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1. (a) Aluminium has an atomic radius of 1.428 Å and its structure is FCC. What is the    
     spacing between the (200) planes, the (100) planes and the (111) planes ?
   
Solution                                                                                                                      
· For FCC, a=D√2 = 2R√2 = 2 x 1.428 x 10-10 √2
                                         = 4.038 x 10-10 m                                           [ 3 marks ]

d = a / √(h2 + k2 + l2 )
Thus for (200) plane: d = 4.038 x 10-9  /√ (22 + 02 + 02 ) = 2.019 x 10-10 m                  [ 2 marks ]
         For (100) plane: d = 4.038 x 10-9  /√ (12 + 02 + 02 ) = 4.038 x 10-10 m                 [ 2 marks ]
         For (111) plane: d = 4.038 x 10-9  /√ (12 + 12 + 12 ) = 2.331 x 10-10 m                 [ 2 marks ]

(b) What is the significance of lattice structure and interplanar spacing, on the load 
      carrying behavior of a metal ?                                                                    

Solution
· Both the lattice structure and the interplanar spacing influence the atomic  packing factor, with higher packing factors and shorter interplanar distances carrying more loads.                                                                                            [ 3 marks ]
---------------------------------------------------------------------------------------------------------------------
2. Iron has a BCC structure and the following data:

                         Lattice parameter, a,  = 2.861 x 10-10 m
                   Atomic mass number , M = 55.85 
                     Avogadro’s number, No = 6.023 x 1026 / kmol  [correction]

(a) Calculate the theoretical density of the pure element.                               

· Solution:      For BCC,          a = 2D/ √3     ( 0.5 )  
                              Hence, D = (a√3)/2 =  (2.861 x 10-10 x √3)/2 = 2.478 x 10-10 m  ( 0.5 )      

                            Volume of unit cell (V) = a3 = ( 2.861 x 10-10 )3 = 23.418 x 10-30  m3  ( 0.5 )                            
   1 unit cell BCC contains  2 atoms, hence mass (M) of 2 atoms = 2 x 55.85 = 111.7 amu. ( 0.5 )                          
                                        Density of lead, ρ = M / (NA x V)      ( 0.5 )  
                                                                     = 111.7 / ( 6.022 x 1026  x 23.418 x 10-30 ) ( 0.5 )                                                                       
                                                                     = 7.921  x 103 kg/m3 ( 1 )  
------------------------------------------------------------------------------------------------------------------------------------------

(b) High-purity iron in the cast condition is slightly less dense than the calculated value of  density. Suggest a reason for this.                                                         

· Solution
In cast condition, high purity iron contains a lot of vacancies (pores) due to gas entrapment. These vacancies  affect and variate ( reduce) the number of atoms in a unit cell. This eventually reduces the density of the iron                                                                 [ 4 marks ] 
 ------------------------------------------------------------------------------------------------------
3. The X-ray diffraction pattern of a cubic crystal, using radiation of wavelength  1.54 x 10-10  m, gives lines at the following angles:
                               21.66o, 31.47o,  39.74o, 47.58o, 55.63o , 64.71o and 77.59o.   [correction]

Determine: 

(a) The Miller indices of the reflecting planes                                            
 
· Solution

λ = 2d sin θ and d =λ/2sinθ

For 21.66o ,  d = λ/2sinθ = 1.54 x10-10 / 2 sin 21.66o = 2.086 x 10-10 m
For 31.47o,  d = λ/2sinθ = 1.54 x10-10 / 2 sin 31.47o = 1.475 x 10-10 m
For 39.74o,  d = λ/2sinθ = 1.54 x10-10 / 2 sin 39.74o = 1.204 x 10-10 m
For 47.58o , d = λ/2sinθ = 1.54 x10-10 / 2 sin 47.58o = 1.043 x 10-10 m
For 55.63o , d = λ/2sinθ = 1.54 x10-10 / 2 sin 55.63o = 0.933 x 10-10 m
For 64.71o, d = λ/2sinθ = 1.54 x10-10 / 2 sin 64.71o = 0.852 x 10-10 m
For 77.59o, d = λ/2sinθ = 1.54 x10-10 / 2 sin 77.59o = 0.788 x 10-10 m

But d = a/√(h2 + k2 +l2 ) 

If the metal is BCC, the Bragg reflections will be from  the (110), (200), (211),(220), (310), (222), (321),(400),(411),(420),(332) and (422)  [2 marks] planes in that order, whereas if the metal is  FCC, the reflecting planes are the (111), (200), (220), (311) and ( 222) in order [2 marks].

Assume metal is BCC, therefore:
d = a/√(h2 + k2 +l2 ), hence a = d√(h2 + k2 +l2 ),

d110           @ 21.66o ,  a =  2.086 x 10-10 x √ ( 12 +12 +02) = 2.950 x 10-10 m
d200           @ 31.47o ,  a =  1.475 x 10-10 x √ ( 22 +02 +02) = 2.950 x 10-10 m
d211           @ 39.74o ,  a =  1.204 x 10-10 x √ ( 22 +12 +12) = 2.949 x 10-10 m
d220           @ 47.58o ,  a =  1.043 x 10-10 x √ ( 22 +22 +02) = 2.950 x 10-10 m
d310           @ 55.63o ,  a =  0.933 x 10-10 x √ ( 32 +12 +02) = 2.950 x 10-10 m
d222           @ 64.71o ,  a =  0.852 x 10-10 x √ ( 22 +22 +22) = 2.951 x 10-10 m
d321           @ 77.59o ,  a =  0.788 x 10-10 x √ ( 32 +22 +12) = 2.948 x 10-10 m
                                                                                                        [ 2 marks ]    
Assume metal is FCC, therefore:

d111           @ 21.66o ,  a =  2.086 x 10-10 x √ ( 12 +12 +12) = 3.613 x 10-10 m
d200           @ 31.47o ,  a =  1.475 x 10-10 x √ ( 22 +02 +02) = 2.950 x 10-10 m
d220           @ 39.74o ,  a =  1.204 x 10-10 x √ ( 22 +22 +02) = 3.405 x 10-10 m
d311           @ 47.58o ,  a =  1.043 x 10-10 x √ ( 32 +12 +12) = 3.459 x 10-10 m
d222           @ 55.63o ,  a =  0.933 x 10-10 x √ ( 22 +22 +22) = 3.232 x 10-10 m
	[ 2 marks ]    


BCC has consistent lattice parameters, unlike FCC. Hence, the Miller indices are: (110), (200), (211),(220), (310), (222) and (321) and lattice parameter is 2.95 x 10-10 m. [ 2 marks ]    
---------------------------------------------------------------------------------------------------------------------
