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[ Properties of Solids ]




[ Classification of Solids

Crystalline Amorphous

A solid material whose constituents

are arranged in a highly ordered Solids, which do not have a definite
microscopic structure, forming a geometrical arrangement.are
crystal lattice that extends in all Known as amorphous solids.

directions.




Definite characteristic
geometrical shape

Irregular shape

True solids

Pseudo solids or super cooled
liquids

Long-range order in the
arrangements

Don’t show any
long-range order

Have fixed or sharp melting
point.

Have a range of temperature
for melting.

They can show isomorphism
and polymorphism.

They can’t show isomorphism
and polymorphism.




Anisotropic: Isotropic:

Different values of physical Same values of all physical
properties in different properties in all the
directions. directions.

VAR
Ag, Fe, Cu, NaCl, Copper Coal, Coke, Glass, Plastic,
sulphate, NiSO,, H,O(s), Amorphous silica, Rubber,
Diamond, Graphite, Quartz, Starch are the examples

Sucrose (Sugar) are the
examples




[ Classification of Solids ]




[ lonic Solids ]




Characteristics ]




[ Covalents Solids ]




[ Characteristics ]




[ Metallic Solids ]




Characteristics ]




Molecular Solids and its

Characteristics




[ Classification of Molecular Solids ]

l

l




Non-Polar Molecular Solids

The atoms or
molecules are
held by weak
dispersion forces or
London forces.

Ex: H,(s), Cl,(s) and
1,(s)-

Sen”




Polar Molecular Solids

!

The molecules have dipole
moment.

)

L 4

!

Held together by relatively
stronger dipole-dipole interactions.

)

3

!

Ex: HCI(s), SO,(s) and NH.(s)

)

4



[ Hydrogen Bonded Molecular Solids ]




[ General Features of Molecular Solids ]




Crystal ]




[ 3-D Space Lattice ]
m

There are seven unique crystal
O systems with varying elements of O
symmetry in a three-dimensional
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[Crystal systems and their Variations ]

Crystal Edge Anales Unit Cells
System Length g Found
: _ . i - | Primitive,
Cubic a=b=c a=B=y=90 BC. FC
Tetragonal a=b#c a=p=y=90° Primitive, BC
Orthorhombic azbzc | a=p=y=90° R 5C

FC, EC




[Crystal systems and their Variations ]

Crystal Edge Angles Unit Cells
System Length 9 Found
Rhomk?ohedral a=b=c a=pB=yz90° Primitive
or Trigonal
a=7y=90°
Monoclinic azbzc B # 90°, Primitive, EC
120°, 60°
Triclinic azbzc azPzyz90° Primitive
Hexagonal a=b#c GlS 0 Primitive

y =120°




Bravais Lattices ]

On combining the 7 crystal
systems with the 4 possible unit
cell types (SCC, BCC, FCC, and End
Centered)

Only 14 3D lattices are possible jj

¥

These are called Bravais lattices jj

4



|

Internal arrangement of particles in
a crystal

is called a
ice point

1




Lattice / Crystal Lattice / Space
Lattice

l A regular arrangement of the \

constituent particles(molecules,
® atoms or ions) of a crystal in a O
three-dimensional

\ space. /




[ Unit Cell ]

Unit cell is the

/ |
smallest portion of a
crystal lattice which,

when repeated in
different directions,
generates the entire
lattice.

(et )}

[ Crystal lattice ]




[ Types of Unit Cell ]

< Unit Cell >

/

[ Primitive Unit Cell ]

~—

[ Centred Unit Cell ]

Constituent particles are
present only on the corner
positions of a unit cell.

A unit cell
contains one or more
constituent particles

present at positions other
than corners, along with
the corner particles.

£



[ Centred Unit Cell ]




[ Number of Particles in a unit cell ]

Not all particles/lattice points
contribute fully to a unit cell

>

|
Y

Effective number of
particles (Z_.) depends
upon the contribution of
\ particles to a unit cell /

£

Contribution of particles to a

unit cell

>

Y

\

Depends upon the
position of constituent
particles in a unit cell

4




[ Contribution of Corner Particles ]

4 A













Effective number of Particles (Z_.) in a
unit cell

i 1 1 1 1
Where,
e n_=no. of particles at corners of a unit cell
e n.=no. of particles at face-centre of a unit cell
e n_=no. of particles at body-centre of a unit cell
e n_=no. of particles at edge-centre of a unit cell

4



[ Packing Efficiency ]




Nearest Neighbor

Coordination Number

Particle, closest to
any reference
particle is defined as
nearest neighbor
w.r.t. that reference
particle.

Number of
particles nearest to a
reference particle in

a crystalline
structure, is called
it's coordination
number.




Simple Cubic Unit Cell




itive Cubic

|
\ ‘ J

shared among 8
unit cells




[ Packing Efficiency in Simple Cubic ]




[ Body-centred Cubic Unit Cell ]

/

g




[ Body-centred Cubic Unit Cell ]

For a BCC unit cell

e a = Edge length of a BCC unit cell
e r = Radius of a particle present in that unit
cell




Nearest Neighbor in BCC ]

- . .° Reference particle >

w.r.t corner particle and w.r.t Nearest particle
body-centred particle




[ Second Nearest Neighbor in BCC ]

e Reference Particle
® Nearest particle
Second Nearest particle

/







[ Packing Efficiency in BCC ]

particles




[ Face-centred Cubic Unit Cell ]

Constituent
particles touch each

other across a face
diagonal of the unit
cell.




[ Face-centred Cubic Unit Cell ]

For a FCC unit cell,

=

e a = Edge length of a FCC unit cell
e r = Radius of a particle present in that unit cell




[ Nearest Neighbor in FCC ] e

¢ °
®le
e of nearest > /
icle in FCC (d) (T)

e Reference Particle
® Nearest particle

( Y




[ Second Nearest Neighbor in FCC ]

e Reference Particle
Distance of the second | _ e Nearest particle

nearest particle (d,) 8 ® Second Nearest particle
o 4r
V2 |
Number of second | _ 6
nearest particles




Face-centred Cubic
Unit Cell (FCQ)




Packing Efficiency in FCC

Z . T@FCC
eff

Total volume
occupied by sphere

Volume of
the cube (a°)

|
|
|
s : Packing
| o o

. efficiency
:
|
|
|
4 |
4 x ard |
3 I
|
|
|
|
|
(24/2r)3 |
|
|
|
|

&2

4 x (4/3)ar3

(24/2r)3

74%

£

x 100



Density of Unit Cell ]

Density (p)

(Number of particles in a unit cell) x (Molar mass)

£

(Volume of unit cell) x (N ,)

Z . *xM
——gcm
N, (a@* x 1079

Density (p) | =

[ a = edge length in pm J




Close-packed Structure ]

In crystalline solids,
the constituent
particles are
close-packed,
leaving very less
vacant space.



Square Close Packing ]

C.N.

~

4

is 4 Each sphere touches 4 other

LK neighbors.

¥

The centres of the neighboring
spheres join to form a square.

¥

So, the packing is known as
square close packing in2-D.




£
[ Hexagonal Close Packing ]
C.N.is 6 Each sphere touches 6 other j]
Triangular neighbors.
Voids Lk

A The centres of the neighboring
spheres join to form a hexagon
. ! 2

A Hence, the packing is known as
hexagonal close packing (hcp) in 2-D.




Square p
layers/sheets

exactly ab
anoth




[ From 2-D Hexagonal Close Packing ]

Layer A—
Layer B—

Placing the second layer
above the first layer covering
the voids of the 1st layer




Types of Voids in Hexagonal ]
Packing

{ )\

Tetrahedral Octahedral
Void Void
- °




| v

[ Types of Voids

% .

Y
[Octa hedral hole]




[ From 2-D Hexagonal Close Packing ]

| |

Covering
Octahedral
Voids

Covering
Tetrahedral
Voids



Third

Hexagonal Close Packing

ABAB Arrangement

Layer .
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4

Spheres of third layer are
placed over voids of second
layer so that

Spheres of third layer are exactly
aligned with the spheres of first
layer

4

-

The pattern is repeated in
alternative layers, written as
ABAB Pattern.




Hexagonal Close Packing (hcp) ]

N ) )
— ()

)

> W > W P

ABAB pattern

»

The structure is called
hexagonal close packing
(hcp) structure.

Packing in Mg, Zn, Cd etc.
Follows this type of
arrangement.




Coordination Number in hcp ]




Zeff

in HCP

Two such spheres

,are Shared by six

unit cells

Two such spheres
are Shared by
three unit cells.




[ Packing Efficiency in HCP ]




[ Covering Octahedral Voids ]

N
J

Third layer spheres are
placed over second layer
such that,

Third
Layer

Its spheres cover the
octahedral voids (which aren’t
covered by spheres of second

layer).

s
-




[ Covering Octahedral Voids ]

Fourth
Laye(

(

The third layer isn't aligned with
either first or second layer.

2

Fourth layer, above third layer,
repeats layer A orientation.

L 2

The pattern of layers is known as
ABC-ABC pattern




|

Covering Octahedral Voids ]

ABCABC pattern

-

-

> Ol >»Om>

=

>

Such structure is called cubic
close packing(ccp) or
face-centred cubic (fcc) structure.

Packing in Ca, Sr, Cu, Ag, Au
etc. follows this type of
arrangement.




Cubic Close Packing (ccp) ]

®

A

FCC structure ]




«
‘(__ Reference A JEEr \
Particle Y - -..
~ <« -Nearest @ e . #88)
Neighbor e 4
N )
Y
.




CcCP

Shared by

- L four unit cells

\




[ Packing Efficiency in CCP ]




Voids (Interstitial Voids)

!

The close packed structures have
maximum packing efficiency

;

2

!

But there are some empty
spaces left in the arrangement

;

L .

!

Voids/Interstitial Voids

;

4



%{ Triangular Void

R = atomic radius
r = radius of the triangular void

.

Coordination Number =3 ]




Tetrahedral Void

®
&

R = atomic radius
r = radius of the tetrahedral void




Octahedral Void ]

[ Octahedral ]
hole

R = atomic radius
r = radius of the octahedral void

[ Coordination Number =6 ]




Cubical Void ]

% Cubical void
R = atomic radius

r = radius of the cubical void

[ Coordination number =




Points to Remember!! ]

Let the number of close packed
spheres in a unit cell be N




Tetrahedral Voids in fcc or ccp

!

Each fcc unit cell has 4 body
diagonals.

)

L 4

!

Each body diagonals contains 2
tetrahedral voids.

)

!

FCC unit cell has
8 tetrahedral voids

)

4



[ Tetrahedral Voids in fcc or ccp

<€

A




Number of Octahedral Voids in fcc or

ccp
Number of octahedral voids =
O o

No. of particles in an unit cell




[ Voids in HCP ]

01 02

12 per unit cell :
6 per unit cell



Remember

CCP
(FCQ)

HCP

12




[ Packing in lonic Compounds ]

v v

the close-packed
structure

4

erted in the voids

4




[ Radius-Ratio Rule ]




[ Summary - Radius Ratio ]

. . Type of Void Coordination
Radius Ratio Occupied Number Examples

< 0.155 Liner void 2
0155 t0 0225 | NS 3 Boron oxide

Void

0.225to 0.414 Tetrahedral Void 4 Zinc sulphide
0.414 to 0.732 Octahedral Void 6 Sodium Chloride
0.732 to 1.000 EOe Cemiizrzcl Lulbie 8 Calcium chloride

Void




[ Rock Salt (NacCl) ]

Experimental
ratio,

) 4




[ Rock Salt (NacCl) ]




Rock Salt (NacCl)

For anion CI,




Rock Salt (NacCl) ]




Rock Salt (NacCl) ]

Examples



[ Zinc Blende (ZnS) ]

. —
ke




[ Zinc Blende (ZnS) ]

) 4

—>» Occupied voids

o
® | O——> Unoccupied voids




Zinc Blende (ZnS)




[ Zinc Blende (ZnS) ]

Experimental
ratio,




[ Zinc Blende (ZnS)

—

For S?~ anion
(placed at the corner) (i)

(ii)




Zinc Blende (ZnS)

: -)-

.




Rock Salt (NacCl)

FEs

SO’ - ) .




[ Fluorite Structure (CaF,)

e o
R, varis

As total tetrahedral voids = 8

Total Can units in one unit cell = 4




[ Fluorite Structure (CaF,) ]

Other examples of
fluorite structure




Fluorite Structure (CaF,) ]




[ Fluorite Structure (CaF,)

—

For cation, Ca®*
(placed at the corner) (i)

(ii)




Fluorite Structure (CaF,) ]

For F~ anion,




Anti-Fluorite Structure (Na,O)

Total Na O unlts in
one unlt cell =

‘ Na*

e

-’1



[ Anti-Fluorite Structure (Na,O) ]

Examples




[ Caesium Chloride (CsCl)

->-
S s

As total cubical voids =1

.<:|

Total CsCl units per unit cell =1




[ Caesium Chloride (CsCl) ]




Caesium Chloride (CsCl)




[ Fluorite Structure (CaF,)

—

Experimental
ratio,

Other examples of

CsCl like structures . > -




[ Perovskite Structure




[ Diamond Structure ]

Carbon atoms

L

Occupy half of
tetrahedral voids and
fcc sites

Number of atoms
per unit cell



Spinel Structure AB,O,




[ Spinel Structure AB,O, ]

Examples - - - .




Summary

S.N. Crystal CN. ya Structural
arrangement
Cation Anion et formula
unit
Na' = 4 Na® — AllOV.s
1. NacCl 6 6 e e
2 s 4 4 Zn* =4 Zn* — At % TV:s
' (Zinc Blende) S2- = 4 S ., FCC
i Zn*" =6 Zn? — 14 TVs
3. | ZnS (wurtzite) A 4 g = I
i 2 * F-=8 F-— Al TV

(Fluorite)

TR

|
4

9
o
o
<



Summary ]
S.N. Crystal CN. ya Structural
arrangement
Cation Anion Total formula
unit

5 N 4 . Na*=8 Na*— All TV:s
Cs?" =1 Cs*— cubit void

> - S S Clm=1 Cl- — Corners

£



Effect of Temperature & Pressure on
Crystal Structure

High

Pressure
ngh
Temperature
Coordination (6:06) (750 K) Coordination (8:8)




] £

[ Defects in Crystals

( _ Defect _ )
o s

-

\

Irregularity or
deviation from
ideal arrangement
around a point or a

\_ particle ) \_

Irregularity
around a line or
in entire rows of

lattice points
- Y,




[ Stoichiometric Defects ]




Stoichiometric Defects ]

Vacancy

———

Stoichiometric

Defects
. e Frenkel
‘\\;

Schottky

Interstitial




[ Vacancy Defect ]

Such defect arises
when some of the
lattice sites in the
crystal are vacant.

L
rrey)
'XX)

(XXX




[ Interstitial Defect ]

Arises when some
constituent particles
occupy interstitial
sites in the crystal.

——

®

Interstitial sites

Y

®
®




Stoichiometric Defects ]




Frenkel Defect




[ Characteristics ]




[ Schottky Defect

§

Arises when a pair

cation and anior
equal valency is nr

from an ionic crysta




[ Schottky Defect ]




[ Impurity Defects ]




[ Impurity Defects ]

For example:




]

Due to Anionic Vacancies




[ Non-Stoichiometric Defects ]

Non-Stoichiometric
Defectsﬁ

Metal
Metal exces . .
defect deficiency
defect
Due to the
Due to anionic presence of
vacancies extra cations at

interstitial sites




Heating of NacCl




[ Metal Excess Defect ]

Ex: Crystal of NaCl is yellow,
KCl is violet or lilac and LiCl
Is pink

General
formula

Ex: NaCl, KCI, LiH etc.






o

[Due to the Presence of Extra Cations]

= BeOeOeO
0000000
009000
0@06\60

electrons




[Due to the Presence of Extra Cations]

Heating of ZnO,

Example,

zo >zt loze
[——
v




[ Metal Deficiency Defect ]

Example,

R EERR




|

[ Metal Deficiency Defect




[ Electrical Properties of Solids ]




Electrical Properties of Solids




[ Aspects of Band Theory ]




[ Aspects of Band Theory ]

The essential criterias for any
solid to conduct electricity are:




Conduction
band

Overlapping

of the bands Y

Valence
band




[ Insulators (Non-Conducting) ]

Energy

A

Vacant
— conduction
band

Large
gap

Filled
valence
band

Insulator



[ Insulators (Non-Conducting) ]

Conduction
band ¢

Valence
band




Conduction of Electricity in
Semiconductors

Energy

<«——Conduction band

Vacant

)Small gap

Filled Between the filled valence band

e \aloncalmm and conduction band of electrons




Conduction of Electricity in
Semiconductors

® ®




[ Magnetic Properties ]

Each electron in an atom behaves
like a tiny magnet.




[ Magnetic Properties ]

Magnetic Magnetic
moment moment
Electron
Atomic Direction
nucleus of spin
€) (b)
Demonstration of the magnetic moment
associated

with (@) an orbiting electron and (b) a spinning
electron.







Paramagnetic Substances ]

[
JOTON = rat

NPONE O O

Case A: In the absence Case B: In the presence
of external magnetic field of external magnetic field



] 4

[ Diamagnetic Substances

Substances that are
repelled by magnetic
field

|

Magnetic Field They do not have unpaired
electrons.

Examples: Cu®,TiO,, NaCl
and C_H..



Q

Substances that show
permanent magnetism even in
the absence of the magnetic
field.

J

[ Ferromagnetic Substances ]
(7 N
Substances that are
attracted very strongly by TTTTTT
a magnetic field
Q 1 J
(7 \

Examples: Fe, Ni, Co
and CrO.,,

4



[ Ferromagnetic Substances ]

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

When the substance is placed in a
magnetic field, all domains get oriented
in the direction of the magnetic field and

a strong magnetic field is produced.

On applying magnetic field



[ Ferromagnetic Substances ]




[ Antiferromagnetic Substances ]

Ny

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.
Examples: MnO.




[ Ferrimagnetic Substances

p

Substance in which the magnetic
moments of the domains are aligned in
parallel and antiparallel directions in

unequal numbers.

Q J/

(7 )

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

Q J

Tty

Examples: Fe.,O,,
ferrites like MgFe, O,
and ZnFe, O,

4



[ Ferrimagnetic Substances ]

On heating,
ferrimagnetic

substance convert
into paramagnetic
substances.

Temperature




