
Summer School on
Mathematical Crystallography

3-7 June 2019, Nancy (France)

International Union of CrystallographyCommision on Mathematical
and Theoretical Crystallography



SYMMETRY RELATIONS 
OF SPACE GROUPS

Gemma de la Flor Martin
Karlsruhe Institute of Technology



Group-Subgroup Relation of Space Groups

Wyckoff-position splitting

Subgroups of space groups

Supergroups of space groups

Normalizers of space groups



www.cryst.ehu.es



www.cryst.ehu.es



Subgroups: Some basic results

1. H = {e, h1, h2,...,hk} ⊂ G

2. H satisfies the group axioms

H is a maximal subgroup of G if NO

intermediate subgroup Z exist such that:

H < Z < G

The index of the subgroup H in G: [i] = |G|/|H|

H is a proper subset of G if  H < G and H ≠ G

Trivial subgroup: {e}, G

Subgroup H < G

Proper subgroup

Index [i]

Maximal subgroup



Coset decomposition G : H

left coset decomposition:

right coset decomposition

G = H + g2H + ... + giH, gi∉ H

i = index of H in G

G = H + Hg2 + ... + Hgi,   gi ∉ H

i = index of H in G

Group-subgroup pair H < G



Conjugate subgroups

Subgroups H1, H2 < G are called conjugated subgroups in G, if 

there exists an element gm ∈ G such that

Conjugate subgroups

Normal subgroups

gm
-1H1gm = H2

The length of the conjugacy class |L(H)| is a divisor of |G|/|H|

Let H < G, if gm
-1Hgm = H holds for all gm ∈ G, H is called a normal

subgroup of G, designated H G



Subgroups types

H < G is called a translationengleiche subgroup if G and H have the

same group of translations, TH = TG and H belongs to a crystal class of

lower symmetry than G, PH < PG

H < G is called a klassengleiche subgroup, if G and H belong to the

same crystal class, PH = PG; therefore, H has fewer translations than G,

TH < TG

H is called general subgroup of G, if TH < TG and PH < PG



Group-subgroup relations

o Possible low symmetry structures

o Domain structure analysis

o Prediction of new structures

o Possible high-symmetry structures

o Prediction of phase transitions

o Determination of prototype structures

Applications

Group-subgroup relations Group-supergroup relations



MAXIMA SUBGROUPS
OF

SPACE GROUPS

I. MAXIMAL TRANSLATIONENGLEICHE SUBGROUPS



Subgroups of Space Groups

(I,0) (W2,w2) ... (Wm,wm) … (Wi,wi)

(I,t1) (W2,w2+t1) … (Wm,wm+t1) … (Wi,wi)

(I,t2) (W2,w2+t2) … (Wm,wm+t2) … (Wi,wi+t2)

… … … … … …

(I,tj) (W2,w2+tj) … (Wm,wm+tj) … (Wi,wi+tj)

… … … … … …

Coset decomposition G : TG

Factor group G/TG

isomorphic to the point group PG of G

Point group PG = {I, W2, W3,…,Wi}



Example: P 1 2/m 1 (No. 10)

Factor group G/TG ≃ PG PG = 2/m = {1, 2, 1, m}

Coset decomposition G : TG

TG TG2 TG𝟏 TGm

(1,0) (2,0) (1,0) (m,0)

(1,t1) (2,t1) (1,t1) (m,t1)

(1,t2) (2,t2) (1,t2) (m, t2)

… … … …

(1,tj) (2,tj) (1,tj) (m, tj)

… … … …

G = P2/m



Translationengleiche subgroups H<G

TG TG2 TG𝟏 TGm

(1,0) (2,0) (1,0) (m,0)

(1,t1) (2,t1) (1,t1) (m,t1)

(1,t2) (2,t2) (1,t2) (m,t2)

… … … …

(1,tj) (2,tj) (1,tj) (m,tj)

… … … …

H is called a translationengleiche subgroup if TG=TH and PH < PG

Coset decomposition

Example: P 1 2/m 1



Translationengleiche subgroups H<G

TG TG2 TG𝟏 TGm

(1,0) (2,0) (1,0) (m,0)

(1,t1) (2,t1) (1,t1) (m,t1)

(1,t2) (2,t2) (1,t2) (m,t2)

… … … …

(1,tj) (2,tj) (1,tj) (m,tj)

… … … …

H is called a translationengleiche subgroup if TG=TH and PH < PG

H1 = TG U TG2

P 1 2 1

Coset decomposition

t-subgroups

Example: P 1 2/m 1



Translationengleiche subgroups H<G

TG TG2 TG𝟏 TGm

(1,0) (2,0) (1,0) (m,0)

(1,t1) (2,t1) (1,t1) (m,t1)

(1,t2) (2,t2) (1,t2) (m,t2)

… … … …

(1,tj) (2,tj) (1,tj) (m,tj)

… … … …

H is called a translationengleiche subgroup if TG=TH and PH < PG

H1 = TG U TG2

P 1 2 1

H2 = TG U TG1

P 1

Coset decomposition

t-subgroups

Example: P 1 2/m 1



Translationengleiche subgroups H<G

TG TG2 TG𝟏 TGm

(1,0) (2,0) (1,0) (m,0)

(1,t1) (2,t1) (1,t1) (m,t1)

(1,t2) (2,t2) (1,t2) (m,t2)

… … … …

(1,tj) (2,tj) (1,tj) (m,tj)

… … … …

H is called a translationengleiche subgroup if TG=TH and PH < PG

H1 = TG U TG2

P 1 2 1

H2 = TG U TG1

P 1

H3 = TG U TGm

P 1 m 1

Coset decomposition

t-subgroups

Example: P 1 2/m 1



Example: P 1 2/m 1 (No. 10)

Translationengleiche subgroups H<G:

P121 = TG U TG2

P 1 = TG U TG1

P1m1 = TG U TGm

G = P2/m



Example: P 1 2/m 1 (No. 10)

Translationengleiche subgroups H<G:

Subgroup diagram of pointgroup 2/m Translationengleiche subgroups of

space group P2/m



Exercise 2.25

Construct the diagram of the t-subgroups of P4mm using the

`analogy' with the subgroup diagram of the group 4mm. Give the

standard Hermann-Mauguin symbols of the t-subgroups of P4mm.



Maximal subgroups of space groups

International Tables for Crystallography, Vol. A1
ed. H. Wondratschek, U. Mueller



Maximal subgroups of P4mm (No. 99)

Remarks

[i] HMS1 (No. HMS2)      Sequence                           matrix; shift

braces for

conjugate

subgroups
{ (P, p): (aH, bH, cH) = (aG,bG,cG)P

OH=OG + p



Subgroups of Space Groups

SUBGROUPGRAPH http://www.cryst.ehu.es/cryst/subgroupgraph.html

Input:
- Group number (G)

- Subgroup number (H)

- The index [i] (optional)

http://www.cryst.ehu.es/cryst/subgroupgraph.html


Subgroups of Space Groups



Subgroups of Space Groups



Exercise 2.28

With the help of the program SUBGROUPGRAPH obtain

the graph of the t-subgroups of P4mm (No. 99). Explain

the difference between the contracted and complete

graphs of the t-subgroups of P4mm (No. 99).



MAXIMA SUBGROUPS
OF

SPACE GROUPS

II. MAXIMAL KLASSENGLEICHE SUBGROUPS



Klassengleiche subgroups H < G

Example: P 1 (No. 1) – isomorphic k-subgroups

Te Teta

(1,0) (1,ta)

(1,t1) (1,t1+ta)

(1,t2) (1,t2+ta)

… …

(1,tj) (1,tj+ta)

… …

t=ua+vb+wc

Coset decomposition

Te={t(u=2n,v,w)}

ta(a,0,0)

H is called a klassenglieche subgroup of G if TG>TH and PH = PG



Te Teta

(1,0) (1,ta)

(1,t1) (1,t1+ta)

(1,t2) (1,t2+ta)

… …

(1,tj) (1,tj+ta)

… …

Klassengleiche subgroups H < G

Example: P 1 (No. 1) – isomorphic k-subgroups

t=ua+vb+wc

Coset decomposition

Te={t(u=2n,v,w)}

ta(a,0,0)

H=Te

isomorphic k-subgroups:

P1(2a,b,c)

H is called a klassengleiche subgroup if TG>TH and PH = PG



Klassengleiche subgroups H < G

Te Teta

(1,0) (1,ta)

(1,t1) (1,t1+ta)

(1,t2) (1,t2+ta)

… …

(1,tj) (1,tj+ta)

… …

t=ua+vb+wc

• Coset decomposition

H=Te

• Isomorphic k-subgroups:

P1(2a,b,c)

P1=Te + Teta

Te={t(u=2n,v,w)}

• Series of isomorphic k-subgroups:

P1(pa,b,c): p>1, prime

P1(a,qb,c): q>1, prime

... etc.

INFINITE number of maximal

isomorphic subgroups

ta=(1,0,0)

Example: P 1 (No. 1) – isomorphic k-subgroups



Series of maximal isomorphic subgroups

International Tables for Crystallography, Vol. A1
ed. H. Wondratschek, U. Mueller

Example: P-1 (No. 2)

INFINITE number of maximal isomorphic subgroups 



Klassengleiche subgroups H < G

Example: C2 (No. 5)

Non-isomorphic subgroups

• Coset decomposition

C2 = Tc + Tc2

Tc = Ti +Titc

Ti Titc Ti𝟐 Titc2

(1,0) (1,0) (2,0) (2,0)

(1,t1) (1, t1+tc) (2,t1) (2,t1+tc)

(1,t2) (1,t2+tc) (2,t2) (2,t2)

… … … …

(1,tj) (1,tj+tc) (2,tj) (2,tj)

… … … …Ti=integer

tc=1/2,1/2,0

Tc Tc2



Klassengleiche subgroups H < G

Example: C2 (No. 5)

Non-isomorphic subgroups

• Coset decomposition

C2 = Tc + Tc2

Tc = Ti +Titc

Ti Titc Ti𝟐 Titc2

(1,0) (1,0) (2,0) (2,0)

(1,t1) (1, t1+tc) (2,t1) (2,t1+tc)

(1,t2) (1,t2+tc) (2,t2) (2,t2)

… … … …

(1,tj) (1,tj+tc) (2,tj) (2,tj)

… … … …Ti=integer

tc=1/2,1/2,0

• Non-isomorphic k-subgroups:
H1=Ti ∪ Ti2

P2

Tc Tc2



Klassengleiche subgroups H < G

Example: C2 (No. 5)

Non-isomorphic subgroups

• Coset decomposition

C2 = Tc + Tc2

Tc = Ti +Titc

Ti Titc Ti𝟐 Titc2

(1,0) (1,0) (2,0) (2,0)

(1,t1) (1, t1+tc) (2,t1) (2,t1+tc)

(1,t2) (1,t2+tc) (2,t2) (2,t2)

… … … …

(1,tj) (1,tj+tc) (2,tj) (2,tj)

… … … …Ti=integer

tc=1/2,1/2,0

• Non-isomorphic k-subgroups:
H1=Ti ∪ Ti2

P2
H2=Ti ∪ Titc2

P21

Tc Tc2



Maximal subgroups of space groups

International Tables for Crystallography, Vol. A1
ed. H. Wondratschek, U. Mueller



Maximal isomorphic subgroups

http://www.cryst.ehu.es/cryst/series.htmlSERIES

space group

static databases

http://www.cryst.ehu.es/cryst/series.html


Maximal isomorphic subgroups

Static 
Databases



Maximal subgroups of space groups

http://www.cryst.ehu.es/cryst/maxsub.htmlMAXSUB

space group

Default settings 

of the space groups
static databases

http://www.cryst.ehu.es/cryst/maxsub.html


Maximal subgroups of space groups



Maximal subgroups of space groups

{e, g2, g3,......., gi,...,gn-1, gn}group G

subgroup H<G

non-conventional
{e,...., g3,......., gi,.........., gn}

subgroup H<G {e, h2, h3, . . . , hm}

(P, p)

(P, p)



Exercise 2.26

The retrieval tool MAXSUB gives an access to the database on

maximal subgroups of space groups as listed in ITA1.

Determine the maximal subgroups of the group P4mm (No. 99)

using the program MAXSUB.

Use the program SERIES to and determine the isomorphic

subgroups of the group P4mm (No. 99).



GENERAL SUBGROUPS
OF

SPACE GROUPS



General subgroups H < G

• Definition:

H is called a general subgroup of G, if TH < TG and PH < PG hold

• Theorem of Hermann:

A maximal subgroup of a space group is either translationengleiche or                          

klassengleiche

A general subgroup is neither translationengleiche or klassengleiche

For each pair G > H, there exists a uniquely defined 

intermediate subgroup M, G ≧ M ≧ H, such that:

M is a t-subgroup of G

H is a k-subgroup of M

[i] = [iP] ∙ [iL]



General subgroups H < G

Chains of maximal subgroups

G

H

Z1 Z’1 Z1’’

Z2
Z’2

Group-subgroup pair

G > H : G, H, [i], (P, p)

Pairs: group - maximal subgroup

ZK > ZK+1, (P, p)K

𝑃, 𝑝 =ෑ

𝑘=1

𝑛

(𝑃, 𝑝)𝑘



Exercise 2.27

Study the group-subgroup relations between the groups

G=P41212 (No. 92), and H=P21 (No. 4), using the program

SUBGROUPGRAPH. Consider the cases with specified index

e.g. [i]=4, and not specified index of the group-subgroup pair.



Domain-structure analysis

G

H

[i]

number of domain states

twinning operation

twins and antiphase domains

multiplicity and degeneracy

symmetry groups of the domain 

states



Domain-structure analysis

A connected homogeneous part of a domain structure or of a

twinned crystal is called a domain. Each domain is a single crystal.

The number of such crystals is not limited; they differ in their

locations in space, in their orientations, in their shapes and in their

space groups but all belong to the same space-group type of H.

The domains belong to a finite (small) number of domain states.

Two domains belong to the same domain state if their crystal

patterns are identical, i.e. if they occupy different regions of space

that are part of the same crystal pattern.

The number of domain states which are observed after a phase

transition is limited and determined by the group-subgroup

relations of the space groups G and H.

Homogeneous phase

(parent)

Domains

Domain

states

Deformed phase

Domain structureG H



Domain-structure analysis

For each pair G>H, there exists a uniquely defined 

intermediate subgroup M, G ≧ M ≧ H, such that:

M is a t-subgroup of G

H is a k-subgroup of M

[i] = [iP] ∙ [iL]

Hermann

iP = PG/PH                                      twins

iL = ZH,p/ZG,p = VH,p/VG,p antiphase

The index is defined as

where



Classification of Domains

HERMANN http://www.cryst.ehu.es/cryst/hermann.html

P6222

P3222 Pm3m Pm3m Pm3m Pm3m

Fm3m P421m

Quarz

t-subgroup

Pba2

Cu3Au Gd2(MoO4)3

G

H=M

twin domains

G=M

H

k-subgroup

G

Cmm2

antiphase domains

twin and 

antiphase 

domains

i=4

ik=2

it=2

i=ik=4i=it=2

P6222

H

M

http://www.cryst.ehu.es/cryst/hermann.html


Example: Lead vanadate Pb3(VO4)2

14
7.5075 6.0493 9.4814 90. 115.162 90.
7
Pb 1   2a   0.000000  0.000000  0.000000
Pb 2   4e   0.383500  0.581500  0.287900
PV    1   4e   0.207100  0.014300  0.399900
O     1   4e   0.287200  0.255900  0.015900
O     2   4e   0.259800  0.797900  0.021600
O     3   4e   0.319400  0.978400  0.282300
O     4   4e   0.033500  0.543100  0.209100

High-symmetry phase

Low-symmetry phase

166
5.6748 5.6748 20.3784 90 90 120
5
Pb 1   3a   0.000000  0.000000  0.000000
Pb 2   6c   0.000000  0.000000  0.207100
PV    3   6c   0.000000  0.000000  0.388400
O     4   6c   0.000000  0.000000  0.324000
O     5  18i   0.842400  0.157600  0.430100

R-3m

P21/c

C2/m

[iP]=3

[iL]=2

INDEX: [i] = [iP]·[iL]

iP = PG/PH 

iL = ZH,p/ZG,p



Pb3(VO4)2: Ferroelastic Domains in P21/c phase

• number of domains= index [i] = [iP] ∙ [iL]=6

• number of ferroelastic domains: iP = 3

• number of different subgroups P21/c: 3

SUBGROUPGRAPH

Maximal 

subgroup graph



Exercise 2.29

Determine the type and number of domain states in structural phase 

transitions specified by:

1. High-symmetry phase: P2/m

Low-symmetry phase: P1 with small unit-cell deformation;

2. High-symmetry phase: P2/m

Low-symmetry phase: P1 with duplication of the unit cell;

3. High-symmetry phase: P4mm

Low-symmetry phase: P2 of index 8;

4. High-symmetry phase: P42bc

Low-symmetry phase: P21 of index 8.

Domain-structure analysis



At high temperatures, BaTiO3 has the cubic perovskite structure,

space group Pm3m. Upon cooling it is distorted, adopting the

space group P4mm. Will the crystals of the low-symmetry

structure be twinned? If so, with how many kinds of domains?

Exercise 2.30

Phase transitions in BaTiO3

What INPUT data should be introduced?

What program can be used?

Hint: The program INDEX could be useful



SrTiO3 has the cubic perovskite structure, space group Pm-3m. Upon

cooling below 105K, the coordination octahedra are mutually rotated

and the space group is reduced to I4/mcm; c is doubled and the

conventional unit cell is increased by a factor of four.

Determine the number and the type of domains of the low-temperature

form of SrTiO3 using the computer tools of the Bilbao Crystallographic

server.

Exercise 2.31



SUPERGROUPS OF 
SPACE GROUPS



Supergroups of space groups

 G is a supergroup of H, if H is a subgroup of G, G ≥ H

 If H is a proper subgroup of G, H < G, then G is a proper supergroup of H, G > H

 If H is a maximal subgroup of G, H < G, then G is a minimal supergroup of H, G > H

 translationengleiche (t-type)

 klassengleiche (k-type)

 minimal non-isomorphic k- and t-supergroups types

non-isomorphic

isomorphic

Definitions

Types of minimal supergroups

ITA1 data



Given a group-subgroup
pair G > H of index [i]

Determine: all Gk>H of index [i], Gi≃G

[i]

all Gk > H contain H as subgroup

Gk = H + H g2+ ... + Hgik

The Supergroup Problem

G

H

[i]

H

G1 G2 G3 … Gn



How many are the
subgroups 222 of 422?

222

422

How many are the
supergroups 422 of 222?

?

The Supergroup Problem

Group-subgroup
pair 422 > 222

Supergroups 422 
of the group 222

422

222



The Supergroup Problem

4z22= 2z2x2y + 4z(2z2x2y)
4z22= 2z2+2- + 4z(2z2+2-)

4z22 = 222 + 4z(222)
4y22 = 222 + 4y(222)
4x22 = 222 + 4x(222)

2z2x2y 2z2+2-

422

[2]

222

4y22

4x224z22

[2]

Group-subgroup
pair 422 > 222

Supergroups 422 
of the group 222



The Supergroup Problem

P422= P222 +P222(4,0)

P422

P222

[2]

Are there more
supergroups P422 of P222?

Group-subgroup
pair P422 > P222

Supergroups 422 
of the group 222

P222

P4y22

P4x22P4z22

[2]

4z22 = 222 + 4z(222)
4y22 = 222 + 4y(222)
4x22 = 222 + 4x(222)



Example: Supergroups P422 of P222

H = P222
G = P422

P422 = P222 + (4|w)P222

4 w G

4z (0,0,0) (0,0,0) (P422)1

4y (0,0,0) (0,0,0) (P422)2

4x (0,0,0) (0,0,0) (P422)3

4z (1/2,0,0) (-1/2,-1/2,0) (P422)'1

4y (1/2,0,0) (-1/2,0,-1/2) (P422)'2

4x (0,1/2,0) (0,-1/2,-1/2) (P422)'3

P422

P222



Minimal supergroups data

Incomplete data
Space-group type only
No transformation matrix

International Tables for Crystallography, Vol. A1
ed. H. Wondratschek, U. Mueller

P222

P4z22

P4z22(…)

P4y22

P4x22

…

…



Minimal supergroups

http://www.cryst.ehu.es/cryst/minsup.htmlMINSUP

http://www.cryst.ehu.es/cryst/minsup.html


Minimal supergroups

http://www.cryst.ehu.es/cryst/minsup.htmlMINSUP

http://www.cryst.ehu.es/cryst/minsup.html


Minimal supergroups

http://www.cryst.ehu.es/cryst/minsup.htmlMINSUP

http://www.cryst.ehu.es/cryst/minsup.html


Supergroups of spce groups

http://www.cryst.ehu.es/cryst/supergroups.htmlSUPERGROUPS

Input:
- supergroup
- subgroup
- index
- option normalizers

http://www.cryst.ehu.es/cryst/supergroups.html


Supergroups of spce groups

Output of the program SUPERGROUPS



NORMALIZERS 
OF 

SPACE GROUPS



Normalizer of H in G

H G, if g-1H g = H, for ∀g∈G

Normal subgroup

Normalizer of H in G, H < H

NG(H) = { g∈ G, if g-1Hg = H}  

G ≥ NG(H) ≥ H

What is the normalizer NG(H) if H G?

Number of subgroups Hi<G in a conjugate class n=[G:NG(H)]



Normalizer of H in G

H G, if g-1H g = H, for ∀g∈G

Normal subgroup

Normalizer of H in G, H < H

NG(H) = { g∈ G, if g-1Hg = H}  

G ≥ NG(H) ≥ H

What is the normalizer NG(H) if H G?

Number of subgroups Hi<G in a conjugate class n=[G:NG(H)]

Applications:
Equivalent point configurations

Wyckoff sets

Equivalent structure descriptions



Exercise 2.10

Hint: The stereographic projections could be rather helpful

Consider the group 4mm and its subgroups of index 4. Determine their

normalizers in 4mm. Comment on the relation between the distribution of

subgroups into conjugacy classes and their normalizers.



Normalizers of space groups

The Euclidean normalizer NE(G) is the set of all isometries hi ∈ E mapping

the space group G as a whole onto itself by conjugation:

NE(G) = {hj ∈ E | hjGhj
-1 = G}

Euclidean normalizer

The Euclidean normalizer NE(G) is a supergroup of G, i.e. G ≤ NE(G)

Affine normalizer

The affine normalizer NA(G) is defined for each space group G as:

NA(G) = {hj ∈ A | hjGhj
-1 = G}

It corresponds to the symmetry of the set of symmetry elements of G if

their distances are neglected.



Normalizers of space groups

Normalizers of crystallographic groups may be considered as something like 

the symmetry of symmetry

The symmetry elements 

of P21212 (No.18)

All symmetry elements are mapped

onto another by isometries of the

Euclidean normalizer which is also a

space group: Pmmm (1/2a,1/2b,1/2c)

Example: P21212 (No. 18)



Normalizers of space groups

Normalizers of crystallographic groups may be considered as something like 

the symmetry of symmetry

The symmetry elements 

of Pmmn (No. 59)

In the general case the Euclidean

normalizer is orthorrombic: Pmmm

(1/2a,1/2b,1/2c)

Example: Pmmn (No. 59)



Normalizers of space groups

Normalizers of crystallographic groups may be considered as something like 

the symmetry of symmetry

The symmetry elements 

of Pmmn (No. 59)

If the metric is specialized a=b, the 

Euclidean normalizer is tetragonal: 

P4/mmm (1/2a,1/2b,1/2c)

Example: Pmmn (No. 59)



Normalizers of space groups

International Tables for Crystallography, Vol. A, Chapter 15
E. Koch and W. Fischer



Normalizers of space groups

NORMALIZER http://www.cryst.ehu.es/cryst/get_nor.html

http://www.cryst.ehu.es/cryst/get_nor.html


Example: Space group Pnnm (No. 59)

Euclidean normalizer (general metric) of Pmmn (No. 59)



Example: Space group Pnnm (No. 59)

Enhanced Euclidean normalizer (specialized metric) of Pmmn (No. 59)



Symmetry-equivalent Wyckoff positions

WYCKSETS http://www.cryst.ehu.es/cryst/get_set.html

http://www.cryst.ehu.es/cryst/get_set.html


a b

Symmetry-equivalent Wyckoff positions



International Tables for
Crystallography, Vol. A

Fischer and Koch, Chapter 14.

Table 14.2.3.2
(selection)

Bilbao
Crystallographic Server

Symmetry-equivalent Wyckoff positions



Exercise 2.36

Using the computer tool NORMALIZER determine the Euclidean

normalizer of the group P222 (No. 16) (general metric) and the

Euclidean normalizers of enhanced symmetry for the cases of

specialized metric of P222.

Determine the assignment of Wyckoff positions into Wyckoff sets with

respect to the different Euclidean normalizers of P222 (for general

and specialized metrics) and comment on the differences, if any.



RELATIONS BETWEEN
WYCKOFF POSITONS



Relation between Wyckoff positions

G = Pmm2 > H = Pm, [i] = 2

G = Pmm2 H = Pm

2h    m..   (0,y,z)

2f     .m.   (x,0,z)

2c    1   (x,y,z)

1b    m   (x1,0,z1)

1b    m   (x2,0,z2)

Splitting of Wyckoff positions



Example

Determine the splitting schemes for WPs 1a,1b, 2c, 4d, 4e 

[i]=2, a’=a, b’=b, c’=c

Group P4mm Group Pmm2

Consider the group-subgroup pair P4mm > Pmm2



Example

Determine the splitting schemes for WPs 1a,1b, 2c, 4d, 4e 

[i]=2, a’=a, b’=b, c’=c

Consider the group-subgroup pair P4mm > Pmm2

2c 2mm. 1/2 0 z

0 1/2 z

1c mm2 1/2 0 z

1b mm2 0 1/2 z’ 



International Tables for Crystallography, Vol. A1

Data on Relations between Wyckoff Positions



Wyckoff Positions Splitting

WYCKSPLIT http://www.cryst.ehu.es/cryst/wpsplit.html

Input:

• space-group number

• subgroup number

• transformation matrix (P,p)

http://www.cryst.ehu.es/cryst/wpsplit.html


Wyckoff Positions Splitting

Choose of the

Wyckoff positions



Wyckoff Positions Splitting

Relation between coordinate triplets



Exercise 2.32

Consider the group-subgroup pair P4mm (No.99) > Cm

(No.8) of index [i]=4 and the relation between the bases

a’=a-b, b’=a+b, c’=c. Study the splittings of the Wyckoff

positions for the group-subgroup pair by the program

WYCKSPLIT.


