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Lecture 10-11-12

For BCC iron, compute (a) the interplanar spacing and (b) the diffraction angle fm’ﬂ! (m
set of planes. The lattice parameter for Fe is 62866 nm. Assume that monochmm
having a wavelength of 0.1790 nm is used. and the order of reflection s 1.

(@) The value of the interplanar spacing dy is determined using F&Wm 3 Wﬁ

a=02866mandh=2k=2andl= Obecausewe are consxdemgﬁ\e M)M
Therefore,

a
by = ———=
VT R+D
(.2866 nm

= 01013 nm
VIer = @+ 0F

(b) The value of f may now be computed using Equation 3,16, with = | became
first-order reflection:
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radius (R).

unit cell in terms of the atomic

$91.1 for FCC ynit cell volume €qual to: V. = 33 (cube)

------------------- (4)
Since, 2 = 2Rv2 ... thenVe= 16002 .. (5) -
EX.2 show that the atomic packing factor for (FCC) crystal structure is :
(0.74).
S0l.2

APF = volume of atom/volume of unit cell
Volume of sphere atom (V) =4/3 TR for one atom,
@toms in FCC structure, then (V, = 4*4/3 R?). |
of unit cell (V) = a3 since a = 2RV2, then

smcew
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B. Body-Centered Cubic Crystal Structure (BCC)

Another common metallic crystal structure also has a cubic unit cell

with atoms located at all eight corners and a single atom at the cube

center as shown in figure (3). This is called a body-centered cubic (BCC)

crystal structure. Chromium, iron, tungsten, and several other metals

exhibit a BCC structure.

From figure (3), there are an atom shared among eight unit cell,

whereas a single atom at the cube center. The total atoms can be
calculated as follow:

Total Atoms = (8*1/8) + (1) = 1+1 = 2 atoms in BCC unit cell.

Body Centered Cubic
(Bcc)

4

= —

V3
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The relationship between cube edge length (a) and the atomic radius

(R) can be calculated as followed:

erratargt . . (1)
e (AR e (2)
28%+a% = 16R? e (3)
3a?=16R?, then a= 4R/V/3 --eemew- (4)

H.W. show that the atomic packing factor for (BCC) crystal structure is

(0.68).

C. The Hexagonal Close-Packed Crystal Structure (HCP)

Not all metals have unit cells with cubic symmetry; the final common

metallic crystal structure to be discussed has a unit cell that is

hexagonal. Figure (3) shows the unit cell for this structure, which is

termed hexagonal close-packed (HCP).

From Figure (3), there are (6) atoms shared in each one with (6) unit

_ cells in the top and the same in the bottom of the unit cell. Also t

e two atoms in the top and the bottom faces of the um
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= (12*1/6) + (2*1/2) + (3) = (6) atoms in
HCP unit cell.

Hexagonal colsed pack
(HCP)

a=2R
¢=1.633a

Common HCP metals

cadmium
magnesium
titanium
b ~ zine
~ lanthalam
(b)

Figure (3): HCP structure.

The relationship between cube edge length (a) and the atomic radius

(R) are expressed as (a=2R). (a) and (c) represent, respectively, the

short and long unit cell dimensions, the ¢/a ratio should be 1.633.

- The coordination number and the atomic packing factor for the

tal structure are the same as for FCC: 12 and 0.74,

als include cadmium, magnesium, titani_
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H.W.2 show that the atomic packing factor for (HCP) crystal structure

is (0.74). Using the following equation and figure.
2=2R and c=1.633a.

DENSITY COMPUTATIONS—METALS

A knowledge of the crystal structure of a metallic solid permits

computation of its theoretical density (P) through the relationship:

rzA

-

where

7 = number of atoms associated with each unit cell
A = atomic weight

Ve = volume of the unit cell

N, = Avogadro’s number (6.022 x 102 atoms/mol)
EX.3

Copper has an atomic radius of 0.128 m, an FCC erystal structure, and an
3.5 gimol. Compute istheoretical densily and compare the answer with

I





