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Solid State



States of Matter

Depends on

(i) Relative motion of particles at a particular
temperature, i.e., thermal motion.

(ii) Interparticle attractive forces



States of Matter

Inter-particle attractive forces Inter-particle attractive forces Inter-particle attractive forces

Thermal Motion Thermal Motion Thermal Motion

Solid



Solid




Solid State

Solid state has
strong interparticle
attraction and
negligible thermal
motion of particles.



Solid State

Why Do We Need To Study Solids?

The correlation between structure and
properties helps in the discovery of
new solid materials with desired
properties.

To understand how different
arrangements of particles results
in several types of structures.

|
|
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Example: Carbon nanotubes.
It is tougher than steel, lighter
than aluminium and have more
conductive property than copper.

And explore why different
arrangements of structural units
lend different properties to solids.



Solid State

Other examples

High temperature superconductors,
magnetic materials, biodegradable
polymers for packaging, biocompliant
solids for surgical implants, etc.

Such materials may play an
expanding role in future
development of science & society.

Thus, the study of this state
becomes more important in
the present scenario.
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Properties of Solids

‘ Have a definite mass, volume, and shape. um,ﬁ&
. O

@ Leostintearticledistancesin solids
as,compared to liquids and gases. °

?}nﬁinterparticle forces of attraction.
[



Properties of Solids O

7 N
‘ Particles cannot flow.
L b4
[~ \

Constituting particles have fixed positions. They
can only oscillate about their mean position,

i.e., they have vibrational motions only. °
. v
f \
‘ Rigid and incompressible.
O
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Classification of Solids

Solids can be classified as crystalline or amorphous on the basis of the nature of
order present in the arrangement of their constituent particles.

Solid

S

Crystalline Amorphous
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Difference between Crystalline and Amorphous Solids

Amorphous Solid

Crystalline Solid

No particular pattern is
followed, and particles
are randomly arranged.

Particle follow a definite

regular arrangement.
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Difference between Crystalline and Amorphous Solids

Short range order

Amorphous Solid
in the arrangement
. | J p - ] * '/i' . .
y ¥ N | grr—a AN,
W
L
AR
A
=
\ N
A

the arrangement
X
X

X
X
7\

Crystalline Solid
Long-range order in




Difference between Crystalline and Amorphous Solids

Crystalline Solid Amorphous Solid

Produced by slow
cooling under

controlled condition Produced by rapid

of liquid. The cooling of the liquid.
crystalline structure |

is also dependent
on conditions.



Polymorphism

Polymorphism

. Due to the difference in the arrangement
Different crystalline of the constituent particles, two types
structure of the same of solids differ in their properties.
substance are called |
its polymorphic forms.



Polymorphism

Diamond
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Difference between Crystalline and Amorphous Solids

Crystalline Solid

Have a fixed or sharp
melting point and
enthalpy of fusion.

Amorphous Solid

Have a range of
temperature in
which they melts as
M.P. and the enthalpy
of fusion is not fixed.

o



Difference between Crystalline and Amorphous Solids °

Crystalline Solid Amorphous Solid
Transition | o
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Difference between Crystalline and Amorphous Solids

Crystalline Solid Amorphous Solid

When cut with a sharp

edged tool, they split When cut with a sharp
into two pieces and edged tool, they cut

the newly generated into two pieces with
surfaces are plain irregular surfaces.

and smooth.

Pseudo solids or

True solids. super-cooled liquids.

o



Difference between Crystalline and Amorphous Solids

o

Crystalline Solid Amorphous Solid
Anisotropic: Isotropic:
Different values of physical . Same values of physical properties
properties in different directions. in all different directions due to
| random arrangement of particles
A
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AB: Same arrangement

, Along AB and CD
DC: Different arrangement ’ different arrangement




Difference between Crystalline and Amorphous Solids °

Crystalline Solid Amorphous Solid
Example: . Example:
Ag, Fe, Cu, NaCl, H,O (s), diamond, |  Glass, plastic, amorphous silica, rubber,
quartz, sucrose (sugar) starch
Quartz Glass: It is a amorphous solid and | Rubber: S |
transparent form of pure silica. ' = \+/‘|’\{/1
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Difference between Crystalline and Amorphous Solids °

Amorphous Solid

@ Amorphous solids have the same structural
features as liquids and are conveniently
e regarded as extremely viscous liquids.

Amorphous solids have a tendency to
flow (very slowly), hence they are called
® pseudo solids or super-cooled liquids.



Polycrystalline Solid

Note:

Solids which apparently
appear amorphous but
have microcrystalline
structure are called
polycrystalline solids.

Metals often occur in
polycrystalline conditions.

\4

Individual crystals are randomly
oriented so a metallic sample may
appear to be isotropic even though
single crystal is anisotropic.



@ Which one is called pseudo solid or supercooled liquid?

Glass 1

Solution

Glass is an amorphous solid which is sometimes called supercooled liquid or
pseudo liquid.

Hence, options (b) is the correct answers.






Classification of Solids

5=@ lonic solids
Covalent solids

Metallic solids
Molecular solids

Based on the forces among
constituting particles




lonic Solids

lons

Coulombic
(electrostatic)

Very hard (brittle)

Very high

Solid form = Insulator
Molten & aqueous form = Conducting

Examples

NaCl, ZnS, CsCl



Covalent Solids

Constituent particles Atoms (Non metals)
Force of interaction Covalent bond
__________________________ Very hard

(Graphite — soft)

Melting point Very high



Covalent Solids O

They are also called giant molecules

Diamond

Insulator except
graphite

Examples

Diamond, SiC,
SiO,, graphite




Graphite

N

lts exceptional properties are

Graphite belongs
to covalent solids,

but it is soft and a good
conductor of electricity.

7~

due to its typical structure.

Covalent Solids




Covalent Solids

In graphite, carbon atoms are
arranged in different layers and
each atom is covalently bonded to
three of its neighboring atoms in
the same layer. The fourth valence
electron of each atom is present
between different layers and is free
to move about. These free
electrons make graphite a good
conductor of electricity.

Carbon atoms are arranged
in different layers

Different layers can slide over
the other making it a soft solid
and a good solid lubricant.



Metallic Solids

Metal ion at fixed
locations in the sea of
delocalised electrons

Metallic bond

Soft & hard (depending
on metallic bond)

Low to high (depending
on metallic bond)



Metallic Solids

Good conductor in
solid and molten state

Good conductor in
solid and molten state

Examples

Cu, Al, Zn, Ag



Molecular Solids

Constituent particles Molecules
Type of Force of

molecule interaction
Non-oolar Dispersion force
# or London forces

Dipole-dipole
Polar
H-bonding




Molecular Solids

(5 ,(s), CCl, Xe ]

Non-
polar
Molecular oo -
. olar
solids r SO,, SF, ]
Hydrogen-
bonded

CE H,O(ice), H3BO3]




Molecular Solids

Type of
molecular Physical state M.P.
solids
Non-polar @ /
Pol&r Soft ( C-'Low /
H-bonded Hard \ Low

Electrical
conductivity

Non-conducting

Examples

l,, Xe(s), CgHg, CCl,, HCI,
H,O(s), H;BO;(s)



@ Crystals which are good conductor of electricity and heat are known
as:

lonic crystals Covalent crystals ]

] 0
a a

Metallic crystals Molecular crystal ]

Solution

Metals conduct heat and electricity.

Hence, option (c) is the correct answer.



'D'
@ Which of the following solids is incorrectly matched with the
bonds found between the constituent particles?

N
Solution ,\(B H;BO5: Polar & H-bond -~
J
N
Graphite: Covalent
R and van der Waals g )
N
B/NaCI: Coulombic London forces
X

Hence, option (c) is the correct
answer. [P

Metal alloys: lons-delocalised
electrons




@ Which of the following is incorrect for ionic crystals?

Solution They possess high melting
point and boiling point
B They are electrolyte
/

Exhibit directional
)“ properties of the bond

Hence, option (c) is the correct G None of these

answer.




o

For each of the following substances, identify the intermolecular
force or forces that predominate. Using your knowledge of the
relative strengths of the various forces, rank the substances in
order of theirs normal boiling points. Al,O, F,, H,0, Br,, ICI, NaCl.
Which of the following is incorrect order?

F, <Br, < ICI } H,O < NaCl < AI2031

a ()
G ICI < H,O J B H,O < ICI }




(¥ .
Solution

 Order of boiling points can be predicted on the basis of intermolecular forces
present in them:

* Al,O; is ionic, F, has van der waal’s forces, H,O has hydrogen bonding , Br, has
van der Waal forces, ICl has van der waal forces and NaCl has ionic bond. F,, H,O,
Br,, ICl are molecular solids ;

* As size of Br, is more than F, so its van der waal forces will be more and boiling
point of Br, will be more than F, and ICl and in ICl there is polarity difference | and
Cl so its dipole-dipole interactions will be more than Br,. So , IClI has more boiling
point than Br, and F, so the order is F, < Br, <ICl and thus option (a) is correct.




@ .

* H,O has hydrogen bonding and NaCl and Al,O5 are ionic. So , NaCl and Al,Oq
have much more boiling point than water and out of NaCl and Al, O, electrostatic
attraction will be more in Al,O5 than NaCl. So, order is
Al,O5; > NaCl > H,0 and thus option (b) is correct.

e Out of ICl and H,0, H,O has more boiling point than ICl as H,O has H-bonding
which is much stronger than ICI which has van der waal forces thus option (c) is

correct and (d) is wrong.

Hence, option (d) is the correct answer.




@ Cation and anion combines in a crystal to form following type of
compound.

Solution el }

Cation and anion combine in a crystal to Metallic

form the ionic compound.

Hence, option (a) is the correct answer. Covalent

Dipole-dipole

o
a |
a




@ The existence of a substance in more than one solid modifications is
known as:

Isomorphism

/

The existence of a substance in more than Polymorphism
one solid modifications is known as
polymorphism.

Solution

(]

:

Hence, option (b) is the correct answer. Amorphism

Allotropy

o |
o




®
@ Which of the following statement is yor ionic solids?

Solution (
lonic solids are soluble
w—polar solvent
\
-

Under the electric field)cations
and anions acquire translatory

motion in opposite directions.
™ r\/j\ __
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@ Which of the following statement is true for ionic solids?

Solution
Structural units/have_strong
Y electrostatic force of attraction.

-
Structural unit9 have
v dipole-dipole interactions
\

Hence, option (a) is the correct answer.




Solids which do not show the same physical properties in

different directions are called:

Solution

Solids which do not show the same physical
properties in different directions are known
as anisotropic solids.

Hence, option (d) is the correct answer.

Pseudo solids

|sotropic solids

Polymeric solids

a
a
a
LT

Anisotropic solids }




Crystals which are good conductors of electricity and heat >
are known as:

lonic crystals

Solution

Metallic crystals are good conductors of Covalent crystals

electricity and heat.

Hence, option (c) is the correct answer. Metallic crystals

Molecular crystals

a
a

g |
a




@ Assertion: Amorphous solids are isotropic.
Reason: Amorphous solids lack a regular three-dimensional
arrangement of atoms.

If both assertion and reason
are correct, but reason is not
the correct explanation of

-
If both assertion and reason are
correct and reason is the correct

assertion.

explanation of assertion

If both the assertion
and reason are incorrect

-
o
- [
G If assertion is correct but B
reason is incorrect.
o




@

Solution

Assertion is true ; Reason is also true and reason is the correct explanation of
assertion.

Amorphous solids are isotropic because the arrangement of particles is different
along different directions i.e., (they lack a regular 3D arrangement of particles), the
value of the physical properties is found to be the same along each direction. The
property remains the same in all directions. This property is known as isotropy.

Hence, option (a) is the correct answer.




@ Constituent particles in quartz are bounded by: | & L

~N

| [
S[OL \ | 5 ] /S\:
@ s )

/ )
Solution B Electrostatic bonds
J
.
Constituent particles in quartz are boundeo\l‘/a/ Covalent bonds
by covalent bonds. Y,

Hence, option (b) is the correct answer.
P (b) a van der Waals forces

a Metallic bonds




@ lonic solid are characterised by: U

2
. Good conductivity
Solution B/ in solid state )

. 2\
igh vapour pressure
J

Hence, option (d) is the correct answer. K
A/Low melting point

. N\
Solubility in
polar solvents )




Internal Arrangement
of Particles in a Crystal




Lattice Point

Each constituent
particle (molecule,
atom, and ions) will be
represented by a dot (.)

Each dot is called
a lattice point.




Lattice or Space or Crystal Lattice

The 3-D regular
and repeating

arrangement of

represented by
dots in a solid.

. . /9
constituent particle «



2-D Lattice

Space
In 2-D lattice
/]
I/
)
| 4
- — - —
Lattice 4
points \
4 ® P P



3-D Lattice

In 3-D Space
lattice

/

A7
B2




o

Note

-

\_

Each lattice point specifies the location
of &structural motif (or bas@, Wiallela!
may be atoms, molecules, or groups

of atoms, molecules, or ions.

N

J

|

r

Crystal structure is the collection

of structural motifs arranged

according to the lattice.

\




Lattice or Space or Crystal Lattice
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Crystal structure




O O  lhespac€latinamepcrystal can be
divided into identical parallelepipeds
0 O © O (asixsided geometrical salid whose-
faces are all parallelograms) by joining

the lattice points with straight lines.

_Each such
parallelepiped
is called a unit cell.




Unit cell is(‘usualh_z]
the smallest portion
of a lattice which,
when repeated in
different directions,
generates the

entire latti
T

Unit Cell

Generally, the most
symmetrical and

smallest volume

unit cell is selected.




2-D Unit Cell

Space
In 2-D lattice

{

!
!

|4
®

et |




3-D Unit Cell

In 3-D Space
lattice

Lattice 4
points N




Characteristics of Unit Cell

)

_Its dimensions along the three
(1) edges, a, b, and_c may or may
not be mutually perpendicular.

Angles between the edges,
(2) a (between b and c), B (between
a and c¢), and y (between a and b).




Characteristics of Unit Cell

Each unit cell has characteristic
) relation between a, b, and ¢
or «, 3, and y that gives rise
to different types of unit cell.

o o
° °

C
aBQx ° ®



@ The smallest repeating pattern which when repeated in three U
dimensions results in the crystal of the substance is called:

Solution

Space lattice ]

Crystal lattice

Unit cell

Hence, option (c) is the correct
answer.

a
o

B |
a

Coordination number }




B
@ Which of the following is a incorrect statement?
7

- s
Solution Crystal structure is the collection
of structural motifs arranged
far=

according to the lattice.

The basis may be a single
atom or molecule.

o
-




U
@ Which of the following is a incorrect statement?

é.v nit cell is a parallel-sided (but not

Solution necessarily rectangular) figure from
which the entire crystal structure can be

constructed by using only translations

K (not reflections, rotations, or inversions).

%

Hence, option (d) is the correct ( U™ ce A \
answer g . SMJsthe smallest portion

“of a crystal lattice which, when
repeated in different directions,

generates the entire lattice.
k%ﬁ*/

%




Unit Cells in 2-D O

Parallelogram

There are 5 types of unit
cells possible in 2-D lattice.

\

Unit cells in 2-D is parallelogram
which is described by three
parameters i.e., a, b, y.

a,lv-,?



Unit Cells in 2-D

Unit Cell a,b Y
Square a=b y =90°
7
\/Rectangle a//gt b y =90°
Hexagonal a=b y =120°




Unit Cells in 2-D

Unit Cell a,b Y
Y #9Q°,
v/ Rhombic a=b Yy #60°&
1 y #120°
Parallelogram Y ;@
y

Most symmetrical > Square unit cell




3-D Unit Cell

In 3-D lattice to specify any unit
cell 6 parameters are required.

d =

3-edge length (a*jb’/‘c-')-and 3-angle These 14 unit cells are grouped
between these i.e, cf’ p.andy. ' in 7 crystal systems depending
- upon 7 types of primitive unit cells.

f—————————
In 3-D lattice, 14 different types

Q‘ unit cells are found and these are
also known as Bravais lattice.




Unit Cell

Unit Cell

/\

Primitive unit cell Mmltlye or
centred unit cell

l/(/ —_———————




Primitive Unit Cell

Unit cell having

lattice point only

Primitive/Simple
unit cell



Non-Primitive or Centred Unit Cell

Non-primitive or
Centred Unit Cell

Unit cell having —> Body-centred (B.C))
lattice point at
corners as well as

within the unit cell. —>  Face-centred (F.C.)

—_— End-centred (E.C.)



Non-Primitive or Centred Unit Cell
Body-centred unit cell

It contains one constituent particle (atom, molecule, or ion) at its body centre
besides the particles at its corners. In body centred unit cell, the constituent
particles are present at the eight corners of the unit cell and also at the centre of
the unit cell as shown below.

7

A V4

Body-centred
unit cell



Non-Primitive or Centred Unit Cell

Face-centred unit cell

Such a unit cell contains one constituent particle present at the centre of each
face, besides the ones that at its corners. In face centred unit cell, constituent
particles are present at the eight corners of the unit cell and also at the centre of
six faces of the unit cell as shown below.

Face-centred
unit cell



Non-Primitive or Centred Unit Cell

End-centred unit cell

In such a unit cell, one constituent particle is present at the centre of any two
opposite faces besides the ones present at its corners. In end centred unit cell,
constituent particles are present at the eight corners of the unit cell and also at the
centre of any two opposite faces of the unit cell as shown below.

/1 /7

a4

End-centred



In the face-centred unit cell, the lattice points are present O
at the:

Solution \mers and face-centres of the unit cell }

~

Corners and centre of the unit cell

Hence, option (a) is the

Body-centre of the unit cell
correct answer.

.
G Corners and edge-centre of the unit cell
J




@ Choose the correct statement:

Solution -~
There are 3 types of unit
cells possible in 2-D lattice.
-l
4

The most symmetrical unit

cell ingﬁnice 5 c%




@ Choose the correct statement:

Solution -

n 3-D lattice to specify any unit
cell, 6 parametersare required.
.

Calb,L) < («,FJQ

\
In 3-D Iattice,‘1§<different
Hence, option (c) is the correct types of unit cell are found.

answer. 7 N




Crystal System

Triclinic \

Monoclinic

Hexagonal

A}
AY
Y

Cubic
s | g \\ / Tetragonal
Crystal ——
system = |
o Orthorhombic

=====

_ Rhombohedral
or trigonal

-/



Crystal System

Cubic crystal lattice ]

y =90°

Edge length Angle
C
a=b=c a=B=y=90°
a =90°
Unit cell found Examples a

B =90°
Primitive, BC, FC NaCl, ZnS, Cu



N

gl
|
74

Simple cubic

Crystal System

Cubic

Face-centred
cubic

N

pai
‘0
A

Body-centred
cubic



Crystal System

Tetragonal crystal lattice ]

y =90°

Edge length Angle
a=b=c a=B=y=90° ¢
a =90°
Unit cell found Examples
T a B=90°
Primitive, BC White tin,

SnoO,, TiO,



Crystal System

Tetragonal

N
N
AN
N

A v A v

Primitive Body-centred



Crystal System

Orthorhombic crystal lattice ]

Edge length Angle c
azb#c a=B=y=90°
a =90°
Unit cell found Examples
Primitive, BC, Rhombic sulphur, a p=90°

FC, EC KNO,, BaSO,



Crystal System

[ Orthorhombic system ]

Simple (primitive), end-centred, body-centred, and face-centred unit cells are
possible in an orthorhombic crystal system.
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Crystal System

Rhombohedral or Trigonal
crystal system

Edge length Angle
a=b=c a=B=y#90°
Unit cell found Examples

Calcite (CaCO,),

Primitive
MtV cinnabar (HgS)



Crystal System

Monoclinic crystal system ]

Edge length

azZzb#c

Unit cell found

Primitive, EC

Angle
a =y =90°
B #120°, 90°, 60°
Examples

Monoclinic sulphur,
Na,SO,.10H,0

B = 120°,
90°, 60°

-l



Monoclinic system

Crystal System

Simple (primitive) and end-centred unit cells
are possible in a monoclinic crystal system.

'7</——More than

90°

T~
/ .7/ D —
Primitive

«—+Less than

90°

End Centered

Rhombohedral
or trigonal

0
%"

Primitive



Crystal System

Triclinic crystal system ]

Edge length Angle
azb#c aZzB#y #90°
Unit cell found Examples

K,Cr,0,, CuSO,.5H,0,
H,BO,

Primitive



Crystal System

Hexagonal crystal lattice ]

Edge length Angle y =120°
a=b#c a=p=90°
y =120° C
Unit cell found Examples a =90°
Primitive izl gl

ZnO, CdS



Crystal System

[ Triclinic } [ Hexagonal ]

— — _’\

i ‘

Primitive Primitive



Q@

Tetragonal crystal system has the
dimensions:

a=b=canda=8=y=90°

a=bzZzcanda==y=90°

azb#zcanda=8=y=90°

a=b#zcanda=p=90° y=120°

olojojo

J

following unit cell

o



[ o

Solution

The tetragonal crystal system has only 2 sides equal and all 3 angles are equal to
90°.

Hence, option (b} is the correct answer.




o

@ In the primitive cubic unit cell, the atoms are present at the:

Corners of unit cell only

Centre of unit cell

Centre of each face of the unit cell

One set of faces of the unit cell

ojajojo




Solution
Primitive cubic unit cells have atoms present in the corner of the unit cell

only.

Hence, option (a) is the correct answer.




@ For orthorhombic system edge lengths are
axial angles are:

Solution
@) csoves

|

z/@/a=ﬁ=y=90°

N

J

@ a=vy=90° B #90°

N

@ eopoveso

Hence, option (b) is the correct answer.




@ NaCl is a well-known example of: U

Solution

[E] Triclinic system

Tetragonal system

Monoclinic system

\/B/ Cubic system




Crystal System

Crystal
system

Cubic

Tetragonal

Orthorhombic

Edge
length Angles
a:b:c a:B:y:QOO

a=b#c | a=B=y=90°

azb#c | a=B=y=90°

Unit cell(s)
found

Primitive,
BCC, FCC

Primitive,
BC

Primitive,
BC, FC, EC




Crystal System

Edge Unit cell(s)
Crystal system ene i Angles found
Rhombohedral | _p=c a=p=y=90°  Primitive
or Trigonal
. a=vy=90°, Primitive,
b #
Monoclinic azb#c B % 90° EC
Triclinic azb#c  a#zB#y#90° | Primitive
= = o
Hexagonal a=bzc ¢ B =90% Primitive

y =120°

@ (]
0o
oo

@ @

Hint to memorize:

CuTeORHMT



@ The most unsymmetrical system is:

Triclinic Orthorhombic

B Cubic B Hexagonal

Solution

Unsymmetrical means neither any sides are equal nor any angles.
In triclinic system:a#zb #c; a = 3%y # 90°.
Hence, option (c) is the correct answer.



@ The crystal system of a compound with unit cell O
dimensions, a = 0.387 and b = 0.387 and ¢ = 0.504 nm and
a=pB=90°and y =120° is:

Cubic Hexagonal

CJ N O |
a ]

Orthorhombic Rhombohedral

Solution

As we can see from given data; a=b #c and a = 8 = 90° and y = 120°. These
parameters are best fit in a hexagonal crystal system.

Hence, option (b) is the correct answer.



In the body-centred unit cell, the lattice points are present U
at the:

B Corners of the unit cell only
J
L N
Corners and<centre of
the unit cell

J

@ Corners and centre of . —
eg/():h face of the unit cell

y4

7
[E] Corners and at one set c
VA of faces of unit cell

7

~




@ If all three interfacial angles defining the unit cell are equal in O
magnitude, the crystals cannot be:

—// o(:(;:.?
a Rhombohedral
ol
—
Hexagonal
AN J
/)O i
B Tetragonal /
V4




[ o

Solution

Angles in rhombohedral, cubic, tetragonal are equal but in hexagonal
they are not equal.

Hence, option (c) is the correct answer.




Contribution of Particles
at Different Sites




Contribution of Particles

Contribution of particles at different
sites in one cubical unit cell

J 1

Face- Edge- Body-

Corner
centred centred centred



Contribution of Corner Particles

I \‘ﬁ:

——

A particle at the corner of a unit
cell is shared by eight unit cells.

Contributes /8 part
to the unit cell.



Contribution of Corner Particles

.?

o

v

s

i

U/




Contribution of Face-Centred Particles

Contribution of particles at different
sites in one cubical unit cell

|
9 ( Face- w

=—-—-—;‘A centred
[ 4
/o 7



Contribution of Face-Centred Particles

®
[ _
A particle at the face-centre is @ O [ _
shared by two unit cells.
@)
Contributes V2 part
to the unit cell.
) ® v



Contribution of Edge-Centred Particles

Contribution of particles at different
sites in one cubical unit cell

|
( Edge- W

centred

4 % o




Contribution of Edge-Centred Particles

A particle present at the edge-centre
is shared by four unit cells.

Contributes ¥4 part
to the unit cell. ¢



Contribution of Body-Centred Particles

Contribution of particles at different
sites in one cubical unit cell

1

)

[ Boay- !

centred

\/g |/7/ ‘/b‘




Contribution of Body-Centred Particles

A particle present at the body-centre
wholly belongs to the unit cell
in which it is present.

Contributes 1 part
(fully) to the unit cell.




Contribution of Particles

% a SPt\CrC Lo

‘)‘rﬁ’en* Y ’ﬁ:;\
o
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4o bl
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)

=
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Solution

In a face-centred cubic arrangement of A and B atoms,
A-atoms are at the corner of the unit cell and B atoms at the
face-centres. One of the A atom is missing from one corner in
the unitcell-What is the simplest formula of the compound?

. L 7xL - 7
P (stress -%"ga e T2t

0 a Grvds | (yl-2 B
B Ao L
B N
5o [

—

A.B,

A7B24

@ -




@ A compound has cubical unit cell in which X atoms are
present at 6 corners, Y atoms are at the remaining corners &
only at those face-centres that are not opposite to each
other, and Z atoms are present at remaining the face-centres
and body-centre. Find the formula of the compound.

B e E:;f

Solution X 6 (strers = 6L = % =

3 |/9é.——
/b
Y A (atrews + 2 faes B XY.Z,




Cubic Lattice

@ Simple cubic (<)

Cubic lattice " @ Body-centred cubic
(px)

@ Face-centred cubic

(Feo)




Simple/Primitive Cubic Unit Cell

I
?m& 1

Effective number of  _ g x R B 1
particles in a unitcell gre.

— O((u.f)qvuzl ,,Q ™ c0Q






Simple Cubic Unit Cell

Q=2 \/%’/2

—-— - —

I

Face of a simple cubic unit cell



Simple Cubic Unit Cell

Relation between a & r

Corner atoms are touching each other.

e_a = Edge length of a SC unit cell
e r = Radius of a particle presentin that unit cell




Packing Efficiency

e percentage of
the total space filled_
by the particles




Packing Efficiency (P.E.)
Vek- £ whbe = 0\3

For 3-D arrangement a= elge lyh

_< Volume occupied by particles in a unit cel)

P.E. — <100

Total volume of the unit cell

- ‘i—v\h
O qume of one particle
x 100

lotal volume of the unit cell

—

o Z =Wivenumber of atommc%




Packing Efficiency (P.E.)

V- A :)ﬁ\tx- = 27\‘7;3

Total volume
occupied by particles

VA wd el o ()

Volume of
the unit cell

m

1 X%n@
7}
a’ = (2r)7
1 ~ | Lo
o _



Packing Efficiency (P.E.)

1x (4/3)mr3

P.E. @n?

x 100

(At
"’( y) 1T x 100

Q




@ Polonium crystallizes in a simple cubic structure. The edge of the unit
cell is 0.236 nm. What is the radius of one polonium atom:

Solution
fre < a= 22
% =— a o236 nm
=5 = 7

Hence, option (c¢) is the correct answer.

0.144 nm

0.156 nm

0.118 nm

ojajaia

0.102 nm

S 2 NS NS




@ The fraction of volume occupied by atoms in a primitive cubic

unit cell is nearly:

Solution

The fraction of volume occupied by atom
In a primitive cubic unit cell is nearly 0.52.

Hence, option (b) is the correct answer.

0.48

aola

0.52

ala

0.55

0.68

N AN A AR

s




Cubic lattice

/ @0




Body-Centred Cubic Unit Cell

Sph
R Cevoner - S*é; iaﬂsfcm

Effective number of
particles in a unit cell

=2

1
— 8xX— +(1x1) =
=+ (1x 1)

—~

(&



Body-Centred Cubic Unit Cell

ey f"
A B 8BS Hew houch the &om “*La?_; =

1/\ bec Covvey ohom don ¥ Youch Tach < floe .

e



Body-Centred Cubic Unit Cel|

f (— >




Body-Centred Cubic Unit Cell

»

S

S
Face of a body-centred cubic unit cell




Body-Centred Cubic Unit Cell

Spheres are not touching along the edge.
They are touching along the body diagonal.




Body-Centred Cubic Unit Cell

Relation hetween a & r

Along the body diagonal

R - ﬁ/r@ V3a = Ar
«.z[
Vo




Packing Efficiency (P.E.)

For 3D arrangement

Volume occupied by particles in a unit cell
R — x 100

Total volume of the unit cell

Z x VVolume of one particle
— : x 100
Total volume of the unit cell




Packing Efficiency (P.E.)

Total volume _ 4

—_— 3

occupied by particles o 7 M
Volume of _ 3 — 3
the unit cell — . = (4rh3)

{]j W‘
L RE:
A %‘,A% = 7‘8;

- Qﬁx ,;m> /g ’ W
. C\r

2



Packing Efficiency (P.E.)

Packing _  2Xx(43)mr
efficiency (4r\3)3

@é}(\x 100
\ Y

o~ 68%

x 100




@ In the body-centred cubic lattice given below, which of the U
following options is incorrect?

B

/ 4

A D

C

Al




@ Solution Lo, AiagmaQ >

C
AR ~AGz Pedy duagand AG %/
Y AT » a |zajz |
Q@'A) - 0“‘@ \\ AI .
AR = 5\‘;@ E N
z / =G




@ If 'a’ is the length of the side of a cube, the distance between U
the body-centred atom and one corner atom in the cube will

be—— =

a

(]
(-]

4
\/Ta
V3
4
@
/@/ %@

Hence, option (d) is the correct answer.




@ The vacant space in a bcc lattice unit cell is:

. 63/ Ceadied
Solution [ ocea

(o> 6B = B vasS~

@ -

26%

2 U2 U U/




Face-Centred Cubic Unit Cell

Cubic lattice




Face-Centred Cubic Unit Cell

Effective number of _ 1 1
] : ) — 8xX— +6x—
particles in a unit cell 8



Face-Centred Cubic Unit Cell /‘0

Q=282

Effective number of _ l l @
] : ) — 8X— +6%x— =—
particles in a unit cell 8 2



Face-Centred Cubic Unit Cell

Relation between a and r

Face of unit cell

21
Spheres are touching 2 =
along the face diagonal
2a = 4,



Packing Efficiency in FCC

U _
2=
Y {27\,%) a =224 _
—/g’g/ 4 % (4/3) mrs
(ad2) PE. = [4r ]3
. A V2
2 % 2 T
Frive s T mx100
= 32

0

740/\</



Copper crystallizes in a face-centred cubic lattice with a unit ®
cell length of 361 pm. What is the radius of copper atom in

e

pm?
&
o 26, e a= 2| =24
az T ke
157
_ 180 Gm"'“’) ] mo
,\5/ z

181

|
|
o
|

& EE

o "
128 ‘%\ e |wsz. )
BCL |=C8).
_ _ Fee (X4
Hence, option (d) is the correct answer. | —




@ The fcc crystal contains how many effective atoms in each unit
cell?

Solution

In fcc crystal contains, effective
atoms in each unit cell is 4.

A U 2 S

a

(-]
=T

a




@ Lithium metal crystallizes in a body-centred cubic crystal. If the U
length of the side of the unit cell of lithium Is 351 pm, the atomic
radius of lithium will be:

;7: @O:"r— %g)

a = 5] 7 o ' 2007
Solution 5
|-722 % "e
Q/5lspm ] wf@:l-m
@ 755/pm } r=151.8 pm
300.5 pm }
@ 2409 pm }

Hence, option (a) is the correct answer.




I,

e B

e (

The unit cell structure of compound is shown below. The
formula of compound is:

At body-centre

0/ AgB,,C

an S
0.‘// {0 [E] AB,Cs

- : . - AB,Cs
Ll B

D2 U U




S

At body-centre

Solution
A,@‘z(g
Ay 8%= L e /
’ C —\-xq'f' é
s o gl

-~ 241 =32 %

—r

[ B

Hence, option (b) is the correct answer.

Q-
l.//




Density of a Unit Cell

It is the ratio of
mass of the spheres
present in unit cell
and total volume
of unit cell.



Density of a Unit Cell

Y

Density of __  Total mass of particles in the unit cell

the unit cell Volume of the unit cell

N4

(Total number of particles in the

Density of  _  unit ceD X @ass of single particle
the unit cell

Volume of the unit cell



Density of a Unit Cell

Mass of a i [Molar mass]
single particle — N
A
_ h(Total number of particles in unit cell) x (Molar mass)
Density (p) = .
(Volume of unit cell) x (N,)
B (2) (M/MA) - =
_— 3

6> Na @



Density of a Unit Cell

Density of __  Density of
unit cell i crystal
_ Zx M
Density (p) =

N, x a°



@ At room temperature, Polonium crystallizes in cubic primitive $
cell. If edge length is 3.0 A, calculate the theoretical density of
Po. (Atomic wt. of Po =207 g/mol)

G 25/3 amu/A3
m 23/3 amu/A3
21/3 amu/A3

S N e N O S

m 27/3 amu/A3




& c
Solution

1 th
A primitive cubic unit cell contains atoms only at the 8 corners with each [8}
corner contributing of an atom.

Hence n =8 x (——)=1. Volume V = a3 = (3.0 A)’

a

Therefore option (b) is the
correct answer.

Since, Z =1 for primitive cubic unit cell

8
_n 1 x 207 amu
Vv . PT

| (3.0 A)3

Where, m = Mass of the unit cell :

V = Volume of the unit cell E 23

Atomic mass in g = Atomic mass in amu X Avogadro no. : 0=
| 3

= NM =207 amu




@ A solid having a density of 9 x 10° kg m=3 forms a face-centred O
cubic crystal of edge length 200v2 pm. What is the molar mass of
the solid? (Avogadro constant = 6 x 102> mol, t = 3)

0.0432 kg mol-

C 0.4320 kg mol-

0.0305 kg mol- }
0.0216 kg mol- }

a
(-]
a




@ O

Solution
For a face-centred cubic crystal Z = 4 'M = 305.470 x 103 x 1023 x 1039 kg mol”
a=200v2 pm i
d =9 x 103 kg m3 M =0.0305 kg mol
_ Z*x M Therefore, option (b) is the

Density (p) = N x a3 ' correct answer.

A 1

9 x10° kg m= = £ X M

6 x 1023 mol' x (2002 x 102 m)3

9 x 103 kg M2 x 6 x 1023 mol x (2v2 x 1070 m)? |
M = |

4




Coordination Number (C.N.) s

&+®)  Simple cubic
Body-centred cubic
Face-centred cubic

Number of nearest

neighbour particles Coordination
in a packing is called number in
coordination nhumber. |

—




Coordination Number O

Simple cubic unit cell

e Reference particle
® Nearest particle




Nearest Neighbour

Simple cubic unit cell

@
. @
e Reference particle
® Nearest particle
e Next nearest particle
@,



Nearest Neighbour

Simple cubic unit cell

Number of nearest neighbour is
same as coordination number.

Distance of the
hearest particle

Number of nearest
particles



Nearest Neighbour in BCC

e Reference particle ./
Nearest particle -

Number Qf nearest CN.
particles



Nearest Neighbour in BCC

ON 2
e Reference particle
Nearest particle

Distance of nearest
particle in BCC

\

7

XL

<

/33




Nearest Neighbour in FCC U

./0

e Reference particle
e Nearest particle

-Vl

Distance of nearest _ / & \ _ o
particle in FCC D2 .
\/‘/
Number of
. 12
nearest particles




@ What are the number of atoms per unit cell and the number of 0
nearest neighbours in a body-centred cubic structure?

Solution
@ e
For body-centred cubic structure
Number of atoms per unit cell =2 @ 1 6 }
Number of nearest neighbours =8 ’
Hence, option (c) is the correct answer.
o
@ =




Structure of Solids




Structure of Solids

Structure of solids

i

Lattice

1-D 2-D 3-D



Structure of Solids

In 1-D, for efficient
packing, spheres are
arranged in a row and

touch each other.

e




Structure of Solids

Coordination number (C.N.)

(

\_

Number of nearest neighbour particles in
a packing is called coordination number.

_/




Structure of Solids

Packing in 2-D Lattice

2-D lattice can be
considered to be
made of 1-D array

|
! |

Square Hexagonal
arrangement arrangement




Structure of Solids

Array are arranged such that
spheres of one array are exactly
above the sphere of another
array.




Structure of Solids

i | B
K . b

[ AAA type packing J




Structure of Solids

_ G«U\>r\: (<\ —2—

Primitive unit cell Non-primitive unit cell

. 9080000

AAA type of arrangement



Structure of Solids

Square arrangement in

2-D lattice

Effective
number of
particles (Z)

C.N.

Square packing in 2-D

Unit cell

Primitive Non-primitive



Structure of Solids

1-D array are arranged such that
the spheres of one array
occupies

the depression of other array . .




Structure of Solids

Hexagonal arrangement in
2-D lattice (é

Primitive unit cell Non prlmltlve unit cell

— OO
=

|
*:; 4

ABAB type of arrangement



Structure of Solids

Hexagonal arrangement in

D) LCHIIEE Hexagonal packing in 2-D

Unit cell
—1 i 1

Primitive Non-primitive

Effective
number of 1 3
particles (2)

C.N. 6 6



When 2-D arrangements are
kept on each other, 3-D
packing will be generated.

Structure of Solids

1-D
Square 5D Hexagonal
arrangement ] arrangement
3-D 3-D
SC BCC HCP  _~CCP
Y S s .



Structure of Solids

Square arrangements in 3-D lattice
(Simple cubic)

Spheres of one sheet
————— are exactly above

the spheres of other sheet.

o v

Square packed sheets are
kept on another such that

AAA..... pattern repeated.



Structure of Solids

.
Simple cube can be taken as
unit cell of this particular lattice.




Structure of Solids

Square arrangements in 3-D lattice
(Body centred cubic)

__Square packed layer are-
placed such that sphere

of one layer occupy the

depression of other layer.




Structure of Solids

Square arrangements in 3-D lattice
(Body centred cubic)

l
ABAB type of arrangement
T o} sguare sheet in 3-D.



Structure of Solids O

Body centred cubic lattice

> © > @ >

AB type of arrangement Body centred cubic
unit cell



@ Given below are two-dimension lattices with shaded regions. Find
the effective number of particles in the shaded regions.




@

Solution

In the shaded region (i), the number of particles present are - 1 complete and 1/4" part of 4 particles and
hence number of particles is

1
1+ — x 4=2
4

In shaded region (i), 4 number of particles are contributing 1/4™" part to the shaded region and 2 particles
are present 1/2 in the shaded region hence number of particles are

1 1
— X 44+ —x 2=2
4 )

Effective number of particles in the shaded regionsis2+2= 4



@ Stacking of square packed layers give rise to:

FCC structure }

E] Simple cubic structure 1

HCP structure

—

(-]
a

None of these }

Solution

Stacking of square packed layers give rise to two type of structures simple cubic and body centred and in the
given options, simple cubic structure is given.

Hence, option c is the correct answer.



@ How many nearest neighbours do potassium have in a BCC
lattice?

o [
()

(-]
a

Solution

In BCC, the number of nearest particles i.e., coordination number is 8.

Hence, option b is the correct answer.



The packing efficiency of the two-dimensional square unit cell
shown below is:

39.27%

68.02%

74.05%

78.54%

aojajalo




@

Solution

The cell shown has 1 particle is completely inside and 4 particles contributing 1/ 4" and hence effective

number of particles are 1
1+ — x 4=2
4

Packing efficiency = Area of circles in the unit cell / Area of square unit cell

2 Tre

Packing efficiency = 2

a
Relation betweenrand a:

1
a=2(2)2r

Putting the value of a in above equation we get,
Packing efficiency = 78.54 %
Hence, option d is the correct answer.



@ In a square packing pattern, one atom is in contact with how
many atoms in the 2D plane base?

| - |
a a

Solution

In a square close packing any atom is in direct contact with 4 other atoms.

Hence, option b is the correct answer.



the metal is 2.72 g cm™. The molar mass of the metal is:

@ A metal has an FCC lattice. The edge length of the unit cell is 404 pm, and the density of
(Avogadro’s constant = 6.02 x 102® mol™)

27 g mol

|

20 g mol

N

40 g mol

ajajaia

30 g mol

D



@

Solution

Given:a=404pm,M=?,=272gcm?
/Z X M
N, a’

A
3
prAXa

Density (p) =

So,M =

Z
272 x6.023 x 1023 % (404)3 % 10—30

M =
4

So putting value of all parameters, we get
M =27 g mol’



@ Lithium has a bcc structure. Its density is 530 kg m™ and its atomic mass is 6.94 g B
mol”. Calculate the edge length of a unit cell of lithium metal. (N, = 6.02 x 10°° mol")

527 pm

264 pm

154 pm

352 pm

ojajalo




@

Solution

ZxXx M

3
NAa

Density (p) =

Z X M

A
)3
N, Xp

2 X 6.94

1
) 3
6.02 x 1023 x 530 x 103

a=352pm
Hence, option d is the correct answer.



@ An element (atomic mass = 100 g mol”) having a bcc structure has a unit cell edge of B
400 pm. Then, the density of the element is

10.376 g cm™

5188 g cm™

7289 gcm™

2144 g cm

olojalo




@

Solution

BCC lattice, atomic mass (M) = 100 g mol”, edge length (a) =400 pm =4 x 10 cm

ForBCC,Z =2
/Z X M

Density (p) = N 27
A

Substituting the value in above equation we get

Density (p) = 5188 g cm™

Hence, option b is the correct answer.



Packing in 1D, 2D and 3D

1D
< Square \/ZD\/ Hexagonal>
arrangement/v\arrangement
3D 3D

ENES &3 5




Arrangement of Hexagonal-Packed Sheets

Hexagonal
arrangement

3D

&




Arrangement of Hexagonal-Packed Sheets

To generate close packing, the 2D
arrangement must be hexagonal.

\/

The sheets are arranged such
that depressions of one sheet are
occupied by the spheres of
the other sheet.



Arrangement of Hexagonal-Packed Sheets




Arrangement of Hexagonal-Packed Sheets

Only 50% depressions
of one layer can be
occupied by the spheres of
another layer (Il layer).



Depressions Covered by Second Layer




Types of Voids

On placing the second layer in the
depressions of the first layer, two
types of voids are generated.

: :

Tetrahedral Octahedral
voids voids



Voids

\

Although the close-packed structures
have the maximum packing efficiency,
there are empty spaces
in the arrangements.

N

’

(, R

—>

These empty spaces are known
as voids or interstitial voids.

O
N J

-l



Tetrahedral Void

Tetrahedral
void




Types of Voids

On placing the second layer in the
depressions of the first layer, two
types of voids are generated.

l

Octahedral
voids



Octahedral Void

|

Octahedral
void

|




A Octahedral void

v Tetrahedral void







@

Octahedral void




Two methods to place
3 layer on the 2"9 layer

— &(o POChbe- -

BB pe.. Spheres of 39 layer Spheres of 3™ layer
are placed on are placed on
tetrahedral voids octahedral voids
g ~
Hexagonal close Cubic close
7 packing (HCP) packing (C__SZ_P)

! !

/ ABAB type ABCABC type



Two methods to place
3" layer on the 2" layer

s

Spheres of 3™ layer
are placed on
tetrahedral voids

Hexagonal close
packing (HCP)

{ ABAB type J




Hexagonal Close Packing (HCP)

Gllcnnts LA;JMS ons

JWr ene oot Vo Sphere of the third layer occupy those voids

Other . of the second layer under which there are
sphere of the first layer i.e., T.V.

T

\

o, the third layer is exactly identical
to the first layer. This generates the

ABAB - - - AB pattern.

v

One type of void always remains

unoccupied, e\ —




Hexagonal Close Packing (HCP)

[ ABAB pattern ]




Unit Cell




Hexagonal close packed layer A Hexagonal close packed layer B

AB Type of arrgzement



Effective Number of Particles in Hexagonal Unit Cell

Effective number __ 1 1
of particles (Z) 12 x5 T W2 2 T =
Corner particles For the centre
of two hexagonal particles of two
layers hexagonal layers
For the
particles of

middle layer



Effective Number of Particles in Hexagonal Unit Cell

% @ ‘D

. Effectivenumber — _ - 1 o 1 o |
<\_/ of particles (Z) 6 2
.-
/s e 3

6

\




Coordination Number (C.N.)

Each sphere
touches

<

C.N.

3 spheres
above the layer

+

6 spheres in
its layer

+

3 spheres
below the layer

12




Two methods to place
3" layer on the 2" layer

\

Spheres of 3rd layer
are placed on
octahedral voids

Cubic close
packing (CCP)

{ ABCABC type J




Cubic Close Packing (CCP)

N

The spheres of the third layer are placed
such that they occupy 50% voids of the
second layer, under which there are
voids of the first layer, i.e., O.V.

N y




Cubic Close Packing (CCP)

(

\_

The third layer is different from the first layer
as well as the second layer. Thus, it has an
ABCABC type of arrangement.

\

J

1
\ 4

It is known as cubical close packing; the unit
cell chosen is face-centred cubic (FCC).



Cubic Close Packing (CCP) rcc
Vv e Red - L“Z“"}T\?;

L”‘jfd)' &1 \,0{(',\, — M
fl s




Cubic Close Packing (CCP)

ABCABC pattern




Cubic Close Packing (CCP)

FCC unit cell




Coordination Number (C.N.)

Each sphere
touches

<

C.N.

3 spheres
above the layer

+

6 spheres in
its layer

+

3 spheres
below the layer

12




Noteﬁm

e

HP 2 Cep
Closeot jaad-—‘—J Shue huveo

HCP and CCP are the
only close_ly packed
lattices (because of their

efﬁciency,).



What is the fraction of empty space in an ABAB type ®
arrangement in 3D (3D close packing from 2D hexagonal close
packed layers)?

B 0.74 B 0.26
@ s o

Solution

0.32

0.26 is the fraction of empty space in an ABAB type arrangement
in 3D (3D close packing from 2D hexagonal close packed layers).

Hence, the correct answer is option(b).



@ What is the number of nearest neighbours for a given lattice L
point in a face-centered cubic lattice?

Ul SO O
() = | O

Solution

12 is the number of nearest neighbours for a given lattice point in
a face-centered cubic lattice.

Hence, the correct answer is option(c).



@ Which one of the following schemes of ordering closed-packed U
sheets of equal-sized spheres does not generate close-packed
lattice?

B ABCABC ] B ABACABAC ]
B ABBAABBA } B ABCBCABCBC ]

Solution

The correct answer is option(c).



' Voidsin FCC
Uit Gl



Voids in FCC Unit Cell

Tetrahedral voids

(1)

Octahedral voids

(2)



Tetrahedral Voids in FCC Unit Cell

FCC unit cell has
8 tetrahedral voids



—> Spm"m e anbe,

Tetrahedral voids Le
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Tetrahedral Voidsfu idrih i |
O 4 ‘50% AAW

@ Two Tus  ene presat on Body
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Number of Tetrahedral Voids in FCC

Each tetrahedral void is present on the
body diagonal of the FCC unit cell.

Each FCC unit cell has
4 body diagonals.

Each body diagonals
contains 2 tetrahedral voids.



Number of Tetrahedral Voids in FCC

Each tetrahedral void contributes
fully to the unit cell and is not
shared with other unit cells.



Number of Tetrahedral Voids in FCC

For FCC unit cell
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Octahedral Voids in FCC

Present at each edge centre and at
the body centre of the FCC unit cell



Location of Octahedral Voids in FCC
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Location of Octahedral Voids in FCC




Octahedral voids

Octahedral void

Octahedral Voids



Number of Octahedral Voids in FCC or CCP

Number of octahedral
voids per unit cell — 4

Void at body Void at edge
centre centre



— Note

Z_d Fee-= cep

=Y In general, in close-packed .,
Oy =4 structures (HCP)and FCCL/)/_) B
Tv = & ——

Number of O.V. — ( V4 )
Number of T.V. = @

Effective number of
particles in one unit cell
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Number of Tetrahedral Voids in HCP

Effective number
of particles per
unit cell (2)

Number of
tetrahedral voids

Number of
tetrahedral voids

27

2x6

12



Number of Octahedral Voids in HCP

Effective number

of particles per . 6
unit cell (2)
Number of v
octahedral voids
Number of 6

octahedral voids



Remember

Unit cell Tetrahedral | Octahedral
void (22Z) void (Z)
FCC 8 4
HCP 12 6
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lonic Compounds
Na (@
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Larger ions
(Generally anion)

Eorm the lattice
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A compound MX has a cubic close packing (CCP) 'B'
arrangement of X. Its unit cell structure is shown below. The

empirical formula of the compound is:




@ Solution D

In the cubic close packing of M.X, the M atoms occupies all the corners and faces
of the given arrangement and X atoms are present only on the centre of the cubic
arrangement and centre of the edges.

Since, contribution of one atom present on the face of this cubic arrangement is
half. Contribution of one atom present on the centre of the edge of this cubic
arrangement is one fourth.

Contribution of one atom present on the centre of this cubic arrangement is one.
Thus, the total number of M atoms = 2

the total number of X atoms =4

Thus, the empirical formula of the compound is MX,

Hence, the correct answer is option (b).




The number of octahedral void(s) per atom present in a cubic 'D'
close-packed structure is:

a a
@ - | @y - |

Solution

In cubic close packed arrangement, the total nhumber of atoms present are four.

Thus, total octahedral voids are also four.
Hence, the number of octahedral void(s) per atom present in a cubic close-packed

structure is one.
Hence, the correct answer is option (a).




If ‘a’ stands for the edge length of the cubic systems: simple
cubic, body-centred cubic, and face-centred cubic, then the ratio
of radii of the spheres in these systems will be, respectively :
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If ‘a’ stands for the edge length of the cubic systems: simple
@ cubic, body-centred cubic, and face-centred cubic, then the
ratio of radii of the spheres in these systems will be,
respectively:

Solution

Hence, the correct answer is option (c).




@ If Z (effective number) is the number of atoms in the unit cell ®
which represents the closest packing sequence ABCABC ...... ,

the number of tetrahedral voids in the unit cell is equal to:
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Solution

If Z (effective number) is the humber of atoms in the unit cell which represents
, the number of tetrahedral voids in

the closest packing sequence ABCABC ......

the unit cell is equal to 2Z.
Hence, the correct answer is option (b).




Gold has a face-centred cubic lattice with an edge length of the 'B'
unit cube of 407 pm. Assuming the closest packing, the diameter
of the gold atom is:
A= Yo F pm

Lec 2= 2424 = J2e8) - Seda

3
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o1 (00)
O ©
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Solution = @ \




Which one of the following statements about packing in solids 'D'
is incorrect?

i i A
E] Coordination number in Coordination number in

BCC packing is 8. HCP packing is 12.

- N J

i i ™
Void space in HCP @ Void space is CCP

packing is 32%. packing is 26%.
N N J
Solution

The occupancy by atoms is 74% in HCP/CCP arrangement. Thus, the void
occupancy is 26%.
Hence, the correct answer is option (c).
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Defects

— E— Usually, a solid consists
of an aggregate of a large

Although crystalline solids number of small crystals.
have short-range as well

as long-range order in :
the arrangement of their ¥

constituent particles,
These small crystals have
crystals are not perfect. )
defects in them because

\/ crystallisation process occurs

at a fast or moderate rate.




Defects

Single crystals are formed when
the process of crystallisation

The defects are basically
occurs at an extremely slow rate.

irregularities in the
---------------------------- arrangement
of the constituent particles.

Even these crystals are

not free from defects.




Defects in Crystals

e

"

In a perfect crystal, all atoms
would be on their correct
lattice
positions in the structure.

~

w

-

A perfect crystal can exist only at the
absolute zero of temperature, O K.
Above O K, defects occur in the

structure.

~

1

3

Imperfections can
be because of:

Conditions under which crystals
have been developed.

Impurities

Temperature (because of
thermal conductivity some
atoms/ions can get displaced).






Point Defects

Point defects
in ionic solids

——> Stoichiometric defects

Defects will only be at

. ° M n . . . °
certain lattice positions Non-stoichiometric

—

defects

—_— Impurity defects



Stoichiometric Defects >

Point defects
in ionic solids

The formula of a g
compound remains M . Schottky
unchanged despite Stoichiometric
the presence of defects
these defects. Frenkel

Non-stoichiometric
defects

Also known as
thermodynamic

Impurity defects
or intrinsic defects. purity



Perfect crystal

Schottky defect

Sch%)efect
— ) Na < i
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Schottky defect consists of jon
vacancy in a crystal lattice, but
the stoichiometry of the

compound (and thus, electrical
neutrality) is retained.

—
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. lo " Shown by ionic substances
16" y1a> = o ( in which the cation and anion
> are of almost similar sizes.

lo/a:o X locf Y 1l

E.g.: NaCl, KCI,@and CsCl
; de

Schottky defect decreases
(ii) the density of the substance.

In NaCl, there is approximately
one Schottky defect per 107

—
ions at room temperature.




@ Schottky defect in crystals is observed when: U

Unequal number of cations
and anions are missing
from the lattice

Density of the crystal
is increased

Equal number of cations
and anions are missing
from the lattice

An ion leaves its normal site
and occupies an interstitial site.

o
a

o
g

Solution

Schottky defect in crystals is observed when equal number of cations and anions are
missing from the lattice.
Hence, option (d) is the correct answer.




Perfect crystal

Frenkel defect

Frenkel Defect

o P oPeoPe
' X FYX X X
‘X XX XX KX |
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-...‘...‘.
'Y X Y XY |
De® Pedo
“.‘Q..‘
 FYX XX XX X

When ions are displaced
from normal lattice positions
and are present
in some interstitial voids, it is
known as Frenkel defect.

Z

Frenkel defect is also
known as dislocation defect.



Characteristics

Shown by ionic solids having
_ large difference in size between
(i) the positive & negative ions.
E.g: ZnS, AgCl, AgBr, & Agl

(i) Density of a solid does not change.



AgBr shows both
Frenkel as well as
Schottky defect.




Effect of Schottky & Frenkel
Defect on Properties of Crystal

(i) Stability of crystal (ii) Electrical conductivity
Defects T DRIEEE T
I |
\/ \4
Repulsions between T Mobility of ions T
like-charged ions in the crystal
| I
v v
- Electrical
Stability l conductivity T



@ The theoretical density of ZnS is d g/cm3. If the crystal has 4% U
Frenkel defect, then the actual density of ZnS should be:

N

0.96d g/cm3 1.04d g/cm3

B d g/cm3 B 0.04d g/cm3 |

Solution

The theoretical density of ZnS is d g/cm3. If the crystal has 4% Frenkel defect,
then the actual density of ZnS does not changes because cations missing from
their lattice sites occupies the interstitial sites. Therefore, it should be d g/cm3
Hence, option (a) is the correct answer.




@ Which of the following may have Frenkel defect?

0 - o
B AgBr | B All of these }

e }

Solution

All the given compounds have Frenkel defect.
Hence, option (d) is the correct answer.




Non-Stoichiometric Defects

Point defects
in ionic solids

—

Non-stoichiometric
defects

)

The formula
of compound
gets modified

because of the
presence of
these defects.



Non-Stoichiometric Defects

Point defects
in ionic solids

Metal
. ) excess
Non-stoichiometric
fi
defects Metal

deficiency



Metal Excess Defect

Instead of anion, electron
occupies the lattice site of anion.

Example:
N/}CI and K/CI show such defects
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3 ~ &
eating of NaCl @

® & o _ o 2

D

,r
© 5‘0 ® When crystals of NaCl are heated
@@ in an atmosphere of sodium vapour

}

Cl ions diffuse to the surface
of the crystal and combine
with the Na atoms to give NaCl

|

This happens due to loss of
electron by Na atoms
to form Na* ions.




Heating of NaCl

Perfect crystal Qi' S Ql'

9 : The released electrons
€oc@o diffuse into the crystal and
e & o & occupy anionic sites.
& o & o

I
|
|
v
@Qr ® @i' ® . F-centre
These anionic sites occupied
Qi (na ) Qi' (na ) by unpaired electrons are

, called F-centres.
® & o €&
€& o 6 o



e - b
L) ke an Metal Excess Defect 0 — !9 ~ a-

Zinc oxide is white in

colour at room temperature.

I
A4

On heating, it loses some
O* ions in the form of O,
and turns yellow.

A e 1
Zn0 ——> Zn* + — Oy\¢ 2



Metal Excess Defect >

X XK XK Ko

electrons



Metal Excess Defect

The electrical property
and colour of a solid
gets modified.

—

The substance becomes
paramagnetic

E.g.: Crystal of NaCl is yellow, KCI
is or lilac, and LiCl is pink.




Non-Stoichiometric Defects

Point defects
in ionic solids

Non-stoichiometric

defects Metal
deficiency
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- )96 —2x+ 3x = T2D If a positive charge is absent from

its lattice site, the charge can be
balanced by an adjacent metal ion
with an extra positive charge. J
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Experimentally, it was found that a metal oxide has the formula 'D'
M .05O. Metal M is present as M?* and M3* in its oxide. A
fraction of the metal which exists as M3* would be:

T

Mo-ag® = M g9 oo

0-48 .
(o)

e e ae MMQ 7006

(“13"’) m** \qe ~+2 N
- @/4-08%

x - J

. ook M <3 )
Solution 1 . 6.05%
:Qo .o metal isny - o

_1:3_——-—*'\:(&_)

f. me )
Hence, option (b) is the correct answer. t /E 5.08%
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@ The correct statement(s) regarding defects in solids is(are): Y

Frenkel defect is usually
favoured by a very small difference
in the sizes of cation and anion.

Schottky defect is a
dislocation defect.

P
=
%\/
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@ The correct statement(s) regarding defects in solids is(are):

( ) :
rapping of an electron in the
lattice leads to the formation
of F-centre.
N
(
Schottky defects have no effect on
Solution the physical properties of solids.
N

Hence, option (c) is the correct answer.




@ The correct statement regarding defects in crystalline solids
is:

e
B Frenkel defects decrease the

density of crystalline solids.

Frenkel defect is a
dislocation defect.




o

@ The correct statement regarding defects in crystalline solids
is:

-
Frenkel defect is found in
Yhalides of alkaline metals.
N
@/ Schottky defects have no
effect on the density of
Solution N crystalline solids.

Hence, option (b) is the correct answer.




Assertion: No compound has both Schottky and Frenkel U
defects.
Reason: Both defects change the density of the solid.

-
If both assertion and reason are
correct, and reason is the correct

explanation of assertion.

If both assertion and reason
are correct, but reason is not the

correct explanation of assertion.




@ Assertion: No compound has both Schottky and Frenkel
defects. Reason: Both defects change the density of the solid.

If assertion is correct but
reason is incorrect.

N

-

both the assertion and
reason are incorrect.
Solution -

Hence, option (d) is the correct answer.




@ Which-is-noteerrect about the Schottky defects?

~

( Both cations and anions are
missing from their lattice
sites without affecting the

k stoichiometry of the compound.
/Y

( A

The presence of holes
\/@/causes the stability of the
crystal to increase.

e y




@ Which is not correct about the Schottky defects? U

\
( The presence of holes
B causes the density of the

crystal to decrease.

v

T

( The defect increases the
electrical conductivity of the
solid due to migration of the

LL ions into the holes.

Solution

Hence, option (b) is the correct answer.




When LiCl is heated in the vapour of lithium, the crystal >
acquires pink colour. This is due to:

Schottky defects

Frenkel defects

aja

etal excess defect
leading to F-centres

2

Solution Electronic defect

(-]

Hence, option (c) is the correct answer.




When anion leaves the normal lattice site and electron
occupies interstitial sites in its crystal lattice, it is called:

Schottky defect

Frenkel defect

oja

/
Metal excess defect

:

Solution

]

Stoichiometric defect }

Hence, option (c) is the correct answer.




@ Strongly heated ZnO crystal can conduct electricity. This is due ®
to:

Movement of extra Zn?*ions
present in the interstitial sites

Movement of electrons
in the anion vacancies

Movement of both Zn2*

G ions and electrons

Solution None of these

Y\ \ P/

Hence, option (b) is the correct answer.




@ Schottky defect appears in: i

NaCl

CsCli

ojojo

AgBr
_—

/

All of these

0

Solution

Hence, option (d) is the correct answer.




o

@ The presence of excess sodium in sodium chloride makes the
crystal appearance yellow. This is due to the presence of:

Schottky defect

Frenkel defect

oja

F-centres

N

o

Solution Interstitial defects }

Hence, option (c) is the correct answer.




Impurity Defects

Point defects
in ionic solids

Stoichiometric
defects

Non-stoichiometric
defects

Substitutional
impurity >
—)( Impurity defects
Interstitial

impurity

-l



S(ubstitutional Impurity Defec;cs

f . J
DR o O
7 ” 22 S
G Defects in ionic crystals, can be
s> introduced by adding impurities.
Bﬂu
(Rcv) ______________ c_lﬂ;;:i _____________

=

_Similar sized cation substitute
the existing cation of ionic crystal.




Substitutional Impurity Defects

(o BN c BN c When molten NaCl is crystallised
.
"®o®°®  Forexample: having a small amount of SrCl,
OO0 ccO
- EX-EX: :
@ - @ - @ - Y
*0°0°0 Some Na" ions’ locations are
occupied by Sr?*ions
| 6°0°0~" :

P v

© m © é ° ; Each Sr2* replaces two Na* sites

Bed - by occupying a site of one Na*
N B N and other site remaining vacant.



Substitutional Impurity Defects

Number of cationic . Number of Sr2*
vacancies generated in the crystal

Other example:
solid solution of
CdCl, and AgCl.



Impurity Defects

Point defects
in ionic solids

Stoichiometric
defects

Non-stoichiometric

defects
Substitutional

impurity
—)( Impurity defects
Interstitial
impurity




Interstitial Impurity Defect e,
) 4 v v T
/’ - =
(a8 o Vam IP.} R
17.c When some small foreign atoms
—
like B, C, N, H) are trapped in
¢ 3g oo ™S Ppet
alss interstitial voids of the lattice
O e without any chemical reaction.
O 1T O

d P d

theoretical

—_—



Point defects in non-ionic compounds

Point defects in
non-ionic compounds

|

Vacancy Impurity
defect defects



Vacancy Defect

I
S » » »
s A A A Such defect arises
when some of the
» ® ® lattice sites in the
crystal are vacant.
oo o
- W W
Density of crystal decreases.
- S »
S » » »



Perfect crystal

Interstitial sites

Interstitial Defect

®© 000
000
® ®© 0 O
000
® 00 O
L]
0060
&
000
@

N XK X

Arises when some small
foreign atoms (like B, C, N,
H) are trapped in interstitial
voids of the lattice without

any chemical reaction.

—_—

Density of crystal increases.



o

Which type of 'defect' has the presence of cations/atoms in
the interstitial sites?

Schottky defect

Metal deficiency defect

(=) (]

Interstitial defect

Vacancy defect

ili

Solution

Hence, option (c) is the correct answer.




Properties

of Solids




Properties of Solids

Electrical
properties

Properties —
of solids



Electrical Properties of Solids

(, \

Solids exhibit an amazing range
of electrical conductivities.

N J

{4 <\
The range of e eczrigal

condyctiviti
@j")to( ‘lg7)ohm'1 m-1,
<




Classification of Solids

On the basis
of electrical

conductivity
¢

[Conductors] [ Insulators ]
&
[Semiconductors]




Electrical Properties of Solids

Conductivity
Type of solid range Examples
) (ohm~Tm™)
Conductor 10* to 10’ Metal
— e
: _ Germanium (Ge),
6 4
Sem;conductor w Silicon (Si) etc.
MnO, CoO;
-20 -10 ) ’
Insulator 10~ to 10 NiO. CuO

\/\/—\/




Band Theory




Band Theory
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T orbitals in solids

gives rise to bands
of energy levels.
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Band of Orbital in Crystal of Sodium

A
| N
Lumo
: A Bms Conduction
| T r  band
| Rmo
|
E I ,5 o
I V4
|

Mf Valence
band




Overlapping of Bands

ofbands

l Conduction
band (CB)
Overlapping / o

Valence
band (VB)




Band Gap

Energy difference
between the valence
band and the
conduction band



Electrical Conductivity

CB CB
CB _No Small A Large
- > energy \— => energy |- > energy
VB gap v gap A4 gap
VB VB
ductors Semiconductors Ihnsulators

~—— T T —




Metals

Thermal vibrations
of the nuclei produce
electrical resistance

Electrical

conductivity



Semiconductors

B

TemperatureT

On heating

Electrical T
conductivity

Electron easily
jumps from
VB to CB



Note

2—( Y * +6
- <{
T ( (e

@
Ti(n) Oxide > nrde

P

(TiO, CrO, & Rejjehave like metals
with respect to electrical conductivity.

R

\/03 v

(1)

Vo

'VO, VO,, VO, & TiO; show
(2) metallic or insulating properties
depending on temperature.




@ How does the conductivity of a semiconductor change if its U
temperature is raised?

Conductivity increases with
increase in temperature

" , < . Conductivity may
ence, option (a) is the correc increase or decrease

answer. ).

B Conductivity decreases
with increase in temperature
%
y
B No effect
)
f Solution “
B \




@ Statement-1: Electrical conductivity of semi-conductors O
increases with increasing temperature.
Statement-2: With increase in temperature, higher number of
electrons from the valence bond can jump to the conduction
band in semi-conductors.

/

f both statements are true and ( If both statements are true but
statement-2 is the correct B statement-2 is not the correct
N explanation of statement-1. L explanation of statement-1.
- 4
B If statement-1is true and @ If statement-1is false and
statement-2 is false. statement-2 is true.
N \

Hence, option (a) is the correct answer.




@ Which of the following is/are correct? U

T O (¢ 01_ Re 03
[ T '’ R one

L TiO, behaves like metals L The range of electrical

B with respect to electrical B conductivities of solid varies
conductivity. from 102°to 107 ohm”' m.
ol ’ R
/
%

L TiO5 show metallic or

B insulating properties All of these
depending on temperature.
L P | g o P N
’V%

Hence, option (d) is the correct answer.




Which of the following defects in the crystal cannot lower the 'B'
density?

_—

E/ Interstitial defect ] E] Vacancy defect ]
G Schottky defect ] E] Impurity defect ]

Solution

(a) Interstitial defect:
Arises when some small foreign atoms (like B, C, N, H) are trapped in interstitial
voids of the lattice without any chemical reaction. Density of crystal increases.




@ .

(b) Vacancy defect:
Such defect arises when some of the lattice sites in the crystal are vacant.
Density of crystal decreases.

(c) Schottky defect:

It consists of ion vacancy in a crystal lattice, but the stoichiometry of a compound
(and thus, electrical neutrality) is retained.

Schottky defect decreases the density of the substance.

(d) Impurity defect:
Sometimes have a decrease in density and sometimes increase in density.

Hence, option (a) is the correct answer.




@ If NaCl is doped with 10-* mol %, of SrCl,, the concentration of O
cation vacancies will be (N, = 6.02 * 1023 mol"):

~—
- - 24 -
. . [’YV"KV Cahen voana® = - ={ ,S(*HS\:J ‘

(Dm Nad — 18'ms &

~Y

\meR  NaQ (5 Imst Na® von ) — (21): (S et S¥C(, = ol s,’*,'i,-,»
/ —
v - °£ Cehm’c valanue) B 6 02 X 1016 m0|-’I ]
‘/m‘(:‘, .
@/ 6.02 x 10" mol™
~ \O 7\'9 07)‘(‘) .
wwt"ﬁ”‘“ E] 6.02 x 10" mol”
~ 6 ¢Z)( )0 i
@ 6.02 x 10" mol!

Hence, option (b) is the correct answer.




Properties
of solids

/ Electrical

properties

Magnetic

properties
_———';



Magnetic Properties

Cmuf«a chonge v Gk

hgr'v 4

Every substance has some magnetic
properties associated with it. The origin
of these properties lies in the electrons.

Each electron in an atom
behaves like a tiny magnet.




Magnetic Properties

>

Magnetic moment of an electron
té? originates from two types of motion.

Its orbital motion around
(1) the nucleus.

2) Its spin around its own axis.



Magnetic Magnetic
moment moment

A A
Electron Q_>

j/ Electron

Atomic Direction
nucleus of spin

() (b)

Demonstration of the magnetic moment associated

with (a).an orbiting electron and (b) a spinning electron.
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Paramagnetic Substances

o \ead oNe  unpaived €~

Substances that are attracted
by the external magnetic field

Atoms, ions or molecules containing
_unpaired electron show this property.

—




Paramagnetic Substances
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O,( Cu?, Fe*" etc. These
substances lost their magnetism
in the/absence of magnetic field.
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2. Al 3aw’ / ——

&
% BENENESIA




On the basis of their
magnetic properties,

substances are
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Diamagnetic Substances

Substances that are unaffected or
very weakly repelled by
magnetic field

They do not have unpaired electrons.



Diamagnetic Substances

Examples

E_u_*, TiO,, NaCl, and CgHg
‘o ,‘ NG - —

Jl’

WO



On the basis of their
magnetic properties,

substances are
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Ferromagnetic



Ferromagnetic Substances

Substances that are attracted
very strongly by a magnetic field

Substances that show permanent
magnetism even in the absence
of the magnetic field.
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In a solid stafe, the
metal ions of
ferromagnetic — ony pave Qe
substances are grouped
together into small
regions called domains.




Ferromagnetic Substances
fe ((°| N,

In an unmagnetised piece of a
ferromagnetic substance, the domains
are randomly oriented and their
magnetic moments get cancelled.

When the substance is placed |
magnetic field, all domains get oriented

the direction of the magnetic field and a
strong magnetic effect is produced.




Ferromagnetic Substances

Magnetic Field

Domain



Ferromagnetic Substances

This ordering of domains persist
even when the magnetic field
is removed & the substance
becomes a permanent magnet.

=




Ferromagnetic Substances

11

Examples

Fe, Ni, Co, an




On the basis of their
magnetic properties,
substances are
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Antiferromagnetic Substances

Substances showing anti-ferromagnetism
have domain structure similar to
ferromagnetic substance, but their domains
are oppositely oriented and cancel
out each other's magnetic moment.



Antiferromagnetic Substances

L

Example

MnO



On the basis of their
magnetic properties,
substances are

—> Ferrimagnetic



Ferrimagnetic Substances

_— — —
—_—— - >
= = —

— —T = Substances in which the magnetic
moments of the domains are
aligned in parallel & anti-parallel
directions in unequal nhumbers.

They are weakly attracted by
magnetic field as compared to
ferromagnetic substances.




Ferrimagnetic Substances

1

Examples

Fe;O,, ferrites like

MgFe,04 and ZnFe, 0,



Curie Point

On heating, ferrimagnetic,
ferromagnetic &
antiferromagnetic substance

__convertinto paramagnetic

substances.



Curie Point U

When ferromagnetic material is heated, due to thermal energy the dipole moment
within the domain start coming out of alignment and become random. The
randomization goes on increasing then at particular temperature the domain
structures becomes completely destroyed and ferromagnetic material becomes
Paramagnetic material, this particular point is known as Curie point.

Curie point

Temperature
Temperature
Temperature




@ Which of the following compounds is metallic and O
ferromagnetic?

CrO,

MnO,

TiO,

slajala

Hence, option (a) is the correct answer.




Which of the following arrangements shows the schematic 'B‘
alignment of magnetic moments of antiferromagnetic

substance?
p-A

000000

N Y,
o |
N | 0 J
o |
L Len y,

i
\E/ \
_ J

Hence, option (d) is the correct answer.




@ Which of the following is ferromagnetic? O

N

Cobalt

J

N

Iron

Nickel

ojojo

_—

All of these

:

Hence, option (d) is the correct answer.




@ Fe;O, is ferrimagnetic at room temperature but at 850 K it ®
becomes:

Diamagnetic

Non-magnetic

Ferromagnetic

gjojo

Paramagnetic

| !

Hence, option (d) is the correct answer.







@ The radius of the largest sphere which fits properly at the
centre of the edge of a body-centred cubic unit cell is: (Edge
length is represented by 'a’):

0.047a

0.027a

0.134a

0.067a

ojojojo




@ Solution

Given: BCC unit cell with an edge length ‘a’. Let, the radius of the largest sphere
which fits properly at the center of the edge of a bcc unit cell be r’.

-

Body-centred
cubic unit cell 4r

. 4r : 2Ar+r)=
For BCC unit cell,a = — : V3
V3 | 2r
asr+r+r+r>a=2(r+r) | > s
=r+r+r+r =2(r+r |
; V3



él'\’

2 3a
=
vz a
2 3 V3
— a
\/§ 4
= r'=(0.5-0.433) a
= 0.067a

Hence, option (d) is the correct answer.



Q@

Which of the following is incorrect?

(a) Schottky defect arises due to the absence of cations and anions
from positions which they are expected to occupy.

(b) The density of crystal having Schottky defect is smaller than that
of a perfect crystal.

(c) Schottky defect is more common in covalent compounds with
higher coordination number.

(d) The crystal having Schottky defect is electrically neutral as a
whole.



@ Solution

(a) Schottky defect arises due to the absence of cations and anions from positions
which they are expected to occupy. This statement is true.

(b) The density of crystal having Schottky defect is smaller than that of a perfect
crystal. This statement is true.

(c) Schottky defect is more common in covalent compounds with higher
coordination number. This statement is wrong as Schottky defect is more
common for ionic compounds and alkali metals .

(d) The crystal having Schottky defect is electrically neutral as a whole. This
statement is true.

Hence, option (c) is the correct answer.



@ How many number of atom effectively present in a cubic
unit formed by an arrangement of eight BCC unit cell?

Solution a 12
. 14
1 BCC unit cell has 2 atoms.
Therefore , 8 BCC unit cells will have 8 X 2 =16 atoms

Hence, option (c) is the correct answer.



A substance A B, crystallizes in a face-centred cubic lattice Y
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 A,B,.

AB,

A,B,

A,B

~N

Composition can’t be specified

olojojo
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@ Solution

Given: A,B, crystallizes in a fcc lattice:
‘A’ atoms occupy each corner of the cube
‘B’ atoms occupy the centres of each face of the cube.

1
A occupy corner of the cube; A = 3 x8=1
1
B occupies center of each face; B = > X6=3

Therefore, composition of the substance A;B; i.e., AB;.

Hence, option (a) is the correct answer.



Q@

For a unit cell edge length = 5 A, the element of atomic mass
75, has density of 2 g/cc. Calculate atomic radius of the

element.

143.7 pm

216.5 pm

321.4 pm

498.1 pm

ojajaja
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, O
Solution

Hence, option (b) is the
correct answer.

Given:
Edge length = 5 A, Atomic mass of the element = 75, density = 2 g/cc.
Z XM | 4r
P~ a3 x N, ' For BCC unitcella= —
: V3
3 I
- P X a’ X NA : B \/§a
M S
. 2gcm™3 x (5 X 1078 cm)3 x 6.022 x 10?23 mol™? | 4
75 g mol~* | r:1'732 X538 L -21654
2 X 25 % 5 X 6.022 x 101 | 4
= |
75 ! = r=216.5 pm
Z=2 :
|
|

Therefore , it has a BCC structure because Z = 2.



@ AgCl is crystallised from molten AgCl containing a little
CdCl,. The solid obtained will have:

Cationic vacancies equal to
number of Cd?* ions incorporated

Cationic vacancies equal to
double the number of Cd?* ions

Anionic vacancies

-

J

Neither cationic nor
anionic vacancies

ojojojo




O
Solution

* When we crystallize AgCIl from molten AgCI containing CdCl,, the CI- ions occupy
the location of anions but for cations, we have Ag* and Cd?* both.

* Because Cd?' has twice the charge of Ag*, hence two Ag* will be removed to
add one Cd?* cation which will create a cationic vacancy.

* The cationic vacancies will be equal to the number of Cd?" incorporated.

Hence, option (a) is the correct answer.



@ An FCC lattice has lattice parameter a = 400 pm. Calculate the O
molar volume of the lattice including all the empty space.

10.8 mL

96 mL

8.6 mL

9.6 mL

olojaja




(¥ .
Solution

FCC lattice with lattice parameter a = 400 pm.
Molar volume means volume of 1 mole of substance.

_ W ERS : Z XM
Density, p = Volume | P= <N, N,
Densit \Y| 1 '
y = P — 455 % i Molar mass N, X a3
Molarmass M Molar mass = Volume | , = —
| Density /
Py_J oles Moles = —1ass . Molar volume =
M Volume '’ Molar mass :
i 6.022 X 10%3mol~! x (400 x 1071% cm)3
Volume M i 4
Moles p . Molar volume = 9.6 mL
Molar mass !
I
I

Therefore , Molar volume = Hence, option (d) is the correct answer.

Density



Titanium metal has a density of 4.54 g/cm?3 and an edge
length of 412.6 pm. In what cubic unit cell does titanium
crystallize? (Molar mass of Ti =48 g/mol)

[E] FCC

E] BCC

E] Simple cubic

B Need more information ]




@ Solution

Given: Density of Ti metal = 4.54 g/cm?
Edge length of 412.6 pm, molar mass of Ti = 48 g/mol

Z XM
P= a3><NA

. X a3 X N,
M
~ 4.54gem™ x (4126 X 107° cm)® x (6.022 x 10%°)mol~*
- 48 g mol~1
=4

Therefore , itis FCC unitcellas Z=4

Hence, option (a) is the correct answer.



Q@

Sodium metal crystallizes in body-centred cubic lattice with
cell edge = 4.29 A. What is the radius of sodium atom?

1.27 A

2.73 A

1.86 A

olojolo

1.54 A

O



@ Solution

Given , Sodium metal crystallizes in bce lattice with cell edge = 4.29 A
Z = 2 for BCC unit cell

4y
For BCC unitcell,a = —
V3
V3a
F=
4

r=0433 x429A=1.857=1.86 A

Hence, option (c) is the correct answer.



Q@

Platinum (Atomic radius = 1.38 A) crystallizes in a cubic close
packed structure. Calculate the density of the FCC unit cell of
platinum. (Molar mass of Pt = 195 g/mol).

21.83 g/cm’

18.54 g/cm’

30.88 g/cm®

J

olajojo

25.57 g/cm3 }

O



@ Solution

Pt, Atomic radius = 1.38 A, FCC unit cell,
Molar mass of Pt = 195 g/mol
Cubic close packing = Face centred cubic

195 g cm™3

P=3394 x (1.38)°

For FCC unit cell a = 2v/2r
Z XM
P= 38 xN
A
- 4 %x 195 gmol™!
6.022 x 1023 mol~1 x (2v/2 x 1.38 x 1078 cm)3

Density = 21.83 g cm™

Hence, option (a) is the correct answer.



@ The effective radius of an iron atom is 1.42 A. It has a rock- O
salt structure. Calculate its density (Molar mass of Fe = 56
g/mol).

5.743 g/c:m3

8.932 g/cm’

4.059 g/cm’

3.876 g/cm’

glajaja




O
@ Solution

Given: The effective radius of an iron atom = 1.42 A. It has a rock-salt structure. Molar
mass of Fe =56 g/mol.

Given Fe is forming rock salt structure that is fcc structure (Face centred cubic).

Iron is present at corner and face center = 4 atoms, Octahedral voids = 4 atoms

Total effective atoms of iron in a cube (Z)= 8

For rock salt structure [(2) [r(CI) + r(Na")] = a

Since all the atoms are same that is iron atoms; = a = 4r

Z XM

b= a3><NA

8 X 56 gmol™1
P= 6.022 x 1022 mol~1 x (4 x 1.42 x 10-8 cm)?

p=4.06gcm™3
Hence, option (c) is the correct answer.



Iron has a 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?

r=124 pm

r=128 pm

r=124 A

r=128 A

olajaja




@ Solution

Given: Iron has a bcc lattice, edge length of the unit cell = 286 pm

In body centred cubic (bcc) unit cell, Z = 2

For BCC unit cell, a = 4_r
V3
4
r=0.433 X 286 pm
r=124 pm

Hence, option (a) is the correct answer.



@ A metal crystallizes in a body-centred cubic lattice (BCC) ®
with the edge of the unit cell 5.2 A. The distance between the
two nearest neighbours is:

10.4 A

ojojojo




@ Solution

Given: BCC lattice, edge length of the unit cell = 5.2 A
In BCC atoms touch along the body diagonal.

For BCC unit cell 4r =+/3a
NEY:

Distance between nearest neighbours = 2r =

Distance between nearest neighbours = 0.866 x 5.2 A

=45A

Hence, option (b) is the correct answer.



@ What is the number of atoms in a unit cell of face-centred s
cubic crystal?

gjajaja



O
@ Solution

A face-centred cubic (fcc) unit cell contains atoms at all the corners and at the
centre of all the faces of the cube. Each atom located at the face-centre is shared

1
between two adjacent unit cells and only E of each atom belongs to a unit cell.

Effective number of particles in a fcc unit cell:

1 1
(i) 8 corners atoms x s atoms per unit cell = 8 x 3 =1 atom

1 1
(ii) 6 face-centred atoms x - atom per unit cell = 6 x > 3 atoms

Total number of atoms per unit cell = 4 atoms

Hence, option (a) is the correct answer.



The maximum percentage of available volume that can be L
filled in a face-centred cubic system by atoms is:

Solution

74%

The maximum percentage of available
volume that can be filled i.e., packing
efficiency.

We know that for an FCC unit cell, Packing
efficiency = 74%

68%

34%

26%

gjejaja

Hence, option (a) is the correct answer.



@ If the anions (A) form hexagonal close packing and cations L
(C) occupy only %/, octahedral voids in it, then the general

formula of the compound is:

CA

CA,

CoAs

glajaja
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@ Solution

Given A anions forms HCP packing and C cations are present at 2/; octahedral
void.

Let's say in one unit cell of HCP there are Z anions, then octahedral voids is also Z
and tetrahedral voids is 2Z.

2
Number of cations (C) = 5 xZ

Number of anions (A) = Z

Then the formula of the compound is C,A,.

Hence, option (c) is the correct answer.



F-centres are:

The electrons trapped - The electrons trapped
in anionic vacancies E] in cationic vacancies
_
.
Non-equivalent sites of
stoichiometric compound B Al erhiScEgd

-




@ O

Solution

* When crystals of NaCl are heated in an atmosphere of sodium vapour, CI~ ions
diffuse to the surface of the crystal and combine with Na atoms to give NaCl. This
happens by loss of electron by sodium atoms to form Na* ions.

* The released electrons diffuse into the crystal and occupy anionic sites. These

anionic sites occupied by unpaired electrons are called F-centres or colour
centers.

Hence, option (a) is the correct answer.



@ Total volume of atoms present in a face-center cubic unit cell of
a metals (r is atomic radius).

P
B 20 3 B 24 3
3 3
. [
E] 2 T3 E] 2 T3
3 3




, O
Solution

A face-centred cubic (fcc) unit cell contains atoms at all the corners and at the
centre of all the faces of the cube. Each atom located at the face-centre is shared

1
between two adjacent unit cells and only E of each atom belongs to a unit cell.

Effective number of particles in a fcc unit cell:

1 1
(i) 8 corners atoms x s atoms per unit cell = 8 x 3 =1 atom

1 1
(ii) 6 face-centred atoms x - atom per unit cell = 6 x > 3 atoms

Total number of atoms per unit cell = 4 atoms



@

Volume of sphere = 5 Tr

4
Volume of atoms present in FCC unit cell is = 4 x § ’l'[I‘3

16
Volume of atoms present in FCC unit cell is = ?‘nr3

Hence, option (d) is the correct answer.



Q@

Percentages of free space in cubic close packed structure
and in body centered packed structure are respectively.

30% and 26%

26% and 32%

32% and 48%

48% and 26%

gjajaja
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Solution

Percentage space occupied by atoms in FCC structure = 74%

Percentage space occupied by atoms in BCC structure = 68%

Therefore, percentage empty space = 100% — (Percentage space occupied by atoms)
Percentage empty space or free space in FCC structure = 100% - 74% = 26%

Percentage empty space or free space in BCC structure = 100% - 68% = 32%

Hence, option (b) is the correct answer.



Lithium forms body-centred cubic structure. The length of s
the side of its unit cell is 351 pm. Atomic radius of the

lithium will be:

75 pm

300 pm

240 pm

152 pm

olojaja




@ Solution

Given length of the side of unit cell =a =351 pm

4
For BCC unit cell, a = il
V3
YEE
r= —
4
r=0.433 x 351 pm
r=152 pm

Hence, option (d) is the correct answer.



Q@

Experimentally it was found that a metal oxide has formula
M, o5O. Metal M, present as M?*and M3*in its oxide. Fraction
of the metal which exists as M3 would be:

7.01%

4.08%

6.05%

olajaja

5.08%

O



, O
Solution

* Mpgg0 =MggOig0

* Let's say x M has +3 charge. So, (98 — x) M will have +2 charge

* If 1M has +3 charge then x M will have +3x charge Similarly, 1 M has +2 charge then
(98 — x) M will have +2 X (98 — x) charge.

 And if 1 oxygen has -2 charge then 100 oxygen will have (-2 x 100) charge.

« Totalcharge=+3x+2 (98 —-x) + (-2 x100)=0
196 + x =200 =>x=4

Therefore, 4 M ions has +3 charge

i , 4
_ Number of M ions in +3 % of Min+3 = 98 100

o :
% 0f Min +3 = Total number of M ions . 100

% of M in +3 = 4.08 %

Hence, option (b) is the correct answer.



@ CsCl crystallises in body-centred cubic lattice. If 'a' is its
edge length, which of the following expressions is correct?

e e
r..+r.-= 3a _
C o T 5
A \
= -




(¥ .
Solution

Let's say Cs™ is present at the corners and Cl is present at the body centre.
So, on a body diagonal 2Cs"™ are present at the corners and one CI is present at

body centre.
Therefore, CI™ is touching 2 Cs™ along the body diagonal.

As, length of body diagonal = V/3a

Therefore, Tege T Mo~ T

Hence, option (c) is the correct answer.



