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Objectives 

 

1. To understand the handling of chemicals and errors in chemical analysis 

2. To get knowledge in chemical bonding and hybridization 

3. To acquire knowledge in volumetric analysis  

4. To understand the basic concept of chemistry of thermodynamics 

 

 

 

Unit 1: Handling of chemicals and Data analysis  

 

a)  Storage and handling of chemicals: Handling of acids, ethers, toxic and poisonous 

chemicals. Antidotes, threshold vapour concentration and first aid procedure. 

b)  Errors in chemical analysis: Accuracy, precision. Types of error-absolute and relative 

errors. Methods of eliminating and minimizing errors. 

c) Separation techniques–Solvent extraction. Principle of adsorption and partition 

chromatography, column chromatography, thin layer chromatography (TLC), paper 

chromatography and their applications. 

 

Unit 2: Chemical bonding  

 

a) Ionic Bond: Nature of Ionic bond. Structure of NaCl, KCl and CsCl. Factors influencing 

the 

formation of ionic bond. 

b)  Covalent Bond: Nature of covalent bond. Structure of CH4, NH3, H2O based on 

hybridisation. 

c) Coordinate Bond: Nature of coordinate bond. Coordination complexes.Werner’s 

theory.Geometrical and optical isomerism in square planar and octahedral complexes. 

Mention of structure and functions of chlorophyll and hemoglobin 

d) Hydrogen Bond: Theory and importance of hydrogen bonding. Types of hydrogen 

bonding.Hydrogen bonding in carboxylic acids, alcohol, amides, polyamides, DNA and 

RNA. 

e) van der Waal’s forces: Dipole – dipole and dipole - induced dipole interactions. 

 

Unit 3: Volumetric analysis  

 

a)Methods of expressing concentration: normality, molarity, molality, ppm. 

b)Primary and secondary standards: preparation of standard solutions 

c)Principle of volumetric analysis: end point and equivalence points. 

d)Strong and weak acids and bases - Ionic product of water , pH, pKa, pKb. Buffer solutions 

- 

pH of buffer solutions. Mention of Henderson equation & its significance. 

 

 

 



Unit 4: Kinetics  

 

a) Chemical Kinetics: Rate, rate law, order and molecularity. Derivation of rate expressions 

for I and II order reactions. 

b) Catalysis-Homogeneous and heterogeneous catalysis. Enzyme catalysis, enzymes in 

biological system and in industry. 

 

Unit-5: Thermodynamics  

a)Introduction: Scope and importance of thermodynamics- system and surrounding-isolated, 

closed and open systems- state of the system- intensive and extensive 

variables.Thermodynamic process- reversible and irreversible, isothermal and adiabatic 

process-  

b)First law of thermodynamics- statement- definition of internal energy (E),enthalpy (H), 

applications of first law of thermodynamics.   

The second law of thermodynamics: Limitations of first law and the need for the second law, 

different ways of stating II law and its significance, Spontaneous or irreversible process. 

The concept of entropy – definition and physical significance of entropy. 

 

Text Book 

 

1. R. Gopalan, S. Sundaram, Allied Chemistry, Sultan Chand and Sons, 1995. 

 

Reference Books 

 

1. U. Sathyanarayana, Biochemistry, Books and allied (p) Ltd, 1999. 

2. B.R.Puri and L.R.Sharma, Principles of physical chemistry, Shoban Lal Nagin Chand and 

Co. 33rd ed., 1992. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







































































































Ancillary Chemistry-Unit-III 

Volumetric Analysis : Definition and Principle  

In practical chemistry, based on chemical analysis the nature and amount of a substance ion 

can be determined. This chemical analysis is of two types’ quantitative analysis and qualitative 

analysis. Quantitative analysis deals with the volumetric and massive analysis of elements of a 

substance. Quantitative analysis is of two types.  

1. Quantitative Analysis 

In the quantitative analysis the substance or radicals, which has to be determined, is 

converted into the temporary compound. This temporary compound is either measure into its 

original form or it is burn to convert into the other compound, which is appropriate for 

measurement . Now the weight of the substance or radicals is determined by the physical 

method. The ppt. method is the most useful method for the quantitative analysis. Note-

Quantitative analysis is not included into the syllabus of Higher Secondary. 

2. Volumetric Analysis 

It is a sub-branch of quantitative analysis. It is a simple and accurate method of analysis. 

This method can determine amount of substance in terms of volume accurately the, hence the 

name volumetric analysis. In this type of analysis, a solution of a substance whose 

concentration is to be calculated is taken and a known volume of another substance whose 

concentration is known. The volume of the solution is measured when the chemical reaction 

is completed. The end point of such reaction is indicated by change in colour or precipitation 

etc. Thus in this , method of calculation, known volume of two substances are taken and the 

concentration of one of them is known then the concentration of the other is easily 

calculated. This method is called Titration. 

Calculations based on Principle of Volumetric Analysis 

  

An important method for determining the amount of a particular substance is based on 

measuring the volume of reactant solution. Suppose substance A in solution reacts with 



substance B. If you know the volume and concentration of a solution of B that just reacts with 

substance A in a sample, you can determine the amount of A. 

  

Titration is a procedure for determining the amount of substance A by adding a carefully 

measured volume of a solution of A with known concentration of B untill the reaction of A and 

B is just completed. Volumetric analysis is a method of analysis based on titrations. 

End point and equivalence point  

Though equivalence point and endpoint are used interchangeably, they are different 

terms. Equivalence point is the theoretical completion of the reaction i.e the point at which 

equivalent moles of titrant is added to the analyte solution in the conical flask . But at this point 

no change in the indicator color can be noticed . To notice this color you must add one or two 

drops of titrant solution . this point is called endpoint . End point is what is actually measured 

when a physical change in the titration solution as determined by an indicator is occured . 

 

There is a slight difference ( one or two drops ) between the endpoint and the equivalence 

point of the titration. This error is referred to as an indicator error and can be corrected for. For 

example in the titration of Fe3+ by MnO4 – ( see above reaction ) at the equivalent point there 

will be no Fe3+ nor MnO4 – in the conical flask because all coverted to products , Therefore , no 

color change . But to notice the violet color of MnO4 – in the flask we must add little ( one or 

two drops ) of its solution , this is what we call endpoint . 

 

Law of Volumetric Analysis: 

"Equal volume of equinormal solutions exactly neutralise the other solution having same 

concentration and volume". 

V1 N1  =  V2 N2 

V1, V2  -  Volume of solutions. 

N1, N2  -  Strength of solutions. 

 

N2=V1N1/V2 

  



Solved problem 

Calculating the volume of reactant solution needed 

  

1. How much volume of 10M HCl should be diluted with water to prepare 2.00L of 5M 

HCl. 

Solution    

N1V1  =   N2V2 

10N HCl  =  5N HCl 

10xV1  =  5 x 2.00 

 V1  =  (5 x 2.00 )/ 10 

  =  1.00L 

  

Determination of equivalent masses of elements 

Equivalent masses can be determined by the following methods: 

1.     Hydrogen displacement method 

2.     Oxide method 

3.     Chloride method 

4.     Metal displacement method 

1.Hydrogen displacement method 

  

This method is used to determine the equivalent mass of those metals such as magnesium, zinc 

and aluminium which react with dilute acids and readily displace hydrogen. 

Mg + 2HCl -> MgCl2 + H2 

Zn + H2SO4 - > ZnSO4 + H2 

2Al + 6HCl - > 2AlCl3 + 3H2 

From the mass of the metal and the volume of hydrogen displaced, the equivalent mass of the 

metal can be calculated. 

2.Oxide Method 

  

This method is employed to determine the equivalent mass of those elements which readily 

form their oxides eg. magnesium, copper etc. Oxide of an element can be formed by direct 

method or by indirect method. 

Magnesium forms its oxide directly on heating 



  

2Mg + O2  � 2 MgO 

  

In the case of copper, its oxide is obtained in an indirect manner i.e. copper is dissolved in 

concentrated nitric acid and the copper(II) nitrate formed after evaporation is strongly heated to 

give copper (II) oxide. 

Cu + 4HNO3 � Cu(NO3)2  + 2H2O + 2 NO2 

2Cu(NO3)2  � 2CuO + 4 NO2 + O2 

 

Calculations 

Mass of the element taken = w1 g 

Mass of the oxide of the element = w2 g 

Mass of oxygen = (w2-w1) g 

(w2 - w1) g of oxygen has combined with w1 g of the metal. 

8 g of oxygen will combine with w1 / (w2 - w1) x 8 

This value represents the equivalent mass of the metal. 

  

3.Chloride Method 

  

The equivalent mass of those elements which readily form their chlorides can be determined 

by chloride method. For example, a known mass of pure silver is dissolved completely in dilute 

nitric acid. The resulting silver nitrate solution is treated with pure hydrochloric acid when silver 

chloride is precipitated. It is then filtered, dried and weighed. Thus from the masses of the metal 

and its chloride, the equivalent mass of the metal can be determined as follows : 

 

4.Calculations 

 

Mass of the metal = w1 g 

Mass of the metal chloride = w2 g 

Mass of chlorine = (w2 - w2) g 

(w2 - w1) g of chlorine has combined with w1 of the metal 

35.46 g of chlorine will combine with 35.46 x w1 / (w2 - w1) g of the metal 

This value gives the equivalent mass of the metal. 



  

Uses of volumetric laws 

  

If the volume of the acid is represented as V1, the normality of the acid as N1, volume of base 

as V2 the normality of the base as N2, then from the law of volumetric analysis it follows that 

 

V1 x N1 = V2 x N2 

All volumetric estimations are based on the above relationship. If any three quantities are 

known, the fourth one can readily be calculated using the above expression. 

  

Equivalent mass of acid, base, salt, oxidising agent and reducing agent 

  

Acids contain one or more replaceble hydrogen atoms. The number of replaceble hydrogen 

atoms present in a molecule of the acid is referred to its basicity. 

  

1.Equivalent mass of the acid 

Equivalent mass of an acid is the number of parts by mass of the acid which contains 1.008 

part by mass of replaceble hydrogen atom. 

  

Equivalent mass of the acid  =        molar mass of an acid / No. of replaceble hydrogen atom 

 = molar mass of the acid / basicity of the acid 

  

For example, the basicity of sulphuric acid is 2. 

Equivalent mass of H2SO4 = Molar mass of H2SO4 / 2  = 98/2 = 49 

  

2.Equivalent mass of the base 

Equivalent mass of a base is the number of parts by mass of the base 

  

which contains one replaceable hydroxyl ion or which completely neutralises one gram 

equivalent of an acid. The number of hydroxyl ions present in one mole of a base is known as the 

acidity of the base. Sodium hydroxide, potassium hydroxide, ammonium hydroxide are examples 

of monoacidic bases. 

Calcium hydroxide is a diacidic base 

 



 

  

In general,            

equivalent mass of a base      = molar mass of the base / acidity of the base 

Equivalent mass of KOH = 56 /1 = 56 

  

3.Equivalent mass of a salt 

  

Equivalent mass of a salt is a number of parts by mass of the salt that is produced by the 

neutralisation of one equivalent of an acid by a base. 

  

In the case of salt like potassium chloride, the salt formed by the neutralisation of one 

equivalent of an acid by a base. 

  

KOH + HCl -> KCl + H2O 

Therefore, the equivalent mass of the salt is equal to its molar mass. 

  

4.  Equivalent mass of an oxidising agent 

  

The equivalent mass of an oxidising agent is the number of parts by mass which can furnish 8 

parts by mass of oxygen for oxidation either directly or indirectly. 

  

For example, potassium permanganate is an oxidising agent. In acid medium potassium 

permanganate reacts as follows 

  

2 KMnO4 + 3 H2SO4 ->  K2SO4 + 2 MnSO4 + 3 H2O + 5 [O] 316 80 

  

80 parts by mass of oxygen are made available from 316 parts by mass of KMnO4 

8 parts by mass of oxygen will be furnished by 

  

(316 x 8 ) / 80 = 3.16 

Equivalent mass of KMnO4  = 31.6g equiv-1 

 



 

  

5. Equivalent mass of a reducing agent 

  

The equivalent mass of a reducing agent is the number of parts by mass of the reducing agent 

which is completely oxidised by 8 parts by mass of oxygen or with one equivalent of any 

oxidising agent. 

  

(i) Ferrous sulphate reacts with an oxidising agent in acid medium according to the equation 

2 FeSO4 + H2SO4 + (O) � Fe2 (SO4)3 + H2O 

2 x 152g  16g 

  

16 parts by mass of oxygen oxidised 304 parts by mass of ferrous sulphate 

  

8 parts by mass of oxygen will oxidise 304/16 x 8 parts by mass of ferrous sulphate. 

The equivalent mass of crystalline ferrous sulphate, FeSO4 7H2O is 152 + 126 = 278 

126 is the mass corresponding to 7 moles of water. 

(ii) In acid medium, oxalic acid is oxidised according to the equation 

  

(COOH)2 + (O) � 2 CO2 + H2O 

  

16 Parts by mass of oxygen oxidised 90 parts by mass of anhydrous oxalic acid. 

  

8 parts by mass of oxygen will oxidise 90/16 x 8 = 45 parts by mass of anhydrous oxalic 

acid. 

 Equivalent mass of anhydrous oxalic acid = 45 g equiv-1 

  

But equivalent mass of crystalline oxalic acid, (COOH)2. 2H2O=126/2 = 63 g equiv-1. 

  

 

 

 



 

 

Titration of Hydrochloric Acid against Standard Sodium 

Carbonate 

Acid-base titration methods based on the dissolution of a sample in excess of standard 

acid, followed by back titration with a standard base. The hydrochloric acid solutions were 

standardized against pure sodium carbonate using bromophenol blue as an indicator. 

Aim 

Determination of strength of a given solution of dilute Hydrochloric acid by titrating it against 

standard solution of Sodium Carbonate solution (M/10). 

Theory / Principle 

 

Hydrochloric acid solution may be titrated against sodium carbonate solution using methyl 

orange indicator. When weak base is titrated with a strong acid solution is slightly acidic at end 

point. If a weak acid is titrated with a strong base the solution is slightly basic because the salt 

formed will be hydrolysed to a certain extent. 

The chemical reactions involved in this titration is given below. 

 

Na2CO3(aq) + 2HCl(aq) → 2NaCl(aq) + CO2(g) + H2O(l) 

CO3
2-(aq) + 2H+(aq) → CO2(g) + H2O(l) 

 

 

In acid base titrations at the end point the amount of the acid becomes chemically 

equivalent to the amount of base present. In case of a strong acid and a strong base titration at the 

end point of solution the solution becomes neutral. 

Materials Required 

1. Burette 

2. Pipette 

3. Conical flask 

4. Burette stand 



5. Funnel 

6. Stirrer 

7. White glazed tile 

8. Measuring flask 

9. Hydrochloric acid 

10. Sodium carbonate 

11. Methyl orange 

12. Watch glass 

Apparatus Setup 

Procedure 

(a) Preparation of standard solution of sodium carbonate 

1. Molecular weight of sodium carbonate = 106 

2. Amount of sodium carbonate required to prepare solution of 250ml = 1.325g 

3. Dissolve 1.325g of sodium carbonate in distilled water and prepare the standard solution 

in 250ml of measuring flask by adding the required amount of water. 

(b) Titration of hydrochloric acid and sodium carbonate solution 

1. Wash, rinse and fill the burette with M/10 Na2CO3 solution. Note the initial reading. 

2. Take 20ml of HCl solution with the help of a pipette and transfer it into a clean washed 

titration flask. 

3. Add 2 drops of methyl orange into the titration flask. 

4. Add M/10 sodium carbonate solution to the titration flask till the colour changes to the 

light pink. 

5. Note the final reading and find out the volume of sodium carbonate solution used to 

neutralize HCl solution. 

6. Repeat the experiment till you get concordant readings. 

Observations 

Volume of HCl solution = 20 ml 

Volume of sodium carbonate solution used = V ml 

S.No Initial reading of the 

burette 

Final reading of the 

burette 

Volume of Sodium carbonate solution 

used. 

1 a cm3 b cm3 (b-a) cm3 

2 b cm3 c cm3 (c-b) cm3 

3 c cm3 d cm3 (d-c) cm3 

Calculations 

(Sodium carbonate) N1V1 = (HCl) N2V2 

N2=V1N1/V2 



Amount of the substance in one litre= Strength of HCl X Equivaltent mass/1000 

Results and Discussion 

 

The strength of hydrochloric acid solution is ________ g/L. 

Precautions 

1. While weighing do not spill the substance on balance pan. 

2. Rotate the knob of balance gently. 

3. Keep the weights in weights box at proper places after weighing 

4. Wash the watch glass carefully so that even a single crystal is not left on the watch glass. 

5. Bring the watch glass close to funnel while transferring weighed substance and transfer it 

gently. Wash it repeatedly with distilled water. 

6. Wash the burette with water after titration is over. 

7. Last few drops should be added using pipette to avoid extra addition of distilled water 

above the mark on the neck of the measuring cylinder. 

 

 

 






































































































































































































