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Space Group - 2

Read 

Ott Chapter 10 (exclude 10.1)

Hammond Chapter 4.6~4.7

Krawitz Chapter 1.6~1.8

Sherwood & Cooper Chapter 3.8

Hammond Chapter 2.1 ~ 2.5; 3.1 ~ 3.3; 4.1 ~ 4.5; 5.1 ~ 5.6

Krawitz Chapter 1.1 ~ 1.8
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Space groups

Bravais lattice + point group    230 space groups

+ screw axis 

+ glide plane

Bravais lattice + point group= 73

Bravais lattice + screw axis = 41

Bravais lattice + glide plane = 116 
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Space groups - Monoclinic

 monoclinic system
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1

2
     subgroup    2,     

    2   2, c-glide  m 

m
m

−

→ →

glide planes parallel to (010)

Space groups - Monoclinic

a-glide & n-glide can 
be converted to c-glide

Ott Chap 10

13 monoclinic 
space groups
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Why no d-glide in Monoclinic?

½ 

½ 

Space groups with d-glide

F d d d I 41 m d

I 41 c d I 4bar 2 d

I 41/a c d F d 3bar

I 4bar 3 d F d 3bar m

F d 3bar c I a 3bar d

Skip

Ott Chap 10
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Space groups – Monoclinic;  x,y,0 projection

C21/m = C2/m

C21/c = C2/c
C21 = C2

a-glide

n-glide

c-glide

Ott Chap 10
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enantiomorphs,

,
two positions 

superimposed,- +

a-glide

International Tables for X-ray Crystallography
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Powder Diffraction File (PDF)

ICDD

CAS; chemical abstracts 

service registry number
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PDF
Set number

Add 1950  year
Chemical formula

Chemical name

Mineral name
Experimental info
Types of X-ray

Wavelength

Monochromator/filter

Method of d measurement

Max measurable d-spacing

Method of I measurement

I/I(corundum)

Literature source

Physical data
Xtal system

International tables space group symbol

Axial lengths

Axial ratios

Interaxial angles

Number of chemical formulas in unit cell

Melting point

Literature source

X-ray density

Measured density

Figure of Merit

General comments

Quality mark
*  Highest quality

i reasonable quality

o   low quality

blank  quality lower than o

c  calculated data

r  d’s from Rietveld refinement

D’s, I’s and Miller indices

ICDD
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Quality mark

 *  Highest quality

 average ∆2θ < 0.03 degree, all lines were indexed, I measured 

quantitatively

 i reasonable quality

 average ∆2θ < 0.06 degree, indexed with no more than two lines 

being unaccounted for, I measured quantitatively

 o   low quality

 low precision, poorly characterized, no unit cell data

 blank  quality lower than o

 c  calculated data

 r  d’s from Rietveld refinement
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Space group - Pmm2

 for a point               (general point),

symmetry element generates

, ,x y z

, , ;  , , ;  , ,x y z x y z x y z

, , ;  , , ;  , , ;  , ,  are equivalent multi ( plicity f )o 4x y z x y z x y z x y z

4-fold general position
Multiplicity of 4

Ott Chap 10
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Space group - Pmm2

 move the  point to mirror plane at

 multiplicity of 2

 as long as the point remains on the mirror plane, its multiplicity is 

unchanged - degree of freedom 2

, ,x y z
1

2
, ,  and 1- , ,  coalesce to , ,x y z x y z y z

1

2
, ,y z

1

2
,1 ,  and 1- ,1 ,  coalesce to ,1 ,x y z x y z y z− − −

2-fold special position
point symmetry m

A special point arises from the merging of equivalent positions

point symmetry mm2
multiplicity of 1 

Ott Chap 10
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Pmm2

Ott Chap 10
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Space groups - multiplicity

 screw axis and glide plane do not alter the multiplicity of a point

Pna21:  orthorhombic        n-glide normal to a-axis

a-glide normal to b-axis

21 screw axis along c-axis

a-glide n-glide

General position – multiplicity of 4

No special positions in Pna21

Ott Chap 10
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Pna21

International Tables for X-ray Crystallography
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General position – multiplicity of 4
No special positions in Pna21

General position

Special position

Pna21

④

a-glide

n-glide

② ③

International Tables for X-ray Crystallography
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 The number of equivalent points in the unit cell = multiplicity

 A general position is a set of equivalent points with point symmetry (site 

symmetry) 1

 A special position is a set of equivalent points with point symmetry (site 

symmetry) higher than 1

 The asymmetric unit of a space group is the smallest part of the unit cell 

from which the whole cell may be filled by the operation of all the 

symmetry operations

 General form : Set of equivalent faces, each of which has symmetry 1 

 Special form : Set of equivalent faces, each of which has symmetry higher than 1

 Limiting form : A special case of either a general or a special form. It has the same number of 

faces, each of which has the same face symmetry, but the faces are differently arranged.

 Asymmetric face unit : The smallest part of the surface of the sphere which, by the application of 

the symmetry operations, will generate the entire surface of the sphere
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Space groups - asymmetric unit

 The asymmetric unit of a space group; the smallest part of the unit cell 

from which the whole cell may be filled by the operation of all the 

symmetry operations.

 Asymmetric unit of Pmm2 (a≠b≠c, multiplicity of 4)

0≤x≤½,  0≤y≤½,  0≤z≤1        Vasym.unit = Vunit cell / 4

 Asymmetric unit contains all the information

necessary for the complete description of 

a crystal structure 

unit cell
asymm.unit multiplicity of general position

V
V =

a

b

c

the smallest unit of volume that contains all of the structural and symmetry

information and that can reproduce a pattern in all of space by translation.

Unit cell
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Look hard at the fig. 10.13 and table 10.4 (space 

group P2/m) of Ott
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21 @ ½,½,z

31 @ 2/3,1/3,z & 1/3,2/3,z

Lattice translation

Operation of 61 at 0,0,z

Symmetry elements of P61

Space groups - P61

Ott Chap 10
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48-fold general position of 
space group

projection on x,y,0  3

mirror plane @ x,x,z  6

4-fold rotation @ 0,0,z

& mirror plane @ x,y,0 (planr of paper)

 6 x 4 x 2 = 48

48 points can be generated by symmetry 4/m 3 m

mm
P

2
3

4

3-fold rotation(a)

(b)

(c)

(d) Ott Chap 10

(221)
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OTT Chap 15.2

International Tables for 
X-ray Crystallography
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OTT Chap 15.2

International Tables for X-ray Crystallography
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orthographic 
representation

skip

International Tables for X-ray Crystallography
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skip

International Tables for X-ray Crystallography
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International Tables for X-ray Crystallography

 International Tables for Crystallography, Brief teaching edition of Volume 

A: Space-group symmetry

Edited by Theo Hahn

 International Tables for Crystallography, Volume A: Space-group symmetry

Edited by Theo Hahn
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Short Hermann-Mauguin symbol Schoenflies symbol Crystal system symbolPoint group

Space group number

Patterson symmetry
Full Hermann-Mauguin symbol

Projection of 
symmetry 
elements

Projection of a 
general 
position

Choice of origin
Asymmetric unit

Symmetry operations 

International Tables for X-ray Crystallography

International Tables for X-ray Crystallography
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General & 
special 

positions

International Tables for X-ray Crystallography

General position

Special position

International Tables for X-ray Crystallography
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International Tables for X-ray Crystallography

 Asymmetric unit

 a region of space which fills all space when all the symmetry 

operations of the space group are applied

 smaller than a unit cell

 Unit cell

 a region of space which fills all space when the translation 

operations are applied

International Tables for X-ray Crystallography
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International Tables for X-ray Crystallography

 Symmetry operations

 (n) of the general equivalent position can be obtained from (1) x,y,z

by symmetry operation number (n)

 (3) –x,-y,-z  1bar with 0,0,0 as inversion point

Location of inversion pointScrew part Screw axis

c glide, glide plane x,¼,z

International Tables for X-ray Crystallography
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International Tables for X-ray Crystallography

 Symmetry operations

Location of inversion pointScrew part Screw axis

c glide, glide plane x,¼,z

2   0, 1/4 , z 2-fold rotation around the line 0, ¼, z

a  x, y, ¼ glide reflection w/ glide component (1/2, 0, 0) thru the plane x, y, ¼ 

(plane // (001) at z = ¼)

2  (0,0,1/2)  ¼, 0, z 2-fold screw rotation w/ screw part (0,0,1/2) for which the 

corresponding screw axis coincides w/ the line ¼,0,z (runs // 

to [001] thru the point ¼,0,0)

International Tables for X-ray Crystallography



Chan Park , MSE-SNU Intro to Crystallography, 2021 33

International Tables for X-ray Crystallography

 Generators

 Symmetry operations and their sequence, selected to generate all 

symmetrically equivalent points of the general position from a point x,y,z

 Set of symmetry operators which when successfully multiplied yield ALL of 

the operators of the group

 List of symmetry operations selected that can generate all of the symmetry 

operations of the space group 

translations

International Tables for X-ray Crystallography
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International Tables for X-ray Crystallography

 Positions

 Multiplicity (rank); # equivalent points per unit cell

 Wyckoff letter

 Site symmetry (point symmetry of the position)

 Coordinates of the equivalent positions

General position

Special position

International Tables for X-ray Crystallography
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Space group - Pmm2

 short space group symbol

 Schoenflies symbol

 point group

 crystal system

 number of space group

 full space group symbol

 projection of symmetry  

elements

 projection of general position

International Tables for X-ray Crystallography

Chan Park , MSE-SNU Intro to Crystallography, 2021 36

Symmetry directions
a, b, c

General position

Special position

International Tables for X-ray Crystallography
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Space groups - origin

 All centrosymmetric space groups are described with an inversion 

centers as origin.  A 2nd description is given if a space group contains 

points of high site symmetry that do not coincide with a center of 

symmetry.

 For non-centrosymmetric space groups, the origin is at a point of 

highest site symmetry.  If no site symmetry is higher than 1, the origin 

is placed on a screw axis or a glide plane, or at the intersection of 

several such symmetry elements.
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P21/c (14)

Hammond chap 4

2 choices for the 
unique axis b or c

3 choices of unit cell

Unique axis b, cell choice 1
Unique axis b, cell choice 2
Unique axis b, cell choice 3

Unique axis c, cell choice 1
Unique axis c, cell choice 2
Unique axis c, cell choice 3

Total 8 pages
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P21/c (14)
(continued)

Hammond chap 4
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Rutile, TiO2

Ott Page 204

International Tables for X-ray Crystallography
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Rutile, TiO2

General 
position

Special 
position

International Tables for X-ray Crystallography
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Lattice + basis Space group + positions of atoms (general or special)

- B shows clearly which atoms are related to one another by 
the symmetry elements of the space group.

Rutile, TiO2

- B is simpler than A when positions of 
high multiplicity are involved.

Ott Chap 10
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Perovskite, CaTiO3

 Ca-corner

 O- face centered

 Ti- body centered

 high temperature – cubic, Pm3m (No.221)

 Ti - 6O

 O - 4Ca + 2Ti

 Ca - 12O

1 1 1
2 2 2

1 1 1 1 1 1
0   0   0

2 2 2 2 2 2

:  1 ,  3 ,   0, 0, 0

:   1 ,  3 ,   , ,

:   3 ,  4 / ,   , , , , , ,

Ca a m m

Ti b m m

O c mmm

CaTiO3

International Tables for X-ray Crystallography
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General 
position

Special 
position

International Tables for X-ray Crystallography
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Perovskite, BaTiO3
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Diamond

4 21 3   (No.227)
d m

F

top

front right

Fd3�m
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Zinc blende, ZnS

43  (No.216)F m

Top

Front Right
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Zinc blende, ZnS

 diamond derivative structure

 Zn and S replace the C atoms in diamond

 Zn cubic close packing;  S ½ tetrahedral site

 Zn and S cubic close packing displaced by
1 1 1

, ,
4 4 4

43  (No.216)

Zn: 4a, 43 ,  0,0,0

Zn: 4c, 43 ,  

F m

m

m1 1 1
, ,

4 4 4

Zn

Zinc blende 
structure
ZnS, SiC

Diamond, Si, Ge

S
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Zinc blende, ZnS

International Tables for X-ray Crystallography
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Zinc blende, ZnS

General 
position

Special 
position

International Tables for X-ray Crystallography
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Point group 
vs. 
Space group

Ott Chap 10
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Molecular symmetry vs. Crystal symmetry

Molecules occupy positions with site symmetry 4�3m.

Molecule; 4�3m Crystal structure; I4�3m

Symmetry of hexa-methylene-tetramine (C6H12N4)

Ott Chap 10

Not a general case

Point group of molecule Space group of crystalrelation
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Molecular symmetry vs. Crystal symmetry

Molecule
2/m 2/m 2/m

Crystal structure 
P21/n 21/n 2/m

(Pnnm)

Symmetry of ethylene (C2H4)

Molecules occupy 
positions with site 

symmetry 2/m
Molecule
6/mmm Crystal structure 

Pbca

Symmetry of Benzene (C6H6)

Molecules occupy 
positions with site 

symmetry  1

Ott Chap 10
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Molecular symmetry vs. Crystal symmetry

Molecule
2/m 3� 5�

Crystal structure of C60

F 4/m 3� 2/m (ccp)
Symmetry of C60

No simple relationship between molecular symmetry & crystal symmetry

Ott Chap 12

Ott page 147

The point groups of molecules are not limited to the 32 crystallographic groups. They 

may contain such symmetry elements as 5-fold axes which are incompatible with a 

crystal lattice. These non-crystallographic point groups are described in Sect.9.7. 
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todos

 Read (Space Group 2)

 Ott Chapter 10

 Hammond Chapter 4.6~4.7

 Krawitz Chapter 1.6~1.8

 Sherwood & Cooper Chapter 3.8

 Hammond Chapter 2.1 ~ 2.5; 3.1 ~ 3.3; 4.1 ~ 4.5; 5.1 ~ 5.6

 Krawitz Chapter 1.1 ~ 1.8

 Space Group-2 HW (due in 1 week)

 Ott chapter 10 --- 7, 9, 13, 14

 Hammond chapter 4 --- 1, 2




