
School on Crystallography and Large Scale Facilities Tutorial

The crystal structure of corundum α-Al2O3

In a paper by Ishizawa et al., published in 1980 in Acta Crystallographica B (vol. 36, p.
228), is reported the crystal structure of corundum (α-Al2O3) at room temperature (and at
2170 K). Answer the following questions by using the data given in the article.

1. What is the space group of corundum?

2. Using the table of the space group, deduce the Bravais lattice of corundum, its crystal
system and its crystallographic point group.
Note that there are two crystal axes settings to describe the structure. In the following,
use the conventionel (usual) one.

3. What are the cell parameter values at 300 K?

4. In which Wyckoff sites are located the atoms? Give associated multiplicity and local
point groups.

5. Deduce from the latter question the number of Al2O3 formula units in the chosen-setting
cell.

6. Represent the 300 K structure using the Vesta software.
Visualize it in both ball-and-stick model and polyhedral model.
Switch from one setting to another.
Check that the Al-O distances given in the software are equal to those given in the paper.
Generate the X-ray powder diagram.
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R 3̄c D6
3d 3̄m Trigonal

No. 167 R 3̄2/c Patterson symmetry R 3̄m

HEXAGONAL AXES

Origin at centre (3̄) at 3̄c

Asymmetric unit 0 ≤ x ≤ 2
3 ; 0 ≤ y ≤ 2

3 ; 0 ≤ z ≤ 1
12 ; x ≤ (1 + y)/2; y ≤ min(1 − x,(1 + x)/2)

Vertices 0,0,0 1
2 ,0,0 2

3 ,
1
3 ,0

1
3 ,

2
3 ,0 0, 1

2 ,0
0,0, 1

12
1
2 ,0, 1

12
2
3 ,

1
3 ,

1
12

1
3 ,

2
3 ,

1
12 0, 1

2 ,
1
12

548

International Tables for Crystallography (2006). Vol. A, Space group 167, pp. 548–551.

Copyright  2006 International Union of Crystallography



CONTINUED No. 167 R 3̄c

Symmetry operations
For (0,0,0)+ set

(1) 1 (2) 3+ 0,0,z (3) 3− 0,0,z
(4) 2 x,x, 1

4 (5) 2 x,0, 1
4 (6) 2 0,y, 1

4

(7) 1̄ 0,0,0 (8) 3̄+ 0,0,z; 0,0,0 (9) 3̄− 0,0,z; 0,0,0
(10) c x, x̄,z (11) c x,2x,z (12) c 2x,x,z

For ( 2
3 ,

1
3 ,

1
3 )+ set

(1) t( 2
3 ,

1
3 ,

1
3) (2) 3+(0,0, 1

3)
1
3 ,

1
3 ,z (3) 3−(0,0, 1

3)
1
3 ,0,z

(4) 2( 1
2 ,

1
2 ,0) x,x − 1

6 ,
5
12 (5) 2( 1

2 ,0,0) x, 1
6 ,

5
12 (6) 2 1

3 ,y,
5

12

(7) 1̄ 1
3 ,

1
6 ,

1
6 (8) 3̄+ 1

3 ,− 1
3 ,z; 1

3 ,− 1
3 ,

1
6 (9) 3̄− 1

3 ,
2
3 ,z; 1

3 ,
2
3 ,

1
6

(10) g( 1
6 ,− 1

6 ,
5
6 ) x + 1

2 , x̄,z (11) g( 1
6 ,

1
3 ,

5
6 ) x + 1

4 ,2x,z (12) g( 2
3 ,

1
3 ,

5
6 ) 2x,x,z

For ( 1
3 ,

2
3 ,

2
3 )+ set

(1) t( 1
3 ,

2
3 ,

2
3) (2) 3+(0,0, 2

3) 0, 1
3 ,z (3) 3−(0,0, 2

3)
1
3 ,

1
3 ,z

(4) 2( 1
2 ,

1
2 ,0) x,x + 1

6 ,
1
12 (5) 2 x, 1

3 ,
1
12 (6) 2(0, 1

2 ,0) 1
6 ,y,

1
12

(7) 1̄ 1
6 ,

1
3 ,

1
3 (8) 3̄+ 2

3 ,
1
3 ,z; 2

3 ,
1
3 ,

1
3 (9) 3̄− − 1

3 ,
1
3 ,z; − 1

3 ,
1
3 ,

1
3

(10) g(− 1
6 ,

1
6 ,

1
6 ) x + 1

2 , x̄,z (11) g( 1
3 ,

2
3 ,

1
6 ) x,2x,z (12) g( 1

3 ,
1
6 ,

1
6 ) 2x − 1

2 ,x,z

Generators selected (1); t(1,0,0); t(0,1,0); t(0,0,1); t( 2
3 ,

1
3 ,

1
3 ); (2); (4); (7)

Positions
Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

(0,0,0)+ ( 2
3 ,

1
3 ,

1
3 )+ ( 1

3 ,
2
3 ,

2
3)+

Reflection conditions

General:

36 f 1 (1) x,y,z (2) ȳ,x − y,z (3) x̄ + y, x̄,z
(4) y,x, z̄ + 1

2 (5) x − y, ȳ, z̄+ 1
2 (6) x̄, x̄ + y, z̄+ 1

2

(7) x̄, ȳ, z̄ (8) y, x̄ + y, z̄ (9) x − y,x, z̄
(10) ȳ, x̄,z+ 1

2 (11) x̄ + y,y,z+ 1
2 (12) x,x − y,z+ 1

2

hkil : −h + k + l = 3n
hki0 : −h + k = 3n
hh2hl : l = 3n
hh̄0l : h + l = 3n, l = 2n
000l : l = 6n
hh̄00 : h = 3n

Special: as above, plus

18 e . 2 x,0, 1
4 0,x, 1

4 x̄, x̄, 1
4 x̄,0, 3

4 0, x̄, 3
4 x,x, 3

4 no extra conditions

18 d 1̄ 1
2 ,0,0 0, 1

2 ,0
1
2 ,

1
2 ,0 0, 1

2 ,
1
2

1
2 ,0, 1

2
1
2 ,

1
2 ,

1
2 hkil : l = 2n

12 c 3 . 0,0,z 0,0, z̄+ 1
2 0,0, z̄ 0,0,z+ 1

2 hkil : l = 2n

6 b 3̄ . 0,0,0 0,0, 1
2 hkil : l = 2n

6 a 3 2 0,0, 1
4 0,0, 3

4 hkil : l = 2n

Symmetry of special projections
Along [001] p6mm
a′ = 1

3(2a + b) b′ = 1
3(−a + b)

Origin at 0,0,z

Along [100] p2
a′ = 1

6(2a + 4b+ c) b′ = 1
6(−a − 2b+ c)

Origin at x,0,0

Along [210] p2gm
a′ = 1

2 b b′ = 1
3 c

Origin at x, 1
2 x,0
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R 3̄c No. 167 CONTINUED

HEXAGONAL AXES

Maximal non-isomorphic subgroups
I [2] R3c (161) (1; 2; 3; 10; 11; 12)+

[2] R32 (155) (1; 2; 3; 4; 5; 6)+

[2] R 3̄1 (R 3̄, 148) (1; 2; 3; 7; 8; 9)+{ [3] R12/c (C 2/c, 15) (1; 4; 7; 10)+
[3] R12/c (C 2/c, 15) (1; 5; 7; 11)+
[3] R12/c (C 2/c, 15) (1; 6; 7; 12)+

IIa




[3] P 3̄c1 (165) 1; 2; 3; 4; 5; 6; 7; 8; 9; 10; 11; 12
[3] P 3̄c1 (165) 1; 2; 3; 10; 11; 12; (4; 5; 6; 7; 8; 9)+ ( 2

3 ,
1
3 ,

1
3 )

[3] P 3̄c1 (165) 1; 2; 3; 10; 11; 12; (4; 5; 6; 7; 8; 9)+ ( 1
3 ,

2
3 ,

2
3 )

IIb none

Maximal isomorphic subgroups of lowest index
IIc [4] R 3̄c (a′ = −2a,b′ = −2b) (167); [5] R 3̄c (a′ = −a,b′ = −b,c′ = 5c) (167)

Minimal non-isomorphic supergroups
I [4] Pn 3̄n (222); [4] Pm 3̄n (223); [4] F m 3̄c (226); [4] F d 3̄c (228); [4] I a 3̄d (230)
II [2] R 3̄m (a′ = −a,b′ = −b,c′ = 1

2 c) (166); [3] P 3̄ 1c (a′ = 1
3 (2a + b),b′ = 1

3 (−a + b),c′ = 1
3 c) (163)

RHOMBOHEDRAL AXES

Maximal non-isomorphic subgroups
I [2] R3c (161) 1; 2; 3; 10; 11; 12

[2] R32 (155) 1; 2; 3; 4; 5; 6
[2] R 3̄1 (R 3̄, 148) 1; 2; 3; 7; 8; 9{ [3] R12/c (C 2/c, 15) 1; 4; 7; 10
[3] R12/c (C 2/c, 15) 1; 5; 7; 11
[3] R12/c (C 2/c, 15) 1; 6; 7; 12

IIa none
IIb [3] P 3̄c1 (a′ = a − b,b′ = b− c,c′ = a + b+ c) (165)

Maximal isomorphic subgroups of lowest index
IIc [4] R 3̄c (a′ = −a + b+ c,b′ = a − b+ c,c′ = a + b− c) (167); [5] R 3̄c (a′ = a + 2b+ 2c,b′ = 2a + b+ 2c,c′ = 2a + 2b+ c) (167)

Minimal non-isomorphic supergroups
I [4] Pn 3̄n (222); [4] Pm 3̄n (223); [4] F m 3̄c (226); [4] F d 3̄c (228); [4] I a 3̄d (230)
II [2] R 3̄m (a′ = 1

2 (−a + b+ c),b′ = 1
2(a − b+ c),c′ = 1

2(a + b− c)) (166);
[3] P 3̄1c (a′ = 1

3(2a − b− c),b′ = 1
3 (−a + 2b− c),c′ = 1

3 (a + b+ c)) (163)
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Trigonal 3̄m D6
3d R 3̄c

Patterson symmetry R 3̄m R 3̄2/c No. 167
RHOMBOHEDRAL AXES
(For drawings see hexagonal axes)

Origin at centre (3̄) at 3̄c

Asymmetric unit 1
4 ≤ x ≤ 5

4 ; 1
4 ≤ y ≤ 5

4 ; 1
4 ≤ z ≤ 3

4 ; y ≤ x; z ≤ min(y, 3
2 − x)

Vertices 1
4 ,

1
4 ,

1
4

5
4 ,

1
4 ,

1
4

5
4 ,

5
4 ,

1
4

3
4 ,

3
4 ,

3
4

Symmetry operations

(1) 1 (2) 3+ x,x,x (3) 3− x,x,x
(4) 2 x̄+ 1

2 ,
1
4 ,x (5) 2 x, x̄ + 1

2 ,
1
4 (6) 2 1

4 ,y + 1
2 , ȳ

(7) 1̄ 0,0,0 (8) 3̄+ x,x,x; 0,0,0 (9) 3̄− x,x,x; 0,0,0
(10) n( 1

2 ,
1
2 ,

1
2 ) x,y,x (11) n( 1

2 ,
1
2 ,

1
2) x,x,z (12) n( 1

2 ,
1
2 ,

1
2 ) x,y,y

Generators selected (1); t(1,0,0); t(0,1,0); t(0,0,1); (2); (4); (7)

Positions
Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates Reflection conditions

General:

12 f 1 (1) x,y,z (2) z,x,y (3) y,z,x
(4) z̄+ 1

2 , ȳ + 1
2 , x̄ + 1

2 (5) ȳ+ 1
2 , x̄ + 1

2 , z̄+ 1
2 (6) x̄ + 1

2 , z̄+ 1
2 , ȳ + 1

2

(7) x̄, ȳ, z̄ (8) z̄, x̄, ȳ (9) ȳ, z̄, x̄
(10) z+ 1

2 ,y + 1
2 ,x + 1

2 (11) y + 1
2 ,x + 1

2 ,z+ 1
2 (12) x + 1

2 ,z+ 1
2 ,y + 1

2

hhl : l = 2n
hhh : h = 2n

Special: as above, plus

6 e . 2 x, x̄ + 1
2 ,

1
4

1
4 ,x, x̄ + 1

2 x̄+ 1
2 ,

1
4 ,x

x̄,x + 1
2 ,

3
4

3
4 , x̄,x + 1

2 x + 1
2 ,

3
4 , x̄

no extra conditions

6 d 1̄ 1
2 ,0,0 0, 1

2 ,0 0,0, 1
2

1
2 ,

1
2 ,0

1
2 ,0, 1

2 0, 1
2 ,

1
2 hkl : h + k + l = 2n

4 c 3 . x,x,x x̄ + 1
2 , x̄ + 1

2 , x̄ + 1
2 x̄, x̄, x̄ x + 1

2 ,x + 1
2 ,x + 1

2 hkl : h + k + l = 2n

2 b 3̄ . 0,0,0 1
2 ,

1
2 ,

1
2 hkl : h + k + l = 2n

2 a 3 2 1
4 ,

1
4 ,

1
4

3
4 ,

3
4 ,

3
4 hkl : h + k + l = 2n

Symmetry of special projections
Along [111] p6mm
a′ = 1

3(2a − b− c) b′ = 1
3 (−a + 2b− c)

Origin at x,x,x

Along [11̄0] p2
a′ = 1

2(a + b− 2c) b′ = 1
2 c

Origin at x, x̄,0

Along [21̄1̄] p2gm
a′ = 1

2 (b− c) b′ = 1
3 (a + b+ c)

Origin at 2x, x̄, x̄

(Continued on preceding page)
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