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CHAPTER THREE/ THE STRUCTURE OF CRYSTALLINE SOLIDS 

 

POLYMORPHISM 

 Polymorphous or Allotropic Material: Same Material with two or more 

different crystal structures.  

 Crystal Structure may vary with temperature or pressure ( Allotropy 

/polymorphism) 

 Examples:  (1) Titanium: α, β-Ti. (2) Carbon: diamond, graphite. (3) Iron. 
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Anisotropy: properties to be different in different directions.  

Isotropy: measured properties are independent of directions, or  same properties 

in different directions.  
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X-Ray Diffraction : Determination of Crystal Structures 

X-rays are produced whenever high-speed electrons collide with a metal 

target. A source of electrons – hot W filament, a high accelerating voltage between 

the cathode (W) and the anode and a metal target, Cu, Al, Mo, Mg. The anode is a 

water-cooled block of Cu containing desired target metal.  

 X-ray diffraction is used for crystal structure and interplanar spacing 

determinations. 

 

Constructive X-Ray Diffraction 

Consider the two parallel planes of atoms A–A” and B–B” in Figure below, 

which have the same h, k, and l Miller indices and are separated by the interplanar 

spacing dhkl. Now assume that a parallel, monochromatic, and coherent (in-phase) 

beam of x-rays of wavelength is incident on these two planes at an angle ϴ . Two 

rays in this beam, labeled 1 and 2, are scattered by atoms P and Q. Constructive 

interference of the scattered rays 1 and 2 occurs also at an angle  to the planes, if 



 53 

the path length difference between 1-P-1” and 2–Q–2” (i.e., SQ+QP ) is equal 

to a whole number, n, of wavelengths. That is, the condition for diffraction is 

 

Figure. Diffraction of x-rays by planes of atoms. 
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n: order of reflection, may be any integer (1, 2, 3, . . .). 

�: wavelength (nm) 

��: Diffraction angle (degree) 

����: Interplanar spacing (nm) 

The magnitude of the distance between two adjacent and parallel planes of atoms 

(i.e., the interplanar spacing dhkl) is a function of the Miller indices (h, k, and l) as 

well as the lattice parameter(s). For example, for crystal structures that have cubic 

symmetry. Interplanar spacing for a plane having indices h, k, and l, is: 
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Solved Problem: Determine the expected diffraction angle for the first-order 

reflection from the (310) set of planes for BCC chromium when monochromatic 

radiation of wavelength 0.0711nm is used, R = 0.125nm? 

Solution: 

for BCC structure; 
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for (310) set of planes; 
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H.W (11) For BCC iron, compute (a) the interplanar spacing and (b) the 

diffraction angle for the (220) set of planes. The lattice parameter for Fe is 

0.2866nm. Also, assume that monochromatic radiation having a wavelength of 

0.1790 nm is used, and the order of reflection is 1. (Ans. a) 0.1013 nm, b) 124.26°) 

H.W (12) The metal iridium has an FCC crystal structure. If the angle of 

diffraction for the (220) set of planes occurs at 69.22 (first-order reflection) when 

monochromatic x-radiation having a wavelength of 0.1542 nm is used, compute (a) 

the interplanar spacing for this set of planes and (b) the atomic radius for an 

iridium atom. (Ans. a)  0.1357nm, b)  0.1357 nm) 

H.W (13) Figure below shows an x-ray diffraction pattern for α-iron taken using a 

diffractometer and monochromatic x-radiation having a wavelength of 0.1542 nm; 

each diffraction peak on the pattern has been indexed. Compute the interplanar 

spacing for each set of planes indexed; also determine the lattice parameter of Fe 

for each of the peaks. (Ans. d110 = 0.2015 nm, a= 0.2850 nm; d200 = 0.1433nm, a= 

0.2866nm; d211= 0.1166nm, a= 0.2856nm) 

 

 

  


