name: ") 

    mark = int(input("Enter marks: ")) 

    names.append(name) 

    marks.append(mark) 

 

# Step 2: Calculate average 

total = 0 

for m in marks: 

    total = total + m 

average = total / n 

 

# Step 3: Find topper (highest marks using loop) 

topper_name = names[0] 

topper_marks = marks[0] 

 

for i in range(1, n): 

    if marks[i] > topper_marks: 

        topper_marks = marks[i] 

        topper_name = names[i] 

 

# Step 4: Show results 

print("\n--- Report ---") 

print("Average marks:", average) 

print("Topper:", topper_name, "with", topper_marks) 

 

 

 
How many student? 3 

 

Enter name: Asha 

Enter marks: 80 

Enter name: Ravi 

Enter marks: 92 

Enter name: Meena 

Enter marks: 75 

 

--- Report --- 

Average marks: 82.33333333333333 

Topper: Ravi with 92 
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12. Develop a program to display the contents of a folder recursively (Directory), 

having sub-folders and files (name and type). 

import os 

 

# Function to display folder contents 

def show_folder(path, level=0): 

    # list all items inside path 

    items = os.listdir(path) 

    for item in items: 

        full_path = os.path.join(path, item)  # complete path 

        if os.path.isdir(full_path):   # if it's a folder 

            print("   " * level + "[Folder] " + item) 

            show_folder(full_path, level + 1)  # recursive call 

        else:   # if it's a file 

            print("   " * level + "[File] " + item) 

 

# Main Program 

folder = input("Enter folder path: ") 

show_folder(folder) 

 

 

For a folder like this: 

 

MyFolder 

 ├── notes.txt 

 ├── report.docx 

 └── Projects 

      ├── code.py 

      └── data.csv 

 

The program will print: 

 

[File] notes.txt 

[File] report.docx 

[Folder] Projects 

   [File] code.py 

   [File] data.csv 
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