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 THE SOLID STATE 

 

1.  What is the number of atoms in a unit cell of simple cubic, BCC and FCC 

crystals? 

Number of atoms in primitive cube ( Rank) = 1 

Number of atoms in BCC (Rank) = 2  

Number of atoms in FCC (Rank) =  4 

2.  State a feature to distinguish  

                (i)  Metallic solid from ionic solid 

                (ii) Covalent solid from molecular solid 

Constituent particles in metallic solids are positive metal ions (kernels) and mobile 

electrons. Constituent particles in ionic solids are positive ions and negative ions. 

Constituent particles in covalent solids are atoms which are connected by covalent 

bond. Constituent particles in molecular solids are molecules which are held by van 

der waal’s force of attraction. 

3.  What type of alignment in crystals makes them ferromagnetic, 

antiferromagnetic and ferrimagnetic? 

(i)  Ferromagnetism arises due to spontaneous alignment of magnetic moments of 

ions or atoms in the same direction. 

(ii) Antiferromagnetism arises due to alignment of magnetic moments in opposite 

direction resulting in zero magnetic moment. 

(iii) Ferrimagnetism arises due to alignment of magnetic moments in parallel and 

antiparallel directions in unequal numbers resulting in a net magnetic moment. 

4.  How would you account for the following? 

(i) Frenkel defects are not found in ionic solids of nearly equal sizes of 

cations and anions. 

(ii) Schottky defects lower the density of a crystalline solid. 

(iii) Impurity doped silicon is a semiconductor.  

(i) Larger cation can not slip and occupy the interstitial gap. 

(ii) Since ions are missing from their respective lattice positions leaving behind 

holes, Schottky defects lower the density of a crystalline solid. 

(iii) When silicon is doped with group 15 impurities, they use four out of five 

electrons for covalent bond formation while the fifth electron is extra and conducts 

electricity. These are called n-type semiconductors. When silicon is doped with 

group 13 impurities, they form three covalent bonds and electron holes. These are 

called p-type semiconductors.  

5.  Explain the following with suitable example. 

(i) Frenkel defect 

(ii) F-centres 

(iii) Paramagnetism 

(i)  This defect is created when an ion leaves its correct lattice site and occupies an 

interstitial site. It creates vacancy defect at its original site and interstitial defect at 

its new location. This defect does not change the density of solid. 

(ii) In non-stoichiometric ionic solids the anion vacancies or holes occupied by 

electrons are called F-centres. These are responsible for the colour of the compound. 
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(iii) Paramagnetism is the property which arises due to the presence of one or more 

unpaired electrons. Paramagnetic substances are those substances which are weakly 

attracted by a magnetic field. 

6.  Iron has a body centred cubic unit cell with cell edge of 286.65pm. The density 

of iron is 7.87gcm
-3

. Use this information to calculate Avogadro’s number. 

(Atomic mass of Fe = 56 g mol
-1

) 

 

a = 286.65 x 10
-7

cm,  d = 7.87gcm
-3

, z = 2,  M = 56 

3 3 30

A A

z M 2 56
d 7.87

N a N (286.65) 10

 
  

  
 

Avogadro’s number = NA = 6.02 x 10
23

 

 

 

 

 

Solutions 

7.  Non-ideal solutions exhibit either positive or negative deviations from Raoult’s 

law. What are these deviations and how are they caused? 

Positive Deviation: 

 If the observed vapour pressure of solution is higher than that predicted by 

Raoult’s law, then the solution exhibits positive deviation. The solvent-solute 

interaction is weaker than solvent-solvent and solute-solute interactions. 

Properties of solutions showing positive deviation: 

(i)  Since the solvent-solute interactions are weaker, the vapour pressure of solution 

is higher than that predicted by Raoult’s law   pA > pA° χA and  pB  > pB° χB ;  

(ii) Due to decrease in attractive forces, the dissolution process is endothermic. 

∆Hmix>0. 

(iii) Due to decrease in attractive forces, the molecules will be loosely held. Hence 

there will be increase in volume on mixing. ∆Vmix > 0. 

Mixture of ethanol and acetone shows positive deviation from ideal behaviour. 

Negative Deviation: 

 If the observed vapour pressure of solution is lower than that predicted by 

Raoult’s law, then the solution exhibits negative deviation. The solvent-solute 

interactions are stronger than the solvent-solvent and solute-solute interactions. 

Properties of solutions showing negative deviation : 

(i)  Since the solvent-solute interactions are stronger, the vapour pressure of solution 

is lower than that predicted by Raoult’s law   pA < pA° χA and  pB  < pB° χB ;  

(ii) Due to increase in attractive forces, the dissolution process is exothermic. ∆Hmix 

< 0. 

(iii) Due to increase in attractive forces, the molecules will be held more tightly. 

Hence there will be decrease in volume on mixing. ∆Vmix < 0. 

A mixture of chloroform and acetone shows negative deviation from ideal 

behaviour. 
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8.  Define the term osmosis and osmotic pressure. Osmotic pressure method is 

more advantageous in determining molar mass non-volatile solutes over other 

colligative properties. Why? 

    Osmosis is defined as the process by which solvent particles move from a  

solution of lower concentration to a solution of higher  concentration  through a  

semi- permeable membrane. 

    Osmotic pressure is defined as the excess pressure that must be applied to  

the concentrated solution side to prevent the movement of solvent through  

semipermeable membrane. 

Osmotic pressure method is more advantageous because 

o It can be measured at room temperature.  

o Other colligative properties are too small to be measured but osmotic 

pressure will be accurate and appreciable for such substances. It can be 

measured more accurately over other colligative properties.    

9.  100mg of protein is dissolved in just enough water to make a 10mL solution. If 

this solution has an osmotic pressure of 13.3mm Hg at 25
0
C, what is the molar 

mass of the protein? (Given: R = 0.0821L atm K
-1

 mol
-1

,  

 

i = 1,  m = 100mg = 0.1g T = 298K, π = 13.3/760 atm V = 9.9 

x10
-3

L (i.e. 10 – 0.1) 

π = i c R T = (i n R T)/V = (i m R T)/MV 

M = (i m R T)/ π V = 
3

3

1 100 10 0.0821 298

13.3 9.9 10
760





   

 
=14104.5 

 

10.  What do you mean by abnormal molar mass? Explain the factors 

    The experimental molar mass determined by colligative properties when there is 

dissociation or association of solute particles is known as abnormal molar mass. 

Dissociation of solute: 

    If there is disociation of solute, the number of particles would increase and the 

colligative proprties will be higher than expected. Since the colligative properties are 

inversely proportional to molar mass, the experimental molar mass will be lower 

than the correct value. 

Association of solute: 

     If there is association of solute, the number of particles would decrease and the 

colligative proprties will be lower than expected. Since the colligative properties are 

inversely proportional to molar mass, the experimental molar mass will be higher 

than the correct value. 
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Electrochemistry 

11.  Write the anode and cathode reactions occurring in mercury cell. What is the 

overall reaction? 

The electrode reactions: 

Anode:     Zn (Hg)  + 2OH
−
 →  ZnO  +  H2O   +  2e

-
 

Cathode:   HgO  +  H2O  + 2 e
−
  →  Hg   +   2OH

− 
 

Overall reaction: 

Zn(Hg)  +  HgO        →      ZnO  +   Hg 

12.  With a help of balanced equations explain electrochemical theory of Rusting: 

At anode Fe oxidizes to form Fe
2+

 

Fe  →  Fe
2+

  +  2e
−
 

At cathode the electrons reduce H
+
 ions produced from H2CO3. 

CO2  +  H2O  → H2CO3   

H2CO3  →  H
+ 

 +  HCO3
−
 

2H
+
  +  2e

−
   →  2H 

The H atoms formed reduce dissolved oxygen 

2H  +  ½O2   →  H2O 

The overall reaction at cathode is 

2H
+
  +  ½O2  +  2e

−
 →  H2O 

The overall reaction of corrosion cell is 

Fe  + 2H
+
  +  ½O2  →  Fe

2+
  +  H2O 

Fe
2+

 ions are further oxidised by atmospheric oxygen to ferric ion, which constitute 

rust which is hydrated iron (III) oxide. 

2Fe
2+

  +  2H2O+  ½O2  →  Fe2O3  +  4H
+
 

                                        Fe2O3  +  xH2O  →  Fe2O3.xH2O   

 

13.  Define molar conductivity of a substance and describe how for weak and strong 

electrolytes, molar conductivity changes with concentration of solute. How is 

such change explained? 

A voltaic cell is set up at 25
0
C with the following half cells: 

Ag
+
(0.001M)/Ag and Cu

2+
 (0.01M).Cu 

What would be the voltage of this cell? E
0
cell = 0.46V) 

Ans: 

Molar conductivity of a solution at a given concentration refers to conductance of 

volume V of solution containing a mole of electrolyte placed in between two 

electrodes with area of cross section ‘A’ at distance of unit length 

Cu(s)|Cu
2+

(0.01M) ||Ag
+
(0.001M)|Ag(s) 

2

0

2

0 0591

2





   
  

CELL CELL

Cu.
E E log

Ag
 

2

0 0591 0 01
0 46

2 0 001
 CELL

. .
E . log

.
 

= 0.3418V 
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14.  State the relationship among cell constant of a cell, resistance of the solution in 

the cell and conductivity of the solution. How is molar conductivity of a solution 

related to conductivity of its solution? 

A voltaic cell is set up at 25
0
C with the following half cell. Al/Al

3+
(0.001M) and 

Ni/Ni
2+

 (0.05M). What would be the voltage of this cell? E
0

cell = 1.41V. 

The reciprocal of the conductivity is the electrical resistance offered by an 

electrolyte to the flow of charges. Hence, with the increasing resistance, the 

conductivity decreases.  

Cell constant depends on the specific conductivity that and is further affected by the 

distance between the electrodes and area of the cross section of each electrode. 

Each of these factors contributes to the total resistance. 
2

3

0

3
2

0 0591

6





   
  

CELL CELL

Al.
E E log

Ni

 

2

3

0 0591 0 001
1 41

6 0 05
 CELL

. .
E . log

.
 

=1.431V 
 

 

 

 

 

 

 

 

 

 

 

 

 

Chemical Kinetics 

15.  Define 

(i) Elementary reaction 

(ii) Rate of reaction 

(i) Reactions which take place in a single step are elementary reactions. 

          Eg.       2 HI  →  H2  +  I2       

(ii)          Rate of chemical reaction is the change in concentration of any one of the 

reactant or product per unit time.                          

16.  Define: 

(i) Order 

(ii) Molecularity 

(iii) Pseudo first order reactions 

(i)  It is defined as the sum of powers to which the concentration terms are raised in 

the rate law expression. 

(ii) It is defined as the number of atoms, ions or molecules which must collide 

simultaneously in order to bring about the chemical reaction. 
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(iii) If a reaction of higher order follows first order kinetics under special conditions, 

it is called pseudo first order reaction. 

17.  A first order reaction has a rate constant of 0.0051min
-1

. If we begin with 0.10M 

concentration of the reactant, what concentration of reactant will remain in 

solution after 3 hours? 

 

 
 

0R2.303
k log

t R
  

 
2.303 0.1

0.0051 log
3 60 R




 

 
0.0051 180 0.1

log
2.303 R


 =0.3961 

 
0.1

Anti log 0.3961
R

 = 2.5036 

[R] = 0.1/2.5036 = 0.03994M 

 

 

 

 

 

 

 

 

Surface Chemistry 

18.  Give an example of  

(i) Heterogeneous catalysis. 

(ii) Shape selective catalyst. 

(iii) Enzyme catalysis 

(i)  Combination between nitrogen and hydrogen to form ammonia in the presence 

of iron catalyst in Haber’s process. 

                           N2  +  3H2                           2NH3 

(ii)  Zeolites catalyst ZSM-5 is used to convert alcohol to gasoline by dehydration. 

(iii) The enzyme zymase converts glucose into ethyl alcohol and carbon dioxide. 

   

          C6H12O6                                2C2H5OH       +  2CO2 

19.  What is the difference between multimolecular and macromolecular colloids? 

Give one example of each. How are associated colloids different from these two 

types of colloids? 

(i) Multimolecular colloids: In these colloids the dispersed phase consists of 

aggregates of atoms or smaller molecules that have size less than 1 nm. The particles 

are held together by Van der waal’s forces. Eg. Gold sol  

(ii) Macromolecular colloids: In these colloids the particles of the dispersed phase 

are large molecules having colloidal dimension. These are generally lyophilic.  

Eg. Starch sol  

 Fe 

 Zymase                   
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(iii) Associated colloids (Micelles): These are the substances which behave as 

normal electrolytes at low concentration but behave as colloids above critical 

micelle concentration (CMC) and above Kraft temperature (TK) due to the formation 

of aggregate particles. These aggregate particles are called micelles.  

Eg. Soaps and detergents.  

20.  What do you mean by the following terms: 

(i) Peptization 

(ii) Dialysis 

(iii) Electrophoresis 

(i)  It is the process of converting a precipitate into a colloid by shaking the 

precipitate with the dispersion medium in the presence of a suitable electrolyte. 

(ii) It is the process of removal of impurities in the colloid by means of diffusion 

through a semi-permeable membrane. 

(iii) It is the movement of colloidal particles towards the oppositely charged 

electrodes under an applied electric field. 

21.  How are the following colloids different from each other in respect of 

dispersion medium and dispersed phase? Give an example of each type. 

a. Aerosol  b. Hydrosol  c. Emulsion 

a) Dispersion medium: - Air, dispersed phase: liquid. E.g. Perfume, insecticide in a 

pressurized container. 

b) Dispersion medium: -water, dispersed phase: water soluble substance 

(solid/liquid/gas). E.g. Carbonated drinks 

c) oth dispersed phase and dispersion medium are liquids. 

2 types: - Oil in water and water in oil type.  

Oil in water type: -Dispersion medium: - water, dispersed phase: oil. E.g. milk, 

vanishing cream 

Water in oil type: - Dispersion medium: - Oil, dispersed phase: water. E.g. butter, 

cold cream 
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General principles and processes of Isolation of Elements 

 

22.  Describe how the following changes are brought about: 

(i) Pig iron into steel 

(ii) Bauxite into pure alumina 

(iii) Impure copper into pure copper 

(i)  Pig iron is oxidised in a reverberatory furnace to remove carbon and other 

impurities. Required amount of carbon is added. 

(ii) Bauxite contains SiO2, iron oxides and titanium oxide (TiO2) as impurities. It is 

Concentrated by digesting the ore with NaOH solution. Al2O3 is leached out as 

sodium aluminate and SiO2 as sodium silicate leaving the impurities behind. 

        Al2O3 + 2NaOH + 3H2O → 2Na[Al(OH)4]  (sodium meta aluminate) 

The aluminate in solution is neutralised by passing CO2 gas and seeded with freshly 

prepared samples of Al2O3 which induces the precipitation of Al2O3. 

       2Na[Al(OH)4] + CO2 + xH2O → Al2O3.xH2O + 2NaHCO3  

The sodium silicate remains in the solution. Hydrated alumina is filtered, dried and 

heated to give pure alumina Al2O3. 

       Al2O3.xH2O  (1470 K)  → Al2O3 + xH2O 

(iii) Electrolytic refining: In this method, the impure copper is made as anode and 

pure copper strips are taken as cathode. The electrolyte is acidified solution of 

copper sulphate.  

Anode:  Cu  → Cu
2+

 + 2e
–
 

Cathode: Cu
2+

 + 2e
–
 → Cu 

23.  Give the principle behind the following methods: 

(i) Zone refining 

(ii) Distillation 

(iii) Froth floatation 

(i) This method is based on the principle that the impurities are more soluble in the 

melt than in the solid state of the metal.  

(ii) This is based on the difference in the boiling point of metal and the impurities.  

(iii) This method is based on the differences in the wetting property of the sulphide 

ore and the gangue particles. Sulphide ores are preferentially wetted by oil where as 

the gangue particles are preferentially wetted by water. 
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The p-Block Elements 

 

24.  Draw the structure of the following molecules: 

BrF3, XeOF4,  XeO3   

 

 

 

 

 

 

 

 

 

 

 

25.  (a) Complete the following chemical equations: (5) 

       (i) HgCl2  +  PH3        

       (ii) Cu + 2 H2SO4(conc.) → 

 (b) Explain the following observations: 

       (i)  Sulphur shows paramagnetic behaviour in vapour phase. 

       (ii) The stability of +3 oxidation state increases down the group. 

       (iii)  XeF2 has linear shape and not a bend shape. 

(a)  

(i)  3HgCl2  +  2 PH3  →  Hg3P2  +  6 HCl. 

(ii) Cu + 2 H2SO4(conc.) → CuSO4 + SO2 + 2H2O 

(b)  

(i) It is due to the presence of unpaired electrons 

(ii) It is due to inert pair effect. 

(iii) It has two bond pairs and three lone pairs 

26.  (a) Complete the following chemical equations: (5)  

       (i) AgCl  +  NH3        

       (ii) P4 +  NaOH + H2O   

(b) Explain the following observations: 

       (i) H2S is less acidic than H2Te 

       (ii) Fluorine is a stronger oxidising agent than chlorine. 

       (iii) Noble gases are the least reactive 

(a)  

(i) AgCl  + 2NH3  →  [Ag(NH3)2]Cl  

(ii) P4  +  3NaOH  +  3H2O  → PH3  +  3NaH2PO2 

(b)  

(i) Due to larger size of tellurium compared to sulphur, Te─H bond is weaker than 

S─H bond. Hence H2Te has greater tendency to dissociate to give H
+
 ions in 

aqueous solution. 

Br 

F 

F 

F 

Xe 

F F 

F F 

O 

Xe 

O 
O 

O 
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(ii) It is due to (i) low enthalpy of dissociation of F-F bond and (ii) high hydration 

enthalpy of F
–
. 

(iii) They have completely filled ns
2
np

6
 electronic configuration in their valence 

shell. They have high ionisation enthalpy and more positive electron gain enthalpy. 

27.  (a) Complete the following chemical reaction equations: (5)  

       (i) F2 +  H2O        

       (ii) O3 +  I
-
 + H2O   

(b) Draw the structural formula of the following: 

       (i) XeF4 

       (ii) H2S8O7 

(a)  

(i) 2F2  +  2H2O  →  4HF  +  O2 

(ii) 2I
–
 + H2O + O3 → 2OH

–
 + I2 + O2 

(b)  

(i) 

 

 

 

 

 

 

 

(ii)  

 

 

 

 

 

 

 

 

 

 

 

 

28.  (a) Assign reason for each of the following: 

      (i)  Phosphorus is much more reactive than nitrogen. 

      (ii) All the bonds in PCl5 are not of same length 

      (iii) Sulphur is paramagnetic in vapour phase. 

Draw the structural formula of the following molecules 

(i) HClO4 

(ii) BrF3 

(a)  

(i) Nitrogen is inert due to high bond enthalpy of N≡N bond. Phosphorus exist as 

tetrahedral molecule hence it is more reactive. 

(ii) The axial bonds are longer and hence weaker than equatorial bonds. It is because 

Xe 

F F 

F F 

OH 

O 

O 

S 

O 

S 

O 

OH 

O 

O 
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the axial bond pairs experience more repulsion as compared to equatorial bond pairs. 

(iii) It is due to the presence of unpaired electrons. 

 

 

 

(i) 

 

 

 

 

 

(ii) 

 

 

 

 

 

 

 

 

 

 

29.  Explain the following situations: 

In the structure of HNO3 molecule, the N – O bond (121pm) is shorter than – 

OH bond (140pm) 

SF4 is easily hydrolysed whereas SF6 is not easily hydrolysed. 

XeF2 has straight linear structure and not a bent angular structure. 

 

In gas phase HNO3 exists as planar molecule which is a resonance hybrid of the 

following in which nitrogen atom is sp
2
 hybridised. (N – O bond has partial double 

bond character 

     
SF4 has sp

3
d hybridisation in which one equatorial position is occupied by a lone 

pair but SF6 has sp
3
d

2
 hybridisation and has no lone pair.  

 Octahedral shape See saw shape 

 

According to VSEPR theory in order to have the 3 lone pairs in less repulsive places 

it acquires a linear shape with 3 lone pairs placed in a triangular fashion around the 

axis. 

O 

H Cl 

O 

O 

O 

Br 

F 

F 

F 
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30.  Account for the following:] 

(i) NH3 is a stronger base than PH3 

(ii) S has greater tendency for catenation than O. 

(iii) Bond dissociation energy of F2 is less thanCl2. 

 

(i) N – Smaller and is more electro negative. It also has greater electron density on 

its surface where as P is larger, less electro negative and it electron cloud is more 

diffused. 

(ii)This is because sulphur has vacant d orbitals but oxygen does not. O2 covalancy 

is restricted to 4. Sulphur can form S8. 

(iii) F2 smaller and highly electro negative results in electron repulsion. Whereas Cl2 

is large and hence electron repulsion does not affect. 

 

 

 

 

The d and f Block Elements 

 

31.  Describe the preparation of  

(i) Potasium dichromate from sodium chromate 

(ii) KMnO4 from K2MnO4 

(i)  The yellow sodium chromate is filtered and acidified with sulphuric acid to give 

orange sodium dichromate, Na2Cr2O7.  

     2Na2CrO4 + 2 H
+
 → Na2Cr2O7 + 2 Na

+
 + H2O 

Potassium dichromate is prepared by treating the solution of sodium dichromate 

with potassium chloride. 

     Na2Cr2O7 + 2 KCl → K2Cr2O7 + 2 NaCl 

(ii) K2MnO4 disproportionates in a neutral or acidic solution to give potassium 

permanganate, KMnO4. 

    3MnO4
2–

 + 4H
+
 → 2MnO4

– 
+ MnO2 + 2H2O 

32.  Explain the following observation: 

(i) Transition metals have very high enthalpy of atomization.  

(ii) There is close similarity in physical and chemical properties of the 

4d and 5d series of the transition elements, much more than 

expected on the basis of usual family relationship. 

(iii) Actinoids exhibit greater range of oxidation states than 

lanthanoids. 

(i) This is due to strong metallic bond and the presence of unpaired electrons which 

form covalent bonding. 
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(ii) The atomic radii of second and third row transition elements are similar due to 

lanthanoid contraction. Hence they show close similarity in physical and chemical 

properties. 

(iii) Unlike 4f electrons, 5f electrons take part in combination as they are not buried 

as the 4f electrons.  

33.  (a)Complete the following reactions: 

(i) MnO4
-
(aq) + S2O3

2-
(aq) + H2O   

(ii) Cr2O7
2+

(aq) + H2S(g) + H
+

(aq)  

(b) Give explanation for each of the following observations: 

(i) The gradual decrease in size (Actinoid contraction) from element to 

element is greater among the actinoids than that among the lanthanoids. 

(ii) The greater number of oxidation states are exhibited by the members in 

the middle of a transition series. 

(iii) With the same d-orbital configuration (d
4
) Cr

2+
 ion is reducing agent but 

Mn
3+

 ion is oxidising agent 

(a) 

(i) 8MnO4
-
(aq) + 3S2O3

2-
(aq) + H2O  8MnO2(aq) + 6SO4

2-
(aq) + 2OH

-
(aq) 

(ii) Cr2O7
2+

(aq) + 3H2S(g) + 8H
+

(aq) 2Cr
3+

(aq) + 7H2O + 3S 

(b) 

(i) The 5f electrons are more diffused than 4f electrons hence provide poor shielding 

effect in the actinoids series. This increases the effective nuclear attraction. 

(ii) The members in the middle of the transition series exhibit greater number of 

oxidation states because they possess one unpaired electron per d – orbital. Number 

of unpaired electrons in d-orbitals at the extreme ends of 3d transition metals is few 

(iii) Cr
2+

 is reducing as its configuration changes from d
4
 to d

3
, the latter having a 

half-filled t2g level. On the other hand, the change from Mn
2+

 to Mn
3+

 results in the 

half-filled (d
5
) configuration which has extra stability. 

34.  (a) Complete the following reactions: 

(i) MnO4
-
(aq) + Cr2O4

2-
(aq) + H

+
(aq)   

(ii) Cr2O7
2+

(aq) + Fe
2+

(aq) + H
+

(aq)  

(b) Explain the following observations about the transition/inner transition 

elements: 

(i) There is in general an increase in density of element from Ti (Z=22) to 

Cu (Z=29) 

(ii) There occurs much more frequent metal – metal bonding in compounds 

of heavy transition elements (3
rd

 series) 

(iii) The members in the actinoid series exhibit a large number of oxidation 

states than the corresponding members in the lanthanoid series. 

(a) 

 (i) MnO4
-
(aq) + 5Cr2O4

2-
(aq) + 16H

+
(aq)  2Mn

2+
(aq)+ 8H2O + 10CO2(g) 

(ii) Cr2O7
2+

(aq) + 6Fe
2+

(aq) +14 H
+

(aq) 2Cr
3+

(aq) + 6Fe
3+

(aq) + 7h2O(l) 

(b)    

(i) The density increases from Ti to Cu because of the reduction in atomic radii 

(Volume) with increase in number of electrons and increase in atomic mass as 

density refers to the mass per unit volume. 

(ii) It is due to high charge density and presence of unpaired electrons 
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(iii) Unlike 4f electrons, 5f electrons take part in combination as they are not buried 

as the 4f electrons 

 

Coordination Compounds 

35.  Describe the state of hybridization, the shape and the magnetic behaviour of the 

following complexes 

(i) [MnF6]
3─

,  

(ii) [Co(NH3)2(en)2]
3+

 

(i) sp
3
 d

2
 hybridisation, Octahedral and High spin complex 

(ii) d
2
sp

3
 hybridisation, Octahedral and Low spin complex 

36.  Explain the following terms: 

(i) Crystal field splitting in an octahedral field 

(ii) Spectrochemical series 

(i)  

As the six ligands approach the metal ion, the d-orbital get split into two sets; The 

lower energy orbital set t2g (dxy, dyz and dxz) and higher energy orbital set  

eg (dx
2
-y

2
 and dz

2
)                                                                                                                                              

                                                                                                                           eg set  

 

 

 

 E 

                                                                                                                    Bary centre 

  

                                             d- orbitals in   

                                                 spherical field                                                      t2g set 

                                                                                                                                              

                                                                                                   splitting of d-orbitals 

d- orbitals in free                                                                          in octahedral field 

metal ion 

(ii) Spectrochemical series: 

         It is a series in which the ligands are arranged in the increasing order of their 

crystal field splitting energies. 

37.  For the complex [Fe(en)2Cl2]Cl, identify (Fe = 26) 

The oxidation number of Fe 

The magnetic behaviour of the complex 

Hybridisation of Fe 

The number of geometrical isomers possible 

Whether optical isomer is possible or not? 

Name of the complex 

Oxidation number of Fe = +3 

Magnetic behaviour: paramagnetic (Inner orbital complex and low spin) 

Hybridisation: d
2
sp

3
 

Geometrical isomers:  

3/5 ∆o 

2/5 ∆o 
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Cis isomer    trans isomer 

Cis for of the geometrical isomer can form optical isomers. (Mirror image) 

Dichloridobis(ethylenediamine)ferrate(III) chloride 

38.  Write three Shortcomings of valence bond theory: 

(i) It involves a number of assumptions. 

(ii) It does not give quantitative interpretation of magnetic data. 

(iii) It does not explain the colour exhibited by coordination compounds. 

39.   Explain on the basis of valence bond theory that [Ni(CN)4]
2–

 ion with square 

planar structure is diamagnetic and the [NiCl4]
2–

 ion with tetrahedral geometry 

is paramagnetic.  
                   [Ni(CN)4]

2─
 

 

Ni atom in  

Ground state 

                                           3d
8
                               4s

2
                       4p 

 

Ni
2+

 ion 

                                           3d
8                               

           4s                        4p 

 

[Ni(CN)4]
2─

        

 

                                                                           dsp
2
 hybridisation 

Geometry: Square planar due to dsp
2
 hybridisation. 

Magnetic property: Diamagnetic (no unpaired electrons).    

[NiCl4]
2─

 

 

Ni atom in  

Ground state 

                                           3d
8
                               4s

2
                       4p 

 

Ni
2+

 ion 

                                           3d
8                               

           4s                        4p 

 

[NiCl4]
2─

        

 

                                                                                        sp
3
 hybridisation 

Geometry: Tetrahedral due to sp
3
 hybridisation. 

Magnetic property: Paramagnetic (two unpaired electrons).                                                                     

 

 

•• •• •• •• 

•• •• •• •• 
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Haloalkanes and Haloarenes 

40.  (a) Which one of the two compounds CH3Br and CH3I will react faster in an 

SN2 reaction with –OH? 

(b) Write the structure of the major products in the following reactions: 

       (i) CH3CH=C(CH3)2  +  HBr         

       (ii) C6H5ONa  +  C2H5Cl   

(i)  CH3I will react faster. C-I bond is weaker hence I
-
 is a better leaving group. 

(ii) CH3CH2C(Br)(CH3)2   

(iii) C6H5OC2H5 

41.  Answer the following: 

(i) Identify chiral in CH3CHOHCH2CH3 and CH3CHOHCH3 

(ii) Among the following compounds, which one is more easily 

hydrolysed and why? 

                                  CH3CHClCH2CH3  or  CH3CH2CH2CH2Cl 

(iii) Which of these will react faster in SN
2 
displacement 

                                  1- bromopentane  or  2-bromopentane  

 

(i) CH3CHOHCH2CH3 – Chiral 

(ii) CH3CHClCH2CH3 – More easily hydroysed. Forms more stable carbocation. 

(iii) 1- bromopentane reacts faster due to less steric hindrance. 

 

Alcohols, Phenols and Ethers 

 

42.  Write the mechanism of the following reactions: 

(i) Hydration of ethene to ethanol 

(ii) Dehydration of ethanol giving ethene 

Hydration of ethene to ethanol 

        (i) CH2=CH2  + H
+
  → CH3CH2

+
   

        (ii) CH3CH2
+
  + H2O → CH3CH2OH2

+
   

        (iii) CH3CH2OH2
+
  → CH3CH2OH     +    H

+
   

Dehydration of ethanol giving ethene 

         (i) CH3CH2OH     +    H
+
  → CH3CH2OH2

+
   

         (ii) CH3CH2OH2
+
  → CH3CH2

+
   

         (iii) CH3CH2
+
  → CH2=CH2  + H

+
   

43.  Illustrate the following name reactions giving chemical equations: 

(i) Reimer – Tiemann reaction 

(ii) Williamson synthesis 

 

 

(i)   

                                                                   

 

 

(ii)  CH3CH2ONa  +  CH3CH2Br   →  CH3CH2OCH2CH3 

CHCl3/ NaOH 

          H
+
 

OH OH 

CHO 
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44.  Explain the mechanism of the following reactions: 

Addition of Grignard’s reagent to the carbonyl group of a compound forming 

an adduct followed by hydrolysis. 

Acid catalysed dehydration of an alcohol forming an alkene 

Acid catalysed hydration of an alkene forming an alcohol. 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Aldehydes, Ketones and Carboxylic acids 

 

45.  (a) How will you prepare the following compounds starting with benzene: 

      (i) Benzaldehyde 

      (ii) Acetophenone 

(b) Give chemical tests to distinguish between the following pairs of 

compounds: 
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      (i) Ethanal and propanal 

      (ii) Benzaldehyde and acetophenone 

      (iii) phenol and benzoic acid 
 

(a) (i) C6H6                                                           C6H5CHO 

 

 

     (ii) C6H6                                                           C6H5COCH3 

 

(b)  

(i) On treatment with NaOI ethanal gives an yellow precipitate of iodoform but 

propanal does not. 

(ii) On heating with ammoniacal silver nitrate (Tollen’s reagent) benzaldehye gives  

silver mirror  but acetophenone does not. 

(iii) On treatment with sodiumbicarbonate solution benzoic acid gives effervescence 

of CO2 but phenol does not. 

46.  (a) Explain the mechanism of nucleophilic attack on a carbonyl group of an 

aldehyde or ketone. 

(b) How would you bring about the following conversions: 

       (i) Propanone to propene 

       (ii) Ethanol to 3-hydroxybutanal 

       (iii) Benzaldehyde to benzophenone 

(a) Step 1: Nucleophilic attack on a carbonyl group to form tetrahedral intermediate 

 

 

                 C=O   + Nu
-
 →          C          

 

 

 Step 2: Addition of proton to form the product 

 

 

                   C                  +  H
+
       →                    C 

 

 

 

(b)   

 

(i) CH3COCH3                       CH3CHOHCH3                        CH3CH=CH2 

 

(ii) CH3CH2OH                    CH3CHO                     CH3CH(OH)CH2CHO 

 

      

(iii) C6H5CHO  →     C6H5COOH                                                      C6H5COC6H5 

 

47.  (a) How can the following conversions be carried out? 

(i) Acetylchloride to acetone 

CO/HCl 

 AlCl3 

C6H5COCl 

Anhyd.AlCl3 

Nu 

  
 O

- 

  

Nu 

  
 O

- 

  

Nu 

  
 OH

 

  

LiAlH4   H+    

Heat 

PCC Dil. NaOH 

Ca(OH)2 

Distillation 
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(ii) Benzene to acetophenone 

(iii) Benzoic acid to benzaldehyde 

(b) Describe the following giving a suitable example in each case 

            (i) Decarboxylation 

           (ii) Cannizzaro’s reaction 

 

(i) CH3COCl   +  (CH3)2Cd                            CH3COCH3                         

 

(ii) C6H6                                                           C6H5COCH3 

 

(iii)     C6H5COOH  +     PCl5 → C6H5COCl                                    C6H5CHO   

                                                 

(b)  

(i) Sodium salt of carboxylic acid on heating with soda lime gives hydrocarbon. 

 

     C6H5CONa                                        C6H6 

(ii) Aldehydes with no α hydrogen undergo disproportionation in the presence of 

concentrated alkali. 

    2 HCHO + KOH  → HCOONa  +   CH3OH 

48.  a. How are the following obtained? 

i.  Benzoic acid from ethyl benzene. 

ii. Benzaldehyde from toluene. 

b. Complete 

i. C6H5COCl         (H2 /Pd-BaSO4)    ..................... 

ii. C6H6 + .......................... 3AnhydrousAlCl
  

iii.  + .....................
? + HCl 

 

a.  

i. 4

2 4

KMnO /OH

Dil.H SO



   

ii. 22Cl
 2H O/393K

 +2HCl 

H2,Pd 

BaSO4 

C6H5COCl 

Anhyd.AlCl3 

NaOH/CaO 

    Heat 



 ISM ISMISMISMISMISMRAPIDREVISIONQUESTIONSISMISMISMISMISMISM 

  ISM ISMISMISMISMISMRAPIDREVISIONQUESTIONSISMISMISMISMISMISM 

 

b. 

i. C6H5COCl         (H2 /Pd-BaSO4)    C6H5CHO + HCl 

ii. C6H6 + CH3COCH3 3AnhydrousAlCl
  + HCl 

iii.  + 3AnhydrousAlCl
                     

    

49.  Illustrate the following name reactions by giving examples 

(i) Cannizaro’s reaction 

(ii) Clemmensen reduction 

An organic compound ‘A’ contains 69.77% C, 11.63% H and rest O. The 

molecular mass of the compound is 86. It does not reduce Tollen’s reagent but 

forms an addition compound with NaHSO3 and gives positive iodoform test. On 

vigorous oxidation it gives ethanoic acid and propanoic acids. Derive the 

possible structures of the compound ‘A’ 

(i) 2HCHO + NaOH  CH3OH + HCOONa 

(ii) CH3COCH3 + 4[H] ---(Zn/Hg+ Con.HCl) CH3CH2H3 + H2O 

 

Element % At 

mass 

Relative 

no of 

atom 

Simplest 

ratio 

Simplest 

whole number 

ratio 

C 69.77 12 69.77/12 5.82 5.82/1.16  = 5 

H 11.63 1 11.63/1 11.63 
11.63/1.16 = 

10 

O 18.6 16 18.6/18 1.16 1.16/1.16 = 1 

 

 Empirical formula = C5H10H (Mass = 86) 

n = RMM/EMM = 86/86 = 1 

Hence the possible structure will be:CH3CH2COCH2CH3 (2-Pentanone) 

 

Amines 

 

50.  Complete the following reaction equation: 

(i) C6H5NH2  +  CHCl3   +  KOH    

(ii) C6H5N2Cl  +  H3PO2   +  H2O    

(iii) C6H5NH2  +  CH3COCl    

(i)  C6H5NH2  +  CHCl3   +  3KOH    C6H5NC + 3KCl + 3H2O 

(ii) C6H5N2Cl  +  H3PO2   +  H2O    C6H6 

(iii) C6H5NH2  +  CH3COCl     C6H5NHCOCH3 

51.  Explain the following giving reason: 

(i) Alkylamine is more basic than ammonia. 
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(ii) Primary amines have higher boiling points than the tertiary 

amines. 

(iii) Aromatic amines can not be prepared by Gabriel phthalimide 

synthsis. 

(i) Alkyl group is electron releasing by inductive effect. It increases the electron 

density on nitrogen making the lone pair more available for protonation. 

(ii) Primary amines are associated through hydrogen bonding whereas tertiary 

amines do not have hydrogen bonding association due to absence of hydrogen atom. 

(iii) Aryl halides do not undergo nucleophilic substitution. 

52.  Effect the conversions: 

(i) Benzenediazonium chloride to nitrobenzene 

(ii) Aniline to benzenediazonium chloride 

(iii) Ethanamide to methylamine 

 

(i) C6H5N2Cl  +  HBF4  C6H5N2BF4                                  C6H5NO2   

 

(ii) C6H5NH2                                       C6H5N2Cl   

 

 

(iii) CH3CONH2                                 CH3NH2 

53.  Give an example for each to describe the following reactions: 

(i) Hofmann’s bromamide reaction 

(ii) Gatterman reaction 

(iii) Coupling reaction 

 

(i) Conversion of primary amide to primary amine:  

CH3CONH2 + Br2 + 4NaOH + Heat  CH3NH2 + 2NaBr + Na2CO3 + 2H2O 

 

 
 

 
 

Biomolecules 

 

54.  What happens when glucose is treated with the following? What conclusions 

are drawn regarding the structure of glucose? 

(i) Bromine water 

(ii) Acetic anhydride 

(iii) HI 

(i) Glucose is oxidized to gluconic acid with bromine water. This confirms the 

presence of one aldehyde functional group. 

NaNO2/ Cu 

     Heat 
NaNO2/ HCl 

     0 - 5
0
 

 Br2/NaOH 
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(ii) Glucose on acetylation with acetic anhydride gives a pentaacetate. This confirms 

the presence of five hydroxyl groups. 

(iii) Glucose on heating with HI forms n-hexane. This confirms that the six carbon 

atoms are linked in a straight chain. 

55.  Explain the meanings of the following terms 

(i) Invert sugar 

(ii) Peptide linkage 

(iii) Denaturation of proteins 

(i) The mixture of glucose and fructose is known as invert sugar because the mixture 

is laevorotatory. 

(ii) Peptide linkage is the amide linkage formed by the condensation of two or more 

amino acids. 

(iii) By reversing the conditions of denaturation, the original protein can be 

recovered. This process is known as renaturation. 

56.  Mention three facts or reactions about glucose which can not be explained by 

its open end structure. What is meant by pyranose structure of glucose? 

(i)  Glucose does not give 2,4-DNP test, Schiff’s test and does not react with 

NaHSO3 and NH3. 

(ii) When glucose reacts with methanol in the presence of dry HCl it forms two 

isomeric compounds known as methyl-α-D-glucoside and methyl-β-D-glucoside. 

(iii) Glucose pentaacetate does not react with hydroxylamine indicating the absence 

of free –CHO group. 

57.  Name the sources and deficiency diseases of vitamins B complex and C. 

Vitamins B1, B2, B4, B12 are water soluble vitamins along with vitamin – C. For 

vitamin – B complex the rich sources include products, green vegetables, meat, fish, 

yeast, etc. while for vitamin C, the sources are citrus fruits such as lemon, oranges 

etc. The deficiency of vitamin – B complex leads to diseases such as Beriberi, 

Pellagra etc. While that of vitamin – C causes scurvy. 

58.  What are reducing and non-reducing sugars? 

                All those carbohydrates which produce silver mirror on heating with 

Tollen’s reagent or which produce reddish brown precipitate on heating with 

Fehling’s solution are called reducing sugars. E.g. All monosaccharides are reducing 

sugars. 

        In disaccharides, if the aldehyde or ketone functional groups are free then they 

are reducing sugars. E.g. maltose and lactose. If the aldehyde and ketone functional 

groups are bonded then the disaccharides are non-reducing sugars. E.g. sucrose. 

59.  What are essential and non-essential amino acids? Give example. 

      The amino acids that can not be synthesized in the body but must be obtained 

through diet are known as essential amino acids. E.g. Valine and leucine. 

     The amino acids that can be synthesized in the body are known as non-essential 

amino acids. E.g. Glycine and alanine. 

60.  Explain primary and secondary structure of proteins: 

Primary structure: 

This structure refers to the sequence, number and type of various amino 

acids 

present in protein. 
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Secondary structure: 

This structure refers to the different shapes or conformations of 

polypeptide 

chains. The polypeptide chains can exist in two forms: -helical structure 

and                     

-pleated sheet structure. 

-helix: The polypeptide chains are coiled into spiral ring structure. It is       

stabilized by hydrogen bonding. 

-pleated sheet:  The polypeptide chains are held side by side resulting 

in -  

pleated sheet structure. It is also stabilized by hydrogen bonding. 

61.  Explain the structure of starch. 

o Starch or amylum is polymer of α-D-glucose units.  

o It has two components: amylose and amylopectin. 

 

o Amylose is water soluble and constitutes of about 15-20% of starch. 

It consists of α-D-glucose units held between C1 and C4 by glycosidic 

linkages. It is unbranched and gives blue colour with iodine solution. 

o Amylopectin is insoluble in water and constitutes of about 80-85% of 

starch. It consists of α-D-glucose units held between C1 and C4 and 

branching occurs between C1 and C6. It is branched and does not 

give blue colour with iodine solution. 

 

Polymers 

62.  Give a brief account of the following: 

(i) Copolymerization 

(ii) Vulcanisation 

(iii) High density polythene 

(i) Copolymerisation is a polymerisation reaction in which a mixture of more than 

one monomeric species is allowed to polymerise. For example Buna-S is a 

copolymer of styrene and 1,3-butadiene. 

(ii)  The process of heating a mixture of rubber and sulphur in the presence of ZnO 

is known as vulcanisation. During vulcanisation sulphur establishes cross links at 

allylic carbons. 

(iii) It is produced by addition polymerisation of ethene in the presence of triethyl 

aluminium and titanium tetrachloride (Ziegler – Natta catalyst) at 333 – 343 K under 

a pressure of 6 – 7 atm in hydrocarbon solvent. It is a linear polymer and has high 

density due to close packing. 

63.  Identify the four groups into which the polymers are classified on the basis of 

intermolecular forces present in them. To which group do polythene and 

bakelite belong? 

 (i) Elastomers: Molecules in these polymers are held by weakest intermolecular 

forces i.e. Van der waal’s forces. 

 (ii) Fibres: The polymer chains in these polymers are held together by strongest 

intermolecular forces like hydrogen bonding. 

(iii) Thermoplastics: These are polymers which can be easily moulded into desired 
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shape by heating and cooling. 

 (iv) Thermosetting polymers: These are polymers which can not be remelted and 

remoulded. These become hard and infusible on heating. 

Polythene belongs to thermoplastics. 

Bakelite belongs to thermosetting polymer. 

64.  Draw the structures of the monomers of the following polymers: 

Teflon  b. Polythene 

 

Monomer is tetrafluoroethene CF2 = CF2 

Monomer is ethene (CH2 = CH2) 

 

65.  Write the names and structures of the monomers of the following polymers. 

Give their uses. 

(i) Polypropene, (ii) Polystyrene, (iii) PVC 

 

(i) Polypropene: 

                         Monomer is propene (CH2=CH─CH3) 

     n  CH2= CH─CH3                             (  CH2 ─ CH  )n 

                                                                                         

             Propene                                                               Polypropene 

It is used in the manufacture of ropes, toys, pipes, etc. 

(ii) Polystyrene: 

                                    Monomer is styrene (C6H5CH= CH2) 

       

       n   CH2= CH─C6H5                             ( CH2 ─ CH  )n 

                                                                                         

             Styrene                                                                     Polystyrene 

 (iii) Polyvinylchloride (PVC): 

         Monomer is vinyl chloride. 

      n   CH2= CH─ Cl                                (  CH2 ─ CH  )n 

                                                                                         

             Vinyl chloride.                                                  PVC 

PVC is used in manufacture of rain coats, hand bags, water pipes, vinyl floorings, 

etc. 

 

66.  How are polymers classified on the basis of structure of polymers: 

(i) Linear polymers: 

o These polymers consist of long and straight chains. 

o E.g. High density polythene (HDPE), polyvinyl chloride (PVC), etc. 

 

(ii) Branched chain polymers: 

o These polymers contain linear chains having some branches. 

o E.g. Low density polythene (LDPE) 

 

 

(iii) Cross linked or Network polymers: 

CH3 

C6H5 

Cl 
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o These polymers are formed from bi-functional and tri-functional 

monomers and contain strong covalent bonds between various linear 

polymer chains. 

o E.g. Bakelite, melamine, etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chemistry in Everyday Life 

 

67.  How do antiseptics differ from disinfectants? Name a substance that can be 

used as antiseptic and disinfectant. 

Antiseptics either kill or prevent the growth of microorganisms. They are not 

harmful to the living tissues. These are applied to wounds, cuts, ulcers and diseased 

skin surfaces. 

Disinfectants either kill or prevent the growth of microorganisms but are harmful to 

the living tissues. These are applied to inanimate objects such as floors, drainage 

system. 

0.2 per cent solution of phenol is an antiseptic while its one percent solution is 

disinfectant. 

 

68.  Give one example for 

(i) Anionic Detergent 

(ii) Cationic Detergent 

(iii) Non-ionic Detergent 

(i)  Sodium lauryl sulphate 

(ii) Cetyltrimethylammonium bromide 

(iii) Ester of stearic acid and polyethylene glycol 

69.  Explain the following giving example 

(i) Antacids 

(ii) Tranquilizers 

(iii) Analgesics 
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(i) These remove the excess acid in the stomach. Eg. Cimetidine 

(ii) Tranquilizers are used for the treatment of stress. Eg. Iproniazid 

(iii) Analgesics reduce pain. Eg. Aspirin 

70.  Explain the following type of substances with one suitable example for each 

case: 

(i) Cationic detergents 

(ii) Food preservative 

(iii) Analgesic 

 

(i) They are chlorides, bromides or acetates of quaternary ammonium salts in which 

cationic part possess a long hydrocarbon chain and a positive charge such as ethyl 

methyl ammonium bromide.  

 
(ii) They prevent bacterial growth and thereby preserve food. E.g. Sugar, salt, 

vinegar, sodium benzoate etc. 

(iii) Drugs that are used to reduce pain (Pain killer). E.g. aspirin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


