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INTEXT QUESTIONS 

Q.1. Why solids are rigid? 

Ans. Solids are rigid due to involvement of strong intermolecular force. 

Q.2. Why do solids have a definite volume? 

Ans. Solids are rigid and incompressible, hence they have definite volume. 

Q.3. Classify the following as amorphous or crystalline solids: polyurethane, naphthalene, benzoic acid, 

Teflon, potassium nitrate, cellophane, polyvinyl chloride, fibre glass, copper. 

Ans. Polyurethane, Teflon, cellophane, polyvinyl chloride, fibre glass are amorphous and all other solids are 

crystalline. 

Q.4. Why is glass considered a supercooled liquid? 

Ans. Like liquid, amorphous solids have a tendency to flow but very slowly. Glass being an amorphous solid 

is sometimes called pseudo solid or supercolled liquid. 

Q.5. Refractive index of a solid is observed to have same value along all directions. Comment on the nature of 

this solid. Would it show the cleavage property? 

Ans. Amorphous solids are isotropic hence they have same value of refractive index in all directions. These 

solids do not show the cleavage property. When cut with sharp knife or blade, they cut into two pieces 

with irregular surfaces. 

Q.6. Classify the following solids in different categories based on the nature of intermolecular forces 

operating in them: 

 Potassium sulphate, tin benzene, urea ammonia, water, zinc sulphate, graphite, rubidium, argon, silicon 

carbide. 

Ans. Compound   Intermolecular Force 

 Potassium sulphate  Electrostatic or coulombic 

 Zinc sulphate   Electrostatic or coulombic 

 Tin, Rb    Metallic bonding 

 Benzene, Argon  London dispersion force 

 Ammonia, water  Hydrogen bonding 

 Urea    Dipole-dipole interaction 

 Graphite, Silicon carbide Covalent bonding (network) 

Q.7. Solid A is very hard, electrical insulator in solid as well as in molten state and melts at extremely high 

temperature. What type of solids is it? 

Ans. Covalent or network solids like quartz (SiO2), diamond (Cn), aluminium nitride (AlN) are hard and have 

very high melting points. These solids are insulators in a solid as well as in molten state. 

Q.8. Ionic solids conduct electricity in molten state but not in solid state. Explain. 

Ans. Ionic solids are bad conductors in solid state because ions are not free in solid state. However, in molten 

state, the ions become free to conduct electric current. 

Q.9. What type of solids are electrical conductors, malleable and ductile? 

Ans. Metallic solids are good conductors in solid state as well as in molten state. Metallic solids are hard but 

malleable and ductile. 

Q.10. Give the significance of “lattice point”. 
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Ans. A regular three dimensional arrangement of points in space is called crystal lattice. Each point in 

lattice is called lattice point or lattice site. Each lattice point represents one constituent unit (atom, 

molecule or ion). 

Q.11. Name the parameters that characterise a unit cell. 

Ans. Unit cell is characterised by axial distance (or edge lengths) and by axial angles. 

 For example: In a cubic system: 

   a = b = c,  
o90  

Q.12. Distinguish between: 

 (i) Hexagonal and monoclinic unit cells 

 (ii) Face-centred and end-centred unit cell. 

Ans. (i) Hexagonal unit cell: 

   a b c   

   
o o90 , 120   

 Monoclinic unit cell: 

   abc,  
o o90 , 90   

 (ii) In a face-centred unit cell, all the corners and centre of all the six faces are occupied by the 

constituent units. However, in an end-centred unit cell, corners and centre of any two opposite faces are 

occupied. 

Q.13. Explain how much portion of an atom located at (i) corners and (ii) body centre of a cubic unit cell is part 

of its neighbouring unit cell. 

Ans. (i) Constituent unit at corners are common among 8 unit cells hence contribute 7/8 portion to the 

neighbouring unit cells. 

 (ii) Constituent unit at body centre is present in the single unit cell, hence contribute no portion of it to 

the neighbouring unit cell. 

Q.14. What is the two dimensional coordination number of a molecule in a square closed packed layer? 

Ans. 4. 

  

X

2

Square Close Packed Layer

(Coordination 
4)3

4

1
number in 2D=

 

Q.15. A compound forms a hexagonal close-packed structure. What is the total number of voids in 0.5 mol of it? 

How many of these are tetrahedral voids? 

Ans. Number of constituent units in packing 

     =
230.5 6.023 10   

 Number of octahedral voids  = 
230.5 6.023 10   

 Number of tetrahedral voids =
232 0.5 6.023 10    

 Total number of voids  =
231.5 6.023 10   

Q.16. A compound is formed by two elements M and N. The element N forms ccp and atoms of M occupy 1/3rd of 

tetrahedral voids. What is the formula of the compound? 
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Ans. Let number of atoms of N, present in packing is equal to ‘x’. 

 Number of tetrahedral voids = 2x 

 Number of atoms of M 
1 22x x
3 3

    

    
2M:N x:x
3

 = 2 : 3 

 Formula of compound = M2 N3 

Q.17. Which of the following lattices has the highest packing efficiency? 

 (a) Simple cubic  (b) Body-centred cubic  (c) Hexagonal close packed lattice 

Ans. Simple cubic: 52.33% occupied space 

 Body-centred cubic: 67.98% occupied space. 

 Hexagonal close packed lattice = 74..01% occupied space. 

 Thus, hexagonal packed lattice has the highest packing efficiency. 

Q.18. An element with molar mass 2.7×10―2 kg mol―1- forms a cubic unit cell with edge length 405 pm. If its 

density is 2.7×103 kg m―3, what is the nature of the unit cell? 

Ans. We know, 

   
3

Aa N
Z

M


       …(i) 

 Where a = 405 pm = 405 × 10―10 cm 

   
3 32.7 10 kgm   

   
32.7gcm  

   
2 1M 2.7 10 kgmol    

   27g/mol  

   
23

AN 6.023 10   

 Putting these values in eqn., we get 

   
10 3 23(405 10 ) 2.7 6.023 10Z

27

   
 = 4 

 The element has fcc (ccp) unit cell. 

Q.19. What type of defect can arise when a solid is heated? Which physical property is affected by it and in whar 

way? 

Ans. Vacancy defect is created when a solid is heated. This defect reduces the density is solid. e.g., Metal excess 

defect of NaCl is obtained when NaCl is heated in the atmosphere of sodium vapour . The solid (NaCl) 

contains anionic vacancy with an electron, which develops yellow colour in it. 

Q.20. What type of stoichiometric defect is shown by:  

 (i) ZnS   (ii) AgBr? 

Ans. (i) ZnS shows Frenkel defect. 

 (ii) AgBr shows both Frenkel and Schottky defect. 

Q.21. Explain how vacancies are introduced in an ionic solid when a cation of higher valence is added as an 

impurity in it. 
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Ans. When a cation of higher valency is added then two or more cations of lower valency are replaced to 

maintain electrical neutrality, thus some cation vacanices are produced, e.g., when CdCl2 is added to 

AgCl, cation vacancies are created because two Ag+ ions are replaced by a Cd2+ ion. 

Q.22. Ionic solids which have anionic vacancy due to metal excess defect, develop colour . Explain with the help 

of a suitable example. 

Ans. When NaCl is heated in the atmosphere of sodium vapour, sodium atoms are deposited on the surface of 

solid. the Cl― ions diffuse to the surface of solid and combine with sodium atoms to form NaCl. 

   Na Na e    

   Na Cl NaCl    

 The electrons released, diffuse into the solid and occupy the anionic vacancy. The anionic vacancies 

occupied by electrons are called F-centers (Farbenzenter); F-centre is responsible for colour. NaCl with 

metal excess defect show light yellow colour. 

Q.23. A group 14 element is to be converted into n-type semiconductor by doping it with a suitable impurity. To 

which group should this impurity belong? 

Ans. n-Type semiconductors are obtained by doping of a higher group impurity . Hence, to convert group 14 

element to n-type semiconductor, it should be doped with a group 15 element. 

Q.24. What type of substances would make better permanent magnets. Ferromagnetic or ferrimagnetic. Justify 

your answer. 

Ans. Ferromagnetic materials would make better permanent magnets than ferrimagnetic materials because 

in ferromagnetic solids, the magnetic moments of unpaired electrons spontaneously align themselves in 

same direction. However, in ferrimagnetic solids the magnetic moments of the domains are aligned in 

parallel and antiparallel direction in unequal numbers. 

 

EXERCISE 

1. Define the term ‘amorphous’ Give a few example of amorphous solids. 

Ans.  Amorphous solids: The term ‘amorphous’ has been derived from a Greek word ‘Omorphe’ meaning 

shapeless. In amorphous solids the arrangement of building constituents is not regular but haphazard . 

Although these solids possess some of the mechanical properties such as rigidly, incompressibility, 

refractive index, etc., but they do not have characteristic shapes or geometrical forms. Amorphous solids 

in many respects resemble liquids which flow very slowly at room temperature and are regarded as 

supercooled liquids in which the cohesive forces holding the molecules together are so great that the 

material is rigid but there is no regularity of the structure. Glass, rubber, plastic, etc., are some of the 

examples of amorphous solids. 

2. What makes glass different from a solid such as quartz? Under what conditions could quartz be converted 

into glass. 

Ans. Glass is an amorphous solid while quartz is a crystalline solid. Quartz can be converted into glass by 

melting and rapid cooling. 

3. Classify each of the following solids as ionic, metallic, molecular, network (covalent) or amorphous: 

 (i) Tetraphosphorus decaoxide (P4O10) 

(ii) Ammonium phosphate (NH4)3 PO4 

(iii) Carborundum (SiC) 

(iv) I2   (v) P4 

(vi) Plastic  (vii) Graphite 

(viii) Brass  (ix) Rb 
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(x) LiBr   (xi) Si 

Ans. Ionic solids (NH4)3 PO4, LiBr 

 Metallic solids: Brass, Rb 

 Molecular solids: P4O10, I2, P4 

 Network or covalent solids: Graphite, Si, Carborundum (SiC) 

 Amorphous solid: Plastic 

4. (i) What is meant by the term coordination number? 

 (ii) What is the coordination number of atoms: 

(a) in a cubic close packed structure, 

(b) in a body-centred cubic structure? 

Ans. (i) The number of nearest neighbours of a particle in its close packing is called its coordination number. 

In case of ionic solids, the number of oppositely charged ions surrounding each ion is termed its 

coordination number. 

 (ii) (a) 6, (b) 8 

5. How can you determine the atomic mass of an unknown metal if you know its density and the dimension 

of its unit cell? Explain. 

Ans. We know,  

   
3

Aa N
Z

M


  

   
3

Aa N
M

Z


      …(i) 

 Where,  M = molar mass of metal 

  Z = rank of unit cell 

  = density of metal 

  NA = Avogadro’s number 

Using equation (i) we can calculate the atomic mass of metal. 

6. “Stability of a crystal is reflected in the magnitude of its melting point” comment. Collect melting points of 

solid water, ethyl alcohol; diethyl ether and methane from a data book. What can you say about the 

intermolecular forces between these molecules? 

Ans. Melting point of a solid depends on the intermolecular forces among the constituent units; greater is the 

melting point, stronger is the intermolecular force. Thus, higher is the melting point of solid, greater is 

the stability. 

  Water   Ethyl alcohol  Diethyl ether  Methane 

  M. Pt = 273 K  M.pt = 255 K  M.pt. = 156.8 K  M.pt. = 90.5 K 

  

Decreasing melting point 

Decreasing intermolecular force 

 Water and ethyl alcohol involve intermolecular hydrogen bond, which is stronger than dipole-dipole 

interaction of diethyl ether and dispersion force of methane. 

7. How will you distinguish between the following pairs of terms? 

 (i) Hexagonal close-packing and cubic close-packing 

 (ii) Crystal lattice and unit cell 

 (iii) Tetrahedral void and octahedral void. 
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Ans. (i) Square close packing: In this arrangement the rows have horizontal and vertical alignment, i.e., 

the spheres is the adjacent rows lie just one over the other. The spheres  

4

3

2

1

 

Square close packing 

are packed in the form of a square array. This type of packing is also called square close packing. In 

this packing, the coordination number is four as each central sphere is in contact with four other 

spheres. 

 (b) Hexagonal close packing: In this arrangement, the rows are so arranged that spheres in every 

second row occupy the depression between the spheres of first row.  

   
4 3

2

1

5

6

 

   Hexagonal close packing 

The spheres in the third row are vertically aligned with the spheres in the first row and those in the 

fourth row are vertically aligned with the spheres in the second row. The similar pattern is followed 

throughout. Each spheres is surrounded hexagonally by six other spheres. This type of packing gives a 

hexagonal pattern and is called hexagonal close packing. In this packing, the coordination number is 

six as the central spheres is in contact with six other spheres. 

 The arrangement (b), i.e., the hexagonal close packing is more economical in comparison to arrangement 

(a), i.e., square close packing as 60.4% volume is occupied in arrangement (b) and 52.4% volume in 

arrangement (a), Arrangement (b), thus, represents a close packing of spheres. In this arrangement 

there are a number of vacant spaces or voids. These vacant spaces are between three touching spheres 

whose centres lie at the corners of an euuilateral triangle. These vacant spaces are, therefore, called 

triangular voids. 

 (ii) Crystal lattice or space lattice is a regular arrangement of the constituent particles (atoms, 

molecules or ions) of a crystal in three dimensional space. 

 Unit cell is the smallest pattern of crystal lattice which can generate the complete crystal by repetition 

of it in three dimension. 

 (iii) Tetrahedral site: When one sphere is placed upon the three other spheres which are touching 

each other, a tetrahedral structure result. The four spheres leave a small  space in between which is 

called a  

      

    Tetrahedral voids 
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tetrahedral site. The coordination number of tetrahedral void is four. The site is much smaller than 

that of the spheres. However, when the spheres are bigger in size, the tetrahedral site becomes large. In 

hcp and ccp, each sphere is in contact with three spheres above and three spheres below. Thus, there 

are two tetrahedral sites associated with each sphere. 

 Octahedral site: This site is formed at the centre of six spheres, the centres of which lie at the apices 

of a regular octahedron. Each octahedral site is created by superimposing two equilateral tringles with 

apices in opposite direction, drawn by joining centres of three spheres in one plane and three spheres in 

other plane; the coordination number of octahedral void is six. There is an octahedral site for each 

sphere. Thus, octahedral sites are half of tetrahedral sites. 

      

     Octahedral void 

 [If there are ‘n’ spheres in packing, then number of tetrahedral voids will be 2n and the number of 

octahedral voids will be n. It can be seen that in cubic closed packed structure, each sphere is 

surrounded by eight tetrahedral voids and six octahedral voids. 

Number of tetrahedral voids for single spheres in packing 

   
Numberof tetrahedral voidsaroundasphere 8 2
Numberof spheresaroundatetrahedral void 4

    

 Number of octahedral voids for single spheres in packing 

   
Numberof octahedral voidsaroundasphere 6 1]

Numberof spheresaroundanoctahedral void 6
    

8. How many lattice points are there in one unit cell of each of the following lattices? 

 (i) Face-centred lattice? 

 (ii) Face-centred tetragonal 

 (iii) Body-centred 

Ans. (i)  

 There are 14 lattice points in the face-centred cubic lattice. Number of constituent units in one cell. 

   
1 18 6 4
6 2

      

 (ii) Just like cubic system; face-centred tetragonal unit cell also has 14 lattice points. 

Lattice points 

(8 corners + 6 

face centres) 
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 (iii)  

 Body-centred cubic unit cell has 9 lattice points. 

 Number of constituent units in one unit cell 
18 1 2
8

     

9. Explain: 

 (i) The basic of similarities and differences between metallic and ionic crystals. 

 (ii) Ionic solids are hard and brittle. 

Ans. (i) Metallic and Ionic Crystals 

 Both metallic and ionic solids have high melting points. 

 Ionic solids are hard and brittle but metallic solids are hard but not brittle, metals are malleable 

and ductile. 

 Ionic solids are bad conductor but become good conductor in molten state and in a solution: 

 Constituent units if ionic solids are cations and anions. In metallic solids constituent units are 

kernels (positively charged ions) surrounded by a sea of delocalised electrons. 

 Ionic solids involve strong bonding force, i.e., coulombic or electrostatic force, that is why these 

solids are hard and brittle. 

10. Calculate the efficiency of packing in case of a metal crystal for: 

 (i) simple cubic 

 (ii) body-centred cubic 

 (iii) face-centred cubic (with assumption that atoms are touching each other 

Ans. (i) Simple cubic: Suppose 

  Length of the unit cell = a 

 and Radius of sphere (atom) = r 

  Volume of the unit cell 3 3 3a (2r) 8r   

  No. of atoms per unit cell =
18 1
8

   

  Volume of the atom = 34 r
3
  

   (This is the occupied volume) 

  Packing fraction =
Occupiedvolume

Total volume
 

    =

3

3

(4/3) r
8r


=0.5233 

 Thus, the percentage of occupied volume or packing efficiency = 0.5233 × 100 = 52.33%. 

 (ii) Body-centred cubic: Suppose 

   Length of the unit cell = a 

 and  Radius of the sphere (atom) = r  

Lattice points 

(8 corners + 1 

body-centres) 
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  In this unit cell,  
4a r
3

  

  Total volume of the unit cell 

3
3 3 34 64a r r

3 3 3
 

  
 

  

  No. of atoms per unit cell = 2 

  Volume of the two atoms = 342 r
3

   

   (This is the occupied volume) 

  Packing fractions =
Occupiedvolume

Total volume
 

=

3

3

42 r
3 0.68

64 r
3 3

 
  

 Thus, the percentage of occupied volume or packing efficiency = 68%. 

 (iii) Face-centred cubic: Suppose 

   Length of the unit cell = a 

 and  Radius of the sphere (atom) = r 

  In this unit cell, a 2 2r  

  Total volume of the unit cell  3 33 3a 2 2 r 16 2r   

  No. of atoms per unit cell = 4 

  Volume of four atoms = 344 r
3

   

   (This is the occupied volume) 

  Packing fraction=
Occupiedvolume

Total volume
 

=

3

3

44 r
3 0.7401

16 2r

 
  

 Thus, the percentage of occupied volume or packing efficiency = 74.01%. 

  

 

 

 

 

 

 

 

 

 

 

Cubic 

unit cell 

Distance 

between 

nearest 

neighbours 

(d) 

Radius of the 

particle (atom) 

No. of particles 

(atoms) per unit 

cell 

Percentage of 

occupied volume 

or packing 

efficiency 

Simple a a/2 1 52.33% 

Body-

centred 
 3/2 a

0.866a
  3/4 a

0.433a
 2 68.00% 

Face-

centred 

a/ 2
0.707a

  a 2 2
0.3535a

 4 74.01% 



 

 
 
 
 

10 The Solid State  

www.thechemistryguru.com 

11. Silver crystallizes in fcc lattice. If edge length of the cell is 4.07×10―8 cm and density is 1.05 g cm―3, 

calculate the atomic mass of the silver. 

Ans.   
3

Aa N
M

Z


  

   
8 3 23(4.079 10 ) 10.5 6.023 10 106.59u

4

   
   

12. A cubic solid is made up of two elements P and Q. Atoms Q are present at the corners of the cube and 

atoms P at the body-centre. What is the formula of the compound? What are the coordination number of P 

and Q? 

Ans. Contribution of Q atoms to unit cell =
18 1
8

   Contribution of P atoms to the unit cell = 1 Hence, the 

formula of the compound is PQ. Coordination number of both P and Q atoms in body-centred cubic cell 

(bcc) will be 8. 

13. Niobium crystallizes in a body-centred cubic structure. If the density is 8.55 g cm―3, calculate the atomic 

radius of niobium using its atomic mass 93 u. 

Ans.   
3

Aa N
Z

M


  

   3
23

A

ZM 2 93a
N 8.55 6.023 10


 
  

 

8a 3.305 10 cm   

a 3 4r for bcc unit cell 

8
8a 3 3.305 10 1.732r 1.431 10 cm

4 4


 

     

14. If the radius of octahedral void is r and the radius of atoms in close packing is R; derive relation between 

r and R. 
Ans. Derivation of the relationship between radius (r) of the octahedral void and the radius (R) of the atoms 

in close packing: The shaded sphere represents an octahedral void. Let the radius of the void be r. Cross-

section of octahedron is represented by square ABCD. Let the radii of the spheres used in packing be R. 

 Length AB – Length BC = 2R 

Length AC = 2R + 2r 

 In ∆ ABC,   AC2 = AB2 + BC2 

    (2R + 2r)2 = (2R)2 + (2R)2 =8R2 

    2R + 2r 8R 

    2r 8R 2R   

   
r 2 1 1.414 0.414
R
     

 Thus, for an octahedral void, Void

sphere

r
0.414

R
  

   

15. Copper crystallizes into a fcc lattice with edge length 3.61×10―8 cm. Show that the calculated density is 

in agreement with its mentioned value of 8.92 g cm―3. 

Ans. We know that, 

D C

BRA
R

R

R

R
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3

Aa N
Z

M


  

 or  3
A

ZM
aN

       …(i) 

 Z = 4 for fcc lattice 

 M = 63.5 g mol―1 (molar mass of copper) 

 a = 3.61×10―8 cm 

 NA = 6.023×1023 

 Putting these values in eqn. (i), we get 

   8 3 23

4 63.5
(3.61 10 ) 6.023 10




  
 

   = 8.96 g cm―3 

16. Analysis shows that nickel oxide has formula Ni0.98O1. What fractions of nickel exist as Ni2+ and Ni3+ 

ions? 

Ans. Let there are ‘x’ ions of Ni2+ and (0.98 –x) ions of Ni3+. 

 For the electrical neutrality of the compound, total positive charge contributed Ni2+ and Ni3+ ions = total 

negative charge contributed by O2― ions 

   (+2 × x) +  3 (0.98 x) 2     

   2x + 2.94 ― 3x = 2 

    x = 0.94 

 Thus, fraction of Ni2+ =
0.94 0.96or96%.
0.98

  

Fraction of Ni3+ = (1 ― 0.96) = 0.04 or 4%. 

17. What is a semiconductor? Describe two main types of semiconductors and contrast their conduction 

mechanism. 

Ans. Semiconductors: The solid materials whose electrical conductivity lies between those of the typical 

metallic conductors and insulators are termed semiconductors. The semiconductors possess conductivity 

in the range of 102 to 10―9 ohm―1 cm―1. The conductivity of semiconductors is due to the presence of 

impurities and defects. The conductivity of semiconductors increases with increase of temperature as 

the defect (Such as holes) increase with increase of temperature. 

 Semiconductors are of two types: 

 (i) Intrinsic semiconductors: These are insulators at room temperature and becomes semiconductors 

when temperature is raised. For example, silicon and germanium are insulators under normal 

conditions as they contain covalent bonds only and no free electrons are present. However, when 

heated, some covalent bonds are broken to give free electrons. These free electrons makes them as 

semiconductors. 

   

Ge

Ge

Ge

Ge Ge Ge

Ge Ge Ge

Ge Ge

Ge

Ge Ge
 

 Note: Unlike metals, the conductivity of semiconductors increases with temperature. 
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 (ii) Extrinsic semiconductors or impurity of lower or higher group element: These are formed 

by adding impurity of either lower group element or higher group element 

 (a) n-type semiconductors: Doping of higher group element impurity forms the n-type 

semiconductor, e.g., when ‘As’ is doped in ‘Ge’ an extra electron of arsenic makes the mixture of n-type 

semiconductor. Current carriers are negatively charged, hence called n-type. 

   

Ge

Ge

Ge

Ge Ge Ge

Ge Ge Ge

As Ge

Ge

As Ge
As

Extra valence
electron forming
n-type
semiconductor

 

   n-type semiconductors 

 (b) p-type semiconductors: Impurity of lower group forms electron deficient bond in the structure. 
Electron deficiency develops p-hole (positively charged hole).  

  

Ge

Ge

Ge

Ge Ge Ge

Ge Ge Ge

Ge

Ge

Ge

p-hole
(electron
deficient
band)

Ge

Ge

Ge

 

  p-type semiconductors 

On application of potential difference, these p-holes conduct electric current. At absolute zero or at low 

temperature, the p-holes are localised around gallium atom. However, at normal temperature, the 

valence electron of Ge gains sufficient energy and jump into the p-hole. It forms a new p-hole. The p-
holes move in opposite direction to the electron. Thus, p-holes act as current carrier. 

18. Non-stoichiometric cuprous oxide Cu2O can be prepared in the laboratory. In this oxide copper to oxygen 

ratio is slightly less than 2:1. Can you account for the fact that this substance is a p-type semiconductor? 

Ans. In cuprous oxide Cu2O, the copper to oxygen ratio is slightly less than 2 : 1, it shows that some of the 

(Cu+) ions are missing from their lattice points. In order to maintain the electrical neutrality, two Cu+ 

ion will be replaced by one Cu2+ ion and thereby creating a p-hole (positive hole). This substance behaves 

as a p-type semiconductor due to presence of p-hole. 

19. Ferric oxide crystallizes in hexagonal close packed array of oxide ions with two out of every three 

octahedral holes occupied by ferric ions. Derive the formula of ferric oxide. 

Ans. Number of oxide (O2―) ions = n 

 Number of octahedral voids = n 

  Number of Fe3+ ions = 
2n
3

 

   Fe3+ : O2― = 
2n:n
3

 

= 2 : 3 

Formula = Fe2O3 

20. Classify each of the following as being either a p-type or a n-type semiconductor: 



 

 
 
 
 

13 The Solid State  

www.thechemistryguru.com 

(i) Ge doped with In 

(ii) B doped with Si. 

Ans. (i) p-type semiconductor: Doping of lower group impurity forms p-type semiconductor. 

(ii) n-type semiconductor : Doping of higher group impurity forms n-type semiconductor. 

21. Gold (atomic radius 0.144 nm) crystallizes in a face-centred unit cell. What is the length of the side of the 

cell? 

Ans. For a face-centred unit cell, a 2 4r 4 0.144    

   
4 0.1414a 0.407nm

1.414


   

22. In terms of band theory, what is the difference 

 (i) between a conductor and an insulator 

 (ii) between a conductor and a semiconductor? 

Ans. Explanation of conduction behaviour on the basis of band model: The atomic orbitals of solids 

combine to form molecular orbitals (for details see unit 1, Metallic bonding) which are so close in energy 

to each other as to form a band. The lowest lying empty band is called conduction band and the 

outermost filled band is called valence band. 

 (i) In metals, the conduction band is very close in energy to the valence band. In other words, there is no 

energy gap (forbidden zone has zero width) between valence band and the conduction band. Thus, 

electrons pass easily from valence band to conduction band when potential difference is applied . This is 

the reason why metals are good conductors of electricity. 

   

Conduction
band

Valence
band

(Partially filled
bands)

E
N
E
R
G
Y

 

(Overlapping
bands)  

   Representation of valence and conduction bands of metals 

 (ii) In case of insulators, the energy gap between valence band and conduction band is very large (wide 

forbidden zone). Thus, electrons do not pass from valence band to the Conduction band when a potential 

difference is applied. 

   

Very large energy gap
(forbidden zone)

Conduction band

Valence band

Band structure of 
insulators

E
N
E
R
G
Y
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 (iii) In semiconductors, the energy gap between valence band and conduction band is very small. At 

room temperature, These are not good conductors of electricity. When temperature is raised, a number 

of electrons of valence band get sufficient energy to pass into conduction band and the substance 

behaves as a semiconductor. Pure substances like silicon and germanium, which have such behavior, 

are called intrinsic semiconductors. 

   Germanium

E
N
E
R
G
Y

Small energy gap
or narrow forbidden zone

Conduction band

Valence band

63 kJ/mol

Silicon

111 kJ/mol

 

  Energy bands in silicon and germanium, which act as intrinsic semiconductor 

  

 

 

 

 

 

 

 

  

On the basis of electrical conductivity, the transition metal oxides are divided into three types: 

 (i) Oxides with metals like electrical conductivities 

 Examples: ReO2, CrO2, RuO2, TiO and NbO, VO 

 (ii) Oxides with the property of insulators.  

Examples: MnO, MnO2, CoO, NiO, V2O5. 

 (iii) Oxides with the property of semiconductors 

 Examples: Nb2O5, SnO2. 

23. Explain the following terms with suitable examples: 

 (i) Schottky defect   (ii) Frenkel defect 

 (iii) Interstitials    (iv) F-centres 

Ans. (i) Schottky defect: This defect was first observed by the German scientist Schoottky in 1930. In this 

defect equal number of cations and anions (from AB in type crystal) are missing from their normal 

lattice sites. i.e., equal number of cationic and anionic vacancies or holes will be developed. The crystal 

maintains electrical neutrality. 

 (ii) Frenkel defect: This defect was discovered and studied by a Russian scientist, Frenkel, in 1926. 

This defect is caused if some of the ions (usually the cations) of the lattice occupy interstitial sites 

leaving a corresponding number of normal lattice sites vacant. This defect creates vacancy defect at 

original site and interstitial defect at new site. Frenkel defect is also called dislocation defect. 

Element 
Band gap (kJ 

mol―1) 
Types of solid 

C (Diamond) 520 Insulator 

Si 111 Semiconductor 

Ge 63 Semiconductor 

Sn 0 Good conductor 

Pb 0 Good conductor 
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   Frenkel defect in the crystal 

 (iii) Anion vacancies: A negative ion may be missing from its lattice site leaving behind a vacancy or 

hole. This vacancy or hole is occupied by an extra electron to maintain electrical neutrality. This defect 

is somewhat similar to Schottky defect but differs in having only one hole and not a pair as in the latter 

case. 
 Anion vacancies in alkali metal halides are produced by heating the metal halides in the atmosphere of 

alkali metal vapours. Metal atoms get adsorbed on the surface of the metal halides. Halide ion move 

towards the surface and  
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combine with metal ions formed by the adsorbed atoms on account of their ionisation. The electrons 

released in the process diffuse into the crystal and occupy anion vacancies. The electrons trapped in 

anion vacancies are referred to as F-centres. ‘F’ stands for Farben, a German word, meaning colour. 
Greater is the number of F-centres, more is the intensity of colour. For example, non-stoichiometric, 

Sodium chloride with excess sodium is yellow non-stoichiometric potassium chloride with excess of 

potassium is violet and non-stoichiometric, lithium chloride with excess of lithium is pink. 

 (iv) Excess cations occupying interstitial positions: Metal excess defect may be also be developed 

by the presence of extra cation in the interstitial site. Electrical neutrality is achieved by an electron 

presence in another interstitial site. This defect is similar to Frenkel defect. 
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  Metal excess defect due to presence of extra cation in the interstitial position 

 For example, when ZnO is heated, it loses oxygen and turns yellow. 

Metal excess 

defect due to 

anion vacancy 
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  2
2ZnO Zn (1/2)O 2e    

 The Zn2+ ions thus formed occupy interstitial sites and the electrons occupy the neighbouring 

interstitial sites. 
 The crystals having metal excess defect contain few free electrons and thus, such solids act as 

semiconductors. 
24. Aluminium crystallizes in a cubic close-packed structure. Its metallic radius is 125 pm. 

 (a) What is the length of a side of the unit cell? 

 (b) How many unit cells are there in 1 cm3 of aluminium? 

Ans. (a) In case of a cubic close packed structure, there will be a face-centred unit cell. 

   a 2 4r  

   a 2 2r  

   2 1.414 125 353.3pm     

 (b) Volume of one unit cell = 
3a  

   =
10 3 3(353.3 10 ) cm  

   
23 34.417 10 cm   

 Number of unit cells in 1 cm3 of aluminium 

   22
23

1 2.2637 10
4.417 10

  


 

25. If NaCl is doped with 10―3 mol per cent SrCl2, What is the concentration of cation vacancies? 

Ans. 100 moles of NaCl are doped with 10―3 moles of SrCl2. 

 1 mole of NaCl is doped with SrCl2 =

3
510 10

100


 mol. 

 As one ion in Sr2+ introduces one cation vacancy, therefore, concentration of cationic vacancy 

   =
5 2310 6.023 10    

   186.023 10   

26. Explain the following with suitable examples: 

 (i) Ferromagnetism 

 (ii) Paramagnetism 

 (iii) Ferrimagnetism 

 (iv) Anti-ferromagnesium 

 (v) 12-16 and 13-15 group compounds. 

Ans. (i) Ferromagnetism: The solid which are strongly attracted by external magnetic field and do not lose 

their magnetism when the external field is removed, are called ferromagnetic solids. The property thus, 

exhibited is termed ferromagnetism. 

 Ferromagnetism substances can be permanently magnetised. Only three elements, iron (Fe), cobalt (Co) 

and nickel (Ni) show ferromagnetism at room temperature. Some other examples are: EuO, CrO2, etc. 

CrO2 is the oxide used to make magnetic tapes for use in cassette recorders. 

 Ferromagnetism arises due to spontaneous alignment of magnetic moments due to unpaired electrons 

in the same direction. 



 

 
 
 
 

17 The Solid State  

www.thechemistryguru.com 

  

Parallel spin
(spin in the
same direction)

 

   Ferromagnetism  

 Mechanism of magnetisation of ferromagnetic substances: Unpaired electron in one atom 

interacts strongly with unpaired electron of neighbourhood atom, thus they align themselves 

spontaneously in a common direction in a small volume of solid called domains. Magnetic moments of 

all atoms in a domain are parallel to each other hence a domain possesses a net magnetic dipole 

moment. In absence of external magnetic field, the direction of magnetic moments in different domains 

are randomly oriented in different direction. When external magnetic field is applied then the domains 

in which the magnetic moments are parallel to external field, expand at the expense of the remaining 

domains and ultimately all the magnetic moments align themselves in the direction of external field.  

 (ii) Paramagnetism: The solids, which are weakly attracted by external magnetic field, are called 

paramagnetic solids and the property thus exhibited is called paramegnetism. 

 In paramagnetic solids, there are permanent magnetic dipoles due to the presence of one or more 

unpaired electrons in atoms, ions or molecules. Examples are: O2, NO, CuO, TiO, Ti2O3, VO2, Cu2+, Fe3+, 

Cr3+, etc. paramagnetic solids lose their magnetism in absence of external magnetic field. Thus, these 

solids cannot be permanently magnetised. 

 (iii) Ferrimagnetic: The solids which are expected are expected to show large magnetism due to the 

presence of unpaired electrons but in fact have small net magnetic moment are called ferromagnetic 

solids. Ferrimagnetism arises due to alignment of magnetic moments in parallel and antiparallel 

directions in unequal numbers resulting in some net magnetic moment. This alignment has been shown 

below. 

 

Parallel spin
Antiparallel spin

 

  Ferrimagnetism 

 Example are: Fe3O4 and ferrites of the formula M2+ Fe2O4 where M = Zn, Cu, Mg, etc. 

 Influence of temperature on magnetic character of solids: All magnetically ordered solids 

(fereomagnetic, antiferromagnetic and ferrimagnetic) change into paramagnetic state on increasing 

temperature. This is due to randomisation of their spins. The following examples explain this point: 

 (i) Ferrimagnetic solid, Fe3O4, becomes paramagnetic when heated to 850 K. 

 (ii) Antiferromagnetic solid, V2O3, becomes paramagnetic when heated to 750 K. 

 It should be noted that each ferromagnetic solid has a characteristic temperature above which it 

becomes paramagnetic. The characteristic temperature is called Curic point or Curie temperature. 

 Magnetic properties of some transition metal oxides are shown in the following table: 

Paramegnetic 

nature 

Ferromagnetic 

nature 

Antiferromagnetic 

nature 

Ferrimagnetic 

nature 

Diamagnetic 

nature 

TiO CrO2 V2O3 Fe3O4 V2O5 

Ti2O3 EuO MnO  TiO2 

VO  MnO2  ZnO 

VO2  Mn2O3   
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(iv) Anti-ferromagnesium: The solids which are expected to show paramagnetism or ferromagnetism 

on the basis of unpaired electrons but actually have zero net magnetic moment are called 

antiferromagnetic solids. Magnetic moments are aligned in a compensatory way so as to give zero net 

magnetic moment. Antiferromagnetism is due to the presence of equal number of magnetic moments in 

opposite directions as shown below. The important examples are: MnO, MnO2, Mn2O3, NiO, CoO, etc. 

Parallel spin
Antiparallel spin

 

 Antiferromagnetism 

(v) ZnS and CdSe are examples of 12-16. 

 AIP and GaAs are examples of 13-15. 

 These solids materials are not perfectly covalent and degree of ionic nature depends upon their 

electronegativities. These show interesting electrical and optical properties. 

CuO  FeO   

CoO  Fe2O3   

NiO  CoO   

  Co3O4   

  NiO   


