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θ2 θ2

θ3
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θ1 θ1

Sample Measured surface

2dhkl·sinθ = λ

Diffraction between x-rays and the crystalline material. It occurs 
at angles that satisfy Bragg’s law.
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材料科学与工程 N (hkl) sc bcc fcc cth
1 (100)
2 (110)
3 (111)
4 (200)
5 (210)
6 (211)
8 (220)

9 (221)
(300)

10 (310)
11 (311)
12 (222)
13 (320)
14 (321)
16 (400)
17 (410)

18 (411)
(330)

19 (331)
20 (420)
21 (421)
22 (332)

Diffraction No diffraction

sc
bcc

fcc h, k, l are all in odd 
or all in even

h, k, l are 
mixed in odd 

and even

thc
h, k, l are all in odd 

or 
all in even &
h+k+l = 4n

left

all no

h+k+l = even h+k+l = odd

Geometrical structural factor

Why ?Why ?
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For thc Unit Cell 
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For thc Unit Cell 

SF = 4(1±i), when H, K, L are all in odd number, 
SF = 0,           when H, K, L are mixed in odd and even number

])1(1[)(
)(

2
1 LKH

FF fccSS
++

−+⋅=

SF = 8,           when H, K, L are all in even number, and
H + K + L = 2(2n) 

SF = 0,           when H, K, L are all in even number, and
H + K + L ≠ 4n

HW: find the SF of hcp Unit Cell 
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For HCP Unit Cell 
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N (hkl) sc bcc fcc cth
1 (100)
2 (110)
3 (111)
4 (200)
5 (210)
6 (211)
8 (220)

9 (221)
(300)

10 (310)
11 (311)
12 (222)
13 (320)
14 (321)
16 (400)
17 (410)

18 (411)
(330)

19 (331)
20 (420)
21 (421)
22 (332)

Diffraction No diffraction

sc
bcc

fcc H, K, L are all in 
odd or all in even

H, K, L are 
mixed in odd 

and even

thc
H, K, L are all in 

odd or 
all in even &
H+K+L = 4n

left

all no

H+K+L = even H+K+L = odd

Structural factor 
of cubic crystal 
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z

y

x

000
110
200
220
310
400
330
420
440

101 
211
301
321
411
431

002
112 
202 
222
312
402
332
422

103
213
303
323
413
433

bcc
h + k + l = even

fcc

Structural factor of cubic crystal 
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ωD = 2ωS

Detector X-ray 
source

30°

60°
90°

120°

15
0°

16
0°

Sample0
°

ωD

ωS

X-Ray Diffractometer (XRD)
How can diffractions be obtained ?

Fig. 35(a) Diagram of a diffractometer, showing powder 
sample, incident and diffracted beams. 

Back
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Figure 3.44 Photograph of a 
XRD diffractometer. (Courtesy 
of H&M Analytical Services.)

Dmax-2500VB XRD
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θ2 θ2

θ3
θ3

θ1 θ1

Sample 

2dhkl·sinθ = λ

Measured surface

Figure 3.X   Reinforcing interactions from powder sample.

Diffraction from single- and poly-crystalline samples 
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Single crystal Single crystal 
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For single crystal, the plane, which is parallel to the
measured surface, gives constructive interference;

(hkl)
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Polycrystalline Polycrystalline Polycrystalline 

(hkl)1 (hkl)2 (hkl)3 (hkl)4 (hkl)5 (hkl)6 (hkl)7 (hkl)8
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(hkl)2

(hkl)3 (hkl)4

For polycrystalline sample, the crystals with plane parallel to the 
measured surface can give diffractions.


