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Preface
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METALLURGY
UNIT 
1

VOLUME - I

 
CHAPTER SNAPSHOT

1.1 Occurrence of  metals
 1.1.1 Mineral and ore

1.2 Concentration of  ores
 1.2.1  Gravity separation or Hydraulic 

wash 
 1.2.2 Froth flotation 
 1.2.3 Leaching 
 1.2.4 Magnetic separation

1.3 Extraction of  crude metal
 1.3.1 Conversion of  ores into oxides 
 1.3.2 Reduction of  metal oxides

1.4 Thermodynamic principle of  metallurgy
 1.4.1 Ellingham diagram
 1.4.2  Applications of  the Ellingham 

diagram 

1.5 Electrochemical principle of  metallurgy
 1.5.1  Electrochemical extraction of   

aluminium - Hall-Heroult process
1.6 Refining process 
 1.6.1 Distillation
 1.6.2 Liquidation  
 1.6.3 Electrolytic refining
 1.6.4 Zone Refining  
 1.6.5 Vapour phase method

1.7 Applications of  metals
 1.7.1 Applications of  Al 
 1.7.2 Applications of  Zn 
 1.7.3 Applications of  Fe
 1.7.4 Applications of  Cu
 1.7.5 Applications of  Au  

1
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CONCEPT MAP
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FORMULAE TO REMEMBER

Metal Ore Composition Metal Ore Composition

Aluminium

Bauxite Al2O3.nH2O

Zinc

Zinc blende or 
Sphalerite ZnS

Diaspore Al2Si2O5(OH)4 Calamine ZnCO3

Kaolinite Al2O3 Zincite ZnO

Iron

Haematite Fe2O3

Lead
Galena PbS

Magnetite Fe3O4 Anglesite PbSO4

Siderite FeCO3 Cerrusite PbCO3

Iron pyrite FeS2 Tin Cassiterite  
(Tin stone) SnO2

Limonite Fe2O3.3H2O

Silver

Silver glance 
(Argentite) Ag2S

Copper

Copper pyrite CuFeS2
Pyrargyrite 

(Ruby silver) Ag3SbS3

Copper glance Cu2S Chlorargyrite 
(Horn Silver) AgCl

Cuprite Cu2O Stefinite Ag5SbS4

Malachite CuCO3.Cu(OH)2 Proustite Ag3AsS3

Azurite 2CuCO3.Cu(OH)2

 MUST KNOW DEFINITIONS

Mineral : A naturally occurring substance obtained by mining which contains the metal 
in free state or in the form of compounds like oxides, sulphides etc... is called 
a mineral.

Ores : Minerals that contains a high percentage of metal, from which it can be 
extracted conveniently and economically are called ores.

Concentration of Ore : The preliminary step in metallurgical process is removal of impurities. This 
removal process is known as concentration of ore.

Roasting : Roasting is the method, usually applied for the conversion of sulphide ores 
into their oxides. The concentrated ore is oxidised by heating it with excess of 
oxygen in a suitable furnace below the melting point of the metal.

Calcination : Calcination is the process in which the concentrated ore is strongly heated in 
the absence of air.

Refining process : Removal of unreacted oxide ore, other metals, non-metals associated with the 
isolated crude metal is called refining process.
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Ellingham diagram : The graphical representation of variation of the standard Gibbs free energy of 
reaction for the formation of various metal oxides with temperature is called 
Ellingham diagram.

Application of 
Ellingham diagram

: Ellingham diagram helps us to select a suitable reducing agent and 
appropriate temperature range for reduction.

Electrolytic refining : In electrolytic refining of the metal :
Cathode : Pure metal
Anode : Impure metal
Electrolyte : Acidified aqueous solution of salt of the metal

EVALUATION

ChOOsE ThE COrrECT 
ANswEr

1. Bauxite has the composition [HY. 2019]
a) Al2O3   b) Al2O3.nH2O
c) Fe2O3.2H2O d) None of these 

 [Ans. (b) Al2O3.nH2O]

2. Roasting of sulphide ore gives the gas (A).
(A) is a colourless gas. Aqueous solution of 
(A) is acidic. The gas (A) is 
a) CO2 b) SO3 c) SO2 d) H2S  

 [Ans. (c) SO2]

3. Which one of the following reaction 
represents calcination?
a) 2Zn + O2  →  2ZnO
b) 2ZnS + 3O2  →  2ZnO + 2SO2
c) MgCO3  →  MgO + CO2
d) Both (a) and (c)  

 [Ans. (c) MgCO3  →  MgO + CO2]

4. The metal oxide which cannot be reduced to 
metal by carbon is
a) PbO b) Al2O3 c) ZnO d) FeO 

 [Ans. (b) Al2O3]

5. Which of the metal is extracted by Hall-
Heroult process?
a) Al b) Ni c) Cu d) Zn  

 [Ans. (a) Al]

6. Which of the following statements, about 
the advantage of roasting of sulphide ore 
before reduction is not true?
a) ΔGf° of sulphide is greater than those for CS2 

and H2S.
b) ΔGr° is negative for roasting of sulphide ore 

to oxide
c) Roasting of the sulphide to its oxide is 

thermodynamically feasible.
d) Carbon and hydrogen are suitable reducing 

agents for metal sulphides.
[Ans. (d) Carbon and hydrogen are suitable 

reducing agents for metal sulphides.]

7. Match items in column - I with the items of 
column – II and assign the correct code.

Column - I Column - II
A Cyanide process (i) Ultrapure Ge
B Froth floatation 

process
(ii) Dressing of ZnS

C Electrolytic 
reduction

(iii) Extraction of Al

D Zone refining (iv) Extraction of Au
(v) Purification of Ni

A B C D
(a) (i) (ii) (iii) (iv)
(b) (iii) (iv) (v) (i)
(c) (iv) (ii) (iii) (i)
(d) (ii) (iii) (i) (v) [Ans. (c) (iv) (ii) (iii) (i)]
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8. Wolframite ore is separated from tinstone 
by the process of [PTA - 2; Mar-2020]
a) Smelting  
b) Calcination
c) Roasting  
d) Electromagnetic separation  

 [Ans. (d) Electromagnetic separation]

9. Which one of the following is not feasible
a) Zn(s) + Cu2+

(aq)  →  Cu(s) + Zn2+
(aq)

b) Cu(s) + Zn2+
(aq)  →  Zn(s) + Cu2+

(aq)

c) Cu(s) + 2Ag+
(aq)  →  2Ag(s) + Cu2+

(aq)

d) Fe(s) + Cu2+
(aq)  →  Cu(s) + Fe2+

(aq)

[Ans. (b) Cu(s) + Zn2+
(aq)  →  Zn(s) + Cu2+

(aq)]

10. Electrochemical process is used to extract
a) Iron   b) Lead 
c) Sodium   d) Silver  

 [Ans. (c) Sodium]

11. Flux is a substance which is used to convert
a) Mineral into silicate 
b) Infusible impurities to soluble impurities
c) Soluble impurities to infusible impurities 
d) All of these [Ans. (b) Infusible  

 impurities to soluble impurities]

12. Which one of the following ores is best 
concentrated by froth – floatation method?  
 [Govt.MQP_2019]
a) Magnetite  b) Hematite
c) Galena   d) Cassiterite  

 [Ans. (c) Galena]

13. In the extraction of aluminium from 
alumina by electrolysis, cryolite is added to
a) Lower the melting point of alumina 
b) Remove impurities from alumina
c) Decrease the electrical conductivity 
d) Increase the rate of reduction
[Ans. (a) Lower the melting point of alumina]

14. Zinc is obtained from ZnO by
a) Carbon reduction
b) Reduction using silver
c) Electrochemical process 
d) Acid leaching [Ans. (a) Carbon reduction]

15. Extraction of gold and silver involves 
leaching with cyanide ion. Silver is later 
recovered by (NEET-2017)
a) Distillation  
b) Zone refining
c) Displacement with zinc 
d) liquation  

 [Ans. (c) Displacement with zinc]

16. Considering Ellingham diagram, which of 
the following metals can be used to reduce 
alumina? (NEET-2018)
a) Fe b) Cu c) Mg d) Zn 

 [Ans. (c) Mg]

17. The following set of reactions are used in 
refining Zirconium   [Aug-2021] 
Zr impure I ZrIK( ) +  →2 2 4

523 .   

ZrI Zr pure IK
4 2

1800 2 → ( ) +

This method is known as

a) Liquation  b) Van Arkel process
c) Zone refining d) Mond’s process  

 [Ans. (b) van Arkel process]
18. Which of the following is used for 

concentrating ore in metallurgy?
a) Leaching  b) Roasting
c) Froth floatation d) Both (a) and (c)  

 [Ans. (d) Both (a) and (c)]
19. The incorrect statement among the following 

is [QY. 2019; Sep-2020]
a) Nickel is refined by Mond’s process.
b) Titanium is refined by Van Arkel’s process.
c) Zinc blende is concentrated by froth 

floatation.
d) In the metallurgy of gold, the metal is leached 

with dilute sodium chloride solution.
[Ans. (d) In the metallurgy of gold, the  

metal is leached with dilute sodium 
chloride solution]

20. In the electrolytic refining of copper, which 
one of the following is used as anode?
a) Pure copper b) Impure copper
c) Carbon rod  d) Platinum electrode  

 [Ans. (b) Impure copper]
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21. Which of the following plot gives Ellingham 
diagram?
a) ΔS Vs T  b) ΔG° Vs T

c) ΔG° Vs 
1
T

  d) ΔG° Vs T2  
 [Ans. (b) ΔG° Vs T]

22. In the Ellingham diagram, for the formation 
of carbon monoxide

a) 
∆ °
∆







S
T

 is negative b) 
∆ °
∆







G
T

 is positive

c) 
∆ °
∆







G
T

 is negative 

d) initially 
∆

∆ °






T
G

 is positive, after 700°C, 

∆ °
∆







G
T

 is negative

 [Ans. (c) 
∆ °
∆







G
T  is negative]

23. Which of the following reduction is not 
thermodynamically feasible? [PTA - 3]
a) Cr2O3 + 2Al  →  Al2O3 + 2Cr
b) Al2O3 + 2Cr  →  Cr2O3 + 2Al
c) 3TiO2 + 4Al  →  2 Al2O3 + 3Ti
d) none of these
 [Ans. (b) Al2O3 + 2Cr  →  Cr2O3 + 2Al]

24. Which of the following is not true with 
respect to Ellingham diagram?
a) Free energy changes follow a straight line. 

Deviation occurs when there is a phase 
change.

b) The graph for the formation of CO2 is a 
straight line almost parallel to free energy 
axis.

c) Negative slope of CO shows that it becomes 
more stable with increase in temperature.

d) Positive slope of metal oxides shows that 
their stabilities decrease with increase in 
temperature. 

[Ans. (b) The graph for the formation of  
CO2 is a straight line almost parallel  

to free energy axis.]

ANswEr ThE FOLLOwINg 
QUEsTIONs

1. What are the difference between minerals 
and ores? [QY_2019; Sep-2020]

Ans. 
Minerals Ores

A naturally occurring 
substance obtained by 
mining which contain 
the metal in free state 
or in the form of 
compounds.

Ore contains a 
high percentage of 
metal, from which 
it can be extracted 
conveniently and 
economically.

All minerals are not 
ores

All ores are Minerals

It contains a low 
percentage of metal.

It contains a high 
percentage of metals

Ex : Mineral of Al 
is bauxite and china 
clay

Ex : Ore of Al is 
bauxite

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

Ans. The various steps involved in the extraction of 
pure metals from their ores are 
(i) concentration of the ore
(ii) extraction of crude metal
(iii) refining of crude metal

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

Ans.  (i) Quick lime acts as a Flux.
(ii) It combine with silica and get converted 

into Calcium silicate called as slag.

CaO SiO CaSiOs s s
Flux

( ) ( ) ( )+  →2 3
            Gangue                       Slag

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

Ans.  (i) Sulphide ores can be concentrated by froth 
floatation method. 

(ii) Ex : Lead sulphide galena (PbS) and zinc 
blende (ZnS).
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5. Describe a method for refining nickel.
Ans. Mond process for refining nickel : [PTA - 3]

(i) The impure metal is heated in a stream of 
carbon monoxide at around 350K. 

(ii) The nickel reacts with the CO to form a 
highly volatile nickel tetra carbonyl. 

(iii) The solid impurities are left behind.
Ni(s) + 4CO(g) 

350 K →  [Ni(CO)4](g)
(iv) On heating the nickel tetracarbonyl 

around 460K, the complex decomposes to 
give pure metal.
[Ni(CO4)](g) 

460 K →  Ni(s) + 4CO(g)

6. Explain zone refining process with an 
example. [PTA - 6; Mar-2020]

Ans.  (i) This method when is based on Fractional 
Crystallisation. The impure metal is melted 
are allowed to solidify, the impurities 
prefer to remain in the molten region.

(ii) The impure metal is taken in the form of 
a rod.

(iii) When the metal rod is heated with a heater 
the metal melts.

(iv) The heater is slowly moved from one end 
to the other end.

(v) The impurity dissolves in the molten zone.
(vi) When the heater moves, the molten zone 

also moves.
(vii) This process is repeated again and again to 

get pure metal.
(viii) The process is carried in an inert gas 

atmosphere to prevent oxidation of metal.
Example :
 Elements such as Germanium (Ge), Silicon 

(Si) and Galium (Ga) are refined using this 
process.

7.  Using the Ellingham diagram, 
(A) Predict the conditions under which
 (i)  Aluminium might be expected to 

reduce magnesia.
 (ii)  Magnesium could reduce 

alumina.
(B) It is possible to reduce Fe2O3 by coke at 

a temperature around 1200 K.
Ans. (A) (i)

 Ellingham diagram for the formation of 
Al2O3 and HgO intersects around 1600 K.

 Above this temperature aluminium lines 
lies below the magnesium line.

 Hence we can use aluminium to reduce 
magnesia above 1600 K.

(ii)
 In Ellingham diagram below 1600 K 

magnesium line lies below aluminium line.
 Hence, below 1600 K magnesium can 

reduce alumina.
(B) 
(i) In Ellingham diagram above 1000 K 

carbon line lies below the iron line.
(ii) Hence, it is possible to reduce Fe2O3 by 

coke at a temperature around 1200 K.

8. Give the uses of zinc. [PTA - 4]
Ans.  (i) Metallic zinc is used in galvanising metals 

such as iron and steel structures to protect 
them from rusting and corrosion.

(ii) Zinc is also used to produce die-castings 
in the automobile, electrical and hardware 
industries

(iii) Zinc oxide is used in the manufacture of 
many products such as paints, rubber, 
cosmetics, pharmaceuticals, plastics, inks, 
batteries, textiles and electrical equipment. 

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

(v) Brass an alloy of zinc is used in water 
valves and communication equipment as it 
is highly resistant to corrosion.

9. Explain the electrometallurgy of aluminium.
 [Govt.MQP_2019]

Ans. Hell - Herold Process :
Cathode  : Iron tank lined with carbon
Anode : Carbon blocks
Electrolytes :  20% solution of alumina obtained 

from bauxite + Molten cryolite 
+ Calcium chloride (lowers the 
malting point of the mixture)

Temperature : Above 1270 K
 Ionisaiton of alumina

Al2O3  →  2Al3+ + 3O2–

 Reaction at cathode
2Al3+ (melt) + 6e–  →  2Al(l)

 Reaction at anode
6O2– (melt)  →  3O2 + 12e–
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(i) Since carbon acts as anode the following 
reaction takes place.

C(s) + O2– (melt)  →  CO + 2e–

C(s) + 2O2– (melt)  →  CO2 + 4e–

(ii) During electrolysis anodes are slowly 
consumed due to the above two reactions.

(iii) Aluminium is formed at the cathode and 
settles at the bottom. 

(iv) Net electrolysis reaction is
 4Al3+ (melt) + 6O2– (melt) + 3C(s)  →  
 4Al(l) + 3CO2(g)

10. Explain the following terms with suitable 
examples. [PTA - 2; Sep-2020]
(i) Gangue  (ii) Slag

Ans.  (i) Gangue : The non-metallic impurities, 
rocky materials and siliceous matter, 
associated with the ore is called gangue.

  Example : SiO2 is the gangue present in 
the iron ore.

(ii) Slag : Slag is the fusible product formed 
when flux reacts with gangue during the 
extraction of metal.

  Example : 
CaO(s) + SiO2  →  CaSiO3

             Flux        Gangue                  (slag)

11. Give the basic requirement for vapour phase 
refining.

Ans.  (i) The metal should form a volatile compound 
when treated with a suitable reagent. 

(ii) 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.

 [QY_2019]
(iii) Iodine in the refining of Zirconium.  

 [QY_2019]
(iv) Sodium cyanide in froth floatation.

Ans.  (i)   Silica, is used as an acidic flux is used to 
remove slag during the process of roasting.

(ii) Lowers the melting point to 1173K and 
improves the electrical conductivity of the  
aluminium.

(iii) To form a volatile compound which on 
further heating decomposes to give pure 
Zn.

(iv) Sodium cyanide is used as an depressing 
agent in froth flotation. It prevents other 
metal sulphides coming to the froth.

  For Example, when impurities such as 
ZnS is present in galena (PbS), sodium 
cyanide (NaCN) is added to depresses 
the flotation property of ZnS by forming 
a layer of zinc complex Na2[Zn(CN)4] on 
the surface of zinc sulphide.

13. Explain the principle of electrolytic refining 
with an example. [HY_2019]

Ans.  (i) Electrolytic refining is carried out in an 
electrolytic cell. 

(ii) Anode        : Impure metal
 Cathode     : Thin strips of pure metal
 Electrolyte :  Aqueous solution of the salts 

of the metal.
(iii) The metal of interest dissolves from the 

anode, pass into the solution while the 
same amount of metal ions from the 
solution will be deposited at the cathode. 

(iv) During electrolysis, the less electropositive 
impurities in the anode, settle down at the 
bottom and are removed as anode mud.

(v) Electrolytic refining of silver as an example.
 Cathode : Pure silver
 Anode : Impure silver rods
  Electrolyte : Acidified aqueous solution of 

silver nitrate.
(vi) When a current is passed through the 

electrodes the following reactions will take 
place

 Reaction at anode
Ag(s)  →  Ag+

(aq) + 1e–

 Reaction at cathode
Ag+

(aq) + 1e–  →  Ag(s)

(vii) During electrolysis, at the anode the silver 
atoms lose electrons and enter the solution. 

(viii) The positively charged silver cations 
migrate towards the cathode and get 
discharged by gaining electrons and 
deposited on the cathode. 
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UNIT TEST
Time : 40 min Marks : 25

I. ChOOsE ThE COrrECT ANswEr (5 × 1 = 5)

1. The chemical name of Horn silver is _____.
a) Chlorargyrite b) Silver glance
c) Prousitite  d) Pyrargyrite

2. During the cyanide leaching of gold, the 
insoluble gangue formed is 
a) gold cyanide b) aluminosilicate
c) gold silicate  d) gold aluminosilicate

3. The metal oxide which cannot be reduced to 
metal by carbon is 
a) PbO b) Al2O3 c) ZnO d) FeO

4. Removal of unreacted oxide ore, other 
metals, non metals associated with isolated 
crude metal is called _______
a) leaching  b) bleaching
c) refining  d) liquation

5. Match the following Metal with their Melting 
points.

Metals Melting points
1 Lead a 545 K
2 Mercury b 904 K
3 Tin c 234 K
4 Bismuth d 600 K

1 2 3 4
(a) d c b a
(b) a b c d
(c) b c a d
(d) c b a d

II. shOrT ANswEr  (2 × 2 = 4)

1. Give the basic requirement for vapour phase 
refining.

2. What is the role of Silica in the extraction of 
copper.

III. ANswEr IN PArAgrAPh (2 × 3 = 6)

1. Out of coke and CO, which is better reducing 
agent for the reduction of ZnO? Why?

2. Is it possible to reduce Fe2O3 by coke at a 
temperature around 1200K?

IV. LONg ANswEr (2 × 5 = 10)

1. Give the limitations of Ellingham diagram.

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



Answer Key
I. 1. a) Chlorargyrite

 2. b) aluminosilicate
 3. b) Al2O3
 4. c) refining
 5. a) d c b a

II. 1. Refer Sura’s Guide Book Back, Q.No. 12.
 2. Refer Sura’s Guide Additional 2 Marks, Q.No. 17.

III. 1. Refer Sura’s Guide Book Back, Q.No. 5.
 2. Refer Sura’s Guide Book Back, Q.No. 8 (C).

IV. 1. Refer Sura’s Guide Book Back, Q.No. 16.
 2. Refer Sura’s Guide Book Back, Q.No. 17.
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CHAPTER SNAPSHOT

2.1  General trends in properties of  p-block 
elements

 2.1.1  Electronic configuration and 
oxidation state

 2.1.2 Metallic nature

 2.1.3 Ionisation Enthalpy

 2.1.4 Electronegativity

 2.1.5  Anomalous properties of  the 
first elements

 2.1.6 Inert pair effect

 2.1.7  Allotropism in p-block  
elements

2.2 Group 13 (Boron group) elements

 2.2.1 Occurrence

 2.2.2 Physical properties

 2.2.3  Chemical properties of  boron

 2.2.4 Borax [Na2B4O7.10H2O]

 2.2.5  Boric acid [H3BO3 or B(OH)3]

 2.2.6 Diborane

 2.2.7 Boron trifluoride

 2.2.8 Aluminium chloride

 2.2.9 Alums

2.3 Group 14 (Carbon group) elements

 2.3.1 Occurrence

 2.3.2 Physical properties

 2.3.3 Tendency for catenation

 2.3.4 Allotropes of  carbon

 2.3.5 Carbon monoxide [CO]

 2.3.6 Carbon dioxide

 2.3.7 Silicon tetrachloride

 2.3.8 Silcones

 2.3.9 Silicates

 2.3.10 Zeolites
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CONCEPT MAP

General trends in properties of p-block elements

Electronic configuration 
and oxidation state

Metallic 
nature

Ionisation 
Enthalpy

Electro
negativity

Inert pair 
effect

Anomalous 
properties Allotropism

BORAX

Borax 
Na2B4O7.10H2O

Boron Tri Flouride
BF3

Boric acid
H3BO3 

Diborane 
B2H6

Carbondioxide
CO2

Carbon
C

Carbon Monoxide
CO

Preparation, Properties, Structure and uses of the above compounds.

Preparation, Properties, Structure and uses.

FORMULAE TO REMEMBER

Borax : Na2B4O7.10H2O
Boric acid : H3BO3 or B(OH)3

Di Borane : B2H6

Boron Fluoride : BF3

Aluminium Chloride : AlCl3

Silicon tetrachloride : SiCl4

Silicones : R2SiO
Potash Alum : K2SO4.Al2(SO4)3. 24H2O
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Sodium Alum : Na2SO4.Al2(SO4)3.24H2O

Ammonium Alum : (NH4)2SO4.Al2(SO4)3.24H2O

Chrome Alum : K2SO4.Cr2(SO4)3.24H2O

Nickel Tetra Carbonyl : [Ni(CO)4]

Iron Penta Carbonyl : [Fe(CO)5]

Chromium Hexa Carbonyl : [Cr(CO)6]

Thortveitite : Sc2Si2O7

Spodumene : LiAl(SiO3)2

 MUST KNOW DEFINITIONS

Metallic Character : The tendency of an element to form a cation by loosing electrons is known as 
electropositive or metallic character.

Allotropism : Some elements exist in more than one crystalline or molecular forms in the 
same physical state. This property is called allotropism.

Hydroboration : Diborane adds on to alkenes and alkynes in ether solvent at room temperature. 
This reaction is called hydroboration.

Catenation : Catenation is an ability of an element to form chain of atoms. 
Silicates : The mineral which contains silicon and oxygen in tetrahedral [SiO4]

4– units 
linked together in different patterns are called silicates.

Zeolites : Zeolites are three dimensional crystalline solids containing aluminium, 
silicon, and oxygen in their regular three dimensional framework.

Inert pair effect : In heavier post-transition metals, the outer s electrons (ns) have a tendency to 
remain inert and show reluctance to take part in the bonding, which is known 
as inert pair effect.

EVALUATION
ChOOsE ThE COrrECT 
ANswEr

1. An aqueous solution of borax is
a) neutral   b) acidic 
c) basic   d) amphoteric  

 [Ans. (c) basic]
2. Boric acid is an acid because its molecule (NEET)

a) contains replaceable H+ ion
b) gives up a proton

c) combines with proton to form water 
molecule

d) accepts OH– from water, releasing proton.
 [Ans. (d) accepts OH– from  
 water, releasing proton]

3. Which among the following is not a borane?
a) B2H6   b) B3H6 
c) B4H10   d) none of these  

 [Ans. (b) B3H6]
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4. Which of the following metals has the largest 

abundance in the earth’s crust?
a) Aluminium  b) Calcium 
c) Magnesium  d) Sodium  

 [Ans. (a) Aluminium]

5. In diborane, the number of electrons that 
accounts for banana bonds is
a) six b) two c) four d) three  

 [Ans. (c) four]

6. The element that does not show catenation 
among the following p-block elements is
a) Carbon   b) silicon 
c) Lead   d) germanium  

 [Ans. (c) Lead]

7. Carbon atoms in fullerene with formula C60 
have
a) sp3 hybridised b) sp hybridised
c) sp2 hybridised 
d) partially sp2 and partially sp3 hybridised  

 [Ans. (c) sp2 hybridised]

8. Oxidation state of carbon in its hydrides
a) +4 b) –4 c) +3 d) +2  

 [Ans. (a) +4]
9. The basic structural unit of silicates is 

 (NEET) [PTA-1]
a) (SiO3)2−  b) (SiO4)2− 
c) (SiO)−   d) (SiO4)4−  

 [Ans. (d) (SiO4)4−]
10. The repeating unit in silicone is

a) SiO2   

b) Si

R

O

R

  c) Si

R

OOR  

d) Si

R

O O R 

 [Ans. (b) Si

R

O

R

 ]

11. Which of these is not a monomer for a high 
molecular mass silicone polymer?
a) Me3SiCl  b) PhSiCl3
c) MeSiCl3  d) Me2SiCl2  

 [Ans. (a) Me3SiCl]

12. Which of the following is not sp2 hybridised?
 [Aug-2021]

a) Graphite  b) graphene 
c) Fullerene  d) dry ice  

 [Ans. (d) dry ice]

13. The geometry at which carbon atom in 
diamond are bonded to each other is
a) Tetrahedral  b) hexagonal 
c) Octahedral  d) none of these  

 [Ans. (a) Tetrahedral]
14. Which of the following statements is not 

correct?
a) Beryl is a cyclic silicate
b) Mg2SiO4 is an orthosilicate
c) SiO4

4− is the basic structural unit of silicates
d) Feldspar is not aluminosilicate  

 [Ans. (d) Feldspar is not aluminosilicate]

15. Match items in column - I with the items of 
column – II and assign the correct code.

Column - I Column - II
A Borazole 1 B(OH)3
B Boric acid 2 B3N3H6
C Quartz 3 Na2[B4O5(OH)4] 8H2O
D Borax 4 SiO2

A B C D
(a) 2 1 4 3
(b) 1 2 4 3
(c) 1 2 3 4
(d) None of these [Ans. (a) 2,  1,  4,  3]

16. Duralumin is an alloy of
a) Cu, Mn   b) Cu, Al, Mg 
c) Al, Mn   d) Al, Cu, Mn, Mg  

 [Ans. (d) Al, Cu, Mn, Mg]

17. The compound that is used in nuclear reactors 
as protective shields and control rods is
a) Metal borides b) Metal oxides 
c) Metal carbonates d) Metal carbide  

 [Ans. (a) Metal borides]
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18. The stability of +1 oxidation state increases 

in the sequence [QY_2019]
a) Al < Ga < In < Tl b) Tl < In < Ga < Al
c) In < Tl < Ga < Al d) Ga< In < Al < Tl  

 [Ans. (a) Al < Ga < In < Tl]

ANswEr ThE FOLLOwINg 
QUEsTIONs

1. Write a short note on anamolous properties 
of the first element of p-block. 

 [Sep-2020;Aug-2021]
Ans. Anamolous properties of the first element of 

p-block : In p-block elements, the first member 
of each group differs from the other elements of 
the corresponding group. The following factors 
are responsible for this anomalous behaviour.
(i) Small size of the first member.
(ii) High ionisation enthalpy and high 

electronegativity.
(iii) Absence of d-orbitals in their valance shell.

2. Describe briefly allotropism in p- block 
elements with specific reference to carbon.

Ans. Allotropism in p- block elements : 
(i) Some elements exist in more than one 

crystalline or molecular forms in the same 
physical state. 

(ii) Carbon exists as diamond and graphite. 
This phenomenon is known as allotropism.

(iii) Other important allotropes of carbon are 
graphite, fullerenes, carbon nanotubes.

3. Give the uses of Borax. [HY_2019; Aug-2021]
Ans.  (i) Borax is used for the identification of 

coloured metal ions.
(ii) In the manufacture optical and borosilicate 

glass, enamels and glazes for pottery.
(iii) It is also used as a flux in metallurgy and 

also acts as a preservative.

4. What is catenation? Describe briefly the 
catenation property of carbon. [Sep-2020]

Ans.  (i) Catenation is an ability of an element to 
form chain of atoms. 

(ii) The following conditions are necessary for 
catenation.  [Mar-2020]
(a) The valency of element is greater than 

or equal to two, 
(b) Element should have an ability to 

bond with itself 
(c) The self bond must be as strong as its 

bond with other elements 
(d) Kinetic inertness of catenated 

compound towards other molecules.
(iii) Carbon possesses all the above properties 

and 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.  
 [PTA - 4]

Ans. Fischer Tropsch synthesis : 
The reaction of carbon monoxide with hydrogen 
at a pressure of less than 50 atm using metal 
catalysts at 500 - 700 K yields saturated and 
unsaturated hydrocarbons.

nCO + (2n+1)H2  →  CnH(2n+2) + nH2O

nCO + 2nH2  →  CnH2n + nH2O

6. Give the structure of CO and CO2.
Ans. Structure of CO : 

(i) It has a linear structure. 
(ii) Three electron pairs are shared between 

carbon and oxygen. 
(iii) C-O bond distance is 1.128Å. 
(iv) The structure can be considered as the 

resonance by hybrid of the following two 
canonical forms.

C OC CO O

Structure of CO2 : 
(i) It has a liner structure.
(ii) Equal bond distance for the both C-O 

bonds. 
(iii) There is one C-O sigma bond. 
(iv) In addition there is 3c-4e covering all the 

three atoms.

C O C O C OOO O
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UNIT TEST
Time : 40 min Marks : 25

I. ChOOsE ThE COrrECT ANswEr (5 × 1 = 5)

1. Silicones are _______.
a) Water repelling in nature
b) High in thermal stability
c) Both a & b
d) None of these

2. Which of the following oxide is amphoteric?
a) SiO2 b) CO2 c) SnO2 d) CaO

3. Boron compounds behave as lewis acid 
because of their _____
a) ionisation property  
b) acidic nature
c) covalent nature 
d) electron deficient nature

4. Formula for phosgene is ________
a) COCl2   b) CaOCl2
c) CaCO3   d) COCl

5. Assertion :  In diborane containing eight 
–B–H bonds only for B–H 
bonds are on the plane.

Reason :  Boron in B2H6 is sp2 
hybridised.

a) Both assertion and reason are true and the 
reason is the correct explanation of the 
assertion.

b) Both the assertion and reason are true but 
the reason is not the correct explanation of 
the assertion.

c) Assertion is true statement but reason is 
false.

d) Both assertion and reason are false 
statements.

II. shOrT ANswEr  (2 × 2 = 4)

1. What are the uses of silicon tetra chloride?
2. Write a note on Fisher tropsch synthesis.

III. ANswEr IN PArAgrAPh (2 × 3 = 6)

1. Draw the structure of carbon dioxide.

2. Describe the structure of graphite.

IV. LONg ANswEr (2 × 5 = 10)

1. Distinguish between diamond and graphite.

2. Describe the structure of fullerenes.



Answer Key
I. 1. b) High in thermal stability 
 2. c) SnO2
 3. d) electron deficient nature
 4. a) COCl2
 5. c)  Assertion is true statement but reason is 

false.

II. 1. Refer Sura’s Guide Add. 2 Marks, Q.No. 12.
 2. Refer Sura’s Guide BB Questions, Q.No. 6.

III. 1. Refer Sura’s Guide BB Questions, Q.No. 7.
 2. Refer Sura’s Guide Add. 3 Marks, Q.No. 9.

IV. 1. Refer Sura’s Guide Add. 5 Marks, Q.No. 3.
 2. Refer Sura’s Guide Add. 3 Marks, Q.No. 11.
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UNIT 
3

 
CHAPTER SNAPSHOT

3.1 Group 15 (Nitrogen group) elements

 3.1.1 Occurrence

 3.1.2 Physical properties

 3.1.3 Nitrogen

 3.1.4 Ammonia (NH3)

 3.1.5 Nitric acid

 3.1.6 Oxides and oxoacids of  

  nitrogen

 3.1.7 Allotropic forms of  
  phosphorus

 3.1.8 Properties of  phosphorus

 3.1.9  Phosphine (PH3)
 3.1.10  Phosphorous trichloride and 

pentachloride
 3.1.11  Structure of  oxides and oxoacids 

of  phosphorus

 Group 16 (Oxygen group) elements

3.2 Oxygen
 3.2.1  Allotrophic forms of  sulphur
 3.2.2  Sulphur dioxide
 3.2.3  Sulphuric acid: (H2SO4)

3.3 Group 17 (Halogen group) elements
 3.3.1  Chlorine
  Manufacture of  chlorine
 3.3.2  Hydrochloric acid
 3.3.3  Trends in physical and  

chemical properties of   
hydrogen halides

 3.3.4  Interhalogen compounds
 3.3.5 Oxides of  halogen
 3.3.6 Oxoacids of  halogens

3.4 Group 18 (Inert gases) elements
 3.4.1  Occurrence
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CONCEPT MAP
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5. Explain the bleaching action of Sulphur 

dioxide  [Aug-2021]
Ans.   Bleaching action of sulphur dioxide: In 

presence of water, sulphur dioxide bleaches 
coloured wool, silk, sponges and straw into 
colourless due to its reducing property.

 SO2 + 2H2O  H2SO4 + 2(H)

 X
Coloured

+2(H)   XH2
Colourless

   However, the bleached product (colourless) 
is allowed to stand in air, it is reoxidised by 
atmospheric oxygen to its original colour. 

Hence bleaching action of sulphur dioxide is 
temporary.

 Uses:

 1.  Sulphur dioxide is used in bleaching hair, 
silk, wool etc...

 2.  It can be used for disinfecting crops and 
plants in agriculture.

 Structure of sulphur dioxide:

  In sulphur dioxide, sulphur atom undergoes 
sp2 hybridisation. A double bond arises 
between S and O is due to pπ- dπ overlapping.

AddITIONAL QUEsTIONs ANd ANswErs

ChOOsE ThE COrrECT ANswEr 1 mArk

1. Which of the following is correct?
a) H3PO3 is dibasic and reducing 
b) H3PO3 is dibasic and non-reducing
c) H3PO4 is tribasic and reducing 
d) H3PO3 is tribasic and non-reducing
 [Ans. (a) H3PO3 is dibasic and reducing]

2. Which of the following halides of group 15 is 
not hydrolysed?
a) NF3   b) PF3 
c) NI3   d) Both (a) and (b)
 [Ans. (d) Both (a) and (b)]

3. Catenation property of group 15 elements 
follow the order
a) N < P < As < Sb < Bi
b) P >> N > As > Sb > Bi
c) P < N < As < Sb < Bi
d) N >> P > As > Sb > Bi
 [Ans. (b) P >> N > As > Sb > Bi]

4. Which is dibasic?
a) Orthophosphoric acid 
b) Pyrophosphoric acid
c) Orthophosphorus acid 
d) Hypophosphorus acid
 [Ans. (c) Orthophosphorus acid]

5. The hybridisation and shape of SF6 is 
respectively
a) sp3d2, square planar 
b) sp3d2, octahedral c) sp3d, see-saw 
d) sp3d, trigonal bipyramindal   

 [Ans. (b) sp3d2, octahedral]

6. Allotrope of sulphur which shows 
paramagnetic behaviour
a) S8 – Rhombic b) S8 – Monoclinic
c) S2 – In vapour phase
d) Not possible 
 [Ans. (c) S2 – In vapour phase]

7. S–S bond is present in
a) H2S2O7   b) H2SO5
c) H2S2O8   d) H2S2O6
 [Ans. (d) H2S2O6]

8. Pick the wrong one among the following
a) F2 – Yellow  b) Br2 – Red
c) Cl2 – Colourless d) I2 – Violet
 [Ans. (c) Cl2 – Colourless]

9. Hot concentrated H2SO4 is moderately 
strong oxidising agent which of the 
following reactions does not show oxidising 
behaviour?
a) Cu + 2H2SO4   →  CuSO4 + SO2  + 2H2O
b) 3S + 2H2SO4   →  3SO2 + 2H2O
c) C + 2H2SO4   →  CO2 + 2SO2  + 2H2O
d) CaF2 + H2SO4   →  CaSO4 + 2HF
 [Ans. (d) CaF2 + H2SO4 → CaSO4 + 2HF]

10. Oxalic acid on heating with conc. H2SO4 
gives
a) CO only  b) CO2 only
c) CO2 + H2O  d) CO + CO2 + H2O
 [Ans. (d) CO + CO2 + H2O]
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11. Which one of the following orders is not in 

accordance with the property stated against 
it? 
a) F2 > Cl2 > Br2 > I2 : Bond dissociation energy
b) HI > HBr > HCl > HF : Acidic property in 

water
c) F2 > Cl2 > Br2 > I2 : Oxidising power
d) F2 > Cl2 > Br2 > I2 : Electronegativity
 [Ans. (a) F2 > Cl2 > Br2 > I2 : Bond 

 dissociation energy]
12. Which among the following ion is not 

formed?
a) F3

– b) Cl3
– c) Br3

– d) I3
–

 [Ans. (a) F3
–]

FILL IN ThE bLANks :
1. Orthophosphorus acid on heating gives ____  

a) Hypophosphorus
b) Orthophosphoric acid
c) Phosphine gas 
d) both (b) and (c) [Ans. (d) both (b) and (c)]

2. The incorrect statement among the following 
is________
a) Reducing character of hydrides of group 15 

increases down the group
b) Basicity of hydrides of group 15 increases 

down the group 
c) NCl5 does not exist
d) Phosphorus and arsenic can form Pπ–dπ 

bond but not nitrogen 
 [Ans. (d) Phosphorus and arsenic can 
 form Pπ–dπ bond but not nitrogen]

3. The incorrect statement regarding structure 
of ozone is_________ 
a) Bond angle is less than 120°
b) It is linear
c) The two oxygen-oxygen bond length in 

ozone are identical
d) Both (b) and (c).  [Ans. (b) It is linear]

4. Maximum covalent character is shown by 
______
a) PCl3   b) NCl3
c) AsCl3   d) SbCl3
 [Ans. (b) NCl3]

5. Strong reducing behaviour of H3PO2 is due 
to _________
a) High oxidation state of phosphorus
b) High electro gain enthalpy of phosphorus
c) Presence of two–OH groups and one P–H 

bond 
d) Presence of one–OH groups and two P–H 

bonds
 [Ans. (d) Presence of one–OH groups and 

 two P–H bonds]

6. Repeated use of which one of the following 
fertilizers would increase the activity of the 
soil_________
a) Ammonium sulphate
b) Superphosphate of lime
c) Urea
d) Potassium nitrate
 [Ans. (a) Ammonium sulphate]

7. Which reaction is not feasible________
a) 2H2O + 2F2  →  4 HF + O2

b) 2KBr + I2  →  2KI + Br2

c) 2KBr + Cl2  →  2 KCl + Br2

d) 2KI + Br2  →  2KBr + I2

 [Ans. (b) 2KBr + I2 → 2KI + Br2]

8. Oxidation states of P in H4P2O5, H4P2O6, 
H4P2O7 are respectively _________ 
a) +3, +4, +5   b) +3, +5, +4
c) +5, +3, +4  d) +5, +4, +3
 [Ans. (a) +3, +4, +5]

9. The ionisation energy of Ga is higher than 
that of Al because of _________
a) more effective nuclear charge of Ga
b) smaller atomic size of Ga
c) larger size of Ga d) both (a) and (b)
 [Ans. (d) both (a) and (b)]

10. Helium is used in balloons in the place of 
hydrogen because it is _________
a) incombustible 
b) radioactive and detected easily
c) lighter than hydrogen
d) both (a) and (c) [Ans. (d) both (a) and (c)]
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AssErTION & rEAsON :

Direction : In each of the following questions a statement 
of assertion (A) is given and a corresponding statement 
of reason (R) is given just below it. Mark the correct 
statement as.
a) (A) and (R) are true and (R) is the correct explanation 

of (A)
b) Both (A) and (R) are true but (R) does not explain (A)
c) (A) is true but (R) is false
d) Both (A) and (R) are false

1. Assertion :  H2O is the only hydride of 
chalcogen family.

Reason  :  Acidic nature of hydrides of 
chalcogen family increases down 
the group.

 [Ans. (b) Both (A) and (R) are true but (R) 
does not explain (A)]

2. Assertion :  PF5 and IF5 have similar shapes.
Reason  : All the bond lengths are equal in 

PF5.
 [Ans. (d) Both assertion and reason are false]

3. Assertion :  Noble gases have highest 
ionization energies in their 
respective periods.

Reason  : The outermost sub-shell of noble 
gases in which electron enters is 
completely filled.

 [Ans. (a) (A) and (R) are true and (R) is the 
correct explanation of (A)]

4. Assertion :  The valency and oxidation 
number of sulphur in S8 
respectively are 2 and 0.

Reason  : S8 rhombic is the most stable 
allotropic form a sulphur.

 [Ans. (b) Both (A) and (R) are true but (R) 
does not explain (A)]

5. Assertion  :  Dissolution of concentrated 
H2SO4 in water is highly 
exothermic process.

Reason  :  Sulphuric acid is always diluted 
by adding acid to water slowly.

 [Ans. (b) Both (A) and (R) are true but (R) 
does not explain (A)]

6. Assertion : N2 is more stable than O2.
Reason  : Bond order of N2 is more than 

that of O2.
 [Ans. (a) (A) and (R) are true and (R) is the 

correct explanation of (A)]
COrrECT sTATEmENT (s):

1. Which of the following is correct?
a) In PF5, axial and equatorial bonds are 

interchanged known as pseudo rotation
b) In solid state PF5 remains covalent
c) PH5 cannot be obtained - because H is not 

sufficiently electronegative to make the 
d-orbitals contact sufficiently 

d) All the above [Ans. (d) All the above]
2. About "Ammonia"

I. Ammonia is formed by the hydrolysis of 
urea.

II. It is heavier than air.
III. It can readily liquefied by at about 

atmospheric pressure.
IV. Liquid ammonia resembles water in its 

physical properties.
a) I, III and IV only b) II, I, III and IV
c) II, I, IV and III d) I, II, III and IV
 [Ans. (a) I, III and IV only]

3. About "Nitric acid"
I. It is prepared in large scales by Ostwald's 

process.
II. It completely miscible with water 

forming a constant boiling mixture.
III. It boils at 56ºC.
a) I, II  only  b) I, II and III only
c) I and III  d) I,  III only
 [Ans. (a) I, II  only]

4. About "White phosphorus"
I. It's ignition temperature in very high.
II. It glows in the dark due to oxidation.
III. White phosphorus is poisonous in 

nature.
IV. It has pungent smell.
a) II and III only b) II and IV only
c) II, I, IV and III d) I, II, III and IV
 [Ans. (a) II and III only]
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5. I. Nitric acid is used in the preparation of 

aquaregia.
II. Salts of nitric acid are used in 

photography.
III. About 50% of earth atmosphere contains 

dinitrogen gas.
IV. CO2 is the principle gas of atmosphere.
a) I and II only b) III and IV only
c) III, II, IV and I d) I, II, III and IV
 [Ans. (a) I and II only]

6. I. When phosphine is heated with air, it 
burns to give meta phosphoric acid .

II. Nitrogen is used for the manufacture of 
ammonia.

III. Phosphine is weakly basic and forms 
phosphonium salts with acids.

IV. Phosphine forms coordination 
compound with Lewis base.

a) I and III only b) II and IV only
c) I, II and III only d) I, II, III and IV
 [Ans. (c) I, II and III only]

INCOrrECT sTATEmENT (s):

1. Ammonia
a) Forms ammonium salts when treated with 

acids.
b) Forms metal hydroxides when its reacts with 

metallic salts.
c) It is soluble in water.
d) Ammonia molecule is octahedral in shape
 [Ans. (d) Ammonia molecule is octahedral in 

 shape]

2. a) Ammonia molecule is pyramidal in shape 
b) Ammonia and water are linked by 

hydrogen bonds.
c) Nitric acid decomposes on exposure to 

sunlight.
d) Metal nitrate is formed with the release of 

nitrogen.
 [Ans. (d) Metal nitrate is formed with the 

 release of nitrogen]

3. a) Yellow phosphorus catches fire in air. 
b) Red phosphorus also reacts with oxygen 

on heating.

c) Phosphorus has a layer structure.
d) Only 2 atoms in phosphorus have 

polymeric structure.
 [Ans. (d) Only 2 atoms in phosphorus have 

 polymeric structure.]

4. About "Phosphine"
a) It is prepared by heating nitric acid. 
b) It reacts with halogen to give phosphorus 

penta halides.
c) It is a poisonous gas with rotten fish small.
d) It is used in Homles signal.
 [Ans. (a) It is prepared by heating  

nitric acid.]

5. Which among the following is mismatched 
regarding the shape?
a) XeF4  – square planar
b) XeOF4  – square pyramidal
c) XeF6  – Distorted octahedral
d) XeO3 – Bent T shape 

[Ans. (d) XeO3 – Bent T shape]

mATCh ThE FOLLOwINg :
1. 

1 XeF6 a Distorted Octahedral
2 XeO3 b Square planar
3 XeOF4 c Pyramidal
4 XeF4 d Square Pyramidal

1 2 3 4
(a) d a b c
(b) a c d b
(c) a b d c
(d) d c a d [Ans. (b) a c d b]

2. 

1 AX a Pentangonal bipyramidal
2 AX3 b Square pyramidal
3 AX5 c T shaped
4 AX7 d Linear

1 2 3 4
(a) c d a b
(b) b c d a
(c) b a 3 4
(d) d c b a [Ans. (d) d c b a]
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3.  

LIST - I LIST - II
1 Chlorine a Pungent 

smelling gas
2 Hydrogen Chlorate b  γ sulphur
3 Plastic sulphur c b sulphur
4 Monoclinic sulphur d Greenish yellow 

gas
 1 2 3 4

(a) d c a b
(b) d a b c
(c) d c b a
(d) a b d c [Ans. (b) d a b c]

4. 
LIST - I LIST - II

1 Sulphur dioxide a Prismatic 
sulphur

2 Monoclinic sulphur b  Plastic sulphur
3 Amorphous sulphur c a sulphur
4 Rhombic sulphur d Volcanic 

eruptions
 1 2 3 4

(a) b a c d
(b) a b d c
(c) d c b a
(d) d a b c [Ans. (d) d a b c]

5. 
LIST - I LIST - II

1 Sulphuric acid a Chile saltpetre
2 Sodium nitrate b  lead chamber 

process
3 Potassium nitrate c Ostwald's process
4 Nitric acid d Indian saltpetre

 1 2 3 4
(a) d a b c
(b) b a d c
(c) d c b a
(d) a d b c [Ans. (b) b a d c]

6. 
LIST - I LIST - II

1 Hyponitrous acid a HNO4
2 Nitrous acid b H2N2O2
3 Pernitrous acid c HNO2

4 Pernitric acid d HOONO

 1 2 3 4
(a) b c d a
(b) b a d c
(c) d c b a
(d) a d b c [Ans. (a) b c d a]

VErY shOrT ANswEr 2 mArks

1. How is nitrogen prepared from liquid air?
Ans.  (i) Nitrogen is separated industrially from 

liquid air by fractional distillation. 
(ii) Pure nitrogen gas can be obtained by the 

thermal decomposition of sodium azide 
about 575K.

2NaN3  →  2Na + 3N2
2. Give two uses of nitrogen.
Ans.  (i) Nitrogen is used for the manufacture 

of ammonia, nitric acid and calcium 
cyanamide etc.

(ii) Liquid nitrogen is used for producing low 
temperature required in cryosurgery and 
so in biological preservation.

3. How is ammonia prepared in the lab?
Ans. Ammonia is prepared in the laboratory by 

heating an ammonium salt with a base.
2NH4

+ + OH–  →  2NH3 + H2O
2NH4Cl + CaO  →  CaCl2 + 2NH3 + H2O.

4. Give two uses of nitric acid.
Ans.  (i) Nitric acid is used as a oxidising agent and 

in the preparation of aquaregia.
(ii) Salts of nitric acid are used in photography 

(AgNO3) and gun powder for firearms (NaNO3).
5. What is phosphoresence?
Ans. White Phosphorus glows in the dark due to 

oxidation which is called as phosphoresence.
6. What is the reaction of Phosphorus with alkali?
Ans. Yellow phosphorus reacts with alkali on boiling 

in an inert atmosphere liberating phosphine. 
Phosphorus acts as a reducing agent.
P NaOH+H O NaH PO PH2

Sodium hypo phosphite  Phosphine
4 2 2 33 3+  → + ↑↑

7. There is a huge difference between the melting 
and boiling points of oxygen and sulphur. Why?
 [HOTS]

Ans.  (i) Sulphur has great catenation property and 
forms large molecule (S6 or S8) having 
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high molecular weight, which results in 
higher melting point.

(ii) While oxygen exists as diatomic molecule 
of less molecular weight, hence has very 
low melting point.

8. Arrange the following as indicated below :
(i) F2, Cl2, Br2, I2 – increasing bond 

dissociation enthalpy.
(ii) HF, HCl, HBr, HI – increasing acidic 

strength.
Ans.  (i) I2 < F2 < Br2 < Cl2.

(ii) HF < HCl < HBr < HI.

9. How does nitrogen react with (i) calcium  
(ii) Boron.

Ans. 3
2 2

2 3 2

2

Ca N Ca N
B N BN

red

bright
+  →

+  →

 hot

 red hot

10. Illustrate the reducing property of ammonia 
with an example.

Ans. Reducing property : Ammonia acts as a 
reducing agent. It reduces the metal oxides to 
metal when passed over heated metallic oxide.

3PbO + 2NH3  →  3Pb + N2 + 3H2O

11. Pure concentrated nitric acid colourless, which 
becomes yellow on standing. Give reason.

Ans. Nitric acid decomposes on exposure to sunlight 
or on being heated, into nitrogen dioxide, water 
and oxygen.

4HNO3  →  4NO2 + 2H2O + O2
Due to this reaction pure acid becomes yellow 
on standing.

12. How will you convert
(i) White phosphorus to red phosphorus
(ii) Red phosphorus to white posphorus

Ans. (i) The white phosphorus can be changed into 
red phosphorus by heating it to 420 ⁰C.

(ii) The red phosphorus can be converted back 
into white phosphorus by boiling it in an 
inert atmosphere and condensing the vapour 
under water.

shOrT ANswEr 3 mArks

1. What is Haber's process? (or) How is 
ammonia synthesized by Haber's process?

Ans. Direct reaction of nitrogen with hydrogen 
gives ammonia. This reaction is favored by 

high pressures and at optimum temperature in 
presence of iron catalyst. 

 
1
2

3
2

22 2 3N H NH+ � ⇀�↽ ��
 DHf = –46.2 kJ mol–1

2. Explain the reaction of ammonia with 
chlorine and chlorides at different conditions.

Ans.  (i) Ammonia reacts with chlorine and 
chlorides to give ammonium chloride as a 
final product.

(ii) The reactions are different under different 
conditions as given below.

(iii) With excess ammonia
2 NH3 + 3 Cl2  →  N2 + 6 HCl
6 HCl + 6 NH3  →  6 NH4Cl

(iv) With excess of chlorine ammonia reacts 
to give nitrogen trichloride, an explosive 
substance.

 2NH3 + 6Cl2  →  2NCl3 + 6 HCl
 2NH3(g) + HCl(g)  →  NH4Cl(s)

3. Explain the commercial method of 
preparation of nitric acid. (or) How nitric 
acid is prepared by Ostwald's process.

Ans. Commercial method of preparation
(i) Nitric acid prepared in large scales 

using Ostwald's process. In this method 
ammonia from Haber’s process is mixed 
about 10 times of air.

(ii) This mixture is preheated and passed into 
the catalyst chamber where they come in 
contact with platinum gauze.

(iii) The temperature rises to about 1275 K and 
the metallic gauze brings about the rapid 
catalytic oxidation of ammonia resulting in 
the formation of NO, which then oxidised 
to nitrogen dioxide.

 4NH3 + 5O2  →   4NO + 6H2O + 120 kJ
 2NO + O2  →  2NO2
(iv) The nitrogen dioxide produced is passed 

through a series of adsorption towers. It 
reacts with water to give nitric acid. Nitric 
oxide formed is bleached by blowing air.

 3NO2 + H2O  →  2HNO3 + NO
4. Name a reaction for the estimation of Ozone.
Ans. O3 oxidises potassium iodide to iodine. This 

reaction is quantitative and can be used for 
estimation of ozone.

O3 + 2KI + H2O  →  2KOH + O2 + I2
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CONCEPT MAP

General trend in the properties of transition elements

Metallic behavior

Atomic & ionic size

Oxidation state

Catalytic properties

Magnetic properties

Standard electrode potential

Formation of alloys

Formation of complexes
Formation of interstitial compounds

F-Block elements
(Inner transition elements)

Lanthanoids
(Ce to Lu)

Actinoids
(Th to Lw)

Oxides & Oxoanion of Metals

K2Cr2O7

P.P., C.P. & uses

KMnO4

FORMULAE TO REMEMBER

Electronic configuration of d block elements : [Noble gas] (n–1) d1–10 ns1–2

Standard electrode potential : E
M

M
2

0
+





Spin only magnetic moment : µ µ= +( )n n 2  B

Equivalent Mass :
Molecular

No
 Mass

 of mols of electrons transferred.
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 MUST KNOW DEFINITIONS

Transition metals : IUPAC defines transition metal as an element whose atom has an 
incomplete d sub shell or which can give rise to cations with an incomplete 
'd' sub shell. 

Lanthanoid contraction : The atomic and ionic radii of lanthanoids show gradual decrease with 
increase in atomic number. This decrease in ionic size is called lanthanoid 
contraction.

Alloy : An alloy is formed by blending a metal with one or more other elements. 

Diamagnetic materials : Materials with no elementary magnetic dipoles are diamagnetic.

Paramagnetic materials : Paramagnetic solids having unpaired electrons possess magnetic dipoles 
which are isolated from one another.

Ferromagnetic materials : Ferromagnetic meterials have domain structure and in each domain the 
magnetic dipoles are arranged

Reducing agent : The substance which is oxdised is a reducing agent

Oxidising agent : The substance which is reduced is an oxidising agent.

Non-metal : A non-metal is a chemical element that mostly lacks the characteristics 
of metal

Metal : A solid material which is typically hard, shiny, malleable, fusible and 
ductile, with good electrical and thermal conductivity.

Actinoids : The fourteen elements following actinium, i.e. from Thorium (Th) to 
Lawrenctium (Lr) are called actinoids. It is previously called actinides.

Lanthanoids : Lanthanoid series consists of fourteen elements from Cerium (58Cr) to 
Lutetium (71Lu) following Lanthanum (57La).

Electronic Configuration : The electron configuration is the distribution of electrons of an atom or 
molecule.

Standard electrode 
potential

: Standard electrode potential is the value of the standard emf of a cell 
in which molecular hydrogen under standard pressure (1 atm) and 
temperature (273 K) is oxidised to solvated protons at the electrode.

Redox reaction : Redox reactions involve transfer of electrons from one reactant to another.
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EVALUATION
ChOOsE ThE COrrECT 
ANswEr

1. Sc (Z = 21) is a transition element but Zinc 
(Z = 30) is not because
a) both Sc3+ and Zn2+ ions are colourless and 

form white compounds.
b) in case of Sc, 3d orbital are partially filled 

but in Zn these are completely filled
c) last electron as assumed to be added to 4s 

level in case of zinc
d) both Sc and Zn do not exhibit variable 

oxidation states
[Ans. (b) in case of Sc, 3d orbital are partially 

filled but in Zn these are completely filled]

2. Which of the following d block element has 
half filled penultimate d sub shell as well as 
half filled valence sub shell?
a) Cr   b) Pd
c) Pt   d) none of these
 [Ans. (a) Cr]

3. Among the transition metals of 3d series, 
the one that has highest negative M

M
2+( )  

standard electrode potential is
a) Ti b) Cu c) Mn d) Zn
 [Ans. (a) Ti]

4. Which one of the following ions has the same 
number of unpaired electrons as present in 
V3+?
a) Ti3+ b) Fe3+ c) Ni2+ d) Cr3+

 [Ans. (c) Ni2+]

5. The magnetic moment of Mn2+ ion is
a) 5.92BM   b) 2.80BM
c) 8.95BM   d) 3.90BM
 [Ans. (a) 5.92BM]

6. The catalytic behaviour of transition metals 
and their compounds is ascribed mainly due to
a) their magnetic behaviour
b) their unfilled d orbitals

c) their ability to adopt variable oxidation states
d) their chemical reactivity
 [Ans. (c) their ability to adopt variable 

 oxidation states]
7. The correct order of increasing oxidizing 

power in the series
a) VO2

+ < Cr2O7
2– < MnO4

–

b) Cr2O7
2– < VO2

+ < MnO4
–

c) Cr2O7
2– < MnO4

– < VO2
+

d) MnO4
– < Cr2O7

2– < VO2
+

[Ans. (a) VO2
+ < Cr2O7

2– < MnO4
–]

8. In acid medium, potassium permanganate 
oxidizes oxalic acid to
a) oxalate   b) Carbon dioxide
c) acetate    d) acetic acid
 [Ans. (b) Carbon dioxide]

9. Which of the following statements is not true?
a) on passing H2S, through acidified K2Cr2O7 

solution, a milky colour is observed.
b) Na2Cr2O7 is preferred over K2Cr2O7 in 

volumetric analysis
c) K2Cr2O7 solution in acidic medium is 

orange in colour
d) K2Cr2O7 solution becomes yellow on 

increasing the PH beyond 7
 [Ans. (b) Na2Cr2O7 is preferred over K2Cr2O7 

 in volumetric analysis]
10. Permanganate ion changes to ________ in 

acidic medium
a) MnO4

2−  b) Mn2+

c) Mn3+    d) MnO2

 [Ans. (b) Mn2+]
11. How many moles of I2 are liberated when 

1 mole of potassium dichromate react with 
potassium iodide?
a) 1 b) 2 c) 3 d) 4
 [Ans. (c) 3]

12. The number of moles of acidified KMnO4 
required to oxidize 1 mole of ferrous 
oxalate(FeC2O4) is
a) 5 b) 3 c) 0.6 d) 1.5
 [Ans. (c) 0.6]
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13. Which one of the following statements 

related to lanthanons is incorrect?
a) Europium shows +2 oxidation state.
b) The basicity decreases as the ionic radius 

decreases from Pr to Lu.
c) All the lanthanons are much more reactive 

than aluminium.
d) Ce4+ solutions are widely used as oxidising 

agents in volumetric analysis.
 [Ans. (c) All the lanthanons are much more 

 reactive than aluminium.]
14. Which of the following lanthanoid ions is 

diamagnetic?
a) Eu2+ b) Yb2+ c) Ce2+ d) Sm2+

 [Ans. (b) Yb2+]
15. Which of the following oxidation states is 

most common among the lanthanoids?
a) +4 b) +2 c) +5 d) +3

 [Ans. (d) +3]
16. Assertion :  Ce4+ is used as an oxidizing 

agent in volumetric analysis.
Reason :  Ce4+ has the tendency of 

attaining +3 oxidation state.
 [QY_2019]

a) Both assertion and reason are true and 
reason is the correct explanation of assertion.

b) Both assertion and reason are true but reason 
is not the correct explanation of assertion.

c) Assertion is true but reason is false.
d) Both assertion and reason are false.
 [Ans. (a) Both assertion and reason are 

 true and reason is the correct 
 explanation of assertion.]

17. The most common oxidation state of 
actinoids is [PTA - 2]
a) +2 b) +3 c) +4 d) +6
 [Ans. (b) +3]

18. The actinoid elements which show the 
highest oxidation state of +7 are
a) Np, Pu, Am  b) U, Fm, Th
c) U, Th, Md  d) Es, No, Lr
 [Ans. (a) Np, Pu, Am]

19. Which one of the following is not correct?  
 [PTA - 6]
a) La(OH)3 is less basic than Lu(OH)3
b) In lanthanoid series ionic radius of Ln3+ ions 

decreases
c) La is actually an element of transition metal 

series rather than lanthanide series
d) Atomic radii of Zr and Hf are same because 

of lanthanide contraction
 [Ans. (a) La(OH)2 is less basic than Lu(OH)3]

ANswEr ThE FOLLOwINg 
QUEsTIONs

1. What are transition metals? Give four examples.
Ans. Transition metals are those element whose atom 

has an incomplete d sub shell or which can give 
rise to cations with an incomplete d sub shell. 
Ex : Fe, Cu, Ni and CO.

2. Explain the oxidation states of 4d series 
elements.

Ans.  (i) The oxidation states of 4d metals vary 
from +3 for Y to +8 for Ru.

(ii) The highest oxidation state of 4d elements 
are found in their compounds with higher 
electro negative elements like O, F and Cl.

Example : 
(i) RuO4
(ii) Generally or going down a group, the stability 

of the higher oxidation state increases while 
that of lower oxidation state decreases.

3. What are inner transition elements?
Ans.  (i) The elements in which the extra electron 

enters (n-2)f orbitals are called f- block 
elements.

(ii) These elements are also called as inner 
transition elements because they form 
a transition series within the transition 
elements.

(iii) In the inner transition elements there are 
two series of elements.

(a) Lanthanoids (Previously called 
lanthanides)

(b) Actinoids (Previously called actinides)
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4. Justify the position of lanthanides and 

actinides in the periodic table. [PTA - 1]
Ans.  (i) The actual position of Lanthanoids in the 

periodic table is at group number 3 and period 
number 6. However, in the sixth period after 
lanthanum, the electrons are preferentially 
filled in inner 4f sub shell and these fourteen 
elements following lanthanum show similar 
chemical properties. Therefore these elements 
are grouped together and placed at the bottom 
of the periodic table. This position can be 
justified as follows.
(a) Lanthanoids have general electronic 

configuration [Xe] 4f1−14 5d0−1 6s2

(b) The common oxidation state of 
lanthanoides is +3

(c) All these elements have similar 
physical and chemical properties.

(ii) Similarly the fourteen elements following 
actinium resemble in their physical and 
chemical properties.

(iii) Similar to lanthanoids, actinoids are also 
placed in a separate row at the bottom of 
the periodic table.

5. What are actinides? Give three examples.
Ans.  (i) The fourteen elements following actinium 

i.e., from Thorium (Th) to Lawrentium 
(Lr) are called actinoids. 

(ii) Similar to lanthanoids, they are placed at 
the bottom of the periodic table. Electronic 
configuration: (Rn) 5f2−14 6d0−2 7s2

Ex : Actinium (Ac)
 Thorium (Th)
 Uranium (U)

6. Describe the preparation of potassium 
dichromate. [PTA - 2]

Ans.  (i) Important Ore : 
  Chromite - Iron ore (or) Chromate ore
(ii) Concentration method : 
  The ore is concentrated by gravity separation.
(iii) Conversion of chromite iron ore into 

sodium chromate :
  The concentrated ore is mixed with excess 

sodium carbonate and lime and roaster in 
reverberate furnace.

4FeCr2O4 + 8Na2CO3 + 7O2 
900 1000- °¾ ®¾¾¾C

 8Na2CrO4 + 2Fe2O3 + 8CO2�
(Chromite-iron ore)                             (Sodium chromate)

                                                                                  (Yellow)
(iv) Conversion of sodium chromate to 

sodium dichromate :
  The yellow solution of sodium chromate 

is treated with Con. sulphuric acid which 
converts sodium chromate into sodium 
dichromate.

2 2 4 2 4 2 2 7 2 4 2Na CrO H SO Na Cr O Na SO H O
Sodium chromate

+  → + +
                        

                
Sodium dichromate

(Yellow)                           (Orange red)

(v) Conversion of sodium dichromate to 
potassium dichromate :

  The saturated solution of sodium 
dichromate treated with KCl to form 
potassium dichromate.

 

Na Cr O KCl K Cr O NaCl
Sodium

2 2 7 2 2 72 2+  → + 
 dichromate          ( )      (Potassium dichromate)

                                                          (Orange red)

7. What is lanthanide contraction and what are 
the effects of lanthanide contraction?  
 [PTA - 3]

Ans. As we move across 4f series, the atomic and ionic 
radii of lanthanoids show gradual decrease with 
increase in atomic number. This decrease in 
ionic size is called lanthanoid contraction.
Consequences of lanthanoid contraction:
1.  Basicity differences
 As we move from Ce3+ to Lu3+ , the basic 

character of Ln3+ ions decrease. Due to 
the decrease in the size of Ln3+ ions, the 
ionic character of Ln −OH bond decreases 
(covalent character increases) which 
results in the decrease in the basicity.

2.  Similarities among lanthanoids:
 Because of this very small change in radii 

of lanthanoids, their chemical properties 
are quite similar.

3.  The element of the second and third 
transitition series resemble each other 
more closely than the elements of the first 
and second transition series.
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8. Complete the following

a. MnO4
2– + H+ ¾ ®¾ ?

b. C6H5CH3 acidified
KMnO4

 → ?

c. MnO4
– + Fe2+ ¾ ®¾ ?

d. KMnO4 ∆ →Red hot ?
e. Cr2O7

2– +  I– + H+ ¾ ®¾ ?

f. Na2Cr2O7 + KCl ¾ ®¾ ?

Ans. a. 3MnO4
2– + 4H+ ¾ ®¾  

 2MnO4
– + MnO2 + 2H2O

b. C6H5CH3 + 2KMnO4 acidified
KMnO4

 →
� C6H5COOH + 2MnO2 + 2KOH

c. MnO4
– + 5Fe2+ + →8H  5Fe3+ +Mn2+ + 4H2O

d. 2KMnO4
∆ →Red hot K2MnO4 + MnO2 + O2

e. Cr2O7
2– + 6I– + 14H+ ¾ ®¾  

 2Cr3+ + 3I2 + 7H2O

f. Na2Cr2O7 + 2KCl ¾ ®¾  K2Cr2O7 + 2NaCl

9. What are interstitial compounds?  
 [PTA - 1; Sep-2020; Aug-2021]

Ans.  (i) An interstitial compound or alloy is a 
compound that is formed when small 
atoms like hydrogen, boron, carbon or 
nitrogen are trapped in the interstitial 
holes in a metal lattice. 

(ii) They are usually non-stoichiometric 
compounds. Transition metals form a 
number of interstitial compounds such as 
TiC, ZrH1.92 , Mn4N etc.

10. Calculate the number of unpaired electrons 
in Ti3+, Mn2+ and calculate the spin only 
magnetic moment. [PTA - 6; Aug-2021]

Ans. Atomic Number of Ti = 22
Electronic configuration of Ti3+ = [Ar]3d1 4s°
Number of unpaired electrons = 1.
Spin only magnetic moment μs = n n( )+ 2
  = 1 1 2( )+  = 3  = 1.732 BM

Atomic no. of Mn = 25
Electronic configuration of  Mn =
 1s2 2s2 2p6 3s2 3p6 3d5 4s2

Electronic configuration of Mn2+ = [Ar]3d5 4s°
Number of unpaired electrons = 5.
Spin only magnetic moment μs = n n( )+ 2

       =  5 5 2( )+
      = 5.92 BM.

11. Write the electronic configuration of Ce4+ 
and Co2+.

Ans. Ce4+ = 1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6 4d10 5s2 5p6

(or) [Xe]54 4f0 5d0 6s0

Co2+ = 1s2 2s2 2p6 3s2 3p6 3d7 
(or) [Ar] 3d7 4s°

12. Explain briefly how +2 states becomes more 
and more stable in the first half of the first 
row transition elements with increasing 
atomic number.

Ans.  (i) It can be easily observed that except Sc all 
other metals possess +2 oxidation state.

(ii) Also, on moving from Sc to Mn, the atomic 
number increases from 21 to 25.

(iii) This means the number of electrons in the 
3d - orbital also increases from 1 to 5.

 Sc+2 = d1

 Ti+2 = d2

 V+2 = d3

 Cr +2 = d4

 Mn+2 = d5

(iv) +2 Oxidation state is attained by the loss of 
the two 4s electrons by these metals.

(v) Since the number of d electrons in (+2) 
state also increases from Ti+2 to Mn+2 the 
stability of +2 state increases.

(vi) As a result d– orbital is becoming more 
and more half-filled which is highly stable,
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UNIT TEST
Time : 40 min Marks : 25

2. Give three uses of KMnO4.

3. What are actinides? Give three examples

IV. LONg ANswEr (2 × 5 = 10)

1. What is lanthanide contraction and what are 
the effects of lanthanide contraction?

2. Calculate the number of unpaired electrons 
in Ti3+ , Mn2+ and calculate the spin only 
magnetic moment.


Answer Key

I. 1. c) 3 
 2. a) VO2

+ < Cr2O7
2– < MnO4

–

3. d) brass
 4. a) BrO3

–, MnO2
 5. b) +3.

II. 1. Refer Sura’s Guide Book Back, Q.No. 4.
 2. Refer Sura’s Guide Book Back, Q.No. 6.

III. 1. Refer Sura’s Guide Book Back, Q.No. 10.
 2. Refer Sura’s Guide Additional 3 Marks, Q.No. 18.
 3. Refer Sura’s Guide Book Back, Q.No. 5.

IV. 1. Refer Sura’s Guide Book Back, Q.No. 9.
 2. Refer Sura’s Guide Book Back, Q.No. 12.



I. ChOOsE ThE COrrECT ANswEr (5 × 1 = 5)

1. How many moles of I2 are liberated when 1 
mole of K2Cr2O7 react with KI.
a) 1 b) 2 c) 3 d) 4

2. The correct order of increasing oxidizing 
power in the series
a) VO2

+ < Cr2O7
2– < MnO4

–

b) Cr2O7
2– < VO2

+ < MnO4
–

c) Cr2O7
2– < MnO4

– < VO2
+

d) MnO4
– < Cr2O7

2– < VO2
+

3. The alloy of copper that contain zinc is 
a) monel metal  b) bronzl
c) bell metal  d) brass

4. MnO4
– react with Br in alkaline PH to give 

a) BrO3
–, MnO2 b) Br2, MnO2–

c) Br2, MnO2  d) BrO–, MnO4
2–

5. The most common oxidation state of actinoids 
is 
a) +2 b) +3 c) +4  d) +6

II. shOrT ANswEr  (2 × 2 = 4)
1. Justify the position of lanthanides and 

actinides in the periodic table.
2. Why Gd3+ is colourless?

III. ANswEr IN shOrT (2 × 3 = 6)

1. a. MnO4
2– + H+ ¾ ®¾ ?

b. C6H5CH3 acidified
KMnO4

 →

c. Na2Cr2O+
7KCl ¾ ®¾ ?
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FORMULAE TO REMEMBER

Common name Formula IUPAC ligand name
Bromide Br- bromido
Chloride Cl- chlorido
Fluoride F- fluorido
Cyanide CN- cyanido
Hydroxide OH- hydroxido
Carbonate CO3

2- carbonato
Nitrate NO3

– nitrato
Nitrite NO2

– ←NO2
- ; nitrito-κN ;←ONO- ; nitrito-κO

Sulphate SO4
2– sulphato

Sulphide S2– sulphido
Oxalate (ox) C2O4

2– oxalato
Ethylenediamine (en) H2N NH2

ethane-1,2-diamine

Ethylenediaminetetraacetate
(EDTA)

-

-

-o o

o
oo

o N N

2, 2', 2'', 2'''-(ethane-1,2-
diyldinitrilo)tetraacetato

Triphenylphosphine P(Ph)3 triphenylphosphane

Pyridine (py) N pyridine

MUST KNOW DEFINITIONS

Co-ordination 
polyhedron

: The three dimensional spacial arrangement of ligand atoms/ions that are 
directly attached to the central atom is known as the coordination polyhedron.

Oxidation state : The oxidation state of a central atom in a coordination entity is defined 
as the charge it would bear if all the ligands were removed along with the 
electron pairs that were shared with the central atom.

Central atom/ion : The central atom/ion is the one that occupies the central position in a 
coordination entity and binds other atoms or groups of atoms (ligands) to 
itself, through a coordinate covalent bond.

Ligands : The ligands are the atoms or groups of atoms bound to the central atom/ion.
Isomerism in 
coordination 
compounds

: Isomerism is the phenomenon in which two more or coordination compounds 
having the same molecular formula have different physical and chemical 
properties due to different arrangement of ligands around the central metal 
atom.

Linkage isomers : This type of isomers arises when an ambidentate ligand is bonded to the 
central metal atom/ion through either of its two different donor atoms.
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PTA  mOdEL QUEsTIONs ANd ANswErs
ANswEr ThE QUEsTIONs 3 mArks

1. What will be the correct order for the wave 
lengths of absorption in the visible region 
and explain for the following. [PTA - 3]
[Ni(NO2)6]4–, [Ni(NH3)6]2+, [Ni(H2O)6]2+

Ans. [Ni(H2O)6]2+ > [Ni(NH3)6]2+ > [Ni(NO2)6]4–

The central metal ion in all the 3 compound is 
same. Hence absorption in the visible region 
depends on the CPSE values of ligands.

2. [Ti(H2O)6]3+ is coloured while [Sc(H2O)6]3+ 

is colourless. Explain. [PTA - 4]
Ans. [Ti(H2O)6]3+ has one unpaired electron for 

d-d transition and hence it is coloured. But 
[Sc(H2O)6]3+  does not have any unpaired 
electron to undergo transition hence it is 
colourless.

3. What are inert and labile complexes? [PTA - 4]
Ans. (i) In some cases, complexes can undergo 

rapid ligand substitution; such complexes 
are called labile complexes. 

(ii) However, some complexes undergo ligand 
substitution very slowly (or sometimes no 
substitution), such complexes are called 
inert complexes.

ANswEr ThE QUEsTIONs 5 mArks

1. What are the main assumptions of Valence 
Bond Theory? Explain. [PTA - 1]

Ans.  (i) The ligand → metal bond in a coordination 
complex is covalent in nature. It is formed 
by sharing of electrons (provided by the 
ligands) between the central metal atom 
and the ligand.

(ii) Each ligand should have at least one filled 
orbital containing a lone pair of electrons.

(iii) In order to accommodate the electron 
pairs donated by the ligands, the central 
metal ion present in a complex provides 
required number (coordination number) 
of vacant orbitals.

(iv) These vacant orbitals of central metal 
atom undergo hybridisation, the process 
of mixing of atomic orbitals of comparable 
energy to form equal number of new 
orbitals called hybridised orbitals with 
same energy.

ChOOsE ThE COrrECT ANswEr 1 mArk

1. Co-ordination number of Ni in [Ni(C2O4)3]4– 
is [PTA - 4]
a) 3 b) 6 c) 4 d) 2  

 [Ans. (b) 6]
2. Among the following complexes the one 

which shows zero crystal field stabilisation 
energy is [PTA - 6]
a) [Mn(H2O)3]3+ b) [Fe(H2O)6]3+

c) [CO(H2O)6]2+ d) [CO(H2O)6]3+  
 [Ans. (b) [Fe(H2O)6]

3+]

ANswEr ThE QUEsTIONs 2 mArks

1. [Fe(CN)6]4– and [Fe(H2O)6]2+ are of different 
colours in dilute solution. Why?  
 [PTA - 2]

Ans. (i) The color differs because the color of 
a particular co-ordination compound 
depends on the value of crystal field 
splitting energy.

(ii) CN– is a strong field ligand having a higher 
CFSE value compared to water.

(iii) Also the absorption of energy for the intra 
d-d transition differs. 

(iv) Hence the transmitted color differs.
2. In tetrahedral field, draw the figure to show 

spilitting of d-orbitals. [PTA - 6]
Ans. 

En
er

gy

     orbitals
in free ion
d

Average energy of
the d orbitals in a
sphercial crystal

Splitting of  d-orbitals
in an tetrahedral
cr

dxy, dyz, dxz

(dxy, dyz, dxz
dx2-y2 and dz2

t2

e

)

∆t
2
5

∆t
3
5

,

dx2-y2, dz2

∆ ∆t o
4
9= 

3. Write any two medicinal uses of   
co-ordination compounds. [PTA - 6]

Ans. Many complexes are used as medicines for the 
treatment of various diseases. For example,
(i) Ca-EDTA chelate, is used in the treatment 

of lead and radioactive poisoning. That is 
for removing lead and radioactive metal 
ions from the body.

(ii) Cis-platin is used as an antitumor drug in 
cancer treatment.
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(v) The vacant hybridised orbitals of the 

central metal ion, linearly overlap with 
filled orbitals of the ligands to form 
coordinate covalent sigma bonds between 
the metal and the ligand.

(vi) The hybridised orbitals are directional and 
their orientation in space gives a definite 
geometry to the complex ion.

(vii) In the octahedral complexes, if the (n-1) d 
orbitals are involved in hybridisation, then 
they are called inner orbital complexes 
or low spin complexes or spin paired 
complexes. If the nd orbitals are involved 
in hybridisation, then such complexes are 
called outer orbital or high spin or spin free 
complexes. Here n represents the principle 
quantum number of the outermost shell.

(viii) The complexes containing a central 
metal atom with unpaired electron(s) are 
paramagnetic. If all the electrons are paired, 
then the complexes will be diamagnetic.

(ix) Ligands such as CO, CN-, en, and NH3 
present in the complexes cause pairing 
of electrons present in the central metal 
atom. Such ligands are called strong field 
ligands.

(x) Greater the overlapping between the ligand 
orbitals and the hybridised metal orbital, 
greater is the bond strength.

2. What is stability constant? [PTA - 5]
Ans.  (i) The stability of a coordination complex is a 

measure of its resistance to the replacement 
of one ligand by another. 

(ii) The stability of a complex refers to the 
degree of association between two species 
involved in an equilibrium. 

(iii) Let us consider the following complex 
formation reaction

 Cu NH Cu NH3
2

3 4
24+ ++ � ⇀�↽ �� [ ( ) ]

 β=
+

+

[ ( ) ]
[ ][ ]
Cu NH
Cu NH

3 4
2

2
3

4

(iv) So, as the concentration of [Cu (NH3)4]2+ 
increases the value of stability complexes 
also increases. 

(v) Therefore the greater the value of stability 
constant greater is the stability of the 
complex.

3. For the complex [Fe(en)2Cl2] Cl2, identify
 [PTA - 6]
1) Oxidation number of Fe
2) Hybridisation and shape
3) Magnetic behavior
4) Number of geometric isomers
5) Whether there may be optical isomer 

also?
6) IUPAC name. 

Ans. 1) Oxidation number : 
 x + 2 × 0 + 2(–1) + 1(–1) = 0
 x = 2 + 1 = 3
2) Hybridisation : Sp3d2

 Shape : octahedral
3) Magnetic behavior : Paramagnetic due 

to presence of 3 unpaired electron.
4) Number of geometric isomers : 2 cis 

and trans isomers.
5) Whether there may be optical isomer 

also, yes, cis isomer will also show optical 
isomerism.

6) IUPAC name : Dichloro bis (ethylene 
diamine) iron III chloride.
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MUST KNOW DEFINITIONS

Lowry – Bronsted 
Theory

: According to Lowry – Bronsted concept, an acid is defined as a substance 
that has a tendency to donate a proton to another substance and base is a 
substance that has a tendency to accept a proton form other substance. In 
other words, an acid is a proton donor and a base is a proton acceptor.

Lewis concept : According to Lewis concept, an acid is a species that accepts an electron pair 
while base is a species that donates an electron pair.

Ionisation of water : The ionic product of water at 25°C is
Kw = [H3O]+ [OH–]
Kw = (1 × 10–7) (1 × 10–7)
      = 1 × 10–14

pH scale : pH of a solution is defined as the negative logarithm of base 10 of the molar 
concentration of the hydronium ions present in the solution.

   pH = – log10 [H3O+]

pOH = – log10 [OH–]

pH + pOH = 14
Degree of 
dissociation

: Degree of dissociation (α) is the fraction of the total number of moles of a 
substance that dissociates at equilibrium.

α = Number
total

 of moles dissociated
 number of moles

Ostwald’s dilution 
law

: k C
a =

−
α

α

2

1
 is known as Ostwald’s dilution law.

α =
k
C

a

Common ion effect : The dissociation of a weak acid (CH3COOH) is suppressed in the presence 
of a salt (CH3COONa) containing an ion common to the weak electrolyte. It 
is called the common ion effect.

Buffer : Buffer is a solution which consists of a mixture of a weak acid and its 
conjugate base (or) a weak base and its conjugate acid.

Buffer action : This buffer solution resists drastic changes in its pH upon addition of a small 
quantities of acids (or) bases, and this ability is called buffer action.

Acidic buffer 
solution

: A solution containing a weak acid and its salt.
Example : solution containing acetic acid and sodium acetate

Basic buffer solution : A solution containing a weak base and its salt.
Example : Solution containing NH4OH and NH4Cl
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Buffer index : Buffer index, β , as a quantitative measure of the buffer capacity. It is defined 
as the number of gram equivalents of acid or base added to 1 litre of the 
buffer solution to change its pH by unity.

β = ( )
dB

d pH

Henderson – 
Hasselbalch equation

:
 

   ⇒ = + [ ]
[ ]

pH pK salt
acida log

pOH pK salt
basea= + [ ]

[ ]
log

Neutralization : When an acid reacts with a base, a salt and water are formed and the reaction 
is called neutralization.

Hydrolysis of Salt 
of strong base and 
weak acid

: pH pK Ca= + +7 1
2

1
2

log

Hydrolysis of salt of 
strong acid and weak 
base

: pH = 7
1
2

1
2

− −pK Cb log .

Hydrolysis of Salt of 
weak acid and weak 
base

: pH pK pKa b= + −7 1
2

1
2

Solubility product : The solubility product of a compound is defined as the product of the 
molar concentration of the constituent ions, each raised to the power of its 
stoichiometric co – efficient in a balanced equilibrium equation.

Common ion effect : The reduction of the degree of dissociation of a salt by the addition of a 
common ion.

Kw- Ionic product of 
water

: Kw=[H+] [OH-]
Kw= 1 × 10-14 mol2dm-6

pH value : It is defined as the negative of the base - 10 logarithm (log) of the H+ 

concentration.

pH = log[H ]+−

pH + pOH = 14

Buffer solution : This is one, which maintains its pH fairly constant even upon the addition of 
small amounts of acid (or) base.

Henderson equation : pH = pK + log [Salt]
[Acid]a

  ; pOH = pK + log [Salt]
[base]b
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EVALUATION
ChOOsE ThE 
COrrECT ANswEr

1. Concentration of the Ag+ ions in a saturated 
solution of Ag2C2O4 is 2.24 × 10–4 mol L–1 
solubility product of Ag2C2O4 is  
 (NEET – 2017)
a) 2.42 × 10–8 mol3L–3 
b) 2.66 × 10–12 mol3L–3

c) 4.5 × 10–11 mol3L–3 
d) 5.619 × 10–12 mol3L–3

 [Ans. (d) 5.619 × 10–12 mol3L–3]

2. Following solutions were prepared by 
mixing different volumes of NAOH of HCL 
different concentrations. (NEET – 2018)

i. 60 mL 
M
10

 HCl + 40mL 
M
10

 NaOH 

ii. 55 mL 
M
10

 HCl + 45 mL  
M
10

 NaOH

iii. 75 mL 
M
5

 HCl + 25mL  
M
5

 NaOH 

iv. 100 mL 
M
10

 HCl + 100 mL  
M
10

 NaOH

pH of which one of them will be equal to 1?
a) iv b) i c) ii d) iii
 [Ans. (d) iii]

3. The solubility of BaSO4 in water is  
2.42 × 10–3gL–1 at 298K. The value of its 
solubility product (Ksp) will be. (Given 
molar mass of BaSO4 = 233g mol–1)  
 (NEET -2018)
a) 1.08 × 10–14mol2L–2 
b) 1.08 × 10–12 mol2L–2 
c) 1.08 × 10–10 mol2L–2  
d) 1.08 × 10–8 mol2L–2 
 [Ans. (c) 1.08 × 10–10 mol2L–2]

4. pH of a saturated solution of Ca(OH)2 is 9. 
The Solubility product (Ksp) of Ca(OH)2
a) 0.5 × 10–15  b) 0.25 × 10–10

c) 0.125 × 10–15 d) 0.5 × 10–10

 [Ans. (a) 0.5 × 10–15]

5. Conjugate base for bronsted acids H2O and 
HF are [Sep-2020]
a) OH– and H2FH+, respectively 
b) H3O+ and F–, respectively
c) OH– and F–, respectively 
d) H3O+ and H2F+, respectively
 [Ans. (c) OH– and F–, respectively]

6. Which will make basic buffer?
a) 50 mL of 0.1M NaOH +25mL of 0.1M  

CH3COOH
b) 100 mL of 0.1M CH3COOH + 100 mL of 

0.1M NH4OH
c) 100 mL of 0.1M HCl + 200 mL of 0.1M  

NH4OH
d) 100 mL of 0.1M HCl + 100 mL of 0.1M 

NaOH
 [Ans. (c) 100 mL of 0.1M HCl + 

 200 mL of 0.1M NH4OH]

7. Which of the following fluoro – compounds 
is most likely to behave as a Lewis base?  
 (NEET – 2016)
a) BF3 b) PF3 C) CF4 d) SiF4
 [Ans. (b) PF3]

8. Which of these is not likely to act as lewis 
base? [Govt.MQP_2019]
a) BF3 b) PF3 C) CO d) F–

 [Ans. (a) BF3]

9. The aqueous solutions of sodium formate, 
anilinium chloride and potassium cyanide 
are respectively [Mar-2020]
a) acidic, acidic, basic 
b) basic, acidic, basic
c) basic, neutral, basic 
d) none of these [Ans. (b) basic, acidic, basic]
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10. The percentage of pyridine (C5H5N) that 

forms pyridinium ion (C5H5NH) in a 0.10M 
aqueous pyridine solution  
(Kb for C5H5N = 1.7 ×10–9) is
a) 0.006%   b) 0.013% 
c) 0.77%   d) 1.6%  

 [Ans. (b) 0.013%]

11. Equal volumes of three acid solutions of pH 
1,2 and 3 are mixed in a vessel. What will be 
the H+ ion concentration in the mixture?
a) 3.7 × 10–2  b) 10–6 
c) 0.111   d) none of these  

 [Ans. (a) 3.7 × 10–2]

12. The solubility of AgCl (s) with solubility 
product 1.6 × 10–10 in 0.1M NaCl solution 
would be
a) 1.26 × 10–5 M b) 1.6 × 10–9 M 
c) 1.6 ×10–11 M d) Zero  

 [Ans. (b) 1.6 × 10–9 M]

13. If the solubility product of lead iodide is  
3.2 × 10–8, its solubility will be [PTA - 1]
a) 2 × 10–3 M  b) 4 × 10–4 M 
c) 1.6 × 10–5 M d) 1.8 ×10–5 M  

 [Ans. (a) 2 × 10–3 M]

14. MY and NY3, are insoluble salts and have 
the same Ksp values of 6.2 ×10–13 at room  
temperature. Which statement would be 
true with regard to MY and NY3?
a) The salts MY and NY3 are more soluble in 

0.5M KY than in pure water
b) The addition of the salt of KY to the 

suspension of MY and NY3 will have no 
effect on their solubility’s

c) The molar solubilities of MY and NY3 in 
water are identical

d) The molar solubility of MY in water is less 
than that of NY3

 [Ans. (d) The molar solubility of MY in  
water is less than that of NY3]

15. What is the pH of the resulting solution 
when equal volumes of 0.1M NaOH and 
0.01M HCl are mixed?
a) 2.0 b) 3 c) 7.0 d) 12.65  

 [Ans. (d) 12.65]

16. The dissociation constant of a weak acid is 
1×10–3. In order to prepare a buffer solution 

with a pH = 4, the Acid
Salt

[ ]
[ ]  ratio should 

be
a) 4:3 b) 3:4 c) 10:1 d) 1:10  

 [Ans. (d) 1:10]

17. The pH of 10–5 M KOH solution will be
a) 9   b) 5 
c) 19   d) none of these  

 [Ans. (a) 9]

18. H2PO4
– the conjugate base of

a) PO4
3−   b) P2O5 

c) H3PO4   d) HPO4
2−

 [Ans. (c) H3PO4]

19. Which of the following can act as Lowry – 
Bronsted acid well as base?
a) HCl b) SO4

2− c) HPO4
2− d) Br–

 [Ans. (c) HPO4
2−]

20. The pH of an aqueous solution is Zero. The 
solution is  [Aug-2021]
a) slightly acidic b) strongly acidic
c) neutral   d) basic  

 [Ans. (b) strongly acidic]

21. The hydrogen ion concentration of a buffer 
solution consisting of a weak acid and its 
salts is given by

a) H
K acid

salt
a+[ ] = [ ]
[ ]  b) [H+] = Ka [salt]

c) [H+] = Ka [acid] d) H
K salt

acid
a+[ ] = [ ]

[ ]

 [Ans. (a) H
K acid

salt
a+ = ]

22. Which of the following relation is correct for 
degree of hydrolysis of ammonium acetate?

a) h
K
C

h=   b) h
K
K

a

b
=

c) h K
K K

w

a b
=

.  d) h K K
K
a b

w
= .

 [Ans. (c) h K
K K

w

a b
=

.
]
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23. Dissociation constant of NH4OH is   

1.8 × 10–5  the hydrolysis constant of NH4Cl  
would be
a) 1.8 × 10–19   b) 5.55 × 10–10 
c) 5.55 × 10–5  d) 1.80 × 10–5

 [Ans. (b) 5.55 × 10–10]

ANswEr ThE 
FOLLOwINg QUEsTIONs

1. What are Lewis acids and bases? Give two 
example for each. [Mar-2020]

Ans. Lewis acid - A Lewis acid is a positive ion (or) 
an electron deficient molecule which accepts an 
electron pair.
Eg : BF3, AlCl3, BeF2.
Lewis Base - A Lewis base is a anion (or) neutral 
molecule with at least one lone pair of electrons 
that can donate an electron pair.
Eg : NH3, R-NH2, F–, Cl–.

2. Discuss the Lowry – Bronsted concept of 
acids and bases.

Ans. Lowry – Bronsted Theory (Proton Theory) : 
According to Lowry – Bronsted concept, an acid 
is defined as a substance that has a tendency to 
donate a proton to another substance and base 
is a substance that has a tendency to accept a 
proton form other substance. In other words, 
an acid is a proton donor and a base is a proton 
acceptor.
When hydrogen chloride is dissolved in water, it 
donates a proton to the later. Thus, HCl behaves 
as an acid and H2O is base. The proton transfer 
from the acid to base can be represented as

HCl H O H O Cl+ ++ −
2 3� ⇀�↽ ��

When ammonia is dissolved in water, it accepts a 
proton from water. In this case, ammonia (NH3) 
acts as a base and H2O is acid. The reaction is 
represented as

H O NH NH OH2 3 4+ ++ −� ⇀�↽ ��

Let us consider the reverse reaction in the 
following equilibrium

HCl H O
Proton donar

(acid) Proton acceptor
(base)          

+ 2 � ⇀��↽ �� H O Cl3
+ −+

Proton donar
(acid)

Proton acceptor
              (base)

H3O+ donates a proton to Cl– to form HCl i.e., 
the products also behave as acid and base.
In general, Lowry – Bronsted (acid – base) 
reaction is represented as

Acid Base Acid Base1 2 2 1+ +� ⇀�↽ ��

The species that remains after the donation 
of a proton is a base (Base1) and is called the 
conjugate base of the Bronsted acid (Acid1). In 
other words, chemical species that differ only by 
a proton are called conjugate acid – base pairs.

3. Identify the conjugate acid base pair for the 
following reaction in aqueous solution.

i) HS–
(aq) + HF � ⇀�↽ ��  F–

(aq) + H2S(aq)

ii) HPO4
2– + SO3

2–  � ⇀�↽ ��  PO4
3– + HSO3

– 
iii) NH4

+ + CO3
2– � ⇀�↽ ��  NH3 + HCO3

– 

Ans.  (i) HS–
(aq) + HF � ⇀�↽ ��  F–

(aq) + H2S(aq)
Base Acid Conjugate

Base
Conjugate

Acid

(ii) HPO4
2– + SO3

2–  � ⇀�↽ ��  PO4
3– + HSO3

– 
BaseAcid Conjugate

Base
Conjugate

Acid

(iii) NH4
+ + CO3

2– � ⇀�↽ ��  NH3 + HCO3
–

BaseAcid Conjugate
Base

Conjugate
Acid

4. Account for the acidic nature of HClO4. In 
terms of Bronsted – Lowry theory, identify 
its conjugate base.

Ans.  (i) The acidic character of oxy  acid of chlorine 
increases with increase in oxidation number 
of halogen atom. The oxidation number 
of chlorine in HClO4 (per chloric acid) is 
7. Increase in oxidation number weakens 
the O – H bond strength and increases the 
acidity. Therefore HClO4 is a strong acid.

(ii) According to Bronsted - Lowry theory, 
removal of hydrogen ion or a proton from 
an acid is its conjugate base.

(iii) So the conjugate base of HClO4 is ClO4
–1.
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5. When aqueous ammonia is added to CuSO4 

solution, the solution turns deep blue due 
to the formation of tetramminecopper (II) 
complex, [Cu(H O) ]2 4 (aq)

2+  + 4NH3(aq)  � ⇀�↽ ��  

[Cu(NH ) ]3 4 (aq)
2+ , among H2O and NH3 Which 

is stronger Lewis base.
Ans. In a complex ion, the metal ion has greater 

tendency to accept electrons and acts as Lewis 
acid and the ligand capable of donating electrons 
acts as a Lewis base.

Cu H O NH Cu NH
aq aq aq2 4
2

3 3 4
2

4( )éë ùû + ( )éë ùû
+ +

 � ⇀�↽ ��

In the above reaction, ammonia replaces water 
molecules to form the tetrammine complex, so 
NH3 is a stronger base than H2O.

6. The concentration of hydroxide ion in a 
water sample is found to be 2.5 × 10–6 M. 
Identify the nature of the solution.

Ans.  [OH–] = 2.5 × 10–6 M
 pOH = –log [OH–]
  = –log (2.5 × 10–6)
 pOH = 5.6021
pH + pOH = 14
 pH = 14 – 5.6021 = 8.3979
The solution is basic.

7. A lab assistant prepared a solution by adding 
a calculated quantity of HCl gas 25°C to get 
a solution with [H3O+] = 4 × 10–5 M. Is the 
solution neutral (or) acidic (or) basic.

Ans.  [H3O+] = 4 × 10–5 M
 pH = –log [H3O+]
  = –log (4 × 10–5)
 pH = 4.398
The solution is acidic.

8. Calculate the pH of 0.04 M HNO3 Solution.
Ans. Concentration of HNO3  =  0.04 M

 [H3 O+ ] = 0.04 mol dm
 pH = –log[H3 O+]
  = –log(0.04)
  = –log(4 × 10–2 )
  = 2 – log4 = 2 – 0.6021
  = 1.3979 
  =  1.40

9. Define solubility product. [PTA - 1; HY. 2019]
Ans. The solubility product of a compound is defined 

as the product of the molar concentration of 
the constituent ions, each raised to the power 
of its stoichiometric co – efficient in a balanced 
equilibrium equation.

10. Define ionic product of water. Give its value 
at room temperature. [PTA - 5; Sep-2020]

Ans. Ionic product of water (kw) is given by the 
product of concentration of hydronium (H3O+) 
and hydroxide (OH–) ion–.

2 2 3

3

2
2

H O H O OH

k
H O OH

H O
eq

� ⇀�↽ �� + −

+ −

+

=
 [ ]

[ ]
Since water is a solvent and is taken in excess, 
change in concentration due to dissociation is 
negligible.
\ Keq = [H2O]2 = [H3O+] [OH–] = kW
At 298 k (25°C) kw = 1 × 10–14 mol2 dm–6.

11. Explain common ion effect with an example.
 [PTA - 4]

Ans. The dissociation of a weak acid (CH3COOH) is 
suppressed in the presence of a salt (CH3COONa) 
containing an ion common to the weak 
electrolyte. It is called the common ion effect.
Eg : Acetic acid is a weak acid. It is not completely 
dissociated in aqueous solution and hence the 
following equilibrium exists.

CH COOH H CH COOaq aq aq3 3( ) ( ) ( )� ⇀�↽ �� + -+

However, the added salt, sodium acetate, 
completely dissociates to produce Na+ and 
CH3COO– ion.

CH3COONa(aq)  →  Na+
(aq) + CH3COO–

(aq) 

Hence, the overall concentration of CH3COO–  is 
increased, and the acid dissociation equilibrium 
is disturbed. According to Le chatelier's 
principle, the excess CH3COO– ions combines 
with H+ ions to produce much more unionized 
CH3COOH i.e, the equilibrium will shift 
towards the left. In other words, the dissociation 
of CH3COOH is suppressed.
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AddITIONAL QUEsTIONs ANd ANswErs
ChOOsE ThE COrrECT ANswEr 1 MArk

1. Which one among the following in the 
strongest Bronsted base
a) ClO4

–  b) ClO3
–  c) ClO2

–  d) ClO– 
 [Ans. (d) ClO–]

2. Which of the following is not a Lewis acid?
a) SiCl4  b) AlCl3 c) SO3 d) CO
 [Ans. (d) CO]

3. Pick the strongest conjugate base among the 
following
a) Cl–   b) NO2

– 
c) SO4

2–   d) CH3COO–

 [Ans. (d) CH3COO–]
4. Pick the odd one out

a) Cl– b) CaO c) SO2 d) CH3
–

 [Ans. (c) SO2]

5. Analyses the equilibrium
HClO H O H O ClO4 2 3 4+ ++ −� ⇀�↽ ��

and choose the correct statement.
a) H3O+ is the conjugate base of H2O  
b) ClO4

– is the conjugate base of HClO4
c) H2O is the conjugate acid of H3O+

d) HClO4 is the conjugate acid of H3O+

 [Ans. (b) ClO4
– is the conjugate base of HClO4]

6. Pick out the incorrect statement regarding 
Lewis acids and bases.
a) A Lewis acid is a electron deficient molecule
b) Lewis bases is one which donates an electron 

pair
c) Lewis base is a cation
d) Both (a) and (c)
 [Ans. (c) Lewis base is a cation]

7. With regard to the strength of acids and 
bases, Find the incorrect statement among 
the following.
a) Strong acid is one that completely dissociates 

in water
b) Ka is the dissociation constant
c) CH3COOH is a weak acid
d) Smaller the Ka value, greater is the acid 

strength [Ans. (d) Smaller the Ka value, 
 greater  is the acid strength]

8. Kw represents
a) ionic product constant of water
b) Solubility product of water
c) Equilibrium constant of water
d) Buffer index
 [Ans. (a) ionic product constant of water]

9. HCl is a strong acid since
a) It can be easily oxidised
b) It can be easily ionised
c) It dissociates completely to give H+ ions in 

solution
d) Both (a) and (b)
 [Ans. (c) It dissociates completely to  

give H+ ions in solution]

10. The conjugate base of NH2
– is 

a) NH– b) NH3 c) NH3
+  d) NH2–

 [Ans. (d) NH2–]

11. Ionic product of water increases when
a) Pressure decreases 
b) H+ ions are added 
c) OH– ions are added 
d) temperature increases
 [Ans. (d) temperature increases]

12. For two acids A and B, Ka values at 25°C are 
2 × 106 and 1.8 × 10–4 respectively. which 
among the following is true with respect to 
the above data.
a) A and B are equally acidic
b) A is stronger than B
c) B is stronger than A
d) Ka value is not a measure of acid strength
 [Ans. (b) A is stronger than B]

13. An aqueous solution with pH value zero is
a) acidic   b) basic
c) amphoteric  d) neutral
 [Ans. (a) acidic]

14. Which among the following has the highest 
pH?
a) 1 M NH4 OH b) 1 M HCl
c) 1 M NaOH  d) 0.1 M NaOH
 [Ans. (c) 1 M NaOH]
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15. The pH of pure water at 25°C is 

a) 0 b) 1 c) 7 d) 14
 [Ans. (c) 7]

16. The relationship between degree of 
dissociation of a weak acid and its 
dissociation constant in a very dilute 
solution is

a) Ka = a2C  b) K C
a =

+( )
α

α

2

1

c) K
Ca =

−( )
α
α

2

1
 d) K

Ca =
−( )

α
α1

 [Ans. (a) Ka = a2C]
17. Degree of dissociation a is 

a) α =
K
C

a   b) α = C
Ka

2

c) α =
K
C

a   d) α = C
Ka

 [Ans. (c) α =
K
C

a ]

18. Addition of sodium chloride to a saturated 
solution of silver chloride
a) dissociation of AgCl increases
b) concentration of Cl– decreases
c) dissociation of AgCl– decreases
d) concentration of Ag+ increases
 [Ans. (c) dissociation of AgCl– decreases]

19. pH of buffer depends upon concentration of
a) acid (H+)   
b) Conjugate base (OH–)
c) Salt
d) Both (a) and (b)
 [Ans. (d) Both (a) and (b)]

20. An example of basic buffer is 
a) NH4OH and NH4Cl
b) NH4OH and NaOH
c) NaOH and NH4Cl
d) NaOH and KOH
 [Ans. (a) NH4OH and NH4Cl]

21. The buffer present in human blood is 
a) CH3COOH + CH3COONa
b) NH4OH + NH4Cl
c) H2CO3 + HCO3

–

d) Both (a) and (b) [Ans. (c) H2CO3 + HCO3
–]

22. Buffer index is 

a) β = dB
pKa

  b) β = ( )
dB

d pH

c) β = dB
pH

  d) β = dB
pOH

 [Ans. (b) β = ( )
dB

d pH
]

23. X Y
O

mX nYm n aq
n

aq
m

H
 (s)

2� ⇀����↽ ����� ( ) ( )
+ -+    

solubility prouct Ksp is
a) [Xn+]m [Ym–]n b) [Xn+] [Ym–]
c) [Xn+]m / [Ym–]n d) [Xn+] / [Ym–]
 [Ans. (a) [Xn+]m [Ym–]n]

24. The condition for a compound to be 
precipitated is
a) Ionic product = solubility product
b) Ionic product < solubility product
c) Ionic product > solubility product
d) Ionic product ≤ solubility product
 [Ans. (c) Ionic product > solubility product]

25. Which among the following is incorrect 
regarding acids?
a) It produces H+ ions in aqueous solution
b) It can donate a proton to another substance
c) It can accept a proton from another substance
d) It accepts a pair of electrons.
 [Ans. (c) It can accept a proton  

from another substance]

26. The pH of a solution containing 0.1 N NaOH 
solution is
a) 1 b) 10–1 c) 13 d) 10–13

 [Ans. (c) 13]

27. Degree if dissociation is nearly equal to 1 for 
a) Strong acids and strong bases
b) Strong acids and weak bases
c) Weak acids and strong bases
d) Weak acids and weak bases
 [Ans. (a) Strong acids and strong bases]
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28. When sodium acetate is added to acetic acid, 

the degree of ionisation of acetic acid
a) increases  b) decreases 
c) dose not change d) becomes zero
 [Ans. (b) decreases]

29. NH4OH is a weak base because
a) it has low vapour pressure
b) it is only partially ionised
c) it is completely ionised
d) it has low density
 [Ans. (b) it is only partially ionised]

30. Which one of the following formula 
represents Ostwald’s dilution law for a 
binary whose degree of dissociation is a and 
concentration C. 

a) K =
1 C− α

α
( )  b) K = C

1 a

2α
−

c) K =
1 a C

2

−
α

( )  d)  K = C
1 c

2α
− α( )

 [Ans. (b) K = C
1 a

2α
−

]

31. Which one of the following relationship is 
correct?

a) pH = 1
H+ 

 b) pH = log H10
+ 

c) log pH = H10
+   d) pH = log 1

H10 + 
 

 [Ans. (d) pH = log 1
H10 + 

]

32. Ostwald’s dilution law is applicable in the 
case of the solution of
a) CH3COOH  b) NaCI
c) NaOH   d) H2SO4
 [Ans. (a) CH3COOH]

33. When 10–6 mole of a monobasic strong acid 
is dissolved in one litre of solvent, the pH of 
the solution is
a) 6   b) 7 
c) less than 6  d) more than 7
 [Ans. (a) 6]

34. When pH of a solution is 2, the hydrogen ion 
concentration in moles litre–1 is
a) 1 × 10–12  b) 1 × 10–2

c) 1 × 10–7  d)  1 × 10–4

 [Ans. (b) 1 × 10–2]

35. A solution which is resistant to changes of 
pH on addition of small amounts of an acid 
or a base is known as 
a) buffer solution b) true solution
c) isohydric solution  d) ideal solution 
 [Ans. (a) buffer solution]

36. The hydrogen ion concentration of a buffer 
solution consisting of a weak  acid and its 
salt is given by

a) H = K
Acid
Salt

+
a 

[ ]
[ ]  b) H = K Salt+

a  [ ]

c) H = K Acid+
a  [ ]  d) H = K

Salt
Acid

+
a 

[ ]
[ ]  

 [Ans. (a) H = K
Acid
Salt

+
a 

[ ]
[ ] ]

37. pH of 0.05M H2SO4 is
a) 1 b) 2.6990 c) 1.3010 d) 1.6990
 [Ans. (a) 1]

38. Henderson equation for a weak acid and its 
salt is  
a) pH= pKb+log (Salt) / (Acid)
b) pH = pKa + log (Salt) / (Acid) 
c) pH = pKa +log (Salt) / (Base)
d) pH = pKa + log (Acid) / (Salt)
 [Ans. (b) pH = pKa + log (Salt) / (Acid)]

39. Which one of the following is correct?
a) pH = H+  b) pH = –log10 H+

c) pH = log10 H+ d) pH = 2log10 H+

 [Ans. (b) pH = –log10 H+]

40. The degree of hydrolysis of 0.1 M solution 
of ammonium acetate is 8.48 × 10–5. The 
dissociation constant of the weak base is
a) 1.39 × 10–4  b) 1.39 × 10–5

c) 1.45 × 10–10  d) 1.45 × 10–9

 [Ans. (b) 1.39 × 10–5]
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A B C D
(a) (iv) (ii) (i) (iii)
(b) (iii) (i) (iv) (ii)
(c) (iii) (ii) (iv) (i)
(d) (ii) (iv) (i) (iii)

II. VErY shOrT ANswEr  (2 × 2 = 4)

1. Define pH.
2. What are the two types of buffer? Give an 

example for each.

III. shOrT ANswEr (2 × 3 = 6)

1. What is Henderson equation?
2. 50ml of 0.05M HNO3 is added to 50ml of 

0.025M KOH. Calculate the pH of the resultant 
solution.

IV. LONg ANswEr (2 × 5 = 10)

1. Derive Henderson – Hasselbalch equation.
2. Derive an expression for Ostwald’s dilution 

law.

Answer Key
I. 1. (b) 1.6 × 10–9 M 
 2. (d) 5.619 × 10–12 mol3L–3

 3. (i)  (A) and (R) are correct and (R)   
explains (A)

 4. (a) H
K acid

salt
a+[ ] = [ ]
[ ]

 5. (b) (iii), (i), (iv), (ii)

II. 1. Refer Sura’s Guide Book back Q.No. 13.
 2. Refer Sura’s Guide PTA 5 marks Q.No. 1.

III. 1. Refer Sura’s Guide Additional 3 marks Q.No. 4.
 2. Refer Sura’s Guide  Book back Q.No. 15.

IV. 1. Refer Sura’s Guide Govt. QP 5 marks Q.No. 1.
 2. Refer Sura’s Guide  Book back Q.No. 12.

UNIT TEST
Time : 40 min Marks : 25

I. ChOOsE ThE COrrECT ANswEr (5 × 1 = 5)
1. The solubility of AgCl (s) with solubility 

product 1.6 × 10–10 in 0.1M NaCl solution 
would be
a) 1.26 × 10–5 M b) 1.6 × 10–9 M 
c) 1.6 ×10–11 M d) Zero 

2. Concentration of the Ag+ ions in a saturated 
solution of Ag2C2O4 is 2.24 × 10–4 mol L–1 
solubility product of Ag2C2O4 is
a) 2.42 × 10–8 mol3L–3 
b) 2.66 × 10–12 mol3L–3

c) 4.5 × 10–11 mol3L–3 
d) 5.619 × 10–12 mol3L–3

3. Assertion :  The dissociation of acetic acid 
decreases on addition of sodium 
acetate.

Reason  :  It is due to common ion effect
i) (A) and (R) are correct and (R) explains (A)
ii) (A) and (R) are correct but (R) does not 

explain (A)
iii) (A) is correct but (R) is wrong
iv) Both (A) and (R) are false.

4. The hydrogen ion concentration of a buffer 
solution consisting of a weak acid and its 
salts is given by

a) H
K acid

salt
a+[ ] = [ ]
[ ]  b) [H+] = Ka [salt]

c) [H+] = Ka [acid] d) H
K salt

acid
a+[ ] = [ ]

[ ]
5. Match the list – I with list – II and select the 

correct answer using the code given below 
the list:

LIST - I LIST - II
A Conjugate acid of NH3 i) NH2

–

B Conjugate base of NH3 ii) SO4
2–

C Conjugate acid of HSO4
– iii) NH4

+

D Conjugate base of HSO4
– iv) H2SO4
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GOVT. SUPPLEMENTARY EXAM. August - 2021
PART - III 

CHEMISTRY
(with Answers)

Instructions : 
 (1) Check the question paper for  fairness of 

printing. If there is any lack of fairness, 
inform the Hall Supervisor Immediately.

 (2) Use Blue or Black ink to write and underline 
and pencil to draw diagrams

PART - I

Note : (i)  Answer all the questions. [15 × 1 = 15]
  (ii)  Choose the most appropriate answer from 

the given four alternatives and write the 
option code and the corresponding answer.

1. The crystal with a metal deficiency defect is :
(a) ZnO  (b) NaC1
(c) KC1  (d) FeO

2. The pyrimidine bases present in DNA are :
(a) Cytosine and Thiamine
(b) Cytosine and Adenine
(c) Cytosine and Uracil 
(d) Cytosine and Guanine

3. The pH of an aqueous solution is zero. The 
solution is :
(a) Neutral  (b) Slightly acidic
(c) Basic  (d) Strongly acidic

4. On reacting with neutral Ferric chloride, Phenol 
gives :
(a) Dark green Colour
(b) Red Colour
(c) No colouration
(d) violet colour

5. HC=CH  
H2SO4

HgSO4
X

Product 'X' will not give:

(a) Iodoform test
(b) Tollen's test
(c) Fehling solution test
(d) Victor Meyer test

6. CH3-CHO+CO 
Rh/Ir complex

 ?
(a) Poly propylene
(b) Butan-1-al 
(c) Acetic acid
(d) Acetate 

7. The number of electrons that have a total Charge 
of 9650 Coulombs is:
(a) 6.022×1022

(b) 6.22×1023

(c) 6.022×10_34

(d) 6.022×1024

8. Match the following :
(1) Emulsion (i) Whipped Cream
(2) Gel  (ii) Ink
(3) Foam  (iii) Cream
(4) Sol  (iv) Butter 
(a) (1) - (iv),- (2) - (iii), (3) - (ii), (4) - (i)
(b) (1) - (iii),- (2) - (i), (3) - (ii), (4) - (iv)
(c) (1) - (ii),- (2) - (i), (3) - (iv), (4) - (iii)
(d) (1) - (iii),- (2) - (iv), (3) - (i), (4) - (ii)

9. Among the following graphs showing 
variation of rate constant with temperature 
(T) for a reaction, the exhibits  Arrhenius 
behaviour over the entire temperature range is : 

             In k

1 T

      (a)             (b)   
log k

1 T

(c)  In k

1 T

 (d) both (b) and (c)

527
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10. Which one of the following compounds is not 
formed :
(a) XeF2   (b) XeOF4

(c) NeF2   (d) XeO3
11. The phenomenon observed when a beam of 

light is passed through a colloidal solution is :
(a) Coagulation 
(b) Cataphoresis
(c) Tyndall effect 
(d) Electrophoresis

12. In K4[Fe(CN)6], the co-ordination number of 
Fe2+ is _______.
(a) 4   (b) 2
(c) 3   (d) 6

13. The following set of reactions are used in refining 
Zirconium. This methods is called as_______:

Zr(impure)+2I2  
523 K  ZrI4

ZrI4 
1800 K

 Zr(pure)+2I2
(a) Zone refining
(b) Liquation
(c) Mond's process
(d) Van Arkel process

14. Which of the following is not sp2 hybridise:
(a) Fullerene  (b) Graphite
(c) Diamond  (d) Graphene

15. IUPAC name for the amine H2N-CH2-(CH2)4-
CH2-NH2

 (a) Heptane-1, 7-diamine 

(b) Hexamethylene diamine
(c) Hexane-1, 6-amine
(d) Hexane-1, 6-diamine 

PART - II
Note :  Answer any six questions. Question 
 No. 24 is compulsory. 6 × 2 = 12
16. Give the uses of Borax.
17. why 'd' block elements exhibit variable oxidation 

state?
18. Define unit cell.

19. State Ostwald's dilution law.
20. Define equivalent conductance.
21. Mention any two factors that affect electrolytic 

conductance.
22. What is meant by Electro Osmosis?
23. Write a short note on peptide bond?
24. From the following reaction, identify A and B

Sn/HCI

6[H]

Zn/NH4CI
4[H] B

A

CH3-NO2

PART - III
Note :  Answer any six questions. Question No. 33 is 

Compulsory. 6 × 3 = 18
25. What is meant by term "Coordination Number"? 

What is the Coordination Number of atoms in 
bcc structure?

26. What are interhalogen compounds ? Give two 
examples.

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

28. Mention the factors responsible for the 
anomalous behaviour of the first element of 
p-block.

29. State Faraday's laws of electrolysis.
30. How are the following conversions effected?

 (i)  ethylene glycol  →  acetaldehyde
 (ii) glycerol  →  acrolein

31. Give the tests for carboxylic acid group.
32. Give any three differences between DNA and 

RNA.
33.  Classify the following into covalent, molecular, 

ionic and metallic solids
 (i) Diamond
 (ii) Brass
 (iii) Nac1
 (iv) Naphthalene
 (v) Glucose
 (vi) SiO2
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