Examples of Calculating the Distance Between Planes (d) and Calculating the Lattice Constant (a) in
a Cubic System

Example (1) : Calculate the distance between the planes in a cubic system to plane (100), when the lattice
constant equal 44 .

The answer :

As: plane (100) So:h=1,k=0,1=0
dp = ag / 2+
dioo= 4 / N(1)*+(0)*+(0)*

=4 /41

=4A

Example (2) : Calculate the distance between the planes, when the wavelength to X-ray equal (154pm) and the
value of (8) is 22.5°, (n=1) .

The answer :

As: 1 pm=1x10"m 9=22.5"

n=1
A=154 pm=154x10">m = 1.54 x10"°m
nAi=2dsind
1x1.54x10"°=2 x d x sin 22.5°
d=1x1.54x10"°/2 x sin 22.5°
=1.54x107"%2 x 0.382
=1.54x10"'%7 0.764
=2.015%10""m

----------------------------------------------------------------------------------------------------------------

Example (3) : A reflection from the (111) plane of a cubic crystal was observed at a glancing angle of 11.2°

when CuK, X-ray of wavelength (154pm) were used. What is the length of the side of the unit
cell (lattice constant), n=1.

The answer : As:h=1, k/=1, I=1 ,n=1 ,0=11.2° , A=154pm=154x10"?m =154 x10"m , a=?
d111=7\,f25in9....(1)

din =ao/ VW ++1% ... 2)
The two equations are equal to (1, 2)
A/ 2 sind = ag / Vh*+H+?

1.54 x10"%m / 2xsin11.2° = ay / N(1)*+(1)*+(1)?
1.54 x10'°m / 0.388 = ay / \3
3.969x10"°m = a5/ 1.732
ap = 3.969x10"%m x 1.732
ap=6.874x10""m
ap = 6.874A



or: dij; =A/2sinf
=1.54 x10"m /2sin11.2°
=1.54 x10""m / 0.388
=3.969x10""m

di11 = ag / Yh2+k>+H?

3.969x10"%m = ao / N(1)>+(1)>+(1)
3.969x10"°m = a5/ \3
3.969x10"m = a5/ 1.732

a0 = 3.969%x10"'°m x1.732

ay = 6.874x10"%m

ay = 6.874A

Homework (1) : Calculate the d-value of the planes (226) and (132) in a cubic system, if the value of (ag) is
10A .

Homework (2) : Calculate the distance between the planes in metres, when the wavelength to X-ray equal
(1.54A) and the value of (8) is 30.3°, (n=1) .

Homework (3) : It was found that the reflection of the plane (223) of a cubic crystal has the angle of reflection
at 40.6" when the wavelength used for CuK, X-ray was (1.54A). What is the side length of
a unit cell (lattice constant), n=1.



{{

Scherrer equation

The Scherrer equation, in X-ray diffraction and crystallography, is a formula that
relates the size of sub-micrometre crystallites in a solid to the broadening of a peak in a
diffraction pattern. It is often referred to, incorrectly, as a formula for particle size
measurement or analysis. It is named after Paul Scherrer.l[2] It is used in the
determination of size of crystals in the form of powder.

The Scherrer equation can be written as:

KA
~ Bcosh

where:

= L is the mean size of the ordered (crystalline) domains, which may be smaller or
equal to the grain size, which may be smaller or equal to the particle size;

= K is a dimensionless shape factor, with a value close to unity. The shape factor has
a typical value of about 0.9, but varies with the actual shape of the crystallite;

= A is the X-ray wavelength;

= Ais the line broadening at half the maximum intensity (FWHM), after subtracting the

instrumental line broadening, in radians. This quantity is also sometimes denoted as
A (26);

= @ is the Bragg angle.
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Applicability

The Scherrer equation is limited to nano-scale crystallites, or more-strictly, the
coherently scattering domain size, which can be smaller than the crystallite size (due to
factors mentioned below). It is not applicable to grains larger than about 0.1 to 0.2 um,
which precludes those observed in most metallographic and ceramographic
microstructures.
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