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3.1 Crystallographic Points, Directions, and Planes

When dealing &~ J«<l=% with crystalline materials, it often becomes

necessary s s = = to specify a particular point 4=« L& within a unit cell. a
crystallographic direction 4.5l ws3Y) | or some crystallographic

plane s_ 54l s sl of atoms.

3.1.1 Point Coordinates (il ()

The position &2 s« of any point located & s> s« within a unit cell may be specified
in terms of its coordinates as fractional multiples of the unit cell edge

lengths 431l J sk (i.e., in terms of a, b, and c). To illustrate, consider the unit
cell and the point P situated & there in as shown in Figure

el

We specify 22~5 the position of P in terms of the generalized coordinates g, r,
and s where g is some fractional length of a along the x axis, r is some
fractional length of b along the y axis, and similarly for s. Thus, the position
of P is designated <22~ using coordinates g r s with values that are less than
or equal to unity.
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Specification of Point Coordinates

Specify point coordinates for all atom positions for a BCC unit cell.

Solution

For the BCC unit cell of Figure . atom position coordinates correspond to
the locations of the centers of all atoms in the unit cell—that is, the eight cor-
ner atoms and single center atom. These positions are noted (and also num-
bered) in the following figure.
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Point coordinates for position number 1 are 0 0 (; this position is located
at the origin of the coordinate system, and. therefore, the fractional unit cell
edge lengths along the x, y, and z axes are, respectively, Oa, Oa, and Oa. Fur-
thermore, for position number 2, because it lies one unit cell edge length along
the x axis, its fractional edge lengths are a, Oa, and Oa, respectively, which yield
point coordinates of 1 0 (. The following table presents fractional unit cell
lengths along the x, y, and z axes, and their corresponding point coordinates
for each of the nine points in the preceding figure.

Point Fractional Lengths Point

Number X axis ¥ axis Z axis Coordinates
1 1] 1] 0 aooo
2 1 1] 0 100
3 1 1 0 110
4 0 1 0 010
5 3 1 3 173
6 0 0 1 001
7 1 1] 1 101
B 1 1 1 111
9 0 1 1 011
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3.1.2 Crystallographic Directions
A crystallographic direction is defined as a line between two points, or a

vector.
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The [100], [110], and [111] directions within a unit cell.

3.1.3 Crystallographic Planes

crystallographic planes are specified by three Miller indices as (hkl). Any
two planes parallel to each other are equivalent and have identical indices.
The orientations of planes for a crystal structure are represented in a similar
manner. the unit cell is the basis, with the three-axis coordinate system.

{001} Plane refarenced to
the origin at point O

. {110} Plane referenced to the
i / origin at point O

= Other eguivalent
————— {001} planes

Other eduivalent
4 (1100 planes
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3.2Crystalline and Non-crystalline Materials

3.2.1 Single Crystals:
Is a crystalline material, when the periodic and repeated arrangement of atoms is
perfect or extends throughout the entirety of the specimen without interruption.
All unit cells interlock in the same way and have the same orientation.
Lall elail pan 3 ey sl e <l 3N Sitall 5 (5 sall i il ()5S0 Ladie ¢ 4 shsala o
Loy i Lel s A8y plall (adiy Bas 5l LA aaes i g Uil () 50 LeleSh
3.2.2. Polycrystalline Materials:
Most crystalline materials are composed of a collection of many small crystals
or grains
8wl Cagaal) 5l <l sl e 3l e Ao gana e A sl 3 sall alana () oS

3.2.3 Noncrystalline:
materials that lack a systematic and regular arrangement of atoms or ions over
relatively large distances (on an atomic scale). Sometimes the term amorphous
Is also used to describe these materials.
ol o) G 3508 lilua e i) el Al alatia g alaie (i j3 ) i Al o sall
3 sall 538 Ciua sl Uagl ) sliia e allaadll axiiog (la¥) G 3 (60

3.2.4 Anisotropy:
The physical properties of single crystals of some substances depend on the
crystallographic direction in which measurements are taken. For example, the
elastic modulus, the electrical conductivity, and the index of refraction may
have different values in the [100] and [111] directions. This directionality of
properties is anisotropy.
bl 43 23 53 g3l o) sl ol e o) gl (amd 53 sl <) LA A 5l al AN e
b Al o LIV Jelaa 5 3l SIS il 5 45 5 pall Jabaal (550 38 ¢ QU Jpos e
ol Al cpl a1 paibadll ol 1117 5 [100] cralasy)

3.3 X-Ray Diffraction and Bragg’s Law

X-rays are a form of electromagnetic radiation ~uhlize 5 S ¢ 123l that have high
energies <= and short wavelengths <8 > s« Jsk . wavelengths on the order
43 e of the atomic spacings 4,3 <l for solids. When a beam g = of x-
rays impinges == on a solid material, a portion < > of this beam will be
scattered L= in all directions a3yl o by the electrons associated with
each atom or ion that lies within the beam’s path.
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Figure 3.1

Consider = il the two parallel planes ) sic ¢ sis of atoms A — A'and B —

B'in Figure 3.1, which have the same _-ii ¢! h, k, and | Miller indices <:Slas
_be and are separated 4 =i« by the interplanar spacing s 48leey dpy.

Now assume = &l that a parallel <! sie, monochromatic ¢ s s2=) and
coherent <lulsis beam of x-rays of wavelength A is incident :i. on these two
planes at an angle 6. Two rays in this beam, labelled 4« <!l 1 and 2, are scattered

by atoms P and Q. Constructive interference < Jsx5 of the scattered rays 1
and 2 occurs also at an angle 4 to the planes, if the path length difference

between 1 — P — 1 and 2-Q-2 (ie., 5C + QT ) is equal to a whole number,
n, of wavelengths.

nh= 8

2

+ 0T

HA = dl’].‘.‘l’ Siﬂ H - dfil.h' Siﬂ H

S zdh“ Siﬂ H

Equation is known as Bragg’s law <l » ¢ 52%; also, n is the order of
reflection _«S=3Y1 435 . which may be any integer =22 (1, 2, 3, .. ).
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The magnitude )22« of the distance between two adjacent and parallel planes of
atoms (i.e., the interplanar spacing dn) is a function of the Miller

indices Ll &3las (h, k, and 1) as well as the lattice parameter(a). For example,
for crystal structures that have cubic symmetry Jiklic o) lalite cuasa,

i
dypy =
" W+ i+

where a is the lattice parameter (unit cell edge length).

EXAMPLE 3 1

Interplanar Spacing and Diffraction Angle Computations

For BCC iron, compute (a) the interplanar spacing and (b) the diffraction an-
gle for the (220) set of planes. The lattice parameter for Fe is 0.2866 nm. Also,
assume that monochromatic radiation having a wavelength of 0.1790 nm is
used, and the order of reflection is 1.

Solution
(a) The value of the interplanar spacing d,,, is determined using
a = 02866 nm,and h = 2, k = 2, and [ = 0, because we are
considering the (220) planes. Therefore,

a
g = 5 = =
Vh*+ kK + I*
- __02866mm ___ _ 1013 0m
V@) + @) + (0)
(b) The value of # may now be computed using n=1,

because this is a first-order reflection:

1)(0.1790nm
2712, - §2;E0.1013nm; s
6 = sin"'(0.884) = 62.13°
The diffraction angle is 26, or
260 = (2)(62.13°) = 124.26°

sinfl =
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