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F is the structure factor, p is the multiplicity and the ratio is the Lorentz polarization
factor. Here we have neglected the temperature factor and the absorption. The structure factor
is the sum of all the atomic scattering factors, corrected for the constructive and destructive
interference caused by the other atoms in the unit cell.
The structure factor consists of two parts, the atomic scattering factor and the phase angle.

It is written as:

F =
nX

j=1

fj exp[i2⇡(h .uj + k . vj + l .wj)]

The structure factor is calculated for each re!ection. The atomic scattering factors are
given by f , hkl is the re!ecting plane, and uvw are the fractional coordinates of the atoms in
the unit cell. The sum is over all the atoms in the unit cell.
First, let's determine the e#ects of the phase angle on F . For NaCl with the presumed

structure, the Na+ ions are located at the origin, uvw = (0, 0, 0), and at the centers of each face,
uvw = (0,1/2, 1/2), (1/2, 0, 1/2), and (1/2, 1/2, 0). Cl� ions are located at the center of the unit
cell, uvw = (1/2,1/2, 1/2), and at the centers of each edge of the cell, uvw = (0,1/2, 0), (1/2, 0,
0), and (0, 0, 1/2). Now plug these coordinates into the expression for F .
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This can be greatly simpli)ed by virtue of the hkls, which are all integers. After gathering
terms and factoring, the expression reduces to
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If the hkls are mixed, that is, if two indices are even and one is odd, or vice versa, then the
right-hand term in brackets is 0. If the indices are all even, then the right-hand term equals 4,
and the exponential in the left-hand term equals +1. If the indices are all odd, the right-hand
term equals 4, and the exponential in the left-hand term equals�1. You should be able to verify
for yourself. The results are summarized in the following table.

hkl F
All Even 4(fNa+ + fCl�)
All Odd 4(fNa+ � fCl�)
Mixed 0

These values will be squared when the intensity is calculated.
The values of f depend on the wavelength and the Bragg angle as sin ✓/�. Here, we will

have to look up the values in the tables in Cullity (Appendix 12). The calculation of the relative
intensities can be done in a spreadsheet and is presented in the following table.

hkl p 2✓ sin ✓/� fNa+ fCl� Lorentz |F |2 Calculated Relative Observed
Polarization Intensity Intensity Intensity

111 8 27.4 1.54 8.80 13.21 32.813 311.4 81751 8 2
200 6 31.7 1.77 8.49 12.34 24.023 6944.0 1000904 100 100
220 12 45.5 2.51 7.43 10.38 10.813 5074.6 658475 66 25.6
311 24 53.9 2.94 6.79 9.43 7.3576 111.5 19690 2 1
222 8 56.5 3.07 6.59 9.21 6.6109 3995.0 211283 21 2.6
400 6 66.2 3.55 5.91 8.62 4.6545 3375.9 94279 9 80
331 24 73.1 3.87 5.44 8.22 3.8066 123.1 11243 1 3
420 48 75.3 3.97 5.30 8.09 3.6030 2869.0 496167 50 60

1. Polarization factor from scattering by an electron
2. Structure factor—scattering by atoms in the unit cell
3. Multiplicity factor—e.g., 8 for {100}
4. Lorentz factor—from geometry
5. Absorption factor
6. Temperature factor


