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1. SOLID STATE

S.NO TOPIC CONCEPTS DEGREE OF 

IMP. 

REF. NCERT TEXT BOOK.: 

PAGE NOs  

1 SOLID STATE Types of solids *  4 

Types of unit cells * 10 

Formula of compound ** 13 (Q.NO - 1.12) 

Calculation in solving unit cell 

dimensions  

*** 20 (SAMPLE 1.8) 

Imperfections in solids *** Q NO 1.11,1.13, 1.15, 
PAGE 22  

Q.NOs 1.20, 1.23, 1.25 

POINTS TO REMEMBER 

 General Characteristics of Solid State 

Solids have definite mass, volume and shape.   

Intermolecular forces are strong.   

The  constituent particles (atoms, molecules  or ions) have fixed positions and can only 

oscillate about their mean positions.  

They are incompressible and rigid.  

Solids are classified as crystalline and amorphous on the basis of order of arrangement of constituent 

particles.   

Crystalline solid Amorphous solid 
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1.Solids  which  have  regular  orderly  

arrangements of constituent  particles (Long 

range order)

2. They have sharp melting point.

3. They give regular structure on

cleavage. 

4. They are anisotropic, i.e. ; they have

different optical and electrical properties in 

different directions due to different 

arrangements of particles in different 

directions.  

5. They have high and fixed heat of

fusion. 

6. Diamond, Graphite, NaCl,

    Metal (Fe, Cu, Ag etc) ice. 

1.Solids which have irregular  

arrangement of constituent particles  

Short range order   

2. They  melt  over  a

range  of temperature.

3. They give irregular structure on

cleavage. 

4. They are isotropic, i.e. ; the value

of physical properties is same in all 

directions  due  to irregular 

arrangement in all directions. 

5. They do not have fixed heat of
fusion. 

6.Glass,rubber,plastics, Quartz glass

Crystal lattice: A regular arrangement of atoms, molecules or ions in the three dimensional space. 

Unit Cell: The smallest repeating portion of a crystal lattice which, when repeated in different direction 

generates the entire lattice.  

Lattice sites (points): The positions which are occupied by the constituent particles in the crystal lattice. 
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Crystalline solids are classified on the basis of nature of intermolecular forces    (bonding) into 

Sl 

No Type of solid 
Nature of Constituent 

Particles  

Nature of Bond Example 

1 

Molecular solids 

Non polar molecules Molecules Dispersion force 

Ar, CCl4, H2, 

I2, CO2  

Polar molecules Molecules Dipole – dipole 

interaction  

HCl, SO2 

Hydrogen bonded Molecules Hydrogen bonding H2O (Ice) 

2 Ionic Solids Ions Electrostatic  (Ionic 

bonding)  

NaCl,  ZnS, 

MgO 

3 Metallic Solids Positive Ions in  a sea of 

delocalised  electrons  

Metallic Bonding Fe ,Cu, Ag , 

Mg 

4 

Covalent or 

network Solids 

Atoms Covalent  bonding 

C(diamond),   

C(graphite),  SiC, 

SiO2(quartz)  
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Types of cubic unit cells and no of atoms per unit cell 

TYPE OF 

UNIT CELL 

CALCULATION OF No. ATOMS No. OF ATOMS 

PER UNIT CELL 

Primitive 8 (corner atoms)× 1/8(atom per unit cell) 1 

Body centred 8 (corner atoms)× 1/8 (atom per unit cell)  +  1 2 

Face centred 8 (corner atoms) × 1/8 (atom per unit cell) +  6 (face centred 

atoms) × 1/2 (atom per unit cell)       
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 Close packed structures: various types of close packing of  constituent particles.  

 Close packing in three dimensions 

 Simple Cubic Lattice or Structure:   

 AAA….type arrangement generates simple cubic lattice in three dimension 

 Its unit cell is primitive cubic unit cell.    

 Packing efficiency = 52.4%   

Hexagonal Close Packing Structure (HCP): 

 ABAB….Type arrangement    Example: Mg, Zn.      

 Packing efficiency = 74%  o Coordination number = 12   

 It has N no of octahedral voids and 2N no. of tetrahedral voids if it has N no. of spheres.  

Cubic Close Packing Structure (CCP): 

 ABCABC….Type arrangement   

 CCP structure is also called FCC structure.  Example: Ag, Cu.    

 Packing efficiency = 74%    

 Coordination number = 12.   

 If there is N no. of close packed spheres then it has 2N no. of tetrahedral voids and N no. 

of octahedral voids.  

Voids (Interstitial Voids or Sites or Hole): Free space or vacant between close packed constituent 

particles.   

Types of voids:  

Tetrahedral void 

Octahedral void  
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Coordination number: the no of nearest neighbors of a particle or the no of spheres which are 

touching a given sphere.   

Packing efficiency: the percentage of total space filled by the particles in a crystal. 

Example: Packing efficiency of BCC structure = 68%. 

Density of the crystal:   

    Density =  mass of unit cell 

   Volume of unit cell 

 d =   Z×M  

a3×NA  

1. Z = no of atoms per unit cell

2. M = molar mass (g mol-1)

3. a = edge length of the unit cell.

4. NA = Avogadro no. 6.022× 1023 atoms per mole.

5. 1 pm =10-10cm

Relationship between edge length of unit cell (a) and radius of sphere(r): 

UNIT CELL  RELATIONSHIP 

and r 

between a Packing efficiency 

Simple cubic lattice a = 2r 52.4% 

bcc structure a = 4 r /√3 68% 

fcc structure a = 4r/√2 74% 
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 Imperfection in solids (or) crystal defects: The irregularities or deviations in the perfectly 

ordered arrangements of constituent particles in a crystal.   

 Types of defects (Imperfections)  

1. Point defects: Irregularities from ideal arrangement around a point (or an atom) in a

crystalline substance.

2. Line defects: Irregularities from ideal arrangement in entire rows of lattice points

 Types of point defects: 

 Stoichiometric defects are point defects that do not disturb or change the Stoichiometry 

(Stoichiometric composition or formula) of the crystalline substance. They are also called 

intrinsic or thermodynamic defects.   

 Non Stoichiometric defects are point defects that disturb the Stoichiometry of the crystalline 

substance.   

 Impurity defects – Eg- Solid solution of NaCl containing SrCl2 impurity.    Solid solution of 

AgCl and CdCl2 impurity.   

 This defect creates cation vacancies  

 Type of Stoichiometric defects:   

 Vacancy defects: - i) some of the lattice sites of the crystal are vacant.    ii) This defect decreases 

the density of the crystal.   iii) This defect can be developed by heating the substance.  

 Interstitial defects: - i) some constituent particles occupy the interstitial   sites of the crystal.  ii) 

This defect increases the density of the crystal.   

 Ionic solids show Stoichiometric defects as Frenkel and Schottky defects 

 Frenkel Defect: - 

 The ion (smaller ion, usually cation) is dislocated (moved) from its normal lattice site to an 

interstitial site. So it is also called dislocation defect   

It creates vacancy defect at its normal lattice site and interstitial defect at its new location 

Condition: The difference between the size of the ions (cation and anion) should be larger.  

Examples: ZnS ,AgCl, AgBr, and AgI due to small size of Zn2+ and Ag+ ions  

Consequence: It does not change the density of the crystal.  

8



Schottky Defect:-   

Some ions (equal number of cations and anions) are missing in their lattice sites.  

It is basically a vacancy defect in ionic solids    

Condition:  The size of the cation and anion should be almost similar.   

Examples: NaCl, KCl, CsCl and AgBr.   

Consequence: It lowers the density of crystal decreases due to mass of the crystal decreases 

due to missing of ions in the crystal.   

 Types of non - stoichiometric efects: 

 Metal excess defect: 

Due to anionic vacancies    

Due to presence of extra cations interstitial sites, Eg. ZnO  

 Metal deficiency defect   

Due to cation vacancies. Eg. In FeO crystal, some Fe2+ cations are missing and extra negative charge 

is balanced by acquiring extra positive charge by adjacent Fe2+ ion to become Fe3+ ion.   

 F- Centers: 

The anionic vacancies occupied by unpaired electrons.   

F-centers impart colour to the crystals (Eg. NaCl toYellow, KCl to violet) due to excitation of these 

electrons by absorbing energy from the visible light falling on the crystals.   

Doping: the process of increasing the conductivity of intrinsic semiconductors by adding an 

appropriate amount of suitable impurity.   

n-type semiconductors: Silicon or Germanium (group – 14) doped with electron rich impurity 

(group-15 element like P or As) is called n-type semiconductors.  Here conductivity is due to the 

extra electron or delocalized electron.  

p-type semiconductors:  Silicon or Gemanium (group – 14) doped with electron deficient impurity 

(group-13 element like B or Al or Ga) is called p-type semiconductors. Here conductivity is due to 

positively charged electron holes.   

13-15 group compounds Eg: InSb,AlP,GaAs, 

 12-16 group compounds Eg: ZnS,CdS,CdSe,HgTe.  

Magnetic properties: 

o Paramagnetic substances are weakly attracted by a magnetic field.  Example

O2,Cu2+,Fe3+,Cr3+ due to presence of unpaired electron. They lose their magnetic in the absence of 

magnetic field.   

o Diamagnetic substances are weakly repelled by a magnetic field.  Example H2O, NaCl,

C6H6 due to the absence of unpaired electron  
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o Ferromagnetic substances are very strongly attracted by a magnetic  field and can be

permanently magnetized. Example: iron, Cobalt, Nickel and CrO2. The alignments of magnetic 

moments of the domains are in the direction the magnetic field.   

o Anti ferromagnetic substances: The magnetic moments and domains  are oppositely

oriented and cancel out each other‘ s magnetic moment.  Example MnO 

Ferrimagnetic substances: The magnetic moments of the domains are aligned in parallel and anti 

parallel directions in unequal numbers. So they are weekly attracted by magnetic field. Example 

Fe3O4 and ZnFe2O4    

SOLVED QUESTIONS 

1MARK QUESTIONS 

1. Which point defect lowers the density of a crystal?

Schottky defect.

2. Why glass is called super cooled liquids?

It has tendency to flow like liquid.

3. Some of the very old glass objects appear slightly milky instead of being transparent - why?

   Due to crystallization . 

4. What is anisotropy?

Physical properties show different values when  measured along different directions in crystalline 

solids.  

5. What are the co-ordination numbers of octahedral voids and tetrahedral  voids?

  6 and 4 respectively  

10



6. Why common salt is sometimes yellow instead of being pure white?

Due to the presence of electrons in some lattice sites in place of anions these sites act as Fcentres. 

These electrons when excited impart colour to the crystal.   

7. A compound is formed by two elements X and Y. The element Y forms ccp  and atoms of X

occupy octahedral voids.What is formula of the  compound?

No. of Y atoms be N  No. of octahedral voids = N 

No. of X atoms = N   Formula XY  

2 MARKS QUESTIONS  
1. Explain how electrical neutrality is maintained in compounds showing Frenkel and

Schottky defect. 

 In compound showing Frenkel defect, ions just get displaced within the lattice. While in 

compounds showing Schottky defect, equal number of anions and cations are removed from the 

lattice. Thus, electrical neutrality is maintained in both cases.  

2. Calculate the number of atoms in a cubic unit cell having one atom on each corner and

two atoms on each body diagonal. 

 8 corner atoms × 1/8 atom per unit cell = 1 atom  

 There are four body diagonals in a cubic unit cell and each has two body centre atoms.  

So 4×2=8 atoms therefore total number of atoms per unit cell = 1+8=9 atoms  

3. Gold crystallizes in a fcc unit cell.what is the length of a side of the cell.(r= 0.144 nm)

        a= 2×√2 r 

       = 2x1.414xo.144nm 

         = 0.407 nm  

4. Classify each of the following as either a p-type or n-type semi-conductor;

(a) Ge doped with In. 

(b) B doped with Si 

 Ans: (a) Ge is group 14 elements and In is group 13 element. Therefore, an electron    deficit hole is 

created. Thus semi-conductor   is p-type.  

(b) Since B is group 13 element and Si is group 14 element, there will be a free electron, Thus it is n-

type semi-conductor  

5. In terms of band theory what is the difference between a conductor, an insulator and a

semi-conductor?
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The energy gap between the valence band and conduction band in an insulator is very large while 

in a conductor, the energy gap is very small or there is overlapping between valence band and 

conduction band.  

6. CaCl2 will introduce Schottky defect if added to AgCl crystal. Explain.

Two Ag+ ions will be replaced by one Ca2+ ions to maintain electrical neutrality. Thus a hole is 

created at the lattice site for  every Ca2+ ion introduced.  

7. The electrical conductivity of a metal decreases with rise in temperature while that of a semi-

conductor     increases.Explain.

In metals with increase of temperature, the kernels start vibrating and thus offer resistance to the 

flow of electrons.Hence     conductivity decreases. In case of semiconductors, with increase of 

temperature, more electrons can shift from valence band to conduction band. Hence conductivity 

increases.  

8. What type of substances would make better permanent magnets, ferromagnetic or

ferromagnetic,Why?

Ferromagnetic substances make better permanent magnets. This is because the metal ions of a 

ferromagnetic substance are grouped into small regions called domains. Each domain acts as tiny 

magnet  and get oriented in the  direction of magnetic field in which it is placed. This persists even 

in the absence of magnetic field.  

9.in a crystalline solid, the atoms A and B are arranged as follows:

a. atoms A are arranged in ccp array

b. atoms B occupy all the octahedral voids and half of the tetrahedral voids. What is the formula

of the compound?

Ans: let no. of atoms of A be N 

         No. of octahedral voids = N       

No. of tetrahedral voids = 2N  

i)There will be one atom of B in the octahedral void

ii)There will be one atom of B in tetrahedral void (1/2 X 2N)

Therefore, total 2 atoms of B for each atom of A

Therefore formula of the compound = AB2

10. in a compound atoms of element Y forms ccp lattice and those of element X occupy 2/3rd of

tetrahedral voids. What  is the    formula of the compound? 

No. of Y atoms per unit cell in ccp lattice = 4  

No. of tetrahedral voids = 2x 4 = 8  
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No. of tetrahedral voids occupied by X = 2/3 x 8= 16/3 

Therefore formula of the compound = X16/3Y4  

   = X16Y12 

   = X4Y3  

3 MARKS QUESTIONS  

1. The density of chromium is 7.2 g cm-3.iIf the unit cell is a cubic with length of

289pm,determine the type of unit cell (Atomic mass of Cr = 52 u and  NA=6.022×1023 atoms mol-1) 

Ans)   d = Z×M    a3×NA    

            Z =? , a= 289 pm=289 × 10-10 cm, M=52 g mol-1, d =7.2 g cm-3  

         Z =    d×a3×N= 7.2(g cm-3) ×[289×10-10 cm]3×6.022×1023(atom mol-1)  

            M   52 g mol-1   

 Z ~ 2   Since the unit cell has 2 atoms, it is body centered cubic (BCC)   

3. An element a crystallizes in FCC structure, 200 g of this element has 4.12×1024 atoms. If

the density of A is 7.2g cm-3 , calculate the edge length of  the unit cell 

Ans)   density = d =   Z×M   

a3 × NA   

a3 =  Z×M  d×NA  

 Z= 4 atoms (since fcc)  

d=7.2 g cm-3  

NA=6.022×1023 atoms mol-1   

Mass of 4.12×1024 atoms=200 g    

Mass of 6.022×1023 atoms = M (molar mass)  

M= 200 g × 6.022×1023 atoms mol-1   

4.12×1024 atoms  

M= 29.23 g mol-1   

Therefore a3 =            4(atoms)  ×  29.23  (g mol-1 )  

7.2 ( g cm-3) × 6.022×1023 atoms mol-1 

    =2.697×10-23 cm3   
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Edge length = a = (2.697 × 10-23)1/3 cm = 2.999×10-8 cm  

= 2.999×10-8 ×1010 pm  = 299.9 pm  

5. Non stoichiometric cuprous oxide can be prepared in the laboratory.In this oxide, copper to

oxygen ratio is slightly less than 2:1. can you account for the fact the fact that the substance is a 

p-type semiconductor  ?  

 Since copper to oxygen ratio is slightly less than 2:1, it indicates that some of the Cu+  ions are 

missing from their sites leaving behind holes. The electrical neutrality is maintained by some of the 

copper ions acquiring a 2+ charge. Due to the presence of holes non-stoichiometric cuprous oxide 

behaves as a p-type conductor. 

8. Analysis shows that Nickel oxide has Ni0.98 O1.00 what fractions of nickel exist  as Ni2+

ions and Ni3+ ions?   

Ans) let no. of Ni2+ ions = x then no. of Ni3+ ions will be 0.98-x. Total charge on the   Compound is equal 

to zero because it is neutral  +2(x) + [+3(0.98-x)] + (-2)1 = 0  x = 0.94, so no. of Ni2+ ion = 0.94 and    

No. of Ni3+ion = 0.98 - 0.94 = 0.04   

% of Ni2+ = 0.94 ×100 = 95.99 %   

0.98  

% of Ni3+ = 0.04/0.98 × 100 = 4.01 %           

3. A compound forms hexagonal close packed structure .What is the total number of voids in

0.5 mol of it?   How many of these are tetrahedral voids? 

1 mole of hexagonal packed structure contains 1 mole of octahedral voids and two moles of 

tetrahedral voids,  

0.5 moles of hexagonal packed structure contains 0.5 moles of octahedral voids and 1 mole of 

tetrahedral voids,  

No. of tetrahedral voids = 6.022 x 1023  

No. of octahedral voids = ½ x No. of tetrahedral voids 

No. of octahedral voids = ½ x 6.022 x 1023  

= 3.011 x 1023   

Total no. of voids = (6.022+3.011) x 1023   = 9.033 x 1023  
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SOLUTIONS 
2 SOLUTIONS Types of solutions  * 34 

Expressing conc of solutions  * 35 Q NO 2.1, 2.2, 2.3 IN 

TEXT Q. 2.1 -2.5  

Henry’s law and solubility ** Page 41 Q.no. 2.4, 2.6, 2.7 

Vapour pressure of liquid and 

Raoult’s law  

*** Page 42 in text Q. 

2.6,2.7,2.14,2.16,2.19 

Colligative properties and 

determination of molar mass  

**** Page no. 47-53 example 

2.6,2.7,2.8,2.9,2.10,2.11 

in text 2.9-2.12 Q-2.27 – 

2.33 

Abnormal molar mass **** Page 56 Q 2.12,2.13, 

2.33,2.40,2.41 

POINTS TO REMEMBER   

Solutions are homogeneous mixtures of two or more substances (components).  

   Binary solution: the solution consisting of two components.   

   Binary solution = solute + solvent.   

    Expressing concentration of solutions: 

a) Mass percentage (w/w):

Mass% of a component = W of the component x 100  

W solution  

b) Volume percentage (v/v):

Volume% of a component = V of the component x 100  

V solution   
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c) Mass by volume percentage (w/v) =    W solute    x 100  

V solution  

d) Parts per million (ppm):

No of parts of the component             x 106  Total number of 

parts of in the solution  

e) Mole Fraction (x):

Mole fraction of a component (x) =   No. of  moles  of  the  component  

Total no. of moles of all the components  

No. moles of the component (n) =        mass           (W)       

        Molar mass (M)  

For binary solution, 

 eg. xA =                nA xB   =  nB   .

nA + nB   nA + nB 

and xA + xB = 1  

f) Molarity (M): The no. of moles of solute per litre of solution

Molarity   =           n solute    

V solution in liter  

Unit: mol L-1 

g) Molality (m): The no. of moles of solute per kg of solvent

Molality   =       n solute   

   W solvent   in kg  

Unit: mol kg-1 
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 Effect of temperature: mass %, mole fraction and molality do not change with temperature whereas 

molarity changes with temperature because volume of solution(liquid)  changes with temperature.   

Solubility: Solubility of a substance is defined as the maximum amount of substance that can be dissolved 

in a specified amount of solvent to a given temperature.   

Solubility of a solid in liquid:   

Effect of temperature: the solubility of a solid in a liquid changes with  temperature.   

    dissolution 

Solute + Solvent       Solution  

If the dissolution process is endothermic, the solubility should increase with the rise in temperature and if it 

is exothermic the solubility should decrease with rise in temperature.   

Effect of pressure: Solubility of a solid in a liquid does not change with pressure as solids and liquids are 

highly incompressible.   

Like dissolves like: Polar solutes dissolve in polar solvents and non-polar solutes dissolves in non-polar 

solvents. In general, a solute dissolves in a solvent if the  intermolecular attractions are similar in both.   

Solubility of a gas in liquid: 

a) Increases with increase of pressure.

b) Decreases with increase of temperature.

As dissolution of gas in liquid is an exothermic process, the solubility should decrease   with increase in 

temperature.  

Henry’s law: 

 At constant temperature, the solubility of a gas  in a liquid is directly  proportional to the pressure of gas 

over the solution.   

Or   

The partial pressure of the gas in vapour phase (P) is directly proportional to  the mole 

fraction of the gas(x) of the solution.  

P = kH.x   kH = Henry‘ s law constant. It depends on the nature of gas.  Greater 

the kH value, the lower will be the solubility and vice versa.  

kH increases with increase in temperature so solubility of a gas in a liquid  decreases with 

increase of temperature. 

Raoult’s law:   
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Raoult‘ s law in its general form can be stated as, ― For any solution, the partial  vapour pressure of each 

volatile component in the solution is directly  proportional to its mole fraction in the solution.‖    

According to Raoult‘ s law for a solution of two volatile liquids,   

         P1  x1               P2  x2.  

         P1 = Po1 x1    P2 = Po2 x2.   

According to Raoult‘ s law for a solution containing volatile solvent and non-  volatile solute.  

P solvent = Posolvent x solvent  

Since P solution = P solvent 

P solution = Posolvent. x solvent   

When a non- volatile solute is dissolved in a pure solvent, the vapour pressure of the pure solvent decreases.  

P solution < Posolvent  

 Because the non-volatile solute particles are present on surface of the solution so the rate of evaporation of 

molecules of the volatile solvent from  the surface of solution decreases.    

Liquid- liquid volatile solutions are classified into two types on the basis of Raoult’s law asfollows:   

 Ideal solution: 

The solution which obey Raoult‘ s law at all concentration and  at all 

temperature i.e PA = PoA.xA    

PB = PoB.xB  

 If the intermolecular attractive forces between the solute –  solvent(A – B interaction) are nearly equal to those 

between  the solvent – solvent (A – A) and solute – solute (B – B) it  forms ideal solutions.   

Enthalpy of mixing, ∆mixing H = 0.    

Volume change on mixing, ∆mixing V = 0.  

Examples:   

 n - hexane and n-heptane.    

 Bromoethane and chloroethane  o Benzene and toluene.  
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 Non Ideal solution: 

 The solution which do not obey Raoult‘ s law at all concentration and at all temperature i.e   

PA ≠ PoAxA PB ≠ PoBxB  

 If the intermolecular attractive forces between the solute – solvent(A – B interaction) are not equal (either 

stronger or  weaker) to those between the solvent – solvent (A – A) and  solute – solute (B – B) it forms 

non-ideal solutions.   

 Enthalpy of mixing, ∆mixing H is not equal to 0.  

 Volume change on mixing, ∆mixing V is not equal to 0.  

 Examples:  

 Ethanol and acetone, Ethanol and water, Chloroform and acetone Nitric acid and water 

Types of Non-Ideal solutions:   

 Non-ideal solution showing positive deviations 

 In this case, intermolecular attractive forces between the solute and solvent(A – B) are weaker than those 

between the solvent(A – A)  and the solute (B – B) i.e    

        PA > PoAxA  

        PB > PoBxB  

 ∆mixing H = +ve  mixing V = +ve  

 Dissolution is endothermic so, heating increases solubility.  

 Ethanol and acetone, Ethanol and water, CS2 and acetone.      

Positive deviation from Raoult’s law 
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o Non-ideal solution showing negative deviations

 In this case, intermolecular attractive forces between the solute and  solvent(A – B) are stronger than 

those between the solvent(A – A)  and the solute (B – B) i.e              PA < PoAxA          PB < PoBxB   

 ∆mixing H = -ve   ∆mixing V = -ve  

 Dissolution is exothermic so, heating decreases solubility.   

 Examples:  Chloroform and acetone, Nitric acid and water, Phenol and aniline.      
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Azeotropes are binary solutions (liquid mixtures) having the same composition in liquid and vapour phase 

and it is not possible to separate the components of an  azeotrope by fractional distillation.   

Types of azeotropes:   

 Minimum boiling azeotrope 

 The non- ideal solutions showing positive deviation form minimum boiling azeotrope at a specific 

composition.   

 Example; 95% ethanol and 5% water (by volume)  

 Ethanol = 351.3K , Water = 373 K,  Azeotrope = 351.1K  

 Maximum boiling azeotrope 

 The non- ideal solutions showing negative deviation form maximum boiling azeotrope at a specific 

composition.   

393.5K   

Colligative Properties: 

The properties of solutions which depends on the no. of solute particles but irrespective of nature of solute 

particles.   

 Example Relative lowering of vapour pressure , Elevation of boiling point ,Depression of freezing point , 

Osmotic pressure   

 Application: By measuring a colligative property of a solution molar  mass of the non volatile solute can be 

calculated  

Conditions for getting accurate value of molar mass:  

 Solute must be non volatile  

 Solution must be dilute  

 Solute    particles must not undergo any association or dissociation in the solution.  

Relative lowering of vapour pressure:   

When a non volatile solute is added to a pure solvent its vapour pressure decreases.  

Psolution < P0 solvent  According To Raoult‘ s law   

P solvent = P0solvent x solvent  

Where,   P solution = P solvent   (Since solute is non  volatile)  
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P solution = vapour pressure of solution.    

P solvent   = vapour pressure of solvent in the solution.    

P0solvent = vapour pressure of pure solvent.   

Therefore,   

P solution = P0solvent.x solvent    (Since xsolute+ xsolvent =1)  

Psolution = P0solvent - P0solvent (xsolute)  

(P0solvent – P solution) = P0solvent x solute   

(Lowering of  vapor pressure)   

Therefore relative lowering of vapour pressure  

= P0solvent – P solution / P0solvent  = x solute ------- (1)   

Since, it depends on mole fraction of the solute (Xsolute), It is a colligative property   To calculate 

molar mass :      

xsolute = n solute / n solute + n solvent    

Since the solution is dilute, n solute is neglected from denominator.  

x solute = n solute/ n solvent = W solute / M solute     

W Solvent / M Solvent 

Elevation of boiling point :  

 Boiling point : The temperature at which vapour pressure of liquid  becomes equal to atmospheric 

pressure.   

 The vapour pressure of the pure solvent decreases when non volatile  solute is added to it and the boiling 

point is inversely proportional to  vapour pressure. Therefore, boiling point of the pure solvent increases  

when a non volatile solute is added.   

i.e. T> T0b(solvent)    

The difference in boiling point of solution and pure solvent is called       elevation of 

boiling point (ΔTb).   

     ΔTb = Tb (solution) – ΔT0b (solvent)
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For dilute solution, the elevation of boiling point is directly proportional to  molality (molal 

concentration) of the solution.  ΔTb = Kb * molality… … … (1)   

Where Kb = Boiling point elevation constant or molal elevation constant  or ebullioscopic constant.  

Molality (m) = nsolute / W solvent in kg = Wsolute/ Msolute… … … .(2)   

            Wsolvent in kg   

By substituting (2) in (1), the molar mass of non volatile solute(M solute)  can be calculated.  

Depression of freezing point:   

Freezing point: Temperature at which the vapour pressure of the substance in its liquid phase is equal to its 

vapour pressure in its solid phase.   

 Since the vapour pressure of the pure solvent decreases in the presence of  non volatile solute and freezing 

point is directly proportional to vapour  pressure, the freezing point of pure solvent decreases when non 

volatile  solute is added to it     

Tf (solution)< T0f(solvent)  

The difference in freezing point of pure solvent and solution is   called depression of freezing point (ΔTf)   

ΔTf =T0f (solvent)-Tf(solution)   

For dilute solution, the depression of freezing point is directly proportional to molality (molal concentration) 

of the solution.   

ΔTf = Kf  molality    …………….(1)     1   

Where Kf = freezing point depression constant or molal depression  constant or  cryoscopic constant.  

Molality(m)=  W solute / Msolute. …………….(2)      

Wsolvent in kg  

Osmosis: The process of flow of solvent molecules from pure solvent  to the solution through semi 

permeable membrane.  

 Osmotic pressure (∏) :  

Minimum pressure that must be applied to the solution to prevent the flow of solvent into the solution 

through a semipermiable membrane    

 It‘ s a colligative property as it is directly proportional to molarity (molar oncentration) of the solution at the 

given temperature.   

∏ = Molarity × R × T    (since Π = (n/V) ×R×T) ………………..(1) 

Isotonic solutions: two different solutions having the same osmotic pressure at same temperature.  
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Hypertonic and hypotonic solutions: a solution which has more Osmotic pressure than other 

solution is hypertonic and similarly the solution having less  osmotic pressure than the other solution is 

called hypotonic.   

 Reverse osmosis: When a pressure larger than osmotic pressure is applied to the solution side, the pure 

solvent flows out of solution to solvent side through semi  permeable membrane this process is called 

reverse osmosis   

Use: Reverse osmosis is used to desalination of sea water (into drinking  water)  

Abnormal molar mass and van’t Hoff factor (i): 

When the non volatile solute particles undergo association (Eg: acetic acid) or dissociation (Eg: electrolytes 

like KCl, NaCl etc), the abnormal  molar mass is observed.  

Van‘ t Hoff factor is defined as   i = normal molar mass  Abnorma

calculate i;   i = Total number of moles of particles after association or dissociation.   

      Total number of moles of particles before association or dissociation.   

Always ‗i‘  value is less than unity (i < 1) for association and ‗i‘  is greater  than  unity (i >1) for dissociation, 

the modified equation for colligative properties  for  association or dissociation:    

1. relative lowering of vapour pressure = i*Xsolute

2. ΔTb = i × Kb × molality

3. ΔTf  = i × Kf   × molality

4. ∏   = i × C× R x T

       IMPORTANT FORMULAE 

Molarity (M) =                 WB 

 MBV(L)  

Molality (m)  =      WB x 1000  

         MBWA (g)  

∆p/p0 = p0-p           =    xB 

p 

∆Tb = kb x WB x 1000 

           MBWA  
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∆Tf = kf x WB x 1000            

MBWA π                   =  WBRT 

 MBV 

SOLVED QUESTIONS 

1 MARK QUESTIONS 

1.What type of liquids form ideal solutions?

 Liquids having similar structures and polarities. 

2.Why does chemist prefer to refer concentration of solution in terms of molality?  (Or)Which of the two

molality and molarity is better to express concentration of  solution? Why?   

Molality does not change with temperature where as molarity changes with temperature     because volume 

changes with temperature. Therefore molality is better.   

3. What is van’tHoff factor for KCl in aqueous solution?

   i = 2  

4. What happens when blood cells are placed in pure water?

 Due to osmosis water enters the blood cells through the cell wall, as a result it swells and may even burst. 

5. Two liquids say X and Y boil at 380 K and 400 K respectively. Which of them is  more    volatile? Why?

 Liquid – X because lower the boiling point more will be volatile (evaporation)6.  

6.What is the effect of rise in temperature on solubility of gases?

Dissolution of gas is exothermic process. Hence according to Le- Chatelier‘s principle, the  solubility of gas 

should decrease with rise in temperature  

7.Mention a large scale use of the phenomenon called ‘reverse osmosis’.

Desalination of Sea water.

8.Why it is advised to add ethylene glycol to water in a car radiator while driving in a hill station?

As an antifreeze to lower the freezing point of water.

9. What is the expected Van’t Hoff’s factor ‘i’ value for K3[Fe(CN)6] ?

      Therefore, i = 4  

10. The molar mass of bio molecules is determined by osmotic pressure and not by  other colligative

properties.   Why?   
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Osmotic pressure is measured around room temperature whereas bio molecules  are generally unstable at 

higher  temperatures.   

2 MARKS  QUESTIONS   

1. Why is the freezing point depression of 0.1M NaCl solution nearly twice that of 0.1M glucose

solution? 

NaCl is an electrolyte and dissociates completely whereas glucose being a non-electrolyte does not 

dissociate.Hence, the number of particles in 0.1M NaCl solution is nearly double than that in 0.1M glucose 

solution.Depression in freezing point being a colligative property is nearly twice  for NaCl solution than for 

glucose solution of same molarity.   

2. What is the effect of temperature on Henry’s law constant (KH) and on  solubility of a gas on

liquid?   

Solubility of a gas in liquid decreases with increase in temperature. KH value  increases with the increase in 

temperature.   

3. What type of deviation from ideal behaviour will be shown by a solution of cyclohexane and

ethanol? Why?  

      Positive deviation because ethanol has intermolecular hydrogen bond, but the addition of      cyclohexane 

will break some of the hydrogen bonds. Therefore solute-solvent molecular attractive force will be weaker 

than solute-solute and solvent- solvent molecular attractive force.   

4. What care is generally taken during intravenous Injections and why?

  During intravenous injection, the concentration of the  solution should be same as that of blood so   that they 

are isotonic. Because if the   solution concentration is hypertonic than blood cell   will shrink and if it is 

hypotonic than blood cell will swells / burst.  

5. When X and Y are mixed the solution becomesWarmer and when Y and Z are mixed the solution

becomes cooler. Which of this solution will exhibit  positive Deviation and which will be the negative

deviation?

X and Y Show the negative deviation, Y and Z Shows the positive deviation 

6. The mole fraction of helium in a saturated solution at 20°C is 1.2 x 10-6. Find the pressure of

helium above the solution.Given Henry’s constant at 20°C is 144.97 kbar. 

       pHe = KH x XHe  

= (144.97 x 10 3bar)( 1.2 x 10-6 = 0.174 bar 

3 MARKS QUESTIONS  

1) Two liquids X and Y on mixing from an ideal solution. The vapour pressure of the solution containing

3mol of X and 1mol of Y is 550mmHg. But when 4moles X and 1mol of Y are mixed, the vapour

pressure of solution, thus, formed is 560mmHg.what will be vapour pressure of pure X and Y at this

temp?
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  Let the vapour pressure of X be p1  and Y be p2 and x1 and x2 be their mole fraction. Then according to 

Raoult‘s law, total pressure P is  

p        =      p1x1  +  p2x2 

In the first solution,  

X1    =       3         =  0.75    ;  X2     =     1   =  0.25 

3+1 3+1 

p1  x  0.75  +  p2 x 0.25       =     550 mm -(1) 

In the second solution, 

X1    =       4        =      0.80  ; X2   =  1     =  0.20 

4+1 4+1 

P1 x  0.80  +  0.20  = 560 mm         - (2) 

(1) x 4  and (2)  x 5  gives 

3 p1  +  p2    =          2200 mm 

4 p1   +  p2    =          2800 mm 

---------------------------------------  -p1  

=          -600mm  

p1       =           600 mm of Hg.                Substituting in eq (1) 

we get                                                         p2  =           400 mm of Hg.  

 Vapour pressure of pure component  X  =  600 mm of Hg 

Vapour pressure of pure Component Y  =  400 mm of Hg. 

3) a)   What happen to vapour pressure of water if a table spoon of salt is added to it? 

b) Why does the use of pressure cooker reduce the cooking time?

c) Two liquid A & B are mixed and the resulting solution is found to be cooler. What do you conclude

about from ideal    behavior?

Ans a): - Addition of non volatile solute lower the vapour pressure of solvent(water)   

Ans b): - At higher pressure over the liquid, the liquid boils at high temperature. Therefore, cooking occur 

fast.  

Ans c): - Positive deviation.  

4) The Vapour pressure of water at 293K is 0.0231 bar and the vapour pressure of the solution of 108.24 g

of a compound in 1000 g of water at the same temperature. Calculate the molar mass of the solute.

.   Vapour pressure of solvent 
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           pA0   =   0.0231 bar              Vapour 

pressure of solution 

           pA0 =   0.0228 bar 

Lowering in vapour pressure   

           pA0-  pA  =   0.0231 -  0.0228 

    =   0.0003 bar 

Weight of solvent  WA           =              1000g  

Weight of solute WB  =              108.24 g 

Molar mass of the solvent MA  =  18 

Molar mass of the solute   MB  = ?               We know that          

pA˚ -  pA / p0A      =   WB MA/WA  MB  

     MB    =   WB MA PA˚/ WA  (PA˚  -  PA) 

=   108.24  X  0.0231  X  18/ 0.0003  X  1000 

=   150 g mol -1  

5)A solution of an inorganic compound was prepared by dissolving 6.8g in 100g of water.

Calculate the osmotic pressure of this solution 298K when boiling point of this solution is 

100.110C. Given Kb for water=0.52Km-1 and R=0.082LatmK-1mol-1.       

Molecular mass can be calculated from Bpt data as 

MB   =   Kb x WA  x  1000 

∆Tb x  WA  

WB  = 6.8 g  WA  =  100 g  Tb  =  100.11 Kb  =  0.52 Kkgmol-1 

MB  =  0.52 Kkgmol-1 x  6.8 g x 1000  

0.11K  x 100kg 

=   321.45 gmol-1  

∏ =  n  R  T

V  n    =  6.8           321.45 

 V    =  100 g  =  0.1 l 

R    =  0.082 L atm mol  -1  K  -1 

T     =  298  K  

∏     =   6.8 mol X  0.082 L atm mol  -1  K  -1 X  298K 

   321.95  X  0.1L     =    5.17  atm   
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6) A solution contains 0.8960g of K2SO4 in 500 ml solution. Its osmotic pressure is found to be

0.690atm at 27o C. calculate the value of vant hoff factor.   

MB   = WB  RT/ ∏  V 

WB   =  0.8960g       V  =  500 ml  pA0   =  0.5  L 

R  =  0.082 L atm  K -1 mol  -1 

∏   =  0.69 atm 

T  =  300 K  

M  =    0.896 g x  0.082 L atm  K -1 mol  -1  x300K 

   0.69 atm  x  0.5L =    63.9  g mol  -1 

           Normal molar mass   =  2  x  39  +  32  +  4  x 32 

        =  174  g mol  -1               i   =  Normal 

molar mass/ Observed molar mass  

       =    174 g mol  -1          =      2.72 

 63.9 g mol  -1 

NUMERICALS 

1. What is the molar concentration of solute particles in the human blood if the  osmotic pressure is 7.2

atm at the body temperature of 370 C ? 

 Osmotic pressure, p = molarity × R × T  

Therefore molarity =   p   

    R×T  

=          7.2 atm           

0.821  atm K-1 mol-1) × 310 K   = 0.823 mol L-1 

2. A solution containing 12.5 g of non-electrolyte substance in 175 g of water gave a  boiling point

elevation of 0.70 K. Calculate the molar mass of the substance.  (Elevation constant for water  Kb = 52 K 

kg mol-1)   

 ∆Tb = Kb × molality  

          = Kb × Wsolute  

  Msolute Wsolvent (in kg)   
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Msolute = Kb × Wsolute   

            ∆Tb × Wsolvent (in kg)   

= 0.52 K kg mol-1 × 12.5 g    

   0.70 K × 175 kg    

                 1000   

Msolute = 53.06 g mol-1      

3. K3[Fe(CN)6] is dissociated 30% in solution. Calculate the vant  Hoff’s factor.   

  Let the degree of dissociation be a, then    

                                               K3[Fe(CN)6] ↔ 3K+ + [Fe(CN)6]3-                                                                          

Initially at equilibrium                    1                 0              0  

                                                        1- a           3a           a   

i = Total number of moles of particles after dissociation         Total 

number of moles of particles before dissociation   i = 1- a + 3a + a = 1+ 

3a   

but a = 30% =  30  = 0.3   

                        100   

So,  i = 1+ 3 ×(0.3) = 1.9   

4. At 298K, 100cm3 of a solution containing 3.002g of an unidentified solute exhibits an osmotic  pressure 

pf 2.55atm. What is the molar mass of the solute? (R=0.082 L atm K-1 mol-1)  

                           V= 100 cm3 = 0.1L              ; T=298 K  

                           WB = 3.002g                          = 2.55 atm  

                                             

 

                                                                 

5. The boiling point of pure water is 373K.calculate the boiling point of an aqueous solution 

containing 18g of glucose in 100g of water. Molal elevation constant of water is 0.52 K kg mol-1.  

1 
6 . 288 

0104 . 0 
002 . 3 

0104 . 0 
298 082 . 0 

1 . 0 55 . 2 

gmol 

mol 
g 

n 
W 

M 

moles 

RT 
V 

n 

V 
RT n 

B 
B 

B 

B 

B 
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                          Mass of solvent (WA) = 100g  

                        Mass of solute (WB) = 18g  

                        Molecular mass of solute (MB) = 180g  

          

                         373.52K   

solution of po boiling 

K 

m K T 

kg mol 
W M 

w 
molality 

b f 

A B 

B 

52 . 0 373 int 

52 . 0 1 52 . 0 

1 
100 180 

1000 18 1000 1 
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CLASS XII: CHEMISTRY

CHAPTER 3: ELECTROCHEMISTRY  

COMMON MISTAKS BY THE STUDENTS IN EXAMINATION 

 REPRESENTATION OF ELECTROCHEMICAL CELL (ANODE

FOLLOWED BY SALT BRIDGE THEN CATHODE)

 IDENTIFICATION OF ANODE (LEFT) & CATHODE (RIGHT)

 IDENTIFICATION BASED ON STANDARD ELECTRODE POTENTIAL

(LOWER VALUE OXIDATION OR ANODE & HIGHER VALUE

REDUCTION OR CATHODE)

 WRITING OF HALF CELL REACTIONS (NUMERICAL BASED ON

NERNST EQUATION. WRITING OF HALF CELL & OVER ALL CELL

REACTION IS MENDATORY.

 ANSWERS OF NUMERICAL PROBLEMS MUST END WITH PROPER

UNITS.

 QUESTIONS BASED ON CELL REACTIONS IN DIFFERENT CELLS.

 IDENTIFICATION OF PRODUCTS OF ELECTROLYSIS.

BASIC CONCEPTS AND FORMULA 

1. Oxidation is defined as a loss of electrons while reduction is defined as a gain of

electrons. 

2. In a redox reaction, both oxidation and reduction reaction takes place simultaneously.

3. In an indirect redox reaction, the device which converts chemical energy into

electrical energy is known as an electrochemical cell. 

4. In an electrochemical cell:

a. The half-cell in which oxidation takes place is known as oxidation half-cell b. The

half cell in which reduction takes place is known as reduction half cell. 

c. Oxidation takes place at anode which is negatively charged and reduction takes place

at cathode which is positively charged. (In electrochemical cell)

d. Transfer of electrons takes place from anode to cathode while electric current flows

in the opposite direction. 

e. An electrode is made by dipping the metal plate into the electrolytic solution of its

soluble salt. 

f. A salt bridge is a U shaped tube containing an inert electrolyte in agar-agar and

gelatin. 

7. A salt bridge maintains electrical neutrality and allows the flow of electric current by

completing the electrical circuit. 
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8.      When the concentration of all the species involved in a half cell is unity, then the 

electrode potential is known as standard electrode potential. It is denoted as EӨ. 

9. Oxidation potential is the tendency of an electrode to lose electrons or get oxidized. 

10. Reduction potential is the tendency of an electrode to gain electrons or get reduced. 

11. The electrode having a higher reduction potential has a higher tendency to gain 

electrons. So, it acts as a cathode. 

12. The electrode having a lower reduction potential acts as an anode and vice versa. 

13. According to convention, the Standard Hydrogen Electrode is taken as a reference 

electrode and it is assigned a zero potential at all temperatures. 

14.  In the electrochemical series, various elements are arranged as per their standard 

reduction potential values. 

15. The potential difference between the 2 electrodes of a galvanic cell is called cell 

potential and is measured in Volts. 

16. The cell potential is the difference between the reduction potential of cathode and 

anode. 

E cell = E cathode — E anode 

Cell potential is called the electromotive force of the cell (EMF) when no current is drawn 

through the cell. 

17.  Nernst formulated a relationship between standard electrode potential 

Eө and electrode potential E. 

E = E° - 2.303RT log    1    

                 nF    [Mn+]

E = E° - 0.059 log    1      (At 298 K) 

                   n           [Mn+]

18. Electrode potential increases with increase in the concentration of the electrolyte and 

decrease in temperature.

19. Nernst equation when applied to a cell:

Ecell =     E°cell     - 2.303RT     log    [Anode ion]    

                                   nF               [Cathode ion]

This helps in calculating the cell potential

20. Relationship between equilibrium constant Kc and standard cell potential 

 E°cell =      0.059  

                    n          
logK (At 298 K) 
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21.  Work done by an electrochemical cell is equal to the decrease in Gibbs energy 

ΔG°= nFE° cell 

22. Every conducting material offers some obstruction to the flow of electricity which is 

called resistance. It is denoted by R and is measured in ohm. 

23. The resistance of any object is directly proportional to its length I and inversely 

proportional to its area of cross section A. 

 R = p     

p is called specific resistance or resistivity. Its SI unit is ohm metre. 

24.  The inverse of resistance is known as conductance, 

 

G =

Unit of conductance is ohm-1 or mho. It is also expressed in Siemens denoted by S.

 

25. The inverse of resistivity is known as conductivity. It is represented by the symbol  

K.  The SI unit of conductivity is Sm 1. But it is also expressed in Scm 1 

𝑘 =  
1

𝑅

𝑙

𝑎
           

So, conductivity = Conductance x Cell constant 

26. A conductivity cell consists of  2 Pt electrodes coated with Pt black. They have area of 

cross section A and are separated by a distance I. Resistance of such a column of solution is 

given by the equation: 

R = p   l/A = 1/K x l/A   

l/A  is called cell constant and is denoted by the symbol G* 

27. Molar conductivity of a solution is defined as the conducting power of the ions 

produced by dissolving 1 mole of an electrolyte in solution. 

    Molar conductivity Am =   K × 1000 

Where K = Conductivity and M is the molarity                   M

Unit of Molar conductivity is Scm2 mol1 

28. Kohlrausch's Law of independent migration of ions: According to this law, molar 

conductivity of an electrolyte, at infinite dilution, can be expressed as the sum of individual 

contributions from its individual ions. If the limiting molar conductivity of the cation is 

denoted by λ° and that of the anions by λ° then the limiting molar conductivity of 

electrolyte 

l
A

1
R

R
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Λm
0  =  v+λ°++ v-λ°-

Where v+ and v- are the number of cations and anions per formula of electrolyte.

29. Degree of dissociation: It is ratio of molar conductivity at a specific concentration 'c' to

the molar conductivity at infinite dilution, it is denoted by α.

a =  ^ cm 

      ^ 0 m

30. Ka = C a2 where Ka is acid dissociation constant, 'c' is concentration of

      1-a

Electrolyte, a is degree of ionization. 

31. Lead storage battery:

Anode: Pb(s) + SO4
2- (aq) → PbSO4(s) + 2e 

Cathode: PbO2(s) + SO4
2- (aq) + 4 H+(aq) + 2e- → PbS04(s)+ 2H2O (I)

The overall cell reaction consisting of cathode and anode reactions is: 

Pb(s) + PbO2(s) + 2H2SO4(aq) →2PbSO4(s) + )+ 2H2O(I) 

On recharging the battery, the reaction is reversed. 

32. Fuel cells:

At anode: 2 H2(g) + 40H- (aq) → 4H2O(1) + 4e 

At cathode: O2(g) + 2H2O(1) + 4e- →4 OH- (aq) 

Overall reaction: 

2 H2(g) + O2(g)→ 2H2O(I) 

33. Corrosion:

Oxidation: Fe(s) → Fe2+ (aq) + 2e- 

Reduction: O2 (g) + 4H+ (aq) + 4e- → 2H2O (I) 

Atmosphere oxidation: 

2Fe2+ (aq) + 2H2O (I) + ½O2 (g) → Fe2O3 (s) + 4H+(aq) 

34. Galvanization: It is a process of coating of zinc over iron so as to protect it from rusting.

35. Cathodic protection: Instead of coating more reactive metal or iron, the use of such

metal is made as sacrificial anode.

Connecting Iron with more reactive metal with the help of a wire.

* The definition and working of electrochemical cell
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Differences between electrochemical reaction and electrolysis. 

 

Electrochemical reaction Electrolysis. 

Chemical reaction produce electricity Electricity causes chemical reaction 

to take place 

It is spontaneous,  ∆G is -ve It is non-spontaneous, ∆G is +ve 

 

* LOAN concept  

Alphabet rule for an electrochemical cell- According to this rule we write that term first 

which come first alphabetically as show below-  

L.H.S. R.H.S. 

ANODE CATHODE 

OXIDATION REDUCTION 

NEGATIVE POSITIVE 

Note :Remember LOAN  (Left, 

Oxidation, Anode, Negative 

charge)as an abbreviation for 

anodic properties of 

Electrochemical Cells 

 

 

*  Purpose of  using Salt bridge Functions of  Salt Bridge  

 1.  Salt Bridge maintains electrical neutrality in solutions. 

 2.   It completes circuit internally 

* Standard electrode potential and its usefulness 

* Applications of electrochemical series 

i) To compare the relative oxidizing and reducing powers- A chemical species with 

higher value of E° will be stronger oxidizing agent and a chemical species with more –

ve E° will be stronger reducing agent  

ii) To compare the relative activities of metals-A metal with more –ve E°  value will 

be more reactive 

iii) To calculate the E°cell of given cell- 

        E°cell =   E°cathode -  E°anode   or     E°cell =   E°RHS -  E°LHS 

N.B. - E° for SHE is taken 0 (Zero) 

 iv) To predict whether a metal will displace hydrogen from its compound or not- All 

the chemical species which have –ve E° value will displace hydrogen from its 

compounds 
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    M  → Mn+ + ne-  (electron lost is gained by H+ ion to undergo reduction and H2 is 

formed) 

* Usefulness of Nernst equation to calculate Ecell at different conc. And temp. 

* Definition of strong electrolyte, weak electrolyte, limiting molar conductivity 

Molar Conductivity- It the conductance due to all the ion produced from 1 mole of an 

electrolyte in Vcm3 of the solution. It is represented by λc
m  at conc. ‘C’ and λ∞

m at infinite 

dilution. 

 

 

λm for strong electrolyte increases 

constantly on dilution. λ∞
m can be 

calculated on extra plotting the curve. 

λm for weak electrolyte steeply (sharply) 

on dilution. λ∞
m can not be calculated on 

extra plotting the curve. It is determined 

using Kohlrausch’s law. 

 

* Usefulness of Kohlrausch law to calculate λm
∞ of a weak electrolyte 

* Determination of products of electrolysis on the basis of their E° value, a chemical 

species with higher E° value will undergo reduction at cathode and formed the product, 

higher the negative value of reduction electrode potential more will be the reducing power 

The nature of the product obtained at cathode or anode depends upon E° value of 

given chemical species. The chemical species which has most –ve E° will form 

product at cathode and the chemical species which has least –ve/most +ve E° will 

form product at anode. Inert electrodes do not take part in chemical reactions  

 

Faraday’s  1st 

Laws 

The amount of substance liberated at any electrode during 

electrolysis is directly proportional to the quantity of electricity 

passed through the electrolyte (solution or melt). 

Faraday’s  2nd 

Laws 

The amounts of different substances liberated by the same quantity 

of electricity passing through the electrolytic solution are 

proportional to their chemical equivalent weights (Atomic Mass of 

Metal ÷ Number of electrons required to reduce the cation). 

 

Product of Electrolysis  

NaCl (molten) Cathode :  Na+(l) + e– → Na(s)  Anode : Cl–→ ½Cl2+e–  
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NaCl (aq) 
Cathode :   H2O (l ) + e– → ½H2(g) + OH–    Anode : Cl–→ 

½Cl2+e– 

H2SO4(dil) 
Cathode : H+ + e-  ½ H2    Anode: 2H2O(l )→ O2(g) + 

4H+(aq) +e – 

 (H2SO4conc) 
Cathode : H+ + e-  ½ H2    Anode: 2SO4

 2– (aq) → S2O8 
2– (aq) 

+2e– 

AgNO3(aq)-Ag 

electrodes 

Cathode : Ag+(aq) + e-  Ag(s) Anode: Ag(s)   Ag+(aq) + e- 

AgNO3(aq)- Pt 

electrodes 

Cathode : Ag+(aq) + e-  Ag(s)     

Anode: 2H2O(l) → O2(g)+4H+(aq)+4e– 

CuCl(aq)- Pt 

electrodes 

Cathode : Cu+(aq)  + e-   Cu(s)     

Anode:  2H2O(l)→O2(g)+4H+(aq)+4e– 

 

* Advantages of fuel cell---long lasting, more efficient, eco friendly, give useful by 

products 

Commercial cells-   These are of 4 types  

 1)  Dry cell (primary cell) – It is a Non rechargeable cell. Used in Torch, Wall clock 

etc. 

 

 

The  following reaction takes place at Anode and Cathode in 

the Dry cell : 

 

 
The above reaction takes place at anode i.e. Zn plate 

 

 
The above reaction takes place at cathode i.e. Carbon rod 

 

2) Mercury cell/Button Cell – It is used in hearing aids and watches etc. 

 

 

The  following reaction takes place at Anode and Cathode in 

the Mercury cell/Button Cell : 

 
The above reaction takes place at anode i.e. Zn container 

 
The above reaction takes place at cathode i.e. Carbon rod 
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3) Lead storage battery –  It is a  Rechargeable battery.  Used in automobiles and inverters,

Rechargeable batteries used in house hold appliances etc. 

4) Fuel cell : This cell is based on the combustion of fuel like Hydrogen by oxygen:

Advantages of Fuel Cells :  1. As works as long as we supply Hydrogen & oxygen gas

S.No Formula What to calculate Another form of the 

formula 

1 Eo
 cell  = Eo

 cathoe - E
o

 anode Cell potential of a 

cell can be 

calculated by this 

equation 

E cell ° = ER° - EL° 

2 

E cell = Eo
 cell -  

0.0591

𝑛
 log 

1

𝑀𝑛+

Half Cell potential 

of a half cell can 

be calculated by 

this expression 

3 

E cell = Eo
 cell -  

0.0591

𝑛
log 

[𝑃]

[𝑅]

Cell potential of a 

cell can be 

calculated by this 

expression 

4 

Eo
 cell =  

0.0591

𝑛
 log Kc 

To calculate cell 

potential from Kc 

and vice versa 
log Kc=  

𝑛 ×E cell ° 

0.0591

5 

ΔG° = nF Eo
 cell 

To calculate cell 

potential from 

free energy 

change and vice 

versa 

E cell ° = -  
ΔG°

𝑛𝐹

6 

R = ρ 
𝑙

𝐴
 ρ = 

𝑅 𝐴 

𝑙

7 

G* = R Ќ 

 Ќ = G/ R 

8 

λm
∞ = 

𝐾 ×1000

𝑀

9 
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2. It causes no pollution   3. Its efficiency is 70%    4.  Its By product (Water) is

also useful.

* Corrosion, eating away of metals, factors affecting the process of corrosion, corrosion

because of miniature electrochemical cell 

Corrosion- It is a process of eating away of metals on their surfaces, it is an unwanted 

process as it results in loss of mass of metals. In this process metal surface reacts with 

atmospheric oxygen to form a layer of oxide. It is an electrochemical reaction  

The  following reaction takes place during rusting : 

IMPORTANT FORMULAE-  

  

 

 

 

 

 

 

 

IMPORTANT CONCEPTS FOR SLOW LEARNERS

λm
∞ = 

𝐾 × 𝐴

𝑙

10 

k = 
𝑙

𝐴
× 

1

𝑅

Cathodic Reaction 

Anodic Reaction 

Over all  Reaction 
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1. Limiting molar conductivity: - conductivity at zero concentration is known as 

limiting molar conductivity (λ°).

2. Corrosion – Gradual loss of metal from its surface in presence of air and moisture is 

known as corrosion.

3. Cathodic Protection: - It is done for underground Pipelines, Iron connected to more 

reactive metal take Zn, Al, mg, with the help of a wire. 

4. Molar conductivity: - conductivity of an electrolytic solution between two parallel 

electrodes, large enough containing 1 mole of electrolytes, separated by 1 cm.

5. Kohlrausch Law: - Limiting molar conductivity of an electrolyte can be represented 

as the sum of individual contribution of cation and onion of electrolytes. ^°m =^°(+) + ^°(-)  

6. Electrochemical cell: - the device which converts chemical energy into electrical 

energy as a result of spontaneous redox reaction.

7. St. Cell potential: - The difference between st. electrode potential of cathode half 

cell and anode half cell is known as st. cell potential. 

 E° cell = E° cathode – E° anode

8. Effect of concentration on molar conductivity: - The molar conductivity of strong 

electrolyte slightly increases on decrease in concentration because they are fully dissociated 

but in weak electrolyte it increases steeply because on decreasing concentration their 

dissociation increases.

9. Fuel Cell- It converts fuel Energy into Electrical energy 

 (i) it causes no pollution (ii) it has high efficiency. 

 

 

10. Nernst Equation – It is used to find cell potential of Galvanic cell 

 E cell = E° cell – 0.0591 log [Product]

                                               n         [Reactant]

 

EXPECTED QUESTIONS

1. Arrange the following metals in order of their increasing reducing power.

K+/K = - 2.93V, Ag+/Ag = 0.80V, Hg2+/Hg = 0.79 V, Mg2+/Mg = - 2.37 V

Cr3+/Cr = - 0.74V. 

Ans. Lower the reduction potential, easily if gets oxidized hence greater is the reducing 

power, therefore the increasing order of reducing power is Ag <Hg<Cr<mg<K.   

  5. The conductivity of 0.20m solution of KCl at 298 K is 0.0248 Scm-1. Calculate its 

molar conductivity.  

Ans.: ^m = K×1000 = 0.0248 ×1000 =124 Scm2 mol-1

                     M  0.20
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6. How much faraday is required to produce 40gm Al from Al2O3?

Ans: Al3+ + 3e-→ Al (27g)

27g Al is deposited by 3f

40g Al will be deposited by = 3×40 = 4.44 F

   27

7. Predict the products of electrolysis of AgNO3 with Silver electrodes.

Ans. AgNO3→Ag+ + NO3
-

Reaction at cathode Ag+ +ē→Ag

Reaction at cathode Ag → Ag+ + e-

8. Predict if the reaction between the following is feasible? Fe3+ and Br-.

Ans :  Fe3+ + Br- →Fe2+ + ½Br2

E°cell = 0.77V – 1.09V = -0.32V not feasible

10. Calculate emf of the following cell

Cd/Cd2+ (.10 M)//H+ (.20 M)/H2 (0.5 atm)/Pt

[Given E° for Cd2+ /Cd = -0.403 v]

Ans: Ecell = E°cell – 0.0591/n Log [Cd2+]/ [H+]2

 E°cell= 0 – (–.403V) =0.403V

=0.0403 – 0.0591/2 Log (0.10) X 0.5/(0.2)2    = 0.400V 

Important questions 

Q1.  How much electricity in terms of Coulomb is required to reduce 1 mol   of Cr2O7
2- to 

Cr3+. 

Ans:- 2Cr2O7
-2-------------2Cr+3, 2Cr+6+6e----------------2Cr3+ 

Therefore the coulomb of electricity required =6F, 

=6x96500 C= 579000 C 

Q3.  A solution of CuSO4 is electrolysed using a current of 1.5 amperes for 10 minutes. 

What mass of Cu is deposited at the cathode? (Atomic mass of Cu=63.7) 

Ans:- The reaction is Cu+2(aq.) + 2e ------------ Cu (s) 

The mass of copper deposited=E Cu X I X t = 63.7*1.5*10*60/ 2*96500C =0.297 g. 

96500C      

Q4.  Calculate the equilibrium constant for the reaction Cu (s) + 2Ag+ 

Eo Cu2+/Cu = +0.34V, EoAg+/Ag = + 0.80V. 
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Q5.  Write the Nernst equation and emf of the following cells at 298K: 

Sn/Sn2+(0.050M)//H+(0.020M)/H2(g)/Pt(s) EoSn2+/Sn= - 0.13V 

Q6.  Calculate the standard free energy change for the following reaction at250C,Au(s) 

+Ca+2 Au3+(1M) + Ca (s) ,The electrode values are Ca2+ /Ca = –2.87V,Au3+ 

/ Au = +1.50V. Predict whether the reaction will be spontaneous or not at 250C. 

Q9.  Resistance of conductivity cell filled with 0.1molL-1 KCl solution is 100 ohm.If the 

resistance of the same cell when filled with 0.02molL-1 KCl solution is 520 ohm. 

Calculate the conductivity & molar conductivity of 0.02molL-1 KCl solution. The 

conductivity of 0.1 molL-1 solution of KCl is 1.29Sm-1. 

Q10.  A Copper –silver is set up.The copper ion concentration in its is  0.10M.The 

concentration of silver is not known.The cell potential measured 0.422V.Determine 

the concentration of silver ion in the cell. Eo (Ag+/Ag) = +0.80V, Eo (Cu2+/Cu)= 

+0.34V. 

Q11.  A voltaic cell is set up at 250C with the following half cells 

:Al(s)/Al3+(0.001M) and Ni2+(0.50)/Ni(s) ,Write the equation for the cell reaction that 

occurs when the cell generates an electric current and determine the cell potential 

(givenEo Ni2+/Ni = -0.25V, EoAl(s)/Al3+=-1.66V) 

Q13.  Three electrolytic cells A,B,C containing solutions ZnSO4,AgNO3,and CuSO4

respectively are connected in series .a Steady current of 1.5 amperes was respectively 

are connected in series .A steady current of 1.5 amperes was passed through them 

until 1.45g of silver deposited at the cathode of cell B.How long did the current 

flow? What mass of copper and zinc were deposited? 

Q14.  Conductivity of 0.00241M acetic acid is 7.896 X 10-6 S cm-1. Calculate its molar 

conductivity. If Λ0 for acetic acid is 390.5 S cm2 mol-1. What is its dissociation 

constant? 

   HOTS QUESTION

A current of 5 ampere is flowing through a wire for 193 seconds. Calculate number 

of electrons flowing through cross section of wire for 193 seconds.

Calculate ⋀° m NH4OH from the following values. ⋀° m for Ba(OH)2 , BaCl2, NH4Cl 

are 257.6, 240.6, 129.8 Scm2  mol-1 respectively.

The EMF of following reaction is 0.28V at 25º C
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Zn + 2H+ → Zn2+ + H2 (1 atm) E°cell = .76 V

Calculate pH of solution at hydrogen electrode.

 Predict the products of electrolysis of Aq H2SO4  soln  with platinum electrodes

 A solution of CuSO4 is electrolyzed using a current of 1.5 amperes for 10 minutes. 

What mass of Cu is deposited at the cathode? (Atomic mass of Cu=63.7)

VALUE BASED QUESTIONS

Q.1  People are advised to limit the use of fossil fuels resulting in Green House Effect 

leading to a rise in the temperature of earth. Hydrogen provides an ideal alternative and its 

combustion in fuel cells. 

a. Write electrode reaction in H2-O2 fuel cell. 

b. How is greenhouse effect reduced by the use of fuel cells? 

c. Write the values associated with preference of using fuel cells to fossil fuel. 

Q.2 In Apollo Space programs, hydrogen-oxygen fuel cell was used. 

(a) Explain why, fuel cell is preferred in space programme.? 

(b) Mention the values associated with the decision of using fuel cell? 

Q.3  Ira a student of science went with her grandfather to buy a battery for their inverter 

and camera. They found two types of batteries, one a lead storage battery and other a 

Nickel-Cadmium storage battery. Later was more expensive but lighter in weight. Ira 

insisted to purchase costlier Nickels-Cadmium battery. 

(a) In your opinion, why Ira insisted for Nickel-Cadmium battery? Give reasons 

(b)  Write the values associated with above decision? 

Q.4 Shyam's father wants to buy a new car. In the market various options are available. 

Shyam persuades his father to buy a hybrid car which can run both on electricity as well as 

on petrel. 

a. Mention the values associated with this decision. 

b.  Name the battery used for running the car. 

c.  Write the reactions taking place at the anode and cathode of battery. 

Q.5 Reema the student of class XII Science suggested her father to place a pouch of silica 

gel in the opening of iron pipes when he was preparing a shed for parking his car? 

a. How does Reema apply the knowledge of chemistry? 

b. What value was associated with this decision? 

c. How she shows the concern to society? 
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CHEMICAL KINETICS 

COMMON MISTAKES BY THE STUDENTS IN EXAMINATION 

 UNITS OF RATE CONSTANTS FOR DIFFERENT ORDER OF REACTIONS 

 STEPS INVOLVED IN SOLVING NUMERICALS (WRITING FORMULA, 

PUTTING VALUES etc.) 

 STUDY OF GRAPHS. 

 USE OF LOGARITHM (ln VALUE) 

 DEFINATIONS FOLLOWED BY SUITABLE EXAMPLES. 

 NUMERICALS TO END WITH PROPER UNITS. 

 

(IMPORTANT CONCEPTS) 

Chemical kinetics. (Greek word ‘kinesis’ means movement). It is the branch of chemistry 

which deals with the study of the rates of reaction, factors affecting rates of reaction and 

mechanism of chemical reactions. 

Rate of reaction. It is the change in concentration of the reactants or products in unit time. 

It is expressed in molL-1s-1 units. 

Average rate. Consider a hypothetical reaction, assuming that the volume of the system 

remains constant. 

  R → P 

If [R]1 and [P]1 are the concentrations of R and P respectively at time t1 and [R]2 and [P]2 

are their concentrations at time t2, then 

  Δt = t2 – t1 

  Δ[R] = [R]2 - [R]1 

  Δ[P] = [P]2 - [P]1 

The square brackets in the above expression are used to express the molar concentration. 

Rate of reaction r = Rate of disappearance of R = Decrease in concentration of R/ Time 

taken 

 𝑟 = −
𝛥[𝑅]

Δt
 

Rate of reaction = Rate of appearance of P = Increase in concentration of P/ Time taken 

𝑟 =
𝛥[𝑃]

Δt
 

Since, Δ[R] is a negative quantity it is multiplied by -1 to make the rate of the reaction a 

positive quantity. Average rate depends upon the change in concentration of reactants or 

products and  the time taken for the change to occur. 
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Instantaneous rate. It is defined as the rate of change in concentration of any of the 

reactant or product at a particular instant of time. 

lim
𝛥𝑡→0

[
𝛥𝑥

𝛥𝑡
] =

𝑑𝑥

𝑑𝑡
 

Factors on which the rate of reaction depends. 

1. Concentration of reactants and products. 

2. Temperature. 

3. Nature of reactants. 

4. Presence of catalyst. 

Rate law. It is the mathematical expression in which the reaction rate is given in terms of 

molar concentration of product of reactants with each concentration term raised to the 

power, which may or may not be same as the stoichiometric coefficient of the reacting 

species in a balanced chemical equation. 

aA + bB → Products 

 Rate α [A]a. [B]b 

 Rate = k[A]a. [B]b 

  Where k is the proportionality constant 

Rate constant. It is defined as the rate of reaction when the molar concentration of the 

reactants is taken to be unity. 

Order of reaction. Order is defined as the sum of the powers of the concentration of the 

reactants in the rate equation or rate law. Order of the reaction is experimentally determined 

and is not written from the balanced chemical equation. Order of reaction can be a whole 

number, zero or fractional. 

Molecularity of reaction. The number of reacting species which must collide 

simultaneously in a step leading to a chemical reaction is known as molecularity of a 

reaction. 

Pseudo first order reaction. The reactions which are not truly of first order but become 

reactions of first order under certain conditions are called pseudo first order reactions. For 

example, hydrolysis of ester. 

CH3COOC2H5  + HOH   H  CH3COOH  +  C2H5OH 

Rate = k’[CH3COOC2H5] [H2O] 

Since water is in excess and [H2O] is constant, so 

Rate = k[CH3COOC2H5],     where k = k’[H2O] 

Integrated rate law method to find the order of reaction. This is the most common 

method for studying the kinetics of a chemical reaction. The values of [A]o, [A] and t are 

determined and substituted in the kinetic equations of various orders. The equation which 

the most constant value for the specific reaction rate constant (k) for different time intervals 
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is one corresponding to the order of reaction. The integrated rate equations for various 

orders are:  

  k=
1

𝑡
{[𝐴]𝑜 − [𝐴]}  for zero order reaction 

 𝑘 =
2.303

𝑡
log [𝐴] 𝑜/[𝐴] for first order reaction 

 𝑘 =
1

𝑡
x/𝑎(𝑎 − 𝑥)  for first order reaction 

Common example of first order reactions 

 1. Radioactive decay 

 2. Rate of growth of population if there is no change in the birth rate or death rate. 

 3. Rate of growth of bacterial culture until the nutrients is exhausted. 

Half-life. The time during which the concentration of a reactant is reduced to one half of its 

initial concentration is half-life of the reaction. For first order reaction the half-life, t1/2 is 

independent of the initial concentration and is given as, 

 𝑡1/2 =
0.693

𝑘
 Here k = rate constant 

Activated complex. Activated complex is the highest energy unstable intermediate state 

between the reactants and products and get decomposed immediately to give the products. 

In this bonds of reactants are not fully broken while the bonds of the products are not fully 

formed. 

 Energy of Activated complex = Energy of reactants + Activation Energy 

Threshold energy. The minimum amount of energy which the reactant molecules must 

possess in order that collision between them may be effective is known as threshold energy. 

Activation energy. The minimum extra amount of energy required by the reactants to form 

the activated complex is known as activation energy. 

Threshold energy = Energy of reactants + Activation energy 

Lower the activation energy, faster is the reaction. 

Collision frequency.  The number of collisions between the reacting molecules taking 

place per second per unit volume is known as collision frequency (Z). 

Effective Collisions. The collisions in which the molecules collide with sufficient kinetic 

energy (threshold energy) and proper orientation so as to result in chemical reaction are 

called effective collisions.  

Arrhenius Equation. Arrhenius derived a mathematical expression to give a quantitative 

relationship between rate constant and temperature. The expression is 

 𝑘 = 𝐴𝑒−𝐸𝑎/𝑅𝑇  , where  A = frequency factor 

      Ea = activation energy 

      R = universal gas constant 

      T = absolute temperature 
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The term e
RTEa /

is called Boltzmann factor gives the fraction of molecules having energy 

equal to or greater than Ea. 

Arrhenius equation can also be written as 

 𝑙𝑜𝑔
𝑘2

𝑘1
=

𝐸𝑎

2.303
[

𝑇2−𝑇1

𝑇1𝑇2
] 

Thus knowing the values of rate constants k1 and k2 at two different temperatures T1 and T2, 

the value of Ea can be calculated. Alternatively, knowing the rate constant at any one 

temperature, its value at another temperature can be calculated provided the value of 

activation energy is known. 

CHEMICAL KINETICS                                    

Order of a reaction- The sum of powers raised to the each concentration term in the 

rate law expression is known as order of the reaction.

   

2. Differences between – 

Molecularity& Order of reaction- 

Molecularity Order of reaction 

the number of reacting molecules taking 

part in an elementary reaction. 

The sum of powers raised to the each 

concentration term in the rate law 

expression is    known as order of the 

reaction. 

It is determined theoretically It is determined experimentally 

It normally has higher value It normally has lower value 

Its value can’t be zero or fractional It is always a whole number 

Rate of a reaction & Rate constant- 

Rate of reaction Rate constant 

Change in molar concentration of 

reactant/product per unit time is called 

rate of reaction rate  

Rate constant is equal to the rate of a 

reaction when conc. of reactant is taken 

unity. 
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It varies for same reaction and depend on 

conc. of reactant 

 

It is constant for a reaction at a 

temperature. It is independent of conc. of 

reactant 

Its unit is always  mol L-1 sce-1 For different order reaction its unit vary 

Elementary & complex reaction- 

Elementary reaction Complex Reaction 

The reaction taking place in one step is 

called elementary reaction. 

The reaction taking place in more than one 

step is called elementary reaction. 

3. Reason for difference in rates- Different reactions has different activation energy 

4. Expressions for rate of a reaction, rate of disappearance of reactant(s), rate of  

Appearance of product(s), Unit of rate of reaction- 

aA + bBcC  + dD ,   rate = -  
1 ∆[𝐴]

𝑎∆𝑡
  ,  rate = -

1 ∆[𝐵]

𝑏∆𝑡
 ,  

rate = 
1 ∆[𝐶]

𝑐∆𝑡
,   rate = 

1 ∆[𝐷]

𝑑∆𝑡
 

    Unit of rate of a reaction is mol L-1 sce-1 

5. Show that rate of a reaction can be expressed in terms of each reactant and product- 

    Rate of disappearance of reactant = rate of reaction × stoichiometric coefficient of 

thereactant 

    Rate of appearance of product   = rate of reaction × stoichiometric coefficient of 

theproduct 

6. Factors affecting rate of a reaction-     

Name of factors Their effect 

Concentration of reactant Increases with increasing conc. 

Temperature Increases with increasing temperature 

Nature of reactant reactions involved ionic compounds are 

faster than covalent compounds 

Catalyst Increases the rate of reaction 

Physical state of reactant Powdered reactant give faster reaction 

than a solid lump, reactions are faster in 

solution than solid state 

7. Different ways to determine order of a reaction from- 

i) Rate law- The sum of powers of all the conc. terms is equal to the order of the reaction. 

It  

May be zero or even fractional.  

ii) Unit of K- For zero order reaction unit of K is mol L-1 sec-1, for 1st order reaction unit 

of K  

is sec-1, for 2nd order reaction unit of K is mol-1 L sec-1  
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iii) Initial rate method- A chemical reaction is carried out with different initial conc. of 

each  

reactant and rate of reaction is determined in each case. The rate law is written in each  

Case. Rate laws are divided suitably to get the value of powers raised to each conc. terms  

in rate law.  

iv) Integrated equation- In this method integrated rate equations for zero, first & second  

order reaction are used for given data. If the value of K comes to be constant, putting 

different time& concentration, using a particular expression so the reaction follow 

thatorder. 

v) Half life period- Knowing the time required for the completion of 50% of the reaction 

we  

can identify the order of the reaction.t1/2 for zero order reaction is directly proportional  

to the initial conc. of the reactant, t1/2 for 1st order reaction is independent of initial  

conc. of the reactant. 

vi) From reaction mechanism- For a complex reaction different steps are written. (Or 

from  

given reaction mechanism). The slowest step is identified; the order of over all reaction is  

equal to the no. of conc. terms involved in the slowest step  

vii) Graph- 
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10. Useful formulae- 

Formulae Usefulness 

 

K = 
[𝐴°] [𝐴]

𝑡
 

To calculate rate constant for zero order 

reaction  

 

t1/2  = 
[𝐴°]

2𝐾
 

Determination of t1/2from K and vice versa 

 

K = 
2.303

𝑡
 log  

[𝐴°] ]

[𝐴]
 

 

To calculate rate constant for first order 

reaction from initial conc. and conc. at 

time ‘t’ 

 

t1/2  = 
0.693

𝐾
 

Determination of t1/2from K and vice versa 

 

K = 
2.303

𝑡
 log  

𝑃°

2𝑃−𝑃𝑡
 

 

To calculate rate constant for first order 

reaction for gases from initial pressure of 

gas  and partial pressure of gas at time ‘t’ 

 

t1/2∝
1

[𝐴]𝑛−1
(n-1 is raised as power to [A])  

 

To determine t1/2for nth order reaction 

 

t = 
2.303

𝐾
 log  n 

 

To calculate time required for reduction of 

initial conc. of a reactant to nth fraction 

 Log   
𝐾2

𝐾1
 =  

𝐸𝑎

2.303𝑅
 [

𝑇2−𝑇1

𝑇1 𝑇2
] 

 

To calculate K1   or  K2 or Ea at different 

temperatures 

 

Log K =   
−𝐸𝑎

2.303𝑅
 + log A 

 

To calculate K from Ea and pre 

exponential factor A 

 Log A =log K +
𝐸𝑎

2.303𝑅
 

 

To calculate A from Ea and K for a 

reaction  

log x = 
−𝐸𝑎

2.303𝑅𝑇
 ,  next step is  

 

x = antilog of 
−𝐸𝑎

2.303𝑅𝑇
 

(value of 
−𝐸𝑎

2.303𝑅𝑇
 is calculated and antilog 

is taken) 

 

 To calculate fraction of molecules (x) 

which is having threshold energy in a 

reaction. 

 

52



 

 

 

SURE SHOT QUESTIONS WITH ANSWERS 

 

1. The gas phase decomposition of acetaldehyde 

CH3CHO →CH4 + CO 

Follow the rate law. 

What are the units of its rate constant? 

Ans- Atm-1/2sec-1 

2. State the order with respect to each reactant and overall reaction. 

H2O + 3I- + 2H+ → 2H2O + I3
- 

Rate= k [H2O2]
1[I] 1 

Ans- order of reaction = 1+1= 2 

3. Give one example of pseudo first order reaction  

Ans- Hydrolysis of an ester  

         CH3COOC2H5 + H2O → CH3COOH + C2H5OH 

4. The conversation of molecules X to Y follows the second order of kinetics. If 

concentration of X is increased 3 times, how will it affect the rate of formation of 

Y. 

Ans- rate = k [A]2 

                = k [3A]2 

                = k [9A]2 

The rate of formation will become nine times. 

5. The rate law for reaction is 

Rate = k [A][B]3/2 

Can the reaction be an elementary process? Explain 

Ans- no, an elementary process would have a rate law with orders equal to its 

molecular ties and    therefore must be in integral form. 

6. The rate of a particular reaction quadruples when the temperature changes from 

293K to 313K. Calculate activation energy. 

Ans- k2/k1 = 4, 

         T1 = 293 K T2 = 313K 

         LOG [K2/K1] = Ea[T2-T1]/ 19.15 

        Thus on calculating and substituting values we get 

        Ea = 52.86 KJ mol-1 

7. If the decomposition of nitrogen oxide as 

53



2N2O5 → 4NO2 + O2 

Follow first order kinetic. 

(i) Calculate the rate constant for a 0.05 M solution if the instantaneous rate is 1.5 

x 10-6 mol/l/s ? 

Ans- rate= K[N2O5] 

         K= rate/[N2O5] 

         K= 1.5 x 10-6/0.05 

         K= 3.0 x 10-5 

(ii) What concentration of N2O6 would give a rate of 2.45 x 105 mol L-1 s-1  

Rate = 2.45 x 10-5 mol L-1 s-1 

[N2O5] = Rate/K = 2.45 x 10-5/3.0 x 10-5 

            = .82 M 

 

8. The rate constant for first order reaction is 60/s. how much time will it take to 

reduce the concentration of the reaction to 1/10 of its initial value. 

Ans-  t= 2.303/k log [Ro]/[R] 

          t= 2.303/1/10 log [Ro]/[R] 

          t= 2.303/60 log 10 

          t = 2.303/60 = 3.38 x 10-2 s -1 

9. The rate of most reaction double when their temperature is raised from 298 K to 

308 K. calculates the activation energy of such a reaction. 

Ans- log k2/k1 = Ea /2.303 R x T2-T1/T1T2 

         Ea = 2.303 x 8.314 x 298 x 308 x .3010/ 1000 

         Ea = 52.89 KJ/mol 

Important questions 

Q1.  The decomposition reaction of ammonia gas on platinum surface has a rate 

constant = 2.3 x 10-5L mol-1s-1. What is the order of the reaction? 

Q2.    From the rate expression for the following reactions determine their order 

of reaction and dimensions of the rate constants. 

a) H2O2 (aq) + 3 I - (aq) + 2H+
 2O (l) + 3I-1 Rate = k [H2O] [I-] 

b) CH3  CH4(g) + CO(g) Rate = k [CH3 CHO]3/2 

Q3. A reaction is first order in A and second order in B. 

i) Write differential rate equation. 
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ii) How is the rate affected when concentration of B is tripled? 

iii) How is the rate affected when the concentration of both A and B is 

doubled? 

(i) Rate = K[A] [B]2 

(ii) Rate1 = K[A] [B]2 

Rate = 9K [A][B]2  = Rate X 9 

(iii) Rate2 = K[2A][2B]2 

Rate2 = 2X 2 X2 X K [A][B]2  = 8 x Rate 

Q4.  The decomposition of NH3 on platinum surface is zero order reaction. 

What are the rates of production of N2 and H2 if k = 2.5 x 10-4 mol L-1 S-1? 

Ans. 2NH3                 N2 (g) +H2(g) 

Rate of reaction = - 
1[𝑁𝐻3]

2   𝑡
 =
[𝑁2]

𝑡
 = 

[𝐻2]

𝑡
 

For Zero order reaction, Rate of reaction = K = 2.5 X 10-4 mol L-1 S-1 

[𝑁2]

𝑡
 = 2.5 x 10-4 mol L-1 S-1 

[𝐻2]

𝑡
= 3 X2.5 x 10-4 mol L-1 S-1 

=7.5 X 10-4 mol L-1 S-1 

Q5. For a first order reaction, show that time required for 99% completion is 

twice the time required for the completion of 90% of reaction. 

Q6.  A first order reaction has a rate constant 0.0051min-1 .If we begin with 0.10 

M concentration of the reactant, what concentration of the reactant will   be 

left after 3 hours. 

K = 0.0051min-1   [R]o = 0.10 M t = 3h = 3 X 60 min 

t = 
2.303

𝐾
 log 

[𝑅]𝑜

[𝑅]
  

3 X 60 = 
2.303

0.0051
 log 

[0.10]

[𝑅]
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Log [0.1

𝑅
]= 

180𝑋 0.0051

2.303
  = 0.03986 

[
0.1

𝑅
]= antilog 0.3986 

0.1

[𝑅]
 = 2.503 

[R] = 
0.1

2.503
  0.0399 M 

Q7.  The half-life for radioactive decay of 14C is 5730 years. An archaeological 

Artifact containing wood had only 80% of the 14C found in a living tree. 

Estimate the age of the sample 

Given t1/2   = 5730 yr    [R] = 100  [R] = 80  K = 
0.693

𝑡1/2
  =

0.693

5730
    

t = 
2.303

𝐾
 log

[𝑅]𝑜

[𝑅]
  

t = 
2.3.03 𝑋 5730

0.693
 log 

100

80
  

= 
2.3.03 𝑋 5730

0.693
 X 0.0969 

=1845.18 yr 

Q8.  What is the effect of temperature on the rate constant of a reaction? How 

Can this temperature effect on rate constant be represented quantitatively? 

Ans. Most of the chemical reaction are accelerated by increase in temperature. It has 

been found that for a chemical reaction with the rise in temperature by 100 , the rate of 

reaction is nearly doubled. 

Temperatue coefficient = 
𝑅𝑎𝑡𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡9𝑇+10)𝐾

𝑅𝑎𝑡𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑎𝑡 𝑇 𝐾
 

Q9.  The rate of a reaction quadruples when the temperature changes from  293K to 313 

K. Calculate the energy of activation of the reaction assuming that it does not change 

with temperature. 

T1 = 293K  T2 = 313K K2/K1 = 4 

log
𝐾2

𝐾1
 =

𝐸𝑎

2.303𝑅
 [

𝑇2−𝑇1

𝑇1𝑇2
] 
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log4 =
𝐸𝑎

2.303𝑋 8.314
[

313−293

313 𝑋 293
] 

0.6021 = 
𝐸𝑎

191.47
 [

20

91704

Ea = 
0.6021 𝑋 19.147 𝑋 91709

20

= 52862.94 jmol-1 

Q10 (a) Distinguish between order of reaction &Molecularity. 

(b) For a decomposition reaction the values of rate constant k at two different 

temperatures are given below:k1 =2.15 x 10-8 L mol-1s-1 at 650K, k2 =2.39 x 10-7 L 

mol-1s-1 at 700K Calculate the value of Activation Energy for this reaction. 
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SURFACE CHEMISTRY 

BASIC CONCEPTS 

 

The branch of the Chemistry which deals with the study of surface phenomena is called 

SURFACE CHEMISTRY. 

POINTS TO BE REMEMBERED: --- 

1. Adsorption: - The accumulation of molecules species at the surface rather in the 

bulk of a solid or liquid is termed adsorption. 

2. Desorption:-Removal of adsorbate from the surface of adsorbent is known as 

desorption. 

3. Sorption:-When adsorption and absorption both takes place simultaneously. 

4. Type of adsorption: - On the basis of interaction between adsorption and 

absorption, adsorbate are of two types: 

(i)  Physical adsorption/physisorption: - When weak vanderwaal interaction 

involve between adsorbate and adsorbent. 

(ii) Chemical adsorption/chemisorption:-When chemical bonds form between 

adsorbate and adsorbent. 

5. Adsorption isotherm:-The variation in the amount of gas adsorbed by the 

adsorbent with pressure at constant temperature can be expressed by 

means of a curve termed as adsorption isotherm. 

6. Application of adsorption:- 

     (a) Removal of colouring matter from solution using animal charcoal. 

     (b) Chromatographic analysis is based on adsorption. 

7. Freundlich adsorption isotherm:-It is a graph which shows relationship 

between the quality of gas adsorbed by unit mass of solid adsorbent and pressure at 

a particular temperature. 

x/m=kp1/n 

8 .Factors affecting adsorption:- 

  (i)   Surface area: - Adsorption increases with increases of surface area of adsorbent. 

  (ii)  Nature of adsorbate:- Easily liquefiable gases are readily adsorbed. 

  (iii) Temperature:-   Low temperature is favorable for physical adsorption and High 

temperature for chemisortion. 

(iv) Pressure: -         Pressure increases, adsorption increases. 

9. CATALYSIS:-Substances which alter the rate of chemical reaction and themselves 

remain chemically and quantitatively unchanged after the reaction 

are known as catalyst and the phenomenon is known as catalysis. 

10. PROMOTERS AND POISONS 

                                Promoters are substance that enhance the activity of catalyst while 

poisons decrease the activity of catalyst. 

                                                                             N 2 + 3H 2 →2NH3 (g) 

                                                   Fe =catalyst, Mo= promoter 

11. Homogenous catalyst– when reactants and catalyst are in same phase. 

e.g.      2 SO2 (g) +  O2 (g) →2SO3(g)  catalyst NO(g) 
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12. Heterogeneous catalyst– the catalytic process in which the reactants and catalyst

are in different phase. 

   e.g. SO2 + O2→2SO3 (g)    catalyst V2O5(s) 

13. Adsorption theory of Heterogeneous catalysis– It explains the mechanism of

heterogeneous catalyst. 

The mechanism involves 5 steps:- 

a. Diffusion of reactants to the surface of catalyst.

b. Adsorption of reactant molecules on the surface of catalyst.

c. Chemical reaction on the catalyst surface through formation of an intermediate.

d. Desorption of reaction product from the catalyst surface.

e. Diffusion of reaction product away from the catalyst surface.

14. IMPORTANT FEATURES OF SOLID CATALYST

Activity- The activity of a catalyst depend on the strength of chemisorption. 

Catalytic activity increases from group 5 to group 11 elements of the periodic 

table. 

          2H2 + O2→2H2O 

Selectivity– The selectivity of a catalyst is its ability to direct a reaction to yield a 

particular product. 

Ni 

1. CO + 3H2→CH4 + H2O 

Cu 

2. CO + H2→HCHO 

15. SHAPE SELECTIVE CATALYSIS

The catalytic reaction that depends upon the pure substance of the catalyst 

and the size of reactant and product molecules is called shape selective 

catalysis. 

e.g. Zeolites are good shape selective catalyst. 

16. ENZYME CATALYSIS

Enzymes are protein molecules of high molecular mass which catalyse the 

biochemical reaction. 

e.g. Inversion of cane sugar by invertase enzyme. 

17. Characteristic of enzyme catalysis –

a. Enzymes are specific to substrate.

b. Enzymes are highly active under optimum temperature.

c. Enzymes are specific to pH.e.g. Pepsin act in acidic medium

d. Enzymes are inhabited by the presence of certain substance.

Mechanism of enzyme catalysis – 

1. Binding of enzyme to substrate to form an activated complex.

E + S  → ES* 

2. Decomposition of activated complex to form product.

ES� → E + P 

18. Colloid-a colloid is a heterogeneous system in which one substance is

dispersed(dispersed phase)in another substance called dispersion medium and size 

of dispersed phase is from 1nm-1000 nm. 
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19. TYPES OF COLLOIDS

(1) On the basis of nature of interaction between dispersed phase and dispersion 

medium. 

(a) Lyophobic colloid-solvent , hating colloid, these colloids can not be prepared by 

simply mixing of dispersed phase into dispersion medium. 

e.g. metallic sols. 

(b) Lyophillic colloid-solvent loving these colloids can be prepared by simply mixing 

of dispersion phase into dispersion medium. 

e.g. Starch sol. 

(2) On the basis of types of particles of the dispersed phase 

(a) Multimolecular colloid-on dissolution, a large number of atoms or smaller 

molecules of a substance aggregate together to form species having size in colloidal 

range. The species thus formed are called Multimolecular colloids. 

e.g. Sulphur sol. 

(b) Macromolecular colloids -macromolecules are suitable solvent from solution in 

which size of the particles are in range of colloidal range. 

e.g. starch sol. 

4 

(c) Associated colloids (micelles)-some substances in law concentration behaves as 

normal strong electrolyte but at higher concentration exhibit colloidal behavior due 

to formation of aggregates. The aggregated particles are called micelles and also 

known as associated colloids. 

(3) Kraft temperature- Temp. above which formation of micelles takes places. 

(4) Critical micelle concentration (cmc) - concentration above which micelle 

formation takes place is known as cmc. 

(5) PREPERATION OF COLLOIDS 

(a) Chemical methods- By double decomposition, oxidation reaction or hydrolysis 

OXIDATION 

e.g.          SO2 +2H2 S → 3S (SOL)+2H2 O 

HYDROLYSIS 

e.g.        FeCl3 +3H2O → Fe (OH) 3+3HCl 

(sol) 

(b) Bredig’s arc method- For preparation of metallic sol. It involves dispersion as 

well as condensation. 

(c) Peptization- Process of converting a precipitate into colloidal sol. By shaking it 

with dispersion medium in the presence of a small amount of electrolyte. 

(6)PURIFICATION OF COLLIODAL SOLUTION :- 

(a) Dialysis-it is a process of removing a dissolved substance from a colloidal 

solution by membrane. 

(b)Electro dialysis-when dialysis is carried out with an electric field applied around 

the membrane. 

(c) Ultra filtration- Use of special filters which are permeable to all ionic 

substances except colloidal particles. 

(7)PROPERTIES OF COLLOIDAL SOLUTION:- 
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(1) They show colligative properties 

(2) Brownian movement-zig-zag motion of colloidal particles 

(3) Tyndall effect-scattering of light by colloidal particles by which path of beam 

becomes clearly visible. This effect is known as tyndall effect. 

1. Charge on colloidal particles – Colloidal particles  carry an electric 

charge and nature of charge is same on all particles. 

2. Electrophoresis - Movement of Colloidal particles towards opposite 

electrode in presence of external electric field. 

3. Coagulation – The process of setting of colloidal particles is called 

coagulation of the sol. 

4. Hardy Sehulze Law – Coagulating value of a coagulating ion is directly 

proportional to the charge on the ion. 

Eg: Na +<Ca++< Al 3+ for negatively charged sol. 

Cl - < CO32-< PO4
3-< [Fe (CN) 6 ]

4 – for positive sol. 

5. Emulsion – Liquid – liquid colloidal system is known as Emulsion. 

There are two types of Emulsion. 

a) O/W type - Oil dispersed in water. Eg: milk, vanishing cream. 

b) W/O type – Water dispersed in oil. Eg: Butter & Cream. 

6. Emulsifying Agent – The substance which stabilizes emulsion. 

VERY SHORT ANSWER QUESTIONS 

1. Mention two ways by which lyophillic colloids can be coagulated. 

 (i) By adding an electrolyte   (ii) By adding a suitable solvent 

2. What is the cause of Brownian movement in a colloidal solution? 

 Brownian movement is due to the unbalanced bombardment of  dispersed phase 

particles with the molecules of the dispersion medium of a colloidal solution. 

3. 

 
4.What is an emulsion? What are the different types of emulsions? 

Emulsions are colloidal solutions in which both dispersed phase and dispersion 

medium are liquids.  Emulsions are of  two different types:- (i) oil in water type 

ex.milk    (ii)  water in oil type ex. butter 

5. What is meant by shape selective catalysis? 

A catalyst whose catalytic action depends on its pore structure and molecular size 

of reactants and products is known as shape selective catalysts and the catalytic 

action is called shape selective catalysis. For example- zeolites  
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SHORT ANSWER QUESTIONS 

1.What are the differences between physisorption and chemisorption? 

 

2. Explain what is observed when 

(i) An electrolyte, NaCl is added to hydrated ferric oxide sol . 

(ii) Electric current is passed through a colloidal sol . 

(iii)When a beam of light is passed through a colloidal solution . 

Ans: (i)The positively charged colloidal particles of Fe(OH)3 get coagulated by the 

oppositely charged Cl - ions provided by NaCl. 

(ii) On passing direct current , colloidal particles move towards the oppositely 

charged electrode where they lose their charge and get coagulated . 

(iii) Scattering of light by the colloidal particles takes place and the path of light 

becomes visible . 

3.Differentiate between lyophillic and lyophobic colloids. 

Lyophillic colloids Lyophobic colloids 

These are easily formed by simple 
mixing of dispersed phase with 
dispersion medium 

These are formed by some special 
methods 

Particles of colloids are not visible even 
under an ultra microscope 

Particles of colloids are easily visible 
under an ultra microscope 

These are stable These are unstable 

 

4.What is the principle involved in Dialysis? 
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Ans.Dialysis is based on the principle that impurities can pass through parchment 

membrane while colloidal particles cannot.  

5.What are micelles? Give an example. 

Ans. Micelles are associated colloids which behave as normal strong electrolytes 

at low concentration but behave as colloidal particles at higher concentrations. 

For example:- soap molecules when dissolved in water gives sodium and stearate 

ions. The stearate ions associate to form ionic micelles of colloidal size. 

C17H35COONa                                 C17H35COO -   +   Na+ 

6. Differentiate between multimolecular, macromolecular and associated colloids. 

Multimolecular colloids Macromolecular colloids Associated colloids 

 

 

7. Explain the following terms giving suitable example in each case: 

(i) Gel    (ii) homogeneous catalysis   (iii) Sol 

Ans. (i) A gel is a colloidal solution in which dispersed phase is a liquid and 

dispersion medium is a solid. ex- jellies 

(ii) When the reactants, products and catalyst are in the same physical states the 

catalysis is called homogeneous catalysis. 
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(iii) A sol is a colloidal solution in which dispersed phase is a solid and dispersion 

medium is a liquid. 

8.What do you mean by activity and selectivity of catalysts ? 

Ans : Activity of catalyst : The ability of a catalyst to increase the rate of a reaction 

is called its activity .For exp . a mixture of H2 and O2 does not react at all, however 

in presence of Pt catalyst the mixture reacts explosively . 

   2H2 + O2      (Pt)         2H2O 

Selectivity of a catalyst : The ability of a catalyst to direct a reaction to yield a 

particular product is called the activity of a catalyst . 

eg.CH3CH2OH         Cu (s)      CH3CHO + H2 

 (dehydrogenation reaction takes place in presence of Cu catalyst at 573 K .) 

CH3CH2OH         Al2O3(s)                 CH2=CH2 + H2O 

(dehydration reaction takes place in presence of Al2O3 catalyst.) 

 9.Explain the mechanism of enzyme catalysis. 

 

10. 
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11. 

 

12. Give the expression for Fruendlich adsorption isotherm.    

(Ans)  x/m= kp1/n 

13.Why is heterogeneous catalysis also known as surface catalysis?  

(Ans)  In heterogeneous catalysis the reaction always starts at the surface of the 

catalyst. So, it is also known as surface catalysis. 

 14. What is a hydrosol?           

(Ans)  A colloid in which the dispersion medium is water is known as hydrosol. 

15. What is the effect of temperature on adsorption?     

(Ans)  Adsorption processes, being exothermic, decreases with increase in 

temperature. 

16. When a finely powdered active carbon is stirred into a solution of a dye, the 

intensity of color in solution decreases. Why?     

(Ans)  The intensity of color in the solution decreases because the dye gets 

adsorbed on the surface of carbon. 

17. What are zeolites?           

(Ans)  Zeolites are aluminosilicates i.e. three dimensional network of silicates in 

which some silicon atoms are replaced by aluminium atoms. 

18.Why are zeolites called shape selective catalysts?     

(Ans)  Zeolites are called shape selective catalysts because their catalytic action 

depends upon the size and shape of the reactant and the product molecules 

as well as on their own pores and cavities. 

 19. A small amount of silica gel and that of anhydrous CaCl2 are placed separately 

in two corners of a vessel containing water vapours. What phenomena will 

occur in the two corners?     

(Ans)  Adsorption would occur where silica gel is kept in the vessel where as 

absorption will occur in the corner where CaCl2 is placed. 
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20. Name the substance catalysed by Zymase.     

(Ans)  Glucose--Zymase-> ethyl alcohol. 

 21.How can colloidal solution of ferric hydroxide be prepared by peptization? 

(Ans)  A colloidal sol. of ferric hydroxide can be prepared by adding small quantity 

of ferric chloride solution to freshly prepared precipitate of ferric hydroxide. 

 22.What happens to a gold sol. when gelatin is added to it?    

(Ans)  Gold sol. which is lyophobic starts behaving like lyophilic sol.  

23. How are micelles formed in soap solution?     

(Ans)  Soap is sodium salt of fatty acids (RCOONa) which when dissolved in water 

dissociates to give RCOO- and Na+. The RCOO- consists of polar group COO- 

which is hydrophilic and stays at the surface and the non polar group R which 

being hydrophobic stays away from the surface. At high concentrations 

RCOO- ions are pulled into the solution to form spherical aggregates with R 

pointing to the centre COO- part remaining outward. This aggregate is known 

as ionic micelle. 

24.How can lyophobic sols be prepared by mechanical disintegration? 

(Ans)  The coarse suspension of the substance is introduced in the colloid mill that 

consists of two metal discs close together rotating at a high speed in the 

opposite directions. Here the suspension particles are broken to the colloidal 

size. 

 25. Describe the mechanism of peptization?       

(Ans)  When electrolyte is added to the freshly precipitated substance, the 

particles of the precipitate preferentially absorb one particular type of ions of 

the electrolyte and get dispersed due to electrostatic repulsions giving 

particles of colloidal size and hence cause peptization. 

26. Give any two reasons for the origin of electrical charge on the colloidal 

particles.            

(Ans)  The two reasons are: 

i) Due to electron capture by sol particles during electro dispersion of metals, 

due to preferential adsorption of ions from solution 

ii) Dissociation of colloidal sols. 

27. How is the electrical charge of the colloidal particles responsible for the 

stability of colloidal sols?          
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(Ans)  The electrical charges of the particles prevent them from coming together 

due to electrostatic repulsion. All the dispersed particles in a colloidal 

solution carry the same charge while the dispersion medium has equal and 

opposite charge. 

28. What is demulsification? Name two demulsifiers.     

(Ans)  The process of separation of the constituent liquids of an emulsion is called 

demulsification. Demulsification can be done by centrifugation or boiling. 

 29. Why lyophilic colloids are called reversible sols while lyophobic sols are called 

irreversible sols?          

(Ans)  In the lyophilic colloids if the dispersed medium is separated from the 

dispersion medium the sol can be made again by simply remixing with the 

dispersion medium. So they are called reversible sols.  

In lyophobic sols if small amount of electrolyte is added, the sols are readily 

precipitated and do not give back the colloid by simple addition of the 

dispersion medium. So they are called irreversible sols. 

30. Describe the preparation of the following colloidal solution. 

(a) Gold sol (b) Sulphur sol        

(Ans)  (a) Preparation of Gold sol :- By the reduction of very dilute solution of 

silver salts with a suitable reducing agent 

2AuCl3 + 3SnCl2 -------------> 2Au + 3SnCl4 

Gold sol  

(b) Preparation of Sulphursol :- By the oxidation of H2S in the presence of suitable 

oxidizing agent like nitric acid, bromine water, etc. 

H2S + Br2 --------------> S + 2HBr 

H2S + 2HNO3 ------------> 2H2O + 2NO2 + S 

 31. "Action of soap is due to emulsification and micelle formation".Comment.  

(Ans)  Yes, action of soap is due to emulsification and micelle formation. Soaps are 

sodium salt of higher fatty acids like sodium stearate, C17H35COO-Na+ 
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The anionic head of stearate ion (-COO-) is hydrophobic in nature and has great 

affinity for water, while the hydrocarbon part (C17H35
-) is hydrophilic in nature 

and great affinity for oil, grease etc. When soap is used in water, the anions 

(C17H35COO-) form micelle and due to emulsifications, encapsulate oil or 

grease inside. These micelle are removed by rinsing with water; while free 

dirt (from oil or grease) either settle down or are washed away by water. 

Thus the main function of a soap is to entrap oil or grease with the micelles 

through emulsification, thereby freeing dirt from grease and oil. 

32. Why the sun looks red at the time of setting? Explain on the basis of colloidal 

properties.          

(Ans)  At the time of setting, the sun is at the horizon. The light emitted by the sun 

has to travel a longer distance through the atmosphere. As a result, blue part 

of the light is scattered away by the dust particles in the atmosphere. Hence, 

the red part is visible. 

33. Explain the reason for these:        

 (a) Sky looks blue in colour. 

 (b) Delta is formed at the meeting place of river and sea water. 

 (c) Blood coagulate on treatment with alum.      

(Ans)  (a) Sky looks blue in colour because colloidal particles suspended in 

environment scatter the light and blue light is scattered maximum. 

 (b) The charged colloidal particles of river water is neutralized by ions 

present in sea water. So coagulation takes place. 
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 (c) The charged colloidal particles present in blood are neutralized by ions of 

alum. 

Value based questions 
 

1.Sohan Lal is a brick kiln owner who owns three brick kilns in Amritsar. 
Punjab Pollution Control Board has warned Sohan Lal to do something 
about the black smoke coming out of his chimneys or he will not be 
allowed to run his brick kilns. Sohan Lal is worried and does not know 
what to do. 
(a) As a student of chemistry what would you suggest to Sohan Lal to 
control the black smoke coming out of chimneys of his brick kilns? 
(b) What are the values associated with the above decision? 
Ans.(i)  Smoke is a dispersion of negatively charged colloidal particles of 
carbon in air and can be made free of these colloidal particles by 
passing it through a Cottrell precipitator installed in the chimney. It 
consists of two metal discs charged to a high potential. The carbon 
particles get discharged and precipitate while gases come out of the 
chimneys. 
(ii) Values associated – concern towards keeping the environment 
healthy 
2. A house wife while working in the kitchen got a cut on her finger 
which started bleeding. Her daughter Reena, immediately applied ferric 
chloride on the cut and the bleeding stopped. 
(i) Why did the bleeding stop? 
(ii) What is the value associated behind the act of Reena? 
Ans.(i) Blood is a negatively charged colloid. Fe3+ ions of FeCl3 neutralise 
the charge on the colloidal particles of blood. This leads to coagulation 
of blood 
(ii) Concern towards parents 
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GENERAL PRINCIPLES AND PROCESSES OF ISOLATION OF 

ELEMENTS 

BASIC CONCEPTS 

Minerals -Naturally occurring compounds of an element obtainable from the 
earth crust by mining. 
Ores -Minerals from which the element can be isolated economically.  
          ‘All ores are minerals, but all minerals are not ores’ 
Metallurgy - The process used for the isolation of metal from its ore. 
                        Metallurgy involve the following major steps- 

I. Concentration or Enrichment of ore 
II. Isolation of Metal from the concentrated ore 
III. Purification of the metal. 

          I.   Concentration of the Ore 
• Removal of Earthy impurities (sand, clay, soil…)  
• Earthy impurities are known as Gangue 
• Also known as Dressing Or Benefaction 
• The ores are graded and powdered to reasonable size.  

METHODS OF CONCENTRATION 
• 1. Hydraulic Washing  

• Used when there is difference in gravities between ore and gangue. 

– Powdered ore is washed in an upward stream of running water. 

– The lighter gangue particles are washed away and heavier ores are left behind. 

           2. Magnetic Separation 

• Used when either the ore or the gangue are capable of being attracted by the magnetic 

field 

 

3.  Froth Floatation Process 

• Used for removing Gangue from Sulphide ores. 

• Principle behind this process is the preferential wetting of ore particle with oil and 

gangue by water. 

• A suspension of powdered ore is made with water. 

• To this Collectors(oil, fatty acids etc) and froth stabilisers(cresols, aniline etc) are added  

• Minerals will be wet by oil while gangue by water 

• When the mixture is agitated froth will be formed which will carry the ore particles 

• It is possible to separate two Sulphide ores by using Depressants 

Eg :-In ore containing ZnS and PbS , NaCN acts as a Depressant & selectively   

prevents  ZnS from coming to the froth but  allows PbS to come with the froth. 

       4. Leaching-A chemical method 

 Used when the ore is soluble in some suitable solvent 
(i) eg.-Leaching of Alumina From Bauxite 
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• Bauxite usually contain SiO2, Iron oxides, TiO2 etc as impurities 

• Powdered ore is digested with conc NaOH at 473-523K and 35-36 bar pressure 

• Al 2O3 and SiO2 are leached out as Sodium aluminate and Sodium silicate 

 

• The 

impurities are left behind 

• The aluminate is neutralised by passing CO2 so that hydrated aluminium oxide is 

precipitated(seeded with fresh Hydrated Al203

 
• The sodium silicate remains in the solution 

• Hydrated alumina is Filtered, dried and heated to give pure Al 2O3

 
(ii) eg. - Leaching of Silver and Gold 

• Leached with a dilute solution of NaCN or KCN in presence of air 

• The metal is obtained later by Displacement

 
 

                                  II.  Extraction of The Crude Metal 

• The metals are extracted from its ore by Reduction 

• Oxide ores are easier to be reduced therefore sulphide ores and carbonate ores are first 

converted into oxides 

• Therefore the extraction process consist of two processes 

– Conversion to oxide 

– reduction 

Conversion to Oxides 

 1. Calcination - Heating in a limited supply of air or oxygen. 

– Usually carbonate ores are subjected to this process 

–  Volatile matter escapes leaving behind the Oxide

 
2. Roasting - Heating in plenty of  Air or oxygen at a temperature below the melting point. 

                      Usually sulphide ores are subjected to this process.  

 
Gangue-The impurities present in the ore. 
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Flux -The substance added to remove the Gangue 

Slag-The easily fusible substance formed by the combination of  Gangue & Flux. 

                     Gangue + Flux             Slag 

III. Purification of the Metal 

1. Distillation- This is very useful for low boiling metals like zinc and mercury. The impure   

metal is evaporated to obtain the pure metal as distillate. 

2. Liquation -A low melting metal like tin can be made to flow on a sloping surface.  

           In this way it is separated from higher melting impurities. 

3. Electrolytic Refining -  

• The impure metal is made as anode.  

• A strip of the same metal in pure form is used as cathode. 

• A soluble salt of the same metal is used as electrolyte. 

• The more basic metal remains in the solution and the less basic ones go to the anode mud. 

• The reactions are: 

Anode: M → Mn+ + ne– 

Cathode: Mn+ + ne– → M 

4. Zone Refining - 

• Is based on the principle that the impurities are more soluble in the melt than in the solid 

state of the metal.  

• This method is very useful for producing semiconductor and other metals of very high 

purity, e.g., germanium, silicon, boron, gallium and indium. 

5. Vapour Phase Refining -The metal is converted into its volatile compound and   

collected. It is then decomposed to give pure metal. 

The two requirements are: 

1. The metal should form a volatile compound with an available reagent, 

2. The volatile compound should be easily decomposable, so that the recovery is easy. 

eg. -i. Mond Process for Refining Nickel 

• Nickel is heated in a stream of carbon monoxide forming a volatile complex, nickel 

tetracarbonyl.  

• Ni + 4CO 330 – 350 K  Ni(CO)4 

• It is decomposed at high temperature giving the pure metal. 

• Ni(CO)4    450 – 470 K   Ni + 4CO  

ii. Van Arkel Method for Refining Zirconium or Titanium 

• Useful for removing all the oxygen and nitrogen present in the form of impurity in certain 

metals like Zr and Ti. 

•  The crude metal is heated in an evacuated vessel with iodine. The metal iodide being 

more covalent, volatilises: 

   Zr + 2I2 → ZrI4  

• The metal iodide is decomposed on a tungsten filament, electrically heated to about 

1800K. The pure metal is thus deposited on the filament. 
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   ZrI4 → Zr + 2I2 

6. Chromatographic Method – 

•     Based on the principle that different components of a mixture are differently adsorbed 

on an adsorbent. 

 

SURE SHOT QUESTIONS 
Q1. How is copper extracted from a low grade ore of it? 

A1 It is extracted by hydrometallurgy. It  is carried out in two steps- 

 Leaching-   low grade copper ores and scrapes are leached by using acid or bacteria. 

 Reduction- The solution containing copper ions is treated with H2 

                    Cu2+(aq)    +   H2(g)                 Cu(s)   +   2H+(aq) 

 Q2. What is the role of collectors in Froth Floatation process? 

A2. Collectors like pine oil, fatty acids, xanthates enhance non wettability of mineral particles. 

 Q3. Copper matte is charged into a silica lined converter in extraction of copper. What is the 

role of silica lining here? 

A3. Silica acts as a flux and combines with iron oxide present as gangue to form a fusible slag. 

Q4. What is meant by the term ‘pyrometllurgy’? 

A4. The process of reducing a metal oxide with coke or with any other reducing agent at high  

temperature is called pyrometallurgy. 

Q5. State the role of  

        (i)   NaCN in froth floatation process 

        (ii)  Calcium oxide in the extraction of iron 

        (iii) Graphite rods in the extraction of aluminium. 

A6. (i) It prevents certain sulphides like ZnS to enter the froth in presence of PbS, therefore,  

helps in their separation. Sodium cyanide is used as depressant in separation of ZnS 

from PbS.  

       (ii) It acts as flux. 

      (iii) Graphite rods act as anode in extraction of aluminium. 

            Zr  +  2I2       
heat                 ZrI 4        

heat                Zr(pure)  +2I2 
                                                  870K                                        2070K 

 Q7. Describe the role of the following: 

         (i)   NaCN in the extraction of silver from a silver ore. 

         (ii)  Iodine in the refining of titanium. 

         (iii) Cryolite in the metallurgy of aluminium 

A.7 (i)  dil. NaCN forms a complex with Ag2S which on reduction with zinc gives silver  

metal. Impurities remain unaffected and can be filtered off. 

                Ag2S  +  4NaCN                    2Na[Ag(CN)2]  +  Na2S 

                2Na[Ag(CN)2]  +  Zn    Zn         Na2[ZnCN)4]  +  2Ag 

  (ii)   Iodine reacts with Titanium to form titanium iodide which on heating strongly gives          

pure titanium and iodine back. 

                    Ti (pure)   +  2I2                 TiI4 

                                   TiI4        
heat Ti(pure)  +  2I2 

 (iii)   Cryolite lowers the melting point of alumina and increases electrical conductivity.  Fused 

Al2O3 is bad conductor of electricity. Therefore cryolite (Na3AlF6) is added to  

Purified Al2O3 which reduces the melting point of Al2O3 mixture up to around 1140K 
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and also increases electrical conductance. 
8. Give the name and composition of ore chosen for extraction of aluminium.  

Ans:  The ore chosen for the extraction of aluminium is bauxite and its composition is Al2O3.xH2O. 

9. What is leaching?          

Ans:   Leaching is the process of extracting a substance from a solid by dissolving it in a liquid. In 

metallurgy leaching is used for the ores that are soluble in a suitable solvent. 

10. Reduction with C for Cu2O can be done at lower temp. than ZnO. Why?   

Ans:   In the Ellingham diagram the curve for Cu2O lies higher than ZnO i.e. for the reduction of Cu2O 

with C the negative value of Gibbs energy can be reached at a lower temperature than ZnO. 

11. Although thermodynamically feasible in practice magnesium metal is not used for the reduction of 

alumina. Why?         

Ans:   Magnesium can reduce alumina at the temperature above the intersection point of the curves for 

Al2O3 and MgO in the Gibbs Energy vs T plot (Ellingham diagram). But the temperature at which 

this is feasible is too high to be achieved economically and is also technologically difficult. So this 

reduction is not done. 

12. What is the significance of leaching in extraction of aluminium?    

Ans:   In the extraction of aluminium leaching is used for the concentration of ore by removing the 

impurities i.e. silica, iron oxides and titatinium oxides. 

13. Why is hydraulic washing a type of gravity separation?     

Ans:   The process of hydraulic washing is based on the differences in gravity of the ore and the gangue 

particles and so is known as gravity separation. 

14. Why do the anodes used in the electrolytic cell for the reduction of alumina need to be replaced 

regularly?            

Ans:   The oxygen liberated at the anode during the reduction of alumina, reacts with the carbon of the 

anode to form CO and CO burns away the anode and hence the anodes need to be replaced. 

15. What is the role of depressant in froth floatation process?     

Ans:   In froth floatation process the depressant selectively prevents one of the ores from coming to the 

froth in a mixture of two ores hence enabling the separation of the other one with the froth. 

16. State the role of silica in the metallurgy of copper.      

Ans:   Silica in the metallurgy of copper helps in removal of iron oxide as iron silicate (slag). 

17. What is the role of graphite rods in the electrometallurgy of aluminium? 

Ans:   In the electrometallurgy of aluminium, graphite rods act as anodes in the electrolytic cell of 

reduction and are the site for release of oxygen 

18. What is refining of metals?         

Ans:   Refining of metal is the process of purification of a metal extracted from its ore. 

19. Give the principle underlying the process used for refining of gallium.   

Ans:   The process used for the refining of gallium is zone refining and the principle underlying it is that 

the impurities are more soluble in the melt than in solid state of the metal. 

20. State the principle on which the chromatographic methods of metal refining are based?   

          

Ans:   Chromatographic methods of metal refining are based on the principle that different components 

of a mixture are differently adsorbed on an adsorbent 
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21. Which is the purest form of iron and what are its uses?    

Ans:   The purest form of iron is wrought iron & is used in making anchors, wires, bolts etc. 

22. What is the purpose of adding collectors and froth stabilisers during froth floatation? Give an 

example for each.        

Ans:   During froth floatation process collectors like pine oil and fatty acids are added to enhance non 

wettability of the mineral particles and the froth stabilisers like cresol and aniline stabilise the 

froth. 

23. Why is coke preferred over CO for reducing FeO?      

Ans:   According to Ellingham diagram the point of intersection of the curves of C, CO and Fe, FeO lies at 

temperature lower than that of the point of intersection of CO,CO2 and Fe, FeO curves. This means 

the reduction of FeO will occur at much lower temperature with C than with CO. So C is preferred 

to CO for reduction. 

24. How is cast iron different from pig iron?       

Ans:   Pig iron has 4% carbon and can be easily cast into verity of shapes. Whereas cast iron has lower 

carbon content and is extremely hard and brittle. 

25. Give the reactions that occur after the copper matte have been fed into silica lined converter.  

          

Ans:      2FeS+3O2 2FeO + 3O2 

                              FeO + SiO2 FeSiO3 

                            2Cu2S + 3O2 2Cu2O + 2SO2 

                            2Cu2O + Cu2S 6Cu + SO2 

26. Give the reactions taking place at the anode and the cathode during the electrolytic reduction of 

alumina.         

Ans:   Anode:   C(s) + O2-(melt) CO(g) + 2e- 

C(s) + 2O2-(melt) CO2(g) + 4e- 

Cathode:   Al3+(melt) + 3e- Al(l) 

27. Explain the process of magnetic separation for concentration of ores.  

Ans:   In magnetic separation ore is carried over a conveyer belt which passes over a magnetic roller. If 

either the ore or the gangue is capable of being attracted by the magnetic field then it will collect 

near the roller and the particles showing non magnetic behaviour will be collected away from the 

roller. 

28. How is copper extracted from low grade ores and scraps?     

Ans:   For extraction of copper from low grade ores and scraps the ore is first leached out using acid or 

bacteria. The solution containing Cu2+ is treated with scarp iron or H2 and Cu is obtained.  

Cu2+(aq) + H2(g) Cu(s) + 2H+(aq)  

Cu2+ + Fe Cu(s) + Fe2+ 

46. How is gold extracted from its ore?         

Ans:   Extraction of gold involves leaching the metal with CN- giving metal complex.  

4Au + 8CN-(aq) + 2H2O + O2(g) 4[Au(CN)2]-(aq) + 4OH-(aq) 

the metal is later recovered by displacement method with zinc acting as reducing agent.  

2[ Au(CN)2]-(aq) + Zn(s) 2Au(s) + [Zn(CN)4]- (aq) 

47. Describe the method used for refining copper metal.      
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Ans:   Copper metal is refined by using electrolytic method with impure copper metal as anode and the 

pure copper metal strip as cathode. The electrolyte is acidified copper sulphate solution. Copper 

dissolves from the anode into the electrolyte and get reduced and deposited on the cathode as 

pure metal.  

Anode: Cu Cu2+ + 2e- 

Cathode: Cu2+ + 2e- Cu 

Impurities deposit as anode mud. 

51. How is zinc extracted from zinc blende?       ( 

Ans:   Zinc blende is ZnS. For the extraction of zinc from zinc blende, the ore is first concentrated by the 

method of froth floatation. The concentrated ore is then roasted by heating the ore in the 

presence of oxygen to give ZnO releasing SO2. The ZnS is further reduced using coke at 

temperature of 673k giving zinc metal.  

2ZnS + 3O2 2ZnO + 2SO2 

ZnO + C Zn + CO  
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CHAPTER 8 d- and f-block Elements 

Reasoning Based Questions (d & f – block elements) 

1 d-block elements are called transition metals 

Because the position of d-block is in between most electropositive metals in s-block and 

the electronegative elements in p-block 

2 Zn, Cd & Hg are not treated as true transition elements 

Because they have completely filled d-orbitals in their atomic as well as stable ionic 

state 

3 Cu & Ag are transition metals although they have completely filled d-orbitals 

Cu2+ & Ag2+ have (n-1)d9 4s0 configuration. 

4 Some d-block elements have irregular(exceptional) electronic configuration 

Due to very small energy difference between (n-1)d  &  ns  sub-shell 

5 Atomic size does not change appreciably in a row of transition metals 

Along the rows nuclear charge increases but the penultimate d-sub shell has poor 

shielding effect so atomic and ionic size remain almost same . 

6 In d-block horizontal similarities in properties are observed 

Along the rows nuclear charge increases but the penultimate d-sub shell has poor 

shielding effect so atomic and ionic size remain almost same hence similar properties. 

7 Transition elements have variable oxidation states 

Due to very small energy difference between (n-1)d  &  ns  sub-shell electrons from both 

the sub-shell take part in bonding  

8 Transition metals have high melting and boiling points 

A large number of unpaired electrons take part in  bonding so they have very strong 

metallic bonds and hence high m.pt & b.pt 

9 Transition metals have high enthalpy of atomization 

A large number of unpaired electrons take part in  bonding so they have very strong 

metallic bonds and hence high enthalpy of atomization 

10 Transition metals show catalytic properties 

Because they have variable oxidation states and hence can form different intermediates. 

They also provide large surface area. 

11 Transition metals and their salts are generally colored 

Because they have partially filled d-sub shell and hence d-d electron transition takes 

place when they absorb radiations from visible region and transmit complementary 

colors.   

12 Transition metals form coordination compounds 

Because they have large number of vacant orbitals in (n-1)d, ns, np & ns sub shells  so 

they can accept electron pairs from ligands 

13 Transition metals form alloys 

They have comparable atomic size and hence can be mixed uniformly 

14 Transition metals form interstial compounds 

Because small atoms like H, C, N etc can be entrapped in their metallic crystals 

15 Zn, Cd & Hg have low boiling points and Hg is liquid. 

They have full filled 3d-orbitals and no electorns from d-orbitals are taking part in 

metallic bonding so they have weak metallic bonding. Due to larger atomic  size Hg is 

liquid 

16 Transition metals and many of their compounds show paramagnetic behaviour 

Because they have unpaired electrons 

17  d1 configuration is very unstable in ions 

Because by loosing one electron they get extra stability 
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18 Cr 2+ is strongly reducing while Mn3+ is strongly oxidizing 

 E0 value for Cr3+/Cr2+ is negative but that of Mn3+/Mn2+ is positive so Cr2+ can loose 

electron to form Cr3+ while Mn3+ accepts electron to form Mn2+. In case of Cr d4 to d3 

occurs for Cr2+ to Cr3+. d3 is stable. 

19 Cobalt(II) is stable in aqueous solution but in presence of complexing agents it gets 

oxidized 

 Oxidation state changes from +2 to +3 because in presence of ligands d-orbitals split up 

into t2g and eg having the stable configuration t2g
6 eg

0.  

20 Mn2+ compounds are more stable than Fe2+  

 Mn2+ has half filled d-orbitals i.e 3d5 4s0 configuration  

  

21 Fe3+ is stable 

 Due to half filled configuration i.e 3d5 4s0 configuration 

22 Transition metals exhibit highest oxidation states in oxides and fluorides 

 Because of small size and high electronegativity oxygen or fluorine can oxidise the 

metal to its highest oxidation state. 

23 The highest oxidation state of transition metal is exhibited in oxoanions  

  

24 For the first row transition metals the Eo values are: 

Eo                  V         Cr         Mn        Fe          Co            Ni            Cu 

(M2+/M)    –1.18   – 0.91    –1.18   – 0.44     – 0.28      – 0.25       +0.34 

Explain the irregularity in the above values. 
 The E0 (M2+/M) values are not regular which can be explained from the irregular 

variation of ionisation enthalpies (Δ i H 1 + Δ i H 2) and also the sublimation enthalpies 

which are relatively much less for manganese and vanadium. 

25 Why is the E0 value for the Mn3+/Mn2+ couple much more positive than that for 

Cr3+/Cr2+ or Fe3+/Fe2+? Explain. 

 Much larger third ionisation energy of Mn (where the required change is d5 to d4) is 

mainly responsible for this. This also explains why the +3 state of Mn is of little 

importance. 

26 Oxidising power increases in the  series VO2 
+ < Cr2O7 

2– < MnO4 
–  

 This is due to the increasing stability of the lower species to which they are reduced. 

27 The  ionization enthalpies (first and second) in the first series of the transition elements 

are irregular 

 Irregular variation of ionisation enthalpies is mainly attributed to varying degree of 

stability of different 3d-configurations (e.g., d0, d5, d10 are exceptionally stable). 

28 The E0(M2+/M) value for copper is positive (+0.34V).  

 Due to its its high enthalpy of atomization and low hydration energy 

29 Mn exhibits largest number of oxidation states in 3d series. 

 Manganese (Z = 25), as its atom has the maximum number of unpaired electrons. 

30 In the series Sc (Z = 21) to Zn (Z = 30), the enthalpy of atomization of zinc is the lowest. 

 In the formation of metallic bonds, no electrons from 3d-orbitals are involved in case of 

zinc, while in all other metals of the 3d series, electrons from the d-orbitals are always 

involved in the formation of metallic bonds. 

31 Silver atom has completely filled d orbitals (4d10) in its ground state but it is a transition 

element. 

 Silver  can exhibit +2 oxidation state wherein it will have incompletely filled d-orbitals 

(4d9). 

32 Zr has similar size to that of Hf 

 Due to lanthanoid contraction. 
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33 Actinoid contraction is greater from element to element than lanthanoid contraction. 

 The 5f electrons are more effectively shielded from nuclear charge. In other words the 5f 

electrons themselves provide poor shielding from element to element in the series. 

34 Explain why Cu+ ion is not stable in aqueous solutions? 

 Cu+ in aqueous solution underoes disproportionation, i.e., 

2Cu+(aq) → Cu2+(aq) + Cu(s)     The E0 value for this is favourable. 

35 2nd and corresponding  third row transition elements have similar properties 

 Due to lanthanoid contraction they have similar size 

36 Ce4+ is a strong oxidant  

 It can be converted into the most common oxidation state Ce3+ 

37 Eu2+ is a strong reducing agent. 

 It can be converted into the most common oxidation state Eu3+ 

38 Ce is the only lanthanoids exhibits +4 oxidation state 

 Ce4+ has noble gas configuration (Xe) 

 

QUESTION BANK 

VSA (1 MARK) 

 

1. Ti2
+
, V

2+
, & Cr

2+ are strong reducing agents .Why? 

Ans .+4  is  the  stable  oxidation  state  for  Vanadium  and  +3  is  the  stable  oxidation  

state for Chromium in their aqueous solutions. 

2. What does the E0 value of M3+/M2+ show for Mn3+ & Co3+ (+1.57 V & +1.97V 

respectively) 

 A:The high E0  value of M3+/M2+ for Mn3+ and Co3+ shows that they are the strongest 

oxidizing agents in aqueous solutions among all the rest of transition metal Series . 

3. Why is Na2Cr2O7 not used in volumetric analysis?  

A Because it is deliquescent. 

4. Why is that orange solution of K2Cr2O7 turns yellow on adding NaOH?  

A: It changes to CrO42- ion 

Cr2O72- + 2 OH-   ↔     2 CrO42- 

(Orange)                            (Yellow) 

5. Arrange CrO, CrO3 and Cr2O3in increasing order of acidic 

strength. A:CrO < Cr2O3 < CrO3 

6. Why does Ti4+ ion show diamagnetic nature? 

A:Ti4+ has no unpaired ē in it. 

7. Which metal in the first series of transition metal exhibits +1 oxidation state most 

frequently and why? 

A: Cu, due to stable d10 e- configuration.  

8. Write an ionic equation representing the oxidizing property of acidified KMnO4 

solution.  A: 2 MnO4
- + 16H

+
+ 10 I-  →    2 Mn

2+ + 5I2 + 8H2O 

9.  Why do Zr and Hf show similar properties? 

A: It is due to similar ionic size, which is due to Lanthanide contraction. 

10.Why are Cd2+ salts white? A: Cd2+ ion has no unpaired electron. 
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11. Which  element  of  the  first  transition series  shows  the  highest  number of  oxidation 

states? A: Mn 

12. What is meant by disproportionation reaction? 

A It is a transformation of a substance into two or more substances by simultaneous 

oxidation and reduction. 

SA(2 / 3 MARKS) 

1. Give examples and reasons for the following features of transition 

metals 

    (a) The lowest oxide of transition metals is basic and the highest is acidic      

(b) A transition metal exhibits highest oxidation state in oxides and fluorides 

A  (a)  Lowest  oxidation  compounds  of  transition  metals  are  basic  due  to  their  ability  

Get oxidized  to  higher  oxidation  states,  where  as  the  higher  oxidation  state  of  metals  

and compounds gets reduced to lower ones and hence acts as acidic in nature. 

(b) Due to high electro negativities of oxygen and fluorine, the oxides and fluorides of 

Transition metals exhibits highest oxidation states 

2.What is Lanthanoid contraction? What are its 

consequences? 

A It is filling up of 4f orbital before 5d orbital results in a regular decrease in atomic radii 

is called Lanthanoid contraction. 

Consequences of lanthanoid contraction 

(i) There is similarity in the properties of second and third transition series. 

(ii)Separation of lanthanoids is possible due to lanthanide contraction. 

(iii) It is due to lanthanide contraction that there is variation in the basic strength of 

lanthanide hydroxides. (Basic strength decreases from La(OH)3 to Lu(OH)3.) 

3.    Why does Cerium act as strong oxidising 

gent? 

A Ce shows +4 oxidation states due to stable noble gas configuration, but it is a Strong 

oxidizing agent and reduced to Ce3+. Its E0 value for Ce4+ /Ce3+ is 1.74v 

It  oxidizes  water,  but  the  rate  of reaction  is slow  and  thus  can  be studied  in  detail  

and analysed. Hence Ce acquires great use in analytical chemistry. 

4. How is K2Cr2O7 prepared? 

    (A) K2Cr2O7 is prepared from chromite ore (FeCr2O4). The following steps are involved 

(a) Fusion of chromite with Na2CO3 in free access of air. 

8Na2CO3 + 4FeCr2O4 + 7O2 →  8Na2CrO4(yellow) + 2Fe2O3 + 

8CO2 

(b) Acidification of Na2CrO4 

2Na2CrO4 + H2SO4   →  Na2Cr2O7 (orange) + Na2SO4 + 

H2O OR 

Low 

pH 

2CrO4 2-(yellow)  +  2H+                          Cr2O7
2-(orange) + H2O  

                                                High pH 
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lement to element than la 

(d) Na2Cr2O7 + 2KCl →  K2Cr2O7 + 2NaCl 

5.Explain the oxidizing property of K2Cr2O7. 

(A). K2Cr2O7 acts as an oxidizing agent. In acid medium it undergoes reduction to Cr3+ 

Cr2O72- + 14H++ 6e-   → 2Cr3+(green) 

+ 7H2O 

Eg: acidified K2Cr2O7 will oxidize 

(a) Fe2+ to F3+ 

Cr2O7 
2- + 6Fe

2+ + 14H+ → 2Cr3+ + 6Fe3+ + 7H2O  

b) Iodide to iodine 

Cr2O7
2- + 6I- + 14H+ → 3I2 + 2Cr3+ + 7H2O 

6. How is KMnO4 obtained from Pyrolusite? 

(A) P yr o l u s i t e  with KOH and air. This produces a green colored mass, i.e, Potassium 

manganate . 

2KOH + MnO2 + ½ O2 → K2MnO4 + H2O 

Manganate ion  disproportionate  in  neutral  or  acidic  medium  to  give  pink  coloured 

Permanganate.(KMnO4) 

7.Explain the oxidizing property of KMnO4 

(A) .KMnO4 is a strong oxidizing agent in both acidic and basic medium 

In acid medium 

MnO4 – (Pink) + 8 H+ + 5e- → Mn2+ (colourless) + 4H2O  

Eg : (a) Acidified KMnO4 oxidises Fe2+ to Fe3+ 

MnO4 - + 5Fe2+ + 8H+ → Mn2+ + 5Fe3+ + 

4H2O (b)Oxalate ion is oxidized to CO2 by 

acidified KMnO4. 

2MnO4
- +5C2O4

2-+16H+ → 2Mn2++ 2CO2 

+7H2O  

 In basic medium 

MnO4 – is reduced to MnO2 

MnO4 - + 2H2O + 3e- → MnO2 + 4OH- Eg: Alkaline KMnO4oxidises I- to IO3
- 

2MnO4
- + I- + H2O → 2MnO2 + IO3

- + 2OH- 

8.          Draw structures of a) CrO4
2-   b) Cr2 O7 2- 

(A) 

a)                                                       b) 

 

 

  

 

 

 

9      Actinod contraction is greater than Lanthanoid  contraction. Why? 

81



6 

 

(A)      In actinoid contraction these 5f orbitals have a poorer shielding effect than  4f  orbitals 

(in lanthanoids).  Thus,  the  effective  nuclear  charge  experienced  by electrons in valence 

shells in case of actinoids is much more that that experienced by lanthanoids. Hence, the size 

contraction in actinoids is greater as compared to that in lanthanoids. 

10.Why are Mn2+compounds more stable than Fe2+ towards oxidation to their +3 state? 

(A):Electronic configuration of Mn2+ is [Ar]18 3d5. Electronic configuration of Fe2+ is 

[Ar]18 3d6.It is known that half-filled and fully-filled orbitals are more stable. Therefore, 

Mn in (+2) state has a stable d5 configuration. This is the reason Mn2+ shows resistance 

to oxidation to Mn3+. Also, Fe2+  has 3d6  configuration and by losing one electron, 

its configuration changes to a more stable 3d5 configuration. Therefore, Fe2+  easily 

gets oxidized to Fe+3 oxidation state. 

 

LA(5MARKS) 

1  Explain giving reasons: 

(i)Transition metals and many of their compounds show   paramagnetic behaviour. 

(ii)The enthalpies of atomisation of the transition metals are high  

(iii) The transition metals generally form coloured compounds. 

(iv) Transition metals and their many compounds act as good catalyst. 

(A) (i) Transition metals show paramagnetic nature. Paramagnetism arises due to the 

presence of unpaired (n-1)d electrons. 

(ii)  Transition  elements  have  high  effective  nuclear  charge  and  a  large  number  of 

valence electrons. Therefore, they form very strong metallic bonds. As a result, the enthalpy of 

atomization of transition metals is high. 

(iii) Most of the complexes of transition metals are coloured. This is because of the 

absorption of radiation from visible light region to promote an electron from one of the 

d−orbitals to another (d-d transition). 

(iv) The catalytic activity of the transition elements can be explained by two basic facts. (a) 

Owing to their ability to adopt variable oxidation states 

(b) Transition metals also provide a suitable surface for the reactions to occur. 

2. Describe the preparation of PotassiumPermanganate.How does acidified permanganate 

solution react with (i) iron(II) ions (ii) SO2 and (iii) oxalic acid? 

Write the ionic equations for the 

rections. 

(A): Potassium permanganate can be prepared from pyrolusite (MnO2). The ore is fused with 

KOH in the presence of either atmospheric oxygen or an oxidizing agent, such as KNO3 or 

KClO4, to give K2MnO4. 

 

At anode, manganate ions are oxidized to MnO4
-  ions. 

       

 

(i) Acidified KMnO4 s olution oxidizes Fe(II) ions to Fe (III) ions i.e., ferrous ions to ferric 

ions. 
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(ii) Acidifie Potassium Permanganate oxidizes SO2 to Sulphuric acid. 

 

 

 

 

(iii) Acidified Potassium Permanganate oxidizes oxalic acid to carbon dioxide. 

 

 

 

 

3. The chemistry of the actinoid elements is not so smooth as that of the Lanthanoids. 

Justify this statement by giving some examples from the oxidation state of these elements. 

(A):Lanthanoids primarily show three oxidation states (+2, +3, +4). Among these oxidation 

states, +3 state is the most common. Lanthanoids display a limited number of oxidation states 

because the energy difference between 4f, 5d, and 6s orbitals is quite large. On the other hand, 

the energy difference between 5f, 6d, and 7s orbitals is very less. Hence, actinoids display a 

large number of oxidation states. For example, uranium and plutonium display +3, +4, +5, and 

+6 oxidation states while neptunium displays +3,+4, +5, and +7. The most common oxidation 

state in case of actinoids is also+3. 
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CHAPTER -7 p-BLOCK ELEMENTS 

TRENDS IN PROPERTIES 

HYDRIDES 

Stability - NH3>PH3>AsH3>SbH3>BiH3. 

Bond dissociation enthalpy - NH3>PH3>AsH3>SbH3>BiH3 

Reducing character - NH3<PH3<AsH3<SbH3<BiH3 

Basic character - NH3>PH3>AsH3>SbH3>BiH3. 

Acidic character - N2O3> P2O3> As2O3> Sb2O3> Bi2O3 

TRENDS IN PROPERTIES( Group 16) 

HYDRIDES 

 Acidic character  -   H2O < H2S < H2Se <H2Te 

Thermal stability - H2O > H2S > H2Se >H2Te 

 Reducing character - H2S < H2Se <  H2Te 

 Boiling point - H2S < H2Se < H2Te < H2O 

  Reducing property of dioxides – SO2 > SeO2 > TeO2 

       Stability of halides  -  F-> Cl-> Br- > I - 

TRENDS IN PROPERTIES (Group 17) 

Oxidising property – F2> Cl2 >Br2 > I2 

HYDRIDES 

Acidic strength – HF< HCl< HBr< HI 

Stability & bond dissociation enthalpy - HF> HCl> HBr> HI 
Stability of oxides of halogens – I > Cl > Br 
Ionic character of halides – MF > MCl> MBr> MI  

INTER HALOGEN COMPOUNDS:  

Inter halogen compounds are prepared by the direct combination of halogens. Ex: ClF, 

ClF3, BrF5, IF7. They are more reactive than halogens because X-X‘is weaker than X-X bonds 

in halogens (except F-F). 

TYPE    STRUCTURE 

XX‘3  Bent T – shaped 

XX‘5  square pyramidal 

XX‘7 Pentagonal pyramidal 
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VSA(1 MARK) 

1. Ammonia has higher boiling point than phosphine. Why? 

    Ammonia forms intermolecular H- bond. 

2. Why is BiH3 the strongest reducing agent amongst all the hydrides of Group 15        

elements? 

It is the least stable hydride of group 15. 

3. Why does PCl3 fume in moisture? 

In the presence of (H2O), PCl3 undergoes hydrolysis giving fumes of HCl.       

  PCl3 + 3H2O →H3PO3 + 3HCl 

4. What happens when H3PO3 is heated? 

It disproportionate to give orthophosphoric acid and phosphine. 

4H3PO3 →  3H3 PO4 +  PH3 

5. Why H2S is acidic and H2O is neutral? 

The S---H bond is weaker than O---H bond because the size of S atom is bigger than that 

of O atom. Hence H2S can dissociate to give H+ ions in aqueous solution. 
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6. Name two poisonous gases which can be prepared from chlorine gas.  

 Phosgene (COCl2), tear gas (CCl3NO2) 

7. Name the halogen which does not exhibit positive oxidation state. 

Fluorine being the most electronegative element does not show positive oxidation states. 

8. Iodine forms I3- but F2 does not form F3- ions. Why? 

Due to the presence of vacant d-orbitals, I2 accepts electrons from I- ions to form I
-3 

ions, but because of the absence of d-orbital F2 does not accept electrons from F- ions to 

form F
-3 ions. 

9. Phosphorus forms PCl5 but nitrogen cannot form NCl5.why? 

Due  to the availability of vacant d orbitals in P. 

 

SA(2 MARK) 

1. Why is HF acid stored in wax coated glass bottles?  

This is because HF does not attack wax but reacts with glass. It dissolves SiO2 present in 

glass forming hydrofluorosilicic acid. 

SiO2 + 6HF → H2SiF6 + 2H2O  

2. What is laughing gas? Why is it so called? How is it prepared? 

Nitrous oxide (N2O) is called laughing gas, because when inhaled it produces 

hysterical laughter. It is prepared by gently heating ammonium nitrate. 

NH4NO3   →  N2O + 2H2O 

3. Give reasons for the following: 

(i) Conc. HNO3 turns yellow on exposure to sunlight. 

 (ii) PCl5 behaves as an ionic species in solid state. 

(i) Conc. HNO3 decomposes to NO2 which is brown in color & NO2 dissolves in HNO3 

to it yellow. 

(ii) It exists as [PCl4] + [ PCl6]- in solid state. 

4. What happens when white P is heated with conc. NaOH solution in an atmosphere of 

CO2 ? Give equation. 

Phosphine gas will be formed. 

P4+ 3NaOH + 3H2O→ PH3+ 3NaH2PO2 

5. How is ozone estimated quantitatively? 

When ozone reacts with an excess of potassium iodide solution buffered with a borate buffer 

(pH 9.2), iodine is liberated which can be titrated against a standard solution of sodium 

thiosulphate. This is a quantitative method for estimating O3 gas. 

6. Are all the five bonds in PCl5 molecule equivalent? Justify your answer. 

PCl5 has a trigonal bipyramidal structure and the three equatorial 

P-Cl bonds are equivalent, while the two axial bonds are different and longer than 

equatorial bonds. 

7. NO2 is coloured and readily dimerises. Why ? 

NO2 contains odd number of valence electrons. It behaves as a typical odd molecule. On 

dimerisation, it is converted to stable N2O4 molecule with even number of electrons. 

8. Write the balanced chemical equation for the reaction of Cl2 with hot and 

concentratedNaOH. Is this reaction a disproportionation reaction? Justify. 

3Cl2 + 6NaOH →    5NaCl + NaClO3 + 3H2O 

Yes, chlorine from zero oxidation state is changed to –1 and +5 oxidation states. 

9. Account for the following. 
(i) SF6 is less reactive than SF4 

(ii) Of the noble gases only xenon forms chemical 

compounds 
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(i) In SF6 there is less repulsion between F atoms than in 

SF4. 

(ii) Xe has low ionization enthalpy & high polarizing power due to larger atomic size. 

10. With what neutral molecule is ClO- isoelectronic? Is that molecule a Lewis base? 

ClF.  Yes , it is Lewis base due to presence of lone pair of electrons. 

 

SA(3 MARKS) 

 

1. (i) Why is He used in diving apparatus ? 

(ii) Noble gases have very low boiling oints.Why?  

iii) Why is ICl more reactive than I2? 

 Ans(i) It is not soluble in blood even under high pressure. 

(ii) Being monoatomic they have weak dispersion 

orces. 

 (iii) I-Cl bond is weaker than I-I bond. 

2 Complete the following 

equations. (i) XeF4 + H2O   →  

(ii) Ca3P2 + H2O → 

(iii) AgCl(s) +  NH3(aq) → 

 Ans.(i) 6XeF4 + 12 H2O → 4Xe + 2Xe03 + 24 HF + 3 O2 

(ii) Ca3P2 + 6H2O → 3Ca(OH)2 + 2PH3 

(iii) AgCl(s) +  2NH3(aq) --- [Ag (NH3)2]Cl (aq) 

3. (i) How is XeOF4 prepared ? Draw its structure. 

(ii) When HCl reacts with finely powdered iron, it forms ferrous chloride and not 

ferric chloride. Why? 

Ans.(i) Partial hydrolysis of XeF6  gives XeOF4. 

XeF6 + H2O →XeOF4 + 2 HF 

Structure – square pyramidal.  

 (ii) Its reaction with iron produces H2. 

Fe + 2HCl→FeCl2 + H2 

Liberation of hydrogen prevents the formation of ferric chloride. 

 

LA(5 MARKS) 

1.Account for the following. 

(i) Noble gases form compounds with F2 &O2  only. 

 (ii) Sulphur shows paramagnetic behaviour. 

(iii) HF is much less volatile than HCl. 
(iv) White phosphorous is kept under water. 

(v) Ammonia is a stronger base than phosphine.  

Ans (i) F2 &O2  are best oxidizing agents. 

(ii) In vapor state sulphur partly exists as S2 molecule which has two unpaired electrons in 

the antibonding pi   * orbitals like O2 and, hence,exhibits paramagnetism. 

(iii) HF is associated with intermolecular H bonding. 

(iv) Ignition temperature of white phosphorous is very low (303 K). Therefore on 

exposure to air, it spontaneously catches fire forming P4O10. Therefore to protect it from 

air, it is kept under water. 

(v) Due to the smaller size of N, lone pair of electrons is readily available. 

2.  When Conc. H2SO4 was added to an unknown salt present in a test tube, a brown gas (A) 

was evolved. This gas intensified when copper turnings were added in to test tube. On 

cooling gas (A) changed in to a colourless gas (B). 

(a) Identify the gases `A` and `B` 
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(b) Write the equations for the reactions involved 

The gas `A` is NO2 whereas `B` is N2O4. 

XNO3 + H2SO4 →  XHSO4 + HNO3 

Cu + 4HNO3(conc.) →  Cu(NO3)2 + 2NO2 + 2H2O BlueBrown(A) 

2 NO2   (on cooling) →N2O4 Colourless(B) 

3. Arrange the following in the increasing order of the property

mentioned. 

 (i) HOCl,  HClO2, HClO3,  HClO4 (Acidic strength) 

(ii) As2O3, ClO2, GeO2, Ga2O3 (Acidity) 

(iii)  NH3,  PH3, AsH3, SbH3 (HEH bond angle) 

 (iv)  HF, HCl, HBr, HI (Acidic strength) 

(v) MF,   MCl,, MBr,  MI (ionic character) 

Ans  .i) Acidic strength: HOCl < HClO2< HClO3< HClO4 

      (ii) Acidity: Ga2O3 < GeO2 < As2O3 < ClO2 

      (iii) Bond angle: SbH3 < AsH3 < PH3 < NH3 

     (iv) Acidic strength: HF < HCl < HBr < HI 

   (v) Ionic character: MI < MBr < MCl < MF 
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9. CO-ORDINATION COMPOUNDS
9 CO-ORDINATION 

COMPOUND   
1. Nomenclature of co-ordination

compounds 

** NCERT Intext 9.1,9.2 page 

244 Q 9.6,9.7 page 258  
2. Hybridisation co-ordination

complexes 

*** Page no. 247 

3. Isomerization *** Page no. 244 

4. crystal field theory in

octahedral complexes 

** Page no. 250 

POINTS TO REMEMBER: 

1. Coordination compounds

Coordination compounds are compounds in which a central metal atom or ion  is linked to a 

number of ions or neutral molecules by coordinate bonds or which contain complex ions. 

Examples- K4[Fe(CN)6]; [ Cu(NH3)4]SO4; Ni(CO)4  

2.The main postulates of Werner’s theory of coordination compounds

i) In coordination compounds metals show two types of linkages or valencies- Primary and

Secondary.

ii) The primary valencies are ionisable and are satisfied by negative ions.

iii) The secondary valencies are non- ionisable and are satisfied by neutral molecules or negative

ions. The secondary valence is equal to the C.N and is fixed for a metal.

iv) The ions or groups bound by secondary linkages to the metal have characteristic spatial

arrangements corresponding to different coordination nos.

3.Difference between a double salt and a complex

Both double salts as well as complexes are formed by the combination of two or more stable 

compounds in stoichiometric ratio. However, double salts such as carnallite, KCl.MgCl2.6H2O, 

Mohr‘s salt, FeSO4.(NH4)2SO4.6H2O, potash alum, KAl(SO4)2.12H2O, etc. dissociate into simple 

ions completely when dissolved in water. However, complex ions such as [Fe(CN)6]4– of 

K4[Fe(CN)6], do not dissociate into Fe2+ and CN– ions.  

4.Important Terminology-

(i) Coordination entity:  It constitutes the central metal ion or atom bonded to a fixed 

number of ions or molecules represented within a square bracket.  

(ii) Central atom/ ion:  In a coordination entity, the atom/ion to which a fixed number of 

ions/groups are bound in a definite geometrical   arrangement around it, is called the central 

atom or ion.  

iii) Ligands: The neutral or negative ions bound to the central metal or

ion in the coordination entity. These donate a pair/s of electrons to the central metal atom /ion. 

Ligands may be classified as-  

a) Monodentate/Unidentate: Ligands bound to the central metal atom/ion through a single 

donor atom. Ex- Cl- ; H2O ; NH3 ; NO2-. 

b) Didentate: Ligates through two donor atoms. Ex- C2O4 2- (ox); H2NCH2CH2NH2(en)

c) Polydentate:  which ligates through two or more donor atoms present in a single ligand.

Ex- (EDTA)4- 

d) Chelating ligands:  Di- or polydentate ligands that  uses two or more donor atoms to bind

to a single metal ion to form ring- like complexes. (Ox); (edta)
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e) Ambidentate ligand: A ligand  that can ligate through two different atoms, one at a time.

Ex-NO2- ; SCN-  

v) Coordination number: The no. of ligand donor atoms to which the metal is directly

bonded through sigma bonds only. It is commonly 4 or 6. 

vi) Counter ions:  The ionisable groups written outside the square bracket. Ex- K+ in

K4[Fe(CN)6] OR 3Cl- in [Co(NH3)6]Cl3 vii)  Coordination Polyhedron: The spatial 

arrangement of the ligand atoms which are directly attached to the central metal atom/ion. 

They are commonly Octahedral, Square-planar or Tetrahedral  

           Oxidation number: The charge that the central atom would carry if all the ligands are 

removed along with their pairs of electrons shared with the central atom. It is represented in 

parenthesis.  

viii) Homoleptic complexes: Complexes in which a metal is bonded to only one

kind of donor groups. Ex- [Co(NH3)6] 3+  

ix) Heteroleptic complexes: Complexes in which a metal is bonded to more  than

one kind of donor groups. Ex- [Co(NH3)4 Cl2]+  

5. NAMING OF MONONUCLEAR COORDINATION COMPOUNDS

The principle of additive nomenclature is followed while naming the coordination compounds. 

The following rules are used-  

 i   The cation is named first in both positively and negatively charged coordination   

         entities.  

ii  The ligands are named in an alphabetical order before the name of the central atom/ion. 

iii The name of the anionic ligands end in –o, those of neutral and cationic ligands are  

the same except aqua for H2O, ammine for NH3, carbonyl for CO and nitrosyl for NO.  these 

are placed within enclosing marks .  

iv When the prefixes mono, di, tri, etc., are used to indicate the number of the 

individual ligands in the coordination entity. When the names of the ligands include a  

numerical  prefix, then the terms, bis, tris , tetrakis are used, the ligand to which they 

refer being placed in parenthesis.  

v Oxidation state of the metal in cation, anion, or neutral coordination entity is  indicated by roman 

numeral in parenthesis. 

vi If the complex ion is a cation , the metal is same as the element.  

vii The neutral complex molecule is named similar to that of the complex cation. 

6.NAMES OF SOME COMMON LIGANDS

    NEGATIVE LIGANDS CHARGE NEUTRAL LIGANDS CHARGE 

CN-   Cyano -1 NH3 Ammine 0 

Cl- Chlorido -1 H2O Aqua/aquo 0 

Br- Bromido -1 NO Nitrosyl 0 

F- Fluoride -1 CO Carbonyl 0 

SO42- Sulphato -2 PH3 Phosphine 0 

C2O42- Oxalato -4 CH2-NH2 

CH2NH2 

(1,2-Ethane 

diamine) 

0 
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NH2- Amido -1 POSITIVE LIGANDS 

NH2- Imido -2 NH2-NH3+ Hydrazinium +1 

ONO-  Nitrito-O -1 NO+ Nitrosonium +1 

NO2- Nitro -1 NO2+ Nitronium +1 

NO3- Nitrato -1 

SCN- Thiocyanato -1 

NCS- Isothiocyanato -1 

CH2(NH2)COO- Glycinato -1 

-OH Hydroxo -1 

7. ISOMERISM IN COORDINATION COMPOUNDS
Two or more substances having the same molecular formula but different spatial arrangements 

are called isomers and the phenomenon is called isomerism. Coordination compounds show 

two main types of isomerism-  

A) Structural Isomerism B) Stereoisomerism

STRUCTURAL ISOMERISM:- It arises due to the difference in structures of coordination compounds. 

It is further subdivided into the following types-  

1) Ionisation isomerism : This form of isomerism arises when the counter ion in a

complex salt is itself a potential ligand and can displace a ligand which can then become the 

counter ion. An example is provided by the ionization isomers [Co(NH3)5SO4]Br and  

[Co(NH3)5Br]SO4.  

2) Hydrate or solvate isomerism: This form of isomerism is known as ‗hydrate

isomerism‘ in case where water is involved as a solvent. This is similar to ionisation isomerism. 

Solvate isomers differ by whether or not a solvent molecule is directly bonded to the metal ion 

or merely present as free solvent molecules in the crystal lattice. An example is provided by the 

aqua complex [Cr(H2O)6]Cl3 (violet) and its solvate isomer [Cr(H2O)5Cl]Cl2.H2O (grey-green). 

3) Linkage Isomerism: Linkage isomerism arises in a coordination compound containing

ambidentate ligand. A simple example is provided by complexes containing the thiocyanate 

ligand, NCS–, which may bind through the nitrogen to give M–NCS or through sulphur to give 

M–SCN.   

4) Coordination isomerism:  It arises from the interchange of ligands between cationic and

anionic entities of different metal ions  present  in a complex . Example  [Co(NH3)6][Cr(CN)6] 

&  [Cr(NH3)6][Co(CN)6]     

STEREOISOMERISM:  Stereo isomers have the same chemical formula and chemical bonds but 

they have different spatial arrangement. They are of two kinds  

A. Geometrical isomerism     

B. Optical isomerism  

GEOMETRICAL ISOMERISM- This type of isomerism arises in heteroleptic complexes due to 

different possible geometric arrangements of the ligands. Important examples of this behaviour 

are found with coordination numbers 4 and 6. In a square planar complex of formula [MX2L2] 

(X and L are unidentate), the two ligands X may be arranged adjacent to each other in a cis 

isomer, or opposite to each other in a trans isomer  [MABXL]-Where A,B,X,L are unidentates 

Two cis- and one trans- isomers are possible.  
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b) OPTICAL ISOMERISM: Optical isomers are mirror images that cannot be superimposed on

one another. These are called as enantiomers. The molecules or ions that cannot be 

superimposed are called chiral. The two forms are called dextro (d) and laevo (l) depending 

upon the direction they rotate the plane of polarised light in a polarimeter (d rotates to the right, 

l to the left). Optical isomerism is common in octahedral complexes involving didentate ligands. 

In a coordination entity of the type [CoCl2(en)2]2+, only the cis-isomer shows optical activity  

TYPES OF HYBRIDISATION 

Coordination number Type of hybridisation Acquired geometry 

4 sp3 Tetrahedral 

4 dsp2 Square planar 

5 sp3d Trigonal bipyramidal 

6 sp3d2 Octahedral 

6 d2sp3 Octahedral 

8.CRYSTAL FIELD THEORY:
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The four surrounding ligands approach the central metal atom/ion along the planes     

between the  axes.  

1. The metal-ligand bond is ionic arising purely from electrostatic interactions between
the metal ion and the ligand.

2. Ligands are treated as point charges or dipoles in case of anions and neutral
molecules.

3. In an isolated gaseous metal atom or ion the five d-orbitals are degenerate.
4. Degeneracy is maintained if a spherically symmetrical field of negative charges

surrounds the metal /ion.
5. In a complex the negative field becomes asymmetrical and results in splitting of the     d-

orbitals.

A) CRYSTAL FIELD SPLLITING IN OCTAHEDRAL COORDINATION ENTITIES

| | 

1. For d4 ions, two possible patterns of electron distribution arise:

(i) If Δo < P, the fourth electron enters one of the eg orbitals giving the 

configuration t3 2g e1g . Ligands for which Δo < P are known as weak 

field ligands and form high spin complexes.  

(ii) If Δo > P, it becomes more energetically favourable for the fourth electron to occupy a t2g orbital 

with configuration t42g e0g. Ligands which produce this effect are known as strong field ligands 

and form low spin complexes.  

B) CRYSTAL FIELD SPLLITING IN TETRAHEDRAL COORDINATION ENTITIES 1.
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2. The t2g orbitals are raised in energy (2/5) t .

3. The two eg orbitals are lowered in energy (3/5) t

4. The splitting is smaller as compared to octahedral field splitting, t=(4/9) 0.

5. Pairing of electrons is  rare and thus complexes have generally high spin             configurations.  

BONDING IN METAL CARBONYLS  

The metal-carbon bond in metal carbonyls possess both σ and π character. The M–C σ bond  

is formed by the donation of lone pair of electrons on the carbonyl carbon into a vacant orbital 

of the metal. The M–C π bond is formed by the donation of a pair of electrons from a filled d 

orbital of metal into the vacant antibonding π* orbital of carbon monoxide. The metal to ligand 

bonding creates a synergic effect which strengthens the bond between CO and the metal .  

SOLVED QUESTIONS  
1 MARK QUESTIONS  

1. What are ambidentate ligands? Give two  examples for each.

ANS. Ambidentate ligands are ligands that can attach themselves to the central metal atom through 

two different atoms. For example:  

(a) 
     (The donor atom is N)        (The donor atom is oxygen) 

(b) 
      (The donor atom is S)                                   (The donor atom is N)  

Q2. Using IUPAC norms write the formula for the following: Hexaamminecobalt(III) 

sulphate  

ANS. [Co(NH3)6]2 (SO4)3   

Q3. Using IUPAC norms write the systematic name of the following: [Co(en)3]3+  

ANS.   Tris(ethane-1, 2-diammine) cobalt(III) ion 
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Q4. Draw the structures of optical isomers of:  [Cr(C2O4)3]3–  

ANS     . 

Q5. What is meant by the chelate effect? Give an example.  

ANS. When a ligand attaches to the metal ion in a manner that forms a ring, then the metal- ligand 

association is found to be more stable.  

2 / 3 MARK QUESTIONS  

Q1. What is spectrochemical series? Explain the difference between a weak field ligand and a strong 

field ligand.    

ANS. A spectrochemical series is the arrangement of common ligands in the increasing order of 

their crystal-field splitting energy (CFSE) values.  

I− < Br− < S2− < SCN− < Cl−< N3 < F− < OH− < C2O42−  H2O < NCS−  H− < CN− < NH3< en  SO32− 

< NO2− < phen < CO  

Q2. [Cr(NH3)6]3+ is paramagnetic while [Ni(CN)4]2− is diamagnetic. Explain why?  

ANS. Cr is in the +3 oxidation state i.e., d3 configuration. Also, NH3 is a weak field ligand that does 

not cause the pairing of the electrons in the 3d orbital.  

Cr3+    :

Therefore, it undergoes d2sp3 hybridization and the electrons in the 3d orbitals remain unpaired. 

Hence, it is paramagnetic in nature.     

In [Ni(CN)4]2−, Ni exists in the +2 oxidation state i.e., d8 configuration.  

Ni2+: 

CN− is a strong field ligand. It causes the pairing of the 3d orbital electrons. Then, Ni2+ undergoes 

dsp2 hybridization.  

Q3. A solution of [Ni(H2O)6]2+ is green but a solution of [Ni(CN)4]2− is colourless. Explain. 

ANS. In [Ni(H2O)6]2+, is a weak field ligand. Therefore, there are unpaired electrons in Ni2+. 

In this complex, the d electrons from the lower energy level can be excited to the higher energy 

level i.e., the possibility of d−d transition is present. Hence, Ni(H2O)6]2+ is coloured.  
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In [Ni(CN)4]2−, the electrons are all paired as CN- is a strong field ligand. Therefore, d-d 

transition is not possible in [Ni(CN)4]2−. Hence, it is colourless. As there are no unpaired 

electrons, it is diamagnetic.  

Q4. Write all the geometrical isomers of [Pt(NH3)(Br)(Cl)(py)] and how many of these will 

exhibit optical isomers?  

ANS. [Pt(NH3)(Br)(Cl)(py)  

From the above isomers, none will exhibit optical isomers. Tetrahedral complexes rarely show 

optical isomerization. They do so only in the presence of unsymmetrical chelating agents.  

Q5. What is meant by stability of a coordination compound in solution? State the factors 

which govern stability of complexes.        

 ANS. The stability of a complex in a solution refers to the degree of association between 

the two species involved in a state of equilibrium. Stability can be expressed quantitatively in 

terms of stability constant or formation constant.  

For this reaction, the greater the value of the stability constant, the greater is the proportion of 

ML3 in the solution.   
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 HALOALKANES AND HALOARENES 

 NAME  REACTIONS 

Sandmeyers Reactions 
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EXAMPLES OF NUCLEOPHILIC SUBSTITUTION REACTIONS 

TWO TYPES OF NUCLEOPHILIC SUBSTITUTION REACTIONS 

S No.      Reagent Nucleophile    Products Class of products 

1. NaOH,KOH,AgOH      -OH    R − OH Alcohols 

2.  R’ − ONa      -OR’    R’ – O -R Ethers 

3. NaCN, KCN 

AgCN 

     - CN 

     - NC 

   R – CN 

   R - NC 

Cyanides(Nitriles) 

Iso-cyanides 

4. KNO2 

AgNO2 

     - O - N = O 

      - NO2 

 R- O – N = O 

 R – NO2 

Alkyl nitrite 

Nitroalkanes 

5. R’COOAg  - OOCR’  R – OOR’ Esters 

6.  NH3    - NH2  R –NH2 Amines 

7.  LiAlH4        - H    R - H Alkanes

SN1 SN2 

1. Substitution in which rate of reaction

depends on conc. of only one of the

reactant

2. Tertiary halide shows such type  of

reaction.

3. Carbocation is formed as 

intermediate

4. Favored by  polar protic solvents.

5. Racemization occurs.

1. Substitution reaction in which the rate

of reaction depends on conc. of  two

reactants.

2. Primary halide shows such type of

reaction.

3. A trigonal bipyramidal geometry is

obtained as transition state.

4. Favored by polar solvents.

5. Inversion of configuration occurs.
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EXPECTED QUESTIONS 

Q1. Write the structures of the following:- 

(i) 2-chloro-3-methylbutane  (ii) 3-chloro-4- methylhexane        

(iii)  1-iodo-2,2-dimethylbutane         (iv) 1-bromo-3,3-dimethyl-1-phenylbutane 

Q2.Why Grignard reagent should be prepared under anhydrous conditions? 

Grignard   reagent react with water to form alkanes, therefore they are prepared 

under anhydrous conditions. 

Q3. Why haloarenes are less reactive than the haloalkanes towards 

nucleophilic substitution? 

     (i) In haloarenes, there is partial double bond character between the carbon and 

halogen due to resonance effect which makes them less reactive. 

    (ii)  In benzene, carbon is sp2 hybridized whereas in haloalkanes alpha is  sp3 

hybridized. So, C-X bond in haloarenes is shorter and stronger. 

Q4.  p- dichlorobenzene has highest m.p. than those of ortho and meta –

isomers? 

 p- Dichlorobenzene is symmetrical, fits into the crystal lattice more readily and 

has higher melting point. 
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Q5. What are ambident nucleophiles?  

 

       Nucleophiles which can attack through two different sites are called ambident       

      nucleophiles. Example: - Cyanide ion 

        
 

Q6.Why is sulphuric acid not used during the reactions of alcohols with KI? 

 Sulphuric acid is an oxidizing agent. It oxidizes HI produced during the reaction,  

to I2. 

                                

Q7. Complete the following equations: 
 
(i) 

 (iv) 

 

(ii)    (v) 

 

(iii) (vi) 

 

Ans.  (i)  

 

 

(ii)  

 

 

(iii) 
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(iv)  

 

 

          (v)  

 

 

         (vi )  

 

 
Q8.  Ravi Prasad a farmer has 25 acres of land. He noticed some infection on the leaves of 

his crops. He called his friend Raghav, who advised him to use DDT. However, Ravi Prasad 

preferred to use dry powder of neem leaves as an insecticide. 

A) Mention reasons why Ravi Prasad prefer using neem powder? 

B) In your opinion, who took right decision? 

C) Write values associated with above decision? 

Ans: a) because neem powder will not harm soil. 

        b) Ravi Prasad. 

        c) Application of scientific knowledge. Environmental concern. 

Q9.  Gita regularly cleans her artist father’s metal table with an organic liquid given by her 

father due to this regular activity she had eye irritation. After few months she eventually 

losses vision in one of her eye. 

a) What is the effect of chlorination in the presence of sunlight on methane? 

b) Why did gita lose her eye sight? 

c) List values associated with the above problem. 

Ans: a) Methane gets converted to CCl4. 

             b) Because of release of chorine vapors in the atmosphere. 

     c) Appropriate knowledge of organic chemical is essential while handling them. 

Q10. Antiseptic is antimicrobial applied on living tissues. Tincture of iodine is a common 

example. Rewati had read that iodoform also possesses an appreciable antiseptic property. 

How will you explain this? Identify the value associated with it. 

Ans: Iodoform is used as an antiseptic, particularly for dressing wounds. Actually, on coming in 

contact with skin it decomposes and slowly loses iodine which accounts for the antiseptic 

properties of iodoform. Scientific Knowledge and logical thinking. 
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ALCOHOL, PHENOLS &  ETHERS  

IMPORTANT NAME REACTIONS 

1) KOLBE’S REACTION:

2) REIMER-TIEMANN REACTION:

3) WILLIAMSON SYNTHESIS:

4) DIAZOTIZATION:

5) GABRIEL PHTHALIMIDE SYNTHESIS:
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6) HOFFMANN BROMAMIDE DEGRADATION REACTION: 

 

7) CARBYLAMINE REACTION (ISOCYANIDE TEST): 

 

8) GATTERMAN REACTION: 

 

DISTINGUISHING TESTS FOR ORGANIC COMPOUNDS 

NAME OF TEST TEST RESULT 

1.LUCAS REAGENT 
TEST 

O.C. +Zn+HCl          1.Turbidity appears immediately-  
30Alcohol 

2.Turbidity appears after 5 min- 
20 Alcohol 

3.Turbidity appears on heating- 
10 Alcohol 

2. NEUTRAL FERRIC 
CHLORIDE TEST 

O.C.+ ferric 
Chloride solution 

Violet colour appears- Phenol 

3. IODOFORM TEST O.C.+I2+NaOH Formation of orange red ppt- 
1.Alcohol-Ethanol 

2.Aldehyde-Ethanal 
3.Ketone-all ketones containing  

–COCH3 group at terminally  

4. CARBYL AMINE 
TEST 

O.C.+CHCl3+KOH Foul smelling compound formed-Aliphatic 
& aromatic 10 Amine 

5.HINSBERG  TEST O.C.+Bezene 
sulphonyl 
chloride 

1.Product soluble in alkali-10 amine 
2.Product insoluble in alkali-20 amine 

3. No reaction-30 amine 

6. COUPLING TEST O.C.+NaNO2+HCl
    

 

Product+ Aniline -Orange  dyes formed-
Aniline  

                        MECHANISM OF REACTIONS 
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1.  HYDRATION OF ETHENE

 

2. DEHYDRATION OF ALCOHOL TO GIVE ETHENE 

 

3. DEHYDRATION OF ALCOHOL TO GIVE ETHER 
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 Very short Answer type Questions: (1 Mark) 

1. Write the IUPAC name of the following:      

H3C      CH    CH2      CH   CH   CH2OH 

 CH3                   OH    CH3                 

Ans:   2,5 dimethylhexane-1,3-diol 

2.       CH3-  O  - CH2  - CH - CH2 - CH3       

 

                              CH3 
Ans: 1-Methoxy-2-methylbutane     

3. H2C     CH -  CH  -  CH2 - CH2 - CH3       

                          OH 

Ans:  hex-1-en-3-ol  

4. Write the structure of the molecule of a compound whose IUPAC name is 

1- Phenylpropan-2-ol         

Ans:   CH2CH   CH3 

         OH 

5. Draw the structure of 2,6-dimethylphenol     
Ans. 
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          OH 
    H3C                          CH3    
 

 

6. Write the Chemical equation for the preparation of phenol from benzene 
using oleum and Sodium Hydroxide.        

Ans:          SO3H              OH 
   

                + H2SO4+ SO3
heat                    +      NaOHfuse                                  +       Na2SO3   

 
7.Which of the following isomers is more volatile:    

 o-nitrophenol or p-nitrophenol 
Ans: o-nitrophenol is more volatile.    

 

 Short answer type questions: (2 Marks) 

1.Give  one chemical test each to distinguish between the following pairs of 

compounds: 

(i) Phenol to Benzoic acid  
(ii) 1-Propanol and 2-Propanol  

Ans: (i) Add NaHCO3to each. Phenol wil not react, benzoic acid will give brisk    
effervescence due to CO2. 

(ii) Add I2 and NaOH. 2- Propanol will give yellow ppt. of iodoform, whereas 
1- propanol will not give yellow ppt.  

2.How would you obtain          
(i) Picric acid (2,4,6-trinitrophenol) from Phenol. 
(ii) 2-Methylpropene from 2-methylpropanol? 

Ans. (i)    OH                                                                     OH 
    Conc.H2SO4            NO2 NO2 

   + 3HNO3 + 3H2O 

   (Conc.) 
 

 Phenol              NO2                   Picric Acid 

(ii)  CH3    CH   CH2OH    heat           CH3-CH =CH2 + H2O 

                    CH3 
2-Methylpropanol 

       
2- Methylpropene 
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3.How will you convert the following?        

i. Propan-2-ol to propanone 
ii. Phenol to 2,4,6-tribromophenol 

Ans: 

 
CH3CH(OH)CH3

    
      CH3COCH3 

 
4.(a) Why does p-dichlorobenzene have a higher melting point than its o- and m- 
isomers? 
(b) Why is (±) – Butan-2-ol is optically inactive?       
Ans: (a) It is symmetrical and fits into crystal lattice more readily. 
         (b) It contains equal amount of (+) and (-) Butan-2-ol which rotate planer    
polarized light equal in magnitude but opposite in sign, such that no optical 
rotation is zero, i.e. this racemic mixture is optically inactive. 
5.How will you convert:           

a) Propene to Propan-2-ol? 
b) Ethanal to Propan-2-ol? 

Ans:  

 

6. Write chemical equations when : 
i. Ethyl chloride is treated with aqueous KOH 

ii. Chlorobenzene is treated with CH3COCl in presence of anhydrous AlCl3 
Ans:  

107



 

7.Name the reagents used in the following reactions: 
i. Nitration of Phenol to 2,4,6- trinitrophenol 

ii. Butanal to Butanol 
iii. Friedal- Crafts acetylation of anisole 
iv. Oxidation of primary alcohol to aldehyde 

Ans : 
 

        

8. Name the different reagents needed to perform the following reactions: 
i. Phenol to Benzene 

ii. Dehydration of propan-2-ol to propene 
iii. Friedel- Crafts acetylation of anisole 
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iv. Dehydrogenation of ethanol to ethanol
Ans: 

9. Arrange the following as property indicated: -

(i) pentan-1-ol, pentanal, ethoxyethane (increasing order of boiling point) 

Ans :  n-butane  <ethoxyethan<pentanal< pentan-1-ol 

(ii)pentan-1-ol, phenol, 4-methylphenol, 3-nitrophenol ( increasing order of 

acid strength) 

Ans : pentan-1-ol < 4-methylphenol < phenol  < 3-nitrophenol. 

10. How will you convert:
(i)Propene to Propan-2-ol?
(ii)Ethanal to Propan-2-ol?
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Ans: 

Short Answer type Questions: (3 Marks) 
1.Explain the following observations:  

(i)The boiling point of Methanol is higher than that of methoxymethane. 
(ii)Phenol is more acidic than ethanol. 
(iii) Ortho and p-nitrophenols are more acidic than phenol. 

Ans:(i) It is because ethanol is associated with intermolecular H-bonding 
whereas methoxymethane which is not associated with intermolecular H-
bonding. 
(ii) Phenol is more acidic than ethanol because phenoxide ion is more stable due 

to resonance as compared to ethoxide ion which is unstable due to positive 

inductive effect of ethyl group. 

(iii)It is because NO2 group is electron withdrawing (- R effect), it increases the 

stability of o- and p-nitrophenoxide ion (phenolate ion) as compared to 

phenoxide ion. 

2.Account for the following:
i. The boiling point of ethanol is higher than that of methanol.
ii. Phenol is a stronger acid than an alcohol.

iii. The boiling points of ethers are lower than isomeric alcohols.
Ans: 

i. It is due to the higher molecular weight, more surface are, morevander
Waal’s forces of attraction in C2H5OH than CH3OH.

ii. Phenol is a stronger acid than alcohol because phenoxide ion is more
stable than ethoxide ion.

iii. It is because ethers are not associated with intermolecular H- bonding,
whereas ethanol is associated with intermolecular H-bonding.

3. Account for the following:
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i. The boiling points of alcohols decrease with increase in branching of the
alkyl chain.

ii. Phenol does not give protonation reaction readily.
iii. Phenylmethyl ether reacts with HI to give Phenol and Methyl iodide and

not Iodobenzene and methyl alcohol.
Ans: 

i. It is because branched chain alcohols have minimum surface area
therefore minimum force of attraction, hence, they have lower boiling 
point. 

ii. It is due to +ve charge on 3 out of 5 resonating structures of Phenol. It
cannot be protonated easily.

iii. It is because phenoxide ion is stabilized by resonance, whereas,
methoxide ion is not.

1. How would you convert the following?

(i) Phenol to benzoquinone (ii) Propanone to 2- 

methylpropan-2-ol 

(ii) Propene to propan-2-ol 

Ans: (i)  OH O 

    Na2Cr2O7 + H2O 

(Conc. H2SO4)
Phenol 

  O
p-benzoquinone 

(ii)   O  OMgBr   OH 

CH3      C     CH3+ CH3MgBr    CH3- CH -CH3   CH3- C -CH3
 Propanone   (Methyl 

Magnesium  CH3   CH3 
Bromide)             (Tert.Butoxy 

 Magnesium Bromide) 

(iii)  CH3      CH = CH2  + H2O  CH3-CH(OH)CH3 
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 Propene  H2SO4 Propan-2-ol 

Long Answer Type Questions 
1. A compound ‘A’ with molecular formula C4H10O is a unreactive towards sodium metal . It
does not add Bromine water and does not react with NaHSO3 solution .On refluxing ‘A’ with 
excess of HI gives ‘B’ which react with aq. NaOH to form ‘C’. ‘C’can be converted into ‘B’ by 
reacting with P and I2 .‘C’ on heating with aqueous alkali to form ‘E’ which form ‘F’ on heating 
with conc. H2SO4. ‘F’ decolourises bromine water . Identify A to F and write the reactions 
involved.  
Ans :-‘A’is not alcohol therefore it does not react with Sodium metal . ‘A’ is not aldehyde and 
ketone as it does not react with NaHSO3 ‘A’ is not unsaturated hydrocarbon as it does not add 
Br2 (aq) . It is likely to be ether. 

CH3CH2OC2H5       +     2HI-------------------------2C2H5I   +    H2O 
 ‘A’                        excess                                     ‘B’ 

       (C4H10O) 
2C2H5I     +   NaOH (aq)    --------------------------------C2H5OH    +   Na I 
   ‘B’                                                                               ‘C’ 

       P / I2 

C2H5OH    ------------------------------------- C2H5I 
   ‘C’    ‘B’ 

       Cu       
CH3CH2OH  ---------------------------   CH3CHO 

 ‘C’ 573 K                               ‘D’ 

OH- 
CH3CHO  ----------------------------- CH3CHOHCH2CHO 
D’  (3-Hydroxybutanal) 
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                       ALDEHYDES , KETONES AND CARBOXYLIC ACIDS 

1. BASIC CONCEPTS 

Aldehydes and ketones are carbonyl compounds. 

Aldehydes and ketones are simple compounds which contain a carbonyl group - a 

carbon-oxygen double bond.  

In aldehydes , the carbonyl group has one hydrogen atom attached to it. 

In ketones, the carbonyl group has two hydrocarbon groups attached.  

NOMENCLATURE OF  

ALDEHYDES: In general they are called alkanal i.e..root name suffixed by “al”. 

KETONES: In general they are called alkanone i.e. root name suffixed by “one”. 

CARBOXYLIC ACIDS: In general they are called alkanoic acids  i.e. root name 

suffixed by “oic acids”. 

In case more than one functional group is present in the organic compound the 

choice of the main functional group is made on the basis of the following order of 

preference. 

Carboxylic acids> Sulphonic acids > anhydrides > esters > acid chlorides > 

acid amides > nitriles > aldehydes > ketones > alcohols > phenols > amines > 

ethers > alkenes > alkynes. 

REACTIONS USED TO STEP UP THE SERIES 

1. RX + KCN              RCN     
H

2
O/H+ or OH-

            RCOOH 

2. RCHO or RCOR’ + RMgX(followed by hydrolysis)                Alcohols 

3. Wurtz Reaction. 

4. RMgX + CO2(followed by hydrolysis)                 Carboxylic acids 

REACTIONS USED TO STEP DOWN THE SERIES 

1. Hoffman’s Bromamide Reaction 

2. Sodalime decarboxylation 

NUCLEOPHILIC ADDITION REACTIONS: 

1. Due to polarity of carbonyl group, aldehydes and ketones undergo  

nucleophilic addition reactions. The reactivity orders are:  

i) HCHO> CH3CHO> (CH3)2CO >[ (CH3)2 CH]2CO > [ (CH3)3 C]2CO it is 

because steric effect & +I effect of alkyl groups increases. 

         ii) Due to +R effect of benzene ring aromatic aldehydes and ketones are less             

reactive. The order is :-  C6H5CHO> C6H5COCH3 > C6H5COC6H5 
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ACIDIC NATURE OF  CARBOXYLIC ACIDS 

 They are acidic because the carboxylate ion stablised due to  resonance, as a 

result of which H
+
 can be released easily. 

 a) Effect of substituents on acidic strength of aliphatic acids: 

 i)Acidity decreases with the increase in +I effect of alkyl groups.  

      HCOOH > CH3COOH > (CH3)2COOH> (CH3)3CCOOH 

 ii) Acidity decreases  as the - I effect of halogen decreases.  

      FCH2COOH > ClCH2COOH >BrCH2COOH  >ICH2COOH > CH3COOH 

 iii) Acidity decreases  as the no.  of halogen  atoms decreases.  

      Cl3CCOOH >Cl2CHCOOH  >ClCH2COOH > CH3COOH 

 iv) Acidity decreases  as the  distance of halogen  from the –COOH group 

increases.  

       CH3CH2CHClCOOH > CH3CHClCH2COOH > ClCH2CH2CH2COOH 

 

  b) Effect of substituents on acidic strength of aromatic acids: 

  i)  Electron donating groups like –R, -OH, -NH2 etc. tend to  decrease while 

electron withdrawing groups increase the acidic strength of benzoic acid. 

 ii) o- substituted benzoic acids are more stronger acids than benzoic acids. 

 c) Carboxylic acids are stronger acids than phenol as the carboxylate ion is 

better stabilized by resonance than phenoxide ion. 

 

 IMPORTANT NAMED REACTIONS: 

 

1. ROSENMUND REDUCTION:When acyl halide is hydrogenated over catalyst 

palladium on barium sulphate aldehydes are formed.. 

RCOCl + H2             
Pd-BaSO4     

                   RCHO+ HCl 

 

2. STEPHEN REACTION: When nitriles are reduced to imines with stannous 

chloride in presence of HCl, which on hydrolysis gives aldehydes. 

RCN + SnCl2 + HCl                     RCH= NH         
H

3
O+ 

        RCHO 

 

3.ETARD REACTION: When chromyl chloride oxidizes methyl group to 

chromium complex, which on hydrolysis gives corresponding benzaldehyde. 

 

 + CrOCS2                              CH(OCrOHCl2)2    H3O
+ 

                           

 
4. GATTERMAN –KOCH REACTION: When benzene is treated with CO and 

hydrogen in presence of AlCl3 or CuCl , benzaldehyde is formed.  

 

                                   CO, HCl                                       CHO 

                                          Anhy AlCl3/ CuCl 
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5. FRIEDEL CRAFTS ACYLATION: When benzene is treated with Acid

chloride in presence of Anhy AlCl3 aromatic ketones are formed. 

 + CH3COCl    Anhy AlCl3 COCH3

6. CLEMMENSEN REDUCTION: The carbonyl group of  aldehydes and

ketones is reduced to CH2  group   on treatment with zinc amalgam and conc. HCl. 

     C=O    Zn-Hg (HCl)    CH2  +H2O 

7. WOLFF KISHNER REDUCTION: The carbonyl group of  aldehydes and

ketones is reduced to CH2  group   on treatment with zinc amalgam and conc. HCl. 

 C=O  NH2NH2    C=NNH2   KOH/ETHYLENE GLYCOL     CH2  + N2 

8. TOLLENS’ TEST: On warming aldehyde with freshly prepared ammonical

silver nitrate solution , a bright silver mirror is produced. 

RCHO + 2[Ag(NH3)2]
+
  +3OH

-
RCOO

- 
+2Ag + 2H2O + 4NH3

9. FEHLING’S TEST : On heating aldehyde with Fehling’s reagent, a reddish

brown ppt is formed.

RCHO + 2Cu
2+

  +5OH
-
                        RCOO

- 
+ Cu2O + 3H2O

10.IODOFORM TEST: Aldehydes and ketones having atleast one methyl group 

linked to the carbonyl carbon atom are oxidized by NaOI to carboxylic acid having 

one carbon atom less than that of carbonyl compound.The methyl group is 

converted into iodoform. 

 RCOCH3     
 NaOI

      RCOONa + CHI3

11. ALDOL CONDENSATION: Aldehydes and ketones having atleast one α-

hydrogen undergo a reaction in presence of dil. NaOH to form β- hydroxy 

aldehydes or β- hydroxy ketones.

2CH3CHO 
dil. NaOH

 CH3-CH(OH) CH2- CHO
∆ -H

2
O 

  CH3 CH=CH-CHO 

12. CROSS ALDOL CONDENSATION: When aldol condensation is carried

between two different aldehydes or ketones it gives mixture of products. 

 CH3CHO CH3CH=CH-CHO + CH3CH2-CH=C(CH3)CHO+ 

         +       NaOH and Heat   

 CH3CH2CHO           CH3-CH=C(CH3)CHO + CH3 CH2-CH=CHCHO 

13. CANNIZZARO REACTION: Aldehydes and ketones having no  α- hydrogen

undergo self oxidation and reduction  reaction in presence of conc. NaOH to form 

one molecule of alcohol and one molecule of carboxylic acid. 
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            2 HCHO    
conc. NaOH

      HCOONa + CH3OH 

 14. ESTERIFICATION REACTION: Carboxylic acids reacts with alcohols or 

phenols in presence of   mineral acids to form esters. 

             CH3COOH + CH3OH       
 H

2
SO

4                          CH3COOCH3 + H2O 

  15. SODA LIME DECARBOXYLATION: Sodium salts of acids on heating 

with sodalime gives alkane with one carbon atom lesser than that present in acid.  

              RCOONa           
NaOH 

∆
& CaO

    R-H + Na2CO3 

 16. KOLBE ELECTROLYSIS: Sodium salts of acids on electrolysis of their 

aqueous solutions form alkanes with same no. of carbon atoms. 

             2RCOONa     
electrolysis

          R-R + 2CO2 

17. HELL- VOLHARD – ZELINSKY REACTION : Carboxylic acids having α- 

H- atom are halogenated  at the α- position on treatment with chlorine or bromine 

in +ce of  red phosphorus to give  α  halocarboxylic acids. 

            RCH2COOH            
Cl

2
/ red phosphorus

                 RCH(Cl)- COOH 

 18. NaHCO3 TEST: Carboxylic acids gives brisk effervescence with NaHCO3. 

             RCOOH + NaHCO3             RCOONa + CO2 + H2O 

 

 EXPECTED QUESTIONS:  

  

 Q1. How would you account for the following: 

  (i) Aldehydes are more reactive than ketones towards nucelophiles. 

  (ii) The boiling points of aldehydes and ketones are lower than of the 

corresponding acids. 

  (iii) The aldehydes and ketones undergo a number of addition reactions. 

Ans. (i) This is due to steric and electronic reasons. Sterically, the presence of two 

relatively large 

  substituents in ketones hinders the approach of nucleophile to carbonyl carbon 

than in aldehydes having only one      such substituent. Electronically two alkyl 

groups reduce the positivity of the carbonyl carbon more effectively in  ketones 

than in aldehydes. 

 (ii) This is due to intermolecular hydrogen bonding in carboxylic acids. 

 (iii) Due to greater electronegativity of oxygen than carbon the C atom of the >C = 

O bond acquires a partial positive charge in aldehydes and ketones and hence 

readily undergo nucleophilic addition reactions. 

 

  Q3. How will you convert cyclohexanol into cyclohexanone? 

  Ans.  

                     
Q4. How will you convert Ethyl benzene into Benzoic acid? 
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Ans.  

           
 

 Q2.  Give chemical tests to distinguish between: 

 (i) Acetaldehyde and benzaldehyde 

 (ii) Propanone and propanol.  

    
Q7.Arrange the following  carbonyl compounds in increasing order of their 

reactivity in nucleophilic  addition reactions. 

    (i)  Ethanal, Propanal, Propanone, Butanone 

    (ii) Benzalidehyde, p-Tolualdehyde, p-Nitrobenzaldehyde, Acetophenone. 

    Ans :- (i) As we move from ethanol → Propanal→ Propanone → butanone,  

          the +I-effect of the alkyl group increases. As a result, electron density on the carbon 

atom of the carbonyl group progressively increases and hence attack by the nulcleophile 

becomes slower and slower. Thus, the reactivity increases  in the reverse order : 

           i.e., butanone <  Propanone  < Propanal < ethanal. 

 (ii) Acetophenone is a ketone, while all others are aldehydes, therefore, it is the least 

reactive. In p- tolualdehyde, there is a CH3 group at the p-position w.r.t. to the carbonyl 

group, which increases the electron density on the  carbon of the carbonyl group by 

hyperconjugation effect thereby making it less reactive than benzaldehyde. 

            + 

         H    O     H   

         │     ‖       O¯ 

  H—C—        -C-H         H—C =        = C          etc. 

         │       │    H 

         H       H 
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On the other hand, in p-nitrobenzaldehyde, the NO2 group is a powerful electron-

withdrawing group. It withdraws  electrons, both by inductive and resonance effect 

thereby decreasing the electron- density on the carbon atom of the carbonyl group. This 

facilitates the attack of the nucleophile and hence makes it more reactive than 

benzaldehyde. 

O     +      O ¯O        + O¯ 

       N—    —C     N =   +  ←C         etc. 

         ¯O           H    ¯O     H 

 Therefore, the overall reactivity increases in the  order : 

 Aceptophenone < p-tolualdehyde < benzaldehyde < p- nitrobenzaldehyde 

.      Q9.  Which acid of each pair shown here would you expect to be stronger ? 

(i) CH3COOH  or FCH2COOH 

(ii) FCH2COOH or ClCH2COOH 

(iii) FCH2CH2CH2COOH or CH3-CHF-CH2COOH 

       (iv)  F3C—     -COOH  or H3C—  —COOH 

         Ans :-  

   (i)  Due to –I effect of F and greater stability of FCH2COO¯ ion over CH3COO¯ion, 

FCH2COOH is  a stronger acid than CH3COOH. 

 (ii) Due to much stronger –I effect of F over Cl, the FCH2COO¯ ion is much more 

stable than ClCH2COO¯ ion and hence FCH2COOH is a stronger acid than 

ClCH2COOH. 

(iii)Inductive effect decreases with distance, therefore, -Ieffect of F is somewhat 

stronger in 3-fluorobutanoic acid than in 4-fluorobutanoic acid. In other words, CH3 —

CHF— CH2COO¯ ion is somewhat more  stable than FCH2CH2CH2COO¯ ion and 

hence CH3CHFCH2COOH is a stronger acid than FCH2CH2CH2COOH. 

(iv)CF3 has a strong –I-effect.It stabilizes the carboxylate ion by dispersing the –ve 

charge. CH3 has a weak +I-effect, It de stabilizes the carboxylate ion by intensifying the 

–ve charge. Therefore, due to greater stability of F3C—C6H4—COO¯ (p) ion over CH3

— C6H4—COO¯(p) ion, F3C—C6H4—COOH (p) is a much stronger acid than CH3 — 

C6H4—COOH (p). 
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                                                         AMINES 

BASIC CONCEPTS 

NOMENCLATURE OF AMINES:  

In general they are called alkanamines i.e. root name suffixed by “amine”. 

Secondary amines are called N- alkyl alkanamines. 

Tertiary amines are called N, N- dialkyl alkanamines. 

Physical properties of amines: 

(i)Solubility: Lower aliphatic amine is soluble in water because they can form 

hydrogen bonding with water. Solubility decreases with increases in molar mass of 

amines due to increase in size of hydrophobic group. 

(ii)Boiling points: Among the isomeric amines primary and 

secondary amines have high boiling point because they can form 

hydrogen bonding. Tertiary amine cannot form hydrogen bonding 

due to the absence of hydrogen atom available for hydrogen bond 

formation.  Hence order of boiling of isomeric amines is 

            Primary>Secondary> Tertiary 

Basic character of amines: 

(a) Ammonia is lewis base due to presence of lone pair of electron. Amines are 

derivatives of ammonia. 

(b) Basic character depends on pKa value. Larger the value of pKa or smaller the 

value of Ka weaker is the Base and vice-versa 

 Basic character of Primary,secondary,tertiary amine- 

 Condition No. 1: 3
o
amine > 2

o
 amine > 1

o
 amine (In vapour phase). 

This is due to +I effect of alkyl group 

Condition No. 2: In aqueous solution =  1
o
amine> 2

o
 amine > 3

o
 amine 

This is due to solvation effect. The greater the size of ion lesser will be solvation  and 

the less stabilized is the ion. 

 Condition No. 3: In general the basic characters of amines in aqueous medium 

i.e.inductive effect, solvation effect and steric hindrance the sequence are as follows- 

    
 Condition No. 4:  Aniline is less basic than ammonia because the – NH2 group 

attached directly to the benzene ring, hence the unshared electron  pair on 

nitrogen is less available for protonation due to resonance. 

 

          
 Condition No. 5: Effect of the substituent on basic strength of aniline. 
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     (a) The presence of ERG group increases the basic strength of aniline whereas 

(b) The presence of EWG group decreases the basic strength of aniline. 

 

  IMPORTANT NAMED REACTIONS: 

1. HOFFMAN’S AMMONOLYSIS :When alkyl halide is treated with 

ethanolic solution of ammonia mixture of amines  are formed.. 

RCl + NH3    -HCl     RNH2   +  RX  R2NH  + RX   R3N   +RX    R4N
+
X

-
 

 

2. HOFFMAN’S BROMAMIDE REACTION: When  acid amides  are 

treated with  bromine in an aqueous or ethanolic solution of NaOH primary 

amines are formed . 

RCONH2 +Br2 + 4NaOH                     RNH2 +  Na2CO3 +2NaBr + 2H2O         

 

3. GABRRIEL PHTHALIMIDE REACTION: Phthalimide on treatment 

with ethanolic KOH forms potassium salt of phthalimide which on heating 

alkyl halide followed by hydrolysis produce the corresponding primary 

amine. 

                    CO       N-H                         CO       NK                           CO    

NR 

 CO         KOH                      H3
 
     CO    RX                            CO   

NaOH (aq)   RNH2                               

 

4. CARBYLAMINE REACTION: When aliphatic and aromatic primary 

amines are treated with chloroform and ethanolic KOH carbylamines, which 

are foul smelling substances are formed.  

 R-NH2 + CHCl3 + 3KOH                               R-NC + 3KCl+ 3H2O   

                                                    

5. DIAZOTISATION REACTION: When Aniline is  treated with NaNO2 and 

HCl under ice cold conditions Benzenediazonium Chloride is  formed.  

 Ar-NH2      NaNO2 and HCl  ( 0-5
O
C)       ArN2

+
Cl

-
 + NaCl + 2H2O   

                                                    

6. GATTERMAN REACTION: When Benzenediazonium Chloride  is  

treated with corresponding halogen acid  in presence of copper powder 

haloarenes are formed.  

 ArN2
+
Cl

-
       Cu and HCl          ArCl+ N2  + CuCl   

 

7. SANDMEYER REACTION: When Benzenediazonium Chloride  is  treated 

with Cu(I) ion corresponding  haloarenes are formed.  

 ArN2
+
Cl

-
       CuX and HX          ArX+ N2    
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 8. COUPLING REACTION: When Benzenediazonium Chloride  is  treated 

with phenol or aniline corresponding  azo compounds  are formed.  

 

            N2
+
Cl

-
 +  H                OH                             -N=N -     --  ---OH 

 

 9. HINSBERG’S TEST: Primary and secondary amines react with  

Benzenesulphonyl Chloride 

( Hinsberg’s Reagent) to form sulphonamides. It is used to distinguish 

between primary, sec & tert. Amines. 

RNH2 + C6H5SO2Cl                  sulphonamide soluble in alkali 

R2NH + C6H5SO2Cl                  sulphonamide insoluble in alkali 

R3N + C6H5SO2Cl                  No reaction 

 

 CHEMICAL TEST FOR DISTINGUISHING PAIRS OF COMPOUNDS 

1. Carbyl amine reaction- To distinguish Pri. , Sec., Aliphatic or Aromatic 

amines with others amines. 

 

2. HINSBERG’S REAGENT TEST (BENZENE SULPHONYL 

CHLORIDE): Hinsberg’s reagent test distinguished primary, secondary 

and tertiary amine. 

 

Reaction with 

Hinsberg’s reagent 

Reaction with 

Hinsberg’s reagent 

Reaction with 

Hinsberg’s reagent 

Product soluble in 

alkali 

Product insoluble in 

alkali 

No reaction 

3.  

 Primary 

amine 

Secondary amine Tertiary amine Primary 

aromatic amine 
Reaction with 

nitrous acid gives 

bubbles of N2. 

Reaction with 

nitrous acid gives 

yellow oily layer. 

Tertiary amine 

dissolves in 

nitrous acid  

Azo dye test- 

Reaction with 

nitrous acid  

followed by 

coupling with 

phenol gives 

orange azo-dye. 

 
 

 

 

EXPECTED QUESTIONS:  
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 Q1. Give reasons for the following:  

1. Aniline is less basic than methyl amine. 

Ans. It is because aniline undergoes resonance , as a result ,the electrons on 

N atom are delocalized over benzene ring and are thus less available for 

donation . 

 On the other hand in Methyl amine , due to the e
- 
releasing tendency of 

methyl group  the e
-
 density on N- atom is increased , thus e

-
 can be donated 

easily & hence stronger base ( Higher Kb value & lower pKb value compared 

to aniline). 

2. Ethylamine is soluble in water while aniline is not. 

Ans. Ethylamine when added to water forms intermolecular H – bonds 

whereas aniline does not form  intermolecular H – bonds due to the presence 

of large hydrophobic part ( C6H5-). 

3.  Methyl amine in water reacts with ferric chloride to precipitate 

hydrated ferric oxide. 

Ans. Due to electron releasing methyl group ( +I effect) , methyl amine is 

more basic than water. Thus it produces OH
-
 ions by accepting H

+
 ions from 

water. 

CH3-NH2 + H-OH               CH3NH3
+
 + OH

- 

Ferric chloride
 
dissociates into water to form Fe

3+
 & Cl

- 
ions. OH

-
 ions reacts 

with Fe
3+

 ions to form a ppt of hydrated ferric oxide. 

2Fe
3+

 + 6OH
-
               Fe2O3.3H2O 

4. Although amino group is o & p directing in aromatic electrophilic 

substitution  reactions, aniline on nitration gives a substantial 

amount of m- nitro aniline. 

Ans. Nitration of aniline is carried out in acidic medium. In this medium 

aniline being a base gets protonated to give anilinium ion which is m- 

directing. Due to this reason aniline on nitration gives a substantial amount 

of m- nitro aniline. 

5. Aniline does not undergo Friedel craft’s reaction. 

Ans.  Friedel craft’s reaction is carried out in presence of Lewis acid  (AlCl3) 

. Aniline being  a strong base reacts withAlCl3 to form salt .  

                   NH2  + AlCl3                    NH3
+
 

Due to positive charge on N- atom electrophilic substitution in benzene ring 

is deactivated. As a result aniline does not undergo Friedel craft’s reaction. 

 

Q2. Give the IUPAC name of       H2N            OCH3 

Ans.  4-methoxybenzenamine. 

 

Q3. Arrange the following compounds in the increasing order of their basic 

strength in aqueous solution. 

      NH3, RNH2, R2NH,R3N  (R=C2H5) 
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Ans.    NH3< RNH2 <R3N< R2NH 

Q4. Arrange the following compounds in the increasing order of their basic 

strengths. 

       C6H5 NH2, C6H5 N(CH3)2, (C6H5)2 NH, CH3NH2

Ans. (C6H5)2 NH < C6H5 NH2 < C6H5 N(CH3)2 < CH3NH2 

Q5. Arrange the following compounds in the increasing order of their 

solubility in water. 

       C6H5 NH2, (C2H5)2 NH, C2H5 NH2

Ans. C6H5 NH2  <  (C2H5)2 NH <  C2H5 NH2

Q6. Give chemical tests to distinguish between . 

a) methylamine and dimethylamine

b) Aniline and benzyl amine

Ans. a) Methyl amine will give positive carbylamine test while dimethylamine 

does not give this test 

         CH3-NH2 + CHCl3 + 3KOH                               CH3-NC + 3KCl+ 3H2O  

 (CH3)2NH + CHCl3 + 3KOH                               No Reaction 

b) Aniline being aromatic primary amine gives positive Azo-dye test while

benzyl amine does not give  this test. 

N2
+
Cl

-
 +  H  OH   0-5

0
C    N=N    OH 

Q7.  How will you convert 4-nitrotoluene to 2-bromobenzoic acid? 

Q8. How will you convert: 

(i) Ethanoic acid into methanamine 

(ii) Hexanenitrile into 1-aminopentane 
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Q9. Write chemical equations for the following reactions: 

(i) Reaction of ethanolic NH3 with C2H5Cl. 

(ii) Ammonolysis of benzyl chloride and reaction of amine so formed 

with two moles of CH3Cl 
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                                                      POLYMERS 
 

 

 
Addition or Chain Growth Polymer 
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Addition or Chain Growth Polymer 

Polythene Ethene  CH2=CH2 Insulator, ,Packing material, 

Teflon 

(Poly tetrfluoroethene) 
Tetrfluoroethene   CF2=CF2 

Lubricant, Insulator and making non-stick 

cooking ware. 

Poly acrylonitrile Acrylonitrile   CH2=CH-CN For  syntheticfibres and synthetic wool. 

Buna S 
Buta-1,3-diene       +      Styrene 

CH2=CH-CH=CH2       C6H5CH=CH2 

Automobile tyres and Foot wears 

 

Buna N 

Buta-1,3-diene         +        

Acrylonitrile 

CH2=CH-CH=CH2            CH2=CH-CN 

Oil seals, Tank lining 

 

Natural Rubber 2-Methylbuta-1,3-diene (Isoprene) Used for tyres after vulcanisation 

Synthetic Rubber(Neoprene) 
2-Chlorobuta-1,3-diene 

(Chloroprene) 

Insulator, making conveyor belts and 

printing rollers 

Polypropene Propene        CH3-CH=CH2 Ropes, toys,pipes and fibres 

Polystyrene Styrene         C6H5CH=CH2 
Insulator, Wrapping material,toys, Radio 

and television cabinets. 

Polyvinyl chloride 

(PVC) 
Vinyl Chloride  CH2=CH-Cl 

Rain coats, Hand bags, Vinyl flooring and 

water pipe. 

Condensation or Step Growth Polymers 

Terylene(Dacron) 
Ethane-1,2-diol  +  Benzene-1,4-

dicarboxylic acid 

Used for making fibres, safety belts, tents 

 

Nylon 66 

Hexamethylenediamine  +  Adipic 

acid 

NH2(CH2)6NH2         HOOC(CH2)4COOH 

For making brushes,paratutes and ropes 

 

Nylon 6 Caprolactum Tyrescords,fabrics andropes 

Bakelite Phenol   +  Methanal 
Combs,electricalswitches,handles of 

utensiles and computer discs 

Melamine Melamine   +    Methanal Unbreakable crockery 
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PHBV (biodegradable) 3-Hydroxybutanoic acid   +  

3-Hydroxypentanoic acid 

Specialty packaging, orthopedic devices, In 

controlled drug release  

Nylon 2 – Nylon 6 

(biodegradable) 

Glycine       +     Amino caproic 

acid 

H2N-CH2-COOH    H2N (CH2)5-COOH 

Urea-formaldehyde resin Urea + Formaldehyde Unbreakable cups , laminated sheet 

Glyptal 
Ethane1,2-diol   +  Benzene-1,2-

dicarboxylic acid 

Binding material  

in preparation of mixed plastics and paints 

****************************************************************************************** 

Semi-synthetic poly Cellulose Acetate (Rayon) 

Thermoplastic polymers Linear or slightly branched / capable of repeatedly softening on heating and 

hardening on cooling. Example :  Polythene, Polystyrene, Polyvinyls, etc. 

Thermosetting polymers Cross linked or heavily branched molecules, /  on heating undergo extensive cross 

linking in moulds and again become infusible. These cannot be reused.  Examples : 

Bakelite, Urea-formaldelyde resins. 

Homo-polymer   & 

Co-polymer 

Homo-polymer Polymer of a single monomeric species.  Example : Polythene , 

PVC 

Co-polymer Polymer of more than one monomer  .Example : Nylon66, Bakelite 

Initiators Benzoyl Peroxide  [ C6H5CO-O-O-CO-C6H5 ] (in freeradical addition polymerization) 

Vulcanisation of Rubber. Natural rubber is soft at high temp and brittle at low tempand absorbs water.  To 

improve these physical properties, it is heated with sulphur and an appropriate 

additive at a temperature range between 373 K to 415 K. On vulcanisation, sulphur 

forms cross links at the reactive sites of double bonds and thus the rubber gets 

stiffened. 

Very Short Answer Type Questions (1 marks) 

Q.1 Classify the following as addition and condensation polymers. 
Terylene, Bakelite , polyvinyl chloride (PVC),polythene. 
Sol. Addition  polymers 

 Polyvinyl chloride and polythene 
Condensation polymers 

  Treylene and Bakelite 
Q2. Arrange the following in increasing order of their intermolecular 

forces.  
(i) Nylon-6,6, Buna-S , polythene 
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(ii) Nylon-6 , neoprene , polyvinyl chloride 
Sol.    Increasing order of the intermolecular forces of the polymers is as 

follows 
         (i)Buna-s < polythene <nylon-6,6 
         (ii)Neoprene < polyvinyl chloride < nylon-6 
Q3. Is a                      homopolymer or a copolymer?  

                               
Sol. It is  a homopolymer because single type of monomer unit i.e., 
C6H5CH—CH2 undergo polymerisation. 
Q4. Define the term polymerisation. 
Sol. The process in which small molecules  constitute the repeating units in 

a polymer are called monomer units and are linked to each other by 
covalent bond and this process of formation of polymers from 
respective monomers is known as polymerisation. 

Q5. Write the name and structure of one of the common initiators 
used in free radical addition polymerisation. 
 
Sol. Benzoyl peroxide 

 
Q6. Identify the monomer in the following polymeric structures 

 
 

Sol.  (i)Monomers are HOOC—(CH2)8—COOH and  
                                        Decanoic/Sebanic acid 
H2N—(CH2)6—NH2 

Hexamethylene diamine 
       (ii)Monomers 
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Q7. In nylon-6,6, what does the designation6,6 mean? 
Sol. The amine and acid parts, of the monomers  (adipic acid and 
hexamethylene diamine which condense to give the polymer, each of 
them contain 6 carbons. 

Q8. Which factor impacts crystalline nature to polymer like nylon? 
Sol. Strong intermolecular forces like hydrogen bonding, lead to close 
packing of chains that impacts crystalline character. 
Q9.Which of the following are addition polymers :    Terylene ;Teflon 
;Neoprene? 
Sol. Neoprene and Teflon are addition polymers. 
Q10. Can enzyme be called a polymer? 
Sol. Yes, they are biocatalysts which are proteins and therefore they are 
polymers. 
Q11. Explain the difference between Buna-N and Buna-S. 
Sol. Buna-N is a copolymer of 1,3-butadiene and acrylonitrile whereas 
Buna-S is a copolymer of 1,3butadiene and styrene. 
Q12. What are the monomeric repeating units of nylon-6 and nylon-
6,6? 
Sol. Nylon-6 

. 
Q14. Draw the molecular structure of the monomers of

 (1)PVC      (2) Teflon 
Sol. (i)  CH2=CHCl (Vinyl chloride) 

ii)CF2=CF2 (Tetrafluroethene)
Q15. Give an example of a polymer which is used to make cups for 
hot-drinks? 
Sol. Urea-formaldehyde resin. 
Q16- Write the names and structures of the monomers of the 
following polymers

 (i) Buna-S 
 (ii) Buna-N 
 (iii) Dacron 
 (iv) Neoprene 

Ans- (i) Buna-S 
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             CH2 == CH—CH == CH2;            C6H5—CH==CH2 
                           1, 3-butadiene                          Styrene 
         (ii) Buna-N 
 
               CH2==CH2—CH==CH2;              CH2==CH—CN 
                      1, 3- butadiene                               Acrylonitrile 
         (iii) Dacron 
 
         HO—CH2—CH2—OH;                     HOOC(C6H4)COOH        
        Ethyl glycol                                        Terephthalic acid 
         (iv) Neoprene 
                          Cl                   
               CH2==C—CH==CH2 
                           Chloroprene 
Q9- Differentiate thermoplastics and thermosetting polymers with two 
examples of each. 
Ans-  
 
S.No. Thermoplastic Polymer Thermosetting Polymer 
1 These are linear or slightly 

branched long chain molecules. 
These are cross-linked or heavily 
branched molecules 

2 These are capable of 
repeatedly softening on heating 
and hardening on cooling. 

On heating, these undergo 
extensive cross-linking and 
become infusible. 

3 Intermolecular forces are 
intermediate of elastomer and 
fibres. 

Intermolecular forces are 
strongest. 

4 These can be reused e.g. 
polythene, polyvinyl chloride 
(PVC) 

These cannot be reused e.g. 
bakelite, urea- formaldehyde 
resin. 
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CHEMISTRY IN EVERYDAYLIFE 

POINTS TO BE REMEMBERED 

DRUGS – Drugs are chemical of low molecular masses, which interact with 

macromolecular targets and produce a biological response.  

1. CHEMOTHERAPY- The use of chemicals for therapeutic effect is called 

chemotherapy. 

2. CLASSIFICATION OF DRUGS –

(a) ON THE BASIS OF PHARMACOLOGICAL EFFECT-drugs for a particular 

type of problem as analgesics-----for pain relieving.   

(b) ON THE BASIS OF DRUG ACTION-Action of drug on a particular 

biochemical process.  

(c) ON THE BASIS OF CHEMICAL ACTION-Drugs having similar structure .eg-

sulpha drugs.  

(d) ON THE BASIS OF MOLECULAR TARGETS- Drugs interacting with 

biomolecules as 

lipids, proteins. 

4. ENZYMES AS DRUG TARGETS

(i) CATALYTIC ACTION OF EN ZYMES-  

(a) Enzymes have active sites which hold the substrate molecule .it can be 

attracted by reacting molecules.  

(b) Substrate is bonded to active sites through hydrogen bonds, ionic bonds, 

Vander Waal or dipole –dipole interactions.  

(ii) DRUG- ENZYME  INTERACTIONS-  

(a)Drug complete with natural substrate for their attachments on the active sites of 

enzymes .They are called competitive inhibitors.  

(b)Some drugs binds to a different site of the enzyme called allosteric sites which 

changes the shape of active sites.  

5. ANTAGONISTS- The drugs that bind to the receptor site and inhibit its natural 

function.

6. AGONISTS-Drugs mimic the natural messenger by switching on the receptor.

7. ANTACIDS-These are compounds which neutralize excess acid of stomach.eg-

Aluminium hydroxide, Magnesium hydroxide.

8. ANTI  HISTAMINES-The drugs which  interfare with the natural action of 

histamines and prevent the allergic reaction. eg- rantidine,tegarnet, avil.

9. TRANQULIZERS-The class of chemical compounds used for the treatment of 

stress,mild or even severe mental diseases. Eg-idardil, iproniagid, luminal, 

second equaqnil .
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VERY SHORT ANSWER TYPE QUESTION 

(1 marks) 

Q-1 Define the term chemotherapy?  

Ans-1 Treatment of diseases using chemicals is called chemotherapy. 

Q-2 why do we require artificial sweetening agents?  

Ans-2 To reduce calorie intake.  

Q-3 what are main constiuent of Dettol?  

Ans-3 Choloroxylenol&Terpinol . 

Q-4 what type drug phenaticinis?  

Ans-4 It is antipyretics.  

Q-5 Name the drug that are used to control allergy?  

Ans-5 Antihistamines.  

Q-6Why is the use of aspartame limited to cold food and drinks?  

Ans-6 It is unstable at cooking temperature and decompose.  

Q-7What is tranquilizers? Give an example?  

Ans-7 They is the drug used in stress, mild severe mental disease.  

 Q-8 what type of drug chloramphenicol?  

Ans-8 It is broad spectrum antibiotic.  

Q-9Why is biothional is added to the toilet soap?  

Ans-9It acts as antiseptics.  

Q-10 what are food preservatives?  

Ans-10 The substances that prevent spoilage of food due to microbial growth. eg- 

sodium benzonate.  

SHORT ANSWER TYPE QUESTION 

(2 marks) 

Q-1 Mention one important use of the following- 

(i) Equanil       
(ii)Sucrolose Ans-1 (i) Equanil- 
It is a tranquilizer.  

(ii) Sucrolose-It is an artificial 
sweetener. 

 Q-2 Define the following and give one example-  

(i)Antipyretics                          (ii) Antibiotics  

Ans-2 (i) Antipyretics- Those drugs which reduce the temperature of feveral body 

are called Antipyretics.  

Eg - Paracetamol 
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(ii) Antibiotics-The drugs which prevent the growth of other micro-organisms. Eg- 

Pencillin.  

Q-3 Name the medicines used for the treatment of the following-  

(i) Tuberculosis                           (ii) Typhoid       Tuberculosis- Sterptomycin 

Typhoid- Cholororophenicol 

Q-4 what are tincture of iodine?  

Ans-4 2-3% iodine solution of alcohol water is called tincture of Iodine. It is a 

powerful antiseptics and is applied on wounds.  

Q- 5 What is artificial sweetening agent? Give two examples?  
Ans-5 The substances which give sweetening to food but don’t add calorie to our 

body . 

Eg- Saccharin, alitame.  

Q-6 How is synthetic detergents better than soaps?  

Ans- 6 (i) Detergents can be used in hard water but soaps cannot be used.  

 (ii) Detergents have a stronger cleansing    action than soaps. 

Q-7 what are sulpha drugs? Give two examples?  
Ans-7 a group of drugs which are derivatives of sulphanilamide and are used in 

place of antibiotics is called sulpha drugs.  

Eg- sulphadizine, sulphanilamide.  

Q8.What forces are involved in holding the active sites of the enzymes?  
Ans-8 The forces are involved in holding the active sites of the enzymes are 

hydrogen bonding , ionic bonding , dipole-dipole attractions or Vander waals 

force of attractions.  

Q-9 Describe the following giving an example in each  case-  

(i) Edible colours       

(ii) Antifertility drugs  

(i) Edible colours- They are used for dying food. 
Eg- saffron is used to colour rice. 

(ii) Antifertility drugs- Those drugs which control the birth of the child 
are called antifertility drugs.  

Q-10 Give two examples of organic compounds used as antiseptics? 

Ans-10 Phenol (0.2%), iodoform 

SHORT ANSWER TYPE QUESTION(3 marks) 

Q-1 what are Biodegredable and non-biodegdredable detergents? Give one 

example of each.  
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Ans-1 Detergents having straight hydrocarbon chain and  are easily decomposed 

by micro-organisms are called Biodegredabledetergents.The detergents having 

branched hydrocarbon chain  and are not  easily decomposed by micro-organisms 

are called Non-Biodegredable detergents.  

Q2.what are barbiturates? To which class of drugs do they belong? Give two 

examples.  

Ans-2 Derivatives of barbituric acid are called barbiturates.They are tranquilizers. 

They also act as hypnotics. eg-  luminal , seconal.  

Q-3 Identify the type of drug-  
(i) Ofloxacin (ii) Aspirin (iii) Cimetidine  
Ans- 4 (i) Antibiotic   (ii) Analgesics & Antipyretics  

(iii) Antihistamines & antacid  

Q-4 Describe the following with suitable example- 
(i) Disinfectant (ii) Analgesics   
(iii) Broad spectrum antibiotics  

(i) Disinfectant- chemicals used to kill the micro-organisms can applied 
on non living 
articles.  

(ii) Analgesics- They are the drugs which are used to relieve pain .eg – 
Aspirin , Ibuprofen.  

(iii) Broad spectrum antibiotics- They kill the wide range of gram positive 
and gram negative bacteria.  
Eg- Chloramphenicol ,ofloxacin.  
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