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Solid State
The physical state of matter in which the constituent molecules, atoms or ions have no translatory motion

although they vibrate about the fixed position, that they occupy in a crystal lattice.
A solid is said to possess cohesion forces, remaining in the same shape unless changed by certain forces.

Solids are of two types :
1. Crystalline solids :

A crystalline solid has a definite melting point at which it becomes liquid, bounded by well defined plane
faces, having same geometry irrespective of the source from which they have been obtained.
2. Amorphous solids :

Amorphous solids have no precise melting point but when heated, become increasingly pliable until they
assume the properties usually associated with liquids; they are super–cooled liquids in which the force of attraction
holding the molecules together is so great that the material is rigid but there is no regularity of structure.

Elements of symmetry in crystals :
(a) Plane of symmetry : A crystal is said to have a plane of symmetry when an imaginary plane passing

through the centre of crystal can divide it into two parts such that one is the exact mirror image of the other.

Y

X

Z

Plane of
symmetry

(a) (b)

  

(c) (d)
Plane of symmetry

(b) Axis of symmetry : It is a line about which the crystal may be rotated so that it represents the
same appearance more than once during a complete revolution. If the equivalent configuration occurs twice, thrice,
four and six times, i.e., after rotation of 180º, 120º, 90º and 60º, the axis of rotation are known as two–fold (diad),
three–fold (triad), four–fold (tetrad) and six–fold (hexad), axes of symmetry respectively.

(a) (b)
Axes of symmetry

(c) Centre of symmetry : It is a point when any line drawn through it meets the surface of the crystal
at equal distance on either side. A crystal may possess a number of planes or axes of symmetry but it can have
only one centre of symmetry.
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(a) (b)

Centre of symmetry
The total number of planes, axes and centres of symmetry possessed by a crystal is termed as elements of

symmetry. A cubic crystal possess a total of 23 elements of symmetry.
Plane of symmetry = 3 + 6 = 9
Axis of symmetry = 3 + 4 + 6 = 13
Centre of symmetry = 1

 Total elements of symmetry = 9 + 13 + 1 = 23

Unit Cell :

Three dimensional group of points is called Unit Cell of a crystal and is characterised by the distances a, b

and c and angles, ,  and . The whole crystal can be developed by a step wise shifting of the unit cells in all the

three dimensions. In simple cubic there is only one atom, in body–centred cubic (b.c.c.) there are two atoms and

in face–centred cubic (f.c.c.) there are four atoms. The array of point showing how molecules, atoms or ions are

arranged in different sites in three dimensional space is referred as space lattice.

In various unit cells, there are three kinds of lattice points: Points located at the corners ; points in the face-

centres and points that lie entirely within the unit cell. In a crystal, atoms located at the corners and face-centre of

a unit cell are shared by other cells and only a portion of such an atom actually lies within a given unit cell :

(i)  A point that lies at the corner of unit cell is shared among eight unit cells and thus, it contributes

    for 1/8 of each such point to unit cell.

(ii)  A point along an edge is shared by four unit cells and thus contribute for 1/4 of each such point

    to unit cell.

(iii)  A face-centred point is shared by two unit cells and thus contributes for 1/2 of each such point

     to unit.

(iv)  A body-centred point lies entirely within the unit cell and thus contributes for one each such

     point to unit cell.

Co-ordination number : The number of nearest neighbours for any particular atom in a space lattice is called

the co-ordination number In diamond the co-ordination number is 4. In simple cubic crystal like NaCl it is 6. In b.c.c

crystal  like CsCl it is 8. Here Cs+ is at the body centre of a cube of Cl– and Cl– at the body-centre of cube of

Cs+. In cubic  close packed and hexagonal close packed, the co-ordination number is 12.

Ratio of the radius of cation and anions (r+/r–) : The co-ordination number of an ion in closed packed

structures depends on the ratio of the radius of ion with respect to the radius of the ions surrounding it. In case of
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ionic solids, the radius ratio [r+/r–] is the ratio of the cation to anion radius.

Minimum Ionic 
radius ratio

Geometry Co-ordination                   
Number

0.225 to 0.414 tetrahedral 4

0.414 to 0.732 octahedral 6

0.732 to above cubic 8

Usually cations are smaller than anions and hence the cations usually fill the voids and anions surrounds them.

Crystal systems : The different possible geometrical  shape of crystal lattice (or crystals) are called crystal
systems.

On the basis of above facts and laws there are 230 crystal  forms which are grouped on the basis of their
symmetry  into 32 classes. The 32 classes are then broadly referred to seven crystal systems (inFig.) given ahead
in table.

System Axial 
Distance

Axial angles Maximum Symmetry                   
elements

Examples

Cubic a = b = c  90° Nine planes, thirteen 
axes

NaCl, KCl, CaF2, 

ZnS, diamond, alums
Tetragonal a = b  c  90° Five planes, Five 

axes
TiO2, ZnO2, SnO2

Orthorhombic a  b  c  90° Three planes, Three 
axes

Rhombic Sulphur, 

BaSO4, KNO3

Monoclinic a  b  c  90° ,      

 90°
One plane, one     
axis

Na2SO4.10H2O, 

CaSO4.2H2O, 

Na2B4O7.10H2O 

Monoclinic Sulphur
Hexagonal a  b  c  90° ,      

 120°
Seven planes, seven     
axes

Mg, PbI2, CdS, 

ZnO, HgS, Graphite
Rhombohedral a = b= c  90° Seven planes, seven     

axes
Calcite, NaNO3, 

ICI
Triclinic a  b  c  90° No plane, no axis CuSO4.5H2O, 

K2Cr2O7, H3BO3

Cubic crystals have three patterns of Bravais lattice  in which  crystals are formed.

Hexagonal
a = b  c

   =  = 90°,  = 120°

)

(

Tetragonal
a = b  c

   =  =  = 90°

(

Orthorhombic
a  b  c 
   =  =  = 90°
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Rhombohedral
a = b = c


Monoclinic
a  b  c

 90°
 


Triclinic
a  b  c

 90°
 

(i)  simple cubic in which one atom (ion) is at the corner of a cube.
(ii)  face-centered cubic (f.c.c.) in which the atoms are not only at the corner of the cube but there

    are atoms in the face of the cube also.
(iii)  body-centred cubic (b.c.c.) in which one atom is placed at the centre which is not shared

    by any other cube.

Simple cubic
       (a)

Face-centred
      (b)

Body-centred
      (c)

One can think of the atoms (ions) as spheres which are arranged in two different ways :
(i)  cubic close packing (c.c.p.) (ii)  hexagonal close packing (h.c.p.) (iii) body-centred cubic packing (b.c.c.p.)

Three Fold
    Axes

Cubic close
packing

6 Fold axes

Hexagonal
close packing

      

B

A

A
A

A

AAA

A

Body-centred
close packing

Some Applications of Crystallographic Studies :
(i)  Density of crystalline solids :

Density of the unit cell
Mass of the unit cell

Volume of the unit cell V


( ) .........(i)

Also Mass of the unit cell
= No. of atoms in unit cell (n) × Mass of each atom

= No of atoms in unit cell n
Atomic mass

Av No
. ( )

. .
 ......(ii)
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   By Eqs. (i) and (ii)

Density of unit cell = 
n at wt
Av no V

n at wt

Av no a








. .

. .
. .

. . 3 ..........(iii)

where volume of cubic unit cell = a3 and a is edge length of unit cell.
(ii)  Radii of the ion : If the edge length of the cubic cell is known, ionic radii for the ion in the crystal

lattice can be calculated.
where a is edge length of cubic cell.

B–

B–A+

a/2

a/2

Thus, Radius of B– = 

222

22

22

a

aa

















(iii)  Radii of metal atoms : If a is the length of unit cell, then

(a)  For simple cubic lattice :  Radius of metal atom = 
a
2

(b)  For b.c.c. lattice :    Radius of metal atom = 
3
4

a

(c)  For b.c.c. lattice :    Radius of metal atom = 
a

2 2

(iv)  Packing density :

Packing density
Volume of atom in unit cell

Volume of unit cell


(a)  In s.c. structure : Packing density = 0.52
(b)  In f.c.c. structure : Packing density = 0.74
(c)  In b.c.c. structure : Packing density = 0.68
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   Imperfections in solids: Defects in crystals

The discovery of imperfections in an other wise ideally perfect crystal is one of the most fascinating aspects of solid
state science. An ideally perfect crystal is one which has the same unit cell and contains the same lattice points
throughout the crystal. The term imperfection ordefect  is generally used to describe  any deviation of the ideally
perfect crystal from the periodic arrangement of its constituents.

Atomic imperfections / point defects:

If the deviation occurs because of missing atoms, displaced atoms or extra atoms, the imperfection is named as a point
defect. 

Type of point defects – point defects in a crystal may be classified into three types

Stoichiometric defects

Non – stoichiometry defects

Impurity defects

Stoichiometry defects  

The compounds in which the number of cation and anions are exactly in the same ratio as represented by their chemical
formula are called stoichiometric compounds. The defects that do not disturb the ratio of cations and anions are
called stoichiometric defect.

These are of four types

 Vacancy defect

Interstitial defect

Schottky defect  and

Frenkel defect:
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Vacancy Defect

When some of the lattice sites are vacant, the crystal is said to have vacancy defect .

This results in decrease in density of the substance.

This defect can also develop when a substance is heated.

Interstitial Defect: 

When some constituent particles (atoms or molecules) occupy an interstitial site, the
crystal is said to have interstitial defect

This defect increases the density of the substance.

Schottky defect

If in an ionic crystal of the type A+ B-, equal number of cations and anions are missing from their lattice. It is called Schottky
defect.  

This type of defect is shown by highly ionic compounds which have

High Co – ordination number and

Small difference in the sizes of cations and anions

A few examples of ionic compounds exhibiting Schottky defect are NaCl, KCl, KBr and CsCl.

Frenkel defect:

If an ion is missing from its correct lattice sites (causing a vacancy or a hole) and occupies an interstitial site, electrical
neutrality as well as stoichiometry of the compounds are maintained.

This type of defect is called Frenkel defect. Since cations are usually smaller it is more common to find the cations occupying
interstitial sites.    

This type of defect is present in ionic compounds which have

Low co ordinations number

Larger difference in size of cation and anions

Compounds having highly polarising cation and easily polarisable anion. A few examples of ionic compounds exhibiting
this defect are AgCl, AgBr, AgI, ZnS etc.



CHEMISTRY
Educating Mind Towards Success
EMS Academy

Head Office : 82/121, Sec.8, Near Gopinath Hospital, Pratap Nagar, Jaipur Ph.: 8107777788 & 9350004698
B.O : 102, CS 4,5 & 6 Above HDFC Bank, Kumbha Marg, Pratap Nagar, Jaipur    www.emsacademy.in

8

Non – stoichiometric defects 

If as a result of imperfection, the ratio of number of cation to anion becomes different from that indicated by the ideal
chemical formula, the defects are called non – stoichiometric defects.

These defects arise either due to excess of metal atoms or non metal atom or presence of impurities / foreign particle.

Metal Excess Defects. The Colour Centres.

It has been observed that if a crystal of NaCl is heated in sodium vapour, it acquires a yellow colour.

This yellow colour is due to the formation of a non-stoichiometric compound of sodium chloride in which there is a slight
 excess of sodium ions.

What happens in this case is that some sodium metal gets doped into sodium chloride crystal which, due to the crystal
energy, gets ionised into Na+ and e–. This electron occupies a site that would otherwise be filled by a chloride ion,
as illustrated in figure.

There is evidently an excess of metal ions although the crystal as a whole is neutral. A little reflection would show that there
are six Na+ sites adjacent to the vacant site occupied by the electron.

The extra electron in thus shared between all the six Na+ ions which implies that this electron is not localised at the vacant
Cl– site. On the other hand, this electron is similar to the delocalised p electrons present in molecules containing
conjugate double bonds.

Light is absorbed when this delocalised electron makes an easy transition from its ground state to an excited state. As a
result, the non – stoichiometric form of sodium chloride appears coloured. Because of this, the sites occupied by
the extra electrons are known as colour centres. These are also called F-centres. This name comes from the
German word Farbe meaning colour. 

The non-schiometric sodium chloride may be represented by the formula Na
(1+d)

Cl where d is the excess sodium metal
doped in the crystal because of its exposure to sodium vapour.

Another common example of metal excess defects is the formation of a magenta coloured non-stoichiometric compound
of potassium chloride by exposing the crystals of KCl to K metal vapour.

The coloured compound contains an excess of K+ ions, the vacant Cl– sites being filled by electrons obtained by the
ionization of the excess K metal doped in to the crystal.
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Metal Deficiency Defects. 

In certains cases, one of the positive ions is missing from its lattice site and the extra negative charge is balanced by some
nearby metal ion acquiring two charges instead of one.

There is evidently, a deficiency of the metal ions although the crystal as a whole is neutral. This type of defect is generally
found amongst the compounds of transition metals which can exhibit variable valency.

Crystals of FeO, FeS and NiO show this type of defects. The existence of metal deficiency defects in the crystal of FeO
is illustrated.

It is evident from the above discussion that all types of point defects result in the creation of vacancies or ‘holes’ in the
lattice of the crystals.

The presence of holes lowers the density as well as the lattice energy or the stability of the crystals. The presence of too
many holes may cause a partial collapse of the lattice.
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Q.1 Type of defect shown in figure :

NaCl  Crystal

Na
+

Cl
–

(A) Frenkle (B) Schottky

(C) Non Stoichiometric (D) F–Centre

Q.2 Type of defect shown in the given NaCl crystal is :

NaCl  Crystal

Na
+

Cl
–

e–

(A) Frenkle (B) F–centre (C)  Metal excess (D) Edge dislocation

Q.3 The unit cell present in ABCABC.........closest packing of atom is

(A) Hexagonal (B) tetragonal

(C) face-centred cubic (D) primitive cube

Q.4 Which of the following statement is correct in the rock-salt structure if an ionic compounds ?

(A) coordination number of cation is four where as that of anion is six.

(B) coordination number of cation is six where as that of anion is four.

(C) coordination number of each cation and anion is four.

(D) coordination number of each cation and anion is six.

Q.5 Which of the following expression is correct in the case of a sodium chloride unit cell (edge length, a)?

(A) rc + ra = a (B) rc + ra = a/2 (C) rc + ra = 2a (D) rc + ra = 21/2a

Q.6 The coordination number of cation and anion in Fluorite CaF2 and Rutile TiO2 are respectively

(A) 8:4 and 6:3 (B) 6:3 and 4:4 (C) 6:6 and 8:8 (D) 4:2 and 2:4

Q.7 Which of the following statement (s) is/are correct ?

(A) The coordination number of each type of ion in CsCl crystal is 8.

(B) A metal that crystallizes in bcc structure has a coordination no. of 12.

(C) A unit cell of an ionic crystal shares some of its ions with other unit cells.

(D) The length of the unit cell in NaCl is 552 pm (rNa+ = 95 pm,  rCl
– = 181 pm)

Q.8 The interstitial hole is called tetrahedral because

(A) It is formed by four spheres.

(B) Partly same and partly different.

(C) It is formed by four spheres the centres of which form a regular tetrahedron.

(D) None of the above three.

Exercise 1
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Q.9 The tetrahedral voids formed by ccp arrangement of Cl– ions in rock salt structure are

(A) Occupied by Na+ ions (B) Occupied by Cl– ions

(C) Occupied by either Na+ or Cl– ions (D) Vacant

Q.10 The coordination number of hexagonal closest packed (hcp) structure is

(A) 12 (B)10 (C)8 (D) 6

Q.11 If the positions of Na+ and Cl– are interchanged in NaCl, the crystal lattice with respect to Na+ and Cl–

is :

(A) unchanged (B) changes to 8:8 coordination from 6:6

(C) additivity of ionic radii for "a" is lost (D) none

Q.12 The number of nearest neighbours around each particle in a face-centred cubic lattice is

(A) 4 (B) 6 (C) 8 (D) 12

Q.13 If the anions (A) form hexagonal closest packing and cations (C) occupy only 2/3 octahedral voids in it,

then the general formula of the compound is

(A) CA (B) CA2 (C) C2A3 (D) C3A2

Q.14 The edge length of unit cell of sodium chloride is 564 pm. If the size of Cl– ion is 181 pm, the size of

Na+ would be

(A) 101 pm (B) 167 pm (C) 202 pm (D) 383 pm

Q.15 A solid is formed and it has three types of atoms X, Y, Z.  X forms a FCC lattice with Y atoms occupying

all the tetrahedral voids and Z atoms occupying half the octahedral voids. The formula of the solid is :

(A) X2Y4Z (B) XY2Z4 (C) X4Y2Z (D) X4YZ2

Q.16 The intermetallic compound LiAg crystallizes in cubic lattice in which both lithium and silver have coordination

number of eight. The crystal class is

(A) Simple cubic (B) Body centred cubic

(C) Face centred cubic (D) None

Q.17 At the limiting value of radius ratio r+/r_, the

(A) Forces of attraction are larger than forces of repulsion

(B) Forces of attraction are smaller than forces of repulsion

(C) Forces of attraction and repulsion are just equal

(D) None of these

Q.18 The number of Na+ ions fitting all octahedral voids in NaCl structure are

(A) 6 (B) 12 (C) 13 (D) 143

Q.19 The mass of a unit cell of CsCl corresponds to

(A) 1Cs+ and 1Cl– (B) 1Cs+ and 6Cl–

(C) 4Cs+ and 4Cl– (D) 8Cs+ and 1Cl–

Q.20 In the closest packing of atoms, there are

(A) one tetrahedral void and two octahedral voids per atom
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(B) two tetrahedral voids and one octahedral voids per atom

(C) two of each tetrahedral and octahedral voids per atom

(D) one of each tetrahedral and octahedral voids per atom

Q.21 In the closest packing of atoms A (radius: ra), the radius of atom B that can be fitted into tetrahedral voids

is

(A) 0.155 ra (B) 0.225 ra (C) 0.414 ra (D) 0.732 ra

Q.22 Which one of the following schemes of ordering closed packed sheets of equal sized spheres do not generate

close packed lattice :

(A) ABCABC (B) ABACABAC (C) ABBAABBA (D) ABCBCABCBC

Q.23 In the closest packing of atoms :

(A) the size of tetrahedral void is greater than that of octahedral void

(B) the size of tetrahedral void is smaller than that of octahedral void

(C) the size of tetrahedral void is equal to that of octahedral void

(D) the size of tetrahedral void may be greater or smaller or equal to that of octahedral void depending

   upon the size of atoms.

Q.24 A solid has a structure in which W atoms are located at the corners of a cubic lattice, O atom at the

centre of the edges and Na atom at centre of the cubic. The formula for the compound is :

(A) NaWO2 (B) NaWO3 (C) Na2WO3 (D) NaWO4

Q.25 For an ionic crystal of the general formula AX and the coordination number 6, the values of radius ratio

will be :

(A) Greater than 0.73 (B) In between 0.73 and 0.41

(C) In between 0.41 and 0.22 (D) Less than 0.22

Q.26 Potassium has a bcc structure with nearest neighbour distance 4.52 Å. Its atomic weight is 39. Its density

will be :

(A) 454 kg/m3 (B) 804 kg/m3 (C) 852 kg/m3 (D) 908 kg/m3

Q.27 A mineral having the formula AB2 crystallizes in the cubic close-packed lattice, with the A atoms occupying

the lattice points. The co-ordination number of the A atoms, that of B atoms and the fraction of the tetrahedral

sites occupied by B atoms are :

(A) 8, 4, 100% (B) 2, 6, 75% (C) 3, 1, 25% (D) 6, 6, 50%
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Q.1 An element crystallizes in a structure having fcc unit cell of an edge 200 pm. Calculate the density, if 200

g of this element contains 24 × 1023 atoms.

Q.2 A crystal of lead (II) sulphide has NaCl structure. In this crystal the shortest distance between Pb+2 ion

and S2– ion is 297 pm. What is the length of the edge of the unit cell in lead sulphide ? Also calculate

the unit cell volume.

Q.3 If the length of the body diagonal for CsCl which crystallizes into a cubic structure with Cl– ions at the

corners and Cs+ ions at the centre of the unit cells is 7 Å and the radius of the Cs+ ion is 1.69 Å, what

is the radii of Cl– ion?

Q.4 Iron has body centred cubic lattice structure. The edge length of the unit cell is found to be 286 pm. What

is the radius of an iron atom ?

Q.5 Caesium chloride forms a body centred cubic lattice. Cesium and chloride ions are in contact along the body

diagonal of the unit cell. The length of the side of the unit cell is 412 pm and Cl– ion has a radius of

181 pm. Calculate the radius of Cs+ ion.

Q.6 In a cubic closed packed structure of mixed oxides the lattice is made up of oxide ions, one eighth of tetrahedral

voids are occupied by divalent ions (A2+) while one half of the octahedral voids occupied trivalent ions (B3+).

What is the formula of the oxide?

Q.7 Xenon crystallizes in the face-centred cubic lattice and the edge of the unit cell is 620 pm. What is the

nearest neighbour distance and what is the radius of xenon atom ?

Q.8 A solid A+ and B– had NaCl type closed packed structure. If the anion has a radius of 250pm, what should

be the ideal radius of the cation ? Can a cation C+ having a radius of 180 pm be slipped into the tetrahedral

site of the crystal of A+B– ? Give reasons for your answer.

Q.9 The two ions A+ and B–  have radii 88 and 200 pm respectively. In the closed packed crystal of compound

AB, predict the co-ordination number of A+.

Q.10 Calculate the value of Avogadro's number from the following data:

Density of NaCl = 2.165 cm–3

Distance between Na+ and Cl– in NaCl = 281 pm.

Q.11 If the radius of Mg2+ ion, Cs+ ion, O2– ion, S2– ion and Cl– ion are 0.65Å, 1.69 Å, 1.40Å, 1.84Å, and 1.81

Å respectively. Calculate the co-ordination numbers of the cations in the crystals of MgS, MgO and CsCl.

Q.12 CsCl has the bcc arrangement and its unit cell edge length is 400 pm. Calculate the interionic distance in

CsCl.

Q.13 Gold crystallizes in a face centred cubic lattice. If the length of the edge of the unit cell is 407 pm, calculate

the density of gold as well as its atomic radius assuming it to be spherical.

Q.14 Unit cell edge length of NaCl is observed to be 0.5627 nm by X-ray diffraction studies. The measured density

of NaCl is 2.165 g/cm3. Calculate % missing Na+ and Cl–.

Q.15 Iron occurs as bcc as well as fcc unit cell. If the effective radius of an atom of iron is 124 pm. Compute

the density of iron in both these structures.

Exercise 2
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Q.16 KCl crystallizes in the same type of lattice as does NaCl.

Given that
r

r
Na

Cl




 = 0.5 and 

r

r
Na

K




 = 0.7

Calculate :

(a) The ratio of the sides of unit cell for KCl to that for NaCl and

(b) The ratio of densites of NaCl to that for KCl.

Q.17 An element A (Atomic weight = 100 unitless) having bcc structure has unit cell edge length 400 pm. Calculate

the density of A and number of unit cells and number of atoms in 10 gm of A.

Q.18 In a cubic crystal of CsCl (density = 3.97 gm/cm3) the eight corners are occupied by Cl– ions with Cr+

ions at the centre and vice-versa. Calculate the distance between the neighbouring Cs+ and Cl– ions. What

is the radius ratio of two ions ?

Q.19 The composition of a sample of wustite is Fe0.93O. What percentage of iron is present in the form of Fe(lll)

?

Q.20 Potassium Crystallizes in body centred cubic lattice with a unit cell length a = 5.2 Å.

(a) What is the distance between nearest neighbours ?

(b) What is the distance between next nearest neighbours ?

(c) How many nearest neighbours does each K atoms have ?

(d) How many next-nearest neighbours does each K atoms have ?

(e) What is the calculated density of crystalline Potassium ?

Q.21 Ice crystallizes in a hexagonal lattice. At the low temperature at which the structure was determined, the

lattice constants were a = 4.53 Å, and b= 7.41  Å (see figure). How many molecules are contained in a

unit cell ?  [density (ice = 0.92 gm/cm3)]

Q.22 BaTiO3 crystallizes in the prevoskite structure. This structure may be described as a cubic lattice with barium

ions occupying the corner of the unit cell, oxide ions occupying the face–centers and titanium ion occupying

the center of the unit cell.

(a) If titanium is described as occupying holes in BaO lattice, what type of holes does it occupy?

(b) What fraction of this type hole does it occupy ?

Q.23 RbI crystallizes in bcc structure in which each Rb+ is surrounded by eight iodide ions each of radius 2.17

Å. Find the length of one side of RbI unit cell.

Q.24 The metal nickel crystallizes in a face centred cubic structure. Its density is 8.9 gm/cm3. Calculate

(a) the length of the edge of the unit cell.

(b) the radius of the nickel atom. [Atom weight of Ni = 58.89 unitless]

Q.25 If NaCl is dopped with 10–3 mol % (a) SrCl2 (b) FeCl3 calculate the number of cationic vacancies for each

per mole of NaCl crystal.
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Q.1 A metallic element crystallizes into a lattice containing a sequence of layers of ABABAB..............Any packing

of spheres leaves out voids in the lattice. What percent by volume of this lattice is empty space.

[IIT 1996]

Q.2 A unit cell of sodium chloride has four formula units. The edge length of the unit cell is 0.564 nm. What

is the density of sod. chloride. [IIT 1997]

Q.3 Chromium crystallizes with bcc lattice. The unit cell length is 278 pm. Calculate atomic radius. What would

be the density of chromium. [IIT 1997]

Q.4 Which of the following statement is correct :- [IIT 1998]

(A) The coordination number of each type of ion in CsCl is 8.

(B) A metal that crystallizes in BCC structure has a coordination number 12.

(C) A unit cell of an ionic crystal shares some of its ions with other unit cells.

(D) The length of the unit cell in NaCl is 552 pm. ( r
Na

 = 95 pm,  r
Cl 

 = 181 pm)

Q.5 The coordination number of a metal crystallising in a hcp structure is [IIT 1999]

(A) 12 (B) 4 (C) 8 (D) 6

Q.6 A metal crystallizes into two cubic phases, face centred cubic (FCC) and body centred cubic (BCC), whose

unit cell length are 3.5 Å and 3.0 Å respectively. Calculate the ratio of the densities of FCC and BCC.

[IIT 1999]

Q.7 The figures given below show the location of atoms in three crystallographic planes in FCC lattice. Draw

the unit cell for the corresponding structure and identify these planes in your diagram.

    [IIT 2000]

Q.8 In a solid "AB" having NaCl structure "A" atoms occupy the corners of the cubic unit cell. If all the face-

centred atoms along one of the axes are removed, then the resultant stoichiometry of the solid is

[IIT 2001]

(A) AB2 (B) A2B (C) A4B3 (D) A3B4

Q.9 A substance AxBy crystallizes in a FCC lattice in which atoms "A" occupy each corner of the cube and

atoms "B" occupy the centres of each face of the cube. Identify the correct composition of the substance

AxBy .     [IIT-2002]

(A) AB3 (B) A4B3

(C) A3B (D) composition cannot be specified

Exercise 3
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Q.10 You are given marbles of diameter 10 mm. They are to be placed such that their centres are lying in a

square bound by four lines each of length 40 mm. What will be the arrangements of marbles in a plane

so that maximum number of marbles can be placed inside the area ? Sketch the diagram and derive expression

for the number of molecules per unit area [IIT 2003]

Q.11 The crystal AB (rock salt structure) has molecular weight 6.023 amu. where y is an arbitrary number in

amu. If the minimum distance between cation and anion is y1/3 nm and the observed density is 20 kg/m3.

Find the : [IIT 2004]

(a)  density in kg/m3 and

(b)  type of defect

Q.12 In which of the following crystals alternate tetrahedral voids are occupied (IIT 2005)

(A)  NaCl (B)  ZnS (C)  CaF2 (D)  Na2O

Q.13 An element crystallizes in f.c.c. lattice having edge length 400 pm. Calculate the maximum diameter of atom

which can be placed in interstitial site without distorting the structure. [IIT 2005]

Q.14 The edge length of unit cell of a metal having molecular weight 75 g/mol is 5 Å which crystallizes in cubic

lattice. If the density is 2g/cc then find the radius of metal atom, (NA = 6×1023). Give the answer in pm.

[IIT-2006]

1 Marks Questions:

1. What are n- type semiconductors? [All India 2012]

2. What is meant by ‘doping’ in a semiconductor? [Delhi 2012]

3. How may the conductivity of an intrinsic semiconductor be increased? [All India 2012]

4. Which stoichiometric defect (point defects) in crystals increases the density of a solid?
[All India 2012; Delhi 2011, 2009]

5. What is meant by intrinsic semiconductor? [Foreign 2011]

6. Which point defect in crystals of a solid does not change the destiny of the solid?  [Delhi 2010,2009]

7. Which point defect in crystals of a solid decreases the density of the solid?

[Delhi 2010, 2006; All India 2009; Foreign 2009]

8. What type of semiconductor is obtained when silicon is doped with arsenic? [All India 2006]

9. Give an example of an ionic compound which shows Frenkel defect. [All India 2010C]

10. Which point defect its crystal units alerts the density of a solid? [Delhi 2009]

11. What type of substances exhibits anti-ferromagnetism? [Delhi 2008]

12. What type of alignment in crystals makes them ferromagnetic? [Foreign 2008]

13. Name an element with which silicon should be doped to give n- type semiconductors.[Delhi 2008C; Foreign
2007]

Exercise 4
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14. What is F-centres? [All India 2008C]

15. Name the non-stiochiometric point defect responsible for colour in alkali halides  [All India 2006]

16. What is meant by point defects in crystals? [All India 2006]

17. What makes the crystal of KCl to appear sometimes violet? [All India 2006C]

18. Name an element with which silicon can be droped to give a pipe-type semiconductor [Foreign 2006]

19. What is the effect of Schottky and Frenkel defects on the density of crystalline solids  [All India 2006C]

4 Marks Questions:

20. Explain the following terms with suitable example of each.

(i) Ferromagnetism

(ii) Anti-ferromagnestium [Delhi 2011 C]

21. In terms of band theory, explain the difference between a conductor and a semiconductor and give one suitable
example of each. [All India 2011C]

22. How are the following properties of crystals affected by Schottky and Frenkel defects?

(1) Density

(2) Electrical Conductivity [Delhi 2010, 2009C]

23. Explain the following terms with suitable example of each.

(i) Ferromagnetism

(ii) Paramagnetism [Delhi 2010C]

24. Describe the two main types of semiconductors and contrast their conduction mechanism.[All India 2009C; Delhi
2006C]

25. What are points defects in the crystals? Name the main point defects. [Delhi 2006]

26. Give reasons for the following.”Copper is conducting as such while copper sulphate is conducting only in molten
state or in aqueous solution.” [All India 2006]

6 Marks Questions:

27. What is a semiconductor? Describe the two main type of semiconductors and explain mechanism for their
conduction. [Delhi 2008, 2008C; All India 2008, 2008C]

28. How would you account for the following?  [Delhi 2008,Foreign 2008]

(i) Freckel defects are not found in alkali metal halides.

(ii) Schottky defects lower the density of related solids.

(iii) Impurity doped silicon is a semiconductor.

OR

Explain the following properties giving suitable examples.

(i) Ferromagnetism (ii) Paramagnetism (iii) Ferrimagnetism

29. Explain the following giving a suitable example in each case.

(i) Frenkel defect (ii) F-centres
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(iii) Paramagnetism

30. Explain the following terms with suitable examples.

(i) Schottky defect

(ii) Ferromagnetism

31. Account for the following.

(i) Fe
3
O

4
 is ferrimagnetic at room temperature but becomes paramagnetic at 850 K.

(ii) Zinc oxide on heating becomes yellow

(iii) Frenkel defect does not change the density of AgCl crystal [All India 2008C]

OR

With the help of suitable diagrams, on the basis of band theory, explain the difference between

(i) a conductor and an insulator

(ii) a conductor and a semiconductor

32. Explain each of the following with a suitable example.

(i) Paramagnetism

(ii) Piezoelectric effect

(iii) Frenkel defect in crystals [Delhi 2007]

33. Assign reasons for the following.

(i) Phosphorus doped silicon is a semiconductor.

(ii) Schottky defect lowers the density of a solid.

(iii) Some of the very old glass objects appear slightly milky instead of being transparent.  [ All India 2007]

ANSWER KEY

EXERCISE – I

1. B 2. B 3. C 4. D

5. B 6. A 7. A, C, D 8. C

9. D 10. A 11. A 12. D

13. C 14. A 15. A 16. B

17. C 18. C 19. A 20. B

21. B 22. C 23. B 24. B

25. B 26. D 27. A

—————————————————————————————————————————————–
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EXERCISE – II

1.  41.67 g cm–3 2.  a = 5.94 × 10–8 cm,  V = 2.096 × 10–22  cm–3 3.  1.81 Å

4.  124 pm 5.   175.8 pm 6.   AB2O

7.  438.5 pm, 219.25 pm 8.  103.4 pm, No 9.  6

10.  6.023 × 1023 11.  4, 6, 8 12.  346.4 pm

13. 19.4 g/cm3,143.9 pm 14.  0.775% 15. 7.887 g/cc, 8.59 gm/cm3 16.  (a) 1.143,  (b) 1.172

17. 5.188 gm/cm3,  6.023 x 1022 atoms of Å ,   3.0115 x 1022 unit cells 18. 3.57Å, 0.728

19.  15.053 20. (a) 4.50 Å, (b) a = 5.20 Å, (c) 8, (d) 6, (e) 0.921 gm/cm3

21. 4 molecules of H2O 22.   (a) octahedral, (b) 1/4 23.  4.34 Å

24.  (a) 3.52 Å, (b) 1.24 Å 25.  (a) 6.023 x 1018   (b) 1.2046 x 1019

EXERCISE – III

1.  26% 2.  2.166 g cm–3 3.  7.30 g cm–3 4.  A, C, D 5. A 6.  1.26

8.  D 9.   A 10.  11.26

11. (a)  5.0 kgm–3   (b)  metal or non metal excess 12.  B 13.  117.1 pm 14. 216.5 pm

14. 216.5 pm
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