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Laue diffraction from a three-dimensional abc lattice grating 
 

 

a cosν1 − cosµ1( ) = a i ŝ − ŝ0( ) = hλ
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Charles G. Darwin (1914).  (Grandson of the author of the theory of evolution) 
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d = 5.5λ
d sinθn = nλ

Huygens construction for a diffraction grating with  d = 5.5 λ  



Huygens constructions for diffraction 
by a grating or by a lattice row 

Martin J. Buerger (1962). X-Ray Crystallography. New York: John Wiley & Sons, Inc.. 
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ŝ0
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Laue diffraction by a three-dimensional lattice grating 

 

a cosν1 − cosµ1( ) = a i ŝ − ŝ0( ) = hλ
b cosν2 − cosµ2( ) = b i ŝ − ŝ0( ) = kλ
c cosν3 − cosµ3( ) = c i ŝ − ŝ0( ) = lλ

Martin J. Buerger (1962). X-Ray Crystallography. New York: John Wiley & Sons, Inc. 
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ABC = ADC = 90°
ACB = ADB = 90°−θ
BAC = DAC = θ
AC = d
BC = DC = d sinθ
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Bragg reflection from families of parallel hkl lattice planes 

http://www.phy.ntnu.edu.tw/~changmc/Teach/SS/SSGI.htm 
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2d sinθ1 = λ

2d sinθ2 = 2λ

2d sinθ3 = 3λ

1st order 

2nd order 

3rd order 

Orders of Bragg reflection from a family of parallel hkl lattice planes 

http://www.bruker-axs.de/fileadmin/user_upload/xrfintro/sec1_8.html 



S.C. Nyburg (1961). X-Ray Analysis of Organic Structures. New York: Academic Press. 
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According to the Bragg law  2dhkl sin θhkl = λ ,  the discrete lattice spacings  dhkl  select 
discrete monochromatic wavelengths  λi = 2dhkl (sin θhkl)   from a polychromatic X-ray beam. 
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The Ewald construction 
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George H. Stout and Lyle H. Jensen (2003). X-Ray Structure Determination. John Wiley and Sons, Inc. 
     

N.B.  In all crystal systems :

a*⊥ b and c
b*⊥ c and a
c*⊥ a and b

⎧

⎨
⎪

⎩
⎪

and

a ⊥ b* and c*
b ⊥ c* and a*
c ⊥ a* and b*

⎧

⎨
⎪

⎩
⎪

and

a* = a* = 1 d100

b* = b* = 1 d010

c* = c* = 1 d001

⎧

⎨
⎪⎪

⎩
⎪
⎪



  

V = ai i a j× ak( ) = ai× a j( )iak , i, j,k = 1,2,3 

V = ai b × c( ) = bi c × a( ) = ci a × b( ) = a × b( )ic = b × c( )ia = c × a( )ib

a*i =
a j× ak

ai i a j× ak( ) =
a j× ak
V , i, j,k = 1,2,3 

a*i ia j = δ
i
j =

1 , if i = j
0 , if i ≠ j

⎧
⎨
⎩

⎧

⎨
⎪
⎪

⎩
⎪
⎪

a* = b × cV , b* = c × aV , c* = a × bV

e.g., 
a*ia = b × c

V
⎛
⎝

⎞
⎠ ia =

b × c( )ia
V =

ai b × c( )
V = VV = 1

a*ib = b × c
V

⎛
⎝

⎞
⎠ ib =

b × c( )ib
V =

bi b × c( )
V =

b × b( )ic
V = 0

V = 0

⎧

⎨
⎪⎪

⎩
⎪
⎪

u × v ≡ u v sinθ n̂ ⇒ u × u = 0

Direct-lattice  a, b, c  and reciprocal-lattice  a*, b*, c*  basis vectors 

Dual vector spaces 
Josiah Willard Gibbs (1881).  Paul Peter Ewald (1913, 1931). 



The Braggs’ first crystal structures (1913) 

NaCl 
rock salt 

halite 

diamond 

http://newton.ex.ac.uk/research/qsystems/people/sque/diamond/structure/structure.html 

ZnS 
zinc blende 
spahlerite 

KCl 
sylvite 



A 

A 

B 

HCP 
ABA… 

CCP = FCC 
ABCA… 

Closest packing of spheres (Kepler’s conjecture, 1611) 

http://www.ncl.ox.ac.uk/icl/heyes/structure_of_solids/Lecture1/Lec1.html 



William Barlow (1898) and William Jackson Pope (1906) 

hcp 
ABA… 

ccp 
fcc 
ABCA… 

Hypothe^cal	
  crystal	
  structures	
  based	
  on	
  sphere-­‐packing	
  

NaCl	
  
interpenetra^ng	
  

fcc	
  



NaCl formula unit, Na+ Cl−( )6×1
6

, Cl− Na+( )6×1
6

, M r = 23.0 + 35.5 = 58.5 Da

Interpenetrating face-centered cubic unit cell, Zcell = 4NaCl

corner Na+

8 × 1
8( ) + 6 × 1

2( )
face Na+

= 1+ 3 = 4
Na+

Cl−
⎧
⎨
⎩⎪

and 12 × 1
4( )

edge Cl−
+ 1

center
Cl−

= 3+1= 4
Cl−

Na+

⎧
⎨
⎩⎪

 

sinθhkl =
nλ
2dhkl

dhkl = a0 h2+ k2+ l2

d100 = a0
d110 = a0 2 = 0.707a0
d111 = a0 3 = 0.577a0
d200 = a0 2

d210 = a0 5 = 0.447a0
d211 = a0 6 = 0.408a0


a0 = Vcell
3

= ZcellM r

ρm NA

3

= 4 × 58.5 ×1024Å3

2.16 × 6.02 ×1023
3

= 5.63Å

a0	
  


