
Solid State



       
        What you already know

● Density of a unit cell
● Coordination number
● Nearest and next 

neighbor
● Structure of solids
● Practice questions

Coordination Number and Nearest Neighbor in 
Different Lattices

What you will learn  

● Structure of solids 
● Square arrangements in 3D lattice
● Hexagonal arrangements in 3D lattice
● Tetrahedral and octahedral voids 
● Methods to place 3rd layer over 2nd layer 
● Effective number of particles in hexagonal 

unit cell 
● Packing efficiency and coordination 

number in HCP



Chromium metal crystallizes with a body centered cubic lattice. The 
length of the unit cell is found to be 287 pm. Calculate the atomic 
radius. What would be the density of chromium in g/cm3.



a de < dfd < dbd

b dfd > dbd > de

c dfd > de > dbd

d dbd > de > dfd

Consider a body centered cubic (BCC) arrangement, let de, dfd, dbd 
be the distances between successive atoms located along the edge, 
the face-diagonal, the body diagonal respectively in a unit cell. Their 
order is given by:



a 0.0432 kg mol-1

b 0.0305 kg mol-1

c 0.4320 kg mol-1

d 0.0216 kg mol-1

A solid having density of 9 × 103 kg m-3 forms a face centered cubic 
crystals of edge length 200√2 pm. What is the molar mass of the 
solid? (Avogadro constant ≈ 6 x 1023 mol-1, π ≈ 3) 



Lattice

3-D

Structure of solids

1-D 2-D

Structure of Solids 



3-D 3-D

SC BCC HCP CCP

2-D
Hexagonal 

arrangement
Square

arrangement

1-D

Structure of Solids 

When 2-D arrangements are 
kept on each other, 3-D 

packing will be generated.



Structure of Solids 

Square packed sheets are 
kept on another such that

Spheres of one sheet
are exactly above 

spheres of other sheet. 

AAA….. pattern repeated.

Square arrangements in 3-D lattice 
(Simple cubic) 



Structure of Solids 

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

Square arrangements in 3-D lattice 
(Simple cubic)



Structure of Solids 

Square packed layer are 
placed such that sphere 
of one layer occupy the 

depression of other layer.

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



Structure of Solids 

ABAB type of arrangement 
of square sheet in 3-D.

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



Structure of Solids 

Sheets are arranged such that
depressions of one sheet are 

occupied by sphere of other sheet.

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

Arrangements of hexagonal 
packed sheets



Structure of Solids 

Arrangements of hexagonal 
packed sheets

Only 50% depressions of one 
layer can be occupied by sphere 
of other layer (II layer).



Structure of Solids 

Tetrahedral 
voids

Octahedral 
voids

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

Arrangements of hexagonal 
packed sheets



Tetrahedral and Octahedral voids

Although, the close packed structures 
have the maximum packing efficiency, 
there are indeed empty spaces left in 

the arrangements.

These empty spaces are known
as voids or interstitial voids.

Voids



Tetrahedral and Octahedral voids

Tetrahedral 
void

Tetrahedral Voids



Tetrahedral and Octahedral voids

Octahedral 
void

Octahedral Voids



Tetrahedral and Octahedral voids

Octahedral void

Tetrahedral void



Methods to place 3rd layer over 2nd layer

Spheres of 3rd layer 
are placed on 

tetrahedral voids 

Spheres of 3rd layer 
are placed on 

octahedral voids 

Two methods to place 
3rd layer on the 2nd layer 

Hexagonal close 
packing (HCP)

Cubic close 
packing (CCP)

ABAB type ABCABC type



Methods to place 3rd layer over 2nd layer

Sphere of 3rd layer occupy those voids of 2nd layer 
under which there are sphere of 1st layer i.e., T.V.

So, the third layer is exactly identical to the 
1st layer. This generate ABAB-----AB pattern. 

One type of void always remains 
unoccupied i.e., O.V.

Hexagonal Close Packing 
(HCP)



Methods to place 3rd layer over 2nd layer

A

B

B

A

A

ABAB pattern

Hexagonal Close Packing 
(HCP)



Methods to place 3rd layer over 2nd layer

+ 3 × 1
Effective number

of particles (Z) = +12 1
6

×  2 1
2

×

Corner particles 
of two hexagonal 

layers

For the centre 
particles of two 

hexagonal layers

For the particles 
of middle layer

Hexagonal Close Packing (HCP)



Methods to place 3rd layer over 2nd layer

Number of particles (spheres) 
completely inside the HCP unit cell = 0                  



ia 1= 2R i 1=𝜸 120o

Face of unit cell 2R

𝜸
30o

y

Hexagonal Closed Packing



Hexagonal Closed Packing

tan 30o =                   
a/2

y

y =                   
a × √3
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                  y = √3
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30o
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Hexagonal Closed Packing

=                   
6√3

4
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√3
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a × 6



Hexagonal Closed Packing

cos 30o =                   
a/2
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Hexagonal Closed Packing

Applying pythagoras theorem: 
x2 + h2 = a2

h2 = a2 − x2

=                   
2a2

3

h2 =                   
a2

3
a2 −

1

2 3

4

h

300
x

a

a



Hexagonal Closed Packing

h = Distance between two 
consecutive layers A – B

h =                   
a√2

√3
2h =                   

2 × a√2

√3
c =

 c = Height of hexagonal unit cell 
(Least distance between two 

same layers i.e. A–A or 1st and 3rd). 



Hexagonal Closed Packing

= 24√2R3

= 6 × √3R2 × 4R 
√2
√3

×

Volume of 
hexagonal unit cell = Area of base × height



Hexagonal Closed Packing

P.E. =                   
6 × (4/3) 𝝅R3

24√2R3
× 100

=                   
𝝅 × 100 

3√2

≈ 74%



Hexagonal Closed Packing

3 spheres
above the layer

3 spheres
below the layer

6 spheres in
its layer

+

+
Each sphere 

touches

C.N. = 12                  



a =  2r c =
2
3

4r

If a metal (M) shows ABAB arrangement of atoms in solid state, then 
what is the relation between radius of atom (r) and edge length (a) 
and height (c) of HCP unit cell.

c =
3
2

4r a = (2√2)r

a) b) 

d) c) 



Solution

1

2 3

4

h

300
x

a

a

Applying pythagoras theorem: 
x2 + h2 = a2

h2 =

h2 =

h =

c = 2h = √(2/3) 4r 

a2

3
a2 −

2a2

3
   √(2/3) a = √(2/3) 2r 

a= 2r
Where r is the radius 
of  sphere

Therefore option a and b are the correct options.



Calculate the perimeter of a given plane in HCP unit cell.
(Given that radius of atoms = R Å)

a 6.437 R 

b 15.32 R

c 16 R

d 8 R



Solution



The 2-D unit cell of an element is shown. The two layers are placed 
one over the other and touching each other. Find the effective 
number of atoms in the unit cell: 

Number of atom in a 2D unit cells =

Solution


