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Crystal structure system ,examples and diagrams with definitions
1. Crystal structure system
The properties of some materials are directly related to their crystal structures. 
For example magnesium and beryllium more brittle materials than that of pure and undeformed metals such as gold and silver that have another crystal structure. Furthermore, significant property differences between crystalline and noncrystalline materials having the same composition. For example, noncrystalline ceramics and polymers normally are optically transparent; the same materials in crystalline (or semicrystalline) form tend to be opaque or, at best, translucent.
1.1 Crystalline
Solid materials may be classified according to the regularity with which atoms or ions are arranged with respect to one another. A crystalline material is one in which the atoms are situated in a repeating or periodic array over large atomic distances—that is, long-range order exists, such that upon solidification, the atoms will position themselves.
[image: ]
Figure 1 illustrate face-centered cubic crystal structure, (a) a hard-sphere unit cell representation, (b) a reduced sphere unit cell, and (c) an aggregate of many atoms.




All metals, many ceramic materials, and certain polymers form crystalline structures under normal solidification conditions. For those that do not crystallize, this long-range atomic order is absent, some of the properties of crystalline solids depend on the crystal structure of the material, the manner in which atoms, ions, or molecules are spatially arranged. 
There is an extremely large number of different crystal structures all having long-range atomic order; these vary from relatively simple structures for metals to exceedingly complex structures for some of the ceramic and polymeric materials.
Sometimes the term lattice is used in the context of crystal structures; in this sense lattice means a three-dimensional array of points coinciding with atom positions (or sphere centers).
1.2 Unit Cells
The atomic order in crystalline solids indicates that small groups of atoms form a repetitive pattern. Thus, in describing crystal structures, it is often convenient to subdivide the structure into small repeat entities called unit cells. Unit cells for most crystal structures are parallelepipeds or prisms having three sets of parallel faces; one is drawn within the aggregate of spheres (Figure 1c), which in this case happens to be a cube.
Thus, the unit cell is the basic structural unit or building block of the crystal structure and defines the crystal structure by virtue of its geometry and the atom positions within. Convenience usually dictates that parallelepiped corners coincide with centers of the hard-sphere atoms. Furthermore, more than a single unit cell may be chosen for a particular crystal structure; however, we generally use the unit cell having the highest level of geometrical symmetry.


1.3 METALLIC CRYSTAL STRUCTURES
The atomic bonding in this group of materials is metallic and thus nondirectional in nature, i.e minimal restrictions as to the number and position of nearest-neighbor atoms leads to relatively large numbers of nearest neighbors and dense atomic packings for most metallic crystal structures. Also, for metals, when we use the hard-sphere model for the crystal structure, each sphere represents an ion core. Table 1 presents the atomic radii for a number of metals. Three relatively simple crystal structures are found for most of the common metals: face-centered cubic, bodycentered cubic, and hexagonal close-packed.
Table 1 Atomic Radii and Crystal Structures for Metals
[image: ]
1.3.1 The Face-Centered Cubic Crystal Structure
The crystal structure found for many metals has a unit cell of cubic geometry, with atoms located at each of the corners and the centers of all the cube faces. It is aptly called the face-centered cubic (FCC) crystal structure. Some of the familiar metals having this crystal structure are copper, aluminum, silver, and gold (see the table 1).


[bookmark: _GoBack]Figure 3.1a shows a hard-sphere model for the FCC unit cell, aggregate of atoms in Figure 3.1b represents a section of crystal consisting of many FCC unit cells. 
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Figure 2 illustrate Face-centered cubic crystal structure, (a) a reduced sphere unit cell, and (b) an aggregate of many atoms.

The cube edge length a and the atomic radius R  are related through 
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Where:
Ni = the number of interior atoms
Nf = the number of face atoms
Nc = the number of corner atoms
Example 1:
Determination of FCC Unit Cell Volume
Calculate the volume of an FCC unit cell in terms of the atomic radius R.
Solution
In the FCC unit cell illustrated, the atoms touch one another across a face-diagonal, the length of which is 4R. Because the unit cell is a cube, its volume is a3, where a is the cell edge length. From the right triangle on the face:
a2 + a2 = (4R)2      or, solving for a,
a = 2R√2 
The FCC unit cell volume VC may be computed from
VC = a3 = (2R√2)3 = 16R3√2




Example 2:
Computation of the Atomic Packing Factor for FCC
Solution
The APF is defined as the fraction of solid sphere volume in a unit cell, or
APF =volume of atoms in a unit cell/total unit cell volume
=VS/VC
Both the total atom and unit cell volumes may be calculated in terms of the atomic radius R. The volume for a sphere is 4/3𝜋R3, and because there are four atoms per FCC unit cell, the total FCC atom (or sphere) volume is
VS = (4)4/3𝜋R3 = 16/3 𝜋R3
From Example Problem 1, the total unit cell volume is:
VC = 16R3√2
Therefore, the atomic packing factor is
APF =VS/VC=[(16/3 )𝜋R3]/16R3√2= 0.74

1.3.2 The Body-Centered Cubic Crystal Structure
Body-centered cubic (BCC) crystal structure is another common metallic crystal structure has cubic unit cell with atoms located at all eight corners and single atom at the cube center.  A collection of spheres depicting this crystal structure is shown in Figure 3 . 
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Figure 3 For the body-centered cubic crystal structure, (a) a hard-sphere unit cell, (b) a reduced sphere unit cell, and (c) an aggregate of many atoms.

Center and corner atoms touch one another along cube diagonals, and unit cell length a and atomic radius R are related through:
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1.3.3 The Hexagonal Close-Packed Crystal Structure
Not all metals have unit cells with cubic symmetry; metallic crystal structure may be hexagonal crystal structure termed hexagonal close-packed (HCP); an assemblage of several HCP unit cells is presented in Figure 4 .
[image: ]
Figure 4 illustrate hexagonal close-packed crystal structure, (a) a reduced-sphere unit cell (a and c represent the short and long edge lengths, respectively), and (b) an aggregate of many atoms.

In order to compute the number of atoms per unit cell for the HCP crystal structure, Equation 2 is modified to read as follows:
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