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BLUE STARS HIGHER SECONDARY SCHOOL 

XII – CHEMISTRY 
UNIT – 1 METALLURGY 

I. ANSWER THE FOLLOWING QUESTIONS: 

1. What is the difference between minerals and ores? 
Minerals ores 

i)Minerals contain a low percentage of 
metal. 

i)Ores contain a large percentage of 
metal 

ii)Metal cannot be extracted from 
minerals 

ii)Ores can be used for extraction on 
metals on a large scale readily band 
economically. 

iii)Clay-Al2O3.SiO2.2H2O is the mineral of 
aluminium 

iii)Bauxite-Al2O3.2H2O is the ore of 
aluminium. 

2. What are the various steps involved in extraction of pure metals from their ores? 
Steps involved in extraction of pure metals from their ores are 

i) Concentration of the ore 

ii) Extraction of the crude metal. 
iii) Refining of the crude metal. 

3. What is the role of Limestone in the extraction of Iron from its oxide Fe2O3? 

 Lime stone (CaO) is used as a flux in the extraction of iron from its oxide Fe2O3. 

 A flux is a chemical substance that forms an easily fusible slag with gaugue. 

 Oxide of iron can be reduced by carbon monoxide as follows 

𝐹𝑒2𝑂3(𝑠) + 3𝐶𝑂(𝑔) → 2𝐹𝑒(𝑠) + 3𝐶𝑂2(𝑔) ↑ 

 In this extraction a basic flux quick lime (or) lime (CaO) reacts with acidic gaugue silica 
to form the slag calcium silicate. 

𝐶𝑎(𝑠) + 𝑆𝑖𝑂2(𝑠) → 𝐶𝑎𝑆𝑖𝑂3(𝑠) 

Flux Gangue Slag 

4. Which type of ores can be concentrated by froth floatation method? Give two examples 
for such ores. 

 Sulphide ores can be concentrated by froth floatation method. 
 (eg) Galena (PbS), Zinc blende (ZnS) 

5. Describe a method for refining nickel. 
• Impure nickel is heated in a stream of carbon monoxide at around 350K. Nickel reacts 

with CO to form a highly volatile nickel tetracarbonyl. The solid impurities are left 
behind. 

𝑁(𝑠) + 4𝐶𝑂(𝑔) → 𝑁𝑖𝐶𝑂4(𝑔) 

• On heating nickel tetra carbonyl around 460K, the complex decomposes to give pure 
nickel. 

𝑁(𝐶𝑂)4(𝑔)         𝑁𝑖(𝑠)+ 4𝐶𝑂(𝑔) 

6. Explain zone refining process with an example using the Ellingham diagram given 



2  

below. 

 Zone refining : 
 The principle is fractional crystallisation. 
 When an impure metal is melted and allowed to solidify, the impurities will prefer to 

remain in the molten region. ie; impurities are more soluble in the melt than in the solid 
state metal. 

 In this process the impure metal is taken in the form of a rod. One end of the rod is 
heated using a mobile induction heater, melting the metal on that portion of the rod. 

 When the heater is slowly moved to the other end pure metal crystallises while 
impurities will move on to the adjacent molten zone formed due to the movement of 
the heater. 

 As the heater moves further away, the molten zone containing impurities also moves 
along with it. 

 This process is repeated several times by moving the heater in the same direction again 
and again to achieve the desired purity level. 

 This process is carried out in an inert gas atmosphere to prevent the oxidation of 
metals. 

 Germanium, Silicon and gallium which are used as semiconductor are refined by this 
process. 

7. Using the Ellingham diagram, 

(i) Predict the conditions under which 

a. Aluminium might be expected to reduce magnesia. 

b.Magnesium could alumina. 
(ii) It is possible to reduce Fe2O3 by coke at a temperature around 1200K 

(i) a) Ellingham diagram for the formation of Al2O3 and MgO intersects around 

1600K. above this temperature aluminium line lies below the magnesium line. Hence 
we can use aluminium to reduce magnesia above 1600K. 

b) In Ellingham diagram below 1600K magnesium line lies below aluminium line. 
Hence below 1600K magnesium can reduce alumina. 
(ii) In Ellingham diagram above 1000K carbon line lies below the iron line. Hence it is 
possible to reduce Fe2O3 by coke at a temperature around 1200K. 

8. Give uses of zinc. 

 Metallic zinc is used in galvanisation to protect iron and steel structures from rusting 

and corrosion. 
 Zinc is used to produce die - castings in the automobile, electrical and hardware 

industries. 
 Zinc oxide is used in the manufacture of paints, rubber, cosmetics, pharmaceuticals, 

plastics, inks, batteries, textiles and electrical equipment. 

 Zinc sulphide is used in making luminous paints, fluorescent lights and x - ray screens. 

Brass an alloy of zinc which is highly resistant to corrosion is used in water valves and 

communication equipment. 

9. Explain the electrometallurgy of aluminium. 
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Hall - Herold Process 

Cathode : Iron tanked lined with carbon blocks. 
Electrolyte :  20% solution of alumina obtained from bauxite + Molten 
Cryolite + 10% calcium chloride (lowers the melting point of the mixture) 
Temperature:  Above 1270K 
Ionisation of alumina 𝐴𝑙2𝑂3 → 2𝐴𝑙3+ + 3𝑂2− 
Reduction of cathode   2𝐴𝑙3+(𝑚𝑒𝑙𝑡) + 6𝑒− → 2𝐴𝑙(𝑙) 
Reaction at anode  6𝑂2−(𝑚𝑒𝑙𝑡) → 3𝑂2 + 12𝑒− 

Since carbon acts as anode the following reactions also takes place on it. 

𝐶𝑆 + 𝑂2−(𝑚𝑒𝑙𝑡) → 𝐶𝑂 + 2𝑒− 

𝐶𝑆 + 2𝑂2−(𝑚𝑒𝑙𝑡) → 𝐶𝑂2 + 4𝑒− 

During electrolysis anodes are slowly consumed due to the above two reactions. Pure 
aluminium is formed at the cathode and settles at the bottom. Net electrolysis reaction 
is 
4Al3+ (melt) + 6O2- (melt) + 3C(s)  4Al(l) + 3CO2(g) 

4𝐴𝑙3+(𝑚𝑒𝑙𝑡) + 6𝑂2−(𝑚𝑒𝑙𝑡) + 3𝐶(𝑠) → 4𝐴𝑙(𝑙) + 3𝐶𝑂2(𝑔) 

10. Explain the following terms with suitable examples. i) Gangue ii) Slag 
i) Gangue : 

The non metallic impurities, rocky materials and siliceous matter present in the ores 
are called gangue. 

(eg) : SiO2 is the gangue present in the iron ore Fe2O3. 
ii) Slag : 

Slag is a fusible chemical substance formed by the reaction of gangue with a 
flux. 

𝐶𝑎(𝑠) + 𝑆𝑖𝑂2(𝑔) → 𝐶𝑎𝑆𝑖𝑂3(𝑠) 

Flux gangue slag 

11. Give the basic requirement for vapour phase refining. 
 The metal is treated with a suitable reagent to form a volatile compound. 
 Then the volatile compound is decomposed to give the pure metal. 
12. Describe the role of the following in the process mentioned. 

i) Silica in the extraction of copper. 
ii) Cryolite in the extraction of aluminium. 
iii) Iodine in the refining of Zirconium. 
iv) Sodiumcyanide in froth floatation. 

i) In the extraction of copper silica acts as an acidic flux to remove FeO as slag 
FeSiO3 

𝐹𝑒(𝑠) + 𝑆𝑖𝑂2(𝑠) → 𝐹𝑒𝑆𝑖𝑂3(𝑠) 
Flux Slag 

ii) As Al2O3 is a poor conductor cryolite improves the electrical conductivity. 
In addition, cryolite serves as an added impurity and lowers the melting point of the 
electrolyte. 

iii) Impure zirconium metal is heated in an evacuated vessel with iodine to form the 
volatile zirconium tetraiodide (ZrI4). The impurities are left behind, as they do 
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(𝑎𝑞) 

(𝑎𝑞) 

not react with iodine.  

On passing volatile zirconium tetraiodide vapour over a tungsten filament, it is decomposed 
to give pure zirconium. 

iv) Sulphide ores which are concentrated by the froth flotation process 
Depressants are used to prevent certain type of particles from forming the froth. 

NaCN act as a depressant to separate ZnS from PbS. 

13. Explain the principle of electrolytic refining with an example. 
  Crude metal is refined by electrolysis carried out in an electrolytic cell. 

Cathode : Thin strips of pure metal. 
Anode : Impure metal to be refined. 
Electrolyte : Aqueous solution of the salt of the metal with dilute acid. 

 As current is passed, the metal of interest dissolves from the anode and pass into the 
electrolytic solution. 

 At the same time same amount of metal ions from the electrolytic solution will be 
deposited at the cathode. Less electro positive impurities in the anode settle down as 
anode mud. 
eg: Electro refining of Silver Cathode: Pure Silver 
Anode: Impure silver rods. 
Electrolyte : Acidified aqueous solution of silver nitrate. 
On passing current the following reactions will take place. 
Reaction On passing current the following reactions will take place. 
Reaction at anode: 𝐴(𝑠) → 𝐴𝑔+ + 𝑒− 

Reaction at cathode : 𝐴𝑔+ + 𝑒− → 𝐴𝑔(𝑠) 

 At anode silver atoms lose electrons and enter the solution. From the solution silver 
ions migrate towards the cathode. At cathode silver ions get discharged by gaining 
electrons and deposited on the cathode. 

14. The selection of reducing agent depends on the thermodynamic factor : Explain with 
an example. 
(i) A suitable reducing agent is selected based on the thermodynamics 

considerations. 
(ii) For a spontaneous reaction, the change in free energy (Δ𝐺) should be 

negative. 
(iii) Therefore, thermodynamically, the reduction of metal oxide with a given 

reducing agent can occur if the free energy change for the coupled reaction 
is negative. 

(iv) Hence, the reducing agent is selected in such a way that it provides a large 
negative (Δ𝐺) value for the coupled reaction. 

15. Give the limitations of Ellingham diagram. 

Ellingham diagram is constructed based only on thermodynamic considerations. 

 It gives information about the thermodynamic feasibility of a reaction. 
 It does not tell anything about the rate of the reaction. 

 More over it does not give any idea about the possibility of other reactions that might 

be taking place. 

 The inter preparation of Δ𝐺is based on the assumption that the reactants are in 
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equilibrium with the product which is not always true. 

16. Write a short note on electrochemical principles of metallurgy. 

 Reduction of oxides of active metals such as sodium, potassium etc. by carbon is 

thermodynamically not feasible. 

 Such metals are extracted from their ores by using electrochemical methods. 

 In this method the metal salts are taken in fused form or in solution form. 

 The metal ion present can be reduced by treating the solution with suitable reducing 

agent or by electrolysis. 

 Gibbs free energy change for the electrolysis is 

Δ𝐺° = −𝑛𝐹𝐸° 
n = number of electrons involved in the reduction F = Faraday = 96500 coulombs 

𝐸°= electrode potential of the redox couple. 

 If 𝐸° is positive , Δ𝐺° is negative and the reduction is spontaneous. 

 Hence a redox reaction is planned in such a way that the e.m.f of the net redox 

reaction is positive. A more reactive metal displaces a less reactive metal from its 
salt solution. 

eg: 𝐶𝑢(2+) + 𝑍𝑛( ) → 𝐶𝑢( ) + 𝑍𝑛(2+) 
(𝑎𝑞) 𝑠 𝑠 (𝑎𝑞) 

 Zinc is more reactive than copper and displaces copper from its salt solution. 
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UNIT – 2 (P-BLOCK ELEMENTS - I) 
 
 

ANSWER THE FOLLOWING QUESTIONS: 
 

1. Write a short note on anamalous properties of the first element of p-block. 
The following factors are responsible for the anamalous properties of the first elements 
of p-block. 
1. Small size of the first member 

2. High ionisation enthalpy and high electronegativity. 

3. Absence of d-orbitals in their valence shell. 
2. Describe briefly allotropism in p-block elements with specific reference to carbon. 

 Some elements exist in more than one crystalline or molecular forms in the same 
physical state. 

 This phenomenon is called allotropism. 

 The different forms of an element are called allotropes. 

(Example: Carbon exists as diamond, graphite, graphene, fullerenes, carbon nanotubes) 

(i) Graphite: 

 It is the most stable allotropic form of carbon at normal temperature and 
pressure .

 It is soft and conducts electricity.

 It is composed of flat two dimensional sheets of carbon.

 Each sheet is a hexagonal net of sp2 hybridised carbon atoms with a c-c bond 
length of 1.41 A◦.

Structure of graphite 
 

 
(ii) Diamond: 

 It is very hard.

 The carbon atoms in diamond are sp3hybridised,with a c-c bond length of 1.54
A◦. 

 In the diamond, carbon atoms are arranged in tetrahedral manner.
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Structure of Diamond 
 

(iii) Fullerenes: 

 It is newly synthesized allotropes of carbon

 The C60 molecules have a soccer ball like structure and is called buckminster 
fullerene.

 It has a fused ring structure consists of 20 six membered rings and 12 five 
membered rings.

 Each carbon atom is sp2 hybridised.

 The C-C bond distance is 1.44 A◦ and C=C distance is 1.38 A◦.
Structure of fullerene 

 

 

(iv) Carbon nanotubes: 

 I t is recently discovered allotropes ,have graphite like tubes with fullerene 
ends.

 These nanotubes are stronger than steel and conduct electricity.
Structure of carbon nanotubes 

(v) Graphene: 

 It has a single planar sheet of sp2 hybridised carbon atoms that are densely 
packed in a honey comb crystal lattice.
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Structure of graphene 

 

 
3. Give the uses of Borax. 

1. Used for the identification of coloured metal ions (Borax bead test) 

2. Manufacture of optical and borosilicate glass, enamels and glazes for pottery. 

3. Flux in metallurgy. 

4. Good preservative. 
4. What is catenation? Describe briefly the catenation property of carbon. 

Catenation is an ability of an element to form chain of atoms. 

The conditions for catenation are 

i) The valency of the element is greater than or equal totwo. 

ii) The element should have an ability to bond with itself. 

iii) The self bond must be as strong as its bond with other elements. 

iv) Kinetic inertness of catenated compound towards other molecules. 

 Carbon possesses all the above properties and shows catenation. 

 Carbon forms a wide range of compounds with itself and with other elements 

such as H, O, N, S and halogens. 

5. Write a note on Fisher tropsch synthesis: 
This is a reaction in which carbon monoxide reacts with hydrogen at a 

pressure less than 50 atm and temperature 500 - 700 K in presence of metal 

catalysts to give saturated and unsaturated hydrocarbons. 

𝑛𝐶𝑂 + (2𝑛 + 1) → 𝐶𝑛𝐻2𝑛+2 + 𝑛𝐻2𝑂 

𝑛𝐶𝑜 + 2𝑛𝐻2 → 𝐶𝑛𝐻2𝑛 + 𝑛𝐻2𝑂 

6. Givethe structureof CO and CO2. 

Structure of CO: 

 Structure is linear. 
 Three electron pairs are shared between carbon and hydrogen. 

 C-O bond distance is 1.128 Ao. 

 The structure can be considered as the resonance hybrid of the following two 

canonical forms. 
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C 

  

Structure of CO2: 

 Structure is linear.

 Equal bond distance for both C–O bonds.

 There are two C–O sigma bonds.
 In addition there is 3C - 4e bond covering all the threeatoms.

 
 

7. Givetheusesofsilicones. 

i) Used for low temperature lubrication. 

ii) Used in vacuum pumps. 

iii) Used in high temperature oil baths. 

iv) Used for making water proof cloths. 

v) Used as insulating material in electrical motor and other applicances. 
vi) Mixed with paints and enamels to make them resistant towards high 

temperature, sunlight, dampness and chemicals. 

8. Describe the structure of diborane. 

Structure of diborane 

 

 

 

 

 

 

 In diborane two BH2 units are linked by two bridged hydrogens. Therefore it has 
eight B–H bonds.

 Diborane has only 12 valence electrons and are not sufficient to form normal 
covalent bonds.

 The four terminal B–H bonds are normal covalent bonds. (2C – 2e bond) (Totally
8𝑒−𝑠) 

 The remaining four electrons have to be used for the bridged bonds. i.e two 3 
centred B–H–B bonds utilise two electrons each.

 Hence these bonds are 3C - 2e bonds.

 The bridging hydrogen atoms are in a plane.

 In diborane, boron is sp3 hybridised.
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 Three sp3 hybridised orbitals contain single electron and the fourth orbital is 
empty.

 Two half filled sp3 hybridised orbitals of each boron overlap with two hydrogens to 
form four terminal 2C - 2e bonds.

 One empty and one half filled sp3 hybridised orbital on each boron is left.

  Empty sp3 hybridised orbital of one boron, overlaps with half filled sp3 hybridised 
orbital of the other boron and 1s orbital of hydrogen to form two bridged 3C – 2e B– 
H–B bonds.

 

9. Write a short note on hydroboration. 
Diborane adds on to alkenes and alkynes in ether solvent at room temperature. 

 This reaction is known as hydroboration. 

 This is used in synthetic organic chemistry especially for anti Markovnikov addition. 

𝐵2𝐻6 + 6𝑅𝐶𝐻 = 𝐶𝐻2 → 2𝐵 (𝐶𝐻2 − 𝐶𝐻2 − 𝑅)3 

Organoborane 
 

10. Give one example for each of the following: 

i) icosogens ii) tetragen iii) prictogen iv) chalcogen 
 

 Group Name Example 
i Icosagens Boron 

ii Tetragens Carbon 
iii Prictogen Nitrogen 
iv Chalcogens Oxygen 

11. Write a note on metallic nature of p-block elements. 
 The tendency of an element to form a cation by losing electrons is known as electro 

positive or metallic character. 

 This character depends on the ionisation energy. 

 Generally on moving down a group ionisation energy decreases and hence the 
metallic character increases. 

 In p-block, the elements present in lower left part are metals, while the elements in 
the upper right part are non metals. 

 
Group Non metals Metalloids Metals 

13 – B Al, Ga, In, Tl 
14 C Si, Ge Sn, Pb 
15 N, P As, Sb Bi 
16 O, S, Se Te, Po – 
17 F, Cl, Br, I – – 
18 He, Ne, Ar, Kr, Xe – – 
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12. Complete the following reactions: 

a) (𝑶𝑯)𝟑 + 𝑵𝑯𝟑 → 

b) 𝑵𝒂𝟐𝑩𝟒𝑶𝟕 + 𝑯𝟐𝑺𝑶𝟒 + 𝑯𝟐𝑶 → 

c) 𝑩𝟐𝑯𝟔 + 𝟐𝑵𝒂𝑶𝑯 + 𝟐𝑯𝟐𝑶 → 

d) 𝐵2𝐻6 + 𝐶𝐻3𝑂𝐻 → 

e) 𝐵𝐹3 + 9𝐻2𝑂 → 

f) 𝐻𝐶𝑂𝑂𝐻 + 𝐻2𝑆𝑂4 → 

g) 𝑆𝑖𝐶𝑙4 + 𝑁𝐻3 → 

h) 𝑆𝑖𝐶𝑙4 + 𝐶2𝐻5𝑂𝐻 → 

i) 𝐵 + 𝑁𝑎𝑂𝐻 → 

𝑅𝑒𝑑 ℎ𝑜𝑡 

j) 𝐻2𝐵4𝑂7 →      
 

Ans: 
 

800−1200 𝐾 

a) (𝑂𝐻)3 + 𝑁𝐻3 →                  𝐵𝑁 + 3𝐻2𝑂 

Boron nitride 

b) 𝑁𝑎2𝐵4𝑂7 + 𝐻2𝑆𝑂4 + 5𝐻2𝑂 → 𝑁𝑎2𝑆𝑂4 + 4𝐻3𝐵𝑂3 

Ortho boric acid 

c) 𝐵2𝐻6 + 2𝑁𝑎𝑂𝐻 + 2𝐻2𝑂 → 2𝑁𝑎𝐵𝑂2 + 6𝐻2 

Sodium meta borate 

d) 𝐵2𝐻6 + 6𝐶𝐻3𝑂𝐻 → 2(𝑂𝐶𝐻3)3 + 6𝐻2 

 
Tri Methyl borate 

 
e) 4𝐵𝐹3 + 3𝐻2𝑂 → 𝐻3𝐵𝑂3 + 3𝐻+ + 3[𝐵𝐹4]−. 

Boric acid 

f) 𝐻𝐶𝑂𝑂𝐻 + 𝐻2𝑆𝑂4 → 𝐶𝑂 + 𝐻2𝑂 + 𝐻2𝑆𝑂4 

carbonmonoxide 

g) 𝑆𝑖𝐶𝑙4 + 𝑁𝐻3 → 𝐶𝑙3𝑆𝑖 − 𝑁𝐻 − 𝑆𝑖𝐶𝑙3 

Chlorosilazanes 

h) 2𝐵 + 6𝑁𝑎𝑂𝐻 → 2𝑁𝑎3𝐵𝑂3 + 𝐻2𝑂 
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2 

Sodium borate 

i) 𝑆𝑖𝐶𝑙4 + 𝐶2𝐻5𝑂𝐻 → 𝑆(𝑂𝐶2𝐻5)4 + 2𝐶𝑙2 

Tetraethoxy silane 

j) 𝐻2𝐵4𝑂7 → 2𝐵2𝑂3 + 𝐻2𝑂 

Boric anhydride 
 

13. How will you identify borate radical? 

 When boric acid or borate salt is heated with ethyl alcohol in presence of conc. 
sulphuric acid, an ester tri alkyl borate is formed. 

 The vapour of this ester burns with a green edged flame. 

 This is ethyl borate test to identify borate radical. 
𝐶𝑜𝑛𝑐. 

𝐻3𝐵𝑂3 + 3𝐶2𝐻5𝑂𝐻 →    
𝐻2𝑆𝑂4 

(𝑂𝐶2𝐻5)3 + 3𝐻2𝑂 

(Ethyl borate (Green edged flame) 
14. Write a note on zeolites. 

 Zeolites are three dimensional crystalline solids containing aluminium, silicon and 

oxygen in their regular three dimensional frame work. 

 They are hydrated sodium alumino silicates. 

 General formula is NaO.(𝐴𝑙2𝑂3).x(𝑆𝑖𝑂2).y(𝐻 𝑂) where x = 2 to 10; y = 2 to 6 

 Zeolites have porous structure in which the monovalent sodium ions and water 

molecules are loosely held. 

 Si and Al atoms are tetrahedrally coordinated with each other through shared oxygen 

atoms. 

 Zeolites are similar to Clay minerals but they differ in their crystalline structure. 

 Zeolites have a three dimensional crystalline structure looks like a honey comb 

consisting of a network of interconnected tunnels and cages. 

 Water molecules move freely in and out of these pores but the zeolite frame work 

remains rigid. 

 Another special aspect of this structure is that the pore / channel sizes are nearly 

uniform, allowing the crystal to act as a molecular sieve. 

 Zeolites are used in the removal of permanent hardness of water. 
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15. How will you convert boric acid to boron nitride? 

Fusion of urea with boric acid in an atmosphere of ammonia at 800 − 1200 𝐾 gives 

boron nitride. 

800−1200 𝐾 

(𝑂𝐻)3 + 𝑁𝐻3 
         𝐵𝑁 + 3𝐻2𝑂 

                                                          Δ 

 16. A hydride of 2nd period alkali metal (A) on reaction with compound of Boron 

(B) to give a reducing agent (C). Identify (A), (B) and (C). 

 A hydride of 2nd period alkali metal (A) is LiH 

 Lithium hydride reacts with compound of boron (B) B2H6 to give reducing agent 
(C) lithium boro hydride. 

Compound B is diborane 
Compound C is lithium boro hydride. 

𝐸𝑡ℎ𝑒𝑟 

𝐵2𝐻6 + 2𝐿𝑖𝐻 →    2𝐿𝑖𝐵𝐻4 
 

(B) (C) 
 

Compound Formula Name 

A 𝐿𝑖𝐻 Lithium hydride 

B 𝐵𝑒2𝐻6 Diborane 

C 𝐿𝑖𝐵𝐻4 Lithium boro hydride 

 17.A double salt which contains fourth period alkali metal (A) on heating at 500 K gives 
(B). Aqueous solution of (B) gives white precipitate with BaCl2 and gives a red colour 

compound with alizarin. Identify (A) and (B). 

 A double salt which contains fourth period alkali metal (A) is Potash alum 
K2SO4.Al2(SO4)3.24H2O 

 on heating at 500 K gives K2SO4.Al2(SO4)3 (B) which is burnt alum. 
500 𝐾 

𝐾2𝑆𝑂4. 𝐴𝑙2(𝑆𝑂4)3. 24𝐻2𝑂 →   𝐾2𝑆𝑂4. 𝐴𝑙2(𝑆𝑂4)3 + 24𝐻2𝑂 

 
 
 

 
18. CO is a reducing agent. Justify with an example. 

 CO is a strong reducing agent.
 It reduces metallic oxides into metals. 

Example: 3𝐶𝑂 + 𝐹𝑒2𝑂3 → 2𝐹𝑒 + 3𝐶𝑂2

Thermodynamically, 𝐶𝑂2 is much more stable than CO. 

Compound Formula Name 

A 𝐾2𝑆𝑂4. 𝐴𝑙2(𝑆𝑂4)3. 24𝐻2𝑂 Potash alum 

B 𝐾2𝑆𝑂4. 𝐴𝑙2(𝑆𝑂4)3 Burnt alum 
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UNIT – 3 (P – BLOCK ELEMENTS – II) 

 
ANSWER THE FOLLOWING QUESTIONS: 

 

1. What is inert pair effect? 

 As we move down the group in p–block elements the ns2 electrons become inert 

and do not involve in chemical combination.
 Only np electrons take part in chemical combination.
 This is known as inert pair effect.

(eg) In 13 Group Tl3+ is less stable and Tl+ is more stable due to inert pair effect. 

2. Chalcogens belongs to p–block. Give reason. 
 Chalcogens belong to p–block elements.

 Because their outer electronic configuration is ns2 np4.

 In these elements( O,S,Se,Te and Po) the last electron enters np orbital.

 Hence they belong to p–block elements.

 Chalcogens are ore forming elements.

 Most of the ores are oxides and sulphides.

3. Explain why fluorine always exhibit an oxidation state of –1? 

 Since fluorine is the most electronegative element it exhibits only a negative state of –
1. 

 Due to the absence of d – orbitals fluorine does not show positive oxidtion states.

4. Give the oxidation state of halogen in the following 

a) OF2 b) O2 F2 c) Cl2 O3 d) I2O4 

Since Flourine exhibits only – 1 oxidation state the oxidation number of fluorine in 

a) OF2 is –1  

b) O2F2  is –1 

c) Cl2O3 

2x + 3(–2) = 0 
2x – 6  = 0 

2x = + 6 
 

 

d) I2O4 
2(x) +4(-2)=0; 2x=+8 ; 

5. What are inter halogen compounds? Give examples 

 Each halogen combines with other halogens to form a series of compounds called 

inter halogen compounds.

(ex) ClF, BrF3, IF5, IF7 

 

𝑥 = +3 
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6. Why fluorine is more reactive than other halogens? 
Fluorine is the most reactive element among halogen. This is due to the low value of 

F – F bond dissociation energy. 

7. Give the uses of helium. 

 Helium and oxygen mixture is used by divers in place of air oxygen mixture. This 

prevents the painful dangerous condition called bends.

 Helium is used to provide inert atmosphere in electric arc welding of metals.

 Helium has lowest boiling point hence used in cryogenics (Low temperature science)

 Helium is much less denser than air and hence used for filling air balloons.

8. What is the hybridisation of iodine in IF7? Give its structure. 
 

Inter halogen Hybridisation Structure 

𝐼𝐹7 𝑆𝑝3𝑑3 Pentagonal bipyramidial 

Structure of 𝑰𝑭𝟕 

 
 

 
9. Give the balanced equation for the reaction between chlorine with cold NaOH and 

hot NaOH. 
 

 Chlorine reacts with cold NaOH to give sodium hypochlorite
𝐶𝑙2 + 2𝑁𝑎𝑂𝐻 → 𝑁𝑎𝑂𝐶𝑙 + 𝑁𝑎𝐶𝑙 + 𝐻2𝑂 

Sodium hypochlorite 
 Chlorine reacts with hot NaOH to give sodium chlorate

3𝐶𝑙2 + 6𝑁𝑎𝑂𝐻 → 𝑁𝑎𝐶𝑙𝑂3 + 5𝑁𝑎𝐶𝑙 + 3𝐻2𝑂 

10. How will you prepare chlorine in the laboratory? 

In the laboratory chlorine is prepared by the oxidation of hydrochloric acid by 

potassium permanganate. 

2𝐾𝑀𝑛𝑂4 + 16𝐻𝐶𝑙 → 2𝐾𝐶𝑙 + 2𝑀𝑛𝐶𝑙2 + 8𝐻2𝑂 + 5𝐶𝑙2 ↑ 

Action of sulphuric acid on chlorides in the presence of manganese dioxide. 



16  

4𝑁𝑎𝐶𝑙 + 𝑀𝑛𝑂2 + 4𝐻2𝑆𝑂4 → 𝐶𝑙2 +  𝑛𝐶𝑙2 + 4𝑁𝑎𝐻𝑆𝑂4 + 2𝐻2𝑂 

11. Give the uses of sulphuric acid. 

Sulphuric acid is used 

 In the manufacture of fertilisers, ammonium sulphate and super phosphates.

 In the manufacture of other chemicals such as hydrochloric acid, nitric acid etc.,

 as a drying agent.

 in the preparation of pigments, explosives etc.,

12. Give a reason to support that sulphuric acids is a dehydrating agent. 
 Sulphuric acid is highly soluble in water. 

 It has strong affinity towards water. 

 Hence it can be used as a dehydrating agent. 

 When dissolved in water, it forms mono (𝐻2𝑆𝑂4. 𝐻2𝑂) and dihydrates 

(𝐻2𝑆𝑂4. 2𝐻2𝑂) and the reaction is exothermic. 

 (ex) 𝐶12𝐻22𝑂11 + 𝐻2𝑆𝑂4 → 12𝐶 + 𝐻2𝑆𝑂4. 11𝐻2𝑂 

 𝐻𝐶𝑂𝑂𝐻 + 𝐻2𝑆𝑂4 → 𝐶𝑂 + 𝐻2𝑆𝑂4. 𝐻2𝑂 

 (𝐶𝑂𝑂𝐻)2 + 𝐻2𝑆𝑂4 → 𝐶𝑂 + 𝐶𝑂2 + 𝐻2𝑆𝑂4. 𝐻2𝑂 

13. Write the reason for the anamolous behaviour of Nitrogen. 

Reason for the anamolous behaviour of nitrogen 

 Small size

 High electronegativity

 Non – availability of d – orbitals in valency shell

 Chemically inert due to high bonding energy
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14. Write the molecular formula and structural formula for the following molecules: 

15. Give the uses of argon. 

 Argon prevents the oxidation of hot filament and prolongs the life in filament bulbs.

 Argon is used in radio valves and tubes.

16. Write the valence shell electronic configuration of group – 15 elements. 
Valence shell electronic configuration of group 15 elements is 𝑛𝑠2𝑛𝑝3 

Nitrogen - [He] 2s2 2p3 

Phosphorous - [Ne] 3s2 3p3 

Arsenic  - [Ar] 3d104s2 4p3 

Antimony - [Kr] 4d105s2 5p3 

Bismuth - [Xe] 4f 145d106s2 6p3 

17. Give two equations to illustrate the chemical behaviour of phosphine. 

 Basic Nature :

Phosphine is weakly basic and forms phosphonium salts. 

𝑃𝐻3 + 𝐻𝐼 → 𝑃𝐻4𝐼 
∆ 

𝑃𝐻4𝐼 + 𝐻2𝑂 → 𝑃𝐻3 + 𝐻3𝑂+ 

Combustion : 

+ 𝐼− 

When phosphine is heated with air or oxygen it burns to give metaphosphoric acid 
∆ 

4𝑃𝐻3 + 8𝑂2 → 𝑃4𝑂10 + 6𝐻2𝑂 

Phosphorous pentoxide 
∆ 

𝑃4𝑂10 + 6𝐻2𝑂 → 4𝐻𝑃𝑂3 + 4𝐻2𝑂 

Metaphosphoric acid 
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2 

18. Give a reaction between nitric acid and a basic oxide. 

Nitric acid rects with a basic oxide to form salt and water. 

3𝐹𝑒𝑂 + 10𝐻𝑁𝑂3 → 3𝐹(𝑁𝑂3)3 + 𝑁𝑂 + 5𝐻2𝑂 

𝑍𝑛𝑂 + 2𝐻𝑁𝑂3 → 𝑍(𝑁𝑂3)2 + 𝐻2𝑂 

19. What happens when 𝑷𝑪𝒍𝟓 is heated? 

On heating Phosphorous penta chloride decomposes into phosphorus trichloride 

and chlorine. 

𝑃𝐶𝑙5(𝑔) ⇋ 𝑃𝐶𝑙3(𝑔) + 𝐶𝑙2(𝑔) 

20. Suggest a reason why HF is a weak acid, whereas binary acids of the all other 

halogens are strong acids. 

The hydrogen halides are extremely soluble in water due to the ionisation. 

𝐻𝑋 + 𝐻2𝑂 → 𝐻3𝑂+ + 𝑋− 

(𝑋 − 𝐹, 𝐶𝑙, 𝐵𝑟, 𝑜𝑟 𝐼) 

Solutions of hydrogen halides are therefore acidic and known as hydrohalic 

acids. Hydrochloric, hydrobromic and hydroiodic acids are almost completely 

ionised and are therefore strong acids but HF is a weak acid. 

𝐻𝐹 + 𝐻2𝑂 ⇋ 𝐻3𝑂+ + 𝐹− 

𝐻𝑓 + 𝐹− ⇋ 𝐻𝐹− 

 
21. Deduce the oxidation number of oxygen in hypofluorous acid – HOF. 

In case of O-F bond ,Flourine is most electronegative than ,so its oxidation number is - 
1,oxygen oxidation number is +1. 
In case of O-H bond, O is electronegative than H. so its oxidation number is -1. 

Hydrogen oxidation number is +1. 
 

22. What type of hybridisation occur in a) 𝑩𝒓𝑭𝟓 b) 𝑩𝒓𝑭𝟑 

 
 Inter Halogen Compound Hybridisation Shape 

a) BrF5 sp3d2 Square pyramidal 

b) BrF3 sp3d T-Shape 
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23. Complete the following reactions. 

(i) 𝑁𝑎𝐶𝑙 + 𝑀𝑛𝑂2 → 𝐻2𝑆𝑂4 → 

(ii) 𝑁𝑎𝑁𝑂2 + 𝐻𝐶𝑙 → 
 

 
ANSWERS: 
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UNIT – 4 TRANSITION AND INNER TRANSITION 

ANSWER THE FOLLOWING: 
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𝟒𝑭𝒆𝑪𝒓𝟐𝑶𝟒 + 𝟖𝑵𝒂𝟐𝑪𝑶𝟑 +  𝟕𝑶𝟐
𝟗𝟎𝟎−𝟏𝟎𝟎𝟎°𝑪
→         𝟖𝑵𝒂𝟐𝑪𝒓𝑶𝟒 + 𝟐𝑭𝒆𝟐𝑶𝟑 + 𝟖𝑪𝑶𝟐 ↑ 

 The roasted mass is treated with water to separate soluble sodium chromate from 
insoluble iron oxide. 

 The yellow solution of sodium chromate is treated with concentrated sulphuric acid which 
converts sodium chromate into sodium dichromate. 
𝟐𝑵𝒂𝟐𝑪𝒓𝑶𝟒 +𝑯𝟐𝑺𝑶𝟒 → 𝑵𝒂𝟐𝑪𝒓𝟐𝑶𝟕 +𝑵𝒂𝟐𝑺𝒐𝟒 +𝑯𝟐𝑶 

 The above solution is concentrated to remove less soluble sodium sulphate. The resulting 
solution is filtered and further concentrated. 

 It is cooled to get the crystals of 𝑁𝑎2𝑆𝑂4. 2𝐻2𝑂 

 The saturated solution of sodium dichromate in water is mixed with KCl and then, 
concentrated to get crystals of NaCl. 

 If is filtered while hot and the filtrate is cooled to obtain 𝐾2𝐶𝑟2𝑂7 crystals. 
𝑁𝑎2𝐶𝑟2𝑂7 + 2𝐾𝐶𝑙 → 𝐾2𝐶𝑟2𝑂7 + 2𝑁𝑎𝐶𝑙 

Potassium dichromate  
(Orange red) 

 
 

6
. 

7
.. 
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UNIT – 5 CO-ORDINATION CHEMISTRY 
 

Answer the following: 
 

1. Write the IUPAC names for the following complexes. 
 

 
2. Write the formula for the following coordination compounds. 

 

               
3. Arrange the following in order to increasing molar conductivity. 

 
  

 
 

4. Give an example of coordination compound used in medicine and two examples 

of biologically important coordination compounds. 

 Cis-platin is used as an antitumour drug in cancer treatment. 

 Biologically important compounds. 

i) Haemoglobin – Oxygen carrier in blood. 

ii) Chlorophyll – useful in photo synthesis in plants. 
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5. Based on VB theory explain why [𝑪𝒓(𝑵𝑯𝟑)𝟔]𝟑+ is paramagnetic, while 

[𝑵𝒊(𝑪𝑵)𝟒]𝟐− is diamagnetic. 

a) [𝑪(𝑵𝑯𝟑)𝟔]𝟑+ 
 

Complex [𝑪𝒓(𝑵𝑯𝟑)𝟔]𝟑+ 

Central metal ion and its 

outer electronic 

configuration 

𝐶𝑟3+: 3𝑑34𝑠0 

Outer orbitals of metal ion             

             

3𝑑3 4p 4s 

  

Nature of ligand Weak field ligand does not pair up the 3d electrons 

in the metal 

Outer orbitals of metal ion/in 

presnece of ligands 

 

↑ ↑ ↑         

3𝑑3  4𝑠  4𝑝 
 

Hybridisation Coordination number – 6 Hybridisation 𝑑2𝑠𝑝3 

Hybridised orbitals of the 

metal atom in the complex 

 
 

↑ ↑ ↑ ↑↓ ↑↓ ↑↓ ↑↓ ↑↓ ↑↓ 

3𝑑3 𝑑2𝑠𝑝3 Hybridised orbitals 

Geometry Octahedral 

In this complex inner d orbitals are involved in 

hybridisation and hence the complex is called 

inner orbital complex. 

Magnetic property (n) No. of unpaired electrons = 3 Hence 

paramagnetic. 
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2 

b) [𝑵(𝑪𝑵)𝟒]𝟐− 
 

6. Draw all possible geometrical isomers of the complex [𝑪(𝒆𝒏)𝟐𝑪𝒍𝟐]+ and identify the 

optically active isomer. 
 

Two Cis [𝐶(𝑒𝑛)2𝐶𝑙2]+ isomer – optically active One trans [𝐶𝑜(𝑒𝑛)2𝐶𝑙+ isomer- 

optically inactive 
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7. [𝑻(𝑯𝟐𝑶)𝟔]𝟑+ is coloured, while [𝑺𝒄(𝑯𝟐𝑶)𝟔]𝟑+ is colourless – explain. 

 In [𝑇(𝐻2𝑂)6]3+, the outer electronic configuration of metal ion 𝑇𝑖3+ is 3𝑑1. 

 This single electron present in lower energy 𝑡2𝑔 orbitals in the octahedral aqua 

ligand field absorbs light and excited to higher energy 𝑒𝑔 level. 

 This is known as d-d transition. 
 For this excitation absorption maximum is at 2000 𝑐𝑚−1 corresponding to the 

CFSE is 239.7 𝐾𝐽𝑚𝑜𝑙−1. 
 The transmitted colour associated with this absorption in purple and hence the 

complex appears purple in colour. 

 But in [𝑆𝑐(𝐻2𝑂)6]3+, the outer electronic configuration of metal ion 𝑆𝑐3+ is 
3𝑑0. 

 Since there is no electron in d orbital, d-d transition is not possible. 

 Hence [𝑆(𝐻2𝑂)6]3+ is colourless. 
8. Give an example for complex of the type [𝑴𝒂𝟐𝒃𝟐𝒄𝟐] where a,b,c are 

monodentate ligands and give the possible isomers. 

Example for the complex of the type [𝑀𝑎2𝑏2𝑐2] is [𝐶(𝑁𝐻3)2(𝐻2𝑂)2𝐵𝑟2]+ 

Cis – dibromodiaqua diammine chromium trans – dibromodiaquadiammine chromium 

(III) ion (Geometrical isomer (III) ion (Geometrical isomer) 
 

Cis-dibromo diaqua – trans diammine Cis – dibromodiammine trans-diaqua 

bromium (III) ion (Geometrical isomer) chromium (III) ion (Geometrical isomer) 
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d-Cis isomer of [𝐶𝑟(𝑁𝐻3)2(𝐻2𝑂)2𝐵𝑟2]+𝑖𝑜𝑛 d-Cis isomer of 

[𝐶(𝑁𝐻3)2(𝐻2𝑂)2𝐵𝑟2]+𝑖𝑜𝑛 

9. Give one test to differentiate [𝑪(𝑵𝑯𝟑)𝟓𝑪𝒍]𝑺𝑶𝟒 and [𝑪𝑶(𝑵𝑯𝟑)𝟓𝑺𝑶𝟒]𝑪𝒍. 

When ionization isomers are dissolved in water, they ionize to give different ions. These 

ions then react differently with different reagents to give different products. 

[𝐶(𝑁𝐻3)5𝐶𝑙]𝑆𝑂4 + 𝐵𝑎2+ → 𝐵𝑎𝑆𝑂4 ↓ White precipitate 

[𝐶(𝑁𝐻3)5𝐶𝑙]𝑆𝑂4 + 𝐴𝑔+ →No reaction 

[𝐶(𝑁𝐻3)5𝑆𝑂4]𝐶𝑙 + 𝐵𝑎2+ →No reaction 

[𝐶(𝑁𝐻3)5𝑆𝑂4]𝐶𝑙 + 𝐴𝑔+ → 𝐴𝑔𝐶𝑙 ↓ White precipitate 

10. In an octahedral crystal field, draw the figure to show splitting of d orbitals. 
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11. What is linkage isomerism? Explain with an example. 
 

 

12. Classify the following ligand based on the number of donor atoms. a)𝑵𝑯𝟑 b) en 

c)𝑶𝑿𝟐− d) triaminotriethylamine e)pyridine 
 

13. Give the difference between double salts and coordination compounds. 
 

S.No Double Salts Coordination compounds 

1. Lose their identity Do not lose their identity 

2. Dissociate into their constituent 

simple ions in solutions 

Never dissociate to give simple 

ions. 

3. (eg) Mohr’s salt 

𝐹𝑒𝑆𝑂4(𝑁𝐻4)2𝑆𝑂4. 6𝐻2𝑂 

𝐾3[𝐹𝑒(𝑆𝐶𝑁)6] 

4. Answer the tests for simple ions 

𝐹𝑒2+, 𝑁𝐻+, 𝑆𝑂2− ions. 
4 4 

Does not answer for simple ions 

𝐹𝑒3+, 𝑆𝐶𝑁− ions 

 
14. Write the postulates of Werner’s theory. 

In a complex every metal atom possesses two types of valency. (i) Primary Valency 

(ii) Secondary valency 
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S.No Primary valency Secondary valency 

1. Refers to the Oxidation State 
of metal ion 

Refers to Coordination number of 
metal ion 

2. Always satisfied by negative 
ions 

Satisfied by negative ions, neutral 
molecules or positive ions. 

3. These ions generally written 
outside the bracket are called 
counter ions 

These ions written inside the 
bracket are called ligands 

4. The outer sphere in which 
these ions present are called 
ionisation sphere 

The inner sphere in which these 
ions present are called 
coordination sphere 

5. The groups present in this 
sphere are loosely bound to 
the central metal ion and can 
be separated into ions 

The groups present in this sphere 
are firmly attached to the central 
metal atom and cannot be 
separated into ions 

6. This Valency is ionisable This valency is non-ionisable 

7. This valency is non directional This valency is directional and 
determines the geometry of the 
complex. 

 

15. Why tetrahedral complexes do not exhibit geometrical isomerism. 

Cis-trans isomerism is not possible in tetrahedral complexes because all the four 

ligands are adjacent to one another 𝑀𝑎2𝑏2 

 
 
 
 

 
16. Explain optical isomerism in coordination compounds with an example. 

 Coordination compounds which possess chirality exhibit optical isomerism 

similar to organic compounds. 

 The pair of two optically active isomers which are mirror images of each 

other are called enantiomers. 

 Their solutions rotate the plane of the plane polarised light. 

 If the rotation is in the clockwise direction the isomer is called dextro 

rotatory ‘d form. 



 

 
17. What are hydrate isomers? Explain with an example. 

 The exchange of free solvent molecules such as water, ammonia, alcohol etc, in 

the crystal lattice with a ligand in the coordination entity will give Solvate 

isomers. 

 If the solvent molecule is water, then these isomers are called hydrate isomers. 

 Example: 𝐶𝑟𝐶𝑙3. 6𝐻2𝑂 has three hydrate isomers. 

 Complex Colour Number of Chloride ions in 
solutions 

[𝐶𝑟(𝐻2𝑂)6]𝐶𝑙3 Violet 3 

[𝐶𝑟(𝐻2𝑂)5𝐶𝑙]𝐶𝑙2. 𝐻2𝑂 Pale green 2 

[𝐶𝑟(𝐻2𝑂)4𝐶𝑙2]𝐶𝑙. 2𝐻2𝑂 Dark green 1 

 
18. What is crystal field splitting energy? 

The splitting of five degenerate d orbitals of the metal ion into two sets of orbitals 

having different energies is called crystal field splitting. The separation in energy is 

called the crystal field splitting energy Δ. 

19. What is crystal field stabilization energy (CFSE)? 
 

 

20. A solution of [𝑵(𝑯𝟐𝑶)𝟔]𝟐+ is green, whereas a solution of [𝑵𝒊(𝑪𝑵)𝟒]𝟐− is 

colorless – Explain. 

 In [𝑁(𝐻2𝑂)6]2+, the 𝑁𝑖2+ ion has two unpaired electrons which do not pair 
up in presence of weak ligand 𝐻2𝑂. 

 Hence d-d-transition is possible. 
 Red colour is absorbed and complementary colour green is emitted. So it is 

green in colour. 
 In [𝑁(𝐶𝑁)4]2−, the 𝑁𝑖2+ ion has no unpaired electrons because the strong 

ligand 𝐶𝑁− pairs up the electrons. 
 Hence no d-d transition is possible. 

 So [𝑁(𝐶𝑁)4]2− is colourless. 
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21. Discuss briefly the nature of bonding in metal carbonyls. 

 In metal carbonyls, the bond between metal atom and the carbonyl ligand 

consists of two components. 

 The first component is an electron pair donation from the carbon atom of 

carbonyl ligand into a vacant d-orbital of central metal atom. 

 This electron pair donation forms 𝑀 ← 𝐶𝑂 sigma bond. 

 This sigma bond formation increases the electron density in metal d-orbitals and 

makes the metal electron rich. 

 In order to compensate for this increased electron density, a filled metal d-orbital 

interacts with the empty 𝜋∗ orbital on the carbonyl ligand and transfers the 

added electron density back to the ligand. 

 This second component is called 𝜋 −back bonding. 

 Thus in metal carbonyls, electron density moves from ligand to metal through 

sigma bonding and from metal to ligand through pi bonding. 

 This synergic effect accounts for strong 𝑀 ← 𝐶𝑂 bond in metal carbonyls. 

 This is shown diagrammatically as follows. 
 

22. What is the coordination entity formed when excess of liquid ammonia is added 

to an aqueous solution of copper sulphate? 

When excess of liquid ammonia is added to an aqueous solution of copper 

sulphate tetraammine copper (II) sulphate is formed. 

𝐶𝑢𝑆𝑂4 + 4𝑁𝐻3 → [𝐶(𝑁𝐻3)4]𝑆𝑂4. The Coordination entity is [𝐶(𝑁𝐻3)4]2+ 
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23. On the basis of VB theory explain the nature of bonding in [𝑪(𝑪𝟐𝑶𝟒)𝟑]𝟑−. 
 

Complex [𝑪𝒐(𝑪𝟐𝑶𝟒)𝟑]𝟑− 

Central metal atom / ion & its 

outer electronic configuration 

𝐶𝑂3+; 3𝑑6, 4𝑠0 

Outer orbitals of metal 

atom/ion 

 

↑↓ ↑ ↑ ↑ ↑       

3𝑑6  4𝑠  4𝑝 
 

Nature of ligand 𝐶2𝑂2− Weak field ligand and hence no 
4 

pairing of 3d electrons in the metal 

Outer orbitals of metal ion in 

presence of ligands 

 

↑↓ ↑ ↑ ↑ ↑             

3𝑑6  4𝑠  4𝑝  4𝑑 
 

Hybridisation Coordination number 6; Hybridisation 

𝑠𝑝3𝑑2 

Hybridised orbitals 

of the metal atom 

in the complex 

 
 

↑↓ ↑ ↑ ↑ ↑  ↑↓ ↑↓ ↑↓ ↑↓ ↑↓ ↑↓     

3𝑑6  𝑠𝑝3𝑑2 Hybridised orbitals   4𝑑0  

Geometry Octahedral. Outer d-orbitals are involved, 

hence it is outer orbital complex 

Magnetic property No. of unpaired electrons n=4; 

Paramagnetic 

Magnetic moment (spin only) 𝜇𝑠 = √𝑛(𝑛 + 2) = √4(4 + 2) = 4.899 𝐵.𝑀 

24. What are the limitations of VB theory? 

 It does not explain the colour of the complex. 

 It considers only the spin only magnetic moments and does not consider the other 
components of magnetic moments. 

 It does not provide a quantitative explanation as to why certain complexes are inner 
orbital complexes and the others are outer orbital complexes for the same metal. For 

example, [𝐹(𝐶𝑁)6]4− is diamagnetic (low spin) whereas [𝐹𝑒𝐹6]4− is paramagnetic 

(high spin). 

25. Write the oxidation state, coordination number, nature of ligand, magnetic property and electronic 

configuration in octahedral crystal field for the complex 𝑲[𝑴𝒏(𝑪𝑵)𝟔]. 

 Oxidation state of central metal ion is +2(𝐼𝐼) 

 Coordination number is 6. 

 Nature of ligand 𝐶𝑁− is strong field ligand. 

 The number of unpaired electron is one, hence paramagnetic. 
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UNIT – 6 SOLID STATE 
 

Answer the following: 
 

 

5. Explain seven types of unit cell. 
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UNIT – 7 CHEMICAL KINETICS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The rate law can be written as, 

𝑅𝑎𝑡𝑒 = 𝑘[𝐴]0 

     −
𝑑[𝐴]

𝑑𝑡
= 𝑘(1)  (∴ [𝐴]0 = 1) 

−𝑑[𝐴] = 𝑘𝑑𝑡 
Integrate the above equation between the limits of [𝐴0] at zero time and [𝐴] at some later time ‘t’, 

∫ 𝑑[𝐴] = 𝑘 ∫ 𝑑𝑡
𝑡

0

[𝐴]

[𝐴0]
  

−([𝐴])
[𝐴0]
[𝐴]

𝑑[𝐴] = 𝑘(𝑡)0
𝑡  

[𝐴0] − [𝐴] = 𝑘𝑡 
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𝑘 =
[𝐴0] − [𝐴]

𝑡
 

Equation (2) is in the form of a straight line 𝑦 = 𝑚𝑥 + 𝑐  

ie., [𝐴] = −𝑘𝑡 + [𝐴0] 

𝑦 = 𝑐 + 𝑚𝑥 

A plot of [𝐴] Vs time gives a straight line with a slope of –k and y – intercept of [𝐴0]. 

 

 

 

 

 

 

 

 

 

 

 

Differences between order and molecularity: 

S.No Order of a reaction Molecularity of a reaction 

1. It is the sum of the powers of concentration 
terms involved in the experimentally 
determined rate law. 

It is the total number of reactant 
species that are involved in an 
elementary step. 

2. It can be zero (or) fractional (or) integer It is always a whole number, 
cannot be zero or a fractional 
number. 

3. It is assigned for a overall reaction It is assigned for each elementary 
step of mechanism. 
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We know that, 𝑘 =
0.693

𝑡1
2

 

𝑘 =
0.693

8.0
 minutes = 0.087 minutes-1 

For a first order reaction, 

𝑡 =
2.303

𝑘
𝑙𝑜𝑔

[𝐴0]

[𝐴]
    

𝑡 =
2.303

0.087𝑚𝑖𝑛−1  
log (

100

1
) 

𝑡 = 52.93 𝑚𝑖𝑛. 

25. The time for half change in a first order decomposition of a substance A is 60 seconds. Calculate the rate 

constant. How much of A will be left after 180 seconds? 

𝑡
1
2 =

0.693

𝐾
 

𝐾 =
0.693

𝑡1
2

=
0.693

60
= 0.0115𝑆−1 

𝐾 = 0.0115𝑆−1. 

For time 3 mins (180 Sec) 



54 

 

𝐾 =
2.303

𝑡
log

[𝑎0]

[𝑎]
 

∴ 0.0115 =
2.303

𝑡
𝑙𝑜𝑔

[𝑎0]

[𝑎]
 

𝑙𝑜𝑔 =
[𝑎0]

[𝑎]
0.014 

[𝑎0]

[𝑎]
= 𝑎𝑛𝑡𝑖𝑙𝑜𝑔(0.014) 

[𝑎0]

[𝑎]
= 𝑎𝑛𝑡𝑖𝑙𝑜𝑔(0.014) 

[𝑎0]

[𝑎]
= 1.0327 

% of the reactant left after 3 min 

[𝑎]

[𝑎0]
× 100 =

1

4
= 25%. 

26. A zero order reaction is 20% complete in 20 minutes. Calculate the value of the rate constant. In what 

time will the reaction be 80% complete? 

Let A=100 M, [𝐴0] − [𝐴] = 20 𝑀, 

For the zero order reaction 

𝐾 = (
[𝐴0] − [𝐴]

𝑡
) 

𝐾 = ( 
20𝑀

20 𝑚𝑖𝑛
) = 1 𝑀 𝑚𝑖𝑛−1. 

Rate constant for a reaction = 1 𝑀 𝑚𝑖𝑛−1 

To calculate the time for 80% of completion  

𝑘 = 1 𝑀 𝑚𝑖𝑛−1, [𝐴0] = 100 𝑀, 

[𝐴0] − [𝐴] = 80𝑀, 𝑡 =? 

Therefore, 

𝑡 = (
[𝐴0]−[𝐴]

𝑡
) = (

80 𝑀

1𝑀 𝑚𝑖𝑛−1) = 80 𝑚𝑖𝑛. 

27.  The activation energy of a reaction is 22.5 k Cal mol-1 and the value of rate constant at 𝟒𝟎°𝑪 is 𝟏. 𝟖 ×

𝟏𝟎−𝟓𝒔−𝟏. Calculate the frequency factor, A. 

Here, we are given that 

𝐸𝑎 = 22.5 𝑘𝑐𝑎𝑙 𝑚𝑜𝑙−1 = 22500 𝑐𝑎𝑙 𝑚𝑜𝑙−1 

𝑇 = 40°𝐶 = 40 + 273 = 313 𝐾 

𝑘 = 1.8 × 10−5sec−1  

Substituting the values in the equation. 

𝑙𝑜𝑔𝐴 = 𝑙𝑜𝑔𝑘 + (
𝐸𝑎

2.303𝑅𝑇
) 

𝑙𝑜𝑔𝐴 = log(1.8 × 10−5) + (
22500

2.303 × 1.987 × 313
) 

𝑙𝑜𝑔𝐴 = 𝑙𝑜𝑔(1.8)(−5) + (15.7089) 
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𝑙𝑜𝑔𝐴 = 10.9642 

𝐴 = 𝑎𝑛𝑡𝑖𝑙𝑜𝑛𝑔 (10.9642)  

𝐴 = 9.208 × 1010𝑐𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛𝑠 𝑠−1 

28. Benzene diazonium chloride in aqueous solution decomposes according to the equation 𝑪𝟔𝑯𝟓𝑵𝟐𝑪𝒍 →

𝑪𝟔𝑯𝟓𝑪𝒍 + 𝑵𝟐. Starting with an initial concentration of 𝟏𝟎 𝒈 𝑳−𝟏, the volume of 𝑵𝟐 gas obtained at 𝟓𝟎°𝑪 at 
different intervals of time was found to be as under: 

t (min): 6 12 18 24 30 ∞ 

Vol. of 𝑁2 
(ml) 

19.3 32.6 41.3 46.5 50.4 58.3 

For a first order reaction  

𝑘 =
2.303

𝑡
log (

[𝐴0]

[𝐴]
) 

𝑘 =
2.303

𝑡
log (

𝑉∞

𝑉∞ − 𝑉1
)  

In the presence case, 𝑉∞ = 58.3 𝑚𝑙. 
The value of 𝑘 at different time can be calculated as follows. 
 29. From the following data, show that the decomposition of hydrogen peroxide is a reaction of first order: 

t(min) 0 10 20 

V(ml) 46.1 29.8 19.3 

 

Where 𝑡 is the time in minutes and 𝑉 is the volume of standard 𝐾𝑀𝑛𝑂4 solution required for titrating the 

same volume of the reaction mixture. 

𝑘 =
2.303

𝑡
log (

[𝐴0]

[𝐴]
) 

𝑘 = (
2.303

𝑡
) log (

𝑉0

𝑉𝑡
) 

In the present case, 𝑉0 = 46.1 𝑚𝑙. The value of k at each instant can be calcualted as follows: 

𝑡(𝑚𝑖𝑛) 𝑉𝑡  
𝑘 = (

2.303

𝑡
) log (

𝑉0

𝑉𝑡
) 

10 29.8 
𝑘 =

2.303

20
log (

46.1

29.8
) = 0.0436𝑚𝑖𝑛−1 

20 19.3 
𝑘 =

2.303

20
log (

46.1

19.3
) = 0.0435𝑚𝑖𝑛−1 

Thus, the value of 𝑘 comes out to be nearly constant. Hence it is a reaction of the first order. 

𝑡(min) 𝑉1 𝑉∞ = 𝑉1 2.303

𝑡
log (

𝑉0

𝑉0−𝑉1

) 

6 19.3 58.3 – 19.3=39.0 
𝑘 =

2.303

6
log (

58.3

39
) 

= 0.0670𝑚𝑖𝑛−1 
12 32.6 58.3-32.6=25.7 

𝑘 =
2.303

12
log (

58.3

25.7
) 

= 0.0683𝑚𝑖𝑛−1 
18 41.3 58.3-41.3=17.0 

𝑘 =
2.303

18
log (

58.3

17
) 

= 0.0685𝑚𝑖𝑛−1 
24 46.5 58.3-46.5=11.8 

𝑘 =
2.303

24
log (

58.3

11.8
) 

= 0.0666𝑚𝑖𝑛−1 
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30. A first order reaction is 40% complete in 50 minutes. Calculate the value of the rate constant. In what 

time will the reaction be 80% complete? 

For the first order reaction 

𝑘 = (
2.303

𝑡
) log (

𝑎

𝑎 − 𝑥
) 

when 𝑥 = (
40

100
) 𝑎 = 0.4𝑎 

𝑡 = 50𝑚 

∴ 𝑘 = (
2.303

50
) log (

𝑎

𝑎 − 0.4𝑎
) 

𝑘 = (
2.303

50
) log (

1

0.6
) 

= 0.010216𝑚𝑖𝑛−1 

𝑡 =? 𝑤ℎ𝑒𝑛 𝑥 = 0.8 𝑎 

From above 𝐾 = 0.010216𝑚𝑖𝑛−1 

∴ 𝑡 = (
2.303

0.010216
) log (

𝑎

𝑎 − 0.8 𝑎
) 

(
2.303

0.010216
) log (

1

0.2
) = 157.58 𝑚𝑖𝑛 

The time at which the reaction will be 80% complete is 157.58 min. 

 

 

 


