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Part 1.Reflection Conditions

Symmetry operation contains Rotation part R and translation part T

For（x，-y, z+½）, R is （1 0 0， 0 -1 0， 0 0 1）; T is （0 0 ½）

If the index of one reflection hkl keeps unchanged after the R-operation, 

htx+kty+ltz need be integer to have non-zero intensity.

Note：translation part T doesn’t include the part due to the original shift.
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For (x，-y, z+½),  h0l :  l = 2n.
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Si: Cubic Fd-3m,  a = 0.543 nm

Why no 100 reflection for Si?
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Lattice extinction in 3D
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F=2f     if h+k+l = 2n

F=0      if h+k+l = 2n+1

Body-centered cubic structure: (0,0,0) and (½, ½, ½) 

Real space                                                  reciprocal space

Forbidden reflections
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F=4f     if h, k, l are all even or all odd;

F=0      if h, k, l are mixed even and odd.

Face-centered cubic structure: (0,0,0), (½, ½, 0), (½, 0, ½) and (0, ½, ½)

Real space                                                  reciprocal space

Forbidden reflections
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Symmetry operation with any translation will create forbidden reflections.

xi, yi, zi -xi, yi, zi+½  
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For 0kl reflection, if l = 2n,    F=2f

if l= 2n+1, F=0

Glide extinction in 2D

a, b, c, n, e, d-glide
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xi, yi, zi -xi, -yi, zi+½  

For 00l reflection, if l = 2n,    F=2f

if l= 2n+1, F=0

Screw axis extinction in 1D

Screw axis: 21, 3p, 4p, 6p
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Determine Space groups by Laue class and extinction

Diffraction symbols: Laue class and reflection conditions

Total 122 Diffraction symbols from 230 space groups, 

58 uniquely determine the related space group.

Extinction symbols: systematic absences only

Example: Cc, C2/c belong to the same Diffraction symbol

Laue class: 12/m1

Reflection conditions:

hkl: h+k=2n;

h0l: h, l=2n; 0kl: k=2n; hk0: h+k=2n; 

h00: h=2n; 0k0: k=2n; 00l: l=2n.

Diffraction symbol: 12/m1C1c1

Extinction symbol: C1c1
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P21, P21/m belong to the same 

diffraction symbol (0k0, k=2n),

P21/c is unequivocally determined 

by its diffraction symbol.
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Different settings 

(standard & non-

standard) for Pmma
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Point group symmetry →Physical property

-6, -6m2, -43m 
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◼ Symmetry in diffraction pattern – Laue class
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Part 2. Phase relations

If two reflections (h k l), (h’k’l’) are related by the rotation part of a 

symmetry, their structure factor phases is related by the translation 

part.

Phase(h’k’l’) = Phase(h k l) + 360°(h·t1 + k·t2 +l·t3)

Note：the rotation part includes those due to the orignal shift.



Friedel’s law without anomalous scattering

Amplitude relations: 

|F(hkl) | =  |F(-h -k -l) | 


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Phase relations: 

(hkl) = - (-h -k -l)



Phase restriction

For centrosymmetric structures，(-h -k -l) and (h k l) is also 
related by the inversion center.

If the origin is at the inversion center, its translation part is 0.

Thus， (-h -k -l) = (h k l).

Friedel’s law ： (-h -k -l) =  - (h k l)

How to fulfill both？

(h k l) = 0 or 180 （ - 0o = 0o and -180o = 180o）
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Phkl = P–hk-l + 360°(h·t1 + k·t2 +l·t3)

= P–hk-l +180°* k
For 0k0 with k odd, their phases need be the same and 

differ by 180 °, thus they are extinct。

Phases for h0l and –h0-l have to be 0o or 180o due 
to the Friedel’s law. 

2-fold rotation（-x，y，–z） 21 screw axis（-x，y+½ ，–z）

Phkl = P–hk-l

Phases for h0l and –h0-l have to be 
0o or 180o due to the Friedel’s law. 

Mirror（x，-y，z）

Phkl = Ph-kl

Phases for 0k0 and 0-k0 have to be 
0o or 180o due to the Friedel’s law.

Phkl = Ph-kl + 360°(h·t1 + k·t2 +l·t3)

= Ph-kl +180°* h
For h0l with h odd, their phases need be the same 

and differ by 180 °, thus they are extinct。

Phases for 0k0 and 0-k0 have to be 0o or 180o

due to the Friedel’s law.

Glide（x+½，-y，z）
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Part 3. Shape of reciprocal spot
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Nx-1 nodes located at   

ha*+n/Nx a*

What is Fourier transform of this?

. . . . 

. . . .
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The diffused scattering can also be 

understood as superstructures. 

THE PERIODICITY RULE

If there is a structural periodicity in real 

space, then there will be an array of points 

or relrods in reciprocal space and an array 

of spots or streaks in the DP.



Part 4. (3+1)-D superspace group
International Tables for Crystallography 2006, Vol.C, Chapter 9.8



Symmetry operation in superspace

2D incommensurate intergrowth structures

0lm：m=2n 0lm:  l=2n



PP    (00g) PA   (0 ½ g)

AP (00g) AA (01g)  or (00g’) 

c*

b*

Lattice extinction in (2+1)-D space
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I2mm(00g) hklm: h+k+l=2n

I4/mmm(00g)00ss hklm:h+k+l=2n;

0klm:m=2n；hhlm:m=2n

Cmmm(10g)s00 hklm:h+k=2n; 0klm,m=2n

P4(00g)q 00lm:m=4n

P3(00g)t 00lm: m=3n

I :     (½ ½ ½ 0)+       --> hklm:h+k+l=2n

mx:  -x1 x2 x3 x4+½ --> 0klm:m=2n

mx-y:  -x2 x1 x3 x4+½ --> hhlm:m=2n

Reflection conditions of (3+1)-D superspace group


