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SYLLABUS FOR SESSION 2021-22 CLASS XII Term-II 
 

S.No UNIT  No. of Periods MARKS  
1 Electrochemistry  7 

13 2 Chemical Kinetics  5 
3 Surface Chemistry  5 
4 d-and f-Block Elements  7 

9 
5 Coordination Compounds  8 
6 Aldehydes, Ketones and Carboxylic Acids  10 

13 7 Amines  7 
TOTAL  49  35 

 
Electrochemistry: Redox reactions, EMF of a cell, standard electrode potential, Nernst equation and its application 
to chemical cells, Relation between Gibbs energy change and EMF of a cell, conductance in electrolytic solutions, 
specific and molar conductivity, variations of conductivity with concentration, 
Kohlrausch'sLaw,electrolysis. 
 
Chemical Kinetics: Rate of a reaction (Average and instantaneous), factors affecting rate of reaction: 
concentration, temperature, catalyst; order and molecularity of a reaction, rate law and specific rate constant, 
integrated rate equations and half-life (only for zero and first order reactions). 
 
Surface Chemistry: Adsorption - physisorption and chemisorption, factors affecting adsorption of gases on solids, 
colloidal state: distinction between true solutions, colloids and suspension; lyophilic, lyophobic, multi-molecular 
and macromolecular colloids; properties of colloids; Tyndall effect, Brownian movement, 
electrophoresis,coagulation. 
 
d-and f-Block Elements: General introduction, electronic configuration, occurrence and characteristics of 
transition metals, general trends in properties of the first row transition metals – metallic character, ionization 
enthalpy, oxidation states, ionic radii, colour, catalytic property, magnetic properties, interstitial compounds,  
alloy formation. Lanthanoids - Electronic configuration, oxidation states and lanthanoid contraction and its 
consequences. 
 
Coordination Compounds: Coordination compounds - Introduction, ligands, coordination number, colour, 
magnetic properties and shapes, IUPAC nomenclature of mononuclear coordination compounds. Bonding, Werner's 
theory, VBT, and CFT. 
 
Aldehydes, Ketones and Carboxylic Acids: Aldehydes and Ketones: Nomenclature, nature of carbonyl group, 
methods of preparation, physical and chemical properties, mechanism of nucleophilic addition, reactivity of alpha 
hydrogen in aldehydes, uses. Carboxylic Acids: Nomenclature, acidic nature, methods of preparation, physical and 
chemical properties; uses. 
 
Amines: Amines: Nomenclature, classification, structure, methods of preparation, physical and chemical 
properties, uses, identification of primary, secondary and tertiary amines. 
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ELECTROCHEMISTRY  
 

(1 MARK QUESTIONS)  

Q.1. Limiting molar conductivity of an weak electrolyte cannot be determined experimentally. 

Why? 

Answer.  In weak electrolyte, the conductivity of the solution increases very slowly with dilution of solution 
and goes on increasing up to infinity. Therefore, it cannot be measured 
experimentally. 
 

Q. 2. Give reason: Molar conductivity of CH3COOH increases on dilution. 

Answer. Molar conductivity increases with decrease in concentration. This is because the total volume, V, 
of solution containing one mole of electrolyte also increases. It has been 
found that decrease in K on dilution of a solution is more than compensated by increase in its volume. 
 

Q.3. Give reason : On the basis of Eₒ values, O2 gas should be liberated 

   at anode but it is Cl2 gas which is liberated in the electrolysis of aqueous NaCl. 

 Answer. The reaction at anode with lower value of E° is preferred i.e., O2 gas should be liberated but on 
account of over potential of oxygen reaction at anode, preferred reaction is 
i.e., Cl2 gas is liberated at anode in the electrolysis of aq. NaCl. 
 

Q.4. What is the necessity to use a salt bridge in a Galvanic cell? 

Answer. The salt bridge allows the movement of ions from one solution to the other without mixing of the 
two solutions. Moreover, it helps to maintain the electrical neutrality of the solutions in the two half cells. 
 

  Q. 5. What is the use of platinum foil in the hydrogen electrode? 

Answer.  It is used for the inflow and outflow of electrons. 

 

Q.6. Out of HCl and NaCl, which do you expect will have greater value for molar conductivity 

and why? 

 Ans. HCl will have greater value of Λm because H+ ions are smaller than Na+ ions and hence H+ ions have 

greater ionic mobility than Na+ ions. 

 

Q.7. State Kohlrausch’s law of independent migration of ions. Write its one application.  

Answer. Kohlrausch’s law of independent migration o f ions : It states that limiting molar conductivity of 
an electrolyte can be represented as the sum of the individual contributions of the anion and cation of the 
electrolyte.  
Kohlrausch’s law helps in the calculation of degree of dissociation of weak electrolytes like acetic acid. 
 

Q.8. Explain why fluorine is the strongest oxidising agent? 

Answer. Because fluorine has highest reduction potential. 
 

Q.9. Lithium metal is the strongest reducing agent. Why? 

Answer.  Lithium metal is strongest reducing agent because Li has lowest reduction potential i.e., E°Li+/Li = –
3.05 V 
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Q.10. Why a galvanic cell stops working after sometime? 

Answer . With time, concentrations of the electrolytic solutions change. Hence, their electrode potentials 
change when the electrode potentials of the two half-cells become equal, the cell stops working. 

 
Q.11. For an electrochemical cell Mg(s) + Ag+(aq)                    Ag(s) + Mg2+(aq) 

     Give the cell representation. 

Answer.- Mg(s)/Mg2+ (aq)//Ag+ (aq)/Ag(s) 

Hint- A galvanic cell is represented as Anode half// cathode half.   

[Anode- oxidation- Loss of electrons & Cathode-Reduction—Gain of electrons] 

Q.12. What is EMF of a cell? 

Answer.- It is the potential difference when no current is drawn from the cell. 

Q.13. What do you mean by standard electrode potential? 

Answer.- When the concentration of all the species involved in a half cell is unity then the electrode 
potential is called standard electrode potential. 

Q.14. What happens if the external voltage applied becomes greater than E0cell of electrochemical cell? 

Answer.- The chemical reaction of the cell gets reversed and current flows in opposite direction. 

                                                   OR   

The polarity of electrode gets reversed and it behaves as an electrolytic cell. 

Q.15. Write the relation between Standard Gibbs energy change and standard EMF of a cell. 

Answer.- ∆rG
0 = -nFE0cell  

n= number of electrons lost/gained in cell reaction. 

F= Charge carried by 1 mole of electrons ≈ 96500 Cmol-1 

Q.16. Under what condition is Ecell =0 or ∆rG =0 ? 

Answer.- At the stage of equilibrium in the cell, when voltmeter reading becomes zero and 
concentration of ions involved in cell reaction becomes constant. 

Q.17. Write the relation between equilibrium constant and E0cell. 

Answer.- E0cell =
�.�����	� 	
��

��
 

Q.18.  What is the effect of temperature on electronic and ionic conductance? 

Answer- Electronic conductance decreases while ionic conductance increases with the increase in 
temperature. 
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Q.19. Solutions of two electrolytes ‘A’ and ‘B’ are diluted. The λm of ‘B’ increases 1.5 times while 
that of A increases 25 times. Which of the two is a strong electrolyte? Justify your answer. 

Answer- B is a strong electrolyte out of the two.  

Justification- Since strong electrolyte dissociates almost completely on any concentration. So on 
dilution ionic mobility increases which leads small increase in λm value. 

Q.20. Find the quantity of charge in Coulombrequired to obtain one mole of Aluminium from Al2O3? 

Answer.- Al3+  + 3e   Al 

   3 mole of electrons = 3 F= 3 x 96500 Cmol-1= 289500 C 

 
(3 MARKS QUESTIONS)  

Q.1. The standard electrode potential (Eₒ) for Daniell cell is +1.1 V. Calculate the ▲rGₒ for the 
reaction. Zn(s) + Cu2+(aq) →Zn2+(aq) + Cu(s) (1 F = 96500 C mol–1) 

Answer.  ∆rG
0 = -nFE0cell  

n=2 
. ▲Gₒ=-212.3KJ/mol 
 

Q. 2. The conductivity of 0.001 M acetic acid is 4 ×10–5 S/cm. Calculate the dissociation  

constant of acetic acid, if molar conductivity at infinite dilution for acetic acid is  390 S 

cm2/mol. 

Answer. Λm= 40 S cm2/mol 
    Ka=1.18 ×10-5 

 

Q. 3. Mention few applications of electrochemical series. 

Answer. (i) Ions with higher reduction potentials are strong oxidising agents while lower reduction potentials  
      are strong reducing agents. 
(ii) The electrode with higher electrode potential (E°) acts as cathode while with lower electrode 
potential will act as anode. 
(iii) Predicting the feasibility of redox reaction. 
(iv) Predicting the capability of metal to evolve H2 gas from acid. 

 

Q. 4. A voltaic cell is set up at 25ₒC with the following half cells : 

Al/Al3+ (0.001 M) and Ni/Ni2+ (0.50 M) 

Write an equation for the reaction that occurs when the cell generates an electric 

current and determine the cell potential. 

EₒNi2+/Ni = – 0.25 V and EₒAl3+/Al = – 1.66 V.      (log 8 ×10–6 = – 5.09) 

Answer.  Cell reaction : 2Al(s) + 3Ni2+
(aq)→2Al3+

(aq) + 3Ni(s) 

Applying Nernst equation to the above cell reaction, 
Ecell =  1.46 V 
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Q. 5. A voltaic cell is set up at 25ₒC with the following half cells: 

Zn/Zn2+ and Cu/Cu2+  

EₒZn2+/Zn = – 0.76 V and EₒCu2+/Cu = 0.34 V. 

(i) What will be the cell reaction? 

(ii) What will be the standard electromotive force of the cell? 

(iii) Which electrode will be positive? 

Answer. (i) The cell reactions are : 
Net reaction : 
Zn(s) + Cu2+

(aq)→Zn2+
(aq) + Cu(s) 

(ii) E°cell = E°cathode – E°anode = 0.34 V – (– 0.76 V) = 1.10 V 
(iii) Copper electrode will be positive on which reduction takes place. 
 

Q. 6. Resistance of a conductivity cell filled with 0.1 mol L–1 KCl solution is 100 Ω. If the 

resistance of the same cell when filled with 0.02 mol L–1 KCl solution is 520 Ω, calculate the 

conductivity and molar conductivity of 0.02 mol L–1 KCl solution. 

The conductivity of 0.1 mol L–1 KCl solution is 1.29 ×10–2 Ω–1 cm–1. 

Answer. Resistance of 0.1 M KCl solution R = 100 Ω 
Conductivity κ = 1.29 S m–1 

Cell constant G* = κ × R = 1.29 × 100 = 129 m–1 

Resistance of 0.02 M KCl solution, R = 520 Ω 
Conductivity, κ= 0.248 S m–1 
Molar conductivity, Λm = 0.0124 S m2 mol–1 

 

Q. 7. For the cell reaction, 

Ni(s)INi2+(aq) II Ag+(aq) IAg(s) 

Calculate the equilibrium constant at 25ₒC.How much maximum work would be 

obtained  by operation of this cell?    

Eₒ (Ni2+ /Ni)= −0.25V  Eₒ Ag+ /Ag =0.80V 

Answer. Kc  = 3.38 × 1035 

      

Q. 8.Depict the galvanic cell in which the reaction 

Zn(s) + 2Ag+(aq) →Zn2+(aq) + 2Ag(s) takes place. 

Further show : 

(i) Which of the electrode is negatively charged? 

(ii) The carriers of the current in the cell. 

(iii) Individual reaction at each electrode. 

Answer. (i) The zinc electrode is negatively charged (anode) as it pushes the electrons into the external  
      circuit. 
(ii) Ions are the current carriers within the cell. 
(iii) The reactions occurring at two electrodes are : 
At zinc electrode (anode) : Zn(s)→Zn2+(aq) + 2e– 

At silver electrode (cathode) : Ag+(aq) + e–→Ag(s)  
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Q.9. Represent the cell in which the following reaction takes place. 

Mg(s) + 2Ag+(0.0001M)    Mg2+(0.130M) + 2Ag(s) 

Calculate its Ecell if  E0cell= 3.17 V. 

Answer- Cell representation--Mg/Mg2+(0.130M)//Ag+(0.0001M) Ag  

Given- n=2 ,E0cell= 3.17 V 

Formula—Ecell=E0cell-
�.���� 	
� 						[�����]

		�																					[������]
   

Ecell= 3.17V- 0.059V/2 log [0.130]/[0.0001]2   

Ecell=3.17V- 0.21V =2.96V   

Note- Either log value is given in CBSE exam or practice to find the log value] 

Q.10. Calculate the equilibrium constant of the reaction: 

Cu(s) + 2Ag+(aq)  Cu2+(aq) + 2Ag(s) E0cell= 0.46V 

Answer.- E0cell =
�.�����	� 	
��

��
 

      n=2  

0.46V = 0.059V/2 log Kc 

logKc= 
�.���		�	�	

�.����
  =15.6 

Kc= antilog 15.6 = 3.92 x 1015 

Note- Kc is a unit less quantity. 

Q.11. Define electrochemical cell .Calculate the molar conductance of Sr(NO3)2. The molar ionic 

conductance of Sr2+ and NO3
-
 ions are 119 Scm2mol-1and 72 Scm2mol-1respectively. 

Answer- The device which converts the chemical energy liberated during the chemical reaction to electrical  

energy is called electrochemical cell.  

 Λ
0m{Sr(NO3)2}= λ0Sr2+  + 2λNO3

- = [119+ 2x 72] Scm2mol-1  =263 Scm2mol-1 

Q.12.The conductivity of 390.5S cm2mol–1acetic acid is 4.95 × 10–5 S cm–1.Calculate its dissociation 
constant if λ0m for acetic acid is 390.5S cm2mol–1. 

Ans-  λm= 
�	�	����

�
 =4.95 × 10–5 S cm–1x 1000     = 48.15 S cm2mol–1 

0.001028 molL–1 

∝ = λm/λom=  48.15S cm2mol–1/390.5S cm2mol–1 = 0.1233 

K =C∝2= 390.5S cm2mol–1 x (0.1233)2   = 1.78 x 10 -5mol L-1 

      1-∝                1-0.1233          
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Q.13. (a)  A solution of CuSO4 is electrolysed for 10 minutes with a current of1.5 amperes. What is the 
mass of copper deposited at the cathode? 

Answer-  Charge = current × time = 1.5 A × 600 s = 900 C 

Cu2+(aq) + 2e– = Cu(s) 

We require 2F or 2 × 96487 C to deposit 1 mol or 63 g of Cu. 

For 900 C, the mass of Cu deposited 

= (63 g mol–1 × 900 C)/(2 × 96487 C mol–1) = 0.2938 g.  

(b) If a current of 0.5 ampere flows through a metallic wire for 2 hours,then how many electrons would 
flow through the wire? 

Answer- Charge= Current x time = 0.5 A x 2 x 60 x 60 = 3600 C 

  Number of electrons = 6.022 x 1023 x 3600       = 2.245 x 1022 

                                          96500          

Q.14. Define the following terms- 

(a) limiting molar conductivity (b) Cell constant (c) Conductivity 

Answer- Limiting molar conductivity---When concentrationapproaches zero, the molar conductivityis 
known as limiting molarconductivity. 

Cell constant--The quantity l/A is called cell constant where l is the distance between the electrodes and 
their area ofcross-section A. 

Conductivity--The conductivity of a solution is theconductance of one unit volume of solution kept 
between twoplatinum electrodes with unit area of cross section and at a distanceof unit length. 

Q.15.Explain the variation of conductivity and molar conductivity with dilution for an electrolyte? 

Answer-  

Conductivity Conductivity always decreases withdecrease in concentration or increase in 
dilution both, for weak and strong electrolytes because the number of ions 
per unitvolume that carry the current in a solution decreases on dilution. 

Molar 
conductivity 

1. Increases with dilution for both the types of electrolyte but increase in 
molar conductivity for weak electrolyte is more than that of strong 
electrolyte. 
2. In weak electrolyte higher increase is due to increase in degree of 
ionization whereas in strong electrolyte it is due to weakening of ion-ion 
interaction leading to easier ionic mobility. 

 

Q.16.. (a) λomfor NaCl, HCl and NaAc are 126.4, 425.9 and 91.0 S cm2mol–1 respectively. Calculate λ0 
for HAc. 

Answer.- λom(HAc)  = λo
H

+   + λoAc
-
  = λo

H
+  + λo

Cl
- + λoAc

-
  + λo

Na
+  -λo

Cl
-  - λo

Na
+ 
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=  λom(HCl)  + λom(NaAc) - λom(Nacl) 

= (425.9 + 91.0 – 126.4 ) S cm2mol–1 

= 390.5 S cm2mol–1. 

(b) How can you determine limiting molar conductivity for strong electrolyte and weakelectrolyte? 

Answer- Limiting molar conductivity of strong electrolyte is determined using the equation 

Λm = λ0m-A(c)1/2 

While for weak electrolyte it is calculated using Kohlrausch’s law. 

Q.17. What do you mean by molar conductivity? The conductivity of 0.20 M solution of KCl at 298 K 
is 0.0248 S cm–1. Calculate its molar conductivity. 

Answer- Molar conductivity of a solution is the conductance of the volume V of solution containing 
one mole of electrolyte kept between two electrodes with area of cross section A and distance of unit 
length. 

Λm = k  x 1000     = 0.0248 S cm–1 x 1000  = 124 S cm2 mol-1 

             M                       0.20 M              

Q.18. How much electricity in terms of Faraday is required to produce 

(i) 20.0 g of Ca from molten CaCl2? (ii) 40.0 g of Al from molten Al2O3? 

Answer—(i) Ca2++  2e- Ca 

Electricity required for production of  40 g of Ca = 2F 

Electricity required for production of 20 g of Ca = 
��	�	�� 

�� 
=  1 F 

(ii) Al 3+  +  3e-     ---� Al 

Electricity required for the producting 27 g of Al= 3F 

Electricity required for producing 40 g of Al = 
��		�	��

�!
  = 

�	�	�����	�	��

�!
 = 4.4 F 

 
CASE BASED QUESTIONS (5 MARKS)  

 

 Read the passage given below and answer the following questions from 1to 5 

Q.1.The electrochemical cell shown below is concentration cell. 

 M IM2+ (saturated solution of a sparingly soluble salt, MX2) IIM2+ (0.001 mol dm–3)IM 

The emf of the cell depends on the difference in concentrations of M2+ ions at the two 

electrodes.The emf of the cell at 298 K is 0.059 V. 

i). The solubility product (Ksp, mol3 dm–9) of MX2 at 298 K based on the information 
available for the given concentration cell is (take 2.303 ×R ×298/F = 0.059) 
(a) 2 ×10–15 (b) 4 ×10–15 
(c) 3 ×10–12 (d) 1 ×10–12 
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ii)The value of ▲G (in kJ mol
(a) 3.7 (b) –3.7 
(c) 10.5 (d) –11.4 
 
iii). The equilibrium constant for the following reaction is
Fe2+ + Ce4+ → Ce3+ + Fe
(Given: EₒCe4+/Ce3+ = 1.44 V and 
(a) 7.6 ×1012 (b) 6.5×10
(c) 5.2 ×109 (d) 3.4 ×10
 
iv). The solubility product of a saturated solution of Ag2CrO4 in water at 298 K if the 
emf of the cell 
Ag IAg+ (satd. Ag2CrO4 soln) IIAg+ (0.1 M) IAg is 0.164 V at 298 K, is
(a) 3.359 ×10–12 mol3 L
(b) 2.287 ×10–12 mol3 L
(c) 1.158 ×10–12 mol3 L
(d) 4.135 ×10–12 mol3 L
 
v). To calculate the standard emf of the cell, which of the following options is correct if 
Eₒis 
 reduction potential values?
(a) emf = E°cathode – E°
(b) emf = E°anode – E°
(c) emf = E°anode + E°
(d) None of these 
 
Answer. i).Ksp = 4 × 10–15 

ii).∆G = –11.4 kJ mol–1 

iii). Kc = 7.6 × 1012 
iv). Ksp (Ag2CrO4) = 2.287 × 10
v). (a) emf = E°cathode 

 

Q.2. A galvanic cell is anelectrochemical cell that converts the chemical energy of a spontaneousredox 
reaction into electrical energy. In this device the Gibbs energy ofthe spontaneous redox reaction is 
converted into electrical work whichmay be used for runnin
heater,fan, geyser, etc. 

(in kJ mol–1)for the given cell is (take 1 F = 96500 C mol

The equilibrium constant for the following reaction is 
+ Fe3+ 

Ce4+/Ce3+ = 1.44 V and EₒFe3+/Fe2+ = 0.68 V) 
(b) 6.5×1010 

(d) 3.4 ×1012 

The solubility product of a saturated solution of Ag2CrO4 in water at 298 K if the 

Ag IAg+ (satd. Ag2CrO4 soln) IIAg+ (0.1 M) IAg is 0.164 V at 298 K, is
L–3 
L–3 
L–3 
L–3 

To calculate the standard emf of the cell, which of the following options is correct if 

reduction potential values? 
E°anode 

E°cathode 
E°cathode 

 

) = 2.287 × 10–12
 mol3 L–3 

cathode – E°anode 

galvanic cell is anelectrochemical cell that converts the chemical energy of a spontaneousredox 
reaction into electrical energy. In this device the Gibbs energy ofthe spontaneous redox reaction is 
converted into electrical work whichmay be used for running a motor or other electrical gadgets like 

 

 

for the given cell is (take 1 F = 96500 C mol–1) 

The solubility product of a saturated solution of Ag2CrO4 in water at 298 K if the 

Ag IAg+ (satd. Ag2CrO4 soln) IIAg+ (0.1 M) IAg is 0.164 V at 298 K, is 

To calculate the standard emf of the cell, which of the following options is correct if 

galvanic cell is anelectrochemical cell that converts the chemical energy of a spontaneousredox 
reaction into electrical energy. In this device the Gibbs energy ofthe spontaneous redox reaction is 

g a motor or other electrical gadgets like 
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Based on the above information, answer the following questions:- 

(i) Write the half-cell reaction. 

(ii) Represent the cell. 

(iii) What are the carriers of the current in the cell? 

(iv) What is the function of salt bridge? 

(v) What is the direction of flow of electricity in the cell? 

Answer.- (i) Cu2+     + 2e-   ----� Cu(s) [Reduction half- cell] 

         Zn(s) ----� Zn2+  + 2e-          [Oxidation half-cell] 

(ii) Zn/Zn2+//Cu2+/Cu 

(iii) Electrons and ions 

(iv) Function of Salt Bridge—(a) It allows the flow of current by completing the circuit. 

(b) It maintains electrical neutrality. 

(v) From cathode to anode.  
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CHEMICAL KINETICS 

(1 MARK QUESTIONS) 

Q.1 What is the unit of rate constant for reaction of nth order? 

Answer. (Mol/L)(1-n) s-1 

Q. 2. Write a relation between half life and rate constant for first order reaction.  

Answer. t1/2 = 0.693/k 

Q. 3. Give an example of  pseudo first order reaction . 

Answer. CH3COOC2H5+H2O →CH3COOH  + C2H5OH 

Q. 4. Write any two factors affecting the rate of a chemical reaction. 

Answer. (i) Catalyst  

             (ii) Temperature. 

Q. 5. A first order reaction has a specific reaction rate of 10-3 sec. How much will it time take  for 10 g 
of the reactant to reduce to 2.5 g? 

                    [Given: log 2 =0.301, log3= 0.48] 

Answer. A first order reaction has a specific reaction rate of 10-3 sec. How much will it time take  for 
10 g of the reactant to reduce to 2.5 g? 

                  Kt = 2.303log(a/a-x)
 
 

                      = 2.303log(10/2.5) 

                     = 2.303x2x0.3031 

             t = 2.303 x 2 x 0.303 x 103 s 

Q. 6.  What is meant by order of reaction being zero? 

Answer:   Rate of reaction does change with change in concentration of reactants as it gets            

                    completed   within seconds. 

Q. 7. Calculate overall order of reaction which has the rate expression 

         (a) rate = k [A]1/2[B] 3/2    (b) rate = k [A]3/2[B] -1    

Answer.  (a)  ( ½+3/2)  = 2                    

  (b)   (-1+ 3/2) = 1/2  

Q. 8.  Express the relation between the half life period of a reactant and its initial concentration    

          for a reaction of nth order. 
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Answer. t1/2  α  
1n

0
R

1
−−−−][

 

Q. 9. What is the order of reaction in the following plotted graph?  

 

Answer. Zero 

Q. 10. What is the order of reaction in the following plotted graph ?  

 

Answer. First 

Q11. Express the rate of following reaction in terms of disappearance of hydrogen in the reaction: 

3H2(g) + N2(g) → 2NH3(g) 

Answer. -1/3 d[H2]/dt represents rate of reaction. 

Q.12. What is the difference between law of mass and rate law? 

Answer. The law of mass is a theoretical law and it is based on the balanced chemical 

reaction whereas rate law is an experimental law. 

Q.13. For a reaction, A   →  B, the rate of reaction can be denoted by –d[A]/dt or +d[B]/dt . 
State the significance of plus and minus sign. 

Answer. Minus sign indicates the decrease in the concentration of reactant A with time 

whereas plus sign indicates the increase in the concentration of product B with time. 

Q.14. Identify the reaction order from each of the following rate consonants: 

a) K=2.3 X10-5 L mol-1s-1 

 

b) K= 3 x10-4 s-1. 

Answer. a) The unit of second order reaction is L mol-1 s-1 therefore it represents second order  

       reaction. 

b) The unit of first order reaction is s-1 therefore it is a first order reaction. 

 

Q.15. Calculate the half-life a first order reaction from the rate constant 200 s-1. 
 
Answer. t1/2= 0.693/k=0.693/200 =3.465 x 10-3 s. 
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Q.16. Rate constant for a reaction is 1.85 X 10
 
Answer. First order of reaction.
 

Q.17.Give units of specific rate consta
 
Answer. mol L-1s-1. 

 

Q.18.The reaction A + B            
 
Answer. Rate = k[A]0 [B]0 equals to k.
 

Q.19. Why cannot the molecularity of any reaction be equal to zero?
 
Answer. Molecularity cannot be zero because at least one molecule will be there in 

elementary reaction. 

Q.20.Why in general a reaction does not proceed with a uniform rate throughout or why 
instantaneous rate is preferred over average rate ?

Ans. This is because the rate of reaction at any time depends upon the concentrations of the reactants at 
that time which keep on decreasing with time.

Q.21. What will be the effect of temperature on rate constant?

Ans. The rate constant of a reaction is nearly doubled with ris
dependence of the rate constant on temperature is given by Arrhenius equation, 
where A is called the frequency factor and E

Q.22. What do you understand by rate law expression?

Ans. The rate law is the expression in which rate is given in terms of molar concentration

each term raised to some power ,which may or may not be same as the stoichiometric coefficient of the 

reacting species in a balanced chemical equation.

Q23. What is average rate of a reaction? How is it determined?

Ans. Average rate of a reaction is defined as the change in concentration of a reactant or a product per unit 

time. It can be determined by dividing the

For the reaction: A  B av = 

Q.24. How is activation energy affected on adding a catalyst?

Ans. A catalyst lowers the activation energy by following a different path for the reaction.

 

  

. Rate constant for a reaction is 1.85 X 10-2 s-1. Give the order of a reaction.

. First order of reaction. 

.Give units of specific rate constant for a zero order reaction. 

           C has zero order .Write rate equation.

equals to k. 

. Why cannot the molecularity of any reaction be equal to zero? 

Molecularity cannot be zero because at least one molecule will be there in 

.Why in general a reaction does not proceed with a uniform rate throughout or why 
instantaneous rate is preferred over average rate ? 

he rate of reaction at any time depends upon the concentrations of the reactants at 
that time which keep on decreasing with time. 

. What will be the effect of temperature on rate constant? 

Ans. The rate constant of a reaction is nearly doubled with rise in temperature by 10
dependence of the rate constant on temperature is given by Arrhenius equation, 
where A is called the frequency factor and Ea is the activation energy of the reaction.

understand by rate law expression? 

The rate law is the expression in which rate is given in terms of molar concentration

each term raised to some power ,which may or may not be same as the stoichiometric coefficient of the 

species in a balanced chemical equation. 

What is average rate of a reaction? How is it determined? 

Average rate of a reaction is defined as the change in concentration of a reactant or a product per unit 

time. It can be determined by dividing the change in concentration of reactant or product by the time interval

 

. How is activation energy affected on adding a catalyst? 

A catalyst lowers the activation energy by following a different path for the reaction.

. Give the order of a reaction. 

C has zero order .Write rate equation. 

Molecularity cannot be zero because at least one molecule will be there in 

.Why in general a reaction does not proceed with a uniform rate throughout or why 

he rate of reaction at any time depends upon the concentrations of the reactants at 

e in temperature by 10⁰C. The exact 
dependence of the rate constant on temperature is given by Arrhenius equation,                  k = Ae-Ea/RT 

is the activation energy of the reaction. 

The rate law is the expression in which rate is given in terms of molar concentration  of reactants with 

each term raised to some power ,which may or may not be same as the stoichiometric coefficient of the 

Average rate of a reaction is defined as the change in concentration of a reactant or a product per unit 

change in concentration of reactant or product by the time interval 

A catalyst lowers the activation energy by following a different path for the reaction. 
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(3 MARKS QUESTIONS) 

Q.1 A first order reaction is 20 % complete in 10 min. How long will it take to be 75 % complete? 

Answer.   K. t20 =2.303 log a/(a-x)=2.303 log100/(100-20)=2.303 log(100/80)    ..............(i) 

      K. t75 =2.303 log a/(a-x)=2.303 log100/(100-75)=2.303 log(100/25)    ..............(ii) 

                     Dividing eqn. (ii) by eqn.(i)  

                     t75/t20  =  [log4]/log1.25 

                             = (0.60/0.0969) 

                            = 6.19 

          t75       = t20 x (6.19)=61.9 s 

 
Q. 2. If k = 5.4 10 -14 s-1 , what is the t2/3 of a first order reaction? 
Answer. . t  =2.303/k log a/(a-x)...............(i)  
                             If t = t2/3 

                                            then x  = (2/3)a 
                            (a-x) =[a-(2a/3)]=a/3 
 
                     t2/3 =2.303/k log a/(a-x) 
                              =2.303/k log(3a/a) 
                              =2.0303/k X log3 
                              =2.303/k X 0.48 
                        t2/3 = 2.303 X 0.48/k 
                              = 2.303 X 0.48 x 1014/5.4 
                             = 2.303X 0.088 x 1014 
                             = 0.205 X 1014  

                                           = 2.05 X 1013 s. 
 
Q. 3. If  t1/2 = 8 min for a first order reaction, how long will it take to reach 25 % of its initial 
concentration.? 

Answer. a =100,    (a-x) = 25 

               (2)n = a/a-x=100/25=4=(2)2 

              ∴ n = 2 

             Where n = no. of half life 

                            = Total time/half life 

                      T/t1/2 = n =2 

                ∴T = 2 x t1/2=2 x 8=16 min 
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Q. 4. Differentiate between order of reaction and molecularity. (any 3 points) 
Answer.  

Order Of Reaction Molecularity 

1. it is the sum of powers of concentration terms 
in a rate law expression. 

1. it is   no. ofatoms,ions or  molecules that must 
collide with one another simultaneously so as to 
result into a chemical reaction. 

2.it can be fraction as well as zero 2.it is always a whole number and never zero 

3. it is an experimental value 3. it is a theoretical value. 

 

Q. 5.  Derive an expression for rate constant in terms of pressure for the decomposition of N2O5 
represented  
        as:  2N2O5(g)    →  2N2O4 (g) +  O2(g)  

Answer. 2N2O5(g)       →      2N2O4 (g) +  O2(g)  
                 P0                              0                  0  
               P0  -2x                        2x               x  (at time t)  
    Total pressure at time t  = P0

  -2x  +2x  + x   
                                          = P0

   + x  = pt  
                                P0-2x = p0- 2 (pt-p

0)  
                                          = (3 p0

 – 2 pt)  
     K = (2.303 /t). log (p0/p0-2x)  
     = (2.303 /t). log (p0 /3 p0 -2pt) 

 

Q. 6. A reaction of second order with respect to reactant. How is the rate of 

reaction affected if the concentration of the reactant is  ( i ) doubled (ii) reduced to 

half. 

Answer. The reaction is of 2nd order w.r.t. reactant, therefore. 

                 r0= k[A]
2 ...............(i) 

#When the concentration of reactant is doubled, then rate is  

                  r1 = k[2A]
2=4k[A]2.............(ii) 

                  dividing eqn. (ii) with eqn.(i) we get 

                   r1/r0 = 4 

                  so, r1=4(r0) = 4 time initial rate 

 #When the concentration of reactant reduced to half, then rate is  

                   r2 = k[A/2]
2=k[A]2/4.............(iii) 

                  dividing eqn. (iii) with eqn.(i) we get 

                    r2/r0 = 1/4 

                  so, r2=(r0) /4= ¼ the initial rate 

 

Q.7. A reaction is of first order in A and second order in B. 

(i) Write the differential rate equation. 
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(ii) How is the rate affected on increasing the concentration of B three times? 

(iii) How is the rate affected when the concentration of  both A and  B are doubled? 

Answer. (i)  dx/dt=k[A]1[B]2 

(ii)  If the concentration of ‘B’  is tripled, the rate(r1) becomes 9 times. 

       r1=k[A][3B]
2=9 k[A]1[B]2 

(iii)  when  the concentration of  both A and  B are doubled, the rate becomes 8 

times. 

     r2= k[2A][2B]
2=8 k[A]1[B]2 

Q. 8. Mention the factors which affect the rate of a chemical reaction. 

Answer. (i) Concentration of reactants (ii) Temperature (iii) Nature of reactants  (iv) 

Presence of catalyst (v) Surface area of reactants (vi) Exposure to radiations 

Q.9. In a reaction between A and B , the initial rate of reaction (ro) was measured 

for different initial concentrations of A and B as given below: 

A/mol L-1 0.20 0.20 0.40 

B/mol L-1 0.30 0.10 0.05 

ro/mol L-1s-

1 

5.07 x 

10-5 

5.07 x 

10-5 

1.43 x 

10-4 

What is the order of reaction with respect to 

A and B? 

Answer.
Let order of reaction with respect to A and B are x and y respectively. 

                               r = k[A]x[B]y ..............(i) 

5.07 x 10-5 = k[0.20]x[0.30]y ................(ii) 

5.07 x 10-5 = k[0.20]x[0.10]y ................(iii) 

1.43 x 10-4 = k[0.40]x[0.10]y ................(iv) 
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Dividing eqn (i) with eqn.(ii), we get 

                                                 1 = (3)y 

                                           Or,    (3)0 =(3)y 

                                              Or , y =0  

Dividing eqn (iv) with eqn.(iii, we get 

                   (2)x =14.3/5.07 = 2.821............(v) 

Now taking logarithm both of eqn. (v)  side we have, 

                     log(2)x = log(2.81) 

                      x.log(2) = log(2.81) 

                                   = 0.4487 

                    Or,  x = 0.4487/log(2) 

                             = 0.447/0.30 

                             = 0.45/0.30 

                              ∴ x =1.5 

     Therefore, order of reaction w.r.t. ‘A’ is 1.5 and ‘B’ is zero. 

 

Q.10. A first order reaction has rate constant k=5.5 X 10-14 s-1.Find the half-life of the reaction. 

Answer. t1/2 =0.693/k 

=0.693/5.5 X 10-14 s-1 

=0.126 X 1013 s. 
 

Q.11. How is rate of reaction related to concentration of the reactants? 

Answer .Rate of reaction increases with increase in concentration except in zero order 

reaction. As the concentration increases total number of collisions will increase. Therefore 

probability of effective collisions will increase. 

 

Q.12. Rate of a reaction is given by the equation: Rate = k [A]2 [B].What are the units for the 

rate and the rate constant for this reaction? 

Answer. Unit of rate=mol L-1 s-1 

        Unit of k=Rate/[A] [B]2 

                          =mol L -1 s-1/(mol L-1) (mol L-1)2 

                        =L2 mol-2 s-1 

Q.13.For the reaction A—B, the rate of reaction becomes three times when the concentration 

of A is increased by nine times. What is the order of the reaction? 
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Answer. Suppose order of reaction is ‘n’ Then rate (r)=k[A]n 

Initially r=ka n.                                                                          (eqn 1) 

When concentration is increased by 9 times,3r=k(9a)n             (eqn 2) 

Dividing eqn 2 by 1 

3= (9a) n/an 

=32n  Therefore 2n=1 or n=1/2 or 0.5 

 

Q.14. One fourth of a first order reaction is completed in 32 minutes. What is the half-life 

period of this reaction? 

Answer. k=2.303/t   X log a /a-x  

=2.303/32 min   X log a/a-4 

=2.303/32 log 4/3 min-1 

0.009min-1 

T1/2=0.693/k 

     =0.693/0.009 

     =77 minutes. 
 

Q.15. The rate of a reaction quadruples when the temperature changes from 293K to 313K. 

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

temperature. 

Answer. log k2/k1=Ea (T2 – T1)/ 2.303R (T1 T2) 

                      Ea=2.303 X 8.314 X 313 X 293/20   X log 4 

                      Ea =19.147 X 313 X 293/20 X 1000    X 0.6021 

                      Ea =52.86 KJ mol-1. 

Q.16. 87.5% of the substance disintegrated in 45 minutes (first order reaction). What is its half-
life? 

ANS. (1/2)n =(12.5/100) because87.5% has disintegrated ,amount left is 12.5%. 

(12.5/100)=(1/8)�(1/2)n=(1/2)3 
Number of half-lives=3 
T 1/2=45/3=15 minutes. 

 Q.17. The rate of reaction, 2NO + Cl2����2NOCl is doubled when concentration of Cl2 is doubled 
and it becomes eight times than that of both NO and Cl2 are doubled. Deduce the order of the 
reaction. 

ANS. Let   r=k[NO]x[Cl2]y 
                  2r=k[NO]x[2Cl2]y 
                  8r=k[2NO]x[2Cl2]y 

Dividing (ii) by (i), we get 
                               (8r/2r)=(k[2NO]x[2Cl2]

y)/(k[NO]x[2Cl2]
y) 

                               22=[2]x 
                                X=2 
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Putting the value of x in (i), we get
                            2r=k[NO]2[2Cl
                            r=k[NO]2[Cl2]

y

We know, 
                       (2r/r)=([2Cl2]

y/[Cl
                       2=[2]y 
                       Y=1 
                    Rate=k[NO]2[Cl2]

1 

Overall order of reaction=x+y=3.
 

Q.18. A first order reaction has a rate constant

to reduce to 3 g? 

Ans. From the question, we can write down the following information:

Initial amount = 5 g 

Final concentration = 3 g 

Rate constant =  

We know that for a 1storder reaction,

 

 

 

= 444.38 s 

= 444 s (approx) 

Q.19. Calculate the half-life of a first order reaction from their rate constants given below:

(i) (ii) (iii) 4 years

Ans. (i) Half life,  

 

(approximately) 

(ii) Half life,  

 

= 0.35 min (approximately) 

(iii) Half life,  

Putting the value of x in (i), we get 
[2Cl2]

y 
y 

/[Cl2]
y) 

 

Overall order of reaction=x+y=3. 

A first order reaction has a rate constant . How long will 5 g of this reactant take 

From the question, we can write down the following information: 

We know that for a 1storder reaction, 

life of a first order reaction from their rate constants given below:

(iii) 4 years-1 

How long will 5 g of this reactant take 

 

life of a first order reaction from their rate constants given below: 
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= 0.173 years (approximately) 

Q.20. The rate constant for a first order reaction is 60 s

initial concentration of the reactant to its 1/16thvalue?

Ans. It is known that, 

 

 

 

(approximately) 

Hence, the required time is 

Q.21. A first order reaction takes 40 min for 30% decomposition. Calculate

Ans. For a first order reaction, 

 

 

 

 

Therefore, of the decomposition reaction is

 

 
= 77.7 min (approximately) 

 

CASE BASED QUESTION [5 MARKS]

 Read the passage below and answer the following questions:

Q.1.A reaction is said to be of first order if the rate of the reaction depends upon 

one concentration term only.For a first order reaction of the type A

rate of a reaction is given as: rate=K[A].The differential rate law is given as :dA/dt=

k[A].the integrated rate law is: ln(A

left at time t and [A]0 is the initial concentration of the reactant,k is the rate 

constant. 

 

The rate constant for a first order reaction is 60 s-1. How much time will it take to reduce the 

initial concentration of the reactant to its 1/16thvalue? 

. 

A first order reaction takes 40 min for 30% decomposition. Calculate 

 

of the decomposition reaction is 

CASE BASED QUESTION [5 MARKS]

Read the passage below and answer the following questions:

A reaction is said to be of first order if the rate of the reaction depends upon 

one concentration term only.For a first order reaction of the type A

a reaction is given as: rate=K[A].The differential rate law is given as :dA/dt=

k[A].the integrated rate law is: ln(A0/A)=kt, where [A] is the concentration of reactant 

is the initial concentration of the reactant,k is the rate 

1. How much time will it take to reduce the 

. 

CASE BASED QUESTION [5 MARKS] 

Read the passage below and answer the following questions: 

A reaction is said to be of first order if the rate of the reaction depends upon 

one concentration term only.For a first order reaction of the type A→Products ,the 

a reaction is given as: rate=K[A].The differential rate law is given as :dA/dt=-

/A)=kt, where [A] is the concentration of reactant 

is the initial concentration of the reactant,k is the rate 
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The following questions are multiple choice questions. Choose the most 

appropriate answer: 

(i) The unit of rate constant for a first order reaction is  

      (a) s-1        (b) mol L-1s-1      (c) L.mol-1/s           (d) L2 mol-2 s-1 

(ii) Half life of a first order reaction is 10 s. Starting with initial concentration 12 M, 

the rate 20 s after is  

(a) 0.693 x 3 M/s  (b) 0.0693 x 4 M /s   (c)  0.0693 M/s  (d) 0.0693 x 3 M/s 

(iii) 50 % of a first order reaction is completed in 23 minutes. Calculate the time 

required to complete 90% of the reaction. 

(a)  70.4 minutes     (b) 76.4 minutes  (c) 38.7 minutes   (d) 35.2 minutes                             

(iv)  A first order reaction , A→Products, the concentration of A changes from 0.10 

M to 0.025 M in 40 minutes. The rate of reaction when the concentration of A  is 

0.01 M, is  

   (a) 3.47 x 10-4 M/min     (b) 3.47 x 10-5 M/min     (c) 1.73 x 10-4 M/min       

(d) 1.73 x 10-5  M/min                                                     

(v) The half life of a 1st order reaction is 60 seconds. What percentage will be left 

over after 240 seconds? 

 (a)   5 %         (b)          4.25 %         (c) 6.25 %         (d) 6 % 

 

Ans:(i)  a 

Hint: for n th order : 

unit of k = (MolL-1)(1-n) time-1  

Ans: (ii) d 

Hint: n = T/T1/2 = 20/10 = 2 

n=2, [A]0=100, [A]=? 

(2)n = A0/A = 2
2=4 

Now [A]=[A]0/(2)
n =[A]0/4=12M/4=3M 

Rate = k[A] = 0.693x 3/t1/2 

= 0.693x3 M/10s=0.0693 x 3 M/s 

Ans: (iii) b 

Hint: 
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Kt =2.303 log(a/a-x) 

K t =2.303 log100/10=2.303 

 t =2.303/k=2.303x t1/2/0.693 

   = 23/0.301  

   = 76.4 min 

Ans: (iv) a 

Hint:  

 [A]0= 0.100 M, [A]= 0.025 M 

(2)n = A0/A = 0.100/0.025=4=2
2 

n=2,  

n = T/T1/2 = 40min /t1/2 = 2 

T1/2=20 

K=0.693/20  

           Rate = k[A] = k[0.01 M]=0.693x 0.01M/20 min 

                   =  0.3465 x 10-3 M/ min 

                   = 3.47 x 10-4 M/min 

Ans: (v) c 

Hint: [A]0 =100, [A]=? 

n = T/T1/2 = 240/60 = 4 

 (2)n = A0/A = 2
4 

     A0/A = 2
4 =16 

Now [A]=[A]0/16=100/16=6.25 % 

 
Q.2. Observe the table given showing volume of CO2 obtained by reaction of CaCO3 and 

dilute HCl after every minute. Answer the questions that follow. Table showing volume of CO2 

at one minute interval by reaction of CaCO3 with dilute HCl. 

 

Time 
0 
1 
2 
3 
4 
5 
6 

Volume of CO2/cm3 

0 
24 cm3 

34 cm3 

38 cm3 

40 cm3 

40 cm3 

40 cm3 
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Q i). What happens to rate of reaction with time? 
Ans.  The rate of reaction first decreases with time then becomes constant. 

Q ii) Why does CaCO3 powder react faster than marble chips? 

Ans. CaCO3 powder has more surface area than marble chips therefore, more rate of 

reaction. 

Q iii) What happens to rate of reaction if concentrated if concentrated HCl is used? 

Ans. The rate of reaction will increase because rate of reaction increases with the increase in 

concentration. 

Q iv) In the manufacture of NH3, 

N2 (g) +3H2 (g)          2NH3   +heat. What is the effect of pressure on rate of reaction? 

Ans. The rate of reaction increases with increase in pressure. 

Q.3.For a first order reaction A→ Products, k=2.303tloga/a−x were a is the initial concentration of A 
and (a-x) is the concentration of A after time t. k is rate constant. Its value is constant at constant 
temperature for a reaction. The time in which half of the reactant is consumed is called half-life period. 
Half-life period of a first order reaction is constant. Its value is independent of initial concentration or 
any other external conditions. 

 
In these questions (i-iv), a statement of assertion followed by a statement of reason is given. Choose 
the correct answer out of the following choices. 
 
(i) Assertion : Rate of reaction doubles when concentration of reactant is doubled if it is a first order 
reaction. 
Reason : Rate constant also doubles, 
(a) Assertion and reason both are correct statements and reason is correct explanation for assertion. 
(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion 
(c) Assertion is correct statement but reason is wrong statement 
(d) Assertion is wrong statement but reason is correct statement 
  
(ii)Assertion: Hydrolysis of ethyl acetate in presence of acid is a reaction of first order whereas in 
presence of alkali, it is a reaction of second order. 
Reason : Acid only acts as a catalyst whereas alkali acts as one of the reactants. 
(a) Assertion and reason both are correct statements and reason is correct explanation for assertion. 
(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion 
(c) Assertion is correct statement but reason is wrong statement 
(d) Assertion is wrong statement but reason is correct statement 
 
 (iii) Assertion: first -order reaction, the concentration of the reactant decreases exponentially with 
time. 
Reason : Rate of reaction at any time depends upon the concentration of the reactant at that time. 
(a) Assertion and reason both are correct statements and reason is correct explanation for assertion. 
(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion 
(c) Assertion is correct statement but reason is wrong statement 
(d) Assertion is wrong statement but reason is correct statement. 
 
(iv) Assertion : Half-life period for a first order reaction is independent of initial concentration of the 
reactant. 
Reason : For a first order reaction, t1/2=0.693k, where k is rate constant. 
(a) Assertion and reason both are correct statements and reason is correct explanation for assertion. 
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(b) Assertion and reason both are correct statements but reason is not correct explanation for assertion 
(c) Assertion is correct statement but reason is wrong statement 
(d) Assertion is wrong statement but reason is correct statement. 
 

ANS. (i) (c) : For first order .reaction, Rate. = k[A1 ] 
According to question, 

[A2] = [2A1] 

∴ Rate2 = k[2A1] 

⇒ Rate2, = 2 Rate1.  

For a given reaction, rate constant is constant and independent of the concentration of reactant. 

(ii) (a) : CH3COOC2H5+H2O     ⟶H+      CH3COOH+C2H5OH  

 Rate ∝[CH3COOC2H5]  

CH3COOC2H5+NaOH→CH3COONa+C2H5OH  

 Rate ∝[CH3COOC2H5][NaOH]  

(iii) (b) : For a first order reaction, ⌊A]=[A]0e−kt  

or log[A]=−kt2.303+log[A]0  

(iv) (a) : For a first order reaction, t1/2 is inversely proportional to k, it does not depend on the initial 
concentration of the reactant. 
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SURFACE CHEMISTRY  

(1 MARK QUESTIONS) 

Q.1.What is the charge on AgI colloidal sol formed when KI is added to excess of 
AgNO3?  
Answer. Positive charge AgI/Ag+ 
 
Q.2. Which will adsorb more amount of gas, a lump of charcoal or powder of charcoal? 
Answer. Powder of charcoal ,because it has more surface area thus will provide more adsorption. 
 
Q. 3. What are the main reasons for the stability of colloidal sol?  
Answer. Charge on colloidal particles and Brownian movement  
 
Q. 4. Write the dispersed phase and dispersion medium of milk.  
Answer. Dispersed phase and dispersion medium both are liquids.  
 
Q.5. Write one similarity in between Physisorption & Chemisorption.  
Answer. Both are surface phenomenon and both are exothermic process.  
 
Q.6. What type of colloid is formed when a gas is dispersed in a liquid?   
Answer. Foam 
 
Q.7. Define Brownian movement.  
Answer. Zig-zag motion of colloidal particles is called Brownian movement.  
 
Q.8. What is protective colloid?  
Answer. Lyophilic colloids that protect the lyophobic colloids from coagulation are called  protective 
colloids 
 
Q.9. Define electrophoresis.  
Answer. Movement of colloidal particles under the influence of electric field is called  electrophoresis.  
 
Q.10. What is peptization? 
Answer. The process of converting a precipitate into a colloidal sol by shaking it with dispersion 
medium in the presence of a suitable electrolyte (called peptizing agent) is called peptization 
 
Q.11. Give one example of sol and gel. 

Answer. Sol - paints Gel - butter 

Q.12. Write one difference between lyophobic sol and lyophilic sol. 

Answer. Lyophilic  sol.  The colloidal solution in which the particles of the dispersed phase have a 

great affinity for the dispersion medium is called lyophilic sol. e.g. gum, geletin, starch etc. 

Lyophobic sol .The colloidal solution in which there is no affinity between particles of the dispersed 

phase and the dispersion medium is called lyophobic sol. Lyophobic sols need stabilising agents for 

their preservation. 

Q.13. Powdered substances more effective adsorbents than their crystalline forms. why? 
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Answer. Activation of an adsorbent refers to increasing the adsorbing

through different methods. For instance making the surface of solid rough or breaking

it into small pieces increases surface area 

That is why, metals in finely divided state act as

Q.14. Why is Fe(OH)3 colloid positively charged, when prepared by adding FeCl

Answer. When a freshly prepared precipitate of Fe(OH)

FeCl3solution, sol formation takes place. It is due to the 

Fe(OH)3.The resultant particles formed after adsorption are

remaining dispersion medium.  

Q.15. What happens when gelatin is mixed with gold sol?

Answer. Addition of gelatin stablises the gold sol. because gelatin forms lyophilic sol and act as a 

protective colloid. 

Q.16. Define enthalpy of adsorption ?

Ans.  Enthalpy of adsorpation:-- 

          an adsorbate on the surface of adsorbant is called as Enthalpy of adsorption

Q.17.   Give an example of Heterogeneous catalysis ?

Ans   Heterogeneous catalysis :- 
.         reactant and product is called as heterogeneous catalysis. Eg

Q.18   What is critical micelle concentration (CMC) ?

Ans.  CMC:- Required conc. In electrolytic salt at which the mi

         as CMC . eg. For soap CMC is 10

Q.19.  What is zeta potential? 

Ans.  The potential difference between fixed and diffused layer of opposite charges is 

         called as Zeta potential or Electrokinetic potential.

Q.20.   What is tyndall effect due to?

Ans.  It is due to scattering of light by the colloidal particles present in colloidal sol.

Q. 21.Give one example of one positive charge sol. & one negat

Ans.  Positive charge charge sol. Is     Fe(OH)

         Negatively charged sol.    As

Activation of an adsorbent refers to increasing the adsorbing capacity of the adsorbent 

instance making the surface of solid rough or breaking

small pieces increases surface area hence the extent of adsorption.  

That is why, metals in finely divided state act as good adsorbents.  

colloid positively charged, when prepared by adding FeCl

When a freshly prepared precipitate of Fe(OH)3 is shaken with a small amount of 

formation takes place. It is due to the preferential adsorption of Fe

.The resultant particles formed after adsorption are of colloidal size. Thus, forming sol with 

 

elatin is mixed with gold sol? 

Addition of gelatin stablises the gold sol. because gelatin forms lyophilic sol and act as a 

Define enthalpy of adsorption ? 

 The Enthalpy change for the adsorption of one mole of 

an adsorbate on the surface of adsorbant is called as Enthalpy of adsorption

Give an example of Heterogeneous catalysis ? 

 When catalyst has different phase other then the phases of                                  
.         reactant and product is called as heterogeneous catalysis. Eg 

 

What is critical micelle concentration (CMC) ? 

Required conc. In electrolytic salt at which the micelles are formed called    

For soap CMC is 10-4, to 10-3. 

 

Ans.  The potential difference between fixed and diffused layer of opposite charges is 

called as Zeta potential or Electrokinetic potential. 

What is tyndall effect due to? 

Ans.  It is due to scattering of light by the colloidal particles present in colloidal sol.

Give one example of one positive charge sol. & one negatively charged sol.

Ans.  Positive charge charge sol. Is     Fe(OH)3   sol. 

Negatively charged sol.    As2S3 

capacity of the adsorbent  

instance making the surface of solid rough or breaking 

colloid positively charged, when prepared by adding FeCl3 to hot water? 

shaken with a small amount of 

adsorption of Fe
3+

of FeCl3over 

of colloidal size. Thus, forming sol with 

Addition of gelatin stablises the gold sol. because gelatin forms lyophilic sol and act as a 

The Enthalpy change for the adsorption of one mole of  

an adsorbate on the surface of adsorbant is called as Enthalpy of adsorption 

phase other then the phases of                                  

celles are formed called     

Ans.  The potential difference between fixed and diffused layer of opposite charges is  

Ans.  It is due to scattering of light by the colloidal particles present in colloidal sol. 

ively charged sol. 
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Q.22.  Write the name if  of   (1) Dispersed phase     (2) Dispersion medium , in butter. 

Ans.  Dispersed phase is --  H2O  

         Dispersion medium is  --  Fat (s)  

Q.23.   What is colloidion ? 

Ans.  Colloidion:- is  4% sol . of nitrocellulose in a mixture of alcohol and ether . 

Q.24.  Name one peptizing and one floculating agent     

Ans   .Peptizing agent is (1) Generally electrolyte  

                                        (2 Cellouse nitrate is peptized by organic solvent like  

                                           Ethanol . 

Cogalating or Flouculating  agent :- using electrolyte carrying  charge opposite to   the colloidal sol.  

Q.25.    If equimolar  amount Of   Fe(OH)3 ,  As2S3  is mixed then what will happen ? 

Ans.    Fe(OH)3 sol. Has positive charge  and  & As2S3  sol. Has negative charge . 

           Therefore mutual coagulation takes place. 

 

(3 MARKS QUESTIONS) 

Q.1. (i)Write any two differences between Lyophilic & Lyophobic colloids.  
    (ii) Why is adsorption always exothermic?  
Answer. .(i) a) Lyophilic sols are easily prepared by directly mixing with the liquid dispersion medium 
but  lyophobic sols cannot be prepared directly by mixing with liquid.   
lyophilic sols are stable and are not easily coagulated but lyophobic sols are unstable ,can be easily  
precipitated by the addition of suitable electrolyte.   
(ii)We know ∆G =∆H-T∆S .Now for adsorption entropy decreases (∆S = negative) 
Thus (-T∆S ) term will be positive. So to make the term ∆G negative ∆H term must be negative i.e the 
process must be exothermic. 
 
Q.2. (a)What happens when –  

(i) A freshly prepared precipitate of ferric hydroxide is shaken with small amount 
of ferric  chloride.  

          (ii) Persistent dialysis of a colloidal solution is carried out. 
    (b) What is coloidion solution. Give its use. 
Answer. (a)(i) Peptization takes place.  
        (iii) Coagulation takes place 
        (b) 4% solution of nitrocellulose in a mixture of alcohol and ether is called collodion. To separate 
colloidal particles from other materials using ultrafiltration process. 

 
Q.3. Define the following terms:  
(i) Electrophoresis (ii) Peptisation (ii) Dialysis  
Answer. (i) . The movement of colloidal particles under the influence of an electric field.  
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(ii) Conversion of a freshly prepared precipitate into colloidal sol by the addition of electrolyte. 

(iii)Process of removing dissolved  substance from a colloidal solution by means of diffusion 
through suitable membrane. 
 
Q.4. Give reason: (i) Alum is applied in case of a cut leading to bleeding.  
(ii) Leather gets hardened after tanning. 
(iii) True solutions do not show Tyndall effect.  
Answer. (i) Negative ions of alum coagulate the positively charged blood.  
          (ii) Due to coagulation.  
         (iii) Size of true solution particle is less than 1 nm so not able to scatter the light 
 
Q.5.(i)What are Multimolecular, Macromolecular and Associated colloids?  
Answer. –(i) Multimolecular colloids are the aggregation of neutral particles of size in the 
range of  colloids. Example- Sulphur sol, Gold sol  
(ii)Macromolecular colloids are the colloid in which the size of individual particle is in the  
range of colloids. Example – protein sol, starch sol  
(iii)Associated colloids are the aggregation of charged particles of size in the range of  
colloids. Example – micelle   
 
 Q.6. (i)Explain the following terms alcosol, aerosol and hydrosol. 
(ii) Define Tyndall effect.  
Answer. .(i) Alcosol (Dispersed phase: Solid, Dispersing medium: Alcohol) 
 Aerosol (Dispersed phase: liquid, Dispersing medium: Gas) 
Hydrosol(Dispersed phase: Solid, Dispersing medium: Water) 
(ii)  Scattering of beam of light by the colloidal particles is called Tyndall 
effect so that the path of the light becomes visible 

             

Q.7.(i) What is dialysis ? Mention its one application.  

(ii)On the basis of Hardy-Schulze rule explain why the  coagulating power of phosphate is higher than 
chloride.. 
Answer. .(i) The process of removing dissolved  substance from a colloidal solution by means of 
diffusion through suitable membrane is called Dialysis. Dialysis machine is used to filter 
patient’s blood when kidney is not functioning. 

(ii)According to Hardy-Schulze rule greater is the valence of  flocculating 
ion added greater will be its coagulating power. Now phosphate is having 
higher valence than chloride. thus  coagulating power of phosphate is 
higher  than chloride.ion. 

 

Q.8. (i)What is Brownian movement in a colloidal solution? How it 
stabilizes colloid? 
 (ii) What type of solutions are formed on dissolving different concentrations of soap in water? 

 (iii)  How does a delta form at the meeting place of sea and river water? 

Answer. .(i) Brownian movement  may be defined as continuous zig-zag movement of colloidal 
particles in colloidal sol. Brownian movement  does not allow the colloidal particles to settle down. 
Thus Brownian movement  stabilizes the sol. 
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(ii)At low concentration soap behaves as a normal solution of electrolyte in water. However after a 
certain concentration called critical micelle concentration Colloid solution is formed due to aggregation 
of colloidal particles 
   (iii) Formation of delta at the meeting place of sea and river water is due to coagulation .River water 
has many dissolved electrolytes. The place where river meets sea is the site for coagulation .Deposition 
of coagulated clay results in delta formation. 

Q.9.(i)What is the role of activated charcoal in gas mask used in coal mines? 

 (ii)What happens when dialysis is prolonged? 

 (iii)Why does bleeding stop by rubbing moist alum? 

Answer. .(i) Role of activated charcoal in gas mask can be explained on the basis of Adsorption. 
Activated charcoal adsorbs various poisonous gases on its surface present in coal mines. 

  (ii) Traces of electrolyte which stabilizes the colloids is removed completely making the colloid 
unstable. So coagulation occurs on prolonged dialysis. 

(iii) Blood is  colloidal sol. When we rub the injured part with moist alum then coagulation of blood 
takes place .Hence main reason is coagulation which stops bleeding.  

Q.10.(i)How does the precipitation of colloidal smoke take place in Colloidal smoke  

Take place in Cottrel precipitator? 

 (ii).Why are some medicines more effective in the colloidal form? 

 (iii)  Why we add alum to purify water?  

Answer. .(i) In Cottrel precipitator smoke particles(charged)) are passed through a chamber containing 
plates with charge opposite to the smoke particles, smoke 

particles loose their on the plates and get precipitated. 

(ii) Some medicines are more effective in colloidal form because they have large surface area so easily 
assimilated in the body.  

(iii)  We add alum to purify water as alum coagulates the colloidal impurities present in water, so that 
these impurities get settle  down and remove by decantation or filtration. Thus water gets purified by 
adding alum to water. 

Q.11. Describe briefly any three methods by which coagulation of lyophobic sols can be  carried out. 

Ans.The process of settling of colloidal particles through induced aggregation by the addition of some 

suitable electrolyte is known as coagulation. Three methods by which coagulation of lyophobic sols 

can be carried out are: 

 (i) Electrophoresis: During electrophoresis the colloidal particles move towards oppositely charged 

electrodes, get discharged and coagulated. 

 (ii) Boiling: On boiling a sol, the adsorbed layer is disturbed due to increased collision with the 

molecules of dispersion medium. This reduces the charge on the particles  which ultimately settle 

down in the form of a precipitate. 
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 (iii) Addition of Electrolytes: When excess of an electrolyte is added to a colloidal

solution, the colloids interact with ions carrying charge opposite to t

themselves. This causes neutralization leading to their coagulation

Q.12 Give reason for the following 

   (a) Alum can be used to purify water.

    Ans. The water obtained from natural sources often contains suspended impurities. Alum is

to coagulate the suspended impurities and make the water fit for drinking purposes.

(b) Bleeding can be stop by rubbing moi

Ans. Alum coagulate blood hence which stops the bleeding.

 (c) A delta is formed at the meeting point of sea water an

Ans. River water containsnegativecharged colloidalparticles of clay sand and many other materials.it 

meet with sea water coagulate it and form delta.

Q.13.A colloidal solution of ferric oxide is prepared by two different methods as shown 

(i) What is the charge on colloidal particles in two test tubes (A) and (B)?

 Give reasons for the origin of charge.

       (ii) What is Zeta potential? 

 

Answer. i) In test tube (A), positive charge ,

In test tube (B) negative charge

ii)  The difference in potential between the fixed layer and

called zeta potential. 

Q.14. Explain what is observed, 

(i) When a beam of light is passed through a colloidal

  Ans. colloidal solution exhibits Tyndall effect

(iii) Addition of Electrolytes: When excess of an electrolyte is added to a colloidal

solution, the colloids interact with ions carrying charge opposite to that present on 

themselves. This causes neutralization leading to their coagulation 

Give reason for the following -  

(a) Alum can be used to purify water. 

The water obtained from natural sources often contains suspended impurities. Alum is

to coagulate the suspended impurities and make the water fit for drinking purposes.

(b) Bleeding can be stop by rubbing moist alum. 

Ans. Alum coagulate blood hence which stops the bleeding. 

(c) A delta is formed at the meeting point of sea water and river water. 

Ans. River water containsnegativecharged colloidalparticles of clay sand and many other materials.it 

meet with sea water coagulate it and form delta. 

.A colloidal solution of ferric oxide is prepared by two different methods as shown 

(i) What is the charge on colloidal particles in two test tubes (A) and (B)? 

Give reasons for the origin of charge. 

positive charge , Fe
3+

is adsorbed on the precipitate Fe

negative charge, OH
–
ion is adsorbed on the precipitate Fe

The difference in potential between the fixed layer and the diffused layer of opposite charges 

 

m of light is passed through a colloidal solution? 

colloidal solution exhibits Tyndall effect. 

(iii) Addition of Electrolytes: When excess of an electrolyte is added to a colloidal 

hat present on  

The water obtained from natural sources often contains suspended impurities. Alum is added 

to coagulate the suspended impurities and make the water fit for drinking purposes. 

Ans. River water containsnegativecharged colloidalparticles of clay sand and many other materials.it 

.A colloidal solution of ferric oxide is prepared by two different methods as shown below. 

is adsorbed on the precipitate Fe2O3.xH2O  

ion is adsorbed on the precipitate Fe2O3.xH2O  

the diffused layer of opposite charges is 
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 (ii)When an electrolyte, NaCl, is added to hydrated ferric

Ans. The positively charged colloidal particles of ferric hydroxide 

sol get coagulated by the oppositely charged Cl

 (iii) electric current is passed through a colloidal

Ans. When electric current is passed through a sol, the

the oppositely charged electrode and t

Q.15.What type of colloidal sols are formed in the following:

 (i) Sulphur vapours are passed through cold water

Ans -Multimolecular 

 (ii)White of an egg is mixed with water.

Ans.-Macromolecular 

 (iii)Soap solution  

Ans. –Associated 

Q.16   What is demulsification ? Name two dimulsification agents .

Ans.  The process of breaking an  emulsion is called as demulsification.  Demulsification  

         can be carried by (1) freezing  (2) boiling (3) Centrifugation (4) Chemical method 

         (i.e. by  destroying emulsifying agents.)

Q.17.  Give three chemical methods of  preparations of colloids 

Ans. Chemical  methods of preparation of coll

(1) Oxidation method :- 
          H2S   +  [o]      conc HNO

 Hydrolysis  :- Hydroxide sols are prepared by this method  

          FeCl3   +    3H2O        

(3) Reduction 

       

 Q.18. Sate Hardy schulze rule 

                 Ans. Hardy schulze rule:- Greater the charge on the ions greater its coagulation power

   1-    Oppositely charged ions are effective for coagulation.

hen an electrolyte, NaCl, is added to hydrated ferric oxide solution? 

Ans. The positively charged colloidal particles of ferric hydroxide  

coagulated by the oppositely charged Cl
–
 ions provided by NaCl. 

electric current is passed through a colloidal solution? 

Ans. When electric current is passed through a sol, the colloidal particles move towards 

electrode and the phenomenon is called electrophoresis.

.What type of colloidal sols are formed in the following: 

(i) Sulphur vapours are passed through cold water.  

White of an egg is mixed with water.  

What is demulsification ? Name two dimulsification agents . 

Ans.  The process of breaking an  emulsion is called as demulsification.  Demulsification  

can be carried by (1) freezing  (2) boiling (3) Centrifugation (4) Chemical method 

(i.e. by  destroying emulsifying agents.) 

Give three chemical methods of  preparations of colloids    

Ans. Chemical  methods of preparation of colloids :-  

conc HNO
3�       S + H2O 

Hydroxide sols are prepared by this method   

O        �      Fe(OH)3  +   3HCl 

 . Give reasons for development of Charges on colloidal particles.

Greater the charge on the ions greater its coagulation power

Oppositely charged ions are effective for coagulation. 

colloidal particles move towards  

he phenomenon is called electrophoresis. 

Ans.  The process of breaking an  emulsion is called as demulsification.  Demulsification   

can be carried by (1) freezing  (2) boiling (3) Centrifugation (4) Chemical method  

 

. Give reasons for development of Charges on colloidal particles. 

Greater the charge on the ions greater its coagulation power 
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            2- The coagulating power of electrolyte increases with increase in charge on ions used  

                 For coagulation eg.  

     (a)     Ae+3 >Ba+2>Na+  for negatively charged colloids 

     (b)    [Fe(CN)6]
-4, PO4

-3  ,Cl-

                   Cause  of charge on colloidal sols :

                  (1) Charge on colioidal particles is due to electron  capture by sol  ,              

                  (2) Due to preferential adsorption of ions from sol. Or formation of 

                       double layers. 

               

                Q.19.Why is the ester hydrolysis slow in the beginning and becomes faster after sometime?  

 Why is it necessary to remove CO when ammonia is obtained by Haber’s process?

Ans--In acid  hydrolysis acid and alcohol is formed as 
the solution  Which acts as a catalyst (auto

                    CO as poison for  catalyst (Fe) and also for the promoter 

                    carbonyl , It is therefore  necessary  to remove CO from the   reaction mixture
Distinguish between the meaning of the terms adsorption and absor

 Ans-In adsorption, the substance is concentrated only at the surface and does not penetrate through the 
surface to the bulk of the adsorbent 
throughout the bulk of the solid. For example, when a chalk stick is dipped in ink,
the colour of the ink due to adsorption of colo
into the stick due to absorption.                         

Q.20.Action of soap is due to emulsification and micelle formation. Comment.

Ans- The cleansing action of soap is due to the fact that soap molecules form micelle around the oil 
droplet in such a way that hydrophobic part of the stearate ions is in the oil droplet and h
projects out of the grease droplet like the bristles. Since the polar groups can interact with water, the oil 
droplet surrounded by stearate ions is now pulled in water and remov
soap helps in emulsification and washing away of oils and fats.
the globules prevents them from coming

 

 

 

  

agulating power of electrolyte increases with increase in charge on ions used  

for negatively charged colloids  

- for positnely charged colloides . 

Cause  of charge on colloidal sols :- 

(1) Charge on colioidal particles is due to electron  capture by sol  ,              

(2) Due to preferential adsorption of ions from sol. Or formation of  

 

.Why is the ester hydrolysis slow in the beginning and becomes faster after sometime?  

Why is it necessary to remove CO when ammonia is obtained by Haber’s process?

sis acid and alcohol is formed as the product. Acid will release 
the solution  Which acts as a catalyst (auto-catalyst ) which speed up the  reaction latter on.

as poison for  catalyst (Fe) and also for the promoter (Mo).It also combines with to form Iron   

carbonyl , It is therefore  necessary  to remove CO from the   reaction mixture
Distinguish between the meaning of the terms adsorption and absorption .Give one example of

In adsorption, the substance is concentrated only at the surface and does not penetrate through the 
the bulk of the adsorbent while in absorption, the substance is uniformly distributed 

the solid. For example, when a chalk stick is dipped in ink,
e ink due to adsorption of colored molecules while the solvent of the ink goes deeper 

into the stick due to absorption.                          

soap is due to emulsification and micelle formation. Comment.

The cleansing action of soap is due to the fact that soap molecules form micelle around the oil 
droplet in such a way that hydrophobic part of the stearate ions is in the oil droplet and h
projects out of the grease droplet like the bristles. Since the polar groups can interact with water, the oil 
droplet surrounded by stearate ions is now pulled in water and removed from the dirty surface. Thus

nd washing away of oils and fats. The negatively charged sheath 
bules prevents them from coming together and forming aggregates. 

agulating power of electrolyte increases with increase in charge on ions used   

(1) Charge on colioidal particles is due to electron  capture by sol  ,               

.Why is the ester hydrolysis slow in the beginning and becomes faster after sometime?   

Why is it necessary to remove CO when ammonia is obtained by Haber’s process? 

the product. Acid will release hydrogen ions in 
catalyst ) which speed up the  reaction latter on. 

(Mo).It also combines with to form Iron    

carbonyl , It is therefore  necessary  to remove CO from the   reaction mixture.                                         Q.1
ption .Give one example of . 

In adsorption, the substance is concentrated only at the surface and does not penetrate through the 
while in absorption, the substance is uniformly distributed 

the solid. For example, when a chalk stick is dipped in ink, the surface retains 
red molecules while the solvent of the ink goes deeper 

soap is due to emulsification and micelle formation. Comment. 

The cleansing action of soap is due to the fact that soap molecules form micelle around the oil 
droplet in such a way that hydrophobic part of the stearate ions is in the oil droplet and hydrophilic part 
projects out of the grease droplet like the bristles. Since the polar groups can interact with water, the oil 

ed from the dirty surface. Thus 
The negatively charged sheath around 
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(CASE BASED QUESTION) (5 MARKS) 
 

Read the passage given below and answer the following questions. 
Q.1.Colloidal particles always carry an electric charge. The nature of this charge is the same on all the 
particles in a given colloidal solution and may be either positive or negative. The charge on the sol particles 
is due to one or more reasons, viz., due to electron capture by sol particles during electrodispersion of 
metals. When two or more ions are present in the dispersion medium, preferential adsorption of the ion 
common to the colloidal particle usually takes place. When silver nitrate solution is added to the potassium 
iodide solution, the precipitated silver iodide adsorbs iodide ions from the dispersion medium, and 
negatively charged colloidal solution results,.acquired a positive or a negative charge by selective 
adsorption on the surface of a colloidal particle The combination of the two layers of opposite charges 
around the colloidal particle is called Helmholtz electrical double layer. The presence of equal and similar 
charges on colloidal particles is largely responsible for providing stability to the colloidal solution.  

In these questions, a statement of assertion followed by a statement of reason is given. Choose the 
correct answer out of the following choices.  

a. Assertion and reason both are correct statements and reason is correct explanation  for assertion  

b. Assertion and reason both are correct statements but reason is not correct explanation for assertion 

     c. Assertion is correct statement and reason is wrong statement  

     d. Assertion is wrong statement but reason is correct statement  

i Assertion: The presence of equal and similar charges on colloidal particles is largely  

responsible in providing stability to the colloidal solution.  

Reason: The repulsive forces between charged particles having the same charge  

prevent them from aggregating and provide stability.  

ii . Assertion: The first layer is mobile in Helmholtz electrical double layer.  

Reason: The potential difference between the fixed layer and the diffused layer of  

opposite charges is called zeta potential.  

iii . Assertion: The sol particle in colloid has a charge.  

Reason: The charge in sol is due to electron capture by sol particles during the  

electrodispersion of metals.  

iv. Assertion: Methylene blue sol is a negatively charged sol.  

Reason: When Kl solution is added to AgNO3 solution, positively charged sol formed.  

v. Assertion: When ferric chloride is added to NaOH a negatively charged sol is obtained .  
            Reason: This is due to preferential adsorption of OH-ions.  

Answer.(i) (a) Assertion and reason both are correct statements and reason is correct explanation  
for assertion  

(ii) (d). Assertion is wrong statement but reason is correct statement  
 (iii) (a) Assertion and reason both are correct statements and reason is correct explanation for assertion  
(iv) (d). Assertion is wrong statement but reason is correct statement  
(v) (a) Assertion and reason both are correct statements and reason is correct explanation  
for assertion 
 

Q.2. Whenever a mixture of gases is allowed to come in contact with a particular adsorbent under the 

same conditions, the more strong adorable adsorbate is adsorbed to greater extent irrespective of its 
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amount present, eg., H2O is adsorbed to more extent in silica gel than N2 and O2. This shows that 

some sdsorbates are preferentially adsorable adsorbates can displace a weakly adsorbed substance 

from the surface of an adsorbent.  

Read the above case study and answer the following questions: 

1. Which of the gases is adsorbed to maximum extent? 

Ans. Gases like NH3 , CO2 and HCl  
 

2. Which of the gas can displace remaining all the gases in the adsorption process? 

Ans . CO 
 

3. Write the effect of temperature in adsorption of gases. 

Ans. Extent of adsorption decreases  
 

4. Chromatographic separations are based on ? 

Ans . Differential adsorption  

 

5. How is prepared activated charcoal? 

Ans. Heating charcoal with stem so that it becomes more porous.  
 

Q.3.Adsorption depends on the nature of the adsorbent. The rough solid surface has more number of 
pores and adsorb more number of gases than the smooth surface. Most common adsorbents are silica 
gel, activated charcoal. The extent of adsorption also depends on the surface area of solid. Specific 
surface area of an adsorbent is the surface area available for adsorption per gram of the adsorbent. The 
greater the surface area of the solid, the greater would be the adsoprtion. Charcoal is a more effective 
adsorbent than solid wood. Desorption is a process of removing an adsorbed substance from a surface 
on which it is absorbed. 
Physisorption is non-specific and any gas can be adsorbed. But the gases which are easily liquefiable 
(e.g., NH3, HCl, CO2) are adsorbed at a faster rate and to a large extent than the gases which are 
difficult to liquefy (e.g., H2, O2, N2). It denpends on the critical temperature. Higher the critical 
temperature of a gas, more easily liquefiable it is and more is the rate of adsorption. Chemisorption is 
specific in nature. Therefore, only those gases can be adsorbed which are capable of forming chemical 
bonds with the adsorbent. 
 
The following questions are multiple choice questions. Choose the most appropriate answer: 
(i) Select the correct statement regarding desoprtion. 
(a) It is done by cooling or by increasing the pressure applied 
(b) It is done by cooling or by increasing the pressure applied. 
(c) It is done by heating or by reducing the pressure applied. 
(d) It is done by heating or by increasing the pressure applied. 
 
ii) Which of the following statements regarding the physical adsorption of a gas on surface of 
solid is not correct? 
(a) On increasing temperature, adsorption increases continuously 
(b) Enthalpy changes are negative 
(c) It is non-specific in nature 
(d) It is reversible in nature. 
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(iii) At the same temperature and pressure, select the correct order of adsorption of the following 
gases on the same mass of charcoal. 
(a) SO2 > CH4 > H2 
(b) CH4 > SO2 > H2 
(c) H2 > CH4 > SO2 
(d) CH4 > H2 > SO2 

OR 

Select the correct option among the following when adsorption of a gas on solid metal surface is 
spontaneous and exothermic. 
(a) ∆S increases 
(b) ∆S decreases 
(c) ∆G increases 
(d) ∆H decreases 
 
(iv) Select the incorrect statement among the following. 
(a) Physical adsorption occurs at a low temperature and chemisorption occurs at all temperature. 
(b) In physisorption heat of adsorption is low while in chemisorption it is high. 
(c) Chemisorption is irreversible and physisorption is reversible. 
(d) Magnitude of chemisorption decreases with rise in temperature while physisorption increases with 
rise in temperature. 
 
Answers 
(i) c 
(ii) a 
(iii) a or b 
(iv) d 
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d & f BLOCK ELEMENTS  
(1 MARK QUESTIONS) 

. Q.1-What is meant by disproportionation?  
Ans. -Those reactions in which same substance undergoes oxidation as well as reduction are called 
disproportionation reactions.e.g.    2Cu+       →         Cu2+ + Cu 
 
Q.2-Why do Zr and Hf exhibit almost similar properties? 
Ans;- Because both have similar ionic size due to lanthanide contraction 
 
Q.3-What are different oxidation states exhibited by Lanthanides? 
Ans.-The common stable oxidation state of lanthanides is +3.However some members also show 
oxidation states of +2 & +4. 
 
Q.4- Why do transition elements show variable oxidation states? 
Ans.- The transition elements show variable oxidation state due to small energy difference between (n-
1) d &ns orbital as a result both (n-1)d &ns electrons take part in bond formation. 
 
Q.5-Why are Mn2+ compounds more stable than Fe2+ compounds towards oxidation to +3 state?  
Ans.-The electronic configuration of Mn2+ is [Ar] 3d5(half filled), Thus this is stable electronic 
configuration and further loss of electron requires high energy On other hand side the electronic 
configuration of Fe2+ is  [Ar]3d6(Not half filled) So Loss of one electron requires low energy to form 
Fe3+ [Ar] 3d5 stable state 
 
Q.6-  Which metal in the first series of transition metals exhibits +1 oxidation state most 
frequently and why? 
Ans. -  Copper with configuration [Ar] 3d10 4s1 exhibits +1 oxidation state. Copper loses 4s1 electron 
easily and achieved a stable configuration 3d10 by forming Cu+. 
 
Q.7- [Ti (H2O)6]

3+ is coloured while [Sc(H20)6]
3+ is colourless. Why? 

Ans.-The oxidation state of Ti in [Ti (H2O)6]
3+ is +3 and its configuration is [Ar] 3d1 i.e one unpaired 

electron and hence it is coloured. Whereas the oxidation state of Sc in [Sc (H2O)6]
3+ is +3 and its 

configuration is [Ar] 3d0 i.e no unpaired electron and hence it is colourless. 
 

Q.8- What are inner transition elements? 
Ans.- The f-block elements in which the last electron accommodated on (n-2) f-subshell are called 
inner transition elements. These include atomic numbers 58 to 71 and from 90 to 103.   
 
 Q.9- Which d-block elements are not regarded as transition elements and why? 
Ans. - Zn, Cd, Hg have completely filled (n-1) d-orbital in atomic & ionic state & thus these elements 
are not considered as Transition Elements. 
 
Q.10- Why are interstitial compounds well known for transition metal? 
Ans.- Interstitial compounds are well known for transition metals because size of C, N, O, and B is 
similar to size of interstitial voids of transition metal. 
 

Q.11. What are transition elements? 

Ans.Those elements which have partly filled(n-1) d orbitals in their atom or most common oxidation state are 

called transition elements. 

 

Q.12.How is the variability in oxidation states of transition metals different from that of the 

non-transition metals? Illustrate with examples.  
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Ans-The transition elements use its (n-1)d, and ns orbital and the successive oxidation states differ by unity. For 

example, Mn shows all the oxidation states from +2 to +7. On other hand non transition elements use its ns and  

np  orbitals and the successive oxidation states generally differ by two units e.g. Sn2+, Sn4+ etc. 
 

Q.13. To what extend do the electronic configuration decide the stability of oxidation state in the  

first series of the transition elements? Illustrate your answer with an example. 

Ans In a transition series, the oxidation state which lead to exactly half filled or completely filled  

orbitals are more stable.e.g. the electronic configuration of Fe is [Ar] 3d6 ,4s2 orbitals are more stable.  It shows 

various oxidation states but Fe(III) is more stable than Fe(II).  
 

Q.14.The paramagnetic character in 3d-transition series elements increases upto  Mn and then  

decreases. Explain why?  

Ans. In the 3d-transition series as we move from Sc (21) to Mn (25) the number of unpaired  

electrons increases and hence paramagnetic character increases. After Mn, the pairing of electrons  

in the d-orbital starts and the number of unpaired electrons decreases and hence, paramagnetic  

character decreases.  

Q.15.Copper atom has completely filled d-orbitals(3 d¹⁰) in ground state, yet it is regarded as a  

Transition element. 

Ans. As its ions are having partially filled d – orbitals. 

Q.16.The chemistry of actinoid elements is not so much smooth as that of lanthanoids. Justify these statements

 by giving some examples from the oxidation state of these elements. 

Ans. 

Lanthanoids show limited number of oxidation states i.e. +2, +3, +4 (out of which +3 is most common) . This is b

ecause of a large energy gap between 4f, 5d and 6s subshell. The dominant oxidation state of actinides is also +

3 but they show a number of  other oxidation 

state also e.g. +4, +5, and +7. This is due to small energy difference between 5f, 6d and 7s orbitals.  

 

(3 MARKS QUESTIONS) 

Q.1-What is lanthanide contraction? What are the consequences of lanthanoid contraction? 

Ans:- The size of Lanthanoids and its trivalent ion decreases from La to Lu. It is known as lanthanoids 
contraction.It is due to poor shielding of 4f electrons 
Consequences of lanthanide contraction: - 
(i) Basic strength of hydroxide decreases from La(OH)3 TO Lu(OH)3.  
(ii)  Because of similar chemical properties lanthanides are difficult to separate. 
(iii)  Zr and Hf have similar size. 

 
Q.2 Explain giving reasons: 

(i)Transition metals and many of their compounds show paramagnetic behavior. 

(ii)The enthalpies of atomization of the transition metals are high.  

(iii) The transition metals generally form coloured compounds. 

Ans-(i) Transition metals and many of their compounds show paramagnetic behavior  due to 

presence of unpaired electrons in (n-1) d orbital. 
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(ii) The enthalpies of atomization of the transition metals are high because of large number of 

unpaired electrons in their atoms,  hence strong metallic bonding is present between atoms. 

(iv) The transition metals generally form coloured compounds due to presence of unpaired 

electrons in(n-1) d orbital and  thus they can undergo d-d transition. 

 

Q.3 Give reasons for the following:‐ 

(i)Fe has higher melting point than Cu. 

(ii) Transition metals have a strong tendency to form complexes. 

 (iii)Hg is not considered a transition metal. 

Ans- (i) This is because Fe (3d
6
,4s

2
) has four unpaired electrons in 3d-subshell. While Cu (3d

10
, 

4s1) only one unpaired electron in 4s shell .Hence metallic bonding is stronger in Fe than those 

in Cu. 

(ii) Transition metals have a strong tendency to form complexes due to presence of vacant 

d-orbital. 

(iii)The characteristic properties of transition metal are due to partially filled d-orbitals. Hg 

(5d
10

, 6s2) has completely filled d-orbital, hence it is not considered as transition metal. 

 
Q.4 . (a)Write electronic configuration of element having atomic number 101.  
    (b) Which element show maximum oxidation state in 3d transition series? 
 (c)Name the transition metal which is well known to exhibit +4 oxidation state?  

Ans- (a) [Rn] 5f
13

,6d
0
,7s

2
. 

(b)Mn, Which shows +7 oxidation state in KMnO4. 

 (c) Cerium (Z=58) 
 

Q.5. Give reasons for the following:� 
     (i)Transition metals have high enthalpy of hydration.  
     (ii) d block elements exhibit a large number of oxidation state than f block  
elements. 
    (iii)The second and third members in each group of transition element have  
similar atomic radii.  

Ans- (i)Transition metal ions are smaller and have higher charge,therefore have high enthalpy of 
hydration. 
(ii) The difference in the energy of (n�1)d orbital and ns orbital is very small and thus both 
sub�shells are used for bond formation. Where as in f block elements (n�2)f orbitals lie underneath 
and hence are not available for bond formation. 
(iii) due to lanthanoid contraction 
 

Q.6 What are alloys? Name an alloy which contains some lanthanoid metals. Mention its  uses. 
Ans-: An alloy is a homogeneous mixture of different metals or metals and non-metals. 
Misch metal is an alloy of cerium (Ce). lanthanum (La), neodymium (Nd), iron (Fe) and traces of 
carbon, sulphur, aluminium etc. It is used in making parts of jet engines. 
Q.7  (i)  What is the common oxidation state of Lanthanoids? 
         (ii) Name the Lanthanoid with common oxidation state +4. 
         (iii) It is difficult to separate Lanthanoids in the pure state. Explain. 
    Ans:  (i) +3 
             (ii) Cerium (Ce) 
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(iii)  Due to Lanthanoid contraction, lanthanoids have similar radii and hence 
similar physical properties. So their isolation is difficult. 
 

Q.8. (i) Which is more paramagnetic, Fe2+ or Fe3+? Why? 
(ii)  Why do transition elements show variable oxidation states? 
(iii)  What is the reason for their catalytic property?  

Ans:    (i)  In Fe3+, there are 5 unpaired electrons. So it is more paramagnetic. 
           (ii) Due to the participation of penultimate d electrons along with valence s electrons in 
chemical reactions. 

(iii)  Large surface area and ability to show variable oxidation states are the reason for 
catalytic property. 

 

Q. 9 (a) What is their common oxidation state?  
(b) Transition elements form a large number of complex compounds. Why? 
(c) What is misch metal? 

Ans: a) The common oxidation state is +2. 
b) This is due to comparatively smaller size, high ionic charge, pesence of partially filled d 
orbitals and ability to show variable oxidation state. 
c) It is an alloy of Lanthanoids which consists of a lanthanoid metal (~ 95%) and iron (~ 5%) 

and traces of S, C, Ca and Al. 
 

Q.10-Decide giving reason which one of the following pairs exhibits the property indicated: 
(i)Sc3+ or Cr3+ exhibits paramagnetism 
(ii)V or Mn exhibits more number of oxidation states 
(iii)V 4+ or V5+ exhibits colour 

Ans.- (i) Sc=[Ar] 3d14s2 ;  Sc3+=[Ar] 3d04s0 ; it has no unpaired electron so diamagnetic 
             Cr=[Ar] 3d54s1 ;  Cr3+=[Ar]3d3 ; it has three unpaired electrons paramagnetic 
        (ii)  V=[Ar] 3d34s2 Thus V exhibit oxidation states of +2, +3, +4, +5                                

Mn=[Ar] 3d54s2 Whereas Mn exhibit oxidation states of +2 to +7. 
(iii)  V 4+= [Ar] 3d1 

→  coloured V5+=[Ar]3 d0 → colourless 
 

Q.11. Give examples and suggest reasons for the following features of the transition metal     chemistry:      

 (i) The lowest oxide of transition metal is basic, the highest is amphoteric/acidic.     

 (ii)    A transition metal exhibits highest oxidation state in oxides and fluorides.     

 (iii)  Of the d4 species, Cr2+ is strongly reducing while manganese (III) is strongly oxidizing. 

 Ans 

.(i) The oxide of transition metals in lower oxidation states are generally basic while those in the higher oxidatio

n states are acidic. Acidic character increases with increase in oxidation state is due to decrease in size of metal 

ion and increase in charge density.e.g. MnO (basic), Mn3O4 (amphoteric), Mn2O7 (acidic).  

(ii) A transition metal exhibits higher oxidation states in oxides and fluorides because oxygen and fluorine are th

e most electronegative elements and thus easily can unpair electrons of metal atom.  

(iii) Because oxidizing and reducing property depends on E0 value. Since E0  value of Cr3+/Cr2+ is 

negative whilethat of Mn2+/ Mn3+ is positive as a result Cr(II) act as reducing agent and Mn (III) is strongly 

oxidising 
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Q.12. Account for the following statements:  

(i)Cobalt (II) 

is stable in aqueous solution but in the presence of strong ligands and air, it can be oxidized to Co (III).  

(ii)The d1 configuration is very unstable in ions. 

 (iii)One among the lanthanides, Ce (III) can be easily oxidized to Ce (IV).  

Ans- (i) Strong ligands force cobalt (II) to lose one more electron from 3d-subshell and thereby induced  

d2sp3 hybrisation.  

 (ii) The ion with d1 configuration try to lose the only electron in order to acquire inert gas configuration.  

(iii) The configuration of Ce is [Xe] 4f1, 5d1 ,6s2..There is no much difference between the energy 

 of 4f, 5d and 6s orbitals and thus, Ce can utilize electrons present in these orbitals and cam show oxidation  

state of +4 

Q.13. (a) Which element show maximum oxidation state in 3d transition series?       

(b) K2 [PtCl6] is well known compound whereas the corresponding Ni compound is not known 

(c) Explain why Cu + ion is not stable in aqueous solution?  

Ans (a) Mn, Which shows +7 oxidation state in KMnO4.                          

(b) The oxidation state of Pt in is +4 which is stable for Pt. The +4 oxidation state for Ni is very difficult to achiev

e because the sum of first four ionization energies is very high. Hence ,the corresponding Ni(II) compound is not 

known. 

(c) Water is a good complexing agent and thus Cu forms complex by losing one more electron from 3d orbital 

Q.14.Name the following 

(a)A 3d transition metal which shows only one oxidation state 

(b) A transition metal which shows  +8 oxidation state. 

(c)A member of 4d series which is not regarded as transition metal. 

Ans. (a) Sc    (b)Os  in OsO4    (c) Cd    

Q.15. Explain the following observation- 

(i) E⁰ value for the Mn3+/Mn2+couple much more positive than that forCr3+/Cr2+or Fe3+/Fe2+ 

(ii) E⁰ value for the Cu2+/Cu is positive . 

iii)Transition metals form many alloys 

Ans. i) Mn
2+

compounds are more stable due to half-filled d-orbital. Fe
2+

compounds are comparatively 

less stable as they have six electrons in their orbital. So, they tend to lose one electron from Fe
2+

and 

get stable d⁵ configuration in Fe
3+
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Therefore, comparatively high positive value of E° forMn
+
³/Mn

+
²  indicates the stability of Mn 

2+
 (d⁵) 

where as comparatively low value for Fe
+
³/ Fe

+
² indicates the extra stability of Fe

3+
 (d⁵). 

(iii)Transition metals have almost similar size .Hence, they can easily mix with each other easily and form alloys. 

 Q.16. (i) Consider the hydrated ions of Ti
+
² , V

+2,
 Ti

+
³ and Sc

3+
 Write the correct order of 

their spin only magnetic moment 

(ii)What is the composition of misch metal? 

Answer.(i) the correct order of spin only magnetic moments of given hydrated ions will be 

Sc+³< Ti+3<Ti+²< V +² 

ii) Misch metal  have (~ %95 ) iron (~5%) and traces of S, C, Ca and Al. It is used in Mg 

based alloy to produce bullets, shell and lighter-flint. 

Q.17.Assign reason for the following: 

(i) Scandium (Z = 21) does not exhibit variable oxidation states and yet it is regarded as  

Transition element.  

  Ans. Scandium (Z = 21) has incompletely filled 3d orbitals in the ground state (3d1).  

Hence, it is considered as a transition element 

 (ii) There is in general an increase in density of element from titanium (Z=22) to copper (Z=29). 

Ans. As we move along a transition series from left to right (i.e. Ti to Cu), the atomic radii decrease 

due to increase in nuclear charge. Hence the atomic volume decreases. At the same time, atomic 

mass increases. Hence the density from titanium (Ti) to copper (Cu) increases 

  (iii)Transition metals form large number of complex compounds 

  Ans. This is due to smaller sizes of the metal ions, their high ionic charges and the availability of d 

orbitals for bond formation.A few examples are:  

[Fe(CN)6]
3-

  , [Fe(CN)6]
4–

,[Cu(NH3)4]
2+

 and [PtCl4]
2-

 

Q.18. Following are the transition metal ions of 3d series:  

Ti
4+

, V
2+

, Mn
3+

, Cr
2+

 (Atomic numbers: Ti = 22, V = 23, Mn = 25, Cr = 24)  

Answer the following:  

 (i) Which ion is most stable in an aqueous solution and why?  

 (ii) Which ion is a strong oxidising agent and why? 

(iii) Which ion is colourless and why? 
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Answer.(i)Stability of ions in aq state depends on the electrode potential because the stability of 

ion in aq solution depend on electrode potential due to small size Cr3+ is more stable. 

(ii) Mn
3+

is the strong oxidising agent as the Mn
2+

 is more stable then Mn
3+

 due to its half filled 

configuration. 

(iii) Due to absence of unpaired electron in Ti
4+

, it is a colourless ion E.C. of Ti
4+

 : [Ar]3d⁰4s⁰ 

 

CASE BASED QUESTIONS 

Read the passage given below and answer the following questions : 
Q.1.The unique behavior of Cu having a positive E0 accounts for its inability to liberte H2 from acids. 
Only oxidising acids( nitric and hot concentrated sulphuric acid) react with Cu, the acids being reduced. 
The stability of the half filled(d5 ) subshell in Mn2+ and the completely filled(d10 ) configuration Zn2+  
are related to their E0 (M3+ / M2+ ) values. The low value for scandium reflects the stability of Sc3+  
which has a noble gas configuration the comparatively high value for manganese shows that Mn2+ (d5) 
is particularly stable, whereas a comparatively low value for Fe shows the extra stability of  Fe3+ (d5),  
the comparatively low value for V is related to the stability of V2+ (half filled t2g level) 
Answer the following questions:- 

(i) Why do copper cannot liberate H2 with concentrated acids? 
Ans. Cu has high E0 value than H2 
(ii)  E0 values for the couples (Cr3+ /Cr2+)  and(Mn3+ / Mn2+)  are - 0.41V and + 1.51 V 

respectively. Which is better reducing agent? 
Ans. Cr, Due to lower E0 values 
(iii)  The reduction potential values of M, N and O are +2.46V, -1.13V and-3.13V respectively. 

Arrange the following in order of  their reducing property 
Ans:- O>N>M 
(iv) The stability of Cu2+ (aq) is higher than Cu+ (aq). Why? 
Ans.  Due to high hydration enthalpy of Cu2+ (aq). 
(v) Sc3+ does not show reactions. Why? 
Ans. Due to inert electronic configuration (3d0 4s0) 
 

Q.2. The f-block elements are those in which the differentiating electrons enters the (n-2)f orbitals. There are 

two series of f-Block elements corresponding to filling of 4f and 5f-orbitals. The series of 4f-orbitals is called 

lanthanides. Lanthanides show different oxidation states depending upon stability of f0, f7 and 

f14 configurations, though the most common oxidation states is +3. There is a regular decrease in the size of 

lanthanides ions with increase in atomic number which is known as lanthanides contraction. 

The following questions are multiple choice question. Choose the most appropriate answer: 

(i) The atomic number of three lanthanides elements X, Y and Z are 65, 68 and 70 respectively, their 

Ln
3+

 electronic configuration is 

(a) 4f8, 4f11, 4f13 

(b) 4f11, 4f8, 4f13 

(c) 4f0, 4f2, 4f11 

(d) 4f3, 4f7, 4f9 

(ii) lanthanide contraction is observed in 

(a) Gd 

(b) At 

(c) Xe 

(d) Te 
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(iii) Which of the following is not the configuration of lanthanide? 

(a) [Xe]4f106s2 

(b) [Xe]4f15d16s2 

(c) [Xe]4f145d06s2 

(d) [Xe]4f75d16s2 

OR 

Name a member of the lanthanide series which is well known to exhibit +4 oxidation state. 

(a) Cerium (X=58) 

(b) Europium (Z=63) 

(c) Lanthanum (Z=57) 

(d) Gadolinium (Z=64) 

(iv) Identify the incorrect statement among the following. 

(a) Lanthanide contraction is the accumulation of successive shrinkages. 

(b) the different radii of Zr and Hf due to consequences of the lanthanide contraction. 

(c) Shielding power of 4f electrons is quite weak. 

(d) There is a decrease in the radii of the atoms or ions proceeds from La to Lu. 

Ans: 

(i) a 

(ii) a 

(iii) c 

or a 

(iv) b 
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COORDINATION CHEMISTRY  
 

(1 MARK QUESTIONS)  
Q.1. Determine the oxidation number of Cobalt in K[Co(CO)4]  
 Answer:-K+[Co(CO)4]

- 

   ⸫ 1+x+0=0, x= -1 
 
Q.2.Among the following, which is most stable complex? Explain. 
 [Fe(H2O)6]

+3, [Fe(NH3)6]
+3, [Fe(C2O4)3]

-3,& [Fe(Cl)6]
-3, 

Answer:-In each of given complexes Fe is in +3 state .As C2O4
2- is bidentate chelating ligand, it forms 

chelate ring and therefore [Fe(C2O4)3]
-3 is the most stable complex. 

 
Q.3.How many ions are produced from the complex [CO(NH3)6]Cl2? 
Answer: The coordination number of cobalt=6 it ionizes in the solution as 

[CO(NH3)6]Cl2    
aq            [CO(NH3)6]

2+   +2Cl- Hence three ions are produced. 
 
Q.4.Using IUPAC norm, write the formula of pentaamminenitrito-O-cobalt (III) 
NOTE:- (Arrangement of ligands positive ligand  ,neutral ligand ,negative ligands) 
Here ligands are –ammine (NH3) –Neutral ligand, Nitrito (ONO) - -- Negative ligand ,Oxidation No of 
central atom/Metal =3 So charge on complex ion =+2 
  Answer: - formula of pentaamminenitrito-O-cobalt (III) is [Co(NH3)5(ONO)]2+ 

 
Q.5. Using IUPAC norm, write the formula of hexaamminecobalt (III) sulphate 
 Answer:-Positive complex ion hexaamminecobalt (III)=[Co(NH3)6]

3+ 
   Negative ion sulphate =SO4

2- 
   So formula [Co(NH3)6]2 (SO4)3 
 
Q.6.Using IUPAC norms, write the systemic name  of the following : 
  (i) [Co(NH3)6]Cl3        (ii)   [ Pt(NH3)2Cl (NH2CH3)]Cl 
 Answer:-  (i)Hexaaminecobalt (III)  Chloride     

(ii) Diamminechlorido(methylamine)platinum (II) chloride 
 
Q.7.What are ambidentate ligands? .Give two Example 
 Answer:-A molecule or ion which contains two donor atoms but any one of them forms a 
coordinate bound at a time with central metal atom is called ambidentate ligand .e.g.CN- or NC- and 
:NO2

- or :ONO-. 
 
Q.8.Explain with example for Homoleptic complex 
 Answer:-The complex in which metal atom is bound to only one kind of donor groups, e.g. 
[Cu(CN)4]

3-. 
 
Q.9. Explain with example for Hetroleptic complex 
Answer:-The complex in which metal atom is bound to more than one kind of donor groups, e.g. 
[Co(NH3)4 Cl2+]

+ 
Q.10. Aqueous copper sulphate solution (Blue in colour ) gives a bright green solution with aqueous 
potassium chloride . Explain this result. 
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Answer:-When KCl is added Cl-ligands replace the weakH2O ligands forming [Cu Cl4]
2- ion, 

which has bright green colour. 
 [Cu(H2O)4]

2+ + 4Cl-            [Cu Cl4]
2- +4 H2O        

                                                   tetrachlorocuprate(II) (Green solution) 
 

Q.11.Why are low spin tetrahedral complexes not formed ? 
Ans. Because for tetrahedral complexes ,the crystal field stabilization energy is lower than pairing 
energy. 
Q.12. Name the complex used in treatment of cancer . 
Ans. Cisplatin is used in the treatment of cancer . 
Q.13. Why is CO a stronger ligand than Cl-    ? 
Ans. CO is stronger than Cl- as it is π-acceptor ligand . 
Q.14. Define crystal field splitting energy. 
Ans. When ligand approach a transition metal ion,the d orbital split into two sets ,one with lower 
energy energy and the other with higher energy .The difference of energy between the two sets of 
orbitals is known as crystal field splitting energy . 
Q.15.  Which compound is used to estimate the hardness of of water volumetrically ? 
Ans.  EDTA 
Q.16.What do you understand by  denticity of a ligand ? 
Ans .The number of coordinating groups present in ligand is called the denticity of ligand.For example 
–denticity of ethane -1,2-diamine is 2,as it has two donar nitrogen atoms which can link to central metal 
atom . 
Q.17. Do we call metal carbonyls as organometallics ?Why ? 
Ans . Yes,metal carbonyls are called organometallics because C atom of CO is linked to the metal atom 
.In fact the metal carbon bonds have both sigma and pai bond character . 

Q.18 .Which of the following is more stable complex and why? 
[Co(NH3)6]3+ and [Co(en)3]3+ : 
Ans. [Co(en)3]3+ is more stable complex than [CO(NH3)6]3+ because of chelate effect 

Q.19. Write the IUPAC  name of the isomers of the given complex 

 [ Pt ( NH3 )2Cl2  

Ans.cis-diamminedichloridoplatinum( ii )and trans-diammine dichloridoplatinum                                            

Q.20.  Write the IUPAC name of the following coordination compound [NiCl4]2-.  
Ans. Tetrachloridonickelate (II) ion. 

Q.21. Which type of ligands form chelates? 
 Ans - . Polydentate ligands. 
 
Q.22. Why only transition metals are known to form π complexes?  
Ans -. Transition metals/ ions have empty d-orbitals into which the electron-pairs can be donated      
        by ligands containing π electrons. 
 
Q.23.. Write the correct formula for the coordination compound; 
         CrCl3.6 H2O (violet, with 3 chloride Ions/unit formula) 
 Ans -  [Cr(H2O)6]Cl3 
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Q.24. Write the electronic configuration of iron ion in the complex ion and predict its magnetic 
behavior : [Fe(H2O)6]

2+ .  
   Ans - In [Fe(H2O)6] the oxidation state of  Fe is +2. 
       Electronic configuration of Fe (26) = 3d64s2 and Fe2+= 3d64s0 or Fe2+=t42g eg

2. The    
       number of unpaired electrons are 4. Hence, it is paramagnetic. 
 
Q.25. Specify the oxidation number of metal in the following coordination entities. 
        (i) [Co(H2O)(CN)(en)2]

2+            (ii) [CoBr2(en)2]
+  

Ans- (i) Oxidation state = +3 (ii) Oxidation state = +3 
 
Q.26.. Why complexes are preferred in electrolytic bath for electroplating? 
   Ans-  They dissociates slowly and hence give smooth and even deposit 
. 
Q. 27.. Why are low spin tetrahedral complexes not formed? 
   Ans - This is because for tetrahedral complexes CFSE is lower than pairing energy. 
 
Q.28  How many ions are produced from the complex, Co(NH3)6Cl2 in the solution? 
    Ans -  [Co(NH3)6]Cl2

 
aq.

  ---------�         [Co(NH3)6]
2+ + 2Cl-    (three ions) 

 
 Q.29 . [Co(CN)6]

3- and [CoF6]
3- both are octahedral complexes. Then what is the difference    

        between the two?  
    Ans- [Co(CN)6]3- is an inner orbital or low spin complex involving the hybridization d2sp3  
        while  [CoF6]

3- is  an outer orbital or high spin complex involving sp3d2 hybridization. 
 
Q.30. What is meant by ambidentate ligands? 
 Ans - A molecule or an ion which contains two donor atoms only one of them forms a coordinate   
bond at a time with the central metal atom is called ambidentate ligands. Ex. CN- or NC-   and NO2- or 
ONO-. 
 
 

Q.31Write the formula forTetraamineaquachloridocobalt(III) chloride 

Ans- [Co(NH3)4(H2O)Cl]Cl2 
 

Q.32 Write the IUPAC name of [Co (NH3)4 Br2]2 [Zn Cl4] 

Ans. Tetraamminedibromocobalt (III) tetrachlorozincate (II) 
 

Q.33 Which of these cannot act as ligand and why: NH3, H2O, CO, CH4. Give reason? 

 Ans.  CH4 can’t act as a ligand due to absence of lone pair of electron. 
 

Q.34 How many EDTA (lethylendiamine tetra acetic acid) molecules are required to make an 

octahedral complex with a Ca2+ ion. 

Ans.   EDTA is a hexadentate ligand therefore only one EDTA molecule is required. 
 

Q.35 Why tetrahedral complexes do not exhibit geometrical isomerism ? 

Ans. Because relative position of ligands attached to central atom are same with respect to one 

another 
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Q.36.  Calculate the dipole moment of Ni2+ ion. 

.  Ni2+ =[Ar]d8 

       n=2, Dipole Moment = [n(n+n)]1/2 

                                           =[2(2+2]1/2 

                                          =2.8 B.M. 

 

Q.37. A catalyst (C)  is used in hydrogenation of alkenes called as Wilkinson 

catalyst? What is its formula? 

Ans-[(Ph3P)3RhCl] 

(3 MARKS QUESTIONS)  

Q.1.a) Nickel does not form low spin octahedral complexes. Give the reason. 
Answer: Because Ni has E.C.3d8 4s2, in whichtwo inner d –orbitals are not available which are 

required to form d2sp3 hybridization] 
b) Co+2 is easily oxidised to Co+3 in the presence of a strong ligand. Why? 
 

Answer: Because in the presence of strong ligand ,the 3d electrons pair up leaving two orbitals 
empty to be involved in d2sp3hybridisation. 
c) Low spin tetrahedral complexes not formed. Explain it 

Answer: For tetrahedral complexes, the crystal field splitting energy is too low. It is lower than 
pairing energy so, the pairing of electrons is not favoured and therefore the complexes cannot form low 
spin complexes. 

 
Q.2 a). Explain why [Ti(H2O)6] Cl3 is coloured. What happens to the colour of [Ti(H2O)6] Cl3 when 
heated gradually? 
 
 Answer:- [Ti(H2O)6] Cl3 becomes colourless on heating because water is removed on heating 
and in the absence of ligand crystal field splitting does not occur .Hence the substance is colourless 
 
b). On the basis of crystal field theory, write the electronic configuration for d4 ion if ∆o < P 
 
Answer:-On the basis of crystal field theory, for a d4 ion, if ∆o< P, then the complex is a high spin 
complex formed by the association of weak field ligands with the metal ion. As a result, the fourth 
electron enters one of the eg orbitals, thereby, exhibiting the electronic configuration t2g3 eg1.  
 
c). On the basis of crystal field theory, write the electronic configuration for d4 ion if ∆o > P 
 
 Answer: - On the basis of crystal field theory, for a d4 ion, if ∆o > P, then the complex is a low 
spin complex formed by the association of strong field ligands with the metal ion. As a result, the 
fourth electron does not enter one of the eg orbitals, thereby, exhibiting the electronic 
configuration t2g4 eg0.  
 
Q.3 a). [Co (NH3)6]3+   is an inner orbital complex whereas [Ni(NH3)6]2+  is an outer complex.    
Explain. 
 
 Answer: - In [Co(NH3)6]3+ Co is in +3 state and has configuration 3d6. In the presence of 
NH3, 3d electrons pair up leaving two d-orbitals empty. Hence, the hybridization is d2sp3 forming 
inner orbital complex. In [Ni(NH3)6]2+, Ni is in +2 state and has configuration 3d8.hence 
hybridization is sp3d2 forming outer complex. 
 



52 | P a g e  

 

b). When 1 mol CrCl3.6H2O is treated with an
Write structural formula & IUPAC name of the complex.
 Answer:-As 3 moles of AgCl are obtained when 1 mol of CrCl3
of AgNO3 which shows that one molecule of the complex gives three c
formula of the complex is [Cr(H2O)6]Cl3. (Hexaaquacromium(III) chloride)
 
c) A solution of [Ni (H2O) 6]2+ is green but a solution of [Ni (CN)4]2
 
 Answer:-  [Ni(H2O)6]2+
CN- is a strong field ligand. Therefore, d
show any complimentary colour .
 
Q.4. Write the name & Using VBT 

 In [Fe(CN)6]−3 complex

by using inner 3d-orbitals. Since it has octahedral geometry as there are 6 ligands, so its hybridization 

will be d2sp3 

The central metal has oxidation number

x+6× (−1)=−3 

Fe has 4s23d6 configuration and therefore

it paramagnetic complex. 

Q.5 . Write the hybridization and shape of the following complexes:
(i) [FeF6]3- (ii) [Ni(CO)4] 
(b) Out of CN- and CO which ligand forms more stable complex with metal and why?

Ans. (a) (i) [FeF6]3-has sp3d2 hybridization, octahedral shape.
(ii) [Ni(CO)4] has sp3 hybridization, tetrahedral shape.
(b) CO forms more stable compl
metal atom or ion. 

Q.6. (a) Predict the number of unpaired electrons in hexaaquamanganese(II) ion. [Atomic number of 
Mn = 25] 
(b) Write the chemical formula and shape of hexaamminecobalt
(c) A CuS04 solution is mixed with (NH4)2
Cu2+ ion, Why? 
Ans 

b). When 1 mol CrCl3.6H2O is treated with an excess of AgNO3, 3 mol of AgCl are obtained.
Write structural formula & IUPAC name of the complex. 

As 3 moles of AgCl are obtained when 1 mol of CrCl3�6H2O is treated with excess 
of AgNO3 which shows that one molecule of the complex gives three chloride ions in solution. Hence, 

[Cr(H2O)6]Cl3. (Hexaaquacromium(III) chloride) 

A solution of [Ni (H2O) 6]2+ is green but a solution of [Ni (CN)4]2- is colourless

[Ni(H2O)6]2+ is green coloured.  But in [Ni(CN)4]2 - , the electrons are all paired as 
is a strong field ligand. Therefore, d-d transition is not possible in [Ni(CN)4]2

show any complimentary colour . 

VBT Predict the Magnetic behaviour, Hybridization, Shap

complex CN- is a strong field ligand therefore  it will form low spin complex 

orbitals. Since it has octahedral geometry as there are 6 ligands, so its hybridization 

tion number +3 calculated as: 

configuration and therefore Fe3+ will be 3d5. Upon pairing it has one unpaired electron that makes 

Q.5 . Write the hybridization and shape of the following complexes: 

and CO which ligand forms more stable complex with metal and why?

has sp3d2 hybridization, octahedral shape. 
(ii) [Ni(CO)4] has sp3 hybridization, tetrahedral shape. 
(b) CO forms more stable complex than CN- because it can form both a as well as n

Q.6. (a) Predict the number of unpaired electrons in hexaaquamanganese(II) ion. [Atomic number of 

(b) Write the chemical formula and shape of hexaamminecobalt(III) sulphate.
solution is mixed with (NH4)2 S04 solution in the ratio of 1 : 4 does not give test for 

excess of AgNO3, 3 mol of AgCl are obtained. 

�6H2O is treated with excess 
hloride ions in solution. Hence, 

 

is colourless 

, the electrons are all paired as 
d transition is not possible in [Ni(CN)4]2 – .So it does not 

Predict the Magnetic behaviour, Hybridization, Shape of [FeF6]3- 

is a strong field ligand therefore  it will form low spin complex 

orbitals. Since it has octahedral geometry as there are 6 ligands, so its hybridization 

. Upon pairing it has one unpaired electron that makes 

 

and CO which ligand forms more stable complex with metal and why? 

because it can form both a as well as n-bond with central 

Q.6. (a) Predict the number of unpaired electrons in hexaaquamanganese(II) ion. [Atomic number of 

(III) sulphate. 
solution in the ratio of 1 : 4 does not give test for 
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(a) It has 5 unpaired electrons. 
(b) [CO(NH3)6]2 (S04)3, octahedral.
(c) [CU(NH3)4] S04 is formed which does not have fre

Q.7.(a) Write the hybridization and shape of the following complexes:
(i) [CO(NH3)6]3+ (ii) [NiCl4]2-
(Atomic number : Co = 27, Ni = 28)
(b) Out of NH3 and ‘en’, which ligand forms more stable complex with metal and why?
Answer: 
(a) (i) d2sp3, octahedral 
(ii) sp3, tetrahedral. 
(b) en will form more stable complex because it is bidentate ligand.

Q.8.. Explain the bonding in coordination compounds in terms of Werner’s postulates.
Ans.Werner’s postulates explain the bonding in coordination compoun

(i) A metal exhibits two types of valencies namely, primary and secondary valencies. Primary valencies 
are satisfied by negative ions while secondary valencies are satisfied by both negative and neutral ions.
(In modern terminology, the prim
whereas the secondary valency refers to the coordination number of the metal ion.
(ii) A metal ion has a definite number of secondary valencies around the central atom. Also, these 
valencies project in a specific direction in the space assigned to the definite geometry of the 
coordination compound. 
(iii)  Primary valencies are usually ionizable, while secondary valencies are non
  

Q.9..Amongst the following ions which one has the hi

(i) (ii) 

Ans.(i) No. of unpaired electrons in

Then,  

 

 
 

(ii) No. of unpaired electrons in 

Then,  

 

 

(iii)  No. of unpaired electrons in 

Hence, has the highest magnetic moment value.

(S04)3, octahedral. 
is formed which does not have free Cu2+ ions. 

Q.7.(a) Write the hybridization and shape of the following complexes: 
- 

(Atomic number : Co = 27, Ni = 28) 
and ‘en’, which ligand forms more stable complex with metal and why?

(b) en will form more stable complex because it is bidentate ligand. 

Explain the bonding in coordination compounds in terms of Werner’s postulates.
Werner’s postulates explain the bonding in coordination compounds as follows:

A metal exhibits two types of valencies namely, primary and secondary valencies. Primary valencies 
are satisfied by negative ions while secondary valencies are satisfied by both negative and neutral ions.
(In modern terminology, the primary valency corresponds to the oxidation number of the metal ion, 
whereas the secondary valency refers to the coordination number of the metal ion.

A metal ion has a definite number of secondary valencies around the central atom. Also, these 
project in a specific direction in the space assigned to the definite geometry of the 

Primary valencies are usually ionizable, while secondary valencies are non

Amongst the following ions which one has the highest magnetic moment value?

(iii)  

No. of unpaired electrons in = 3 

= 4 

 

has the highest magnetic moment value. 

and ‘en’, which ligand forms more stable complex with metal and why? 

Explain the bonding in coordination compounds in terms of Werner’s postulates. 
ds as follows: 

A metal exhibits two types of valencies namely, primary and secondary valencies. Primary valencies 
are satisfied by negative ions while secondary valencies are satisfied by both negative and neutral ions. 

ary valency corresponds to the oxidation number of the metal ion, 
whereas the secondary valency refers to the coordination number of the metal ion. 

A metal ion has a definite number of secondary valencies around the central atom. Also, these 
project in a specific direction in the space assigned to the definite geometry of the 

Primary valencies are usually ionizable, while secondary valencies are non-ionizable. 

ghest magnetic moment value? 
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Q.10.Draw figure to show the splitting of
Ans. 

The splitting of the d orbitals in an octahedral field takes palce in such a way that

a rise in energy and form the level, while

the  level. 

Q.11.Aqueous copper sulphate solution (blue in colour) gives:
(i) a green precipitate with aqueous potassium fluoride, and
(ii) a bright green solution with aqueous potassium chloride
Explain these experimental results.

Ans.Aqueous exists as 

ions. 
(i) When KF is added: 

(ii) When KCl is added: 

In both these cases, the weak field ligand water is replaced by the

Q.12. What is meant by the chelate effect

Ans.When a ligand attaches to the metal ion in a manner that forms a ring, then the metal
association is found to be more stable. In other words, we can say that complexes containing chelate 
rings are more stable than complexes without rings. This is known
For example: 

to show the splitting of d orbitals in an octahedral crystal field.

 

orbitals in an octahedral field takes palce in such a way that

level, while and  experience a fall in energy and f

Aqueous copper sulphate solution (blue in colour) gives: 
(i) a green precipitate with aqueous potassium fluoride, and 
(ii) a bright green solution with aqueous potassium chloride 
Explain these experimental results. 

. It is blue in colour due to the presence of

 

 

In both these cases, the weak field ligand water is replaced by the and 

chelate effect? Give an example. 
a ligand attaches to the metal ion in a manner that forms a ring, then the metal

association is found to be more stable. In other words, we can say that complexes containing chelate 
rings are more stable than complexes without rings. This is known as the chelate effect.

 

orbitals in an octahedral crystal field. 

orbitals in an octahedral field takes palce in such a way that experience 

experience a fall in energy and form 

. It is blue in colour due to the presence of 

ions. 

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. In other words, we can say that complexes containing chelate 

as the chelate effect. 
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Q.13. For [Fe(en)2Cl2] Cl, state 
(i) the oxidation number of iron 
(ii) the hybrid orbitals and the shape of the complex
(iii) the magnetic behaviour of the complex
 
Ans. (i) the oxidation number of iron is +3.
(ii) the hybridization will be d2sp3
(iii) the complex shows paramagnetic behaviour as it has one unpaired electron in the d
 

Q.14. What is spectro chemical series? Explain the difference 
       field ligand. 
 Ans - Spectrochemical series- The arrangement of ligands in order of their increasing field 
         strength i.e., increasing crystal field splitting energy (CFSE) values is called spectro 
         chemical series . 
        Difference- The ligands with small value of CFSE (
         wheresas those with large value of CFSE are called strong field ligands.
 

Q.15 a). Why are different colours observed in octahedral and 
and same ligands? 
  Ans- ∆t = (4/9)∆0. Hence, less energy(higher wave length) is absorbed by tetrahedral complexes  than 
by octahedral complexes of the same metal and ligands . Therefore the absorbed     colours are
different. 
 
b) Why do compounds having similar geometry have different magnetic moment ?
  Ans- It is due to presence of weak or strong field ligands in complexes . Ex, [CoF6]3
       [Co(NH3)6]3+ the former is paramagnetic and later is diamagneti
       ligand and NH3 is a strong field ligand while both has similar geometry.
  
c) CuSO4.5H2O is blue in colour while CuSO4 is colourless. Why?
   Ans - In CuSO45H2O, 4H2O molecules are present as ligand. Crystal fi
        hence d-d transition which gives it blue colour. In CuSO
        present as ligand. No crystal field splitting occurs and hence it has no colour .
 
Q.16. Write the important postulates of  
   Ans- The main points of  valence bond theory are as follow:
 (i) Central atom or ion makes  available required number of empty orbitals.
 (ii) These orbitals undergo hybridization by using (n
       atom/ion under the influence of ligands to give same number of hybrid orbital of equal 

 

 
 

(ii) the hybrid orbitals and the shape of the complex 
(iii) the magnetic behaviour of the complex  

(i) the oxidation number of iron is +3.  
(ii) the hybridization will be d2sp3 and the shape of the complex will be octahedral.
(iii) the complex shows paramagnetic behaviour as it has one unpaired electron in the d

Q.14. What is spectro chemical series? Explain the difference between weak field and a strong 

The arrangement of ligands in order of their increasing field 
strength i.e., increasing crystal field splitting energy (CFSE) values is called spectro 

The ligands with small value of CFSE (∆0) are called weak field ligands 
wheresas those with large value of CFSE are called strong field ligands. 

Q.15 a). Why are different colours observed in octahedral and tetrahedral complexes for the same metal 

0. Hence, less energy(higher wave length) is absorbed by tetrahedral complexes  than 
by octahedral complexes of the same metal and ligands . Therefore the absorbed     colours are

b) Why do compounds having similar geometry have different magnetic moment ?
It is due to presence of weak or strong field ligands in complexes . Ex, [CoF6]3

[Co(NH3)6]3+ the former is paramagnetic and later is diamagnetic because F
ligand and NH3 is a strong field ligand while both has similar geometry. 

c) CuSO4.5H2O is blue in colour while CuSO4 is colourless. Why? 
O molecules are present as ligand. Crystal field splitting occurs and    

d transition which gives it blue colour. In CuSO4, there are no H
present as ligand. No crystal field splitting occurs and hence it has no colour .

Q.16. Write the important postulates of  valence bond theory. 
The main points of  valence bond theory are as follow: 

(i) Central atom or ion makes  available required number of empty orbitals. 
(ii) These orbitals undergo hybridization by using (n-1)d ns , np or ns , np , nd orbitals of 

atom/ion under the influence of ligands to give same number of hybrid orbital of equal 

and the shape of the complex will be octahedral. 
(iii) the complex shows paramagnetic behaviour as it has one unpaired electron in the d-orbital.           

between weak field and a strong  

The arrangement of ligands in order of their increasing field  
strength i.e., increasing crystal field splitting energy (CFSE) values is called spectro  

0) are called weak field ligands  
 

tetrahedral complexes for the same metal 

0. Hence, less energy(higher wave length) is absorbed by tetrahedral complexes  than 
by octahedral complexes of the same metal and ligands . Therefore the absorbed     colours are 

b) Why do compounds having similar geometry have different magnetic moment ? 
It is due to presence of weak or strong field ligands in complexes . Ex, [CoF6]3- and    

c because F- is weak field             
 

eld splitting occurs and     
, there are no H2O molecules  

present as ligand. No crystal field splitting occurs and hence it has no colour . 

1)d ns , np or ns , np , nd orbitals of central  
atom/ion under the influence of ligands to give same number of hybrid orbital of equal  
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       energy and definite geometry. These hybridized orbitals are allowed to overlap with ligand  
        orbitals that can donate electron pairs or bonding 
  (iii) Ligands must have one sigma orbitals containing loan pair of electrons. 
 
Q.17. a) Arrange the following complexes in order of increasing electrical conductivity: 

[Co(NH3)3Cl3],[Co(NH3)5Cl]Cl2,[Co(NH3)6]Cl3, [Co(NH3)4Cl2]Cl 
 

 Ans -  [Co(NH3)3Cl3]< [Co(NH3)4Cl2]Cl < [Co(NH3)5Cl]Cl2< [Co(NH3)6]Cl3  
        This is because number of ions produced from these complexes are 0 2 3 4 respectively. 
 

 
 b) The molar conductivity of the complex CoCl3.4NH3.2H2O is found to be same as that of        
         3 : 1 electrolyte. What is the structural formula of the complex? 
 Ans- The complex should be of the type A3B or AB3. As coordination number of Co is 6, hence  
        its structural formula will be [Co(NH3)4(H2O)2]Cl3. 
c) What happen to the colour of coordination compound  [Ti(H2O)6]Cl3 when heated  
         gradually?  
  Ans- On heating, its colour becomes lighter as H2O is gradually lost . When all H2O molecules  
       are lost it becomes colourless because in the absence of ligands, crystal field splitting does  
       not occur.  
 
Q.18a). [Fe(CN)6]

4- and [Fe(H2O)6]
2+ are of different colours in dilute solutions .Why? 

 Ans- In both the complexes, Fe is in +2 state with the configuration 3d6, i.e., it has four unpaired  
       electrons. As the ligands H2O and CN- possess different crystal field splitting energy, they  
       absorbed different components of the visible light for d-d transition. Hence the transmitted  
       colours are different. 
 
b)The hexaaqua manganese (II) ion contains five unpaired electron while the hexacyano ion  
           contains only one unpaired electron. Explain using crystal field theory.  
  Ans- Mn in +2 state has the configuration 3d5. In the presence of H2O as ligand the distribution  
          of these 5 electrons is t32ge2g, i.e., all the electrons remain unpaired. In presence of CN-  
          as ligand, the distribution is t5

2ge
0
g, i.e., two t2g orbitals contain paired electrons while  

          the third t2g orbital contains one unpaired electrons. 
 
c) How many geometrical isomers are possible in the following coordination entities? 

(i)  [Cr(C2O4)3]
3−

 (ii) [Co(NH3)3Cl3] 

Ans-  (a) For [Cr (C2O4)3]
3−

, no geometric isomer is possible as it is a bidentate ligand. 

 

(b) [Co(NH3)3Cl3] Two geometrical isomers are possible. 
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Q.19. (a)  Write IUPAC name of [Co(en)

 (b) [NiCl4]
2-

 is paramagnetic while [Ni(CO)]

 (c)  Explain why K3[Fe(CN)6] is more stable than K

Ans-  (a) Tris-(1,2-ethanediamine) cobalt (III) ion

 (b) Though both [NiCl4]

different. This is due to a difference in the nature of ligands. Cl

cause the pairing of unpaired 3d

In Ni(CO)4, Ni is in the zero oxidation state i.e., it has a configu

But CO is a strong field ligand. Therefore, it causes the pairing of unpaired 3

the 4s electrons to shift to the 3d orbital, thereby giving rise to 

electrons are present in this case, [Ni(CO)

(c)  It is because the stability of complex depends upon the charge density (i. e. charge/radius ratio) on 

central ion. More is the charge density greater is the

 

Q.20.  (a) What is the hybridization state of nickel in [Ni(CN)

 (b) Draw the structure of [Ni(CN)

 (c) A solution of [Ni(H2O)6]
2+

Ans-  (a) dsp
2
hybridisation 

(b) Square planer structure  

(c) In [Ni(H2O)6]
2+

, H2O is a weak field ligand. Therefore, there are unpaired electrons in Ni

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(H

In [Ni(CN)4]
2−

, the electrons are all paired as CN

possible in [Ni(CN)4]
2−

. Hence, it is colourless

Hence, the geometry of the complex is fo

 

Q.21. Dimethyl glyoxime is added to alcoholic solution of NiCl

added to it, a rosy red precipitate of a complex appears.

(a) Give the str. of the complex showing hydrogen bond.

(b) Give oxidation state and hybridization of central metal ion.

(c) Identify whether it is paramagnetic or diamagnetic.

 

)  Write IUPAC name of [Co(en)3]
3+

 

is paramagnetic while [Ni(CO)]4 is diamagnetic though both are tetrahedral. Why?

] is more stable than K4[Fe(CN)6]. 

ethanediamine) cobalt (III) ion 

]
2− 

and [Ni(CO)4] are tetrahedral, their magnetic characters are 

different. This is due to a difference in the nature of ligands. Cl
−
 is a weak field ligand and it does not 

d electrons. Hence, [NiCl4]
2− 

is paramagnetic. 

, Ni is in the zero oxidation state i.e., it has a configuration of 3d
8
 4s

 

But CO is a strong field ligand. Therefore, it causes the pairing of unpaired 3d

the 4s electrons to shift to the 3d orbital, thereby giving rise to sp
3
 hybridization. Since no unpaired 

electrons are present in this case, [Ni(CO)4] is diamagnetic 

(c)  It is because the stability of complex depends upon the charge density (i. e. charge/radius ratio) on 

central ion. More is the charge density greater is the stability. 

) What is the hybridization state of nickel in [Ni(CN)4]
2− 

) Draw the structure of [Ni(CN)4]
2− 

2+
 is green but a solution of [Ni(CN)4]

2−
 is colourless. Explain.

O is a weak field ligand. Therefore, there are unpaired electrons in Ni

electrons from the lower energy level can be excited to the higher energy level i.e., the 

transition is present. Hence, Ni(H2O)6]
2+

 is coloured. 

, the electrons are all paired as CN
-
 is a strong field ligand. Therefore, 

. Hence, it is colourless 

Hence, the geometry of the complex is found to be octahedral. 

Dimethyl glyoxime is added to alcoholic solution of NiCl2. When ammonium hydroxide is slowly 

added to it, a rosy red precipitate of a complex appears. 

(a) Give the str. of the complex showing hydrogen bond. 

state and hybridization of central metal ion. 

(c) Identify whether it is paramagnetic or diamagnetic. 

is diamagnetic though both are tetrahedral. Why?  

] are tetrahedral, their magnetic characters are 

is a weak field ligand and it does not 

 

 

s
2.

 

 

d electrons. Also, it causes 

hybridization. Since no unpaired 

(c)  It is because the stability of complex depends upon the charge density (i. e. charge/radius ratio) on 

is colourless. Explain. 

O is a weak field ligand. Therefore, there are unpaired electrons in Ni
2+

. In this 

electrons from the lower energy level can be excited to the higher energy level i.e., the 

is a strong field ligand. Therefore, d-d transition is not 

. When ammonium hydroxide is slowly 
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Ans-(a) 

  

           (b) O. S. = + 2 

  bybridisation = dsp² 

 (c) diamagnetic as no unpaired electron. 
 

Q.21.. Draw all the isomers (geometrical and optical) of:  

(a) [CoCl2(en)2]
+
 

(b) [Co(NH3)Cl(en)2]
2+

 

Ans. (a) [CoCl2(en)2]
+
 

 

In total, three isomers are possible.  

(b) [Co(NH3)Cl(en)2]
2+

 

 

  

Trans-isomers are optically inactive. 

Cis-isomers are optically active 
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CASE BASED QUESTIONS (5 MARKS)  
 

Read the passage given below and answer the following questions: 
Q.1. Coordination compounds are the compounds in which the central atom is linked to a number of ions or 
neural molecules by coordinate bond and the donor atoms molecules or anions which donate a pair of electrons 
to the metal atom or ion and form a coordinate bond with it are called ligands. 
 In coordination compounds, valence bond theory describes the bonding in complex in terms of coordinate 
covalent bonds resulting from overlap of filled ligand orbitals with vacant metal hybrid orbitals that point in the 
direction of the ligands. The geometry of the complex ion depends on coordination number. The compounds 
having 6 coordination number is octahedral whereas compounds with 4 coordination number may be tetrahedral 
or square planer. The theory explains the formation, magnetic behavior and geometrical shapes of coordination 
compounds. 
Read the passage and answer the following questions:- 

(a)  Two complex ions, [Cr(H2O)6]
2+ and [Fe(H2O)6]

2+ have same magnetic moment (spin only value).How 
many unpaired electrons are present on metal ions? 

(b) Potassium ferricyanide is paramagnetic or diamagnetic. 
(c) What is shape of [Ni(CN)4]

2- complex ions? 
The hybridization of nickel ion in [NiCl4]

2- is ………….. 
 Answer    (a) four 
     (b) paramagnetic 
    (c) Square planar 
    (d ) sp3 

   (e ) 3 
 

Q.2.Coordination compounds are formulated and named according to the IUPAC system.Few rules for 
naming coordination compounds are: 
(I) In ionic complex, the cation is named first and then the anion. 
(II) In the coordination entity, the ligands are named first and then the central metal ion. 
(III) When more than one type of ligands are present, they are named in alphabetical order of 
preference with any consideration of charge 
The following questions are multiple choice question. Choose the most appropriate answer: 
(i) The IUPAC name of [Ni(CO)4] is 
(a) tetracarbonylnickel(II) 
(b) tetracarbonylnickel(0) 
(c) tetracarbonylnickelate(II) 
(d) tetracarbonylnickelate(0) 
(ii) The IUPAC name of the complex [Pt(NH3)3Br(NO 2)Cl]Cl is  
(a) triamminechlorobromonitroplatinum(IV) chloride 
(b) triamminebromonitrochloroplatinum(IV) chloride 
(c) triamminebromidochloronitroplatinum(IV) chloride 
(d) triamminenitrochlorobromoplatinum(IV) chloride 
(iii) As per IUPAC nomenclature, the name of the complex [Co(H2O)4(NH3)2]Cl 3 is 
(a) tetraaquadiamminecobalt(II) chloride 
(b) tetraaquadiamminecobalt(III) chloride 
(c) diamminetetraaquacobalt(II) chloride 
(d) diamminetetraaquacobalt(III) chloride 

(iv) Which of the following represents correct formula of dichloridobis(ethane-1,2-
diamine)cobalt(III) ion?  
(a) [CoCl2(en)]2+ 
(b) [CoCl2(en)2]2+ 
(c) [CoCl2(en)]+ 
(d) [CoCl2(en)2]+ 
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(v) Correct formula of pentaamminenitro-O-cobalt(II I) sulphate is 
      (a) [Co(NO2)(NH3)5]SO4 
      (b) [Co(ONO)(NH3)5]SO4 
      (c) [Co(NO2)(NH3)4](SO4)2 
      (d) [Co(ONO)(NH3)4](SO4)2 

  Answers 

(i) b 
(ii) c 
(iii) d 
(iv) d 

(v) b 

Q.3.Valence bond theory considers the bonding between the metal ion and ligands 

are purely covalent.on the other hand , crystal field theory considers the metal- 

ligand bondto be ionic arising from electrostatic interaction between the metal ion 

and ligands.in coordination compounds,the interaction between the ligand and the 

metal ion causes the five d-orbitals to split-up.this is known as crystal field splitting 

and the energy difference between the two sets of energy level is called crystal field 

splitting energy. the crystal field splitting energy (
0

∆ )depends upon the nature of 

ligand. The actual configuration of complexes is dividedby the relative values of 
0

∆  

and P (Pairing energy). 

(a) If P >
0

∆ , then complex will be high spin. 

(b) If P <
0

∆ , then complex will be low spin. 

The following questions are multiple choice questions.choose the most appropriate 

answer: 

(i) Which of the following ligand has lowest 
0

∆ value? 

(a)    CN-             (b)   F-          (c) CO          (d) NH3 

(ii) The crystal field splitting energy for octahedral (
0

∆ )and tetrahedral (
t

∆ ) complex 

is related as 

(a)  
t

∆ =  )(
2
1

0
∆    (b)   )(

9
4

0
∆ =

t
∆    (c) )(

5
3

0
∆  =

t
∆  (d) 

t
∆ = )(

5
2

0
∆  

(iii) on the basis of CFT , the electronic configuration of d4 in the situation: 

P >
0

∆  

(a)  
0

2
4

g
g et       (b) 

1
2

3

g
g et          (c) 

4
2

0

g
g et       (d) none of these 

(iv) on the basis of Crystal Field Theory , the electronic configuration of d4 in the 

situation:   P <
0

∆  
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(a)  
0

2
4

g
g et       (b)   

1
2

3

g
g et          (c)     

4
2

0

g
g et       (d)  

3
2

1

g
g et  

(v) Using Crystal Field Theory, calculate magnetic moment of central metal ion of 

[FeF6]
4- 

(a)  1.79 B.M.      

(b)   2.83 B.M.      

 (c)  3.85 B.M.      

 (d)  4.9 B.M. 

Ans- (i) (c) 

(ii) (b) 

(iii) (b) 

 (iv) (a) 

(v) (d) 
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ALDEHYDE, KETONES & CARBOXYLIC ACIDS  
 

(1 MARK QUESTIONS)  
Q1.  Why do Carboxylic acids not give the characteristic reactions of a  
carbonyl group?  
Ans. Due to resonance, It doesn’t give the characteristics reactions of  
carbonyl group. It does not have free> C=O group 
Q2. Between aldehydes and ketones, which is more reactive? Justify. 
Ans.Aldehydes. Because (i) two +I groups decreases +ve charge on carbonyl C 
of  ketones (ii) more steric hindrance in ketones  
Q3. Carboxylic acids show abnormal molar mass, why? 
Ans. They form dimers due to hydrogen bond 
Q4. Cannizzaro’s reaction is also a disproportionation reaction,justify. 
Ans.Because aldehydes undergo oxidation and reduction simultaneously during the reaction. 
Q5. What is the role of sulphur in Rosenmundreaction. 
Ans. It poisons the catalyst to prevent the reduction of aldehydes formed. 
Q6. Why dialkyl cadmium is used in place of Grignard reagent in preparation of ketones from acyl 
halides? 
Ans. Because  ketones react with Grignard reagent to give addition product. 
Q7. Explain why carboxylic acids do not undergo Friedel Craft’s reaction. 
Ans.Because carboxylic group is deactivating and the catalyst anhy. AlCl3gets bonded to -COOH 
group. 
Q8. What makes acetic acid a stronger acid than phenol ? 
Ans. Greater resonance stabilization of acetate ion over phenoxide ion. 
Q9. During preparation of esters from a carboxylic acid and an alcohol in  
the presence of an acid catalyst, water or the ester formed should be removed as  
soon as it is formed.  
Ans. The formation of esters from a carboxylic acid and an alcohol in the  
presence of acid catalyst in a reversible reaction.  
            H2SO4 
 RCOOH + R‘OH <====== >RCOOR‘ + H2O  
Carboxylic acid   alcohol    Ester  
 To shift the equilibrium in the forward direction, the water or ester formed  
should be removed as fast as it is formed  
Q.10. Arrange the following compounds in increasing order of their acid strength:Benzoic acid, 
4�Nitrobenzoic acid, 3, 4�dinitrobenzoic acid, 4�methoxy benzoic acid.   

Ans.      4�methoxybenzoic acid < benzoic acid < 4�nitrobenzoic acid <3,4dinitrobenzoic acid  
Q11.Which of the following is not soluble in NaHCO3?      
 (i) 2,4,6-Tinirophenol 

(ii) Benzoic Acid 
(iii) o- Notrophenol 
(iv) Benzene sulphonic Acid 

Ans: o- Nitrophenol. It is weakly acidic. 
Q12. Which test is used to distinguish between Pentan-2-one and Pentan-3-one? 
Ans: Iodoform test. Pentan-2-one gives yellow precipitate of iodoform due to presence of CH3CO  
group but Pentan-3-one does not 
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Q13.Which is more acidic- acetic acid or chloroacetic acid? 
Ans: Chloroacetic acid. Cl group increases electron deficiency at carbonyl carbon. 
Q14.Formic acid does not undergo HVZ reaction. Why? 
Ans: It does not contain α-hydrogen. 
Q15.How will you detect the presence of carboxylic acid? 
Ans: Carboxylic acid gives gives brisk effervescence with NaHCO3 solution. 
Q16.What is the name the following reaction?       
         Pd/BaSO4 

    RCOCl + H2 -------------------------� RCHO + HCl 
Ans: Rosenmund’s reduction reaction. 
Q17.Which compound is the most reactive towards nucleophilic attack? 

(i) Acetaldehyde      
(ii)  Formaldehyde 
(iii)  Propanone 
(iv) Butanone 

Ans: Formaldehyde 
Q18.Carboxylic acids have higher boiling points than the corresponding alcohols. Why? 
Ans: Due to greater H- bonding in carboxylic acids. 
Q19 Carboxylic acids do not give the characteristic reactions of carboxyl group. Why? 
Ans: Because >CO and -OH groups are involved in resonance. 
Q20.What is Wolf Kishner reduction reaction? 
Ans: The treatment of carbonyl compounds (aldehydes or ketones) with hydrazine followed by     
          heating to give corresponding alkane is called Wof Kishner reduction reaction. 
    
Q21. Write the IUPAC name of the following compound: 
     
        CH2=CH – C – CH3 
Ans. But 3 – en– 2 – one. 
 
Q22. Write the structural formula and IUPAC name of Phenyl Acetaldehyde. 
Ans.           CH2CHO 

 2 – phenylethanal 
Q23. Arrange the following compounds in the increasing order of their boiling points: 
 CH3 CHO, CH3 CH2 OH, CH3 CH2 CH3 

Ans. CH3 CH2 CH3 < CH3 CHO < CH3 CH2 OH 
Q24. Arrange the following compounds in an increasing order of their acid strength: 
 (CH3)2 CHCOOH, CH3CH2CH(Br) COOH, CH3CH (Br) CH2COOH 
Ans. (CH3)2 CHCOOH < CH3CH(Br)CH2COOH < CH3CH2CH(Br)COOH. 
Q25. How will you prepare Acetic acid from Acetylene? 
   H2SO4/ HgSO4                           [O] 
Ans. CH ≡ CH + H2O                                            CH3CHO                CH3COOH 
 Acetylene            Acetic Acid 
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Q26. What is Tollen’s reagent? Write one usefulness of this reagent. 
Ans.  Ammoniacal Silver nitrate (AgNO3 + NH4OH)Solution is known as Tollen’s reagent. 
 It is used to detect the presence of -CHO group in an organic compound. 
Q27. Write one important use of formalin. 
Ans. Formalin is used in the preservation of biological specimens. 
Q28. Give the name of he reagent that bring the following transformation : But – 2 – ene to ethanal. 
Ans. O3 / H2O – Zn dust. 
Q29. Write the structural formula and IUPAC name of trephthalic acid. 
Ans. 

Benzene – 1, 4 – dicarboxylic acid 
Q30. Name one aldehyde, which does not give Fehling’s solution test. 
Ans. Benzaldehyde.                                                                   
 

(3 MARKS QUESTIONS) 
Q1. Give a chemical test to distinguish between following pair of compounds: 
(i) Propanoic acid and propan-1-ol 
(ii) Ehanal and propan-2-one 
(iii) Acetophenone and benzophenone 
Ans.(i) propanoic acid gives brisk effervescence with sodium bicarbonate,propan-1-ol doesn’t. 
(ii) Ethanal gives positive Tollen’s test.propan-2 –one doesn’t. 
(iii) Acetophenone gives positive iodoformtest,benzophenone doesn’t. 
 
Q.2..Convert: 
(i) Methanal to Ehthanol 
(ii) Ethanoic acid to ethanal 
(iii) Benzoic acid to toluene 
     OMgBr 
           | 
Ans.(i) HCHO +    CH3MgBr  →H-C-CH3   H3O

+
→   CH3CH2OH 

(ii) CH3COOH + SOCl2 → CH3COCl     H2-------->CH3CHO 
      Pd/BaSO4 

(iii) Ar-COOH +NaOH/CaO
�

ArHCH3Cl/Anhy.AlCl3
�

ArCH3 
 
Q.3..Write notes on: 
(i) Clemensen reduction 
(ii) Haloform reaction 
(iii) Sodalime decarboxylation 
Ans(i) Clemensen reduction:The carbonyl group of aldehydes and ketone is reduced to –CH2 group on 
treatment with zinc amalgam and conc. Hydrochloric acid.  
>C=O   Zn-Hg→   >CH2 + H2O  
  HCl    Alkanes  
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(ii) Haloform reaction: α methyl carbonyl compounds and alcohols form yellow ppt of iodoform when 
heated with I2/NaOH 
CH3CHO + I2+NaOH    heat→ CHI3 +HCOONa 
(iii) Sodalime decarboxylation:  
When sodium salt of carboxylic acid is heated with soda lime,it gives lkane. 
Ar-COOH +NaOHCaO/heat

�ArH +Na2CO3 
 
Q.4.Write IUPAC names of the following: 
 CH3 
  | 
(i)CH3CH CH2CH2CHO 
  O C2H5 
  ||  | 
 (ii) CH3CH2CCH CH2CH2Cl  
(iii) CH3CH=CHCHO  
Ans(i) 4-Methylpentanal 
(ii)6-chloro-4-ethylhexan-3-one 
(iii)But-2- enal 
 
Q.5. Distinguish between following pairs of compounds: 
(i) Pentan-2-one and pentan-3-one 
(ii) Benzaldehyde and benzoic acid 
(iii) Ethanal and ethanol 
Ans.(i) Pentan-2- one gives +veiodoform test while pentan-3-one doesn’t 
(ii) Benzoic acid gives brisk effervescence with sodium bicarbonate while benzaldehyde doesn’t. 
(iii) Ethanal gives +ve DNP test but ehanol doesn’t. 
 
Q.6..Two moles of organic compound A on treatment with a strongbase gives two compounds B and C. 
Compound B  on dehydrogenation with Cu gives A while  acidification of C yields carboxylic acid 
Dhaving molecular formula of CH2O2 .Identify the compoundsA,B,C,D 
Ans:�  2HCHO    Conc.KOH→       HCOOK + CH3OH 
(A)               (C)           (B) 
CH3OHCu/573K→ HCHO            
  (D) 
 
Q.7. An organic compound (A) {C8H16O2} was hydrolysed  with 
dilutesulphuric acid to give a carboxylic acid (B)and an alcohol (C). 
Oxidation of (C)with chromic acid produced (B).(C) on dehyration 
gives but�1�ene .Identity A,B,C    H2SO4 
Ans�: CH3CH2CH2COOCH2CH2CH2CH3 +H2O ----�      (A) 
Butyl Butanoate     
CH3CH2CH2COOH     +CH3CH2CH2 CH2OH   
      (B)    (C)   
CH3CH2CH2 CH2OH          H+/K2Cr2O7 -�                    CH3CH2CH2COOH    
(C)      (B) 
    Conc.H2SO4 
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CH3CH2CH2 CH2OH       -------------�CH3CH2CH = CH2   (bute – 1�ene) 
(C)    

Q.8. An aliphatic compound  A’with a molecular formula ofC3H6O  reacts with phenylhydrazine to 
give compound B’ .Reaction  of A’ with I2 in alkaline  medium on warming  gives ayellowprecipitate -
C’. Identify the compounds A,B,C 
 
 
Ans:� CH3COCH3 + C6H5NH – NH2→       CH3C=N – HN – C6H5  
                      | 

(A) CH3 (B) 
CH3CO CH3 + 3I2 + NaOH→            CHI3 
(A)                                               (Iodoform) 
Q.9. An alkene ‘A’ (Mol. formula C5H10) on ozonolysis gives a mixture of two compounds ‘B’ and ‘C’. 
Compound ‘B’ gives positive Fehling’s test and also forms iodoform on treatment with I2 and NaOH. 
Compound ‘C’ does not give Fehling’s test but forms iodoform. Identify the compounds A, B and C. 
Write the reaction for ozonolysis and formation of iodoform from B and C. 
Ans.    CH3 
              | 
      CH3C=CHCH3 

O3/Zn,H
3
O+
�( CH3)2C=O + CH3CHO 

(A)    (C)  (B) 
( CH3)2C=O +I2+NaOH →CHI3 
     (C) 
CH3CHO +I2+NaOH �CHI3 

                      (B) 
Q10.Write chemical tests to distinguish between 

(i) Phenol and benzoic acid 
(ii)  Propanol and propanone 
(iii)  Formic acid and acetic acid. 

Ans: (i) Phenol gives purple colour with neutral FeCl3 solution but benzoic acid does not. 
OR, 

 Benzoic acid gives brisk effervescence with NaHCO3 solution but phenol does not. 
(ii) Propanone forms yellow precipitate of Iodoform when heated with I2 and NaOH but propanol   
       does not. 
(iii)  Acetic acid forms yellow precipitate of Iodoform when heated with I2 and NaOH but formic   
        acid does not. 
Q11.How does acetaldehyde react with 

(i) Ammoniacal AgNO3  
(ii)  NH2 OH 
(iii)  NCN 

Ans. (i) Silver mirror forms.          
 CH3CHO + Ag2O � CH3COOH + 2Ag 
        (ii)  Oxime is obtained. 
         CH3CHO + H2N OH � CH3CH=NOH  + H2O 
      Oxime 
        (iii) Cyanohydrin is obtained. 
         CH3CHO + HCN � CH3CH(OH)CN 
    Cyanohydrin 
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Q12. (i) Write IUPAC name of  OHCCH2CH(CHO)CH2CHO 
(ii) Aldehydes are more reactive than ketones. Explain. 

Ans: (i) IUPAC name: Propane-1, 2, 3-tricarbaldehyde. 
        (ii) (a) Due to +I effect of two alkyl groups in ketones, positive charge density at carbonyl   
             carbon decreases so nucleophilic attack becomes more difficult as compared to aldehydes  
             having single alkyl group. 
        (b) Due to presence of two alkyl groups in ketones, the attack of a nucleophile is sterically   
             hindered. Aldehydes have one smaller hydrogen atom so nucleophile can easily attack at  
            carbonyl carbon. Hence, aldehydes are more reactive than ketones. 
Q13. How will you convert ? 
   (i) Acetaldehyde to acetone 
  (ii) Acetaldehyde to lactic acid 
(iii)Acetaldehyde to But-2-enal. 
   K2Cr2O7/H

+    Ca(OH)2 
Ans: (i) CH3CHO ---------------------------� CH3COOH ---------------------------� CH3CO CH3 

       Dry Distillation 
  

                                  HCN                               dil. HCl 
 (ii) CH3CHO ---------------------------� CH3CH(OH)CN ---------------------------� CH3CO CH3 
  
 
                              dilute NaOH                            ∆ 
 (iii) CH3CHO ---------------------------� CH3CH(OH)CH2CHO ------------� CH3CH= CH2CHO 
         -H2O 
Q14. Explain why? 
     (i) Aldehydes and ketones have high dipole moments. 
     (ii) Aliphatic aldehydes do not show position isomerism. 
     (iii)Hydrazones of acetaldehyde are not prepared in highly acidic medium. 
Ans: (i) Due to very high electronegativity, oxygen has got considerable negative charge while   
              carbon has got considerable positive charge. Hence aldehydes and ketones have high dipole   
moments. 
        (ii) Aldehyde is monovalent and always present at the terminal carbon. Hence aliphatic  
             aldehydes do not show position isomerism. 
        (iii)In weakly acidic medium carbonyl group is protonated and positive charge develops at  
             carbonyl carbon at which nucleophilic attack can take place easily. In strongly acidic  
             medium, hydrazine being basic in nature forms salt which can not act as nucleophile.    
             Hydrazones of acetaldehyde are not prepared in highly acidic medium. 
Q15. (i) What type of aldehydes undergoes Cannizzaro’s reaction? 
     (ii) Write the reactions involved in  

(a) Clemmenen reduction 
(b) Cannizzaro’s reaction 

Ans: (i) Aldehydes having no α-hydrogen undergo Cannizzaro’s reaction. 

(ii)  (a) Clemmensen reduction-In this reaction, carbonyl group present in aldehydes and   ketones     
are reduced to CH2 group on treatment with Zn-Hg and conc HCl. 

  Zn-Hg 
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     >C=O    -----------------� >CH2 + H2O 
  Conc HCl 

   (b) The dismutation of aldehydes lacking α hydrogen in presence of conc alkali to give a mixture of  
primary alcohol and the salt of carboxylic acid is called Cannizzaro’s reaction. 

   Conc NaOH 

HCHO + HCHO -------------------------------� CH3OH + CH3COONa 

Q16. Explain, why? 

      (i) Formic acid reduces Tollen’s reagent. 

(ii) Highly branched carboxylic acids are less acidic than unbranched acids. 

(iii)In the preparation of acetaldehyde from ethyl alcohol, it is distilled out as soon as it is formed. 

Ans; (i)  Formic acid has aldehydic group and, therefore, it is readily oxidised. Hence reduces  

             Fehling solution. 

(ii) The carboxylate ion of branched chain acids is shielded from solvent molecules and, therefore,    
can not be stabilised by salvation as effectively as the carboxylate ion of unbranched acids.                          

 (iii)Since aldehydes is easily   oxidised to acetic acid. So, to prevent its oxidation , it is distilled out   as 
soon as it is formed. 

Q17. Explain the following: 

(i) There are two –NH2 groups in semicarbzide, However, only one is involved in the formation of  
semicarbzones. 

(ii) Chloroacetic acid is stronger acid than acetic acid. 

(iii)Acetaldehyde does not undergo Cannizzaro’s reaction. 

Ans: (i) The lone pair of electron on N in NH2 attached with carbonyl group is involved in resonance  
and hence not available for the reaction. 

(ii) Cl group being –I group increases electron deficiency at carbonyl carbon so H+ ion is more  

      readily released than acetic acid in which CH3 group being +I group decreases electron  

       deficiency at carbonyl carbon. Hence chloroacetic acid is stronger acid than acetic acid. 

(iii)Due to presence of α-hydrogen, acetaldehyde does not undergo Cannizzaro’s reaction. 

Q18. Describe the following: 

(i) Aldol reaction 

(ii) HVZ reaction 
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(iii)Rosenmund’s reduction. 

Ans: Two molecules of aldehydes having α-hydrogen react together in presence of dilute alkali to form 
β-hydroxy aldehydes (aldol). It is called aldol reaction. 

              Dil.NaOH 

       CH3CHO + CH3CHO -------------------------� CH3CH(OH)CH2CHO 

(ii) The treatment of a carboxylic acid having α-hydrogen with chlorine or bromine in the presence of   
red phosphorous to give α-chloro or bromo derivative is called Hell-Vol;hard-Zelinsky (HVZ)   
reaction. 

  Cl2         Cl2          Cl2 
CH3COOH-------------�ClCH2COOH ----------� Cl2CHCOOH----------------� Cl3CCOOH 
  Red P       Red P   Red P 
 
(iii)The treatment of an acid chloride with H2 and Pd in presence of BaSO4 poisoned with sulphur in 
boiling xylene or quinoline to form an aldehydes is called Rosenmund’s reduction. 

   

                                Pd / BaSO4 
      RCOCl + H2 ------------------------� RCHO + HCl 
         S, xylene 
Q19. (i) Electrophilic substitution in benzoic acid takes place at m- position.Why? 

     (ii) How will you convert acetylene to acetaldehyde? 

     (iii)What happens when calcium acetate is dry distilled? 

Ans: (i) Due to resonance, o & p-positions of benzoic acid are positively charged. Comparatively, m-
positions have higher electron density at which any electrophile  can slowly attack. Hence, electrophilic 
substitution in benzoic acid takes place at m-position. 

      H2/Pd 
(ii)  CH Ξ CH ------------------� CH3CHO 
     BaSO4 
 
(iii)Acetone is obtained. 
   Dry distillation 
(CH3COO02Ca------------------------------� CaCO3 + CH3COCH3 
 
 
 
Q20. Write the following reaction: 

(i) Cannizzaro Reaction. 

(ii) Aldol Condensation reaction. 
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Ans. (i) 

(ii) 

 

Q21. Convert the following: 

(i) Ethanal to But – 2 – enal. 

(ii) Propanone to propene. 

(iii) Benzoic acid to Benzaldehyde.

Ans. 

Q22. Give the reason of the following:

(i) Aldehydes are more reactive than Ketones?

(ii) Carboxylic acids have higher boiling Point than Co

(iii) Chloroacetic acid is stronger than acetic acid why?

Ans.  (i) Ketones have two alkyl group which produce more + I effect and more steric hindrance than 
aldehyde having one alkyl group.

(iii) Benzoic acid to Benzaldehyde. 

Q22. Give the reason of the following: 

(i) Aldehydes are more reactive than Ketones? 

(ii) Carboxylic acids have higher boiling Point than Corresponding alcohols?

(iii) Chloroacetic acid is stronger than acetic acid why? 

(i) Ketones have two alkyl group which produce more + I effect and more steric hindrance than 
aldehyde having one alkyl group. 

 

 

 

rresponding alcohols? 

(i) Ketones have two alkyl group which produce more + I effect and more steric hindrance than 
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(ii) Because Carbolic acid form dimer through H-bond but alcohol do not form dimer. 

(iii) In Chloro acetic acid ‘cl’ is electron withdrawing group, which increase the positive charge 
of Carbonyl Carbon while in acetic acid CH3 is electron pushing group, which decrease the 
positive charge of Carbonyl Carbon. 

Q23. An organic compound [A] having molecular formula C8H16O2 was hydrolyzed with dilsulphuric 
acid to give a carboxylic acid [B] and an alcohol [C]. Oxidation of [C] with chromic acid produce [B]. 
[C] on dehydration gives but – 1 – ene. Identify [A], [B] and [C]. Write equation involved. 

Ans. [A] = Butyl Butanoate,  [B] = Butanoic acid and  [C] = Butanol. 

 

Q24. An organic compound with the molecular formula C9H10O, forms 2.4 – DNP derivative reduces 
Tollen’s reagent and undergoes Cannizzaro reaction.On Vigorous oxidation it gives 1, 2 benzene 
dicarboxylic acid. Identify the compounds and write the reaction involved. 
Ans. The compound having molecular formula C9H10O is – 

(2- ethyl benzaldehyde) 
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Q.25. 

 

 

Q26. Arrange the following in order of properties indicated: 
(i) Acetaldehyde, Acetone, Di-tert-butyl ketone, Methyl tert, butyl ketone (Reactivity towards HCN) 
(ii) Benzoic acid, 4 – Nitro benzoic acid, 3.4 – dinitro benzoic acid, 4- methoxy benzoic acid   
(increasing acid strength) 
(iii) Benzaldehyde, P-Tolualdehyde, P-Nitro benzaldehyde, Acetophenone (Reactivity in nucleophilic 
addition reaction). 
Ans. (i) Acetaldehyde > Acetone > Methyl tert – butyl Ketone > di - tert – butyl Ketone. 
(ii) 4 – methoxy benzoic acid < Benzoic acid < 4 – Nitrobenzoiczcid< 3, 4 – dinitro benzoic acid. 
(iii) Acetophenone< P – Tolualdehyde< Benzaldehyde < p – nitro benzaldehyde. 
 
Q27. Account for the following: 
 (i) Carboxylic acid do not give reaction of Carbonyl group. 
 (ii) O2N – CH2– COOH has lower Pka value than CH3COOH. 
 (iii) Benzoic acid does not give Friedel crafts reaction. 
Ans.  (i) Because due to resonance C – O has some double bond character, so there is less Positive  

    Charge on Carbonyl Carbon. 
(ii) In nitro acetic acid – NO2 group produce – I – effect but in acetic CH3 produce + I – effect. 
So nitro acetic acid is stronger than acetic acid. So Pka value of nitro acetic acid is lower than 
acetic acid. 

 (iii) Benzoic acid does not give Friedel Craft reaction because- 
 (a) the carbonyl group is strongly deactivating. 
 (b) the Catalyst AlCl3 which is a lewis acid gets bonded to the Carboxyl group strongly. 
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Q28. Name the reagents used in following reactions- 

 (i) Anisole to P – methoxy acetophenone. 

 (ii) Butan – 2 – one to Butan – 2 ol. 

 (iii) Benzyl alcohol to Benzoic acid. 

Ans.  (i) CH3COCl in presence of anhydrous. AlCl3. 

 (ii) LiAlH 4. 

 (iii) K 2Cr2O7 ǀ H
+. 

 
CASE BASED QUESTIONS (5 MARKS)  

Read the passage given below and answer the following questions: 

Q.1.Aldehydes, ketones and carboxylic acids are few of the major classes of organic compounds 
containing carbonyl group. Aldehydes are prepared by dehydrogenation or controlled oxidation of 
primary alcohols and controlled and selective reduction of acyl halides. Ketones are prepared by 
oxidation of secondary alcohols and hydration of alkynes. Carboxylic acids are are prepared by 
oxidation of primary alcohols, aldehydes and alkenes, by hydrolysis of nitriles and by treatment of 
Grignard reagents with carbon dioxide. 

1. Name a method by which both aldehydes and ketones can be prepared 
A. Hydration of alkynes 
B. Ozonolysis of alkenes 
C. Oxidation of alcohols 
D.  All of the above   Ans:D 

2.How would you distinguish between aliphatic aldehyde and aromatic aldehydes? 
A. Fehling’s test 
B. Benedict’s test 
C. Iodoform test 
D. Hinsberg test   Ans.A 

3. Name the main compounds A and B formed in the following reaction: 
CH3CNCH3MgBr/  H3O+

� A  Zn-Hg/conc.HCl
�  B 

A. CH3CH2COOH -A, CH3CH2CH3-B 
B. CH3CH2CHO-A,C2H4-B 
C. CH3COCH3-A,CH3CH2CH3-B 
D. CH3COCH3-A,C2H4-B   Ans:C 

4. The reagent which does not react with both acetone and benzaldehyde: 
A.NaHSO3 

B. Phenyl hydrazine 
C. Fehling’s reagent 
D. Grignard reagent Ans:C 
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Q.2.Carboxylic acids are most acidic amongst all the organic compound. Carboxylic acids are more 
acidic than alcohols and Phenols due to less electrophilic nature of Carboxyl Carbon which puts a 
partial positive charge on the hydroxyl O – atom.The value of Ka is a measure of the acidic strength of 
an acid. Greater the value of Ka, greater is the tendency of the acid to ionize and hence stronger is the 
acid. The acidic strength of saturated aliphatic carboxylic acids depends mainly upon the inductive 
effect of the substituents and its position with respect to – COOH group. Electron donating substituents 
tent to decrease whereas electron withdrawing substituents tend to increase the acidic strength. The 
acidic strength of aromatic carboxylic acids, on the other hand depends upon both the inductive effect 
and the resonance effect of the substituents. 
Based on the above information, answer the following questions: 

(i) Why is pKa of chloroacetic acid lower than pKa of acetic acid. 
 (ii) Arrange the following in the decreasing order of their acidic character: 
 CH3CH2OH, CH3COOH, ClCH2COOH, FCH2COOH, C6H5CH2COOH. 
 (iii) Carboxylic acid is more acidic than phenol. 
 (iv) What is meant by Ka? How is it expressed. 
 (v) Formic acid is stronger than acetic acid? 
Ans.  (i) Due to – I  effect of Cl atom and + I  effect of CH3 group. 

 (ii) FCH2COOH >ClCH2COOH > C6H5CH2COOH > CH3COOH > CH3CH2OH. 

 (iii) Carboxylic acid from carboxylate ion in which negative charge is equally 
distributed over two electro negative ‘O’ atom. While in Phenoxide ion it is present only on one 
‘O’ atom. So carboxylate ion is more stabilized than Phenoxide ion. 

 (iv) Acidic Constant Ka is measure of the strength of the acid. It expressed as: 

  Ka =
[�())*][+�),]

[�())+]
 

(v) In acetic acid CH3 is electron pushing group which decrease the positive charge of carboxyl 
carbon. So, formic acid is stronger than acetic acid. 
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AMINES  
 

(1 MARK QUESTIONS)  

Q 1. Why is an alkylamine more basic than ammonia?  
Answer: Due to electron releasing inductive effect (+1) of alkyl group, the electron density on the 
nitrogen atom increases and thus, it can donate the lone pair of electrons more easily than ammonia. 
 
Q 2. Give the IUPAC name of H2N — CH2—CH2—CH = CH2.  
Answer: IUPAC name : But-3-ene-1-amine 
 
Q 3. Arrange the following compounds in an increasing order of their solubility in water : C6H5NH2, 
(C2H5)2NH, C22H5NH2 
Answer: C6H5NH2 < (C2H5)2NH < C22H5NH2 
 
Q 4. Arrange the following in the decreasing order of their basic strength in aqueous solutions: 
CH3NH2, (CH3)2 NH, (CH3)3N and NH3  
Answer: (CH3)2 NH > CH3NH2 > (CH3)3 N > NH3 
 
Q 5. Write the structure of n-methylethanamine.  
Answer: Structure of n-methylethanamine : 
H3C—H2C—NH—CH2 
 
Q 6. Write the structure of prop-2-en-l-amine.  
Answer: H2C=CH—H2C—NH2 
 
Q 7.Arrange the following in increasing order of basic strength: C6H5NH2, C6H5NHCH3, 
C6H5N(CH3)2 (Delhi 2014) 
Answer: C6H5N(CH3)2 > C6H5NHCH3 > C6H5NH2 
 
Q 8. The conversion of primary aromatic amines into diazonium salts is known as  
Answer: Diazotization. 
 
Q 9. Write the IUPAC name of the following compound:  
CH3NHCH(CH3)2 
Answer: IUPAC name: N-Methylpropan-2-amine 
 

Q 10. Give a chemical test to distinguish between ethylamine and aniline. 
Answer: Ethylamine and aniline : 
By Azo dye test: It involves the reaction of any aromatic primary amine with HNO2(NaNO2 + dil. 
HCl) at 273-278 K followed by treatment with an alkaline solution of 2-naphthol when a brilliant 
yellow, orange or red coloured dye is obtained. 

Q11. What is the best reagent to convert nitrile to primary amine? 
Ans- Reduction of nitriles with Na/alcohol or LiAlH4  gives primary amine. 
Q12 Why do amines behave as nucleophiles? 
Ans -Due to presence of lone pair of electrons on N atom, amines behave as nucleophiles. What is the 
role of pyridine in the acylation reaction of amines? 
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Q13.Give an example of a zwitter ion. 

 
Q14 Why is benzene diazonium chloride not stored and is used immediately after its preparation? 
 Ans- Benzene diazonium chloride is very unstable. 

Q15 What is Hinsberg’s reagent ? 
Ans - Benzene Sulphonyl Chloride 

Q16 Why is aniline acylated before its nitration? 
Ans- To prevent it from oxidation  

Q17 Ethylamine is soluble in water but aniline is not, why? 
Ans- Ethylamine forms intermolecular H-bond with water , but aniline doesn’t forms H-bond to a very large 
Q18 How can you convert an amide into an amine having one carbon less than the starting compound ? 
Name the reaction 
Ans - By using Hoffmann bromamide reaction. 

Q19 The conversion of primary aromatic amines into diazonium salts is known as ? 
Ans - Diazotisation. 

Q20 What is the role of pyridine in the acylation reaction of amines? 
Ans Pyridine and other bases are used to remove the side product, i.e., HCl from the reaction mixture 

Amines are Lewis bases. Why? 

Q 21.Amines are Lewis bases. Why? 
Ans: Due to the presence of lone pair of electrons on nitrogen atom. 

Q22 Why do amines behave as nucleophiles? 

Ans: Due to the presence of lone pair of electrons on nitrogen atom. 

Q23. Why is an alkylamine more basic than ammonia? 

Ans: Due to +I effect. 

Q24. Arrange the following in the increasing order of basic character: 

C6H5NH2,      (CH3)3N,        C2H5NH2 

Ans: C6H5NH2<    C2H5NH2<   (CH3)3N 

Q25. What is Hinsberg’s reagent? 

Ans: Benzenesulphonyl chloride (C6H5SO2Cl) is called Hinsberg’s reagent. 

Q26.Primary amines have higher boililng points than tertiary amines. Why? 

Ans: Primary amines can form intermolecular hydrogen bonds but tertiary amines cannot. 

Q27. Write the reaction involved in Hoffmann’s bromamide degradation? 

Ans: Hoffmann’s bromamide reaction is  

R CONH2 + Br2 + 4 NaOH R NH2 + Na2CO3 + 2NaBr + 2H2O
 

Q28. Write the reactions involved in Gabriel phthalimide amine synthesis. 
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Ans: Gabriel phthalimide amine synthesis:

CO

CO

NH
KOH

Q29.Aniline does not undergo 

Ans: Aniline being a Lewis base reacts with anhydrous AlCl

Q30. Ethylamine is soluble in water but aniline is not why?

Ans: Ethylamine can form intermolecular H

bond with water due to the large size of benzene ring.

Q1 . Complete the following reaction equations:

Answer: Reduction reaction 

Ans: Gabriel phthalimide amine synthesis: 

CO

CO

NK

CO

CO

COONa

CONa

+

RX

NaOH

Aniline does not undergo Friedel Craft’s reaction. Why? 

Ans: Aniline being a Lewis base reacts with anhydrous AlCl3 to form a salt.

Q30. Ethylamine is soluble in water but aniline is not why? 

Ans: Ethylamine can form intermolecular H-bond with water whereas aniline fails to form

bond with water due to the large size of benzene ring. 

 

(3 MARKS QUESTIONS) 

Q1 . Complete the following reaction equations:  

CO

CO

NR

RNH2+

NaOH

 

to form a salt. 

bond with water whereas aniline fails to form H 
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Q2. In the following cases rearrange the compounds as directed : 
(i) In an increasing order of basic strength :
C6H5NH2, C6H5 N(CH3)2, (C2H5)2NH and CH3NH2
(ii) In a decreasing order of basic strength :
Aniline, p-nitroaniline and p-toluidine
(iii) In an increasing order of pKb
C2H5NH2, C6H5 NHCH3, (C2H5)2NH and C6H5NH2

 
Answer: 
(i) Order of basic strength : 

Since a stronger base has a lower pKb value therefore basic strength order.
(C2H5)2NH > C2H5NH2 > C6H5NHCH3

Q3. 
(a) Explain why an alkylamine is more basic than ammonia?
(b) How would you convert 
(i) Aniline to nitrobenzene (ii) Aniline to iodobenzene (Delhi 2011)
Answer: 
(a) Due to electron releasing inductive effect (+1) of alkyl group, the electron density on the nitrogen 
atom increases and thus, it can donate the lone pair of electrons more easily than ammonia.

(b) (i) Aniline to nitrobenzene 

Q4. State reasons for the following :
(i) pKb value for aniline is more than that for methylamine.
(ii) Ethylamine is soluble in water whereas aniline is not soluble in water.
(iii) Primary amines have higher boiling points than 
 

Q2. In the following cases rearrange the compounds as directed :  
basic strength : 

N(CH3)2, (C2H5)2NH and CH3NH2 
(ii) In a decreasing order of basic strength : 

toluidine 
(iii) In an increasing order of pKb values : 

NHCH3, (C2H5)2NH and C6H5NH2 

 
Since a stronger base has a lower pKb value therefore basic strength order.

> C6H5NHCH3 > C6H5NH2 

(a) Explain why an alkylamine is more basic than ammonia? 

ii) Aniline to iodobenzene (Delhi 2011) 

(a) Due to electron releasing inductive effect (+1) of alkyl group, the electron density on the nitrogen 
atom increases and thus, it can donate the lone pair of electrons more easily than ammonia.

State reasons for the following : 
value for aniline is more than that for methylamine. 

(ii) Ethylamine is soluble in water whereas aniline is not soluble in water. 
(iii) Primary amines have higher boiling points than tertiary amines. (All India 2011)

 
Since a stronger base has a lower pKb value therefore basic strength order. 

(a) Due to electron releasing inductive effect (+1) of alkyl group, the electron density on the nitrogen 
atom increases and thus, it can donate the lone pair of electrons more easily than ammonia. 

 

tertiary amines. (All India 2011) 
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Answer: (i) Higher the pKb value, lower will be the basicity therefore aniline is less basic than 
methylamine because the lone pair of electrons on nitrogen atom gets delocalized over the benzene ring 
are unavailable for protonation due to resonance in aniline which is absent in case of alkylamine.
(ii) Ethylamine is soluble in water due to its capability to form H
insoluble in water due to larger hydrocarbon part which tends to retard the
(iii) Due to presence of two H-atoms on N
intermolecular H-bonding while tertiary amines due to the absence of a H
undergo H- bonding. As a result, primary ami

Q5. Complete the following reactions :

Answer: 

Q6. Account for the following : 
(i) Primary amines (R-NH2) have higher boiling point than tertiary amines (R3N).
(ii) Aniline does not undergo Friedel 
(iii) (CH3)2NH is more basic than (CH3)3N in an aqueous solution. (All India 2014)
 

Answer: (i) Due to presence of two H
intermolecular H-bonding while tertiary amines due to the absence
undergo H- bonding. As a result, primary amines have higher boiling points than 3° amines.
(ii) Aniline being a Lewis base reacts with Lewis acid AlCl3

As a result, N of aniline acquires positive charge 
electrophilic substitution reaction. Consequently, aniline does not undergo Freidel Craft reaction.
(iii) Due to more steric hindrance in (CH3)3N it is less basic than (CH3)2NH.

Q7. An aromatic compound ‘A’ on treatment with aqueous ammonia and heating forms compound ‘B’ 
which on heating with Br2 and KOH forms a compound ‘C’ of molecular formula C6H7N. Write the 
structures and IUPAC names of compounds A, B and C. 

value, lower will be the basicity therefore aniline is less basic than 
lone pair of electrons on nitrogen atom gets delocalized over the benzene ring 

protonation due to resonance in aniline which is absent in case of alkylamine.
(ii) Ethylamine is soluble in water due to its capability to form H-bonds with water while aniline is 
insoluble in water due to larger hydrocarbon part which tends to retard the formation of H

atoms on N-atom of primary amines, they undergo extensive 
bonding while tertiary amines due to the absence of a H-atom on the N

bonding. As a result, primary amines have higher boiling points than 3° amines.

Complete the following reactions : 

 
NH2) have higher boiling point than tertiary amines (R3N).

(ii) Aniline does not undergo Friedel – Crafts reaction. 
(iii) (CH3)2NH is more basic than (CH3)3N in an aqueous solution. (All India 2014)

Answer: (i) Due to presence of two H-atoms on N-atom of primary amines, they undergo extensive 
bonding while tertiary amines due to the absence of a H-atom on the N

bonding. As a result, primary amines have higher boiling points than 3° amines.
(ii) Aniline being a Lewis base reacts with Lewis acid AlCl3 to form a salt. 

 
As a result, N of aniline acquires positive charge and hence it acts as a strong deactivating group for 
electrophilic substitution reaction. Consequently, aniline does not undergo Freidel Craft reaction.
(iii) Due to more steric hindrance in (CH3)3N it is less basic than (CH3)2NH.

‘A’ on treatment with aqueous ammonia and heating forms compound ‘B’ 
and KOH forms a compound ‘C’ of molecular formula C6H7N. Write the 

structures and IUPAC names of compounds A, B and C.  

value, lower will be the basicity therefore aniline is less basic than 
lone pair of electrons on nitrogen atom gets delocalized over the benzene ring 

protonation due to resonance in aniline which is absent in case of alkylamine. 
bonds with water while aniline is 

formation of H-bonds. 
atom of primary amines, they undergo extensive 

atom on the N-atom, do not 
nes have higher boiling points than 3° amines. 

 

 

NH2) have higher boiling point than tertiary amines (R3N). 

(iii) (CH3)2NH is more basic than (CH3)3N in an aqueous solution. (All India 2014) 

atom of primary amines, they undergo extensive 
atom on the N-atom, do not 

bonding. As a result, primary amines have higher boiling points than 3° amines. 

and hence it acts as a strong deactivating group for 
electrophilic substitution reaction. Consequently, aniline does not undergo Freidel Craft reaction. 
(iii) Due to more steric hindrance in (CH3)3N it is less basic than (CH3)2NH. 

‘A’ on treatment with aqueous ammonia and heating forms compound ‘B’ 
and KOH forms a compound ‘C’ of molecular formula C6H7N. Write the 
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Answer: The data shows that C6H7N may be
Br2 and KOH (Hoffmann bromamide reaction), then the compound ‘B’ is Benzamide 
C6H5CONH2 which is in turn obtained by reaction with aqueous ammonia then the compound ‘A’ can be 
Benzoic acid i.e. C6H5COOH 

Q8. Give reasons for the following:
(a) Acetylation of aniline reduces its activation effect.
(b) CH3NH2 is more basic than C
(c) Although —NH2 is o/p directing group, yet aniline on nitration gives a significant amount of m
nitroaniline.  
 

Answer: (i) Acetylation of aniline reduces its activation effect because acetyl group being electron 
withdrawing group attracts the lone pair of electrons of the N
lone pair of . electrons on N is less available for 
(ii) CH3NH2 is more basic than aniline due to availability of lone pair of electrons for donation while in 
aniline lone pair of electrons on the nitrogen atom is delocalised over benzene ring and thus unavailable 
for donation. 
(iii) Because of nitration in an acidic medium, aniline gets protonated to give anilinium ion which is 
indirecting. 

Q9. 
Giving an example for each describe the following reactions :
(i) Hofmann’s bromamide reaction
(ii) Gatterman reaction 
(iii) A coupling reaction  

 
Answer: (i) Hofmann’s bromamide reaction : When amide is treated with bromide in alkaline solution, 
an amide yields an amine containing one carbon less than the starting amide.

Answer: The data shows that C6H7N may be C6H5NH2 i.e. Aniline. Since it is obtained by heating with 
and KOH (Hoffmann bromamide reaction), then the compound ‘B’ is Benzamide 

which is in turn obtained by reaction with aqueous ammonia then the compound ‘A’ can be 

Give reasons for the following: 
(a) Acetylation of aniline reduces its activation effect. 

is more basic than C6H5NH2. 
is o/p directing group, yet aniline on nitration gives a significant amount of m

(i) Acetylation of aniline reduces its activation effect because acetyl group being electron 
withdrawing group attracts the lone pair of electrons of the N-atom towards carboxyl group and the 
lone pair of . electrons on N is less available for donation to benzene ring by resonance.

is more basic than aniline due to availability of lone pair of electrons for donation while in 
aniline lone pair of electrons on the nitrogen atom is delocalised over benzene ring and thus unavailable 

(iii) Because of nitration in an acidic medium, aniline gets protonated to give anilinium ion which is 

Giving an example for each describe the following reactions : 
(i) Hofmann’s bromamide reaction 

(i) Hofmann’s bromamide reaction : When amide is treated with bromide in alkaline solution, 
an amide yields an amine containing one carbon less than the starting amide. 

i.e. Aniline. Since it is obtained by heating with 
and KOH (Hoffmann bromamide reaction), then the compound ‘B’ is Benzamide 

which is in turn obtained by reaction with aqueous ammonia then the compound ‘A’ can be 

 

is o/p directing group, yet aniline on nitration gives a significant amount of m-

(i) Acetylation of aniline reduces its activation effect because acetyl group being electron 
atom towards carboxyl group and the 

donation to benzene ring by resonance. 
is more basic than aniline due to availability of lone pair of electrons for donation while in 

aniline lone pair of electrons on the nitrogen atom is delocalised over benzene ring and thus unavailable 

(iii) Because of nitration in an acidic medium, aniline gets protonated to give anilinium ion which is 

(i) Hofmann’s bromamide reaction : When amide is treated with bromide in alkaline solution, 
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(ii) Gatterman reaction: When benzene or its derivative 
chloride in the presence of anhydrous aluminium chloride or cuprous chloride, it gives benzaldehyde or 
substituted benzaldehyde. 

Gattermann Koch reaction : Diazonium salt reacts with hydrogen halide in presenc
giving haloarene. 

(iii) A coupling reaction : Arene diazonium salts react with highly reactive aromatic compounds such 
as phenols and amines to form brightly coloured azo compounds.
Ar – N = N – Ar. This reaction is known as coupling r

Q10. How will you convert the following :
(i) Nitrobenzene into aniline 
(ii) Ethanoic acid into methanamine
(iii) Aniline into N-phenylethanamide
(Write the chemical equations involved) (Delhi 2014)
Answer:(i) Nitrobenzene into aniline

 

(ii) Gatterman reaction: When benzene or its derivative is treated with carbon monoxide and hydrogen 
chloride in the presence of anhydrous aluminium chloride or cuprous chloride, it gives benzaldehyde or 

 
Gattermann Koch reaction : Diazonium salt reacts with hydrogen halide in presenc

 

(iii) A coupling reaction : Arene diazonium salts react with highly reactive aromatic compounds such 
as phenols and amines to form brightly coloured azo compounds. 

Ar. This reaction is known as coupling reaction. 

How will you convert the following : 

(ii) Ethanoic acid into methanamine 
phenylethanamide 

(Write the chemical equations involved) (Delhi 2014) 
Answer:(i) Nitrobenzene into aniline 

 

 

is treated with carbon monoxide and hydrogen 
chloride in the presence of anhydrous aluminium chloride or cuprous chloride, it gives benzaldehyde or 

Gattermann Koch reaction : Diazonium salt reacts with hydrogen halide in presence of copper powder 

(iii) A coupling reaction : Arene diazonium salts react with highly reactive aromatic compounds such 
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Q11Write short notes on the following :

• Diazotisation 
• Carbylamine reaction 
• Hoffmann bromamide reaction

• 
 

Q12 Write IUPAC names of the following compounds and classify them into primary, secondary 
and tertiary amines. (i) (CH3)

Ans-  (i) Propan-2-amine (primary) (ii) Propan
(secondary) 

 

Q13. Give one chemical test to distinguish between the following pairs of compounds:

(i) Methylamine and dimethylamine (ii) 
benzylamine 

Ans-  (i) Methylamine is 1° amine, therefore, it gives carbylamine test, i.e., when heated with an 
alcoholic solution of KOH and CHCl3 it gives an offensive smell of methyl carbylamine. In 
contrast, 

rite short notes on the following : 

 
Hoffmann bromamide reaction 

Write IUPAC names of the following compounds and classify them into primary, secondary 
)2CHNH2 (ii) CH3(CH2)2NH2 (iii) CH3NHCH(CH

amine (primary) (ii) Propan-1-amine (primary) (iii) N-Methylpropan

. Give one chemical test to distinguish between the following pairs of compounds:

Methylamine and dimethylamine (ii) Secondary and tertiary amines (iii) Aniline and 

(i) Methylamine is 1° amine, therefore, it gives carbylamine test, i.e., when heated with an 
alcoholic solution of KOH and CHCl3 it gives an offensive smell of methyl carbylamine. In 

 

 

Write IUPAC names of the following compounds and classify them into primary, secondary 
NHCH(CH3)2 

Methylpropan-2 amine 

. Give one chemical test to distinguish between the following pairs of compounds: 

Secondary and tertiary amines (iii) Aniline and 

(i) Methylamine is 1° amine, therefore, it gives carbylamine test, i.e., when heated with an 
alcoholic solution of KOH and CHCl3 it gives an offensive smell of methyl carbylamine. In 
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dimethylamine is a secondary amine and hence does not give this test.

(ii)  By Hinsberg’s reagent (benzenesulphonyl chloride). The amine is treated with 
benzenesulphonyl chloride and shaken with alkali solution when the two amines behave in 
different ways: 
- Secondary amines form dialkyl benzenesulphonamide which does not react with alkali and 
hence it remains insoluble.

   - Tertiary amines do not react with benzenesulphonyl chloride at all.
 

 
(iii)  Benzylamine reacts with nitrous acid to f

temperature, decomposes with evolution of N2 gas.

Aniline reacts with HNO2 to form benzene diazonium chloride which is stable at 273
and hence does not decompose to evolve N2 gas.

 

stable at 273-278 K and hence does not decompose to evolve N2 gas.
 

Q14 Account for the following:  
(a) Methylamine in water reacts with ferric chloride to precipitate hydrated ferric oxide.
(b) Diazonium salts of aromatic amines are mo
(c) Gabriel phthalimide synthesis is preferred for synthesising primary amines.
Ans - 

dimethylamine is a secondary amine and hence does not give this test. 

By Hinsberg’s reagent (benzenesulphonyl chloride). The amine is treated with 
chloride and shaken with alkali solution when the two amines behave in 

Secondary amines form dialkyl benzenesulphonamide which does not react with alkali and 
hence it remains insoluble. 

Tertiary amines do not react with benzenesulphonyl chloride at all. 

Benzylamine reacts with nitrous acid to form a diazonium salt which being unstable even at low
temperature, decomposes with evolution of N2 gas. 

Aniline reacts with HNO2 to form benzene diazonium chloride which is stable at 273
hence does not decompose to evolve N2 gas. 

hence does not decompose to evolve N2 gas.  

 
(a) Methylamine in water reacts with ferric chloride to precipitate hydrated ferric oxide.
(b) Diazonium salts of aromatic amines are more stable than those of aliphatic amines.
(c) Gabriel phthalimide synthesis is preferred for synthesising primary amines.

 

By Hinsberg’s reagent (benzenesulphonyl chloride). The amine is treated with  
chloride and shaken with alkali solution when the two amines behave in 

Secondary amines form dialkyl benzenesulphonamide which does not react with alkali and 

 

 
orm a diazonium salt which being unstable even at low 

 
Aniline reacts with HNO2 to form benzene diazonium chloride which is stable at 273-278 K 

 chloride which is 

(a) Methylamine in water reacts with ferric chloride to precipitate hydrated ferric oxide. 
re stable than those of aliphatic amines. 

(c) Gabriel phthalimide synthesis is preferred for synthesising primary amines. 
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Gabriel phthalimide reaction gives pure primary amines without any contamination of secondary and
tertiary amines. Therefore, it is preferred for synthesising primary amines(iii)
phthalimide reaction gives pure primary amines without any contamination of secondary and
tertiary amines. Therefore, it is preferred for synthesising primary amines.

 
 .Q15 How will you convert 

(i) Ethanoic acid to methanamine 
(ii) Hexanenitrile to 1-aminopentane 
(iii) Ethanamine to methanamine

Ans 

(iii) 

Q16 Complete the following reactions:
(i) C6H5NH2 + CHCl3 + alc.KOH 
(ii) C6H5NH2 + H2SO4 (conc.) 
(ii)  C6H5NH2 + Br2 (aq)

Ans:  

 

Q17  How will you convert 
(i) Methanol to ethanoic acid 
 (ii) Methanamine to ethanamine

           (iii)Nitromethane to dimethylami

Gabriel phthalimide reaction gives pure primary amines without any contamination of secondary and
Therefore, it is preferred for synthesising primary amines(iii)

phthalimide reaction gives pure primary amines without any contamination of secondary and
tertiary amines. Therefore, it is preferred for synthesising primary amines.

Ethanoic acid to methanamine  
aminopentane  

(iii) Ethanamine to methanamine 

Complete the following reactions: 
+ alc.KOH  
(conc.)  
(aq) 

 

(i) Methanol to ethanoic acid  
(ii) Methanamine to ethanamine 

Nitromethane to dimethylami 

 

Gabriel phthalimide reaction gives pure primary amines without any contamination of secondary and 
Therefore, it is preferred for synthesising primary amines(iii) Gabriel 

phthalimide reaction gives pure primary amines without any contamination of secondary and 
tertiary amines. Therefore, it is preferred for synthesising primary amines. 
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Ans 

-

Q18 Explain the observed Kb

     Et2NH > Et3N > EtNH2 in aqueous solution
 

Ans- Due to combination of +I effect, solvation effect and steric hindrance of ethyl group the 
basic strength of ethyl substituted amines in aqueous solution is as follows :
                                                Et2

 
As a stronger base has higher Kb

                                                  Et
 

Q19 Give the structures of A, B, C in the following reactions:

 (i) 

(ii) 
Ans - 

Q20 Give plausible explanation for
(i) Why are amines less acidic than alcohols of comparable molecular masses?

     (ii) Why do primary amines have higher boiling point than tertiary amines?
(iii)  Why are aliphatic amines stronger bases than aromatic amines?

Ans- (i) Loss of a proton from an amine gives amide ion while loss of a proton from alcohol gives an 
alkoxide 
ion as shown below: 
 

    
 

b order: 
in aqueous solution 

Due to combination of +I effect, solvation effect and steric hindrance of ethyl group the 
basic strength of ethyl substituted amines in aqueous solution is as follows : 

2NH > Et3N > EtNH2 

 value so Kb  value decreases in the order : 
Et2NH > Et3N > EtNH2   

Give the structures of A, B, C in the following reactions: 

Give plausible explanation for each of the following: 
(i) Why are amines less acidic than alcohols of comparable molecular masses?
(ii) Why do primary amines have higher boiling point than tertiary amines?

Why are aliphatic amines stronger bases than aromatic amines?
of a proton from an amine gives amide ion while loss of a proton from alcohol gives an 

 

 

 

 

Due to combination of +I effect, solvation effect and steric hindrance of ethyl group the  

 

 

 

 

(i) Why are amines less acidic than alcohols of comparable molecular masses? 
(ii) Why do primary amines have higher boiling point than tertiary amines? 

Why are aliphatic amines stronger bases than aromatic amines? 
of a proton from an amine gives amide ion while loss of a proton from alcohol gives an 
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As O is more electronegative than N, RO- can accommodate the negative charge more easily than the 
RNH-  can accommodate the negative charge. 
RO- is more stable than RNH-. Therefore, amines are less acidic than alcohols. 
 
(ii) In primary amines, two hydrogen atoms are present on N-atom and they undergo extensive 
intermolecular hydrogen bonding which results in association of molecules while in tertiary amines, no 
hydrogen atom is present on N-atom. Hence there is no hydrogen bonding in tertiary amines. As a 
result of this primary amines have higher boiling point than tertiary amines. 
 
 
(iii) Aliphatic amines are stronger bases than aromatic amines because: 
(a) due to resonance in aromatic amines, the lone pair of electrons on the nitrogen atom gets 
delocalised over the benzene ring and thus is less easily available for protonation. 
(b) the aryl amine ions have lower stability than the corresponding alkyl amines, i.e., protonation of 
aromatic amines is not favoured. 
 
 
Q21. Write the IUPAC name of the following compounds and classify them as primary, secondary and 

tertiary amines: (i) (CH3)2CHNH2   (ii)   CH3(CH2)2NH2     (iii)  CH3NHCH(CH3)2 

Ans: (i) propan-2-amine  ( primary) 

         (ii) propa-1-amine  ( primary) 

(iv) N-methylpropan-2-amine  (secondary) 

Q22. Give one chemical test to distinguish between the following pairs of compounds:  

(i) Methylamine and dimethylamine 

(ii) Secondary and tertiary amines 

(iii) Aniline and benzylamine 

Ans: (i) Carbyamine test:  Methylamine gives +ve carbylamines test whereas dimethyl amine 

does not. 

       (ii) Hinsberg’s test: Seconday amine reacts with Hinsberg’s reagent whereas tertiary 

amine does not. 

       (iii) Diazotization reaction: Aniline reacts with nitrous acid to form benzenediazonium 

chloride but benzyl chloride forms benzyal alcohol. 

Q23. How will you convert 

(i) ethanoic acid into methanamine. 

(ii) hexane nitrile into 1-amiopentane 

(iii) methanol into ethanoic acid 

Ans: (i) Ethanoic acid into methanamine 

CH3COOH CH3COCl CH3CONH2 CH3NH2

SOCl2 NH3
Br2/ KOH

 

(ii) Hexane nitrile into 1-aminopentane 
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C5H11CN C5H11CONH2 
C5H11NH2

H3O+ Br2/KOH

 

(iii) Methanol into acetic acid 

CH3OH CH3Cl CH3CN CH3COOH
PCl5 KCN H3O+

 

Q24. Write the main products of the following reactions: 

(i)   CH3CH2NH2 

HNO2

0o C

(ii) 

SO2Cl
+ C2H5NH2

(iii)

NH2 CH3COCl

 

Ans:  

(i)   CH3CH2NH2 

HNO2

0o C

(ii) 

SO2Cl
+ C2H5NH2

(iii)

NH2 CH3COCl

CH3CH2OH

SO2 NHC2H5

NHCOCH3

 

Q25. Write short notes on: 
(i) Carbylamine reaction  (ii) Acylation   (iii) Diazotization 
 
Ans: 
(i) Carbylamine reaction: Primary amines when treated with chloroform in alkaline medium 
an extremely bad smelling compound called carbylamine is formed. 

RNH2 + CHCl3 + 3KOH RNC + 3KCl + 3H2O
 

(ii) Acylation: Amines react with acid chlorides to give N-alkyl alkanamides. 

RNH2 + RCOCl RNHCOR
 

(iii) Diazotization: Aniline when treated with nitr ous acid at 0 to 5O C benzene diazonium salts 
are formed. 

NH2 NaNO2
 +  HCl

0-5O C

N2Cl

 

Q26. Write the structure of the main products when aniline reacts with the following reagents: 

(i) Br2/water  (ii) HCl   (iii) (CH3CO)2O / Pyridine 
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Ans: 

NH2

Br2 / H2O

NH2

Br

Br

Br

NH2

HCl

NH3 Cl

NH2 (CH3CO)2O
NHCOCH3

(i)

(ii)

(iii)

 

Q27. Account for the following: 

(i)  Amines less acidic than alcohols of comparable molecular mass. 
(ii) Aniline is ortho and para directing compound but its nitration gives a good yield of m- 
nitroaniline. 
(iii) Gabriel phthalimide synthesis is preferred for the synthesis of primary amines. 
Ans: (i) As N-H bond is less polar than O-H bond. 
        (ii) Nitration is carried out in presence of HNO3 and H2SO4. In presence of these acids 
aniline gets protonated and forms anilinium ion which is meta directing. Hence there is a good 
yield of m- nitroaniline.  
        (iii) As in this method primary amines are formed without the traces of secondary or 
tertiary amines. 

Q28. Give the structures of A, B and C in the following reaction: 

CH3CN A B C
H2O/H+ NH3

Br2+KO

 
Ans:  
A                           CH3COOH

B                           CH3CONH2

C                          CH3NH2  

Q29. Arrange the following as per the properties indicated: 

(i) C2H5OH,   (CH3)2NH,   C2H5NH2        (increasing order of B.P) 
(ii) C6H5NH2,  (C2H5)2NH,  C2H5NH2    (increasing order of solubility) 
(iii) Aniline, p- nitroaniline, and p- toluidine   (increasing order of basic strength) 
Ans: (i) (CH3)2NH  <C2H5NH2<C2H5OH,    
         (ii) C6H5NH2  <  C2H5NH2< C2H5)2NH 
        (iii)  p- nitroaniline   <aniline    <       p- toluidine 
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CASE BASED QUESTIONS (5 MARKS)  
 

Read the passage given below and answer the followi ng questions 
 

  Q.1. Amines have a lone pair of electrons on nitrogen atom due to which they behave as lewis base. Larger  the 
value of Kb or smaller the value of  pKb stronger is the base. Amines are more basic than alcohols, ethers , esters,etc 
The basic character of aliphatic amines should increase with increase of alkyl substitution But it does not occur in a 
regular manner as a secondary aliphatic amine is unexpectedly more basic than a tertiary amine in solutions.Aromatic 
amines are weaker bases than ammonia and aliphatic amines. Electron donating groups such as –CH3 ,--OCH3 ,-NH2  
etc increase the basicity while electron – withdrawing substituents such as –NO2 ,-CN ,halogens, etc . decrease the 
basicity of amines. The effect of these substituents is more at  p-  than at m- positions 

(i) Secondary aliphatics amines are more basic then primary aliphatic amines. Give reason. 
(ii)  Arrange the following compounds in increasing order of their acidic strength 
       Methlyamine , Dimethylamine , aniline , N –methylaniline 
(iii)  Rearrange the following in increasing order of their basic strength 
       p-toluidine , N , N-dimethyl –p-toluidine ,p- nitroaniline , aniline 
(iv) Which is more acidic, aniline or ammonia? 
(v) (CH3)2NH is more basic than (CH3)3N in an aqueous solution Give reason 

 
ANSWERS 
(i) Due to presence of two electron –releasing group in secondary amines as compared to one in primary 

amine. It is more basic than primary amine. 
(ii)  Dimethylamine<methylamine<N –methylaniline < aniline 
(iii)  P –nitroaniline < aniline <p –toluidine <N ,N-dimethyl –p –toluidine 
(iv) Due to delocalization of the lone pair of electrons of the N –atom of aniline over the benzene  

ring,aniline is more acidic than ammonia 
(v) The basicity of amine in aqueous solution depends upon the stability of the substituted 

ammonium cation. Here the combination of three factors + I effect of CH3 groups ,hydrogen bonding 
and steric hindrance favour greater stability for ammonium cation of dimethyl amine than 
ammonium cation of trimethyl amine .Hence dimethylamine is stronger base than trimethyl amine 

 
Q.2.Amines are treated as the alkyl derivatives of ammonia. These are obtained by replacing one, two or three H 
atoms from ammonia by the same number of alkyl groups. Depending upon the number of alkyl groups attached to 
N atom, amines are classified as primary, secondary and tertiary amines. Amines are weak Lewis bases as there is 
a lone pair of electrons on N atom. Methylamine and ethylamines are gases at room temperature. Higher amines 
may be volatile liquids. Thes compounds can form intermolecular hydrogen bonds and are associative in nature 
hence they have higher boiling points than the corresponding alkanes of comparable molecular masses. 
Answer the following questions: 

1. Draw the structures of all the isomeric amines of molecular formula C3H9N. write their IUPAC name and 
classify them as primary secondary and tertiary amines.  

2. Arrange primary, secondary and tertiary methenamines in increasing order of their basic strength in 
gaseous medium. 

3. Arrange primary, secondary and tertiary methenamines in increasing  order of basic strength in aqueous 
medium. 
Ans:  
1.  Isomers of  C3H9N are  
(i)   CH3CH2CH2NH2           Propan-1-amine  ( primary) 
(ii)  CH3CH(NH2)CH3         Propan-2-amine   (primary) 
(iii) CH3CH2NHCH3           N- methyl ethanamine   (Secondary) 
(iv)  CH3N(CH3)3N,N-dimethylmethanamine  (tertiary) 
2.  primary < secondary < tertiary 
3    tertiary< primary < secondary. 

 


